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VOICES
…I WANT TO CONGRATULATE YOU WITH ONE OF THE NICEST, WELL ORGANISED PLASTICS CONFERENCES I HAVE HEARD
OF. BETTER THAN AXA. PEOPLE I HAVE SPOKEN WERE VERY ENTHUSIASTIC ABOUT IT... (AMSTERDAM, THE NETHERLANDS)
...THE CONFERENCE WAS SO GREAT! ALL THE TALKS WERE INTERESTING AND EVERYTHING WAS REALLY VERY WELL
ORGANIZED. I M SO GLAD FOR JOINED THIS CONFERENCE... (AMSTERDAM, THE NETHERLANDS) ...AND ALSO FOR THE
FABULOUS WORK YOU HAVE BOTH DONE TO PREPARE SUCH AN INTERESTING CONFERENCE (OF WHICH WE ARE ALREADY
LOOKING FORWARD TO THE 2011 VERSION)... (BERLIN, GERMANY) …THANKS AGAIN FOR THE WONDERFUL CONFERENCE,
IT HAS BEEN REALLY INTERESTING AND EXCEPTIONALLY STIMULATING! (FLORENCE, ITALY) …THANKS FOR HOSTING A
VERY ENJOYABLE CONFERENCE… (LONDON, ENGLAND) ...THANKS FOR YOUR PERFECT WELCOME IN MONACO AND
CONGRATULATIONS FOR THE SUCCESS... (MILAN, ITALY) ...THANKS SO MUCH TIM FOR HOSTING SUCH AN INTERESTING
AND ENJOYABLE CONFERENCE... (LONDON, ENGLAND) …THANKS AGAIN FOR AN INSPIRING CONFERENCE…
(COPENHAGEN, DENMARK) ...THANK YOU FOR A WONDERFUL CONFERENCE... (LONDON, ENGLAND) …THANK YOU FOR
ORGANIZING THIS WONDERFUL CONFERENCE! WE ALL ENJOYED IT TREMENDOUSLY... (AMSTERDAM, THE NETHERLANDS)
...I HAVE BEEN TO THE TWO PREVIOUS FUTURE TALKS AND I THINK THIS IS A SUPERB INITIATIVE WITH VERY INTERESTING
TALKS. IT IS A FANTASTIC SYMPOSIUM FOR MODERN AND CONTEMPORARY ART CONSERVATION … (AMSTERDAM, THE
NETHERLANDS) …FUTURE TALKS IS BESIDES THE TWO GREAT INTERNATIONAL SYMPOSIA "MODERN ART WHO CARES"
AND "CONTEMPORARY ART WHO CARES" THE BEST ORGANIZED AND INTERESTING SYMPOSIUM I HAVE BEEN TO. I WOULD
VERY MUCH APPRECIATE TO JOIN "FUTURE TALKS 2013"... (ESSEN, GERMANY) ...LOOKING FORWARD TO ANOTHER
GROUNDBREAKING FUTURE TALKS CONFERENCE... (ZURICH, SWITZERLAND) ...FUTURE TALKS IS THE PERFECT PLACE TO
LEARN FROM THE INTERNATIONAL ELITE... (BERN, SWITZERLAND) ...ALREADY AS A STUDENT I WENT TO FUTURE TALKS '09
AND '11 AND APPRECIATED BOTH VERY MUCH!... (EINDHOVEN, THE NETHERLANDS) ...I WAS ALREADY OVERWHELMED BY
THE LAST FUTURE TALKS AND HOPE TO JOIN ANOTHER THREE DAYS FULL OF EXCITING LECTURES AND WOKSHOPS...
(DRESDEN, GERMANY) ...AN EXCELLENT EVENT TO LEARN ABOUT THE LATEST RESEARCH ABOUT PRESERVATION OF
MODERN MATERIALS, AND TO EXCHANGE IDEAS AND EXPERIENCES... (OSLO, NORWAY) ...I WAS AT THE FUTURE
TALKS 011. I FOUND IT TO BE ONE OF THE MOST INFORMATIVE CONFERENCES I'VE EVER BEEN TO... (TAMPERE, FINLAND)
...MANY CONGRATULATIONS ON A WONDERFUL CONFERENCE LAST WEEK. IT WAS VERY ENJOYABLE AND INFORMATIVE.
I HAVE ALREADY PASSED ON SOME USEFUL INFORMATION TO MY COLLEAGUES ON A VARIETY OF SUBJECTS. IT WAS
A PLEASURE ENOUGH TO BE THERE AND PART OF IT... (LONDON, ENGLAND) ...THANK YOU FOR SUCH A GREAT
CONFERENCE. IT IS A REMARKABLE FEAT TO CONVENE SUCH A LARGE EVENT AND FOR IT TO RUN SO SMOOTHLY. I WAS
PROUD TO BE PART OF THE EVENT. THE WORK THAT THE CONFERENCE IS DOING IS VERY IMPORTANT FOR MODERN
MATERIALS... (HIGH WYCOMBE, ENGLAND) ...THANKS AGAIN FOR HOSTING SUCH A GREAT CONFERENCE; IT REALLY
WAS AN HONOR TO PRESENT AT IT... (INDIANAPOLIS, USA) ...IT WAS A PLEASURE TO BE THERE! IT'S REALLY A WONDERFUL
CONFERENCE! WE ALSO ENJOYED VERY MUCH! I AM LOOKING FORWARD TO THE NEXT FUTURE TALK!... (AMSTERDAM,
THE NETHERLANDS) ...LOOKING FORWARD VERY MUCH TO JOIN AGAIN IN THE FT EVENT!... (AMSTERDAM, THE
NETHERLANDS) ...I'VE BEEN TO FUTURE TALKS 011 AND ENJOYED IT A LOT!... (VIENNA, AUSTRIA) I HAVE PARTICIPATED TO
THE TWO PREVIOUS FUTURE TALKS CONFERENCES, AND I AM NOT WILLING TO MISS OUT THIS ONE... (MARSEILLE, FRANCE
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PREFACE
ISN’T IT STRANGE?

I have always asked myself how do they appreciate design?
Or better do they appreciate design at all?
I’m talking about conservators who discuss the degradation
of plastics in design. As an art-historian, who dedicates his professional life to the creative abundance and individual aesthetics
of design objects, I am used to have a focused view on certain
things, but normally not the decay of materials.
Since about 100 years, Die Neue Sammlung, The International Design Museum Munich, collects and communicates design. As the director there were jurists, a designer, publicists and
art historians, each of them was trying to promote this exceptional collection in sui generis. Basically, the discussions were
centred around the questions how to communicate design and
what to collect. The condition of an object was primarily subject
for acquisitions. With increasing loan processes for national and
international exhibition projects, since the 1990ies, this topic had
experienced a gradual revaluation.
With regards to this, the opening of the two new buildings
for Die Neue Sammlung in 2000 in Nuremberg (Neues Museum)
and in 2002 in Munich (Pinakothek der Moderne) describes an
important turning point. Since that time Die Neue Sammlung
gained large spaces for permanent and temporary exhibitions
and is since then confronted with an increasing number of loan
requests and new acquisitions. To reassure a professional museum work it was no longer possible to exclusively co-operate
with freelance conservators. Both the maintenance of this diverse
and huge collection and the supervision of national and international loan processes required professional conservators: people
with other approaches and a different specialisation (see above).
Very soon it became clear, that this diversity afforded an
unique opportunity for our institution. The combination of different people with different methodical approaches, but with the
similar passion for the richness and beauty of design, has created
an unbeatable team.
The present book visualises this statement perfectly. Both
disciplines, design history and design conservation, have a substantial interest in aesthetics and materiality, in the international
transfer of knowledge and in interdisciplinary approaches.
It is a great pleasure both to include this book to our comprehensive list of publications and to use this opportunity to say
thank you to the persons involved.

FACTS AND FIGURES

Since the first FUTURE TALKS conference in October 2009,
47 month of museum life passed by. It seems incredible but indeed these 47 month were packed with 46 [sic!] exciting exhibitions ranging from monographic shows (e.g. Donald Judd_
furniture design; Alessandro Mendini_industrial design; Otto
Künzli_jewellry) to overall presentations on socio-cultural and
design-historical aspects (e.g. The Cantilever Chair_furniture design, Deadly and Brutal_graphic design from Ghana, German
Design Standards_industrial design) and exhibitions about extraordinary producers of design objects (e.g. IKEA_industrial design, Alessi_industrial design, Rörstrand_porcelain).
In the above mentioned time period 70 loans with 4794 loan
objects had to be prepared, condition reported and monitored. If
we put this in relation to the staffing ratio of our conservation
department (2 full-time conservators, 1 pre-program intern) we
can establish a volume of work (preparation, condition reporting, packing etc.) of 34 loan objects per capita with nearly a 1/3
exhibition and 0,5 loans per month.
Just be aware we do not consider holidays, sick leave or
making coffee on this list!
By the way: holidays?
From this point of view it seems a bit frightening, that since
October 2009 the Conservation Department of Die Neue Sammlung, The International Design Museum Munich, has already organised 3 international FUTURE TALKS conferences (approx.
600 participants / 21 nations) , including the publication of the
first 2 post-prints (approx. 550 pages)…
What do we conclude from these facts?
Either: Never trust statistics, which you didn't forge yourself...
Or: If your institution co-operates globally, like Die Neue Sammlung does, then treat your conservators with the utmost respect,
they are invaluable for the realisation of vibrant and professional
cultural undertakings!
The current book confirms the latter statement obviously.
It is a real pleasure to present the 2nd publication of the FUTURE
TALKS postprints: FUTURE TALKS 011. Technology and Conservation of Modern Materials in Design.
Enjoy reading!
TIM BECHTHOLD
HEAD OF CONSERVATION, DIE NEUE SAMMLUNG
THE INTERNATIONAL DESIGN MUSEUM MUNICH

PROF DR FLORIAN HUFNAGL
DIRECTOR GENERAL, DIE NEUE SAMMLUNG
THE INTERNATIONAL DESIGN MUSEUM MUNICH
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ABSTRACT

INTRODUCTION

Plastics have infiltrated almost everything to do with life and living. They are found in art and design, social history and technological collections and are also among the ethnographic
materials. Retirement, or life after the functional use of the objects addressed here, takes place in collections or museums. Aged
objects display altered properties and for this reason characterizing them is also difficult. Complete identification of high-molecular organic masses is a complicated task that sometimes
requires considerable effort. It often suffices for many purposes
in restoration and conservation to determine to which class of
plastics an unknown sample belongs. Answering this question is
usually possible by relatively simple methodology, but not without causing some destruction. The presented which is in development aims to help people with plastics in their care identify
them. It is intended for those with little knowledge of plastics and
as a starting point for further exploration.

Retirement, or life after the functional use of the objects, takes
place in collections or museums. Aged objects display altered
properties and for this reason characterizing them is difficult.
Complete identification of high-molecular organic masses is a
complicated task that sometimes requires considerable effort. It
often suffices for many purposes in restoration and conservation
to determine to which class of plastics an unknown sample belongs. Answering this question is usually possible by relatively
simple means, but not without causing some destruction.
Preliminary examinations and characterization of the objects needing conservation are the most important aspect of conservation and restoration. All relevant data about the object in
question have to be collected before an appropriate conservation strategy can be developed. Knowledge of factors that damage the plastics is a prerequisite, because one can only recognize
damage when one also knows how it arises.
The scheme and test form which is in development presents
a further elaboration of the BASF form quoted by Ehrenstein
(Ehrenstein 1992: 28), does not require any specific chemical
knowledge; it does however demand some proficiency in conducting simple operations and knowledge on the history and use
of plastics. The particular care required when handling chemicals, solvents, or fire should be mentioned here. However, recognizing and interpreting takes some practice. It should not be
expected that a determination will be definitive after the first experiment. It is, rather, constant attention that leads to ideas and
a narrowing-down of the field. Frequent use and routine also
make identification easier.

KEYWORDS

Plastics, simple identification

THE METHOD

The method is pictured in Figure 1. The first step is to collect all
the data about the object and its history, about the manufacturer, artist, and about the production process. Both the material
history and the design history can provide valuable information
for correctly dating the object. With this foundation, the object
can be described in the second step. This includes visual characterization, form, colour, marks, appearance and possible dating.
Object description is followed by description of the production
techniques and the material itself, i.e. production, traces of use,
structure, function, production and working techniques, repairs,
and damages including the possible influences. On the basis
of the damage present, one can try to discover the causes – i.e.
whether it was primarily caused by atmospheric aging or by
mechanical stress.
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company logo, packaging, numbers, forms, colours, manufacturer, factory information, and year of production should all be
taken into account.
Brand and product name are important, not just to identify
the company, but also for identifying artists for example, who
may have been promoted by the manufacturers. Fashions in particular determine the style of a time and can thus provide a clue
to the period, as for example the lampshades and pastel colours
of the 1950s or the post-Tutankhamun fashion for all things
Egyptian during the 1920s (Quye 1999: 55).
There are various other aspects that should be investigated
in order to characterize, analyze, name, date, and narrow down
the substance.
With this foundation, the object’s condition can be described in the second step.
DESCRIPTION

Figure 1
The pictured method

Having collected the data followed by the description of the
object, techniques and the material itself the first summary and
appraisal can take place. As a result you should list possible plastics you are looking for. If you do not have any clue start from
the beginning.
With the list of possible plastics the test form can be
processed. At the end a second appraisal is proceeded and you
should have one or a few plastics left. If there are too many plastics left start again with the test formula and repeat the procedure until you can narrow the material to one or a few plastics.
THE DIFFERENT STEPS
COLLECTING DATA

The first step is to collect all the data about the object and its history, about the manufacturer, artist, and about the production
process. Both the material history and the design history can provide valuable information for correctly dating the object. The
examinations have to be specific to every object. Here the stamp,

The written description of the object should be made at the
beginning of every investigation. The following points should be
included:
- appearance, form
- colour: natural, white, pastel, dark
- transparency: clear, cloudy, translucent,
opaque, non-transparent
- marks, stamps
- function
- possible dating
- design, parts
This includes visual characterization, material characterization,
and damage description and mapping. On the basis of the damage
present, one can try to discover the causes – i.e. whether it was
primarily caused by atmospheric aging or by mechanical stress.
Often external characteristics and feeling, scratching, and
careful bending can give clues about the relevant plastic group.
Besides style and design the external characteristics also include
marks, transparency, colour, surface design, deformations, decomposition phenomena, and signs of damage. It can often be
helpful to observe the object under a microscope.
None of the points listed above will lead to a definitive identification, but in cases of uncertainty it is exactly these aspects
that can help decide between two or more candidates.
The description further covers the explanation of stamps or
marks that may have been found. There are often numerous
stamps on the underside or in other hidden areas. There may be
company logos, brand names, patent numbers, and DIN or ISO
signs that can also provide information about composition. Particularly the entered trademark or the norm marking not only
give away the plastic, but also the filler substances (Quye 1999:
56). However, the markings and short symbols should be treated
with care. To this day it is unfortunate that different short symbols are still commonly used for the same polymer, particularly
in publications and company records. German objects made of

Figure 2
Possible points to describe the object

thermosets are usually labelled with DIN 7708 (Domininghaus
1998: 1016).
DIN 7708 and DIN 7702 list thermoset moulding materials,
previously called “synthetic resin press materials”, with their
filler substance combinations. We can also speak here of a
classification that orders the large number of possible resin-andfiller combinations and provides the processor with a reference
to defined moulding materials. The conditions laid down in DIN
7708 represent a voluntary quality assurance monitored by the
Bundesanstalt für Materialprüfung (Federal Materials Testing
Agency) in Berlin and by the Staatliche Materialpruefanstalt
[State Materials Testing Institute] in Darmstadt. They are marked
by the monitoring symbol after DIN 7702. The listed types
are distinguished by the type of filler substance and by a few
properties. The filler material has to account for at least 66%
for it to be mentioned (Domininghaus 1998: 1041-1043). Although presented in 1937, DIN 7708 was not introduced until
July 1943. Since then it has been revised and updated many
times. It is valid to this day, but is currently being revised to align

it to the ISO requirements. If such a monitoring sign is present on
a thermoset object it was produced after 1943; the relevant standards state which resin and which filler substances are present.
Patents for the respective product can also be searched for
to help with the identification of a material because patents list
the components.
Since only a few synthetics were produced as clear moulding masses, the transparency of materials can provide more clues
for identification. Others may have been produced as a clear
film, but as a moulding material they would be turbid. Of course
every transparent plastic can also be filled or dyed.
Undyed and unfilled plastics are usually either transparent
or milky. Amongst the transparent group are flexible polyvinyl
chloride, polystyrene, polymethyl methacrylate, cellulose nitrate,
cellulose acetate, polycarbonate, unsaturated polyester, and
epoxy casting resins, although polyvinyl chloride, cellulose acetate, cellulose nitrate, epoxy casting resins, and polyolefins can
only be truly transparent in film form. Milkiness to opaqueness
is displayed by phenol casting resins, aminoplasts, polyethylene,
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polypropylene, acrylonitrile butadiene styrene, polyamide, polytetra-fluoro-ethylene, and well-preserved or young gutta percha,
if they are used as moulding materials. Natural-rubber products
such as soft rubber, ebonite, and the synthetic rubbers or shellac
objects and Bois Durci usually occur as dyed and non-transparent products, because these materials nearly always contain filler
substances or reinforcing materials (Morgan 1991: 36).
A plastic’s colour also provides information about the material. Phenol-formaldehyde moulding materials can only be
made in dark tones, no lighter than ochre for example. If short
fibres or wood particles are recognized in the mass, one can usually assume it to be phenol-formaldehyde. Wood particles are
rarely recognized in Bois Durci, Ebena or shellac. Old blue Bakelite items will hardly exist anymore, because by today they will
have yellowed into green objects. Marble effects characterize the
thio-urea-formaldehydes. Speckled multi-colour without larger,
clearer flow direction lines generally points to modified natural
substances and thermoset moulding materials, such as cellulose
esters, casein formaldehyde, and phenolic products. If lines indicating flow direction are recognized and if these converge to a
point the objects were produced using the injection method.
Ivory and tortoiseshell imitations were primarily made of
the early plastics. Near-perfect ivory imitations could be made
from cellulose nitrate. Tortoiseshell imitations made of cellulose
nitrate also displayed a greater transparency and clearness than
the imitations made of casein formaldehyde or horn (Quye
1999: 60).
Furthermore, mother-of-pearl effects point to casein, and
amber imitations point to phenol formaldehyde casting resin.
However, one cannot always rely on the colour of the synthetic goods, because popular colours and objects were often imitated with cheaper materials. The observant will notice the
differences in quality and material (Morgan 1991: 35).
TECHNIQUES AND MATERIAL

It is important to feel the object carefully, to feel the hardness or
softness and the surface’s roughness or smoothness. It is the only
way the waxy feel of polythylene, polyethylene and poly-tetrafluoro-ethylene can be discovered (Quye 1999: 55).
The written description of the techniques and the material
should be made at the beginning of every investigation. The following points should be included:
- surface character: sticky, soft, rough, waxy, slippery
- stiffness: bendable, brittle, deformable, elastic
- physical properties: scratch sensitive
(with fingernail or scalpel), easy to dent, easy to cut
- odour: before and after rubbing it
with a linen-free cloth
- production technique
- material
The surface with its varying shine points to the capacity of
the various shiny materials to take a polish. Thus poly-acrylates,

polystyrene, cellulose esters, casein, and casting resins can be
polished to a high gloss, while polyethylene and other crystalline
or softer polymers display significantly less shine. Particularly
the changes to the gloss level and the surface should be closely
monitored and examined, because this is where the question of
patina arises. The investigation has to deal with the question of
whether a patina is present and how it is to be preserved. Further one must consider and monitor to what extent the surface
could change in the future. The treatment concept has to keep
possible changes of the surface in mind, because the boundary
between patina and degradation is constantly fluid if the deterioration cannot be prevented.
Smaller blemishes on the surface that can be recognized under
a microscope, such as slight parallel scratches or lines, are typical
of cellulose nitrate film. They are caused by the veneering knife or
through the production process. These lines are not comparable
with the signs caused by extrusion and can be found on pipes,
rods, or other foils. These smaller areas of “cellulite” can, but need
not, occur with urea and melamine formaldehyde objects.
Small tears and hairline cracks can be found on many
synthetic products, as explained in the individual sections on
aging. Random tears without regularities point to casein
formaldehyde; parallel structures in tears will usually have been
caused by solvents.
Efflorescence on the surface such as a whitish powder on
dark-coloured objects, could indicate sulphur-bearing products
made of vulcanized natural rubber. Liquid or greasy films on
light-coloured and translucent objects can be an indicator of cellulose nitrate, whereas a whitish powder here would indicate
cellulose acetate. Liquid films or drops on soft, flexible, transparent, or coloured objects point to soft PVC.
The fineness or impurities of the edges, seams, and borders,
stemming from the pressing and casting, give a clue to viscosity.
Low-viscosity masses display very fine and small uneven
patches, and in the early period not all materials could be used
in a low viscosity. Here the production technique can provide
more information. If the impurities were painted over with paint
or varnish it indicates a dating to the 19th century when it was fashionable to cover up blemishes and add some colour and shine at the
same time. Only scratches or other damage provide clues as to the
material. Deformations can be caused by the loss of plasticizer.
This is typical of polyvinyl chloride and cellulose nitrate. All
thermoplastics can however also deform through heat exposure
or through a treatment with solvents.
Some blemishes at injection-moulding areas can appear by
the contamination of the granulate as grey foreign particles that
either have a shiny reflection or appear as dark fisheyes, depending on the incidence of light. Such discoloration smears or
colour streaks can also appear as detachments of major portions
in the vicinity of the sprue. U-shaped, elongated streaks that are
open against the direction of flow can be ascribed to excessive
residual moisture in the granulate. The polymers’ hardness is
dependent on the presence and the amount of added plasticizers,

Figure 3
Possible points to describe techniques and material

filler substances, and other additions. The fingernail or pencil
test is a simple way of making a statement about hardness. The
results of this test however have to be taken with caution, since
hardness can change during the course of aging. Plastics such as
polyethylene, polypropylene, gutta percha, flexible PVC, rubber, and polyurethane can be impressed with a finger nail and
the field thus narrowed down (Quye 1999: 65).
Experienced testers can distinguish the surface hardness of
polyethylene and polypropylene. A finger nail will leave clear
traces in polyethylene, whereas the traces in polypropylene cannot be recognized so clearly. Morgan also mentions the Barcol
hardness test (EN 59), which he considers a useful test for the
simple hardness check of synthetic polymers. However, it can
only be used on level areas and homogeneous surfaces. Furthermore the area should not be visible and the test should not
damage the object. He also points out that the objects’ age and
degree of degradation play an important role. Particularly materials such as cellulose nitrate, cellulose acetate, and PVC that
usually contained plasticizers could display different degrees of

hardness, depending on the type of plasticizer and plasticizer
loss. The ability of some polymers to absorb moisture, such as
is the case with casein formaldehyde and nylon, would reduce
the degree of hardness with increasing moisture content (Morgan 1991: 40).
Odour also provides clues as to the material or the substances used. In order to be able to smell it the object’s surface
should be rubbed with the thumb or finger or warmed very carefully and rubbed with a moist cloth. Warm water will also increase the odour. Phenoplastics smell of phenol, a smell of
sulphur indicates vulcanized natural rubber, camphor indicates
cellulose nitrate, vinegar points to cellulose acetate, musty
formaldehyde smells usually arise with casein, and a wax-like
smell points to old polyethylene (Quye 1999: 59-69).
Even the fracture pattern of polymers can provide clues
about the kind of material. A white crack, a fracture with white
edges, indicates hard polyvinyl chloride, butadiene styrene or
acrylonitrile butadiene styrene, whereas all thermosets, polymethyl methacrylate and polystyrene display a brittle, glass-like
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break. If no break can be discovered all elastomers, as well as
polyethylene, polypropylene, polyamide, flexible polyvinyl chloride, cellulose acetate, polycarbonate, and poly-tetra-fluoro-ethylene must be considered (Schwarz 1987: 222). A distinction is
made between white cracks, brittle cracks, and unbreakable.
FIRST APPRAISAL

After describing and researching the objet summarise the collected
data and work out an appraisal, which should list the plastics, you
have in mind. The early materials such as Ebonite, Bakelite, and
celluloid are still the easiest plastics to identify. Hard-rubber types
such as Vulcanite and Ebonite can often be distinguished from
other black materials such as jet or shellac by a yellowish sheen on
the surface. The sulphurous efflorescences responsible are particularly clearly recognizable on covered areas where there is condensation and the like. An identification is sometimes also possible
because of the smell of sulphur, or, in the case of Bakelite, of phenol. The typical smell can be experienced somewhat more strongly
when the object is stored in a closed hand-warm plastic bag for a
while. Celluloid can also be identified through the smell of camphor produced by rubbing it on textiles. Since only celluloid dissolves in acetone it can easily be distinguished from tortoiseshell.
This form of identification should naturally not be done on the
object itself. Only an expert with the necessary equipment should
moisten the tip of a small wooden rod with acetone and apply it
with great care on a concealed area and then watch the reaction
under the microscope.
MICROCHEMICAL TEST

Even though microchemical tests only provide limited information they have the advantage that conservators can do them in
the laboratory themselves. Alongside a plastic’s external appearance, the microchemical examination, such as behaviour
under exposure to heat and the reaction to solvents, provides
useful clues for recognition. The description of the points listed
by the conservators is also important as a starting point for analysts if further instrumental analyses are to follow, to find out
for example in which phase of induction the material is. Feller
explains that through the loss of elements or also through hydrolysis no changes take place visible to the naked eye. Physical
analysis is however now able to ascertain advanced induction
for cellulose esters. If that is the case, conservators, who cannot
see the beginning degradation with the naked eye, can make the
necessary arrangements to protect neighbouring objects from
harmful gases that will soon begin to emanate (Feller 1994: 9199) if they have access to analytical instruments like an FTIR.
The first step is to determine whether the material is a thermoplastic, a thermoset, or an elastomer. Factors one can look at
to help distinguish these materials are elasticity, the behaviour of
the material when heated, density and solubility. However, because of filler substances, pigments, enhancers, or other additives clear results are not always possible. Every plastic analysis
begins with different tests: determination of the plastic group

(thermoplastics, thermosets, or elastomers) is followed by preliminary tests for some typical characteristics such as solubility,
density, and softening and melting behaviour. The solubility of
plastics depends strongly on the chemical composition and also
on the molecular weight. The tests with the various solvents are
not a clear proof. However, it is particularly solvent experiments
that give conservators important clues for cleaning and gluing
possibilities. The density of plastics as a parameter is also only
of limited use, “since processed plastics in particular often contain cavities, pores, or imperfections” (Braun 1986: 38).
Particularly the behaviour exhibited when subjected to the
pyrolysis test and the open-flame or burn test are important for
narrowing down the field. “If this already suffices for a certain
conclusion, the presence of the hetero-elements nitrogen, the
halogens (particularly chlorine and fluorine), and sulphur should
be checked for. This can be followed by a systematic analysis
run based on several simple tests and particularly on the solubility test. In addition one should also determine the presence of
inorganic or organic filler substances and other additives, such
as for example plasticizers or stabilizers, where however reliable
statements about their type and proportion are only rarely possible with simple tools” (Braun 1986:30).
The simplest check for density using the float test can for example give a first indication of the presence of poly-olefins, since
they float in water in contrast to most other plastics. The density of polyethylene and propylene is below 1 g/cm3 , hence they
float in water. Other plastics are denser than 1 g/cm3, hence they
sink. The density—the ratio of mass to volume—is unfortunately
only of limited use as an identification sign for a plastic, because
end products usually contain hollow spaces, pores, blemishes,
and also filler substances, all of which can falsify the result
(Braun 1986: 38). To prevent the adsorption of air bubbles on
the samples through surface tension effects and the resulting falsification of the experiment, a drop of washing-up liquid can be
added to the water. A separated splinter suffices for the test in
water with washing-up liquid. This is otherwise only true of
foamed or aerosol-containing plastics. Chlorine-containing polymers such as polyvinyl chloride, chlorinated rubber, or chlorinated poly-olefins can be narrowed down by demonstrating the
existence of chlorine proof with the Beilstein test (Braun 1986:
56). Cellulose nitrates are relatively easily recognizable with the
diphenylamine test (CCI Notes 17/2). A sample the size of a pin
head only needs a drop of the solution in order to bring about a
blue coloration if cellulose nitrate is present.
Further identification can be achieved via the burn test,
which is not however, free of destruction. If there is a possibility of shaving off a small chip in a place on the object not normally visible, this can be burned and the material determined by
the colours of the flame and the developing smell. Acrylic resin
burns with a bluish flame and develops a flowery smell, casein
plastics smell of burned milk, celluloid burns explosively with a
sooty yellow flame, cellulose acetate burns with a spraying flame
and develops an odour of vinegar and rancid butter, the smell of

burned rubbers and the orange-yellow flame indicate hard rubber. Nylon burns with a blue flame and smells of celery, PVC
burns with black smoke and develops hydrochloric acid, and
shellac smells of sealing wax.
Besides the usual safety precautions for laboratory work
and the chemicals, a lot of experience is needed for the execution
of the micro-chemical tests. These tests should not be done by
people inexperienced in laboratory work. The instructions in the
specific literature do not assume any in-depth chemical knowledge, but they do assume basic knowledge and some skill in the
performance of simple laboratory tasks. The work further
requires some familiarization and practice. Since the listing of
all possibilities and method would be exceed the scope of the
present work. It is important to bear in mind that the tests only
provide definitive answers when testing undyed homopolymers
that are free of filler substances. The presence of filler substances, pigments, or other additives can falsify the result. Braun
does however point out that the additives most often used in
plastics, such as plasticizers, stabilizers, filler substances, or dyes
should not interfere with such simple tests (Braun 1986: 7). An
idea as to which plastics one might possibly be dealing with
should be present prior to carrying out the test series. It is absolutely advisable to test reference samples and to carry out repeat tests. The test form is set up in a systematic manner and
should be worked through in the given order. If despite all sorts
of considerations, research, and tests still no definitive result is
achieved this can indicate that the substance being handled is a
copolymer, the identification of which causes serious difficulties
when using simple methods. “Thus, it is essential to be aware of
these limitations if identifications are to be made with any degree
of certainty” (Coxon 1993).
ASSESSMENT

After the tests have been completed the results should be compared. Ideally, the tests all point to one plastic. If several plastics
are possible and one cannot be excluded, the tests should be repeated while keeping these substances in mind. If after that still
no definitive result is achieved an analyst should be brought in
for help or the sample should be handed over to an analytical
laboratory. It is important that the laboratory specialize in cultural heritage items so that unnecessarily many and large samples do not have to be sent in.
CONCLUSION

Characterization should not occupy itself only with the identification of the substance, but also with the general description of
the material and its provenance. The first thing to do is attempt
to narrow down the type of plastic via the provenance and all
available data. The inspection of the shape is helpful here, because a rough classification into the historical contexts can take
place through the design. If one knows something of the history
of plastics, the possible materials can be sought out and narrowed down. Processing and manufacturing traces can provide

further clues, because different synthetic polymers involve different production moulds. It is only when these data do not lead
to a result that a scientific analysis should follow. Since the scientific examination always involves loss of substance and often
just one sample is not sufficient, this step should not be taken
lightly. If a scientific analysis has been decided upon, there are
again several possibilities. The removal of a sample should be
well thought out in advance, because it needs to answer the question as completely as possible. Fingernail hardness tests and density checks—usually in the area of 1 g/cm3—are good first tests
and should be a good indication as to the type of plastic. A qualitative recognition experiment with distilled water is possible.
Examinations that can also be done by conservators include
microscopy and the microchemical tests, provided that a powerful microscope and various laboratory equipment is available.
Finally one should try to list any damage that is expected to
occur in the future. For a better structuring of the possible conservation process, one can orient oneself by the Decision-making Model (see: www.incca.org).
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002
‘OH VOID 2’
HOW TO AVOID THE VOID
IN TECHNOLOGY
BY NETTA KRUMPERMAN

ABSTRACT

INTRODUCTION

In 2004 The Stedelijk Museum Amsterdam acquired a red and
black Oh Void 2 chair, one of a limited edition of six, designed
by Ron Arad and produced by Ernest Mourmans. It was the result of a request from Du Pont™, to apply Corian®, in production
since 1967, in an innovative way. The design shows Corian®, a
solid surface material, not as the generally applied furniture surface but as a laminated, solid mass.
After a touring exhibition, changes in the surface condition
of the object, led to an interview with the producer, Ernest Mourmans. This resulted in a better insight into the production process
of this particular design, giving material and technical information that might be connected to the condition of the object. It also
provided the basis for first steps in a preliminary research.
The presence of steel pins in the laminate, remnants of the
production process, and the wish to locate them, called for some
tests. These were performed on surplus stock material from the
original batch that Ernest Mourmans provided. Energy dispersive x-ray fluorescence spectrometry, and X-radiation tests were
performed to see if the latter would be appropriate to localise
the steel pins in the actual object.

It is a peculiar thing, giving a title to a paper that has not been
written yet, as it happened at the beginning of 2011, the year of
the second edition of Future Talks.1
As time passed and the contents of this contribution became
more clear, the title chosen in March for the presentation in October: Oh Void 2, how to avoid the void in technology, needed
rethinking about which voids needed to be avoided. A void,
being an empty space, a hollow entity, and as such present in the
object that this paper is about, could even represent absence of
content, absence of information or knowledge. And as the subject of this paper still needs further research, and as there is more
to tell about the different aspects of this paper, some voids are
most likely to be there.
The focus on this particular object, a piece of furniture by
the title Oh Void 2, designed by Ron Arad, came about after a
loan request, a quite common ‘incentive’ for an investigation
into the condition of a museum object.
From November 2008 until Winter 2011 a touring exhibition of Ron Arad’s designs was planned, with the title No
Discipline. The organisation was a cooperation between the
Centre National d’Art et de Culture Georges Pompidou (Centre
Pompidou) in Paris, as the first host, the Museum of Modern
Art (MoMA) in New York, as the second host, and the Stedelijk
Museum Amsterdam (SMA) where the final part of the show
was to be hosted. Due to extensive delays in the renovation of
the museum building, the SMA will re – open in 2012. The No
Discipline exhibition did not take place at the SMA.

KEYWORDS

Corian® composition, small scale production, experimental
technology, producers interview, preliminary X-radiation test,
energy dispersive x-ray fluorescence spectrometry.

RON ARAD, THE DESIGNER, ARTIST

Ron Arad, born in Tel Aviv, Israel in 1951 and trained at Bezalel Academy of Fine Arts and Design in Jerusalem, moved to London in 1973. He studied at The Architectural Association School
of Architecture and opened a studio under the name One Off in
1981, together with Caroline Thorman. Even though the name
of the studio would suggest only unique pieces were conceived,
Arad also designed multiples, even unlimited editions. Results of
experiments in what might be seen as a design laboratory.
In the catalogue that accompanied the No Discipline exhibits, the respective curators of the cooperating museums contributed, amongst others. In the preface Paola Antonelli, Senior
Curator at the MoMA department of Architecture and Design,
states: “No Discipline celebrates Ron Arad’s spirit by avoiding
any separation between industrial design, one-off pieces, architecture, and architectural installation” (Antonelli, 2009: 8, 9).
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limited edition of six black-and-white ‘rocking’ chairs was made
with the title Oh Void 1, and another edition of six titled Oh
Void 2, in red-and-black. The SMA acquired one Oh Void 2, the
second piece in the red-and-black edition, soon after it had been
produced in 2004, and presented it at Galery Gio Marconi during the furniture fair in Milan.6
‘OH VOID 2’, AS PART OF THE SMA COLLECTION OF DESIGN

For the participation in the No Discipline show, a condition
check of Oh Void 2 in the SMA collection was required, as is
standard procedure. A general investigation into the object, and
its documentation is part of the procedure.
This being in 2008, it was just two years after the author,
coordinating and being sole conservator of a varied collection
of applied arts and design started working for SMA. The SMA
collection consists of around 90,000 art and design objects, of
which some ten percent are three dimensional design objects.
There were then (as there still are now) objects that had not been
seen, or thoroughly surveyed. Oh Void 2 was one of them. Since
its acquisition in 2004 no condition check was done by a conservator, and no other material description than the material
being Corian, was given in the museum documentation system.
Due to preparations for the move of the whole collection from
a temporary to a new storage, time for individual objects was
very limited.
A straightforward condition check followed, visual inspection was done, descriptions were made, photographs were taken
and remarkable details of the surface condition were marked.
These data were incorporated in a condition report and handling
instructions.

Figure 1
Ron Arad, Oh Void 2
detail, laminate and signature,
1st condition check, 2008

OBJECT, AND MATERIAL FEATURES

Experimenting with materials and techniques, and exploring
freedom and possibilities in their applications and forms, are recurring features in Arad’s works. They seem to contribute
strongly to the crossing of boundaries between disciplines, and
this is a feature that is repeatedly mentioned.
COOPERATIONS AND PARTNERS

Within the context of the object Oh Void 2, the subject of this
paper, the partner in production of this object plays an important role. Ernest Mourmans, a Dutch art and design dealer and
producer, and owner of several galleries in the Netherlands, Belgium and Switzerland.2
Their cooperation projects started in 1998, with the
B.O.O.P. series. Objects consisting of an alloy of superplastic
aluminium that were ‘blown out of proportion’. Mourmans,
having his own production facilities, had already produced several limited editions of furniture and object designs for Ettore
Sottsass, and Gaetano Pesce, designers renowned by their innovative use of materials and techniques. The latter designed one

of Mourman’s Galleries3, and Sottsass was the architect of his
house and home to his collections in Lanaken, Belgium.4
In the essay contributed by Ingeborg de Roode, curator of
the design collection at the Stedelijk Museum Amsterdam, to the
No Discipline catalogue, she describes Mourmans as Arad’s
sparring partner and as “(…) interesting creative partner (…),
largely because he rarely—perhaps never—says that something
can’t be done (…)” (De Roode, 2009: 17).
Occasionally Arad’s design processes have been induced by
material producing companies. The first time in the early 1990s
when the British chemical company ICI asked him to apply a
newly developed foam by the name Waterlily™, resulting in the
design of a range of sitting elements, named Misfits in 1993.
The second time, some ten years later, the Du Pont™company devision Du Pont Surfaces in Wilmington, USA, requested
Ron Arad to design a product for the “Salone Internazionale del
Mobile” in Milan, Italy in 2004, using their product Corian®5
(De Roode, 2009: 16).
Arad involved Ernest Mourmans to do the production. A

Oh Void 2 has an organic, sculptural shape of laminated Corian. The laminate consists of red 12 mm thick sheets alternating with, and joined by, black adhesive layers of approximately
2 mm thickness. The red and black laminated mass has been
worked and shaped, curves become concave and convex. The
laminate shows all kinds of linear, graphic variations and optical effects in, and around its curves and the characteristic voids.
On the base it is signed and numbered (see Figure 1).
The object dimensions are 690 mm in height, 600 mm wide,
and 1140 mm deep and weighs approximately 140 kg.
SOME GENERAL MATERIAL INFORMATION ON CORIAN IS
GIVEN BY THE DU PONT™ WEBSITE

“(…) Corian is a solid, non-porous, homogeneous surfacing material composed of ± 1/3 acrylic resin (also known as Poly(methyl
methacrylate) or PMMA) and ± 2/3 natural minerals. The main
mineral is aluminium trihydrate (ATH) derived from bauxite, an
ore from which aluminium is produced. (…)”.7
General applications of Corian are found in furnishing surfaces of kitchens, bathrooms, and offices, often in public buildings such as restaurants, schools, hospitals, etcetera. The

composition of Corian grants it durability, strength, density and
smoothness, easy and hygienic maintenance, and availability in
many colours. It can be processed through casting, or extrusion.
The probably mainly extruded sheets, generally available in
6 and 12 mm thickness, can be thermoformed and worked like
wood, by carving, saw cutting, routing, etc.
A web search for products similar to Corian, generally called
‘solid surface’ materials, showed similar descriptions on data sheets
from the respective suppliers, even though not all are specific.8
THE CONDITION

The overall structure of the object seemed sound during the initial condition check, but the surface gave rise to questions. Details that could have occurred during production such as white
linear traces inside the curves of the two voids. Did they derive
from a finishing process? And thus part of the production
process? And the locally almost blistering black adhesive. Was it
instable? Or could this blistering be the result of air pockets, a
reactive process during curing? The black adhesive layers also
contained visible small shapes of a different kind of black, with
a different density. Were they inserts? How, when or why would
they have been part of the production, or were they perhaps inserted at a later stage? In some areas of the red surface small
hairline cracks were visible with no accountable cause. Were
they accidental, caused by impact, or other (see Figure 2)?
These questions remained unanswered for some time. Even
though the wish for an interview with the designer, or producer
was present. As time was limited and these voids in knowledge
about the object did not seem to connect to major, and structural condition issues, the object was considered fit for loan. As
a result preparations for the journey were made.
The weight of the object demanded a strong crate for transport. As SMA has a special department for making customised
crates, a design for it was developed including a devise to lift
the object: two padded carrying belts. These were made in
order not to scratch the surface and to provide loops for either
manual lifting, by two to four individuals, or by use of a fork
lift (see Figure 3).
The curator, Ingeborg de Roode, accompanied the object to
both Paris and New York but was not able to courier the object
back to Amsterdam.When the show in New York ended in Oktober 2009, the conservator (author) had the privilege. Although
de Roode suspected a possible increase of small cracks during
the condition check in Paris, there was no conclusive evidence of
this. Some of the cracks might even have been missed at the initial check. However, after the return flight from New York back
to Amsterdam, this increase seemed even more evident.
The wish to fill the void of knowledge about the technology
used for this object surfaced once more. Lack of information
about production, specifications of the used materials and tools,
and lack of understanding how to interpret the physical condition finally led to an interview with Ernest Mourmans, on
November the 25th of 2009.
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Figure 2
Ron Arad, Oh Void 2
detail, surface condition:
hairline cracks, and black inserts, 2009

4. Du Pont advised to clean Corian surfaces with acetone,
prior to adhering, an advise that was followed.
5. Laminates of up to 9 or 10 sheets were made,
resulting in blocks of approximately 150 mm thickness,
the maximum size that the CNC router8 could accomodate.
6. To prevent these blocks from moving during routing they
were held firmly by inserted steel pins. Some of these pins
were removed eventually but some remained in the
laminate and are still there. The individually routed
blocks were eventually joined by adhesion to form the
total shape.
7. The shape was finished, smoothed, and sanding was
done with sanding paper with grain 500. Had it been finer,
the surface would have looked more like bakelite and have
more gloss than was wished for.
8. Within the black adhesive layers small pieces of
(unidentified) black plastic were positioned as ‘spacers’.
These prevented the adhesive from being ‘pushed’ out under
the weight of the Corian sheets, and provided uniform
thickness of the adhesive layers. This was of esthetic
importance in the laminate. Air bubbles, giving the
blistering appearance on the surface, were able to form and
remain, as air was not pressed out. The black pieces of
plastic are still present in the adhesive layers.
9. The temperature during the adhering process
was about 110 °C.
10.Mourmans experience is that Corian is sensitive to changes
in temperature, to impact, shock, pressure, and mentioned
several repairs on a black and white “Oh Void 1” that is
kept outdoors.
11.Both the “Oh Void 1” and “Oh Void 2” limited editions
consist of six copies plus two ‘artists copies’. Therefore eight
copies of each edition are in existance.

INTERVIEW

INFORMATION LEADS TO QUESTIONS

The interview took place in the SMA storage, with the object.
Ernest Mourmans, Ingeborg de Roode, and the author were
present. Most questions were posed from a conservation point
of view. They related to the need to know more about the materials and techniques used during production, and their potential consequences for the current and future condition of the
object. Unfortunately, no pictorial documentation of the production process of the Oh void 2 was available.
On the materials used in the object, Mourmans gave the following information:
1. The exact composition of Corian was not known
to him, but he mentioned “(…) stone powder as filler (…)”,
accounting for the heavy weight.
2. Mourmans mentioned Corian sheets to be supplied
with one smooth and one slightly rougher side.
These were adhered randomly into blocks.
3. The applied adhesive was a 2-component acrylic resin,
also supplied by Du Pont.

The information Mourmans kindly shared, resolved some questions but also added new ones concerning the appearance and
condition of the object:
• Information about the grain of the sanding paper
explained the overall, whitish traces on the surface.
• Information on the ‘spacers’ used during adhering
explained the black ‘inserts’.
• Literature about conservation of Corian was not found.
Would it be appropriate to make a comparison between the
ageing behaviour of Corian, with all its additives, and that
of PMMA in general being the polymer component in
Corian?
• Whether the Corian sheets were cast or extruded, still has
to be researched. This may aid in recognizing or determining
specific characteristics in the condition of the material.
Waentig mentions the greater stress resistance of cast
PMMA due to longer and interconnected polymer chains,
and the extruded, shorter chained product. The latter is less

Figure 3
Ron Arad, Oh Void 2
total, lifting device, 2009
See colour plate, p. 178

stress resistant but easier to use for sharp-edged shapes (as
in the case of Oh Void 2), and more susceptible to
damage by solvents and glues (Waentig, 2008: 274).
• Information on the pretreatment or cleaning with aceton
before adhesion caused concern about the effect of this
solvent on the surface. Shashoua presents a table with an
overview of pretreatments in plastic industry, showing that
PMMA is mechanically cleaned before joining plastic parts
(Shashoua, 2008: 216). But that may be a general practice
that does not exclude other methods. On ageing behaviour
Waentig states that PMMA is not resistant to strong acids,
bases, benzene, polar solvents, ketones, esters, ethers, and
aromatic and chlorinated hydrocarbons. Physical changes
to PMMA have been detected after contact with solvents,
including acetone, resulting in crazing, etched, or cloudy
surfaces with a changed texture (Van Oosten, 2002: 86;
Waentig, 2008: 274, 275), or softened, even dissolved
material (Shashoua, 2008: 210). Could this be the same for
Corian? Was the purpose of the advised pretreatment by the

supplier to provide a rough surface, a soft surface or a
slightly dissolved surface? Maybe to aid in a diffusion
adhesion, as is described by Habenicht, an effective method
when the parts to be adhered and the adhesive are similar
in composition, as is the case in this laminate
(Habenicht, 2008: 110).
• As this particular Corian is not transparent, could the effect
of acetone become apparent in another way? How, and
when?
• Literature available on degradation of PMMA, due to
cleaning agents and solvents, mostly addresses transparent
PMMA. Effects such as loss of transparency, stress cracks
or ‘crazing’, can occur during and after precleaning and
adhering procedures when solvent based cleaning or
adhering agents are used (Waentig, 2008: 277).
• Could the apparent cracks on the surface of Oh Void 2 be
the result of stress induced by solvents? Or are they more
likely the result of physical stress caused by, or related to
elements in the construction?
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Finding a method to locate the steel pins in the Corian contruction is paused for the time being, until there is more time to
search for another method. The idea to use a metal detector to
scan the surface may be an option. In the meantime standard
preventive measures, such as climate control may keep physical
stress reactions in the material, and at the surface, at a minimum. Eventually, when more physical evidence is found and interpreted, methods of transportation, handling, lifting and
packing may need reconsideration.
CONCLUSION

Figure 4
X-ray accomodation at Rijksmuseum
set-up for sample test, 2011

Figure 5
Test result of X-radiation
through 14 layers of Corian®: dense ‘fog’, 2011

Figure 6
XRF spectroscopy
on Corian® sample, 2011

• Information on the steel pins that remained in the laminate
made it easier to imagine such a physical effect, when these
are still present close to the surface of the object. Could the
appearance of surface cracks have anything to do with these
steel pins? Do they cause stress? How, and when? Then it
would be most helpful to locate these pins especially those
that are closest to the surface, and monitor those areas.
• A material analysis of both Corian sheet and adhesive
would provide better basis for choices in further analyses,
or expected behavior and treatment.
• Would it be interesting and possible to consider the way the
other copies of the limited editions were made?
PRELIMINARY TESTS

X-ray research recently performed on a Gerrit Rietveld chair by
Arie Wallert, conservation scientist at the Rijksmuseum in
Amsterdam, inspired the idea to consider this technique for the
Oh Void 2. When asked if this might aid in locating the steel
pins, Wallert assumed it would be possible. Only after more

correspondence and exchange of technical data on Corian,
Wallert also had some concern if the X-radiation would work.
The material was not just pure PMMA but a composite with
fillers and pigments, both potentially containing iron and other
metals and as a consequence obstructing the radiation to go
through. If the red pigment would for instance be cadmium, this
would pose a problem.
Besides the material composition, the enormous weight and
size of Oh Void 2 would demand a support during the radiation
procedure, in order not to overload the X-ray machine. Before
venturing into this preparation of the actual object, it was
decided that tests were needed on sample material.
Mourmans fortunately still had surplus material of the batch
that was used for the production, including a small sample with
the applied black adhesive, and donated this for the test. The
sheet of Corian was partly cut up into 14 squares of 65 x 65 mm.
On August 24th 2011 we set out to test the energy needed to
radiate through the Corian (see Figure 4). First one square of
12 mm was positioned, with a screw behind it, to represent the

steel pins in the object. Energy of 47 keV and an electric current
of 2.8 milliampère was used. The resulting blurred vision of the
screw was not very promising.
Nevertheless, more layers of Corian were placed in front of
the screw, and the voltage was turned up. With the increasing
voltage, the temperature in the apparatus also rose to 39°C. In
the end 14 layers of Corian were used, amounting to a thickness
of just 168 mm, using 148 keV and 2.3 mA. With that fraction
of the actual volume of Corian that would have to be X-rayed in
the real object, and the visual result of a silhouet in heavy fog, it
was concluded that this method was not suitable (see Figure 5).
In order to find out what caused this obstruction for X-radiation, the sample of Corian with glue, was submitted to a test using
X-ray fluorescence spectroscopy (see Figure 6). The Corian spectrum showed significant amounts of iron (Fe) and some calcium
(Ca), but no significant amounts of aluminium (Al) (see Table 1.1,
1.2). The reverse side, the black adhesive spectrum showed large
amounts of iron (Fe), significant amounts of manganese (Mn),
some calcium (Ca) and possibly some zirconium (Zr) (see Table 2).

Oh Void 2 could appear to be an industrially designed and produced object. But with detailed information given by the producer, about the production process of this limited edition, each
piece turns out to be an almost unique object. The combination
of the innovative application of materials and experimental production techniques makes it essential to retrieve this information. The use of documentation tools like the interview may
provide a better understanding of design objects. Retrieving
information is often complicated because one can deal with the
designer, the producer, and the supplier. Their business can be
big or small, and taking part in the business of industrial design
they may be reluctant to share information because of patents,
copyrights, trademarks, or contracts.
For museum collections of design objects, it would be most
helpful and efficient to incorporate the retrieval of technical and
material production information in the acquisition procedure.
And would it be wise to verify technical data from suppliers at
that stage by doing standard analytical tests? Wise perhaps, but
maybe not realistic. Tests on the Corian sample showed other
information than the information provided by the supplier. So
it may be wise to be aware that what you see is not necessarily
what you get.
In addressing the title of this paper, and how to avoid the
void in technology: it simply seems impossible. Fortunately that
is exactly where artists and other creative minds step in. They
use and ‘fill’ the voids with their technical and material experiments, and adapt material technology to an application that was
not developed before. For professional collectors, researchers
and conservators there is an opportunity and a task to document
these often very interesting, creative adaptations.
Hopefully, in the case of Oh Void 2 at the SMA, further steps
in research and exchange of information between those concerned, owners and curators, conservators, the designer, the producer, and supplier, will aid future care for this impressive object.
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Table 1.1
Energy dispersive X-ray fluorescence spectrometry
Bruker, Artax µ-xrf spectrometer, 40kV, 500µA, 120sec,
W-anode, 0.20mm collimator, no He-flush;
1, Corian red - Red Corian contains significant amounts
of iron (Fe) and some calcium (Ca)
Wallert, 2011

Table 1.2
Energy dispersive x-ray fluorescence spectrometry
Bruker, Artax µ-xrf spectrometer, 40kV, 500µA, 120sec,
W-anode, 0.20mm collimator, no He-flush;
2, Corian reverse, black adhesive - Black adhesive
layers of corian contain large amounts of iron (Fe),
significant amounts of manganese (Mn),
some calcium (Ca) and some zirconium (Zr)
Wallert, 2011

ENDNOTES

(1)FUTURE TALKS 011. Technology and Conservation of
Modern Materials in Design. DIE NEUE SAMMLUNG –
27/29 October 2011.
(2)Mourmans owns galleries in Knokke, Belgium;
Maastricht, the Netherlands; Giswil, Switzerland.
(3)The Mourmans gallery in Knokke, Belgium was designed
by Gaetano Pesce in 1994.
www.gaetanopesce.com/index.php as of October 2012.
(4)http://storiesofhouses.blogspot.com/2005/11/ernestmourmans-house-in-belgium- by.html
as of October 2012.
(5)Du Pont™ A chemical company in the USA, in existance
since 1802, developed many polymers, with a big increase
between 1950 and 1970, the ‘space age’, of which many are
still known to date: Mylar, Dacron, Orlon, Lycra, Tyvek.
In 1967 Corian® was developed.
(6)Taken from documentation in the SMA database
of the collection.

(7)Other brandnames of ‘solid surface materials’ with
applications similar to Corian are a.o.: LG HI-MACS from
LG Group Netherlands, Cristalplant© made in Italy, Durat
from Finland, Velstone from Ireland, Livingstone, Avonite,
and Meganite©, produced in the USA, and Hanex® from
South Korea. Compositions may vary, and are not always
specified in data, or data sheets.
(8)CNC stands for Computer Numerical Control, a computer
program controlled system for (routing) machinery.
(9)The sequence of Corian layers, applied voltage in keV
(stands for 1 kiloelectron volt = 1.60217646 ×
10-16 joules), and electric current in milliampère,
during the test:
1 layer: 12 mm – 45 keV – 2.8 mA
4 layers: 48 mm – 76 keV – 2.8 mA
7 layers: 84 mm – 101 keV – 2.8 mA
10 layers: 120 mm – 120 keV – 2.5 mA
12 layers: 144 mm – 130 keV – 2.5 mA
14 layers: 168 mm – 148 keV – 2.3 mA
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REALISING LOST HISTORIES:
THE THREE-DIMENSIONAL VISUALISATION OF
IB KOFOD LARSEN DRAWINGS FOR GPLAN
BY JAKE KANER

ABSTRACT

INTRODUCTION

Ib Kofod-Larsen (1921-2003) produced technical drawings of designs for furniture models for G-plan between 1958 and 1967. A
small number of these drawings were manufactured by G-plan,
High Wycombe, UK for their Danish range. The larger proportion
of the designs did not reach manufacture stage and these are
hence unknown. This paper observes a range of electronic tools
(e-tools) to create virtual reconstructions of these unknown designs to evolve understanding of Kofod-Larsen's work.
The e-tools considered here are scanning, vector software,
3-D modelling software, Computer Aided dDesign, Rapid Prototyping (RP) and 3-D printing.
The three-dimensional (3-D) visualisation and model making
RP processes offer additional benefits to conservators. These etools may improve the replacement of losses, provide accurate
measurement of surface topology and help identify problematic
surfaces.

‘G-plan’ was the brand name for a new scheme of furniture manufactured by E.Gomme limited between 1952 and 1992. The
brand was designed in 1951 by Donald Gomme, design director
E.Gomme Ltd. (High Wycombe, UK) and J. Walter Thomson
(London). The ‘G’ is shortened from ‘Gomme.‘ G-plan advertising
stated “The G-plan offers you a full, comprehensive range of furniture for the whole house! From this range you assemble, piece by
piece, the room arrangements that best suit your own house”.1
The High Wycombe Furniture Archive (HWFA) holds approximately 396 full size drawings by Ib Kofod-Larsen. Many
incorporate sketches and inscriptions by G-plan designers. This
study looks at a number of methods and issues relating to producing virtual reconstructions using e-tools to enhance the understanding of historic furniture, in order to produce scale
models. Historic furniture here means objects from early civilisation up until the end of the twentieth century.
The study observes three case studies that have engaged with
e-tools, commencing with early furniture, looking at how limited
information from a number of sources can be compiled to provide
reference for the visualisation of ancient Greek furniture. Further
observations are reported from the Frederick Parker Foundation,
London, a collection of mainly eighteenth century furniture, where
work has been conducted in partnership with piloting some
research by laser scanning and RP. Finally the National School of
Furniture, UK has been developing drawings from measurements
and co-ordinates taken from existing furniture to produce scale
models of twentieth century classics. All these examples are discussed providing information to help select appropriate e-tools to
convert the Kofod-Larsen designs. It is also anticipated, that ideas
will arise from these processes that prompt opportunities for conservation purposes. Background on the work of Ib Kofod-Larsen
is necessary for contextual purposes, being a significant research
component of the HWFA2 held in Bucks New University, UK.

KEYWORDS

Ib Kofod Larsen, design history, e-tools,
Rapid Prototyping, 3-D visualisation

IB KOFOD LARSEN

Ib Kofod-Larsen was born in Denmark in 1921 and died in 2003.
He practiced as an ’arkitect’ designing many objects for production.3 The HWFA provides material on Kofod-Larsen’s work for
the period of time whilst he was employed by G-plan (E.Gomme
Ltd.) and this material has not yet been exploited by design historians. In the early 1960s the ‘Danish look’ was popular and to
make it clear this was something different to the normal G-plan
ranges, it was decided to find a real Danish designer and put his
name on the furniture. In 1962 a Danish dining room range in teak
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Figure 1
Sideboard design drawing
by Ib Kofod-Larsen for GPlan
June 1962
Courtesy HWFA.

Figure 2
G-plan catalogue from 1964
Live all your life with GPlan
featuring Danish designs by Kofod Larsen
Courtesy HWFA.

Figure 3
Scale models of Ercol furniture c. 1957 9
Courtesy HWFA and Ercol Furniture Limited
Photographer Enrico Garofalo

Figure 4
Rapid Prototyped scale models of Eames plywood DSW chair c. 1945
modelled by Nick Brown, Bucks New University and a
c.1710 Queen Anne chair from the Frederick Parker Collection
reference no. fpf023. Courtesy the Frederick Parker Foundation,
modelled by Metropolitan works, London Metropolitan University.
See colour plate, p. 179

was launched which did not sell well, because the scale of the items
did not fit into British homes; however a few hundred sets were
made and these are now quite rare. For those aware of KofodLarsen’s work his more popular and known designs are those manufactured in Scandinavia by companies such as OPE Möbler. In
contrast his work for G-plan in Britain between 1958 and 1967 is
also known through G-plan’s Danish range.4 What is relatively unknown are his collection of working drawings held at the HWFA
in Bucks at the National School of Furniture (see Figure 1).
Here some 396 drawings exist compiling of a range of furniture produced for G-plan, whom owned the full copyright of these
designs. G-plan was run by the Gomme family and in this period
by the brothers Donald and Leslie Gomme. Both are recently deceased since the start of this millennium. The copyright for these
designs is now managed by the HWFA. Therefore the opportunity to use and disseminate this exciting material is here and with
this initiative the HWFA has been involved with considering methods to maximize and optimize its dissemination as a resource for
both designers and historians, which will inevitably become use-

ful to conservators as treatment of furniture from the 1960s and
1970s becomes more collectable and valued, both economically
and culturally. In Denmark,5 Larsen’s work was produced by a
number of manufacturers, such as Faarup Möbelfabrik,6 Brande
Möbler, and Selig Möbler, being retailed in Sweden by OPE
Möbler. Recently Kofod-Larsen’s work has become popular achieving rising prices7, 8 and even being reproduced. The range of designs by Kofod-Larsen for G-plan covers a wide variety of
furniture models, including, chairs, tables, bedroom furniture, dining furniture and office furniture, all being individual moveable
items as well as complex modular systems (see Figure 2).
ELECTRONIC TOOLS FOR VIRTUAL RECONSTRUCTION
AND MODEL MAKING

Traditional methods of model making are time consuming, lack
detail and have inaccuracies. Although scale models made in the
prototype shop for example for Furniture Industries Ltd. owned
by Lucian Ercolani look attractive having developed a patination,
they are limited in their abilities to provide precise data.9 (see

Figure 3). To construct traditional models of the Kofod-Larsen
design drawings would be slow and be limited in the accuracy
and information it could provide. The employment of e-tools offers an advanced form of outcome, revealing much greater detail.
3-D VISUALISATION

3-D visualisation uses 3-D computer graphics to create virtual
models from 2-D images or data. Data may be taken from a
2-D image to create a 3-D virtual model as in the Greek case
study below, where a limited set of data taken from 2-D images
is used to create a 3-D virtual model of a non-surviving item of
furniture providing the viewer with enhanced information. 3-D
visualisation is used to create both still and moving images,
such as Computer Generated Images in animations and films.
LASER SCANNING

Laser scanning techniques employ a 3-D scanner (camera) that
collects data on the shape of an object and in some cases also
collects data on its appearance, such as surface topography and

reflective/non-reflective properties. There are a number of capture methods and a range of capture equipment available. Laser
scanning is a valuable measurement tool, which can record accurate information that can be used to provide detailed data that
is employed to reconstruct 3-D virtual or real-world models.
The 3-D scanner captures a number of linear scans, which
then need to be stitched together in order to complete the 3-D
borne digital object or virtual model. The stitching process involves alignment of the collected data into a single co-ordinated
system, integrating the multiple views of the object into a triangulated mesh and converting this triangulated mesh into a readable 3-D format. Further processing for 3-D visualisation is
necessary, if the information (model) is for example to be viewed
by the public, such as light rendering and surface colouring. Advantages of this technique are that it is non-invasive and provides high precision results as well as reducing the handling of
objects, as no contact is necessary to take the readings.
The information gathered from this process can produce a
bank of reference material about a collection and/or objects within
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that collection, which can be made easily accessible through a
website or database. The virtual model file can be converted into
a STereolithography (STL) file10 in preparation for RP printing.
RAPID PROTOTYPING

RP is synonymous with a number of techniques including stereolithography and 3-D printing. The selective laser sintering
(SLA) technique uses a sintering process, which fuses particles of
powder deposited by a jet head building the object in an additive manner, at a temperature just below the materials melting
point. A simple example of sintering can be observed when ice
cubes in a glass of water adhere to each other.
This process has to some degree reduced the need for mould
making as casts can be taken from these RP 3-D models. A 1:5
high resolution scale model of a chair might take four to five
hours to produce, so it is not that fast as yet. For additive 3-D
printing11 RP parameters may be scale and size limitation, both
depending on the capacity of the RP machine and the cost. Cost
can be a significant factor as RP is worked out by volume. So it
may be sensible to incorporate hollow sections where possible,
such as the seat or larger components. For example a 1:5 RP
model may cost around UKP 40 to manufacture whilst a solid
1:4 RP model may cost around UKP 600. All the above
processes, including converting from an analogue image or to
create a new digital image in order to manufacture a 3-D model,
require information in digital formats (such as STL).
E-TOOL CONVERSION METHODS

In order to create a 3-D model of an object, existing analogue
information as found in technical drawings need to be converted
in digital format. In this section the available conversion methods for the practitioner are discussed considering a range of etools. An analogue design drawing can be initially captured as
a TIFF file using a flat bed scanner. Technology has not yet
reached the point where saving as a different file type will
achieve a workable solution. Therefore the first challenge is to
convert scanned TIFF files into an appropriate format such as
Computer Aided Design (CAD)12 DWG13 files. Although this
method appears simple, it is dependent upon a high level of accuracy, operative experience and considerable dedicated time.
Converting a TIFF to a DWG can be problematic, but it is possible. A TIFF file is an image made of pixels (a rasterized image),
whereas a DWG file stores it's own measurements. A DWG file
is more like a recipe than a photograph as it has many components. There are lots of free pieces of software on the internet
that claim they can convert TIFFs to DWGs by essentially tracing the TIFF image and turning it into vector information to
then send to a Computer Numerical Control Router (CNC)/ RP
machine. The only problem is that this process can create inaccuracies, such as, it is difficult to control the scale of the model
with any precision. An alternative option is to import the TIFFs
into AutoCad software or any other Vector software, followed
by accurate and careful tracing by the operative to get the

precise level of detail required for RP.
Importing the analogue image into a CAD program is followed by tracing or the use of the semi automatic trace facility as
available in the Vector Graphics editor software, Adobe Illustrator, which will trace the image as required. However, this method
can have issues depending on the complexity of the profile and
both can be inaccurate. If an RP model is required then the traced
image needs to be converted into 3-D format (Egerton 2011).
Another option is to start from the beginning, if the drawings have dimensions, using the original analogue drawings as a
reference and construct the whole work using AutoCAD or Rhinoceros (Rhino) 3-D modelling software. This will require the
operator to enter the information by hand into the software programme to build the model (see Figure 4). It is therefore established that the above processes would allow the conversion of Ib
Kofod-Larsens design drawings into 3-D models.

THE EIGHTEENTH CENTURY THE FREDERICK PARKER COLLECTION

Figure 5
3-D digital re-construction of the Keros chair
c. 2500 B.C. from the National Archaeological Museum

CASE STUDIES

THE TWENTIETH CENTURY - EAMES DCW CHAIR MODEL

PRE-HISTORIC GREEK

The literature (Baker 1966; Richter 1966), which attempts to
represent the style, evolution and social use of ancient Greek furniture is relatively accessible. However these works rely on one
another, resulting in an interesting, but indiscriminate accumulation of information. Even recent research papers provide little
new information regarding furniture, beyond an archaeological
point of view. There is little here for the furniture historian or the
conservator. To go beyond this knowledge and attempt to provide detailed information on woodwork practices of early Greek
furniture a detailed 3-D visualisation will be helpful.
In the absence of extant historical examples of material history it is generally accepted that our understanding can be enhanced by the use of 3-D visualisation. The employment of this
technique to revive a part of pre-history is not original, being
previously used in various areas to illustrate science and enhance
entertainment. However, it has been introduced here to not only
recreate informative images of ancient Greek furniture, but to
re-assemble the actual construction and appearance of various
types of furniture in such a way and in such detail as to support
or reject existing theories and of course stimulate and support
new discourse. Reconstructing and re-visualising ancient Greek
furniture with the aid of e-tools may well inspire more scholars
to engage in this area of research (see Figure 5).
The software employed for this project was 3D Sketchup a
three-dimensional graphics suite combined with Adobe Photoshop for the manipulation of any exported images. The 3-D software is based on a simple platform for the creation of any type
of objects in 3-D as well as 2-D space. This program has the potential to create real time graphics capable of generating life like
simulations of objects and environments. The software may be
combined with several other software programs, granting the
opportunity for better rendering, animation, presentation,
tension strength tests and a number of other applications, all

Objects were laser scanned as part of this project using structured light scanning. For this project, 30 chairs were scanned,
with each full size chair having 140 scans taken, amounting to
three hours each. The stitching process for each model took
about two days each, whilst the printing took four to five hours
each (Reilly 2011). Other benefits also came to light through
this project, such as a reduction in the time spent recording and
documenting objects by conservators and curators in particular
when noting condition. A reduction in the need to visually
record information about the objects, all of which can be made
accessible through electronic means. Relatively simple and fast
recording of information may provide early warnings of deterioration, in particular for twentieth century materials, which can
rapidly decline.

Figure 6
This model shows the triangulation
mesh-like process required to enable accurate
rapid prototyping to be achieved

This is a well-known chair, which has been manufactured by
many furniture companies over its lifetime. The furniture manufacturers Herman Miller and Vitra AG are still producing it
today. Measurements were taken from an existing model and
drawn in orthographic projection using Rhino software. This
enabled the conversion and triangulation to be completed in
preparation for RP. The Eames DCW Chair model took approximately thirty to forty hours to build and refine (from line
drawings to 3-D model) before it was ready for RP. This included applying surface colour and light, which were experimented with to provide surface texture, colour and reflective
properties (see Figure 6). The data was sent to an RP company
in Holland, who produced it for UKP 37. The cost was reduced
by keeping the volume to a minimum.
APPLYING 3-D VISUALISATION

helping to expand the boundaries of knowledge. Taking this further, animated video presentations were employed for this research, using Nero Premium software.
The procedure used for the creation of each piece of furniture was devised to unpick the typical construction of an original wooden article. The components comprising actual pieces
(or their representation) were assembled separately (as they
would be in reality) and were subsequently combined to compose the general form of the piece. All dimensions were calculated from visual representations, making use of known
proportions of furniture in relation to the human body. After
assembly, the 3-D furniture details were manipulated with regard to the techniques and tools used originally for their construction and signs of wear added for an enhanced sense of
verisimilitude. Further additional X-ray views were also incorporated into the video presentations, providing observations of
otherwise hidden structural details, in an attempt to bring additional and new contributions to the understanding of Greek
prehistoric furniture (Tsipotas, 2010).

AND RP FOR THE CONSERVATION FIELD

Clearly the use of these e-tools has many implications for conservation, as previously discussed, including replication, measurement, partial and full reconstructions of losses and components
as well as examining surface topologies of all types of objects and
materials. If the responsibility of the conservator is to record information when examining an object, then perhaps a small investment of time could be set aside for laser scanning objects
placed upon a turntable and rotated to capture key co-ordinates
when measurements of exact dimensions and surface topologies
could be banked for future reference.
Many conservation and cultural heritage disciplines can benefit from these technologies, such as the second life virtual reconstruction project (2008), conducted by Bristol University of the
Pompeian Court at Crystal Palace, which was destroyed by fire in
1936.14 Where the viewer can now observe what those were able
to see before the fire. Replication is another area that comes forward as a technique in order to reproduce vulnerable or fragile
objects best left in store. E-tools offer an alternative to painstak-
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ing hand made replications, which are costly and time consuming
(especially for objects that will only be used for display). Months
of work can be completed in days.
However, a word of caution may be appropriate here. With
the explosion in virtual technology and the ability to reconstruct
objects by both professionals and the layperson questions around
the responsibilities of those producing virtual reconstructions is
inevitable. There is a definite risk for confusion around our interpretation of cultural heritage as well as issues of authentication
that need to be reviewed by heritage managers.
An added benefit from RP is the ability to manufacture a precise jacket for the transportation of objects for loan or other purposes, which require the objects safe movement or transportation.
CONCLUSION

It is disappointing that this project has not progressed further with
its original intention to replicate scale reconstructions through RP
for the Ib Kofod-Larsen furniture. However, by investigating the
possibilities above appropriate methods can be selected to achieve
these aims. Currently the process of tracing the Kofod-Larsen
drawings using Rhino is being conducted, which will be followed
by the creation of 3-D models using 3-D printing. These models
will be digitally captured and displayed on the project website,
which can be accessed via the HWFA as the work is completed.
As observed, e-tools offer a number of options for use in museums and collections, which are being explored in a number of
forms. Vitra AG have for many years produced scale models of
their furniture icons, such as the Panton chair and many others,
whilst museums have offered reproductions of their collections,
such as jewellery facsimiles and related designs. However, most of
these have been manufactured using traditional scaled down models, not RP.
There are a number of options open for this type of work and
it does require some software training, but the cost of RP is significantly reducing, particularly for small scale 3-D additive printing, with a material base which is expanding considerably, such
as the inclusion of silver and other metals as well as the standard
nylons used in the additive process. This opens possibilities for the
infilling of losses on a range of objects, creating perfect fits for
patches and reconstructing minute detail for surface topologies on
damaged artefacts beyond that achievable with the human hand.
Although these electronic tools have been used by some disciplines
within the conservation sector, such as archaeology, architecture
and sculpture it has not been widely used by others. It may be anticipated that these technologies will continue to evolve, become
simpler to use and will also be economically viable for the small
conservation practice to employ.
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ENDNOTES

(1)E.Gomme Ltd. (1952) G-plan explained,
Brochure, High Wycombe, UK.
(2)www.hwfurniturearchive.bucks.ac.uk
(3) Heal, Oliver (2009) High Wycombe Furniture Archive research
notes on interview with Lesley Dandy, Designer, G-plan.
(4)A photograph of a sideboard designed by Kofod-Larsen has
an information slip pasted to back of photo, which reads:
D.22 New Danish Designs by G-Plan. The 5' 6" Sideboard
(4021). This sideboard is beautifully styled in teak with
square handles in rosewoood. The centre section of the
sideboard comprises five drawers, including a felt lined
cutlery drawer, and the shelves in the cupboard sections on
either side are adjustable. Measurements: Overall length
66", Depth 19", Height 30". Price £52. 10.0.
For further information please contact: Bill Blake, G-Plan
Gallery, 19-24 St. George Street, Hanover Square, London,
W.1. Telephone: Mayfair 9395/6.
Stamped on the reverse of image: Photograph by
Dudley Harris, 43 Berners Mews, W1 MUS 4867.
(5)The drawings list Kofod-Larsen as an Arkitekt operating
from premises at geelsvej 17, Holte, Danmark. (01) 422899.
(6)Danish furniture producer Faarup was established in the
middle of the 20th century. The company is perhaps most
known for the furniture they produced based on designs by
Ib Kofod-Larsen, who e.g. designed a range of minimalistic
sideboards for Faarup that today are highly desired by
collectors. In 1990 Faarup joined up with furniture
company Tvilum-Scanbirk.
(7)A set of 2 Ib Kofod-Larsen ‘Elisabeth’ lounge chairs, also
known as the U-56 easy chair and the matching stool were
recently offered for sale at $21,000. The set was manufactured by Christensen & Larsen, in Rosewood (the most
expensive version) with black leather. The Elisabeth lounge
chair supersedes the lesser quality, more common version of
this chair, called The ‘Salen’ chair, which was also designed
by Ib Kofod-Larsen for Swedish furniture manufacturer
OPE furniture (Olof Person, Jönköping) and which also
differs slightly in design upon closer inspection.
(8)See (7)
(9)See http/:www.hwfurniturearchive.ucks.ac.uk item
EPRO_54 Ercol: Model chair, 1957, designed by Lucian R.
Ercolani. Possibly chair model (239).
(10) STL is a file format native to stereolithography CAD software, widely used for RP and Computer Aided Manufacturing.
(11) RP uses an additive process to create a 3-D object using
3-D printing where successive layers are built up rather than
the traditional use of machining which uses subtractive
methods to remove material to attain the 3-D object.
(12) CAD packages include AutoCAD, IntelliCAD and Caddie.
(13)DWG (DraWinG) is a binary file format used for storing
two and three dimensional design data and metadata.
14) See http/:sydenhamcrystalpalce.wordpress.com.
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SAVING THE MASS PRODUCED:
INVESTIGATIONS IN THE CONSERVATION
OF INDUSTRIAL DESIGN OBJECTS
BY MARGO DELIDOW, ERIC MEIER

ABSTRACT

INTRODUCTION

This case study examines the methods for creating exhibition
copy components for a 1930’s Eileen Gray Tube Lamp using digital imaging and industrial manufacturing technologies to produce a more exact copy to the original than was previously
possible. The plastic components of design objects embrittled
and yellowed from age and exposure are candidates for replication for both aesthetic and structural reasons. The use of exhibition copies reduces the exposure of original components to
light and heat, allowing the original components to be archived
thus greatly extending the viable life of that component, while
maintaining the look of the original work. Subsequently, retaining the specific characteristics that result from mass production
of an object is an important consideration for loss compensation and replacement parts. In order to replicate the surface,
techniques used in the component’s original fabrication can be
identified and emulated when fabricating the replacement.
Through the example of the c. 1930’s Eileen Gray Tube Lamp in
the collection of the Museum of Modern Art, New York, this
paper explores the historical and modern characteristics of compression and injection molding processes that were used to create the electrical sockets for the lamp, along with manufacturing
methodology and specifications for determining mold design. In
conjunction with Computer Aided Design (CAD) this paper also
explores the use of Computer Aided Manufacturing (CAM) to
replicate the Tube Lamp’s plastic parts. Lastly, the benefits and
drawbacks regarding the use of similar casting techniques as the
original versus different methods for reasons of cost and availability are also explored.

Curatorial approaches to the display of lamps have been in flux
since the inception of the Architecture and Design department at
the Museum of Modern Art, New York (MoMA) in 1932. Initially, in the 1930-50’s lamps were displayed illuminated in
homelike settings. Beginning in the 1960’s curators displayed
lamps unlit, placed on pedestals in an attempt to link them to the
sculptural objects in the museum’s collections. Since the 1990’s
it has once again become important to the curators that lamps
be displayed illuminated.
MoMA’s collection contains 107 lamps, 47 of which have
materials sensitive to heat and light such as plastic, textile, and
paper (Griffith et al., 2009). Current museum display rotations
for the lamps are scheduled from three to six-months (a total of
672 hours of illumination for a three-month rotation, 7 days a
week, 8 hours a day). Given that lamps are displayed lit, conservation decisions must consider the effects of internal illumination, unlike other works in the collection that are lit from a
much greater distance. A possible solution to the accelerated
degradation of the object due to the heat and light associated
with this display regime is the use of exhibition copy components or the use of alternative light emitting sources that give off
less light and heat, such as light emitting diodes (LED). Further,
use of programmatic timers in galleries can also be implemented
so that lamps can be viewed on and off to experience their full
range of objectivity while lowering their total light and heat exposure. Most likely a combination of the both methods would
prove to be the best solution
The Eileen Gray prototype Tube Lamp in the collection of
the Architecture and Design department at MoMA contains
compression molded components that are at risk of degradation
from light and heat from the rigorous exhibition schedule. The
Tube Lamp, designed in the early 1930’s, features a commercially produced tubular incandescent bulb, held by two massproduced molded phenolic resin electrical fixtures that are
mounted on a custom fabricated chromed steel base (see Figure
1). Due to embrittlement from age, the plastic components of
the Tube Lamp have become candidates for replication. Noncontact digital imaging can be used to capture the three-dimensional forms of the electrical fixtures rather than traditional
contact molding methods, which can deposit residues on the degraded surfaces irreversibly altering the plastic. Industrial manufacturing methods for producing exhibition copies including
Computed Tomography (CT), Computer Aided Design/Computer Aided Manufacturing (CAD/CAM), Computer numerical

KEYWORDS

compression mold, lamp, Eileen Gray, CAD/CAM,
exhibition copy, digital fabrication
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control machining (CNC) and industrial plastic molding manufacturing can be used to potentially increase the accuracy of the
exhibition copy.
EILEEN GRAY ‘TUBE LAMP’

The Eileen Gray Tube Lamp is constructed from a combination
of custom fabricated and commercially, mass-produced parts.
Prominently featured is an Osram Linestra bulb, a two base,
double-ended vacuum filled incandescent light bulb.1 This bulb
is held by two compression molded phenolic resin electrical fixtures attached to sheet metal brackets which are mounted to a
vertical support of hollow chromed tubing (see Figure 2). The
vertical tubing is attached to a horizontal base constructed from
a circular piece of sheet metal and a flat strip of metal welded to
the perimeter comprising a shallow cylindrical form filled with
lead. This metal assembly comprises the lamp’s only custom fabricated components. An electric control switch is mounted on
the horizontal face of the base. Currently the lamp has a white
cord and plug (110V) which are not original; the color, material, and style were chosen by the curatorial department.
Two black phenolic fixtures are mounted to the metal
brackets to hold the bulb upright and supply the electrical
connections for the lamp (see Figure 3). Each fixture measures
4.68 cm high x 2.64 cm wide x 3.77 cm deep. A brass fitting
comprising a spring-loaded ball in a retaining collar is inset into
the right sidewall. Holes in the back of the fixture allow lamp
wiring to be connected to the metal lamp base by brass hardware. Although relatively simple forms, the fixtures include distinct design features indicative of the production methods. Both
fixtures are showing signs of deterioration with micro-fissures
and chipping. When the bulb is inserted or removed from the
electrical fixture pressure is applied to the brass insert. This increases stress on the surrounding phenolic resin and can contribute to structural failure as the plastic ages.

OBJECT HISTORY

Eileen Gray (1878-1976) was an Irish born designer and architect known for her early lacquer work of the 1920’s and in the
1930-40’s for her modern prototype furniture designs. Gray
began her career with a focus on decorative arts and turned her
attention to architecture after an introduction to Romanian architect Jean Badovici in 1927 (Constant 2000). One of the her
earliest uses of a vertical tubular light bulb can be traced to a
two-story structure she and Badovici built on Vézelay’s rue de
l’Argenterie during 1927-1931(Constant 2000). A later iteration
of the tubular bulb was installed in a house the two architects designed on the Mediterranean coast in Roquebrune-Cap Martin,
France and completed in 1929 (Constant 2000). Named E1027,2
the house was a modern design, featuring the integration of furniture and architecture where Gray designed all of the interior
spaces, including the furnishings, and employed craftsmen to
produce each of the items. In the living room, she created a

Figure 2
Detail, Electrical Fixtures
Eileen Gray, Tube Lamp, c. 1930s
Museum of Modern Art©
Estée and Joseph Lauder Design Fund
Photo: Meier, 2011

Figure 3
Electrical Fixture
Compression molded phenolic resin
Left: x-radiograph. Right: Front
Photo: Meier, 2011

contacted regarding the original design date for the bulb but
unfortunately, most of their archives holdings for patents and
designs were destroyed by fire during World War II. The lamp
entered MoMA’s collection in 1980.

the amount of un-polymerized material (loose powder or a preform/compressed puck) is determined and measured to slightly
overfill the mold cavity. This produces a characteristic “flash”
or buildup of material around the parting lines of the mold
halves—signaling the mold has been completely filled and clear
of voids. Next, after the material is inserted into the mold, a
hydraulic press closes the mold and subjects the material to heat
and pressure. This causes the material to flow, filling the mold
cavity and the thermosetting material polymerizes, changing
the material from a somewhat soft doughy consistency to a
hard and rigid state in the last step of the process. (Rosato
2004). After a calculated duration, the heat and pressure are
removed allowing the part to cool. It can then be removed by
hand or with the aid of automatic ejection pins.
Limitations of historic machining methods required molds
to be milled in smaller pieces and then assembled like puzzles
to complete a larger mold. Tooling marks on the Tube Lamp’s
electrical fixtures indicate that the steel mold was comprised of
four individual sections including; the top ,bottom and a right

Figure 1
Eileen Gray, Tube Lamp, c. 1930s
Chromed metal and incandescent tube
36 x 9 7/8" (91.5 x 25.1 cm)
Museum of Modern Art©
Estée and Joseph Lauder Design Fund
Photo: Meier, 2011

collage securing a Caribbean nautical chart to the wall with a
tubular light fixture. A second tubular light fixture was also installed in the E1027 sleeping alcove (Constant 2000). These light
fixtures were installations within the architecture and were not
yet freestanding designs.
Gray kept meticulous records throughout her life of both
her gallery sales and orders from craftsman for prototypes of her
designs. However, her archives in the National Art Library London and the National Museum Ireland did not produce receipts
or correspondences indicating the fabrication of a chrome metal
lamp base or of a purchase of electrical fixtures. The only mention of a freestanding Tube Lamp is in a series of letters written
by Gray in the 1970’s to her niece Prunella Clough. The letters
detail Gray’s concern for finding the correct bulb and reveal that
a Madame Fabre of Paris once owned the Tube Lamp.3 These
letters do not provide definitive dates to the lamp’s design or fabrication. The German company Osram, founded in 1906, did
not launch the Linestra two-prong bulb until 1932 (Osram
2011). The company’s headquarters in Munich, Germany were

COMPRESSION MOLDING

Compression molding is consistent with the material, design
and physical characteristics of the Tube Lamp’s electrical fixtures. In the 1930-40’s the two most common molding techniques used to mold plastics were compression and injection
molding. Knowledge of the compression molding process can
aid in identification of the characteristics of finished molded
components and in this instance will determine the manufacture process and identify the design features that must be
retained for the exhibition copies. There are four major steps in
compression molding. Compression molding first utilizes a steel
mold with accurately machined cavities that precisely fit
together. Allowances are made in dimensions of the mold to
account for the shrinkage of the cast resin as it cures. Secondly,
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and left side. The mold piece for the interior cavity of the electrical fixture was attached to the top section of the mold, which
opens and closes while the bottom section remains stationary
throughout the molding cycle. The two mold sections, comprising the right and left sides, opened and closed horizontally,
meeting in the middle at the flash line. The brass fitting (see
Figure 3) protrudes into the interior cavity of the fixture, which
would have inhibited the opening of the upper mold die after
casting. Consequently, the brass fitting was most likely inserted
into the sidewall as a secondary process (post molding) to avoid
undercut geometry and allow the mold to open. After the electrical fixture was molded, a hole was drilled through the sidewall to accept the brass fitting. The separate components of the
fitting (a barrel, spring, ball and collar) were then locked into
place by the use of a press.
Close inspection of the lamp fixture also reveals indications
of additional secondary processes and design conventions. Compression molds are designed with a slight taper, called draft,
applied to the sidewalls of the part to enable the mold to open
and the part to be removed. The outer sidewalls of the electrical
fixture have an applied 0.5 degree of draft angle that measures
89.5 degrees from a horizontal axis. Further, design conventions
are to place the parting lines of the mold where the resulting
flash can be easily removed or finished. The flash that bisects
the Tube Lamp’s fixture protrudes from the surface more than
typically expected; it appears that the mold did not close properly or was beginning to wear causing this raised flash line. Cavity identification, such as a number, is often stamped into the
steel molds as a way to keep track of which parts come from
which mold cavity. In the event that there is a mold failure, the
tooling can be quickly identified and reworked. A small number
“3” (5 mm in height) is molded into the interior section of the
electrical fixture. This indicates either that there was a single
mold with multiple mold cavities, for producing multiple electrical fixtures at once, or there were multiple separate molds. Inspection marks listing brand names, patent numbers, methods
of molding were, historically, molded into the underside or hidden portions of elements. These markings were unregulated and
care must be taken when assigning material properties based on
the marks alone (Waentig 2008). These marking were not, in
fact, found on the Tube Lamp fixtures. After molding the flash
was removed by sanding and filing. Fine parallels scratches run
along the reverse side of the bracket indicating this surface was
finished with abrasives. There is also evidence of file marks on
the outer top edges that are concealed by the bulb.
Fourier Transform Infrared Spectroscopy (FTIR) confirms
that the fixture material is phenol formaldehyde, consistent
with the time period and function of electrical components in
the Tube Lamp, supporting conclusions drawn from visual
examination of the fixtures. Phenolic resin, a thermoset plastic,
has been used in the production of electrical components
because of its temperature resistance and excellent dimensional
stability. With phenolic resin, the binder, and the property-

exhibition copy of the lamp for display. However, there were
limitations with the imaging technology and with the production of a physical copy. Neither non-contact digital imaging
techniques implemented (Laser scanning and CT) were able to
record the fine surface detail for an accurate high resolution
model. They both provided an overall surface geometry but not
a record of unique surface topography. Additionally, current
manufacturing technologies used to produce molds (additive
and subtractive) do not have the ability to replicate fine detailed
surface qualities matching the original.
IMAGING

Figure 4
CT scan process: screen capture
Editing in Volumetric Studio Max 2.1

Figure 5
Left: Polygon mesh model
Right: NURBS Model
See colour plate, p. 180

modifying additives, both contribute to the structural mass of
the plastic. Inorganic fillers were not identified with the sample,
though historically electric grade and heat resistant phenolic
resins were filled with a handful of bulking agents such as minerals, silica and glass fiber, which also contributed to their heat
resistant properties (Mossman 1997).

technique is one characteristic that should be taken into account
when making a fill or replacement in a restoration. For example a metal bowl raised by hand has noticeably different surface
visual characteristics from one that has been a spun, cast, or
milled from a solid piece of metal. When the surface is handmade, often the same fabrication technique is used to produce
the replica. It is important that the replica capture the qualities
of the original component and mimic the manufacturing techniques used for production. However, with a machine made surface it is often necessary to use the same industrial procedure to
reproduce the surface qualities. The surfaces of early plastic
manufacture are distinct and must be matched for an accurate
replica. In the case of the Eileen Gray Tube Lamp it was determined that the best way to replicate the surface and other key
characteristics is by compression molding or methods that can
best simulate all aspects of the original.
The initial objective for this project was to capture an
accurate surface model of the electrical fixture to create a digital CAD file for archival records and to produce a functional

REPLICATION CONSIDERATIONS

The process of manufacture greatly influenced the overall appearance of the mass-produced electrical fixtures. Industrially
manufactured design objects pose challenges for conservators, as
these industrial materials and processes are not easily reproducible by means other than the original methods, if replication
is the treatment ultimately decided upon for an object. The
exhibition copy of the electric fixtures on the Eileen Grey Tube
Lamp must not only maintain the original aesthetics of a phenolic resin compression molded part but must also maintain the
high temperature resistance necessary for functional electrical
fixtures. Surface texture resulting from industrial finishing

Silicone molding techniques are very successful at capturing
highly accurate surface details. Unfortunately, contact mold
methods can deposit residues and extract materials from the
degraded material surface thus irreversibly altering the object.
Three-dimensional imaging technologies are a preferred way of
capturing surface characteristics without the side effects of traditional contact molding methods. Moreover, it is only a matter of time until digital capture methods will outperform
contact mold making methods in regards to detail, accuracy,
and cost. Harry Abramson of Direct Dimensions, a laser scanning service located in Baltimore, Maryland, consulted on the
most appropriate three-dimensional imaging technologies for
the electrical fixtures. CT scanning was suggested, because of
the likelihood that it would be difficult to capture the hidden
interior geometry of the lamp fixture with other methods.
The potential of laser scanning was also evaluated. Laser
scanning was conducted with a FARO Laser Line V2 scanning
probe mounted on a FAROArm® Platinum4 articulated arm at
Direct Dimensions. Ideally surfaces for laser scanning are light
in color and matte. Dark colors, highly reflective surfaces and
transparency create problematic conditions for the current digital capture methods. Aware that the black reflective lamp
fixture surface is a typically problematic subject for laser scanning, preliminary tests were carried out to determine if scans
could rough out the overall shape of the object without contact
with the surface. Typically when faced with this surface sheen,
industrial parts are sprayed with an aerosol matte whitening
agent containing inorganic fillers and solvents that can damage
or be difficult to remove from fragile surfaces.5 Additionally,
when a matting agent is used, the laser records the coated
surface particles instead of the object’s surface. Depending on
the requirements of the data, this can affect the scan data output. The laser was unable to record the surface of the fixture effectively without the aid of a matte whitening aerosol agent,
negating the principle of non-contact scanning.
Subsequent CT scanning was performed with a GE phoenix
v|tome|x s240 dual tube CT Scanner at The American Museum
of Natural History, New York with the assistance of James
Thostenson. The CT scanner technology offered the capability
to digitally recreate both surface and interior details in one
complete three-dimensional model. This was most beneficial in
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Figure 6
Left: Steriolithography copy
Right: Milled aluminum copy
Photo: Meier 2011

processed as a set of .tiff 16 bit z-stack images (slices) for posts
processing. The slices are then imported into Volume Graphics’ VGStudio Max 2.1 for editing and post-processing, taking
care to remove beam hardening artifacts and other CT natured
artifacts in order to clearly display the volume in a three-dimensional voxel model (see Figure 4).7
The voxel model was helpful to understand the fixture’s interior geometry and to image the individual components that
comprise the brass insert. Although CT scanning is well suited
for the electrical fixture’s characteristics, it is not able to capture the fine detail of the surface texture of the electrical fixture,
and thus cannot be used to directly build a functional exhibition copy even though it does contain enough information to
create an accurate model of the fixture. The next step then is to
convert the CT scan data into a polygon mesh model8, a file that
can be used with CAD/CAM processes to build an exhibition
copy. The polygon mesh model was then used as a geometric
reference to create an accurate surface model with Rhinoceros
NURBS modeling software. This software utilizes Non-Uniform
Rational Basis Spline (NURBS) to generate the curves and surfaces of the model. A NURBS model does not have the ability to
render the surface finish of the original fixture. Mold surface
textures are not part of a machinable surface model and are
applied as a secondary mold finishing process (see Figure 5).
EXHIBITION COPY

understanding the fixture geometry including the brass fitting.
Although the GE scanner is designed for industrial reverse engineering and inspection, the lab primarily scans biological
specimens, meteors, fossils, and inorganic material. Meaning,
settings and methodology had to be tailored specifically for the
piece to produce accurate high-resolution scans.
A CT scan is performed by holding the object in a radio
transparent fixture6 on a rotating platform. The scanner then
rotates the object on a platform along the XY axis and the object is imaged by a detector in the CT unit via sequential x-ray
images. The number of x-ray images to complete a full rotation
is operator defined and depends on the diameter and symmetry
of the object (1570-2200 individual x-ray images were captured
during the scan of the electrical fixture). Next, the GE proprietary software (phoenix datosx 2.0 rec) reconstructs the threedimensional object with a computed tomography algorithm.
The reconstruction is then saved as a .vol file (this is one file—
consisting of a large three-dimensional cube of gray values
resembling the physical object scanned.) The .vol file is then

While the original fabrication was done on a relatively large
scale conservation can take advantage of advances made in imaging and small run manufacturing to make highly accurate exhibition copies. To test the fit and accuracy of the imaging data
of the electrical fixture the CAD NURBS model was used to
create three-dimensional tests. First, a three-dimensional stereo
lithography copy was built to explore the possibility of interior
design changes to the electrical fixtures’ for simplification of
the mold design reducing unnecessary complexity and cost (see
Figure 6).9 The reasoning for this was that in an exhibition
copy, changes could be made because they would not be visible
when exhibited. An aluminum model was also machined to
study surface and texture finishing methods (see Figure 6).10 Silicone molds were then made of the aluminum model and urethane casts were built for study. This intermediate step is
important to check tolerances and potential issues not readily
apparent until the NURBS model is a physical object.
Producing exhibition copies of electrical fixtures not only
requires the copy to exhibit the same visual qualities of the original but the material must, as noted earlier, also exhibit high
temperature stability required for lamp fixtures. In the 1930’s,
thermoset phenolic resin was one of the only plastics with heat
resistant properties that could be used for electrical fixtures.
Numerous thermoplastics, which can be injection molded, are
now available, that have superseded the use of phenolic resins.
In consultation with Nate Bower of Rebling Plastics,
Warrington, PA USA, the process and feasibility of both

compression molding and injection molding were examined.
When designing a contemporary mold for the exhibition copy,
modern machining methods can be used such as Electric Disposition Machining (EDM). New more powerful and sophisticated machines now make it possible to mill larger mold parts
with complex geometry, reducing the need for part assembly
and simplify the number of pieces to make up the entire mold.
Rebling Plastics quoted $20,000 USD to produce the molds and
make a short production run of exhibition copy fixtures. The
design and manufacture of the steel mold would be executed in
China and approved through digitals CAD files before production (the mold cost would double if the tooling was carried out
in the USA). The finished molds would be sent to the USA and
the compression molding would be done at Rebling Plastics. Injection molding using new high temperature thermoset formulas was also explored as a substitute to mimic the original
electrical fixture features and have a lower cost of production,
roughly $10,000 USD.
An alternative and potentially more cost efficient method
for producing exhibition copies of manufactured parts is using
on-line companies that employ automated processes for
designing and manufacturing molds, based on customer supplied CAD files. After a CAD file of the part is uploaded, the
company supplies the user with a mold part analysis including:
draft, radius, thickness, sink areas and mold complexity. The
analysis offers suggestions to the user on ways to potentially
increase efficiency, by preventing incomplete molding or failure of castings through design and/or material choice. Specifications for material, texture, finish and quantity are entered
into the company’s questionnaire form. Protomold11 an on-line
injection molding service provided a quote for the mold and
tooling for 25 initial electrical fixtures at $5532.75 USD.
If 1000 fixtures were made the cost per piece would be $2.51
USD. The services are streamlined and less expensive but in
some cases they may not offer the same detail and customization that a full service injection molding company can offer.
Although a one to one match of the surface between the
original and the replica was not achieved with the CT scan a
comparable surface using a standardized Society of Plastic Engineering (SPE) guide can be applied to the replacement fixtures. Filing marks and other hand tool procedures would be
matched with the hand tools, since it is not possible to machine
these types of textures. Polishing and finishing of the mold
would be completed with modern abrasives and rotary tools.
Surface textures of plastic parts are produced by the application
of a textured surface to the steel or aluminum molds. Common
methods are etching, bead blasting or polishing of the molds.
Today standardized surface guides in the United States evaluate
surface finishes. Surface finishes (ranging from a rough to mirror-like) affect both the cost and labor hours to produce the
mold. Additionally, different draft angles are required for each
texture to be able to remove the part from the mold (Kazmer
2007). The original mold surface finish of the Tube Lamp fix-

tures will need to be determined for the molding of the final
exhibition copies.
When utilizing digital manufacturing processes for replacement components, conservation treatment records should
include a virtual master of the exhibition copy, a physical master part, and physically replicated parts cast from the master.
The exhibition copy models will be fabricated from a digital
surface model (a polygon mesh or NURBS model) and the textured surface and finish requirements will exist separately from
the digital model in the conservation records, since they are secondary mold treatment processes. An archival master model
will contain the exhibition copy model information along with
additional records to accurately describe the fixture, which may
include material analysis and additional imaging.
CONCLUSION

As mass-produced design objects continue to age their functional
components will need to be monitored for safe display as well
as unacceptable visual change. The conservation treatments developed for mass-produced design components must preserve the
physical qualities and aesthetics of the original processes. The
decision to remove the historic elements from the Eileen Gray
Tube Lamp and install exhibition copies aims to slow down the
aging process caused by heat and light from the bulb during exhibition by allowing the original to remain in storage and off
view. As non-contact imaging methods are utilized to create
three-dimensional digital models the development of standards
for developing digital archive models will also continue to evolve.
Museums and collections must address safety concerns regarding the exhibition of objects with historic electrical components. Deteriorated materials and aged wiring poses safety risks
for both the objects themselves and for the rest of the collection.
Research to determine acceptable electrical configuration along
with the safety and application of materials will need to be conducted before these questions can be fully answered. One of the
challenges for design objects is to keep the cost of treatment reasonable. The meticulous approach to building exhibition copies
of design components by hand can lead to hundreds of hours of
work and may not necessarily reflect the object’s original manufacture or characteristics. In addition such labor intensive approaches are impractical when a collection requires many objects
to be replicated. When considering any method to produce exhibition copies, the best approach must be considered on a caseby-case basis. In the example of the Eileen Grey prototype Tube
Lamp, the exhibition copy cost is fractional compared to the
overall value of the work. Potentially, the cost of exhibition
copies could also be shared by a group of institutions for design
objects held by a number of museums. On-line services for injection molding and milling can help conservators produce exhibition copies of mass-produced parts. Although there are
technology and cost factors that limit the overall usefulness of
this approach for all design objects, replacement components
make sense for objects that are at high risk.
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(1)150 W 25 volt.
(2)The house was named E1027, to represent the two
architects Initials: E, number 10, 2 and 7 represent the
alphabetical order of J, B, G. Constant, 2000.
(3)National Museum Ireland Eileen Gray Archives 2003.352.
(4)FaroArm® Platinum Arm 8’ model accurate to 0.001”.
(5)Spotcheck SKD-S2 developer made by Magnaflux
contains 2-propanol, 2-propanone Isobutane and Kaolin.
Glenview, Illinois USA.
(6)The fixture was wrapped in closed cell polyethylene sheet
and held in a polyethylene terephthalate soda bottle.
(7)A voxel is a 3D pixel Volumetric Picture Element,
representing a value in three-dimensional space. Its
coordinate position is based on its spatial relation with
other voxels.
(8)A Polygon mesh is a network composed of one or more
polygons, typically sharing edges to form a threedimensional form.
(9)The rapid prototyping was undertaken at New York
University Advanced Media Studio.
(10) Aluminum machined parts were made by Firstcut,
Proto Labs, Inc., USA.
(11) ProtoMold Injection molding services
Proto Labs, Inc., USA.
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RAPID PROTOTYPING IN
MUSEUM COLLECTIONS.
TECHNOLOGY – APPLICATIONS – DURABILITY
BY TIM BECHTHOLD

ABSTRACT

INTRODUCTION

The following paper presents a rather new technology called
Rapid Prototyping (RP), that became available in the late 1980s,
and investigates its possible effects on the conservation world. It
is an additive manufacturing technology which was originally
used to produce models and prototypes.
Today the applications are spread to manufacture production parts of high quality in relatively small numbers.
Rapid Prototyping plays an important role in the design
process to realise complex shapes. Designers of industrial art
apply this technology to materialise their ideas. Since the beginning of the new millenium some of these products have attained
cult status. Produced as limited editions they were sold like art
objects. No wonder that in the meantime the first RP objects
have already entered museum collections.
This paper highlights the RP technology, its appliance in the
museum world and features some examples of the above mentioned RP icons. Related to the long-term preservation of these
products the question: “Are we facing a new plastics conservation challenge?” will be discussed.

Previous means of producing a prototype typically took many
hours, tools, and skilled labor. For example, after a new typewriter or television was designed, drawings were sent to skilled
craftspeople where the design on paper was painstakingly followed and a three-dimensional prototype was produced in
wood, paper, clay, gypsum or other materials by utilizing an entire shop full of expensive working machinery and tools. Typically, this was not a speedy process and costs of the skilled labor
were not cheap, hence the need to develop a faster and cheaper
process to produce prototypes. As an answer to this need, Rapid
Prototyping was born.

KEYWORDS

PROCESS

Rapid prototyping, Rapid manufacturing, stereolithography,
laser sintering, Patrick Jouin, Vogt+Weizenegger

Rapid Prototyping is a process in which a one-dimensional design—usually one that was sketched on a computer software—
is transformed into a physical three-dimensional model. The
Rapid Prototyping process is most commonly completed through
four main steps.1
The first step is model simulation. During the first stage of
the Rapid Prototyping process, the design to be prototyped is
transformed from a one-dimensional image to a three-dimensional likeness. This is usually done using Computer-Aided Design (CAD) software such as AutoCAD. For large designs, the
model is typically simulated as a proportionate but miniature
version of the true design; smaller designs, such as those for
gadgets, are commonly built to size.
The next step is to prepare for pre-construction of the threedimensional model. In most cases, it is required that the CAD-file
is converted into an STL-file. STL is short for Stereolithography,
which was one of the first Rapid Prototyping techniques and is
considered a standard in the Rapid Prototyping process.
The prototype is now ready for pre-construction. In order
for the computer file to be constructed into an actual three-dimensional model, the file must be sliced into layers. Those layers will eventually be stacked on top of one another to create the
final three-dimensional design. The sectioning of the file is done

RAPID PROTOTYPING / RAPID MANUFACTURING

For those unfamiliar with this technology, Rapid Prototyping,
also known as Additive Layered Fabrication (ALF), involves a
three-dimensional image that is literally ‘printed’ as a 3D object.
Objects can be created in one piece, without seams or joints and
without the use of moulds, but with the most astounding levels
of intricacy and functionality.
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FDM uses production-grade thermoplastics, such as ABS,
ABSi, polyphenylsulfone (PPSF), polycarbonate (PC), PC-ABS
and Ultem 9085. Because of the material properties, FDM parts
typically withstand functional testing and in the case of Ultem
9085, have high heat resistance. Ultem 9085 is also valuable for
its fire retardency and is used in applications such as the aerospace and aviation industries. A water-soluble material can serve
for making temporary supports, while manufacturing is in
progress. This support material is quickly dissolved with specialized mechanical agitation equipment, utilizing a precisely
heated sodium hydroxide solution. FDM parts can be strengthened by wicking a metal into the part. In 2006 FDM was the
best-selling Rapid Prototyping technology.

by another computer program designed specifically to perform
that function.
Over the years, engineers have invented several techniques
for building actual three-dimensional models. However, only
about a half-dozen are mainstays in the Rapid Prototyping
industry. The first process is Stereolithography, which will be explained later. Other common techniques include Fused Deposition Modeling, Selective Laser Sintering, 3D Inkjet Printing,
Laminated Object Manufacturing and Solid Ground Curing.
Which method is used depends on the design being created and
the creator's preference. Since the machinery for certain techniques is not available in all countries, the location where the
Rapid Prototyping processing will occur is also a determining
factor for the technique that will be used.
At this point, the prototype has been fully constructed. All
that is left to do, is to get the prototype in ‘show’ condition,
which may include applying an infiltrating consolidant, sealant,
painting, or adding other ‘finishing’ touches to the prototype so
that others can have an accurate depiction of what a fully functioning design would look like.
RP systems are becoming more flexible and efficient, providing new ways of engineering. Early use of RP was restricted
to prototype fabrication in product development processes. The
introduction of new materials and systems allow the parts to be
used for functional tests or to produce end-products with low
demand. If so, this process is called Rapid Manufacturing (RM).
DEFINITIONS

In the following paragraph the most common additive manufacturing technologies will be presented.

SELECTIVE LASER SINTERING PROCESS (SLS)

Figure 1
The Sinterchair
Die Neue Sammlung,
The International Design Museum
Munich

STEREOLITHOGRAPHY (SLA)

Chuck Hull (Charles W. Hull; born May 12, 1939) is the cofounder, executive vice president and chief technology officer of
3D Systems.2 In 1986 he invented the solid imaging process
known as Stereolithography, the first commercial Rapid Prototyping technology.
He defined Stereolithography as a method and apparatus
for making solid objects by successively ‘printing’ thin layers of
the ultraviolet curable photopolymers one on top of the other.
On each layer, an ultraviolet laser beam traces a part cross-section pattern on the surface of the liquid resin. After a pattern
has been traced, the elevator platform descends by a single layer
thickness, typically 0.05 mm to 0.15 mm. Then, a resin-filled
blade sweeps across the part cross section, re-coating it with
fresh material. On this new liquid surface, the subsequent layer
pattern is traced, adhering to the previous layer. A complete 3D
part is formed by this process. After building, parts are cleaned
of excess resin and supporting structures by immersion in a
chemical bath and then postcured under UV light.
Stereolithography is the oldest and one of the most widely
used Rapid Prototyping technologies, providing the greatest dimensional accuracy and best surface finish over the widest range

of part sizes and dimensions of any RP technology.
The high tolerances of the SLA process mean that it is ideal
for producing fit-form prototypes that are used to test products
before committing to the chosen method of production.
FUSED DEPOSITION MODELING (FDM)

Fused Deposition Modeling was developed by S. Scott Crump in
the late 1980s and commercialized in 1990 by Stratasys 3, which
also holds a trademark on the term.
Like most other additive manufacturing processes FDM
works on an ‘additive’ principle by laying down material in layers.
A thermoplastic filament or metal wire is unwound from a coil
and supplies material to an extrusion nozzle, which can turn on
and off the flow. The nozzle is heated to melt the material and can
be moved in both horizontal and vertical directions. The model
or part is produced by extruding small beads of thermoplastic material to form layers as the material hardens immediately after extrusion from the nozzle. The layer thickness ranges from 0,025 to
1,25mm, the wall thickness is at a minimum of 0,2 mm.

SLS was developed and patented by Dr. Carl Deckard at the University of Texas at Austin in the mid-1980s, under the sponsorship of DARPA.4 A similar process was patented without being
commercialized by R.F. Housholder in 1979.
Selective Laser Sintering uses a high power laser (typically a
CO2-laser) to selectively melt and fuse powdered thermoplastics
or metal (Direct Metal Laser Sintering), ceramic, or glass powders into a mass, by scanning cross-sections (for example from a
CAD file or scan data), on the surface of a powder bed. After
each cross-section is scanned, the powder bed is lowered by one
layer thickness, a new layer of material is applied on top, and
the process is repeated until the part is completed.
The physical process can be full melting, partial melting, or
liquid-phase sintering. In many cases large numbers of parts can
be packed within the powder bed, allowing very high productivity. Compared to other methods of additive manufacturing,
SLS can produce parts from a relatively wide range of commercially available powder materials. These include thermoplastic
polymers such as nylon (glass-filled or with other fillers), polystyrene, metals (including steel, titanium, alloy mixtures), composites and green sand; a mineral containing glauconite.
SLS technology is in wide use around the world due to its
ability to easily make very complex geometries directly from digital CAD-data. While it began as a way to build prototype parts
early in the design-cycle, it is increasingly being used in limitedrun manufacturing to produce end-use parts. One less expected
and rapidly growing application of SLS is its use in art.
Unlike some other additive manufacturing processes, such as
SLA and FDM, Laser Sintering does not require support structures due to the fact that the part being constructed is surrounded
by unsintered powder at all times.
The SLS technique is often selected to produce functional
prototypes and test models because parts can be made with live
hinges and snap fits. The materials have similar physical characteristics to injection molded parts.
Comparing Stereolithography with Selective Laser Sintering
and Fused Deposition Modeling methods, SLA clearly produces
the most accurate parts with the best surface finish. However,

for end uses requiring high durability, SLS and FDM methods
have until recently been favored over SLA) due to their use of
engineering plastics, which tend to be tougher than SLA resins.
3D INKJET PRINTING 5

With the 3D Inkjet Printing technique, layers of fine powder
(resins, gypsum, corn starch) are selectively bonded by ‘printing’
binders from the inkjet printhead in the shape of each cross-section, as determined by a CAD file. In 2006, John Balistreri and
others at Bowling Green State University, Ohio, began research
into 3D Rapid Prototyping machines, creating printed ceramic
art objects. This research has led to the invention of ceramic
powders and binder systems that enable clay material to be
printed from a computer model before firing.
Unlike ‘traditional’ additive systems such as Stereolithography, 3D Printing is optimized for speed, low cost, and ease-ofuse, making it suitable for visualisation during the conceptual
stages of engineering design, when dimensional accuracy and mechanical strength of prototypes are less important. No toxic
chemicals like those used in Stereolithography are required, and
minimal post printing finish work is needed; exept brush off
surrounding powder after the printing process. Powder prints
are usually infiltrated with wax or thermoset polymer.
In recent years 3D printers have become financially accessible to small and medium sized business, thereby taking prototyping out of the heavy industry and into the office environment.
3D printers offer tremendous potential for production applications as well. The technology also finds use in the jewellery,
footwear, industrial design, architecture, automotive, aerospace,
dental and medical industries.
The 3D printing technology is the only one that allows for
the printing of full colour prototypes. It is also recognized as the
fastest method.
POLYJET™ TECHNOLOGY 6

Alternatively, there is another, more sophisticated version of 3D
Printing. It is the so-called PolyJet™ Technology, invented in early
2000 by the Israelian company Objet Geometries™ Ltd.7 This
technology is characterised by a machine which feeds liquids,
photopolymer and support material through an inkjet-type printhead, to form ultra-thin layers of 0,016 mm of the model. Each
photopolymer layer is cured by UV light immediately after it is
jetted, producing fully cured models, that can be handled and
used immediately without post-curing. The gel-like support material, which is specially designed to support complicated geometries, is easily removed by hand and water jetting.
With this multi-functional ink-jet head it is possible to print
parts and assemblies made of several materials with different mechanical and physical properties in a single build process. The
high quality models can be produced at an excellent price/performance ratio with a very smooth surface quality without extensive reworking.8 The PolyJet™ process is an interesting
alternative to stereolithography, since it is even more detailed.
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LAMINATED OBJECT MANUFACTURING (LOM)

Laminated Object Manufacturing is a Rapid Prototyping system
developed by Helisys Inc.9 in the early 1990s. In it, layers of adhesive-coated paper, plastic or metal laminates are successively
glued together and cut to shape with a knive or a laser cutter. The
process is performed as follows:
First, a sheet is adhered to a substrate with a heated roller,
before a laser traces the desired dimensions of the prototype. To facilitate waste removal a laser cross hatches the non-part area.
Now, the platform with the completed layer moves down out of
the way and fresh sheet of material is rolled into position. The
platform moves up into position to receive the next layer and the
process is repeated.
This technology has low costs due to readily available raw
materials. The paper models have wood like characteristics, and
may be worked and finished accordingly. Relatively large parts
may be made, because no chemical reaction is necessary. The dimensional accuracy is slightly less than that of Stereolithography
and Selective Laser Sintering, but no milling step is necessary.

Figure 2
The Sinterchair,
production detail

Figure 3
The Sinterchair,
detail of sintered surface

Figure 4
Chair Solid C2
Die Neue Sammlung,
The International Design Museum
Munich

APPLICATION IN APPLIED ARTS AND DESIGN

design group FRONT13 in cooperation with the renown New
York gallery Friedman Benda at the Tokyo Design Week in
2006.
The question was: 'Is it possible to let a first sketch become an
object, to design directly onto space?' The four FRONT members have developed a method to materialize free hand sketches.
They made it possible by using a unique method where two advanced techniques were combined. Pen strokes made in the air
were recorded with Motion Capture and became 3D digital files;
these were then materialized through Rapid Prototyping by
means of Stereolithography into real pieces of furniture. One of
three prototypes was sold at 25.000 British Pound.
In the permanent collection of Die Neue Sammlung, The International Design Museum Munich, are two other examples
which are icons of modern furniture design:

SKETCH FURNITURE / FRONT12

SINTERCHAIR /

In this context a short reference should be made to the exciting
project ‘Sketch Furniture’ which was initiated by the swedish

OLIVER VOGT AND HERMANN WEIZENEGGER

where the people who need them live. In cities, there will be a
kind of copy shop, in which designers design and produce the
products their customers want“14, says Hermann Weizenegger,
who founded the Vogt and Weizenegger design office in Berlin
with Oliver Vogt in 1993. By producing the Sinterchair at the
lifestyle fair ‘Tendence 2002’ in Frankfurt, using a laser sintering system from 3D Systems in front of the public, they have already come a step closer to this vision.
In order to guarantee a sufficient bearing capacity, it was necessary to calculate the overall thickness of the individual layers of
plastic. In addition, the designers stripped the chair down into six
individual parts. "The seat and back rest of the chair are pushed
together. The legs then connect to these surfaces, with the result
that they cannot be pulled apart“15, says Hermann Weizenegger.
The real production process began with a questionnaire to
determine the user’s tastes in subjects such as music, movies, literature or philosophy. This data was then used as a variable in
the basic honeycomb structural framework of the chair. It was
transmitted as a STL-file to a CO2-Laser Sinter which selectively

ELECTRON BEAM MELTING (EBM)

Electron Beam Melting was developed in the late 1990s by Arcam
AB10 in Sweden. This solid freeform fabrication method, that takes
Laser Sintering a step further, produces fully dense metal parts directly from metal powder with characteristics of the target material. The EBM machine reads data from a 3D CAD model and
lays down successive layers of powdered material. These layers
are melted together utilizing a computer controlled electron beam.
In this way, it builds up the parts. The process takes place under
vacuum, which makes it suitable to manufacture parts in reactive
materials with a high affinity for oxygen.
The melted material is from a pure alloy in powder form. Titanium alloys are widely used with this technology, which makes
it a suitable choice for the medical implant market. The electron
beam technology doesn't require additional thermal treatment to
obtain the full mechanical properties of the parts. Comparatively
to SLS, EBM has a generally superior build rate because of its
higher energy density and scanning method. The minimum layer
thickness is 0.05 mm.
APPLICATIONS
APPLICATION AS MUSEUM TOOL

As mentioned earlier Rapid Prototyping products have already
entered the museum collections. Furthermore, this technology
can be used as a tool for documentation and reconstruction.
One example is the project of the so-called Persian Horseman.11
Numerous traces of original polychromy in antique sculpture
have survived. For 25 years, an international team of scholars
led by Vinzenz Brinkmann, head of the Collection of Antiques of
the Liebieghaus Frankfurt, has been conducting a scientific polychromy research that has brought to light a multitude of new
findings. The so-called Persian Horseman from the Acropolis of

Athens is a sculpture whose colors have survived particularly
well. An impressive reconstruction was made to illustrate the significance of color for this ancient sculpture. The original sculpture was digitally acquired by using a 3D scanner. The resulting
digital 3D model was transmitted to a 3D printer to create a real
acrylic resin replica of the original object. According to the findings on the original, this replica was colored and is now serving
as a one-to-one model of the original colored art object.
The use of 3D scanning technologies allows the replication
of real objects without the use of molding techniques, that in
many cases can be more expensive, more difficult, or too invasive to be performed, particularly on precious or delicate cultural heritage artifacts.

"Our vision is that consumer goods of the future are produced
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thickness; curvier sections of the part with thickness less than the
minimal feature size).
Moreover, if the ‘designer’ is not aware of necessary static or
physical conditions of the final end product, the risk of producing something which is not suitable for its use, not long-lasting,
or which will be dangerous for the end-user is great. Accordingly,
this risk is directly related to an increasing number of affordable
home-office printers.
PHYSICAL AND CHEMICAL PROPERTIES OF THE MATERIAL

Figure 5
Chair Solid C2,
production detail
See colour plate, p. 180

melted powdered thermoplastic polyamide (DuraForm® PA, 3D
Systems) by scanning cross-sections.
The closely packed nylon powder, transformed into the
solid form of the Sinterchair in just a matter of hours, negated
the need for storage, distribution, model and tool costs.
"Using Selective Laser Sintering technology, we also have
the possibility of scaling the size of the chair as we like. For example, by reducing it to about 50 per cent, we can produce children's chairs; by entering 15 per cent, a miniature chair can be
produced. The build time in the SLS system is also reduced accordingly“16, explains the designer. The Sinterchair was sold at
around 3.900 euros.
CHAIR SOLID C2 / PATRICK JOUIN

In 2004, MGX, the design division of Materialise17, one of the
global players in Rapid Prototyping techniques, started a project
with the former artistic director for fellow French designer
Philippe Starck, Patrick Jouin. This collaboration resulted in the
furniture collection called SOLID.

Figure 6
Chair Solid C2,
detail of lacquered surface

For the chair Solid C2, Jouin opted for the RP technique Stereolithograpy. The forms of the chair are reminiscent of blades of
grass or ribbons waving in the wind and weaving together. The
chair was realised in lacquered epoxy resin. Solid C2 is a limited
edition of thirty pieces which are sold around 35.000 euros.
DURABILITY

The director of production of Alphaform, Munich, looked at
Jouin s Solid C2 and said:
“I would be very careful trying to sit on it.”18
It can be stated that there is a wide range of aspects which
can affect the quality and the lifespan of the end-product. To understand and estimate the weak points of RP-parts it is quite helpful to take a closer look at some of them.
IMPROPER DESIGN

The improper CAD-design of an object can lead to a dramatic
decrease in mechanical stability of the end-product (for example: knife edge design where the edge thins down to zero

SLA and PolyJet Process work with photopolymers which are
quite sensitive to UV-radiation. Once polymerised they will continue to yellow and become more and more brittle over time. If
humidity or water infiltrates the material, a decrease in mechanical properties can be noticed. This is why the producing
companies tend to silanize those products or coat them with lacquers or metals.
Gypsum-based materials, which are used in 3D-printing
processes, yellow and tend to attract microorganisms. Powder
prints (3D Inkjet Printing) are usually infiltrated with wax or
thermoset polymer. These are directly related to the degradation
of the printed part. For example, if the infiltrate consists of
epoxy resin, the yellowing will be one of the main problems in
the future. If the infiltrate is an elastomeric material, like for
example rubber, degradation problems like brittleness and
tears, which are related to light, oxygene and temperature, will
be dominant.
With production processes like 3D printing or SLS the resulting density in the material structure of the end product is less
distinctive compared to SLA or PolyJet. Moreover, the polymer
chains are shorter compared to these of classical thermoplastic
melting processes, like for example the injection moulding, resulting in different physical and chemical properties.19
Moreover, choosing SLS means the full content of
polyamide powder is processed in a similar way during the Laser
Sintering fabrication. Even the powder that acts as supporting
material and which is not sintered by the CO2 laser beam is exposed to long heating and cooling cycles at a temperature very
close to the material melting temperature. These processing conditions cause physical and chemical changes in the mechanical
and thermal properties of the polyamide powder. In a research
project which investigated this topic it was found that “after approximately 7-8 builds, the properties of the processed material
were badly degraded so that it should be fully discarded.”20
APPLICATION ERRORS DURING PRODUCTION

Additive systems are characteristicly multi-layer-processes with
different load capacities at the x-y axes. Along the ‘printed’ layers the mechanical properties are much better than in vertical direction to them. If an object is positioned in the wrong way while
produced, the resulting load capacities of the final product could
be too weak. This can lead to undesireable delamination effects
while in use.21

Last but not least, the importance of a defined production
standard shouldn t be underestimated. For example even just a
small amount of dirt on the laser lens can result in a remarkable
decrease in stability.
PRE-TREATMENT OF SURFACES

Basically, there are three different ways to pre-treat a surface before applying a coating system: Shot blasting22, wet-cleaning
with solvents or employing plasma23. It can be assumed that, in
some cases, the impact of solvents can lead to undesirable
changes in the polymeric structure.
TRANSPORT

The characteristic biomorphic design often poses real challenges
when it comes to transport. Even the companies who produce
RP-objects know about the fragility of their products, which becomes obvious in their service conditions. “Any damage to product during transportation is the responsibility of the carrier and
customer. Customer is responsible for submitting claims to the
carrier for damages.”24
CONCLUSION

Today, Rapid Prototyping plays an important role in the design
process to realise complex shapes. Designers apply this technology to realise their ideas. As mentioned earlier, some of
these products have attained cult status. ‘Printed’ as limited editions they are sold like art objects. The possibility to produce
models, prototypes or small batches of consumer goods, both
in an efficient way and an extraordinary design, confronts
museum collections with a rising number of collectibles with
possible failures. Still, Rapid Prototyping products are not
meant to last forever. With ongoing development of the technologies described above and an increasing shift to Rapid
Manufacturing, the question of durability becomes more and
more dominant. If we consult the information given by the
RP producing industry we can state a high degree of enthusiasm
with a huge amount of remaining questions. There is little (or
unsufficient) information related to materials, their degradation
and failure. Materials are often just listed under elaborated
brand names (‘Vero White’, ‘zp®150’ etc.); infiltrates which
have a strong impact on the final product properties are often
unknown.
When confronted to the idea of keeping RP-objects as long
as possible, the following precautions should be taken:
If available, save the data files and migrate them regularly,
scan the object (laserscan), measure its colors (colorscan, spectroscopy) and analyse pigment and binder. Develop a suitable
presentation or storage solution considering the material and its
degradation. Maintain regular monitoring to avoid grave damage. Reconsider the object’s geometry for developing a suitable
handling device or transport crate. Keep in mind: By means of
the data files it is also possible to print the negative form of the
object which is basically the best supporting structure.
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This paper is meant as a first step to sensitize collectors and
museum collections to possible problems of a rather new technology and to encourage industry and conservators to further
research.
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RAPID PROTOTYPING - RAPID AGEING? TECHNOLOGY AND
AGEING PROPERTIES OF CONTEMPORARY ART AND DESIGN
OBJECTS MADE BY RAPID PROTOTYPING TECHNOLOGIES
BY DENISE MADSACK

ABSTRACT

INTRODUCTION

This paper deals with objects in contemporary art and design
made by rapid prototyping (RP) technologies.
Since the late 1980s rapid prototyping (RP) has been used
to transform digital data into physical models and prototypes.
For the last years, RP technologies have no longer been used exclusively for the fabrication of models and prototypes, but also
for the production of small object batch series or single unit
products.
Today, designers and artists are using RP technologies in
manifold ways. This paper gives an insight into their applications and presents the most common technologies and materials
actually used for the creation of RP objects. Furthermore, light
and dark ageing experiments with 3D printed samples were
performed to examine the colour stability of synthetic polymers
typically used for RP nowadays. The tested RP material formulations are based on epoxy resin (EP), polyamide (PA) and acrylonitrile butadiene styrene (ABS). Colorimetric examinations
found that some of the tested samples may undergo significant
colour changes in a response to indoor daylight exposure, some
of them even, if stored in the dark.

The term rapid technology is today widely used for RP, rapid
manufacturing (RM) and rapid tooling (RT) (Gebhardt 2007:
3).1 Within the last years, rapid technology has gained importance as an innovative fabrication tool for artists and designers.
As a consequence, 3D printed art and design objects, as well as
architectural models, become part of museum or private collections. Conservators are now challenged by a variety of questions
regarding the technology and ageing stability of these objects.
This paper provides an insight into the manifold uses
of rapid technology in the field of contemporary art, design and
architecture. Furthermore, a short overview over the most common manufacturing techniques will be given. Finally, experiments to prove the colour stability of synthetic polymers
nowadays typically used for rapid technology will be presented.
Therefore, light and dark ageing experiments on 3D printed
samples were performed. Today commonly used rapid technology materials were tested, including formulations based on
epoxy resin (EP), polyamide (PA) and acrylonitrile butadiene
styrene (ABS).
This paper is based on the author's MA thesis, which deals
with the application, technologies and ageing properties of objects in contemporary art, architecture and design made by rapid
technology. The thesis was written at the Conservation Department of the Berne University of the Arts in close contact to conservators, artists, designers and RP-technologists. The main goal
was to enlarge the conservators' knowledge about the techniques
behind objects made by rapid technology and about the prospective ageing behaviour of some current materials in use.

KEYWORDS

rapid prototyping, rapid manufacturing, polyamide, plastic,
epoxy resin, acrylonitrile butadiene styrene

TECHNOLOGICAL INTRODUCTION TO
RAPID PROTOTYPING AND MANUFACTURING

Since the 1980s RP has been an important technology used for
the fast production of prototypes and models. Today most RP
technologies are also used for RM, i.e. for the fast production of
small object series or custom-made items.
The starting point of each rapid prototyping or rapid manufacturing process is the creation of a digital data model of the
object to be printed. This digital model can be made either
by digital drawing or 3D scanning. Using digital drawing, Computer-Aided Design (CAD) is applied to create the digital model.
Afterwards the CAD file has to be turned into a file format
specially developed for Rapid Technology, mostly into an STL
(standard transformation language) file. A suitable computer
program slices the digital model into layers and sends it to a
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Figure 1
(a) Franziska Gnos:
STL-Kette, 1998

Figure 1
(b) Detail of STL-Kette,
3D printed chain left

mon inkjet printer. Fine, powdery material (e.g. gypsum, ceramics or starch) is printed layer-by-layer and solidified by the
injection of a binder (Gebhardt 2007: 54 ff.). 3DP is a «cold»
technology that operates at room temperature and is therefore
suitable for the non-toxic use in offices and by home users.
The LLM combines computer-controlled removing and constructing processes. First the shape of an object is cut out of
pieces of foil or paper, afterwards every single layer is laminated
to build up the whole object step by step (Bonten 2003: 56).
LLM is applied when the volume of a work piece is large-scaled,
the production of filigree shapes is much more difficult (Gebhardt 2007: 172).
As was shown a wide range of materials can be used for
rapid prototyping and manufacturing (Gebhardt 2007: 1). Synthetic polymers are widely used for the fabrication of industrial
prototypes and functional models in design and architecture,
metals are often applied in the aerospace and tooling sector and
ceramics are widely used for medical applications (Gebhardt
2007: 264 ff.; 305 ff.). The material formulations developed for
the different RP processes can be rather complex, e.g. if developed for stereolithographic applications. The high complexity
of these materials is well documented in the patent literature.2

The technical progress of RP technologies was strongly related to the growing use of computer technology in industry and
home use, as well as to the upcoming software for computer
aided design (CAD) and the development of techniques for automation (e.g. microcontrollers).
Approximately for the past ten years a variety of experiments has been initiated to develop RP and RM machines for
home users, usually running with FDM or 3DP technology.
These personal replicators, that at best can reproduce themselves, are small-sized and easy-operating systems with a hardware and software simple to handle. Since about 2002, a variety
of do-it-yourself construction kits came on the market. These
kits contain all necessary mechanical and electronic components
for building a 3D printing station at home. Famous open source
DIY projects include RepRap, MakerBot or Fab@home. Recently
also prefabricated models for home users, e.g. the UP!3D Printer,
were launched. Such simple systems for home users are now
commercially available for about $500 to $15000. Because these
FDM machines operate with a variety of different materials the
joy of experimentation of do-it-yourself enthusiasts, designers
and artists is not limited in any way.3 This aspect benefited the
personal replicators to become a very attractive tool for contemporary art and design productions.

HISTORIC DEVELOPMENTS

3D printer, which builds up the shape of the 3D part. RP and
RM are so-called «generative manufacturing processes», which
means that the work piece is made by applying and fusing material (e.g. liquid, filament or powder) layer by layer (Bonten
2003: 53 ff.). The object geometry and material properties are
created directly during the manufacturing process, without any
pressure or mould (Gebhardt 2007: 1; 123).
Today, stereolithography (SLA), selective laser sintering
(SLS), fused deposition modelling (FDM), three dimensional
printing (3DP) and layer laminate manufacturing (LLM) belong
to the most popular technologies used for rapid prototyping and
manufacturing. During the SLA process, a liquid photopolymer
(e.g. based on acrylics, epoxy resins, polyvinyl ethers) is solidified by the impact of radiation (e.g. UV radiation) layer by layer
(Gebhardt 2007: 42). To obtain special element geometries like
hollows or undercuts, supports are made (e.g. made from the
same material or a thermoplastic wax) and these support structures are removed after printing (Gebhardt 2007: 43). There are
three SLA systems, which work with different light sources: the

laser stereolithography uses a UV laser source, while Solid
Ground Curing and Polymer Printing both need UV lamps (Gebhardt 2007: 33 ff.).
A second technology widely used in industrial applications
is SLS. During SLS process a laser fuses fine thermoplastic powder (e.g. polyamide, polystyrene, polyethylene, polypropylene)
in an inert atmosphere at determined areas that afterwards cool
down and get hardened (Bonten 2003: 55 ff.). The not-sintered
powder functions as support material and can easily be removed
with compressed air after printing (Gebhardt 2007: 121).
FDM characterises a system that is often used in designer's
studios and home printer systems. It works mostly with a pre-extruded plastic filament (e.g. ABS or polylactide), that is inserted
into a print head, molten and afterwards pressed through an extrusion tip and finally placed on a building platform layer by
layer (Bonten 2003: 56 ff.; Gebhardt 2007: 52).
Another technology widely used for RP and RM in industrial and home applications is 3DP (three dimensional printing).
This technology uses a manufacturing process similar to a com-

IN RP PROCESSING

ARTISTS, DESIGNERS, ARCHITECTS

Although it took a long way of experimental developments until
the first RP apparatus was commercialised in the 1980s, already
in the first half of the 20th century investigations to print physical 3D bodies were conducted. One of the pioneers of 3D printing was Carlo Baese, who developed a «Photographic Process
for Reproduction of Plastic Objects» as early as 1902 (Pat. No.
GB 190,205,381). Another pioneer was Otto Munz, the developer of a process called «Photo-Glyph Recording», patented in
1956 (Pat. No. US 2,775,758). The initial point of computerbased 3D printing can be traced back to the findings of Charles
W. Hull, the prime father of RP. In 1988 Hull and the American
company 3D Systems Inc. launched the «Stereolithography Apparatus» (Pat. No. US 4,575,330) and started the development
of the first commercially available machine for rapid technology
printing (Wilkening 1997: 4; Gebhardt 2007: 81; 90). Only two
years later Carl R. Deckard (University of Texas) introduced his
«Method for Selective Laser Sintering with Layerwise CrossScanning» (Pat. No. US 5,155,324), a process commercialised in
1992 (Gebhardt 2007: 127). In the same year the first FDM
printer was patented by Steven Scott Crump System (Stratasys,
Inc.) as «Apparatus and Method for Creating Three-Dimensional Objects» (Pat. No. EP 0,426,363) (Gebhardt 2007: 197).
In 1994, Emmanuel Sachs patented his 3DP machine (Pat.
No. US 9,402,024), which was launched three years later (Gebhardt 2007: 212). The «Apparatus and Method for Forming an
Integral Object from Laminations» (Pat. No. US 5,354,414) was
the first LLM system developed by Michael Feygin in 1994 (Castle Islands).

AND RP TECHNOLOGIES

RP technologies enable the fast production of objects with high
complexity in shape and made in a wide range of different materials. They offer a lot of possibilities for contemporary artists,
designers and architects for their unique projects. Some examples will be exemplarily presented here.
In 1999, the German artist Karin Sander conducted the interactive project Personen 1:10 with a FDM printer and the material ABS.4 For this purpose she placed a 3D body scanner in the
exhibition space. Visitors could have their bodies scanned with
individually chosen accessories and in a posture of their own
choice. Afterwards the 3D data of the body scans were sent to
the FDM printer. This machine produced small figures of the visitors that were finally arranged in the exhibition rooms. By this
means the museum visitors contributed to the creation of the
artwork. They completed the artworks on behalf of which they
actually had come to the exhibition. In this way, Karin Sander
aimed to initiate discussions about the visitors' role in the museum's business (Artnews).
The Dutch designer Wieki Somers also used RP technology
in the manufacturing process of her sculptures titled Consume or
Conserve?, a project, which has been in progress since 2002.5
With a 3D printer she transformed real human ashes into small
sculptures. These sculptures show, for example, two birds interacting with a toaster or a hand-held vacuum cleaner visited by
two small bugs. After printing, Somers arranged these figures as
still lifes that refer to the ‘Vanitas’ paintings from the 16th and
17th century. The deceased persons, from whom the artist gained
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(a)

(b)

(c)

Figure 2
(a) Sample positioning for light ageing experiments
(b) Light boxes with daylight fluorescent lamps and glass filters
(c) Mask system for colorimetry measurements

the ashes, get a kind of «Second Life» through Somers sculptural
work (Schouwenberg 2010).
The Swiss jewellery designer Franziska Gnos uses rapid
technology (RT) because of her fascination of layering that can
be seen on a freshly produced RP object. Playing with inner and
outer spaces and overlapping these parts make the idea of the
necklace STL-Kette (1998) and the usage of generative technologies authentic (see Figure 1). The necklace consists of five
chain links looking like blossom buds that were made out of
transparent epoxy resin by SLA. The designer did not treat the
links after the printing process with cutting tools or lacquers, so
the viewer can perceive the typical layering (caused by the manufacturing process) as a specific pearl-lustre effect.
However, not only artists and designers, but also architects
are applying RP technologies, for example for 3D visualisations
of their architectural schemes. The Argentinean architect Hernán
Díaz Alonso created the Landmark Tower, a model for a building in Ireland (SFMOMA 1998-2011). Alonso works with film
animation software to create his architectural plans and his very

Figure 3
(a-f) L*-, a*- and b*-values of two tested RP epoxy resins (exemplarily), before and after light ageing for 91 days
(g) Compare of Accura-samples (f.l.t.r. Accura 60 light aged, Accura 60 non-aged, Accura 25 light aged, Accura 25 non-aged)
(h) Compare of Somos-samples (f.l.t.r. NanoTool light aged, NanoTool non-aged, NeXt light aged, NeXt non-aged, NanoForm 15120 light
aged, NanoForm 15120 non-aged, WaterClear Ultra 10122 light aged, WaterClear Ultra 10122 non-aged)

sophisticated sketches can be quickly converted into physical
models with RP-technology (Kolarevic 2003: 19 ff.). The Landmark Tower prototype was manufactured with SLA and is part
of the Architecture and Design Collection of the San Francisco
Museum of Modern Art (SFMOMA).6
TESTING THE COLOUR STABILITY OF RP MATERIALS:
EXPERIMENTAL SET-UP

Most studies dealing with the ageing stability of RP objects were
performed in regard to industrial applications. They have mainly
focused on testing the materials’ hydrolytic and thermal ageing
or have highlighted the influence of ageing on the 3D prints' mechanical stability.7 Nevertheless, until now, only little is known
about the long-term ageing behaviour of RP objects, if stored or
exhibited in museums' conditions. A variety of conservators and
RP technologists observed that some polymer based RP materials tend to yellow within a short period of time. Based on these
observations it was decided to examine this ageing phenomena
more in depth. Light and dark ageing experiments were started

to examine the colour stability of synthetic polymers typically
used for RP technologies nowadays. These experiments were
carried out on 3D printed samples, including material formulations based on epoxy resin (EP), polyamide (PA) and acrylonitrile butadiene styrene (ABS). Different products from different
manufacturers were tested (see Figure 2a). The material selection was based on their wide use as 3D printing material in industrial and/or home user systems. As a starting point for
manufacturing the test samples, their geometry (3 x 128 x 18
mm) was defined by creating a CAD file with the software Rhinoceros (Version 5.0). Afterwards, the digital file of the sample
geometry was sent to different 3D print manufacturers (see Table
1), who printed test samples with identical geometry by FDM
(ABS samples), SLS (PA samples) and STL (EP samples).
For each of the RP tested materials 14 samples were produced. Seven pieces of each test series were stored in the dark in
climate-controlled storage rooms (23 +/- 3° Celsius; 50 +/- 5 %
RH) for 85 days. The residual seven samples of each of the test
series underwent the simulated light ageing procedure. For the

purpose of material documentation each test material was also
analysed by Fourier Transform Infrared Spectroscopy.8
The light ageing of the samples was performed for 91 days
in light boxes (see Figure 2b). For simulating an indoor exhibition situation during light ageing, the samples were exposed
to glass-filtered daylight fluorescent lamps (Osram Biolux
T8L18W/965, daylight ≥ 320 nm, 10 kLux intensity).9
The colour and brightness of the 3D printed samples were
monitored in the CIELAB colour space by colorimetric measurements with a Spectrophotometer (Minolta C2200). The
measurements took place before and after dark storage, respectively before and after the simulated light ageing.
The colorimetric measurements were undertaken at seven
points in each sample and the position of these measurement
points were defined with the aid of a mask system (see Figure
2c).10 All colorimetric measurements were performed with gloss
inclusion and in a light dimmed room. Finally all measurement
data were evaluated statistically with a confidence interval
of 95%.
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Table 1
Artificial light aged polyethylene bags (crystallinity and melting points)
Product

Manufacturer

Producer
(Material)

Technology

Polymer

Machine

ABSPlus

Luzerne University of Applied Sciences and Arts

Stratasys, Inc.

FDM

ABS

Dimension Elite

PA2200

Alphaform AG

EOS GmbH

SLS

PA

EOS P395

ABSPlus

PA2200

Accura 25

Figure 5
(a-b) a*-values of the two tested RP ABS polymers,
before and after light ageing for 91 days.

Accura 60

Somos WaterClear Ultra 10122
Somos Nanoform 15120
Somos NanoTool
Somos NeXt

Mecasale GmbH

3D.High.Tec Poschmann AG
Proform AG

Proform AG

Alphaform AG

Alphaform AG

Alphaform AG

Alphaform AG

Stratasys, Inc.
EOS GmbH

3D Systems Inc.

3D Systems Inc.
DSM Somos

DSM Somos

DSM Somos

DSM Somos

FDM
SLS
STL

STL

STL

STL

STL

STL

ABS
PA
EP

EP

EP

EP

EP

EP

Dimension Elite
EOS P390
Viper SLA

Viper SLA

STEREOS MAX600

STEREOS MAX600

STEREOS MAX600

STEREOS MAX600

Figure 4
(a-f) a*- and b*-values of three tested RP epoxy resins (exemplarily),
before and after dark storage for 85 days

Figure 6
(a-d) a*- and b*-values of the two tested RP polyamides,
before and after light ageing for 91 days

COLOUR CHANGES IN DARK STORAGE
AND UNDER DAYLIGHT EXPOSURE

By using colorimetric measurements it was possible to prove that
a variety of the tested materials underwent changes in colour in
dark storage as well as in daylight exposure. The most notable
changes were observed on all tested epoxy resin based 3D printed
samples after light ageing. All epoxy-based samples significantly
changed their colour and brightness after 91 days of light ageing,
as can exemplarily be seen on the colorimetric data of Accura 25
and Somos WaterClear Ultra 10122 shown in Figures 3a - f. These
samples turned from white to yellow-brown sticks (see test samples of different Accura and Somos samples in Figures 3g, 3h). It
is remarkable, that most of the epoxy resin samples also showed
significant colour changes after 85 days with exclusion of light. In
the case of samples made of Accura 25 and Accura 60 significant
changes in the b*-values took place in dark storage (see Figures
4a, 4b). On the samples printed with Somos NanoTool and Somos
NanoForm 15120 significant changes on their a*-values, as well
as on the b*-values were observed (see Figures 4c - f).

All ABS samples also underwent colour changes after
91 days of accelerated daylight ageing. The corresponding colorimetric data (see Figure 5) revealed, that on all ABS samples
the light ageing procedure initiated significant colour changes
caused by a decrease of the a*-values.
The polyamide pieces showed a shift into yellowing after
accelerated light ageing, caused by a significant decrease of
the a*-values, accompanied by an increase of the b*-values (see
Figure 6).11
One possible reason for the observed colour changes is the
presence of oxidation-sensible components in the material. Such
components are for example aromatic molecules like biphenyl
A in the epoxy resin based 3D prints, or the typically oxidationsensitive butadiene content in ABS (Gaechter and Mueller 1983:
48; Krebs 1999: 81). In this context it is important to note that
the 3D printing process by itself can initiate a pre-oxidation of
the 3D printing materials. It is well known that such a pre-oxidation can accelerate the future oxidative ageing of plastics
(Zweifel 2011: 3). Pre-oxidation can be initiated during the heat

impact caused by the extrusion process during FDM (e.g. of
ABS) or Laser Sintering (e.g. PA), but also by the radiation energy used for hardening stereolithographic resins (e.g. EP resins).
Moreover, as a consequence of stereolithographic printing,
residues of catalysts or monomers could remain in the material
and have the potential to speed up oxidative ageing.
CONCLUSION

RP is quite a recent technology and technical developments are
permanently in progress. The results concerning the colour stability of 3D printing materials presented here should be reflected as a snapshot in regard to a fast changing and innovative
technology.
The composition of RP materials is rather complex.12 In
particular, minor components in the formulations (e.g. catalysts, ageing stabilizers, residual monomers in SLA parts) are
not fully documented by datasheets or in specialized literature.
Furthermore, a 3D printed object by itself might not be a homogeneous material unit. In the SLS process for example, the

industry recycles the support material and mixes it up with new
powder. In addition, there are plenty of processing parameters
during 3D printing (e.g. processing temperature, radiation
energy) that the manufacturer can change. This potentially
influences the ageing stability of the finished part. Considering
this complexity, it becomes obvious that is not possible to make
general statements about the ageing stability of RP materials.
Nevertheless, this study shows results on the prospective
behaviour of the materials currently in use and gives insight
into expected deterioration phenomena. It could be shown that
many of the tested RP materials are not photo-oxidative stable
and tend to change colour in accelerated indoor light exposure.
Moreover, a variety of the tested materials showed colour
changes even, if stored in the dark for a short time (84 days).
This indicates the necessity of preventive conservation treatments to slow-down the materials' ageing through oxidation
processes. Possible ways to achieve this could be the oxygenfree storage of RP objects, the use of UV-A filters or the reduction of illumination time and intensity.
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Finally, it is important to note that the development of suitable preservation concepts for 3D printed objects includes also
a profound knowledge of the artists' and designers' position in
regard to the desirable durability of the 3D printed object, the
acceptability of ageing phenomena and the question of its reprintability. In this context it might also be necessary to implement strategies to acquire the digital data of the 3D parts (CAD
or STL files) and back them up in suitable archival formats.
Most RP materials are originally developed for short-lived
prototypes and models. They are not made to last several years.
However, the requirements on the material's ageing stability can
change drastically, if a collector or a museum acquires a 3D
printed object as piece of art or design. Then, as this paper has
shown, the preservation of 3D prints poses an extraordinary
challenge.
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ENDNOTES

(1)RP stands for the production of models and prototypes,
whereas RM stands for manufacturing an end product by
Rapid Technology (Gebhardt 2007: 345 ff.).
RT characterises the fabrication of tooling batches (Bonten
2003: 59 ff.; Gebhardt 2007: 303 ff.).
(2)See Pat. No. US 6,251,557 B1 «Photosensitive Resin
Composition for Rapid Prototyping and a Process for the
Manufacture of 3-Dimensional Objects» by Stephen Lapin
and Michael Sullivan in 2001.
(3)See also «Fab: The Coming Revolution on Your Desktop From Personal Computers to Personal Fabrication» by Neil
Gershenfeld (2005, New York: Basic Books).
(4)See on web: www.karinsander.de (last seen: 26.11.2011).
(5)See on web: www.wiekisomers.com (last seen: 26.11.2011).
(6)According to information by Barbara Schertel, Advanced
Fellow in Conservation of Contemporary Art, SFMOMA
(25.04.2011).
(7)See «Effects of Aging on Epoxy-Based Rapid Tooling
Materials» by Xavier Ottemer and Jonathan Colton (2002,
Centre for Polymer Processing, Rapid Prototyping and
Manufacturing, Institute and School of Mechanical
Engineering, Georgia Institute of Technology, Atlanta, GA,
USA), «Effect of long-term ageing on the tensile properties of

a polyamide 12 laser sintering material» by R.D. Goodridge
and R. Hague (2010, in: Polymer Testing. No. 29/2010,
p. 483-493) and «A study of the impact of short-term ageing
on the mechanical properties of a stereolithography resin» by
S. Mansour, M. Gilbert and R. Hague (2007, in: Materials
Science and Engineering A. No. 447/2007, p. 277-284).
(8)Each kind of test material was analysed by Fourier
Transform-Infrared-Spectroscopy (μFTIR). This infrared
spectrometric characterisation of the chemical composition
of the samples can also be used to identify RP materials on
objects of contemporary art and design in the future.
(9)The climate controlled condition in the daylight ageing
boxes was documented by Blue Wool Standards and by
logging the temperature and humidity with data loggers.
The temperature inside the light boxes could be held below
30° Celsius by the aid of integrated fans.
(10) This mask system was made of a cardboard frame with a
cut window for a ceramic tile as a bottom layer. On top a
transparent template, to document the measuring points
was installed, made of a Polyethylene terephthalate sheet
(PET). The measurement point areas were defined by
cutting seven holes (radius: 8 mm) in this PET sheet.
Furthermore markers were printed on this mask to achieve
a reproducible positioning of the colorimeters' measurement
area.
(11) Only one PA test series underwent colour changes in dark
storage. Significant changes on the b*-values were observed
on the PA samples made of PA2200 and printed by the
company Alphaform AG.
(12) See Pat. No. US 6,054,250 «High Temperature
Perfomance Polymers for Stereolithography» by Eugene
Sitzmann, Russell Anderson, Mathias Koljack, Julietta Cruz
and Chandra Srivastava in 2000.
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THE FINITE NATURE OF PLASTICS
IN MUSEUM COLLECTIONS —
FROM DAILY CHALLENGES TO CONCEPTS FOR THE FUTURE
BY SUSANNE GRANER

ABSTRACT

INTRODUCTION

Today, the collection of the Vitra Design Museum (VDM) constitutes one of the most significant documentations of industrial
furniture design worldwide, with objects representing all of the
major eras and stylistic periods from the beginning of the nineteenth century to the present. The vast number of objects hence
reflects the range of technologies and materials utilised over the
course of the twentieth century, of which the synthetic materials
will be the particular focus in this study. In response to the need
to maintain and preserve these objects, the conservation studio
for synthetic objects was established in 2003. Since then, the emphasis on the conservation of modern materials has been evident.
This paper will focus on the everyday challenges posed by
the preservation of these objects with specific reference to a less
known part of the collection, namely 130 architectural models.
Based on the experience gained from this work, further ideas
concerning the tasks and aims of conservation treatment will be
discussed. To conserve even the form or original colour of an
object, the use of modern techniques such as 3D scanning or
LAB colour measurement could be a step in the right direction.
Over the past years and in preparation for the exhibition, some
objects from the collection of the VDM have already been
scanned. The pros and cons of these methods will be outlined.

The initial spark for this project came from the work on a lesser
known part of the collection, namely the conservation of an
architectural model of Frank Lloyd Wright’s Living City from
1997. In addition to its huge collection of industrial furniture
design and lamps, the Museum also has roughly 130 architectural models in its holdings. The accumulation of these items
started in 1989 with the first models of the Vitra Design Museum and the Vitra Campus, and the collection has steadily
grown through acquisitions and new models that were constructed in the Museum’s workshop. Most models were built for
display purposes, and each of them has been shown in one or
more exhibitions in recent years. They are made out of various
materials: paper, cardboard, foam, metal and different types of
plastics glued together with instant adhesives or hot-melt glue.
Mats made of PU foam, which can be bought in specialised
model making shops, were primarily used to depict the environment. However, after just a short period of time, these materials already showed highly visible traces of degradation.
In January 2011 the Museum received a loan request for the
model Living City (see Figure 1), which comprises four sections,
each 2 x 2 metres wide. The model was built by George Ranalli
Architect in New York for the Frank Lloyd Wright (FLW) exhibition in 1997. It is a “hypothetical model”, based on original
sketches by FLW, showing the future organisation of towns.
The base of the model was constructed from plywood of
different sizes and thicknesses. The architectural elements are
built of lime wood (basswood) and Perspex, and the environmental elements were made of open-cell PUR foam and mats.
Nearly one third of the model is covered with a layer of foam
approximately 5 to 15 millimetres thick. Due to the structure
of the material – open-cell, thin, unlacquered – the result of
degradation processes caused by dirt, air, light, moisture and
temperature after only 14 years was a 2.5 square metre composition that was thoroughly dusty, brittle, and highly sensitive
to pressure.
Every attempt to clean or consolidate the structure failed;
even the lightest touch of a fine brush soaked in a consolidation
medium resulted in pieces of foam sticking to the brush. The
most suitable method for a contact-free consolidation of the
object was the use of airbrush equipment, because it is possible
to adjust the force of the air stream (see Figure 2). Based on
experience obtained from other projects dealing with the consolidation of PUR foam, the selected consolidation medium had
to fulfil the following requirements:

KEYWORDS

PUR foam, 3D scanner, rapid prototyping

69

Figure 1
Detail of the model Living city
based on original sketches by
F.L.Wright, G. Ranalli Architects, New York 1997
See colour plate, p. 181

Figure 2
Consolidation process using airbrush
equipment with minimal pressure
See colour plate, p. 181

Figure 3
Sassi by Piero Gilardi , 1967,
Gufram srl., Inv. nr. MIT-1019

Figure 4
Djinn by Olivier Mourgue , 1965,
Airborne, Inv.-nr. MFR-1037-1

• thin fluid, to push the medium through the airbrush
system with minimal pressure;
• good ability to coat the foam;
• no excessive wetness because of possible deformation
of the thin plywood construction underneath;
• the least possible change in the colour and gloss
of the foam (darkening) after consolidation.

the producer, designer or artist, as is often the case when dealing with such situations. Sometimes one is lucky to find this information for industrially produced furniture. However, in most
cases production specifications are no longer available. Information about the object’s original condition would strongly influence the choice of method used for its conservation.
Besides the degraded PUR foam on the architectural model,
the other foam objects from the Museum collection present conservational challenges, too. As long as the objects are kept in dark
and cool storage facilities, degradation progresses slowly. However, the situation at the Vitra Design Museum is special. From
the very beginning the main idea was to spread our knowledge
about design history with the help of travelling exhibitions. In
practical terms this means that exhibitions are travelling all over
the world, with an average run of three to eight years. We choose
to regard this as a challenge, and together with the curators we
hence must decide which objects are suitable for such travels.
For this reason, the documentation of each object becomes
highly important and it is a growing aspect of the daily working

routine at the VDM. Especially with materials that have a halflife of 20 to 30 years, the conservator, next to the manufacturer
or artist, is the most important person involved in the process of
documentation. New technologies can be of help, but they are
often connected with huge costs.

The three-dimensional (3D) data files were copied for the
museum archives. The Design, Research & Development Department indicated that they would provide as much assistance as
possible with further measurements. With this in mind, during
the summer of 2011 we commenced a project related to the systematic 3D survey of the most fragile objects in the Museum collection, using existing equipment and technology from the
construction service of the Vitra AG. We started the 3D measurements with two objects. The first was one piece of a set of
three seats by Pietro Gilardi called Sassi from 1967. It is made of
painted PUR soft foam in the shape of a rock (see Figure 3). The
second object is the chair Djinn from 1968 (see Figure 4) designed
by Olivier Mourgue (well known from the movie 2001: A Space
Odyssey). However, the initial enthusiasm about now having an
instrument to record the shapes of all of the fragile objects in the
Museum collection was soon dampened. As it turns out, many
limitations currently exist regarding the types of objects that can
indeed be digitised. First of all, to get data from the scanner, the
surface of the object must be suitable because optical imaging

After several series of tests, the application of a mixture of
hydroxypropylcellulose, water and polyurethane dispersion at a
pressure of 0.5 bar proved to be an acceptable method. As a positive side effect, loose dirt was blown away before the consolidant wetted the foam. Although the work was carried out with
maximum caution, small parts of the foam were displaced and
lost. Because of the advanced state of degradation, it was nearly
impossible to reconstruct the original condition.
Considering the relatively young age of the material as well
as the finite nature of the conservation treatment in this case,
the conservator wishes for a detailed “making of” report from

3D SCANNING

While searching for a reasonable method of documentation using
new technologies without requiring great expenses, a promising
opportunity arose. For some years now the Museum has cooperated with the Design, Research & Development Department
of the Vitra company in the Miniatures Collection Project. For
this project, the most important pieces of furniture in design history are reproduced as small-scale models. At present, the Miniatures Collection encompasses almost 100 different objects.
During the past four years, different chairs from the Museum collection were three-dimensionally scanned for this purpose, among them fragile objects like the chair Teneride by
Mario Bellini, made of PUR foam.
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Figure 6
Detail of the original surface (right)
in comparison to the polygon mesh model (left)

Figure 5
Both sides of Sassi as they appeared
after the scanning procedure (upper part).
In a second step, both scans were automatically
merged to create a complete 3-D model (lower part).

techniques encounter many difficulties with shiny, reflective or
transparent objects. In order to scan such surfaces, one must
apply a varnish or something similar to matt the surface.
Luckily, both of the chosen objects have a suitable surface,
but the dream to scan the transparent PVC chairs had to be postponed. We started with Sassi by Gilardi, scanning the upper part
and the bottom side. A FARO Platinum hand-held laser scanner
was used, which creates a 3D image through a triangulation
mechanism. A laser line is projected onto the surface from the
hand-held device, and a sensor measures the distance to the surface. Data is collected in relation to an internal coordinate system. Multiple scans from different directions are required to
obtain information about all sides of the object. It is worth
pointing out that the accuracy of the scanner is 1/10 mm. With
a stationary scanner the degree of accuracy would be higher. The
software used for scanning was “Geomagic Qualify 12” and for
reverse engineering “Geomagic Studio” was used. Data was
collected by a computer and recorded as data points within
three-dimensional space. These point clouds produced by 3D

Figure 7
Scanning process of Djinn

scanners can be used for visualisation (see Figure 5). In a second step, the point clouds will be transferred into a polygonal
3D model. Most applications use polygonal 3D models, socalled polygon mesh models. In a polygonal representation of
a shape, a curved surface is modelled as a polygon model with
many small faceted flat surfaces. Due to the properties of the
polygon model, some parts of the model remain inexact, especially edges, tears and tiny holes. While looking closely at the
scan, it becomes clear that it is not possible to visualise fine details of the slightly uneven surface due to the characteristics of
the polygon mesh model. To optimise the data for these specific areas, it is necessary to subject them to a manual and timeconsuming post-editing. As for now, even the reproduction of
an object based on the 3D data files is limited concerning the
fine details of the original object (see Figure 6). For the purpose of finding a way to reproduce Gilardi s Rock, a company
specialising in rapid prototyping technologies was contacted.
They recommended a method called stereolithography, which is
an additive manufacturing technology for producing models,

prototypes etc. Besides the high costs, the most interesting part
of this offer was written in small print:
• the dimension tolerance of the manufacturing
process is up to 0.2 %.
• the construction of details smaller than 0.5 mm
will remain inexact.
Due to the already existing inaccuracy of the currently used
mesh model, reproduction using rapid prototyping technology will
emphasise any inaccuracies. Surely, future technologies will improve the precision of the process. The Djinn chair was the second
object to be scanned (see Figure 7). Fortunately it was possible to
scan the chrome-plated food rail without an additional coating.
Imperfect data points of the geometrical shape of the rail were easily deleted by the software. This is just a first step with this object,
because the scan was made including the upholstery. In a second
step the cover will be removed and the body will be scanned again,
detecting only the shape of the PU-soft foam. Besides its value of
plain documentation, 3D scanning also can serve as a tool for

monitoring changes in the shape of the objects. For monitoring
degradation, objects could be scanned again after five years, or
after an exhibition tour. By superimposing both these scans, one
would be able to compare both shapes and easily detect any deformation that may have occurred in the meantime. In the worst
case—when the object has suffered some damage—these data
could provide the basis for a reconstruction.
LAB-COLOUR MEASUREMENT

Naturally, measuring the 3D data is only one part of such a project. As already mentioned, detailed knowledge about the object’s
manufacturing process, the material, colour, surface structure
etc. is as important as its shape. Luckily, another resource at our
disposal on the Vitra Campus is the ‘Colorlab’. It offers the
possibility to take colour measurements with a handheld Konica
Minolta Spectralphotometer CM-2600 d. A spectrophotometer
measures the light reflectance of a surface as a function of wavelength. The surface is illuminated with white light, and the
reflected light is measured after passing through a monochroma-
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Figure 8
Color measurement data sheet

tor. This type of measurement has mainly industrial applications,
for instance, in the paint or textile industries for colour control.
Due to the technical parameters of this handheld instrument,
the measurable surfaces are limited. The detector head has a diameter of 5 cm and must lie flat on the surface of the material.
Otherwise external light would distort the data. The surfaces that
are most suitable are flat, opaque and—another important factor—monochrome. Because of its marbled surface, inlaid with
glittering metal particles, colour measurement of Gilardi s Sassi
chair was not possible. In contrast to Sassi, we were however successful with the Djinn chair. Its monochromatic cover allowed
measurements in different parts of the cover and the data were
easily compared afterwards. For the reflectance measurements, a
set of five measurements was carried out and averaged. The results are shown in Figure 8: the numerical gloss control for each
measurement creates two sets of data (SCI [with gloss] and SCE
[without gloss]). D 65 and F 11 denote the standard measurement
method. One can set a reference value, in this case the colour from
the bottom of the chair, and compare it with the measured value

of a specific light-damaged area, eg, the seat. In addition to very
precise measurements, a general statement is obtained: lighter, less
red, less blue. This is also an appropriate method to gain knowledge about colour changes that have already occurred on different parts of the object. In the case of the Djinn chair it was easy
to compare color changes on the light-exposed upper side of the
cover and the unexposed bottom side.
After measuring Djinn, three other chairs were 3D scanned
and colour measured in the same way:
• Enzo Mari’s Box chair from 1971,
made of yellow stained polypropylene.
• Joe Colombo s Universale chair. It was remarkable
that three different red colour shades had already
appeared on this chair as a result of ageing processes.
• the so-called Bofinger chair, designed by Bätzner 1964-66:
the red stained surface shows strong signs of degradation.
Obviously the measured color data represent a current state.
Nevertheless, these data are useful tools for the future when

comparing light-induced aging processes. At the VDM we are
planning to continue such measurements in the future. Up until
now, 3D data have been gathered and colour measurements have
been taken on different chairs. The next big step forward could
be the acquisition of a new 3D laser scanner. During Summer
2012 Vitra conducted an evaluation of the requirements for the
new equipment and our needs were taken into account.
The biggest advantage of the new equipment will be its mobility. The plan is to install the equipment for one or two weeks
in the conservation workshop and to scan all highly fragile objects made of PUR soft foam without having to transport the objects very far. Objects such as Il Piede or Capitello made by
Cassina & Busnelli and Gufram respectively are top priority for
being scanned. In addition to all of the issues that have already
been mentioned, one new aspect arose during the project: the
new exhibition Pop Art and Design, starting in autumn 2012,
featuring some of the Museum’s PUR foam objects.
Discussions involve the possibilities of transporting the fragile PUR foam objects. One idea is to build a negative form for

the packaging using the 3D scanning data. At the least, the future will reveal if this is a viable way of conserving objects. Even
the process of measuring the data— with a special focus on data
type, storage medium and so on— requires constant attention.
Of course, voices of warning have been raised, questioning
whether this is a first step towards copying these objects, followed by devaluation on the art market and similar concerns.
However, employing innovative methods and techniques
for conservation and archival purposes is a new challenge and
task for museums, which must deal with these concerns. In any
case, one can of course dream of a database that is accessible
to colleagues worldwide, making it possible to share knowledge
and obtain detailed information about objects of industrial
furniture design.
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AMERICAN MODERNISM.
A MAA CHAIR BY GEORGE NELSON (1958). TECHNICAL STUDY,
CONSOLIDATION AND PROTECTION OF NATURAL RUBBER
BY FRANÇOIS DUBOISSET

ABSTRACT

INTRODUCTION

A MAA chair of George Nelson, dating from 1958, was restored
at the National Institut of Heritage department of restoration in
Paris. The articulation of the back is composed with natural rubber. These are highly cracked due to exposure to light, coupled
with the use of the chair. A scientific and technical protocol was
developed to establish a reversible method of filling cracks. For
this, three resins, which are uncommon in conservation, were
tested. A supple thermoplastic resin: ethylene vinyl acetate added
with an anti-oxidant, completed the specification for conservation of natural rubber. This resin has been injected with a microsyringe into the cracks of the rubber shock mounts to give
mechanical strength to these parts and to the chair.

During the thesis year at the National Institute of Heritage in
Paris, a MAA chair was restored. This object, which is
emblematic of American modernism, is composed of several
industrial materials. This was the opportunity to focus on the
issue of conservation of modern materials, and in particular
rubber (see Figure 1).
The chair belongs to the Modern Art Museum of St-Etienne
in France, and is registered under the number 2000.12.1 The
term MAA is a trademark, and a meaning couldn’t be found.
The chair is composed of a leg and two arms of chromium plated
steel. The back can be moved thanks to a piece of natural
rubber. The seat and the back are made of unsaturated polyester
reinforced with fiberglass. The chair is composed of 53 pieces.
The pieces of natural rubber make the connection between the
back and the rest of the chair. They are essential, because they
bring a mechanical link and improve the comfort.

KEYWORDS

Ethylene-vinyl-acetate, George Nelson, Polyisoprene,
Rubber, Supple, Tinuvin, shock mounts

HISTORICAL AND TECHNICAL CONTEXT

In 1950, the American designer George Nelson created the
swaged-leg line of furniture, in which the model of the chair MAA
belongs. A chair, produced in 1958 in the Herman Miller Manufacture in the USA, belongs to the Museum of Modern Art of St
Etienne since 2000. George Nelson is an American designer and
was born in 1908. He studied architecture in 1934 and received
the prestigious Rome Prize in architecture. He spent two years in
Europe. Then he discovered the modernist architecture and he will
promote it when he came back to the United States.1 The project
Swaged-leg began in 1950. The industrial concept is to produce a
range of furniture with an esthetic and technical unit, at low cost.
The base of each piece is one foot, a steel tube, bent and curved.
George Nelson was meticulous; he always had searched for new
technical answers. For the seat and the back, he used reinforced
polyester fiberglass, shaped by Premix. This molding technique
permits to obtain pieces of high quality directly and allows mass
production. The legs and arms are made of steel, which is coated
with chromium using electrolysis, a very common process in
1958. The great innovation of the chair is the articulation of the
back. The principle to have the seat of chair amortized by rubber
is an idea developed by two friends and colleagues at the Herman
Miller Company: Charles and Ray Eames.2 With their agreement,
George Nelson re-used this idea by placing rubbers between the
back and the seat with this difference: the rubber on the back
of the MAA chair is more flexible than a shock mount, around 50
shore A. The comfort was improved.
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long? If nothing is done, it is only a matter of time, that the rubber can no longer support the back (see Figure 2).
TECHNICAL RESEARCH

Figure 2
Detail of the rubber before conservation
See colour plate, p. 181

Figure 1
Chair before conservation

Figure 3
IFTR spectra of rubber and EVA, before and after light aging
See colour plate, p. 181

1958, the chair was manufactured. It was not possible to
know what happened until 1998, when a reference of purchase
and resale is found at the Vitra Design Museum. After few exhibitions in galleries and auction houses, it was acquired in 2000
by the Museum of St Etienne. This Museum is an important
place for contemporary furniture in France. The chair was exhibited for the first time in 2008 for the exhibition carte blanche
a Armleder during the biennial of design in St. Etienne.
The natural rubber used on the MAA chair is a vulcanized
natural polyisoprene. This is a highly unsaturated and apolar
macromolecule obtained by collecting latex on hevea trees. The
vulcanization consists in a reaction between the unsaturated
bonds of polyisoprène with sulfur, to create disulfide bonds. The
concentration of sulfur is around 3 per cent. The addition of carbon black limits the effects of photo-oxidation; witch is very
harmful to rubber.3
CONDITION REPORT

The MAA chair is in good condition. The structure presents no

weakness. The joints between the pieces also show no weakness.
The polyester of the back and the seat is in good condition. A
slight yellowing is visible, resulting from photo-oxidation. All of
the polyester is covered with a film of dust. Several corrosion
products are present on the legs. The deposit of chromium by
electrolysis creates micro cracks on the surface. These cracks
caused the oxidation of the underlying steel. Oxides have
emerged from these fissures and contribute to the flaking of the
chromium coating.
The rubber mounts are the most degraded elements. Those
on the armrests have significant fat bloom. This derives from an
excess of oil, which was used during rubber vulcanization. The
excess of oil slowly migrates and covers the material. The Rubber mounts of the back are heavily cracked. An exposure under
the light combined with mechanical stress has caused: cross-linking, cuttings of macromolecule and other complex chemical
modification.4 This results in a matting, a residue of fine powdery
of the surface, retraction and cracking. The current condition of
the rubber can still keep the back, but the question is: for how

It was necessary to treat the chair in order to keep the back in
place. Several solutions are possible: Remove the original rubber
mounts and replace them with new rubber mounts, re-vulcanize
a new rubber on top and on the crack, put the chair in
conditions, which will slow down deterioration, like anoxia.
These solutions do not seem satisfactory. So it was decided to
undertake research in order to find a method for filling the
cracks with a resin and restore its mechanical strength. The aim
of the research was to find an adhesive: that is flexible, adherent
on rubber, chemically stable, protects rubber against photooxidation, applicable without causing chemical or physical
changes and is reversible. No study or report about this conservation issue could be found. Resins generally used in conservation don’t meet these specifications. It was decided to test three
resins, uncommon in conservation, but with similar characteristics to the rubber: flexible and with low polarity.
The first resin is an ethylene vinyl acetate, it’s a copolymer
of ethylene and vinyl-acetate (EVA), the vinyl-acetate allows an
internally plasticization, the Evatane 42-60 of Arkema. It is a
thermoplastic resin, transparent, composed only of carbon, oxygen and hydrogen with no unsaturated carbon bonds. The second resin is an ethylene-butyl-acrylate (EBA), physically and
chemically similar to the first resin but with a copolymer based
on butyl-acrylate, the Lotryl 35BA320. The third resin is a
polyurethane (PU) in aqueous dispersion, the Impranil DLV/1 of
Bayer. Once dry, it is thermosetting, flexible, very little polar and
transparent with a slight ivory color. A protecting agent, the Tinuvin B75 of Ciba, was selected to improve the resistance of the
resins against photo-oxidation. It is a protective agent that captures free radicals caused by photo-oxidation.
The protocol implied to test the adhesion and the stability
of the resins on rubber. For this, samples of natural rubber were
coated with resins in order to obtain a thickness of 0.3 mm, and
then, the samples were artificially aged. EVA and EBA are dissolved in cyclohexane or applied with a heated spatula. The
polyurethane is applied in its commercial form in aqueous dispersion. Half of the specimens were coated with the resins with
5 per cent of Tinuvin B75, the protecting agent. The artificial
aging was held in the suntest light aging chamber of the laboratory of INP. They were one reference series and two series of
aging: 335 hours, and 770 hours. The condition in the chamber
was 765 W/m² from 300 to 800 nm at a maximum of 45°C.
The adhesion properties are evaluated by a peeling test and
a test of maintenance in elongation. The peeling test is performed
at 90°. It determines the adhesion of resins on the rubber, and the
type of failure: adhesive or cohesive. The test of resistance to
elongation helps to qualify the ability of a resin to remain on the
rubber during high dimensional changes. The samples are
stretched to 150 per cent elongation where only the rubber is

stretched. The relation between the surface of the adhesive in
contact on the rubber before and after elongation is measured.
In general, adherence and maintaining in elongation of the EVA
applied in solution are good: 95 per cent of the resin is always on
rubber after elongation and a resistance of 710 N/m after aging.
The break is fully adhesive. The adhesion of the EBA is low on
rubber: 74 per cent of the resin is always on rubber after elongation and a resistance of 215 N/m after aging. Impranil DLV/1
has a medium adhesion and cohesive failure: 44 per cent of the
resin is always on rubber after elongation and a resistance of 610
N/m after aging. The resin with the added Tinuvin B75 had an
adhesion and a maintaining that was superior to resins unprotected. Applications with heated spatula gave no good results.
Chemical analysis was conducted on the same samples to
determine the chemical changes of rubber and resins after the artificial aging. Analysis were conducted by Alain Colombini of
the Centre Interregional de conservation et Restauration du Patrimoine of Marseille, France, with a IFTR. The chemical changes
between the non-aged-rubber, and rubber that has undergone
an artificial aging are important. The EVA resins (loaded) with
Tinuvin B75, and similarly the EBA, have been little chemical
modification due to aging. The polyurethane was much more unstable. The addition of Tinuvin B75 is very effective on the stability of the resins because no significant chemical change was
observed. Analyses of rubber located under a film of 0.3mm EVA
or EBA showed no change before and after aging (see Figure 3).
The application of EVA dissolved in cyclohexane with 5 per
cent of Tinuvin B75, appears to be an appropriate solution for
the consolidation of the rubber, thanks to: Its good adhesion; its
ability to follow the deformation of the rubber; its resistance to
photo-oxidation; its protection against photo-oxidation; its mechanical and chemical reversibility.
RESTORATION AND CONSERVATION

The object has no major deterioration. It was decided to carry
out only curative interventions, necessary for the preservation
of the object. Dust deposits are present on the seat and the back.
Five cleaning methods were tested (deionized water, ethanol,
ligroin, eraser Staedtler Mars Plastic and suction-block). After
testing, the flat surfaces were cleaned with moist cotton. No further action has been carried out on the back and seat, particularly concerning the yellowing polyester.
The legs and arms chrome plated steel is highly oxidized.
The presence of oxides is harmful; they cause the development
of additional oxides and significant visual disturbance. Because
of the flaking of the chromium, it is impossible to make a chemical removal. Six mechanical cleaning methods were tested (brass
blade, mild steel, tool steel, metal brush, scalpel blade and fiberglass). These tools are made of materials which are harder than
chromium and caused thin scratches. The chrome has been
cleaned with mild steel wool triple 0 wrapped around a bamboo
stick. After treatment, the gloss and the homogeneity of chrome
reappeared.
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Figure 4
Test of cleaning rubber

Figure 5
Injection of EVA

Figure 6
Rubber after restoration

Fat blooms are present on the rubber seat and created
a major disturbance. Cleaning the rubber is a subject not well developed. A large number of clean tests were performed (solvent:
water, ligroin, ethanol, acetone, isooctane, ethyl acetate – Surfactant: TAC 0.5%, Twin20 0,2% - mechanical application: eraser
Staedtler Mars Plastic, Copper blade 20 °, PMMA blade 45 °,
PTFE blade 60 °) Deionized water applied with a cotton swab and
a blade of Teflon (polytétrafluoroéthyllène or PTFE), allowed a
safe removal, easy to control. However the method with the Teflon
blade gave a final result less homogeneous (see Figure 4). The
blooms have been removed with deionized water. Areas near the
metal arms were cleaned using a Teflon spatula in order to limit
water near the metal. After treatment the rubber had regained a
black and homogeneous surface. For the rubber of the back, the
application of EVA added 5 per cent of Tinuvin B75 in solution of
cyclohexane can consolidate damaged natural rubber. The resin
was injecting with small syringes until the crack are filled (see Figure 5). The application was made in forty layers diluted 2 to 5 per
cent of cyclohexane. The application is delicate because the cracks

are very thin, the resins are prepared in low concentration, and
the time needed between each injection is long: 30 minutes. To
limit the visual impact of the consolidation, black ivory and white
titanium pigments are added to the resin for the final layer. After
the treatment, the rubber had regained a good visual appearance
and mechanical properties (see Figure 6).
To protect the rubber against photo-oxidation, it is advised
to obtain the following storage or display conditions: absence
of light and volatile organic compounds and oxidants, low
temperature and low humidity. These conditions are advised for
the preservation of the entire object. The storage area of the
Museum of Saint-Etienne meets these conditions.
CONCLUSION

The MAA chair was an opportunity to conduct fruitful research.
Firstly on the knowledge provided by this chair uncommon in
museum collections, which is nevertheless a manifest object of
American modernism and post-war developments in the comfort of chairs. Secondly, for the study of the consolidation of

natural rubber. The EVA resin and Tinuvin B75 will extend the
life of the rubber of the back and thus the entire chair.
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A FAN BY ALLGEMEINE ELEKTRICITÄTS GESELLSCHAFT (AEG) –
AESTHETICAL PROBLEMS OF THE CONSERVATION
OF DESIGN OBJECTS INCLUDING RUBBER
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ABSTRACT

INTRODUCTION

The focus of this article is on the conservation of an AEG-fan,
model VEA 25 – one of the chosen objects within the KUR-Programm, a German federal program for the conservation and
restoration of moveable cultural heritage. The fan displays typical 1950s streamlined design and possesses an intense colour.
Produced by the AEG in Oldenburg in the Federal Republic of
Germany, the fan presently belongs to the AEG-Collection of the
Stiftung Deutsches Technikmuseum Berlin (Museum of Technology Berlin). One of the major challenges in the object’s conservation was developing treatments for the rubber blades of the
fan. Extensive degradation of the natural rubber led to embrittlement and finally to a deterioration of the original material. A
closer examination of the fan’s condition showed varying types
of rubber degradation.
Furthermore, a conservation concept will be presented in
this article, of which the shape and appearance of the fan are
very important aspects. Various tests were carried out to determine treatments for the cleaning, stabilising, and replenishing of
cracks and depleted areas, which were necessary to preserve the
fan’s design. The treatments were developed and tested as part
of the KUR-Programm.

The conservation of industrial heritage is a controversial field,
especially when functional aspects are intrinsic to an object’s design. The fan focused on this article consists of a wide range of
modern materials, leading to several problems arising from both
the basic use of the object and the instability of the materials
themselves. The decay and disintegration of the rubber components can additionally cause aesthetic problems. Rubber has been
in use as a technical material since the beginning of the twentieth century for several reasons. Elasticity, ability to absorb vibration and tightness against fluids are only a few technical
properties attributed to rubber. The low production costs and
pliability of rubber offered new possibilities in the design of innovative, mass-produced items (Fisher 1941: 89; Schlender and
Klingenberg 1996: 319f.). This fan is one of the chosen objects
in the KUR–Programm because it presents a diversity of practical and theoretical problems in rubber conservation. The fan
consists of three rubber-based parts displaying different levels of
deterioration. How should one treat an object lacking function
and shape which is at the same time defined by its design and
function? Additionally, what can one be done to minimize deterioration and traces of inadequate treatments the past?

KEYWORDS

CONDITION OF THE RUBBER AND FORMS

natural rubber, deterioration, cleaning, stabilisation,
consolidation, amendments,

OF DETERIORATION

The rubber elements of the fan display a wide variety of deterioration and were studied extensively as an integral part of this
project. In addition to the blades, the grommet, located where
the cable exits, and the bumpers on the bedplate are affected by
deterioration. The blades show signs of hardening, deterioration, heavy staining, and deformations (especially at the upper
blade), extensive brittleness and tearing (see Figure 1). The
colour ranges from a blue to a green tone.
Traces of acrylic paint and pencil lines indicate considerable
use of the fan by the previous owner (see Figure 2a). The thin
edges of the blades are compromised by deep tears (see Figure
2b). One source of material decay results from the long-term use
of the fan. Varying amounts of tension and mechanical stresses,
caused by centrifugal forces, arise during the object’s regular use.
This occurs most severely at the blade’s edge, which in turn leads
to the fastest deterioration of the material. Upon closer inspection the blades show typical signs of deterioration of rubber. The
deterioration process occurs in layers, which leads to the more
colourful layers underneath becoming visible (see Figure 2e).
Furthermore the white acrylic coating—applied by a former
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(c)

(d)

(e)

Figure 2
(a) Upper blade with signs of deterioration
(b) Deep tears and loss of material
(c) Orientated tension cracks
(d) Crazing effect
(e) Loss of surface material in layers

(c)
Figure 1
Original condition of the fan

owner—is brittle and flakes off the surface. The decrease in gloss
and the blade’s powdery surface can be described as an extensive
frosting. This phenomenon is caused by the deterioration and
loss of a binding medium, which subsequently exposes the fillers
on the surface. (Nagdi 2002: 123). Crack formations vary widely
in their characteristics. They range from uniform and aligned
tension cracks (in the areas where the blades are fixed to the cap)
to non-aligned deep cracks, which create a crazing effect (Loadman 1993: 68f). These cracks appear on the thin edges of the
blades and result in entire parts breaking off (see Figure 2c, d).
Due to the construction of the fan, the cover plate divides the
grommet. The grommet’s rubber maintains its softness and flexibility, but also displays discolouration and fine cracks on the
surface (see Figure 4d, e). In comparison, the bumpers on the
bedplate are completely hardened and exhibit dark discolouration, cracks and deterioration on the surface (see Figure 4a, b).
HISTORICAL CONTEXT AND CONCEPT OF CONSERVATION

The design plans for the fan, exhibiting typical streamline

Figure 3
(a) Gel for swelling the coating
(b) Fixing the reshaped areas with clips
(c) Fan after cleaning, reshaping, consolidation

elements, were devised in 1938 in Berlin. There is no indication of this model being mass-produced during this period because companies like AEG were restricted by war production
(Scheibe 1965: 205). During the 1930s, AEG furthermore
avoided the use of metal blades by replacing them with textile
and rubber blades (Bergmann 2009: 13). The typical protective
cage surrounding the blades became unnecessary with the use
of non-metal blades. The lack of this protective cage significantly affected the design elements. After the Second World
War between 1952 and 1956, the fan was produced in the Federal Republic of Germany in an array of colours (Bründel 2009;
Scheibe 1965: 205). The fan's new shape and colourful composition very much complimented the post-war lifestyle in
Germany. Furthermore, it has been noted that the blade’s
streamlined shape moves the air with better efficiency (Scheibe
1965: 205; Selle 1987: 134).
Many of these fans still presently exist and are often found
in a similar condition as the one described in this article,
although sometimes the blades are completely disintegrated.

Having both functional and design-related properties, the condition of the rubber influences the fan’s overall aesthetical appearance. Like in this case, the contrast between the smooth and
coated metal surfaces and the deteriorated blades creates an incongruous appearance.
The conservation concept focuses on reducing this contrast.
The design and atypical materials of the fan mark a point of innovation within this group of technical objects. The model VEA
25 is one of the few efficient fans without a cage protecting the
user against the turning wings; this is achieved by the use of rubber and elements of streamlined design. As a result, these aspects
should be visible after conservation treatments –to rebuild an
artefact of exhibiting both design and function. The evidence of
use and deterioration are still visible, representing a part of the
object’s history, but they should not disturb the overall appearance of the object. Lastly, the fan is not intended to be used
again. The mechanical stress, which is caused by centripetal
force, would perpetuate the deterioration of the blades as well as
lead to further wear on the mechanical parts.

PROCEDURES

Various solvent tests and cleaning methods were carried out in
combination with input from the KUR-Programm in the development of appropriate treatments. As a result, the rubber components were cleaned, stabilised or consolidated, and the
deterioration of the blades replenished.
CLEANING

All relatively stabile rubber surfaces were first dry-cleaned with
Rodico®, a slightly sticky synthetic elastomer. Rodico® was
originally used by watchmakers because it does not leave
residues at the surface and for this reason, demonstrated the
best results for rubber surfaces (Bergmann 2009:54,62 ). The
blades were next methodically cleaned with cotton swabs
slightly moistened with demineralised water. The cleaning
started on the darkest parts to ensure an even-appearing surface. The cotton swabs were applied to the surface with a
rolling movement instead of wiping, to avoid scratches and at
the sensitive surfaces (Tafelski 2009: 76). Moreover, protective
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Figure 4
(a) Original condition of bumper
(b) Detail of deteriorated bumper
(c) Buffer after treatments
(d) Damaged grommet
(e) Detail of the deteriorated surface
(f) Grommet after treatments

substances, such as waxes, cannot be easily removed from the
surfaces with water (Jentsch 1994: 319). These waxes were
often added to rubber during manufacturing and are meant to
migrate out of the rubber to the surface as a protective layer.
The grommet and bumper were also cleaned with cotton swaps
slightly moistened with demineralised water (see Figures 3a,c).
Various pencil lines at the blades were reduced with an eraser
pen. In order to remove the acrylic coating, a gel (acetone and
Hydroxypropylcellulose Klucel HF®) was applied on top of a
layer of Japanese Gampi paper, 16 g/m2, which worked to swell
the acrylic paint. After five minutes it was removed mechanically with a sharpened bamboo skewer. This procedure evened
out the appearance of the surface. The gentle cleaning of the
rubber components recreated a vibrant colour tone, which appears closer to the original colour.
RESHAPING

Before addressing the deterioration of the blades, the deformed
edges had to be aligned with their opposite edges to create a

shape similar to the original. The use of heat and solvent-saturated environments were tested (Blank 1988: 84-5). The use of
an acetone-saturated environment was tested on a fragment and
on one of the blades. The fragment turned soft within a few
hours, however the rubber of the blade did not become pliable
after two days. Another problem occurred when the fragment’s
surface became sticky within a few days after being removed
from the environment. This condition lasted several weeks until
the rubber was completely solid again, which makes it difficult
to control the procedure. Depending on the material’s condition,
this method can be very problematic if the material reacts unpredictably. As a second and more successfully implemented
method, the deformed areas were heated to 90-130°C with a
small infrared heater. At this temperature, the affected areas become malleable (Linke/Keller/Tafelski 2011: 204). The exact
temperature necessary depends on the thickness of the rubber
layer and the size of the softened area. During the process, the
rubber was fixed in the reshaped position with clips until it was
inflexible again (see Figure 3b).

Figure 5
(a) Models for the amendments
(b) First layer of the sealant
(c) Finished amendments

Figure 6
Condition of the fan after treatments
See colour plate, p. 182

CONSOLIDATION AND STABILISATION

REPLENISHING THE MATERIAL DETERIORATION

Tears were consolidated with acrylic dispersion Lascaux 498
HV in a 50% solution with demineralized water. In comparison
to different water-based adhesives, this material offers excellent stability and properties for this specific treatment
(Linke/Keller/ Tafelski 2011: 204; Lascaux 2009). The same
method was used for the bumpers (see Figure 4c). For very deep
tears, viscose fibres are used additionally for stabilisation. For
long and wide-open gaps two sealants were applied. A few useful approaches to modify sealants are found in Mintrop and
have additionally been evaluated within the KUR-Programm.
(Mintrop1997: 49).
On the lower invisible layer, Lascaux 489 HV combined
with rubber rasps, cellulose fibres and pigments made one
sealant of acrylic dispersion. The upper layer consists of the same
dispersion combined with white bole and pigments. The grommet was fixed with a firm Japanese Kozo paper, which was attached to the inside of the grommet above the gap with an
acrylic dispersion (see Figure 4d).

The method used to replenish the extensive deterioration of the
blades is based on the concept of preparing semi-finished appendages and adhering them to the consolidated edges of the
blades. This procedure proves advantageous because it avoids
applying mechanical stress to the object during the fitting. An
acrylic dispersion was chosen again for this treatment because it
is reversible, light resistant, modifiable, and easy to work with.
The material is also slightly flexible and can be adjusted with
heat to the correct shape if necessary.
First, tracing the damaged edges with a pen on paper and
then reconstructing the missing part of each blade made a model
for each appendage. Afterwards the polyester fabric Hollytex®
was coated with two different sealing materials, consisting of
acrylic dispersion and the fillers. The thickness can be modified
and the surface abraded, cut and moulded into shape (see Figure
5). The appendages are attached to the blades with clips and secured methodically with the two different sealants. Finally the
amendments were retouched with watercolour (see Figure 6).
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CONSERVATION

A protective coating should be applied onto the surface to inhibit further deterioration of the material (Pfenniger 2006:
368ff). Wax is not considered a viable choice because it leaves a
shiny surface, thereby drastically altering the appearance of the
object. The antioxidant Vulkanox DS® (phenole) and the antiozonant Vulkazon AFS® (unsaturated acetale) were used to conserve the material. Antioxidants and antiozonants are
conservation materials especially made for the rubber industry.
They react either with the surface of the material or the components in the air to build a protective layer (Bayer AG 1991: 84,
113). Both were applied to all rubber surfaces as a mixture in a
2% solution of acetone.
CONCLUSION

Visual appearance and the diversity of materials are significant
factors for objects such as the AEG-fan presented in this article.
Components consisting of modern materials, such as rubber, deteriorate at a much faster rate and with more damage than other
traditional construction materials. This can lead to a huge disparity in the overall condition of an object. Important aspects
of an object, such as its design or function, can be diminished
within a short amount of time.
In this case, several existing conservation methods were carried out to test their application on an acutely endangered object.
With the chosen treatments, the significant disparity of the object's condition could be balanced and all materials conserved.
The fan’s former shape and the original design concept can be
experienced again. As previously noted, water-based cleaning
methods and the use of acrylic dispersion was evaluated. The results coincide with the current dialog within the KUR–Programm as well as former approaches. The treatment of diverse
materials and varying manifestations of deterioration continue
to be challenges in the conservation of industrial heritage.
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THE WEAR AND TEAR OF POLYURETHANE ELASTOMERS.
INVESTIGATION INTO PROPERTIES,
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ABSTRACT

INTRODUCTION

Polyurethane (PUR) elastomers, developed in 1940’s in Germany, are rubber-like materials, created from various components with a wide variety of properties and can be moulded into
almost any shape. Due to their versatility, easiness to work with
and availability, PUR elastomers are nowadays very popular
among designers and artists and therefore very common in museum collections.
The condition of an object made of PUR elastomer is
related to changes by several internal and external factors. High
humidity and exposure to light are external factors affecting the
condition. Inappropriate manufacturing is one of the internal
factors affecting the service life of an object.
In this study the composition and behaviour of artists made
PUR elastomer was compared with the composition and behaviour of PUR elastomers fabricated as multiple production design
objects. For this purpose the artwork Finestre II made by Loris
Cecchini and a Soft vase designed by Hella Jongerius, which is
part of an unlimited production since 1994, were studied.
Research included Fourier Transform Infrared Spectroscopy
(FTIR) and Pyrolysis Gas Chromatography Mass Spectrometry
(py-GCMS) for the identification of the composition of all
materials and degradation products.
Making test samples according to the making process of
the artwork and manual of the manufacturer was another part
of the research. Artificially heat ageing in order to mimic degradation was performed on the test samples and dummies.
Methods for the conservation and adhering for the case studies
are proposed.

Since the introduction of polyurethane elastomers in the 1940s
and after their first application for military purposes, this new
polyurethane elastomeric material with rubber like properties
had been used in a variety of applications for household industry and daily life products. Artists and designers discovered the
variety of possibilities of this new material, either to make objects
and works of art by their own or to have them mass-produced in
a factory. Therefore nowadays, PUR elastomer works of art and
design objects are very common in museum collections.
Longevity is not always the first property an artist looks for
when experimenting with new materials; properties such as variation in elasticity, softness and flexibility are more appealing tactile
properties, which respond more to the artist’s intent (Laganá 2006).
Nowadays curators, conservators and conservation scientists are confronted with degradation phenomena such as weeping of liquid, warping and distortion of the material giving the
works of art a neglected appearance (Kessler 2005; Laganá
2006). In order to restore degraded works of art and to give
guidelines for exhibition and storage, research into the composition and degradation was performed. Moreover, manufacturing of polyurethane elastomers has been studied in order to
understand physical and mechanical degradation.
Investigation into the degradation phenomena of two case
studies of polyurethane elastomers in works of art was also part of
the research. Artificial heat ageing was performed on polyurethane
ester and polyurethane ether test samples. Physical mechanical tests
to study the behaviour of new and aged PUR elastomers were performed. In order to repair broken PUR elastomer design
objects, adhering tests were executed on test samples.

KEYWORDS

Polyurethanes (PUR), elastomers, adhering,
FTIR, Py-GCMS, degradation

PUR ELASTOMERS

Polyurethane (PUR) elastomers containing the same characteristic elastic property as natural or synthetic rubber were first developed under the trade name Vulkollan in Germany, in the 1940s
(Bayer 1963). PUR elastomers are formed by polymerisation of
diisocyanates and polyester or polyether polyols (long-chain
diols). Short-chain diols such as butanediol are added as chain
extenders. Ether-based PUR elastomers are preferred where
hydrolysis resistance is needed and ester-based PUR elastomers
usually have better mechanical properties and poorer hydrolysis
resistance. The rubber-like property is the result of the composition of the segmented hard and soft building blocks of the
polymer; the hard segments contain the highly polar groups of
the urethane bonds formed by the diisocyanate and the chain
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extender. The soft segments are composed of the long-chained
polyol (Hepburn 1982; van Oosten 2011).
Depending on the ratio of the starting components PUR elastomers properties can be varied and many different products can
be produced from rigid to semi-rigid and soft, flexible elastomeric
objects. Adding plasticisers to PUR either ether or ester types of
polyurethanes will give products with a lower hardness. The
Shore hardness (measure for elasticity) of PUR elastomers can
range from 40A to 80D.
To reduce hardness in order to increase flexibility two reaction pathways exist: external plasticised or internal plasticised
polyurethane elastomers. Adding external plasticisers such as
phthalic esters to the polymerisation reaction of the pre-polymer,
the results is that external plasticisers are not chemically bound to
the polymer structure, but act as lubricant between the polymer
chains. External plasticisers can ooze out of the polymer structure. The other pathway is internally plasticised PUR elastomers,
which have more soft segments in the polymer chains.
DEGRADATION OF PUR ELASTOMERS

Modern and contemporary art objects failure can be related to
internal factors, its product characteristics (wrong selection of
materials, wrong design, wrong manufacturing) or external factors (service conditions).
The product characteristics depend on the type of polyurethane, e.g. its components and hence its structural composition, the presence of protective agents such as antioxidants and
UV absorbers, built-in stress, the size and shape of the object and
its physical properties (Schwarz 1988; Brydson 1982).
Polyurethanes in general are degraded during processing and
end-use as a result of the combined effects of UV radiation and
daylight exposure, thermal oxidation, hydrolysis by moisture and
mechanical shear (Dombrow 1957; Rek 1988, 1989; Rabek
1995). Polyurethane elastomers undergo two systems of degradation: (photo)-oxidation and hydrolysis. Polyurethane ether
elastomer is more prone to photo-oxidation and polyurethane
ester elastomer is more prone to hydrolysis. Hydrolysis and
photo-oxidation can induce change in the chemical composition.
Hydrolysis leads to the breakage of polymer chains, resulting in
less strong polymers resulting in loss in elongation and eventually
sticky products (see Figure 4). Physical properties such as the
molecular weight, degree of cross-linking, stiffness of chain
segments, crystallinity and effective intermolecular forces will
change during ageing of the polyurethane, resulting in the
brittleness of polyurethane ether elastomers (see Figure 5).
CASE STUDIES
DESIGN OBJECT

Hella Jongerius, a Dutch designer, has become known for the
special way she fuses industry and craft, high and low tech, traditional and the contemporary. After graduating Design Academy Eindhoven in 1993 she started her own design company,

Jongeriuslab, through which she produces her own projects and
projects for clients such as Maharam, Royal Tichelaar Makkum,
Vitra and IKEA. Hella Jongerius is affiliated with Droog Design,
a Dutch design foundation, founded in 1993, to promote Dutch
contemporary design.
A well-known design object by Hella Jongerius, is the Soft
Vase produced by Droog Design since 1994 as an unlimited production (see Figure 1). In this design object the perception of an
existing, archetypal vase is changed slightly, due to the application of a soft material where our collective memory expects a
hard material. The vase comes in different colours.
One Soft Vase from a private collection produced in 1999
was used as a case study.
The vase was made by casting a polyurethane elastomer,
resulting in an amber translucent appearance with air bubbles.
Bubbles are the result of the reaction of the di-isocyanates with
water in the mixing process of the resin and catalyst, which gives
off carbon dioxide. These carbon dioxide bubbles, usually
carefully removed, are used by Jongerius as a decoration, which
highlights the beauty of imperfection.
At present, ten years after the production, the Soft Vase does
not show degradation phenomena, but shows mechanical damages along the edges.
WORK OF ART

Loris Cecchini is an Italian artist, who began his artistic career
moulding soft and ductile materials such rubbers and plastics.
Between 1998 and 2007, Cecchini made the series ‘Stage
Evidence’ making soft 1 to 1 replica of ‘everyday’ objects casting grey polyurethane rubber. Cecchini used a rubbery material
such as PUR elastomer to create an extremely realistic reproduction of the replicated object surface, as well as intentional
deformations due to the flexibility of the material and its enormous weight. In this way the objects of ‘Stage evidence’ are
deprived of their solidity, shape and structure. Moreover, due to
the grey colour, they appear helpless like ghosts and shadows of
themselves.
In this research, Finestre II one of ‘Stage Evidence’ objects,
was investigated. This work was made in 2000, by making separate silicone moulds of every single element of a double shutter.
Casts of all elements were made by pouring grey coloured
polyurethane elastomer into these silicone moulds. Later he assembled all parts together using a cyanoacrylate adhesive.
After ten years (see Figure 2), Finestre II, like other sculptures of ‘Stage Evidence’ shows various problems, some deriving
from degradation such as yellowing, loss of elasticity, stickiness
and weeping of liquid material. Degradation phenomena of
Cecchini’s works of art were investigated, but the exact cause of
degradation was not explained (Capanna 2009).
RESEARCH

Focused on the case studies, the aim of this research is to compare the composition and degradation behaviour of an ‘artists

made’ PUR elastomer work of art and a PUR elastomer design
object fabricated as multiple production design object from the
same period.
One of the reasons for works of art to fail is the use of the
wrong material. When a work of art shows failures, material
identification tests must be carried out to verify, that the material
used, is in fact the material of the description of the work of art.
To determine the materials composition of objects test samples were taken and examined by FTIR and py-GCMS. FTIR
analysis gives information about the polymer itself, whereas
py–GCMS can identify the various different components of the
polymer (Kessler et al, 2005). After identification of the materials PUR elastomer test samples were made to mimic degradation of ‘Finestre II’. The test samples were subjected to artificial
ageing involving temperature and humidity; changes were examined by FTIR and physical/mechanical testing.
For the adhering of broken parts of the Soft Vase caused by
mechanical damage, adequate adhesives were selected, artificially light aged and tested on PUR elastomer test samples.
FTIR

Spectra were recorded using a Perkin Elmer Spectrum 1000
FTIR spectrometer combined with a Golden Gate single reflection diamond ATR unit (sample size 0.6 mm2). Spectra were
recorded from 4000 to 600 cm–1. The infrared spectra of the
samples were compared with spectra of reference materials.
PY-GCMS

The pyrolysis unit used was a modified GSG Curie point pyrolyser on a Thermo Quest 8000top Gas Chromatograph –
Voyager-plus Mass Spectrometer combination. The pyrolysis
unit was directly coupled to a SLB5 ms column (Supelco) with
a length of 20 meters, an internal diameter of 0.18 mm and a
film thickness of 0.18 μm. Helium was used as carrier with a
constant flow of 0.8 ml/min. The pyrolysis temperature was
740°C, the temperature of the pyrolysis unit was 290 °C. The
GC temperature program used was: initial 35˚C (stable for
1 min), subsequently heated until 315˚C, with a rate of 15˚C
per minute, stable for two minutes. The column was directly
coupled to the ion source of the mass spectrometer. The temperature of the interface was 250˚C; the temperature of the ion
source was 220˚C. Mass spectra were recorded from 33 until
600 amu with a speed of seven scans per second. The results of
the analysis of the unknown samples were interpreted on the
basis of the analysis of reference PUR elastomers.
MAKING TEST SAMPLES

To investigate the properties and suitability of possible adhesives
for adhering the damaged PUR ester Soft Vase, the polyurethane
ether elastomeric moulding material Smooth-on Vytaflex (20A)
was used. It was chosen for its comparable shore hardness,
colour and translucency. A PUR ester moulding material with
comparable properties as the Soft Vase was not commercially

Figure 1
Soft Vase by Hella Jongerius
Droog Design, private collection

available at the time of the research. Flat thin test samples (for
testing strength) and thicker dummies (1.5 cm) with a similar
thickness as the broken edge of the Soft Vase, were made.
The material was cast retaining air bubbles formed during
the mixing process, in order to reproduce the Soft Vase’s
appearance. In order to mimic real breaks, test samples and
dummies were scratched with a box cutter and then folded by
hand until they broke.
The collaborator of Loris Cecchini has mentioned that
Cecchini used either Idropol 585 or Skin Rubber from the company Flockcart (Lagana 2011). Unfortunately these materials
were not available at the time of the research.
Therefore the PUR ester elastomer used to mimic the degradation phenomena of Finestre II was Smooth-on PMC 724, a
white opaque moulding material, comparable to the composition and appearance of the material used by Loris Cecchini. It
can be obtained in different shore hardness by mixing various
amounts of the components of the pre-polymer and the plasticiser. According to the label part A contains MDI pre-polymer,
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the surface of a break and to have an invisible repair, the
refractive index of the adhesive needs to match the refractive
index of the transparent or translucent material of the object.
To select the proper adhesive the refractive index of the Soft
Vase and the most promising adhesives were measured.
STRESS ANALYSIS

Figure 2
Finestre II by Loris Cecchini (2000)
Condition 2010 and detail of weeping liquid

Stress analysis is one of the most versatile methods for
analysing objects for possible failure. The object can be externally stressed or can have residual or moulded-in stresses. Detection of residual stresses has a different meaning than
evaluation of stresses due to applied forces.
Translucent plastics, being birefringent, lend themselves to
photo-elastic stress analysis. The part is placed between two
polarising mediums and viewed from the opposite side of the
light source. High fringe order indicates the area of high stress
level whereas low fringe order represents an unstressed area.
Also, close spacing of fringes represents a high stress gradient.
A uniform colour indicates uniform stress in the part
(www.sharplesstress.com).
Stress analyses were performed on an aged and a not aged
polyurethane elastomer skate wheel and on the broken off part
of the Soft Vase using the stress strain viewer from Sharpless,
Stress Engineers Ltd.

Figure 3
Two weeks aged (left) and not aged (right) test samples
Smooth-on PMC 724 shore 25 during physical/mechanical testing

ADHERING

Figure 4
Twelve weeks aged (right) and not aged (left) test samples
Smooth-on PMC 724 shore 25

benzyl butyl phthalate and polymethylene isocyanate. Part B
contains benzyl butyl phthalate, hydrated aluminium silicate,
feldspar and titanium dioxide. Part C contains Butyl benzyl
phthalate. The different flexibilities, therefore different shore
hardness are obtained by adding more or less of part C, the
plasticiser.
PUR elastomers test samples of 25 and 40 shore were prepared according to the manual of the supplier and poured into
4.5 x 13 cm silicon moulds. To mimic the appearance of Finestre
II carbon black was added to create the same grey colour.
It is important to mention that the manual for Smooth-on
PMC 724 quotes:
“But PMC-724® does not have a long “library life”. Moulds
will soften and revert to a liquid within 2 to 5 years, depending
on exposure to moisture. ”Use of ‘Part C’ (plasticiser) to soften
the rubber may shorten mould life.”
ARTIFICIAL HEAT AGEING OF TEST SAMPLES

Artificial thermal ageing experiments were carried out on

polyurethane ester urethane elastomer Smooth-on PMC 724
test samples, 25 shore and 40 shore. Ageing took place in the
dark in a Vötsch Vc 0200 climate chamber at 70°C. Samples
were simultaneously exposed to a changing relative humidity
between 30-80% using a three hours interval to enhance hydrolysis. Changes in properties were evaluated after 2 – 3.5 –
8.5 – and 12 weeks.
MECHANICAL TESTING

To measure elongation, a self - constructed physical/mechanical
test was performed under the standard conditions of 23°C and
50% relative humidity. The samples were placed between two
clamps and were exposed to a total weight of 2.5 kilograms, which
was added gradually to the lower part of the sample (see Figure 3).

to the radiation of a filtered Xenon Arc lamp (105 Klx, 50°C,
40% RH) for up to 160 hours to induce photo-oxidation. Four
hour Xenotest is equivalent to one year’s exposure to museum
conditions at 200 lux. The Ergo 160-hour Xenotest is equivalent to 40 years of museum ageing at 200 lux.
ROCKWELL SHORE HARDNESS MEASUREMENTS

The shore hardness is a measure of the indentation resistance of
elastomeric or soft plastic materials based on the depth of penetration of a conical indentor. Hardness values range from 0
for full penetration to 100 for no penetration. To gain insight
into the mechanical properties of the PUR rubber used, Shore
hardness of the PUR rubber test pieces were measured using a
HPS Durometer (shore A DIN 53505, Hans Schmidt & Co.
GmbH, Control Instruments).

ARTIFICIAL LIGHT AGEING

All selected commercially available adhesives, which had never
had been tested for their light stability were artificially light
aged using a Xenotest Alpha High Energy (Atlas®) and exposed

REFRACTIVE INDEX MEASUREMENTS

Light raking an interface between two materials with different
refractive index will show reflection. To avoid reflection from

In order to bring back the original appearance of the Soft Vase,
preliminary tests on adhering soft translucent polyurethane
elastomers were performed. Adhering translucent broken objects is a challenge because of the difficulty of creating an invisible joint. A suitable adhesive for the restoration of soft
translucent polyurethane elastomers should have the following
properties:
• Comparable optical properties and refractive index
• Ability to make a flexible bond in order to maintain
the original flexibility of the vase
• Sufficient strength to be effective in the restoration
of a work of art that has to be exhibited
• Suitable working time to adhere large surfaces
• Preferably not yellowing, appropriately viscous,
chemical and physical stability
• Preferably be reversible
Due to the lack of conservation literature on adhering translucent
flexible polyurethane elastomers, the selection was mainly based
on manufacturer’s datasheets. Commercially available adhesives,
especially made for adhering soft plastics were chosen.
Eleven products representing four types of adhesives such
as: acrylics, polyvinyl acetate, siliconised acrylate dispersion
and polyurethanes were evaluated. In addition, Smooth-on
Vytaflex 20 A was also tested as an adhesive, in order to evaluate if the same casting material of a broken object could be
an acceptable option.
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RESULTS AND DISCUSSION

Table 1
Results FTIR and Py-GCMS analyses

IDENTIFICATION OF MATERIALS
FTIR

Figure 5
Upper row: from left to right: skate wheel Bayer 2010,
used degraded skate wheel, broken off part Soft Vase Hella Jongerius
Lower row: Objects in stress strain viewer
See colour plate, p. 183

In general the main difference in the FTIR spectra of a PUR ester
elastomer and a PUR ether elastomer is the carbonyl absorbance
at 1721 cm-1. Unfortunately, this absorption band is often
masked by additives. Studying spectra from different PUR elastomer objects showed that the specific band for esters is visible
around 1161 cm-1 and for ethers around 1078 cm-1, moreover
these bands are not masked by plasticisers or fillers. The FTIR
spectrum of the translucent Soft Vase shows specific absorption
bands at 3335 cm–1 (urethane N–H stretch), 1726 cm–1 (carbonyl
C=O stretch) and 1165 cm–1 indicating a PUR ester elastomer.
The FTIR spectrum of Finestre II shows the presence of
phthalic ester plasticiser (1723 – 1599 – 1580 – 1275 – 1118 –
1068 cm–1) and kaolin (3691 – 3653 – 3619 – 1030 – 912 cm–1).
The absorption bands of these materials mask almost all PUR
bands, but the specific band for PUR esters is still visible at
1172 cm-1. The FTIR spectrum of the weeping liquid shows an
increase in amount of phthalic ester (plasticizer) while the FTIR
spectrum of the elastomeric material of Finestre II does not. The
FTIR spectra of Smooth-on PMC 724 and Finestre II show no
difference.
PY-GCMS

Figure 6
Adhering tests PUR ether elastomer
Upper row: before adhering
Lower row: after adhering

The chromatogram of the Soft Vase shows adipic anhydride,
ethylene glycol ester components, diphenylmethane diisocyanate (MDI) and 1,4 butanediol. This indicates that the Soft
Vase is made of MDI-adipic acid-glycol urethane, internally
plasticised by the proper application of the polyester glycol and
the chain extender (Moldoveanu 2005).
The chromatogram of Finestre II is showing components
of MDI, adipic acid polyethylene glycol and a large amount of
benzyl butyl phthalate applied as plasticiser. The PUR elastomer
of the Finestre II is a poly adipic ester glycol urethane (MDI)
plasticized with benzyl butyl phthalate.
An analysis of the weeping liquid of Finestre II shows the
same components as the analysis of the PUR ester itself, indicating the hydrolysis of the urethane ester into smaller components mixed with the ’weeping’ plasticiser. The chromatogram
of the cured Smooth-on PMC 724 test sample is identical with
the chromatogram of the polyurethane ester of the Finestre II.
The results of the FTIR and Py-GCMS analysis are summarized in Table 1.
ARTIFICIAL HEAT AGEING OF TEST SAMPLES

After two weeks of ageing only the 25 shore hardness PUR ester
Smooth-on PMC 724 test sample showed weeping of the material in the lower left corner. After 8,5 weeks the 25 shore test
sample had turned partially liquid and the 40 shore test sample
had become more elastic and very sticky. Within 12 weeks of
ageing both the 25 shore and the 40 shore test sample had

Object/
Test material

Description/
Phenomena

FTIR

Py-GCMS

‘Soft Vase’

Translucent Amber colored
elastomeric material

PUR ester elastomer

PUR Ester: MDI-adipic acid-glycol
Extender: 1,4 butanediol

Weeping liquid

PUR ester
Phthalate ester kaolin

‘Finestre II’
‘Finestre II’
Weeping liquid
Smooth-on
PMC 724

Grey opaque
elastomeric material

PUR ester elastomer
Phthalate ester kaolin

Elastomeric
Moulding material

PUR ester
Phthalate ester kaolin

PUR ester: MDI-adipic acid-glycol
Plasticizer: benzyl butyl phthalate
PUR ester: MDI-adipic acid-glycol
Plasticizer: benzyl butyl phthalate
PUR ester: MDI-adipic acid-glycol
Plasticizer: benzyl butyl phthalate

Table 2
Results adhering tests
Adhesive

Composition after
FTIR analyses

Colour

Remarks

Preliminary result

Bison Rubber repair

Polyester/polyether-urethane
dispersion of aliphatic isocyanate

Transparent

++

Bison Soft plastic adhesive

Polyester urethane

Transparent

Very good appearance
Very good bond strength
Difficult to remove excess adhesive

Polyester urethane rubber

Transparent

Bad appearance

Bad bond strength

–

Transparent

Colour not suitable
Good appearance

–

Bison Universal kit

Bison kit transparent
Bison Kombi power

Siliconated acrylate dispersion

Polyester urethane (filled)

Almost transparent when dry
Yellow

Bison Alleslijm

Polyvinyl acetate

Smooth-on Vytaflex 20

Polyester urethane
dispersion of aliphatic isocyanate

Amber

Acrylic aqueous dispersion

Transparent

Plextol B 500

Acrylic aqueous dispersion

Transparent

Plextol D 498

Acrylic aqueous dispersion

Transparent

Bison stick Universal

Paraloid F10

Plextol D 360

Polyester urethane

Butyl acrylate in mineral spirit

Whitish-transparent

Transparent

turned into a liquid state (see Figure 4). PUR ester elastomer
casting materials with external plasticisers turn to soft sticky
material within five years (as nowadays mentioned in the
datasheet) due to materials composition.
MECHANICAL TESTING

A two weeks artificially heat aged Smooth-on PMC 724 (25 A)
polyurethane elastomer test sample and a not aged test sample
were submitted to force. Both samples were exposed to a total
weight of 2.5 kilograms, which was added gradually on the
lower part of the sample. At the maximum weight of 2.5 kg the
not aged sample had increased 20% in length and the aged
sample had increased 70%. This preliminary test shows that
the Smooth-on PMC 724 test sample changed in elongation due
to artificial ageing.
STRESS ANALYSIS

Stress in the objects is visible as coloured fringe patterns to be
seen in Figure 5.

Difficult to apply due to fast drying

Bad appearance
Bad bond strength

–

–
+

–

Very good appearance
++
Very good bond strength; irreversible
Bad appearance

–

Good appearance
Good bond strength

+

Very good appearance
++
Bond strength not as strong as Vytaflex
Easily reversible

Good appearance
Good bond strength
Easily reversible

+

ADHERING

After testing the 12 selected adhesives, six were chosen for
further testing based on applicability and appearance. The
suitability of the six remaining adhesives was further evaluated on their ease of use and appearance of the joints.
This was observed after adhering broken thicker PUR
dummies with the same thickness of the broken Soft Vase.
To prevent the formation of air bubbles in the joints,
an excess of adhesive on all sides of the joint was used.
Different methods of removing this excess adhesive are
possible depending on the adhesive used. For instance,
acrylics can be easily removed mechanically, but removing
the PUR Vytaflex 20 mechanically was difficult, because
the excess of PUR, being the same material, sticks to the
PUR test sample permanently. Covering the outer edges
of the joint with a release agent made it possible to peel off
the excessive PUR Vytaflex 20.
The final selection was made on the bases of the
results (see Table 2) obtained from artificial light ageing,
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preliminary bond strength test, applicability and especially appearance which plays an important role in bringing back the
original translucency of the vase.
Three adhesives proved to be significantly better than the
others: Plextol D360, Rubber repair from Bison and the PUR
casting material Vytaflex 20 from Smooth-on.
Looking at the appearance of the joints, all three gave satisfactory results (see Figure 6). However, they also have their own
advantages and disadvantages that should be considered:
• Plextol D 360 is a reversible adhesive,
though it is not a strong bonding material
• Smooth-on Vytaflex 20, though totally irreversible,
gives the best results according to the repair appearance
and applied using the release agent it leaves no traces
of adhesive after treatment
• Rubber repair from Bison adhesive, although it
gives a strong bond, it is difficult to remove excess
adhesive without damaging the joint.
CONCLUSION

Interviewing Loris Cecchini and Hella Jongerius’s assistant it was
learned that different manufacturing processes in making artworks and design objects were used. Finestre II and all the objects from ‘Stage Evidence’ series were handmade by the artist in
his studio, while the Soft Vase was designed by Hella Jongerius,
but made by a company, Herikon, which specialises in producing PUR elastomer objects.
At the beginning of this research the question was: why,
after only ten years, do Cecchini’s objects from the ‘Stage Evidence’ series show chemical-physical changes and Hella Jongerius’ Soft Vases do not?
Artificial heat ageing experiments proved it was possible to
mimic the weeping of the liquid PUR elastomer and changes in
elongation as seen in Cecchini’s Finestre II.
The results of the FTIR and Py-GCMS analysis, the artificial
ageing and physical mechanical experiments show that the difference in behaviour is not due to an incorrect manufacturing/making process, but are inherently characteristic of the
components of the PUR ester elastomer.
Cecchini’s objects are made with a PUR ester elastomer,
which is externally plasticised commercially. PUR ester elastomer
with external plasticiser degrades, causing the formation of liquid PUR components (weeping). Moreover, when using extra
plasticiser to achieve very flexible PUR ester elastomers, the service life of the resulting material is even shorter. The 25 shore
hardness PUR elastomer (with extra plasticiser) showed the appearance of viscous liquid PUR components after two weeks of
artificial ageing, while 40 shore hardness PUR elastomer, showed
this phenomenon after about ten weeks.
Nowadays manufacturers warn about the short life of PUR
ester elastomers in their manuals. Unfortunately this information was not available when Loris Cecchini used the PUR ester
for his works of art.

The Soft Vase by Hella Jongerius is made of a PUR ester,
which is internally plasticised, and does not suffer from fast hydrolysis and the formation of liquid components. However, further tests should provide information about the longevity.
Good preliminary results on adhering PUR ether elastomers
were obtained. On going research will include further tests on
adhering PUR ether as well as PUR ester elastomers. The best
results will be applied on the original Soft Vase.
Thus, what can be done for degraded objects such as
Finestre II? Can a conservation treatment such as consolidation
inhibit hydrolysis? And if so, how long it will last? Finding the
answers to these new questions will be part of this on going
research.
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ADHESIVES
FOR SILICONE
RUBBER
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ABSTRACT

INTRODUCTION

Since the 1970s, many artists and designers have been using silicone rubber for their work. Due to aging, material stress or
other parameters like its elasticity the pieces made with silicone
rubber tend to easily crack. Cracks pose problems for conservators. There are only a few ways to adhere silicone rubber because of its antiadhesive and chemically stable characteristics.
This article gives a summary of the author’s diploma thesis,
which deals with this problem. A number of different adhesives,
including a cyanoacrylate-based, a silicid acid-based adhesive
and two silicone self-developed rubbers are discussed with focus
to their qualities in application and the resulting characteristics
of the adhering in order to classify a number of adhesives for silicone rubber for different needs. Furthermore, some of those adhesives are tested by T-peel.

For the last 40 years, silicone rubber has been used in modern
art, design objects and technical objects of cultural value, for example as sealing compound in architecture and in medical equipment, but it is also used for more common items as cookware
and, in modern art, for any kinds of molding or even creating
whole sculptures. Due to its characteristic properties, there are
only a few ways to adhere silicone rubber.

KEYWORDS

Silicone Rubber, Adhesives for Silicone Rubber,
T-Peel, Cyanoacrylate, Ethyl Silicate, Components of
Silicone Rubber

SILICONE RUBBER

Silicone rubber belongs to the group of silicones. The characteristic signs of that group are a backbone chain of silicium and
oxygen atoms (related to hydrocarbons). The backbone of silicium and oxygen in a wide range of length is substituted with
different kinds of mostly organic groups, usually methyl
groups. The end of the backbone can be terminated with different functional groups, for example alcohol groups, but also
hydrogen atoms.
Silicone Rubber is a rubber-like material which results
from the cross-linking of polymers of low molecular silicones
(also: vulcanisation). Depending on the viscosity of those polymers, which follows basically from the length of the backbone
chain, the type of crosslinking, which can be polyaddition or
polycondensation, and the choice of fillers, which is first of all
silicid acid, there is a wide range of silicone rubbers with different performances in elasticity, tear strength and hardness.
ADHERING SILICONE RUBBER

The bond energy of silicium and oxygen is high (Si-O: 444
kJ/mol), which results in a high chemical stability. Silicone
rubber is, as all silicones, generally non-reactive, chemically
inert to almost every solvent, resistant to extreme temperatures and non-polar. There are special silicone rubbers which
can be used in temperatures up to 250 °C, not melting and
still being a flexible rubber. Most of reaction or dispersion adhesives cannot bond to silicone rubber. As a non-polar material, silicone rubber has only a low surface energy, which
results in low wetting qualities. Adhering silicone rubber with
“normal” adhesives means to create a mechanical bond
between silicone rubber and adhesive. This bond is not able to
take up strong forces,the result is more a loose fixation, which
might be released by the deformation of the adherend or
only by its own weight. However, in conservation, this bond
might be strong enough in some cases. BEVA371® (applied as
melted mass) and Polyvinylacetate (Mowilith® D 50, 30% in
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water/ethanol) were able to fix the adherends of silicone
rubber together. The major benefit of this fixation is the
opportunity to release this bond without any visible leftovers
(see Figure 1).
This means, using those adhesives for non-charged bonds
or to fix silicone rubber, for example on inflexible materials as
metal, might already yield to positive results.

Table 1
Recipes and characteristics of the adhesives
Only P1.1 includes non-reinforcing fillers.
There were no softeners added. All figures in parts.
polymer

reinforcing filler

CYANACRYLATE

A special “superglue” for silicone rubber, more precisely a special primer allows to adhere silicone rubber with cyanoacrylate
adhesives. There is a special set for silicone rubber, but basically
any cyanacrylate combined with the primer can be used. That
primer, applied on both adherends, enables creating a “normal”
adhesion with cyanoacrylate, including all advantages or disatvantages of this kind of glue – for example the rapid cure, but
also the high adhesive strength. From all adhesives that were
tested, this one features the very shortest hardening time and one
of the best adhesive powers, exceeding even the mechanical
properties of the adherend: trying to release the bond, the
adherend was damaged. The adhesive layer is quite hard and
brittle and, most notably, tends to yellowing mostly due to the
amine containing primer. So, all in all, using cyanoacrylates to
adhere silicone rubber is possible, but must be well-considered.
SILICONE RUBBER
AQUEOUS DISPERSED SILICONE RUBBER AS ADHESIVE

As mentioned, silicone rubber can be adhered with “fresh” silicone rubber. Due to the wide range of obtainable silicone rubbers, commercially rubber with the favoured characteristics will
surely be available. As there are silicone rubbers of almost every
viscosity, hardness, elasticity and colour, choosing the “right”
adhesive means first of all to look for the adherend, meaning to
detect the properties of the silicone rubber that must be bonded.
The adhesive must be adapted to each case individually. This
adhesive, a aqueous dispersed silicone rubber, had no special
characteristics on hardness or elasticity, but stands out due to
its quality to be dilutable in water: it is composed of a “silicone
part”, which includes a pre-vulcanisation silicone rubber, and
water and, of course, a dispersing agent. After the vapourescence of the water, the silicone rubber vulcanises just as usual.
Thus, it is possible to water this silicone rubber down to any

1
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non reinforcing filler

0

0

0

1,98%

shringkage

Figure 1
Test piece of silicone rubber with PVAc.
The adhering can be easily released
See colour plate, p. 183
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P1

5

3

shore hardness A

But also stronger junctions can be necessary for conservation
issues. Fortunately, there are ways to adhere silicone rubber
through chemical bonds: on one hand, there are special glues for
silicone rubber, and on the other hand, silicone rubber connects
stable to silicone rubber itself during its vulcanisation. This
means, you can adhere silicone rubber with “fresh” silicone rubber. In this article five different adhesives there were tested on
mockups and a T-Peel-Test for further evaluation was made.
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Figure 2
Aqueous dispersed silicone rubber
applied by paint-brush

Figure 3
T-peel test: average forces
for all tested adhesives

viscosity that is required and to clean working equipment or
working surfaces with water, which might be important on sensitive surfaces. Using this silicone rubber as an adhesive, it was
possible to create strong adhesion. For the T-Peel-Tests, it was
watered down with twenty-five percent of water and applied
by paint-brush (see Figure 2).
In this test, two test pieces are bonded with the respective
adhesive. Those two pieces are then pulled out again perpendicular. In doing so, the required force is detected as a function
of distance. As an additional result, the average force per square
centimetre is achieved. There were seven test pieces made for
each adhesive, Figure 3 shows the average forces of all adhesives. For the aqueous dispersed silicone rubber, the dilution of
twenty-five percent with water unfortunately created a non-homogeneous adhesive layer, resulting in areas of high and low
cohesiveness, which show non-uniform curve progressions.
This means, thinning out this silicone rubber must be combined
with special attention to the homogeneity of the resulting
adhesive layer. Besides, the dispersing agent remains inside the

vulcanised rubber. Due to its solubility in water, the dispersing
agent can migrate to the surface by fluctuating air humidity.
Yet, it can be removed with water from the surface.
SELF-MADE SILICONE RUBBER

In conservation, it often makes more sense to create your own
adhesive, especially because it allows knowing all the components
and adjusting the characteristics of the adhesive individually. Silicone rubber is basically composed of the polymer, the crosslinking agent, a catalyst and reinforcing fillers. You may also add
other fillers and softeners. Basically, there are two ways for silicone rubber to crosslink corresponding on the polymer’s functional groups: polyaddition and polycondensation. For each of
those crosslinking reactions, one silicone rubber providing promising characteristic as an adhesive was developed. For the polyaddition-crosslinking silicone rubber, a nonviscous polymer (500
mPas) was chosen, for the condensation-crosslinking silicone rubber a viscous (50 000 mPas). As reinforcing filler materials, pyrogenic silicid acid and chalk was used.

The nonviscous polymer, that has only short backbone
chains, generates a brittle, quite inflexible silicone rubber with
low tear resistance that can be easily crumbled (see Table 1).
Nevertheless, this rubber can adhere silicon rubber. This adhering, numbered A2 by the author, can be released with only low
forces – the average force required to release the test pieces is
0,3 N/cm2 (see Figure 3). Regarding to those forces and to the
minor fluctuation, this recipe A2 is a very promising adhesive,
especially since this adhering can be released without damaging
the adherend. Nevertheless, the interaction of all components
during the addition-crosslinking is quite complex, so in most
cases, the crosslinking reaction appeared to be partly uncompleted or partly irregular. At this stage, more research is needed.
The vulcanisation of the polycondensation-crosslinking silicone
rubber appeared to be less difficult to control, since the
crosslinking agent for polycondensation-crosslinking silicone
rubbers is ethyl silicate, which can be added as a stone-conservation-product that already includes a catalyst. All rubbers
(numbered P1, P1.1 and P2) vulcanised regularly and completely.
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Figure 4
Silicone rubbers,
pieces made of A2, P1 and P1.1 (left to right)

Figure 5
Adding colourants to ethyl based adhesives
allows retouching of silicone rubber

Using a highly viscous polymer, achieves an elastic, flexible silicone rubber that can adjust stronger forces due to its own higher
tear resistance. Mechanical properties of silicone rubber are
changed by the percentage a viscosity of the polymer, but also by
the amount of reinforcing and non-reinforcing fillers (see Table
1). The results of the T-Peel-Test point to promising results (see
Figure 3), but since all condensation-crosslinking silicone rubbers need air humidity to crosslink, the adhesive vulcanised
partly only at the border of the test pieces, so the results of the
test are not comparably.

be compounded in a wide range of viscosities, texture and adhesive strength by changing the part of the reinforcing filler and
polymer. Recipe K1, which was used for the T-Peel test, is a
translucent fluid that is able to form an adhesive power to silicone rubber that exceeds the adherend’s mechanical properties:
during the tests, the test pieces were damaged. Raising the part
of the reinforcing filler, the adhesive power sinks and the adhering can be released mechanically. The leftovers of the adhesive
can be removed then, too. But more than 40 percent of reinforcing filler reduces the adhesive power to an unacceptable
level. Besides the possibility to adhere silicone rubber with this
ethyl silicate based fluid, retouching can be made simply by
adding colourants.

EHTYL SILICATE BASED ADHESIVE

Last but not least, there is one adhesive left: using the compounds of the condensation-crosslinking silicone rubber, a
harder, less rubber-like adhesive that can form bonds of high adhesive strength can be fabricated. Increasing the part of the ethyl
silicate and reducing the part of the polymer, the resulting silica
gel is made flexible through the integration of the polymer and
the additional crosslinking agent (see Table 1). This adhesive can

special silicone adhesives must be applied. A purpose-build primer
allows adhering with cyanacrylate, including all advantages and
disadvantages of that kind of adhesive. During its vulcanisation,
silicone rubber can also form strong bonds to already vulcanised
silicone rubber. There are silicone rubbers available on the market
as well as the possibility to mix silicone rubbers by yourself.
Recipes for polyaddition- and polycondensation-crosslinking silicone rubber as adhesive developed in this thesis are promising, but
further investigations are needed. Ethyl silicate based adhesives
allow a wide range of different viscosities, hardness and adhesive
power to silicone rubber. Adding colourants to those recipes enables retouching silicone rubber (see Figure 5).
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SELF-HEALING ELASTOMERS RESTORATION AT
THE MOLECULAR LEVEL
BY ANKE NELLESEN, MAX VON TAPAVICZA, JÜRGEN BERTLING

ABSTRACT

INTRODUCTION

Elastomeric polymers are used nowadays in a broad variety of
highly demanding applications. Due to alternating loads, microsized cracks leading to failure of components may occur in
the material, even before its loading- and lifetime-limit. Equipping of technically relevant elastomers with a self-healing agent
would be a promising strategy to avoid this problem. Such a material should be able to prevent further growth of the crack and
to seal parts of, or even the complete microcrack, to restore the
mechanical properties.
The idea to equip an elastomeric matrix with a self-healing
agent is bio-inspired: In case of damages, a variety of plants segregate latex particles and proteins that crosslink in an addition
reaction and close the fissure.
The elastomers investigated in this research are EPDM (ethylene propylene diene-terpolymer type M), NBR (nitrile butadiene rubber) and SEBS (styrene ethylene butadiene styrene),
a thermoplastic elastomer. It was found that blending the elastomeric matrix with middle- or high molecular polymers leads to
distinctive self-healing results for EPDM and SEBS. Another presented, but not successful, strategy is the partial microencapsulation of two-component adhesives. The most promising results
were found for ionic elastomers, so-called ionomers, some of
which were able to restore its elongation at break completely
compared to the undamaged material.

While traditional material science aims at making materials and
products more reliable and durable (i.e. employing the Damage
Prevention paradigm), self-healing materials aim to achieve even
higher levels of durability and reliability by additionally bestowing a self repair function to these material grades. Like materials in nature, self-healing materials can be developed and
optimized using the Damage Management paradigm.
Elastomeric materials, which are in focus here, are used in
a wide range of applications. These materials often have to withstand high mechanical loads, mostly combined with dynamic
stress. Thereby, micro-cracks, which can exist in every component, may grow up to overcritical lengths, become instable and,
abruptly, lead to failure of the component. It would be a sophisticated way to enhance the durability of such components by implementing an intrinsic self-healing capability in elastomers.
Based on biological self-repairing mechanisms, different
self-healing strategies for elastomers have been developed and
realised, and have proven their self-healing ability. Biological
role models, e.g. rubber tree or weeping fig, were analyzed in
detail concerning their healing methodology and capacity by the
Plant Biomechanics Group Freiburg. Inspired by these plants,
first attempts were undertaken to use microencapsulation, vascular systems or high molecular blend systems to develop a selfrepairing technical rubber. Ionomeric modification has proven
to be the most advantageous of the so far investigated strategies,
especially for elastomers.
Over the last ten years, different approaches to embed a
self-healing functionality into polymeric materials have been
presented. These systems have so far been described either on a
conceptual level, within relatively constrained application areas,
or they refer to specially synthesized polymers whose properties
strongly differ from those of technical relevant materials.
Table 1 gives an overview of important and current research in
the field of self-healing materials. It becomes evident that only
few activities focus on self-healing elastomeric materials.

KEYWORDS
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MATERIALS AND METHODS

The polymeric matrix materials investigated in the project are
three elastomers of different chemical composition, EPDM (ethylene propylene diene-terpolymer type M), NBR (nitrile butadiene rubber) and SEBS (styrene ethylene butadiene styrene).
During processing and moulding, EPDM and NBR are vulcanized and cross-linked via covalent oxygen or sulphur bonds.
SEBS instead is a thermoplastic elastomer (TPE), which does not
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Table 1
Current research activities in the field of self-healing materials
Workgroup / Curative Material Procedure
Chung et al., Korea/
PMMA (thermoplastic)

Repairing-system for PMMA based on a
eversible [2+2] cycloaddition; SH is initiated
by UV irradiation and temperature

2

Wool, R.P., O’Connor, K.M.,
USA/Thermoplastics 3

Intermolecular diffusion model for thermoplastics;
Description of reorganization of polymer chains
& recovery of mechanical properties

Fall, R. et al., USA/Ionomers
(thermo-plastic) 4
Leibler, L., Cordier, P., France/
Elastomers 5
Figure 1
Structures of basic and ionic modified
elastomeric materials

Figure 3
Elongation at break of SEBS compounded
with different polyisobutylene amounts as healing component
after different healing durations

van der Zwaag, S. et al.,
Netherlands/Metal alloys,
polymers, ceramics, concrete

6

Bond, I.P., United Kingdom/
Thermosets, composites 7
Sottos, N.R., White, S.R., USA/
Thermosets, composites 8
Wack, H. et al./Germany;
Elastomeric composites 9
Wudl, F. et al., USA/
Thermosets, composites

10

Ghosh, B., Urban, M., USA/
Thermosets, composites 11

Thermoplastic ionomers neutralized with adequate
counterions; After being detached oppositely
charged ions restructure to restore mechanical
New elastomer based on fatty acids, amino acids
and urea; high number of hydrogen bonds
that reorganize and reassemble after cut
SH Al & Fe based alloys; Ionomers &
quantification of healing ability; encapsulated
healing liquids in polymers; SH thermoplasts,
HT ceramics & TBC coatings; novel fiber
architectures for SH

Hollow glass fibers & vascular networks in fiber
reinforced polymer composites. SH via
two-components (epoxy & hardener)

Microencapsulated dicylclopentadiene (DCPD) &
Grubb’s catalyst in an epoxy polymer: damage
releases DCPD initiating a ROMP, solvent
microencapsulation, microvascular networks
Hydrogel-elastomer composites; SH for sealings
occurs only in contact with water;
swelling of hydrogel phases seals cracks

Reversible Diels-Alder reaction (furan derivative &
e.g. bismalein-imidophenyl-methane); crack energy
causes retro-Diels-Alder; healing occurs reversely
Two-component polyurethane matrix; Healing
occurs by oxetane-substituted chitosan with
reactive chain-ends crosslinking under UV-exposure

Figure 2
REM observation after compounding with elastomers
Left: Unstabilised microcapsules do not withstand compounding
Right: Microcapsules with carrier core after compounding

undergo cross-linking during processing, and exhibits thermoplastic properties.
Self-healing systems presented in this paper are based on
different chemical and physical principles:
• Systematic use of Van der Waals forces
• Polymerisation, cure and formation of covalent bonds
• Use of non-covalent ionic bonds
In this paper, the results of the addition of middle- and high
molecular hydrophobic polymers, two-component adhesives, as
well as the equipment of the polymer backbone with ionic
groups will be presented. All self-healing systems have to exhibit
a dynamic behaviour enabling them to penetrate upcoming microcracks.
Synthesized self-healing components are embedded into the
polymeric matrix either in pure or in encapsulated form. Two
component adhesives are processed by adding one component
in pure form and the second component encapsulated in the
corresponding matrix. Ionomers are produced via polymer

analogous reactions to introduce ionic groups.
Healing systems, in pure as well as in encapsulated fashion,
are compounded with elastomers using a laboratory kneader
(Brabender Lab-Station 350 E, PlastiCorder), a two-roll mill
(Labtech LRM-S-110) and a laboratory press.
The applied microcapsules are based on a core of a hydrophilic or hydrophobic silicon dioxide particle with a diameter of about 30 µm. Their sponge-like scaffold is loaded with
healing material until saturation eventuates. After elimination
of the solvent, the loaded carriers are dispersed in an aqueous
phase and encapsulated by in situ polymerisation or polycondensation (e.g. melamine-formaldehyde). Additional encapsulation experiments are carried out using a matrix material as a
capsule wall. Loaded carrier particles are coated with solvated
elastomer and dried in a rotation process. Depending on the
desired wall thickness, the coating has to be repeated several
times. The respective elastomeric matrices were modified by
polymer analogous reaction at the functional side groups
(SEBS, EPDM) or neutralization (XNBR, HXNBR) in order to

synthesize the ionomers. These neat materials, as well as their
blends with the respective unmodified elastomer, have been
analysed concerning their self-healing abilities.
Figure 1 shows the molecular structure of the basic materials and corresponding ionic derivatives applied in this work.
Modification of EPDM was performed by sulfonation, either in
solution or in bulk. In both cases, EPDM was treated with acetic
anhydride and sulphuric acid. SEBS was carboxylated by FriedelCrafts-Acylation, followed by an oxidation via haloform
reaction at the para-acylated styrene units. Carboxylated NBR
(XNBR) and HNBR (HXNBR) are commercially available and
were used as received in further proceeding. The modified polymers (sulfonated EPDM, XNBR and HXNBR) were neutralized
in situ by adding different salts. Na-COO-SEBS ionomer was directly obtained in the haloform reaction. The obtained polymers
were characterized by IR-, 1H- and 13C-NMR-spectroscopy, as
well as by DSC.
Healing efficiencies are measured by a modified tensile test.
The functionalized elastomers are pressed and stamped out to

elastomeric strips (width x height x depth, 100 mm x 15 mm x
2 mm). The strips are centrically split and reassembled under
defined pressure. Tensile tests are performed using a tensile test
machine (Zwick 1474, 2,5 kN load cell, Software testXpert,
Version 11.02).
RESULTS AND DISCUSSION
MICROENCAPSULATION

The equipment of polymers with microcapsules to implement
a self-healing function has already been described in different
papers. The systems published focus on duromers as a matrix
material, microcapsule approaches to equip elastomers with
a self-healing function are not known so far. Similar to natural
rubber, self-repair is initiated by destroying microcapsules
and thus releasing a “healing component”. Although these studies show promising results, the transfer of this concept to
elastomeric materials is not simple. The idea to incorporate encapsulated components is bio-inspired by the favourable composition of latex containing plants. Encapsulation leads to the
isolation of the healing component in the elastomeric matrix and
avoids unintentional interactions between matrix and healing
component. When micro-cracks occur, the enclosing capsule
shell bursts and releases the capsule content. This ensures the selective disposal of the healing component, which restores the mechanical properties and avoids further crack growth.
During compounding, the healing additive has to resist high
mechanical and thermal stress such as shear load and temperatures up to 200 °C. The development of filled microcapsules that
are able to withstand compounding processes has not been reported up to now. In order to enhance the mechanical stability
of the capsules used here, hard, porous, inorganic silica particles have been used to build a stable capsule core. These capsules were found to withstand typical thermoplastic and
elastomeric compounding processes.
Due to high shear loads, microcapsules without a stabilising silica core do not withstand compounding. Reflection electron microscope (REM) observations of compounded elastomeric
polymer with unstabilised microcapsules do not exhibit any intact microcapsule (see Figure 2, left). Stabilised microcapsules
reveal their stability against high shear loads during compounding. After cryogenic fractures, REM observations show the elastomeric matrix loaded with well dispersed capsules exhibiting a
diameter of 30 µm on average (see Figure 2, right).
The characterisation of materials equipped with microcapsules did not exhibit any self-healing behaviour. This finding
could be explained by the missing adhesion between an elastomeric matrix and a capsule wall (see also Figure 2). A crack in
the material will probably not damage the capsule, enabling a release of a self-healing component, but will surround the intact
capsule. Experiments to connect both materials via chemical
bonds, enhancing the adhesion between capsule and matrix, are
part of current research work.
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reduced. Further problems are: Storing the material for a while
leads to a phase separation of both components, the elastomer
and polyisobutylene, and the fact that different specimen of the
material tend to stick to each other strongly affects the processability of the material.
IONOMERS

Figure 4
Molecular model, illustrating the proposed healing mechanism,
Ti describes the transition temperature for ionic domains13

Figure 5
Tensile tests of ionomeric, unvulcanised NBR-material:
undamaged specimen (reference) and after self-healing
for 24 h at RT, 55 °C respectively

VAN DER WAALS FORCES

Parallel to microencapsulation attempts, unencapsulated polyisobutylene was directly blended into the different elastomeric
matrices, so that the effect of a direct mixture of mechanical and
self-healing properties could be analysed.
For the characterisation of the self-healing effect, the elongation at break and the tensile strength were measured using the
modified tensile test described above.
Figure 3 shows the elongation at break of polyisobutylene
that is directly embedded into the SEBS matrix. The addition of
30 wt-% additive leads to a recovered elongation at break of
about 35 %, whereas only 2 % recovered elongation of break
could be found for the pure polymer after macroscopic cuts.
Healing duration plays a minor role. Elongation at break is even
higher after 24 hours dwell time than after 72 hours. Shorter
healing durations (up to 1 hour) exhibit similar results.
Although these first results are promising, there are still some
unsolved problems: compared to the original, undamaged material, mechanical properties of the healed materials are strongly

Another approach was using the molecular mechanism of selfhealing in plants for the transfer to technical elastomers. Ionic interactions play a major role in the coagulation mechanism of
natural caoutchouc. Transferring this concept to elastomers,
these materials have been equipped with ionic groups as described above.
The modified elastomers carry anionic carboxylate- or sulfonate-groups and a respective amount of counterions (Mn+).
Thereby, a high amount of reversible conjunctions can be introduced into the material. It is assumed that these relatively weak
conjunctions will be split during a damaging event and will be
able to build new conjunctions without any further stimulus via
an order-disorder transition. For several ionomeric polymers
such order-disorder transition can be found at a certain temperature (Ti) (see Figure 4).
The most positive self-healing results were observed for the
carboxylated, zinc-neutralised and hydrogenated NBR-grades.
After cutting specimen into two parts, the samples were
reassembled and stored at room temperature for 24 hours. Subsequent tensile testing showed that samples made from unvulcanised material were able to recover elongation at break by 80
% and breaking stress by 30 % compared to the undamaged reference sample. After tempering at 55 °C for 24 hours, a recovery of even 100 % (elongation at break) and 50 % (breaking
stress) was measured (see figure 5). In case of the vulcanised
samples, after tempering at 55 °C, elongation at break was restored to 18 %, breaking stress to 15 %. Unmodified and vulcanised NBR materials do not exhibit distinctive self-repairing
properties.
These findings indicate that healing effectiveness strongly depends on the molecular structure, more precisely on the degree
and kind of vulcanisation, intrinsic mobility of polymer chains,
neutralisation degree and additionally on processing parameters
for the matrix materials as well as the healing temperature.
CONCLUSION AND OUTLOOK

In this paper different strategies to implement a self-healing function in elastomeric materials are described and discussed. The
idea to embed microcapsules or to use ionic interactions for such
a function is inspired by the mechanism of self-healing in latex
bearing plants.
Elastomers equipped with filled microcapsules did not exhibit any self-healing capacities so far. A reason might be that the
adhesion between the capsules’ wall material and the surrounding elastomer is insufficient. The choice of alternative materials
for the capsule wall should help to enable a better adhesion.

The strategies to directly compound gluing components
with the respective elastomer have led to the first self-healing
materials. It was proven that adding an amount of 30 % of polyisobutylene to a matrix of SEBS leads to a material which is able
to recover 2 % of its original elongation at break (which means
an absolute value of 35 %). Unfortunately, these materials tend
to phase separation and also to a general sticking behaviour.
Among the synthesized ionomeric elastomers, Zn-HXNBR,
which was not chemically crosslinked, exhibited the highest capability for effective self-repairing processes at a temperature of
55 °C. This material was able to recover 100 % of original elongation at break and 50 % of original ultimate strength. Although
the corresponding vulcanized material likewise showed self-healing behaviour at 55 °C, it was found to be much poorer.
These findings indicate that self-healing abilities of
ionomeric elastomers strongly depend on the intrinsic mobility
of polymeric chains, which is decreased by lower temperatures
and higher crosslinking degrees.
Further research will focus on the optimization of ionomeric
elastomers that exhibit the required mechanical properties in the
intact state, while at the same time providing intrinsic reversible
bonds and a certain flexibility of the polymer chains.
Self-healing is not the only biologically inspired function
that might have the potential to identify new solutions for technical materials. The property of biology to enable several functions within one system could be highly interesting for technical
components as well. One might think of coatings that are not
only self-healing but at the same time also release dirt and small
particles to avoid an inclusion of these in the rebuilt coating.
In general, self-healing is one example of the successful basic
principles provided by biological organisms: a complex systemic
function, which shows the potential to be a fundamental strategy to modern materials’ development.
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SELF-ADHESIVE PLASTIC LABELS TECHNOLOGY, AGEING BEHAVIOUR
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ABSTRACT

INTRODUCTION

The Landesmuseum Württemberg in Stuttgart owns a collection
of 1400 self-adhesive advertising labels dating between 1978 and
1982. In order to preserve these comparatively recent objects,
research had to be done on the production techniques as well as
the materials used. The most commonly used materials for the
labels in this collection are various plastic foils (especially PVC, cellulose acetate-, and polyester-films) and paper. All the decals
had remained on their protective papers.
In developing guidelines for the handling of decals, emphasis was put on the observation and description of pre-existing
damages. The condition of other decal collections was also taken
into account. To clarify the causes of damages, various investigations on the objects as a composit material, as well as on the
composit’s individual components were conducted. Sample labels of comparable age were exposed to extreme conditions for
accelerated ageing. The key variables were temperature, humidity and light. The obtained knowledge was used to deduce general requirements for the longterm storage and presentation of
self-adhesive advertising labels.

The history of the sticker is intimately connected with the history
of the sticking technique. Without the development of self-adhesive products, stickers would never have been able to attain
such importance. The development of adhesive tapes at the end
of the 19th century (Nentwig 2006: 226) played a decisive role.
Textile fabrics - and later paper and plastic films - were used as
carriers (Nentwig 2006: 226, Stiber and Loughlin 1992: 17). In
the United States, a protective paper was patented in 1932. The
combination of the adhesive film and protective paper facilitated
the production of stackable self-adhesive products (Spinnen
1990: 47). Ray Stanton Avery, an American, was the first to use
this procedure when he began, in 1935, to produce self-adhesive
labels (Spinnen1990: 49). The Jackstädt company1 was an important producer of self-sticking products in Germany and also
distributed these worldwide.
Famous examples of stickers include the laughing sun of the
Nuclear Power No Thanks sticker, which was designed in 1975
in Denmark. The dove of peace was first introduced in 1976 on
the occasion of a peace demonstration in Bonn (Roland-Schellack 1986: 27). Used as fruit labels, stickers identify the producer. Simultaneously they add “value” to an apple, a pear or an
orange and convince the buyer of its superior quality (Weinreich
2009: 15).
In the 1980s, stickers were attached to cars, kitchen and
bath boardings, refrigerators, garbage cans and doors. They decorated every youth room, whether for advertising purposes, to
make a political statement or just for fun. The sticker had become a mass phenomenon (see Figure 1).
At the beginning of the 1980s, first exhibitions dedicated to
this “advertising label” were organized.2
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TECHNIQUE AND MATERIALS

Adhesive tapes, labels and sticking notes are exemplary daily
use articles made with the material class of pressure-sensitive
adhesives (Geiß 1998: 1). ”Adhesive composite” describes the
fundamental construction of a sticker (see Figure 2; Wilken
2001: 2). The technique of adhesive composite production consists of three main processes: the coating of the upper material
with pressure-sensitive adhesive, the coating of the protective
paper with silicone and the combining of both to the adhesive
composite (Wilken 2001: 3).
In the following, the relevant materials are characterised:
The upper part can consist of various materials, for example
paper, plastic films (Vinyl, polyesters, polycarbonate and
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polyvinyl fluoride film), metal foils and textiles (Wilken 2001:
2). Jackstädt, which produced most of the investigated labels,
commonly used polyvinyl chloride-, cellulose acetate- and polyester films in the 1980s (Jackstädt 1984: 101).
A characteristic feature of pressure-sensitive adhesives
is their permanent stickiness at room temperature. To stick on
a great number of different types of surfaces, they don t need to
be activated with water, solvents or by heat (DIN EN 12481
2001: 4). As they are applied, the contact pressure is decisive
(Habenicht 2006: 191). All pressure-sensitive adhesive formulations are similarly constructed: the base polymer functions as the
cohesion-determining component, sticky resins and plasticizers
as adhesion-determining components and additives as substances
for the formation of specific properties (Habenicht 2006: 192).
Different initial polymers were developed as pressure-sensitive
adhesives: Between 1978 and 1982, the use of rubber-based, solvent-containing pressure-sensitive adhesives was common. Nevertheless, at that time acrylate-based, pressure-sensitive adhesives
already existed but were not yet widespread. Since the 1990s,
water-based pressure-sensitive adhesive systems have been in use,
sometimes for cost reduction purposes but also for reasons of
environmental and health protection.
The protective paper is coated with silicone and protects the
adhesive lining of the label until its use (Wilken 2001: 7).

ageing process of stickers made with a PVC film. This shrinkage
occurs at the label’s upper material in a material-dependent, regular shrinkage. Some plastic stickers become stuck to the glassine paper of their wrapping. The protective paper was mostly in
a very good state. A migration of the pressure-sensitive adhesive
into the protective paper was rarely observed; the silicone deposition seems to act as a barrier.
3

AGEING
Figure 2
Schematic construction
of an adhesive composite

Figure 1
Exemplary stickers:
The left upper figure shows early labels from Avery Dennison
(taken from the DVD Avery Dennison Overview 2008).
The other stickers belong to the collection
of the “Landesmuseum Württemberg”

ADVERTISING-LABELS IN COLLECTIONS AND ARCHIVES

A survey of the variety of early sticker materials and their preservation state in the collection of the Landesmuseum Württemberg
(short LMW) was undertaken. Another survey of the collection
of the Deutsches Technikmuseum Berlin facilitated a comparison between aged stickers on their original protective paper and
attached stickers. An inquiry sent out to many museums and
archives gave an overview of the preservation state of the inventories and their storage situation: Sticker collections can be found
in audiovisual collections, archives and folkloristic collections;
they are frequently found in bundles together with other objects.
The size of the collections varies between 245 and 8000 items.
THE PASTED VW BEETLE HATCHBACKS
OF THE “DEUTSCHES TECHNIKMUSEUM BERLIN”

As mentioned above, the “Haus Industrieform Essen“ organized
a sticker exhibition entitled Auto-Mobile Botschaften (“auto motive messages”) in 1982 (Roland-Schellack 1986: 14): Attached
on 120 primed VW-beetle hatchbacks were about 1000 labels organized in accordance with various topic groups, for example, political attidudes or vacation destinations (see Figure 3). After the
exhibition closed, the pasted VW-hatchbacks were stored in the
depot of the “Deutsches Technikmuseum Berlin”. Thus the possibility arose to get an impression of the condition of stickers attached since the 1980s. These stickers show a very similar ageing
behaviour as the ones stored on protective paper. Additionally,
damages caused by the ageing of the underlying material could be
observed.

In order to get an impression of the ageing behaviour of the stickers in the LMW collection, a selection of labels was subjected to
accelerated ageing. As test material, stickers were used that were
provided by Mrs. Beate Eggert’s private collection. They were
collected during the same time period as the collection of the
LMW. Furthermore, there are some duplicates of those in the collection of the LMW, which facilitates a direct comparison. To
subject each type of test material to different test conditions, each
selected sticker was cut into 6 equal-sized parts. In this way it
was guaranteed that each sample aged the same way up until the
beginning of the accelerated ageing. During ageing, the samples
remained on their original protective papers. It should be noted
that accerlated artificial ageing can only approximate natural
ageing behaviour. (EN ISO 4892-1:2000: 5). Moderate ageing
conditions that make a comparison with natural ageing possible
were chosen. Temperature, light and moisture make up these ageing factors; they were examined separately.
REALISATION

THE COLLECTION OF THE

OVERVIEW OF THE OBSERVED

“LANDESMUSEUM WÜRTTEMBERG”

DAMAGE ASPECTS

These advertising stickers were collected at the end of the 1970s and
beginning of the 1980s. They were collected in Germany and at
tourist destinations in France and Italy. The collection shows a wide
variety of production techniques available for advertising stickers.
All stickers were preserved on their original protective papers. In
2005, the collector donated the sticker collection to the LMW (Inventory LMW). For further storage in the museum the stickers were
placed separately into wrappers of glassine paper and sorted according to their advertising-messages in paper folders. The folders
are stored in a wooden cupboard in an attic used as a depot. The
room is air-conditioned with approx. 55 % relative humidity. The
temperature is uncontinous following the seasons not controlled.

As far as damages are concerned that affect the entire sticker
wrinkles and cracked edges are most frequently observed (see
Figure 4). Generally, the sticker surfaces were often covered with
dirt. Traces of the adhesives were observed on the upper materials. On the front of stickers with a divided protective paper, the
track of the dividing line is visible. Many copies show mechanical damage to the surface due to scratches, notches and pressure
marks. With a view to the ageing behaviour of the upper materials, there is a difference between paper and plastic.
Paper stickers often show discolouration during the ageing
process. Especially opaque white areas often becomes translucent. Some stickers show small brown spots. This change seems
to be connected to a migration of the pressure-sensitive adhesive
into the upper material. For a few of the paper stickers, the ageing process had already resulted in the separation of the upper
material from the protective paper. In plastic stickers shrinking
occurs very frequently. This is a typical phenomenon in the

PRESERVATION CONDITION AND DAMAGES

The sticker collection of the LMW is currently in relatively good
condition but on closer inspection mechanical harm becomes apparent on many of the individual stickers.

The samples were placed—together with their protective papers
—on glass plates.4 The test duration was planned for 32 days.
During the first 3 days, a daily examination was carried out
during which the samples were weighed5, visible changes
described and photographs were taken. Thereafter, the ageing of
the samples was examined every 7 days. Both before and after
the ageing, measurements of the upper material were undertaken6 and the tristimulus values were measured by a spectrophotometer.7 This allows an objective evaluation of colour
changes. The foil cutting technique8 facilitates visualizing the
stratigraphy of the stickers. ATR FT-IR spectra9 were taken to
detect changes in the materials during the ageing. The spectra of
the test pieces before and after the artificial ageing showed a
slight change of the band intensity while only a few very weak
changes of the band positions could be observed.
TEMPERATURE

For the thermal ageing, the samples were kept for 32 days in
an oven with a constant temperature of 70 °C, following the
parameters used by Shashoua (2001). During the ageing with
increased temperature, a regular shrinkage of the surface was
observed—especially for the stickers with plastic upper materials.
In white parts of the plastic films, a discolouration into a light
red occurred. This was measured with the spectrophotometer.
This discolouration could have been caused either by a change of
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slight bending of the samples could be observed with increased
relative humidity (85 %) though this never became as pronounced
as with increased temperature. This was the only change to be
observed. The bending of the samples signifies an increased stress
on the material, especially when the relative humidity changes. At
the beginning, a gain in weight of 1 – 3 % - presumably through
moisture absorption - could be observed, especially for the paper
stickers. With increased humidity, many samples showed an
increase in size. In conclusion, constantly increased relative humidity did not prove to be a strong stress for the samples.

Dirt

Dirt

Abrasion

Scratches

Buckled

Discolored Spots

Discolored Spots

Shrinking

Shrinking

Adhesive

LIGHT

Figure 3
Primed uncoated VW-beetle hatchbacks
with attached labels in the depot of the
Deutsches Technikmuseum Berlin
See colour plate, p. 184

The choice of the light spectrum is an important parameter for the
comparison of artificial light ageing conditions with natural ageing circumstances (EN ISO 4892-1:2000: 14). For the
experimental setup a fluorescent lamp was chosen. Osram Dulux
UVA Blue emits light in the wavelength range between 350 and
400 nm according to the radiation data sheet. This lamp does not
emit radiation below 315 nm. According to ASTM D 5208-91
(1993: 26), the test chamber should be kept at temperatures between 18 °C and 27 °C and a relative humidity between 65 - 80
%. During the 32 days of irradiation the samples were rotated
horizontally and vertically to exclude the possibility of a locationdependent ageing (ASTM D 5208-91 1993: 28). Simultaneously
a material with known ageing behaviour, a blue wool standard,
was put next to the test pieces in order to obtain a standard for
comparison purposes (EN ISO 4892-3:2006: 5). The evaluation
of the changes of the Blue Wool Standard during the artificial ageing shows that the observed changes during the artificial ageing
can occur also in the case of natural ageing over a period of 2-15
years. During light-ageing, the change of the printing inks became
obvious, in particular the known fading of red printing inks was
observed. The surfaces of most samples remained unchanged.

the white parts or by the instability of red printing inks, which
could have penetrated the surface (see Figure 5).In the white
parts of the paper’s upper materials, a migration of the pressuresensitive adhesive into the paper was recognized. Either the white
areas become translucent or the change is apparent in small beige
spots that become bigger and darker with time. The cause of the
different changes could be due to different pressure-sensitive
adhesive systems. For the same reason, an increased ageing can
lead to the loosening of the connection between the upper material and protective paper. The weight of all samples hardly
decreased 1,5 – 4 % at the beginning - and then it remained relatively constant. With increased temperature, shrinkage between
1,5 – 7,6 % could be observed for almost all samples.

NATURAL AGEING AND ACCELERATED

RELATIVE HUMIDITY

CONSERVATION

The test labels were exposed for 32 days to an increased relative
humidity of 85 %. The samples were put on a glass sheet in a
polypropylene box. The humidity was adjusted by means of a saturated potassium chloride solution.10 At the beginning, a very

For preservation purposes, one has to consider what essential parts
constitute the object. Certainly the upper material with the print
that bears the message of the sticker is of great importance here.
Also the pressure- sensitive adhesive coating is a decisive compo-

AGEING IN COMPARISON

The chosen ageing conditions turned out to be relatively mild
parameters. The ageing conditions caused changes to the samples that can be observed also on naturally aged labels and therefore allow a direct comparison. A two-dimensional shrinkage of
the plastic upper materials, as well as the impregnation of the
paper upper materials and their loss of adhesion, was observed.
During the storage of labels, attention must be paid to avoid
the bending of the labels. A constant air-exchange is nescessary
to avoid the negative influence of different volatile ageing products. During presentation, special attention must be paid to the
choice of lighting to protect the printing inks.

Figure 4
Common damages

nent of the label because without this it would not be self-sticking.
The protective paper is intended for temporary protection and is
therefore of less importance. Furthermore, the object’s intended
sticking surface and collecting purpose is important. Currently the
stickers of the collection of the LMW are in a relatively good condition and therefore preventive conservation is of high priority.
STORAGE

First of all, the storage of the objects must stay within reasonable
cost and space limitations. Since the various materials of an adhesive composite differ significantly it is hard to define environmental conditions. For the compound of all possible materials a
temperature of 18 °C +/- 2°C and a constant relative humidity of
about 55 % +/- 3 % appears suitable. During storage the lighting duration should be kept as short as possible and restricted to
a minimum during the processing of the objects. UV-light must
generally be avoided. Attention should be paid to keeping air
pollutants away, nevertheless the objects should be ventilated.
A storage according to the different needs of the upper ma-

terials appears reasonable in order to avoid the above mentioned
deterioration mechanisms. A differentiation of the upper materials based on paper and plastic film is of fundamental importance for this purpose.
For storage purposes, the labels with paper upper materials
should be kept separate from those with plastic upper materials
so that they cannot influence each other negatively during ageing through migrating volatile substances. Currently all stickers
of the LMW are stored in covers of glassine11 as already described. According to the assessment of a paper conservation expert, it is suitable12 to store labels with paper upper materials in
glassine paper wrappers and to collect these in folders made of
acid-free cardboard.
In contrast, stickers with plastic upper materials should not
be stored with direct contact of their surfaces to the glassine
paper wrappers. The aged plastic upper materials as well as the
pressure-sensitive adhesive might become stuck to the paper.
Nothing is known about the interactions of the degrading plastics with the glassine paper wrapper.
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Figure 5
The diagram shows the colour measurement of white parts of sample 3 A
(continuous curve) after thermal ageing compared with the light-aged
sample 3 B (dotted curve) and the reference sample 3 E (dashed curve)

proper ventilation. They should be stored hanging in the circle
binding of the folder to make sure that the wrappers cannot lie
on top of one another. Furthermore, attention must be paid to
leave some space between the wrappers in order to guarantee air
exchange (see Figure 6). Further considerations were proposed
but it was not yet possible to realise them: For the absorption of
harmful gases, it would be reasonable to introduce an active carbon filter. For the archival of photographs, MicroChamber14
products are mentioned that could be positioned behind the
acid-free buffered cardboard in the packaging. For the regular
monitoring of the sticker collection, an indicator15 which controls the function of the absorber-material would be very useful
in detecting acidic decomposition products.
CONCLUSION

The investigation gave an overview of the materials used—and
their ageing behaviour—in a collection of self-adhesive plastic
labels. Currently the objects are in a rather good condition and
the best preservation results will be achieved with adequate storage conditions. A regular monitoring of the state of the collection is recommended to detect possible changes at an early stage
and thus have an opportunity to react in a timely manner.
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Figure 6
Packing suggestion: Folder cartridge with PET wrapper
containing acid free cardboard and stickers

Very durable packing material wrappers made of polyethylene terephthalate (PET) film are offered on the market for the
archival of photographs (Monochrome catalogue 2010: 43,48).
These wrappers have withstood the P.A.T.13 PET films are
characterized by high firmness and dimensional stability (Brydson 1999: 719). They do not change their properties due to
changing relative humidity and they are characterized by their
distinctly good ageing stability. The only negative property is
their electrostatic charge, which leads to dust adsorption. These
wrappers seem to be an appropriate packing material, especially
for those stickers with plastic upper materials. They are very
smooth so that sticking upper materials and pressure-sensitive
adhesive can easily be removed. For support, acid-free buffered
cardboard should be fit into every wrapper behind the protective
paper of the sticker. It opens the slot of the wrappers thus facilitating air exchange. A direct contact of the upper material to
the wrapper is difficult to avoid. The stickers that are stored in
polyester wrappers are supposed to be combined in folder
cartridges which should be equipped with some openings for
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ENDNOTES

(1)In 2002, Jackstaedt enterprise was sold to the Avery
Dennison Corporation and since 2008 it has been
incorporated into the enterprise “Avery Dennison Materials
GmbH” (Schwelm).
(2)In 1982, the “Haus Industrieform Essen” organized within the exhibition series „Profan Design” - a sticker
exhibition entitled „Auto-Mobile Botschaften” (RolandSchellack 1986: 14). In 1987, there was an exhibition in the
City Museum of Cologne “Köln (k)lebt – Zur Geschichte
des Aufklebers in Köln“. In 1993, the Historical Museum
Bamberg showed an exhibition with the title „AufkleberObjekte der Alltags-Kultur“
(3)According to Günter (24.2.10), the strongest shrinkage
is to be observed for such stickers in the first two years
owing to the removal of the plasticizer, thereafter
further shrinkage proceeds very slowly
(oral communication 24.2.10).

According to Schaefke (1987: 29), the shrinkage is observed
mainly on labels with upper materials made of plasticizedPVC.
(4)Only chemical and temperature-resistant borosilicate glass
was used.
(5)Scale: Sartorius MC1, Laboratory LC 620 S.
(6)The measurement occurred with a slide caliper.
(7)A Spectrophotometer measures how materials reflect and
transmit light (Johnston-Feller: 2001: 5). The reflection
factor of a sample is measured in a wavelength-dependent
manner in this case (Berger-Schunn 1991: 96). For the
measurement a Minolta Spectrophotometer CM-2600d
was used.
(8)The test label was clamped between two small plastic plates
(Polyethylene with 3 mm of strength) with an intermediary
layer of PET Foil (Hostaphan foil) and was placed into a
microtome clip (Kern 2003: 14 / Waentig). The removal of
the thin cuts with an adhesive tape (Scotch Magic Tape)
during the microtome cut prevented the winding of the
sample which then could be fixed on a cover slip. The
carriage microtome HM 400 R from Microm International
GmbH was used.
(9)FTIR Spectrometer: Spektrum One by Perkin Elmer.
(10) DIN EN ISO 483: 2005 saturated potassium chloride
solution is able to condition the relative humidity
constantly to 85 % in a temperature range between
20 °C and 30 °C.
(11) Glassine paper consists of very fine-ground cellulose.
The high degree of grinding extends the surface of the
fibres. Light is broken less likely at the homogeneous
substance and it seems transparent (Kesberger 1999: 7).
(12) Dr. Dipl. Rest. A. Pataki-Hundt.
(13) The P.A.T. test is concerned with the potential chemical
reactivity of a packing material (Löbach 2005: 2).
(14) The MircroChamber technology based on zeolite and
active carbon filters is a core of different paper products.
(15) Indicators were tested for acidic decomposition products
set free by the degradation of cellulose nitrate and cellulose
acetate (Matsumura et al 2002: 57).
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EFFECTS OF CLEANING GEL SYSTEMS ON PLASTICS.
A PRELIMINARY STUDY ON
PLASTICIZED POLY(VINYL CHLORIDE)
BY CLÉMENTINE BOLLARD, SARA KUPERHOLC, NATHALIE BALCAR, GILLES BARABANT

ABSTRACT

INTRODUCTION

Short and long term effects of cleaning gel systems were investigated in order to determine whether these gels are suitable for the
cleaning of plastics. Tests were performed on pristine samples of
plasticised poly(vinyl chloride).
Pemulen TR2 based gel systems without and with the addition of chelating agents (triammonium citrate) and solvent (cyclohexane) were tested. To assess the benefits and disadvantages
of using gels pure cyclohexane and triammonium citrate solution
were also tested.
The tests were evaluated using various scientific techniques,
providing information on the physical and chemical changes induced by the cleaning techniques as well as on their potential to
accelerate the ageing rate of poly(vinyl chloride).
To study the short-term effects of the tested cleaning methods, the sample surfaces were examined before and after cleaning
at different magnifications using the naked eye, a stereomicroscope and a scanning electron microscope. Furthermore, gloss
and surface roughness were measured using a gloss meter and
confocal white light microtopography).
Plasticizer extraction was investigated by analysing the gels
recovered after cleaning. Plasticizer distribution was estimated by
comparing spectroscopic mappings of poly(vinyl chloride) at the
sample surfaces and edges before and after cleaning.
Long-term effects were evaluated by exposing the samples to artificial light and climate ageing, and by studying them again with
the same scientific techniques previously used.

Cleaning involves the removal of every substance located at the
substrate-environment interface of an object that could affect its
materiality or meaning, has not been applied intentionally by its
creator and is not a sign of its historical use (Bollard 2007,
2008). Such a treatment has to respect as much as possible the
material integrity of the objects or artworks it is performed on
and is a daily concern for conservators. However, only a few
studies have been dedicated to the investigation of the effect of
cleaning agents used on plastics (Sale 1988; Huys and Van
Oosten 2005; Bollard 2007; Muñoz 2011).
Cleaning plastics can be a challenge since mechanical action
as well as the use of unsuitable solvents can cause irreversible
damage. Considering these issues, the properties of gel systems
appeared very promising for the purpose of plastics cleaning,
given the example of their successful results on painted surfaces
which is yet another sensitive material. Transferring the technique of using gel systems from one field to another would allow
plastics to benefit from its various advantages: limited mechanical action during the cleaning process, localised application of
the cleaning agents as well as control and variation of their exposure time, cleaning of textured surfaces and removal of sturdy
soil (adhesive residues, stickers, etc).
Within this context, plasticized poly(vinyl chloride) (PVC),
which is frequently encountered in museum collections and
shows conservation issues specific to plastics with external plasticisation, was chosen for a preliminary assessment of short and
long-term effects of cleaning gel systems.
This preliminary study attempted to answer several questions raised by conservators:
• Are the tested cleaning techniques safe to use? - ‘safe’
in the sense of ‘causing the least change’, since any action
on a material causes some changes.
• How can the innocuousness of a given cleaning technique
be assessed, or more precisely, what is the threshold between
a safe/acceptable change and damage?
• Which scientific techniques can provide relevant
information to answer these questions?

TM

KEYWORDS

Cleaning, gel systems, plasticized poly(vinyl chloride),
microtopography, SEM, LCMS, Raman imaging,
IRTF-ATR spectroscopy.

METHODOLOGY

A test protocol as close as possible to conservators’ practice
and questioning was used. Even though conservators generally
have to deal with aged and dirty objects, samples were made of
new material. This was to collect reference data at the
start of the material’s lifetime, equalling age zero, and to
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Figure 2
Sample tested with 20% cyclohexane emulsion
at 60 minutes exposure showing changes visible
to the naked eye
© Nathalie Balcar/C2RMF

Figure 3
SEM images of reference sample before (top)
and after ageing (bottom),
showing phenomena of crack network
© Yannick Vandenberghe/C2RMF

Figure 1
List of samples
© Clémentine Bollard

assess the damage potential of the methods rather than their
effectiveness.
Although rarely accessible to conservators in their daily
practice, a set of scientific instrumentation was used to study
the samples. The evaluation of the test results focused on
whether the cleaning techniques would change the material
appearance, accelerate the ageing rate of the material or extract
components, in particular plasticiser from the PVC.
PLASTIC MATERIAL AND CLEANING TECHNIQUES TESTED

SELECTION OF CHEMICAL CLEANING AGENTS

To cover the different properties of chemical cleaning agents used
in conservation, the tested gel systems included:
• Pemulen TR2, a polymer used as a gelling agent
and which also acts as a surfactant,
• triammonium citrate (TAC), which is a mild chelating agent,
• and cyclohexane, a solvent chosen because its solubility
parameters are located outside the solubility area of PVC.
Its properties are suitable for removing oily or greasy
substances, ink, paint or adhesive(s).
TM

SELECTED PLASTIC MATERIAL

GEL FORMULATION AND CLEANING TECHNIQUES

Plasticized PVC presents conservation issues typical of polymers
plasticized by external plasticization. Since plasticizer molecules
are non-polymerised substances, they tend to progressively migrate to the surface of the material or to evaporate. In terms of
cleaning, one of the main concerns is to select a technique which
doesn’t contribute to plasticizer migration or extraction at too
great an extent.

Advice was taken from Richard Wolbers (Wolbers 2000) who recommended the use of Pemulen TR2, a block copolymer consisting of a poly(acrylic acid), as a thickener for aqueous gels, given
its interesting properties: Pemulen TR2 has both lipophilic and
hydrophilic properties which provide it with auto-emulsifying
properties. Hence, the addition of a surfactant is not required to
make emulsions with non-polar substances such as cyclohexane.
TM

TM

TM

Pemulen TR2 dispersions have a pH range around 2-3. To
obtain a highly viscous gel, which occurs only at a pH range from
5 to 9, it is therefore necessary to add a base. In this study, triethanol amine was chosen to raise the gel to pH 6, because at
this pH value maximum viscosity of the gel is achieved and because chelating properties are gained once citric acid is added.
Triethanol amine mixed with citric acid form a more stable triammonium citrate than that made with ammonium hydroxide.1
To be sure that the pH of the PVC will not affect the viscosity of
the Pemulen TR2 gel, the surface pH of the material was measured. This has been carried out by applying on a pH indicator
paper strip a few drops of water that had been left five minutes
on the surface of a PVC sample. The measured pH value was
around 7, so buffering the gel was not necessary.
When aqueous cleaning systems are used to clean painted
surfaces, particularly synthetic paints, it is often advised to measure the conductivity of the surfaces to be cleaned in order to make
cleaning systems with the same conductivity. Indeed, using a
cleaning agent that has a lower or higher conductivity could
TM

Figure 4
SEM images of the sample tested with 1% cyclohexane emulsion
at 10 minutes exposure, showing the three phenomena:
development of crack network, peeling and flaking
© Yannick Vandenberghe/C2RMF

disrupt the material to be cleaned by ionic exchange. However in
our case, ionic species such as pigments, fillers, surfactants or
anti-foaming agents are not present in the material, so no ionic
exchange was expected to occur.2
In order to assess the benefits and disadvantages of using the
gel technique compared with the use of non gelled cleaning agents
that combine mechanical and chemical action, both systems were
tested on plasticised PVC surfaces.
The use of cyclohexane was compared with solvent emulsions prepared by adding various amounts of cyclohexane to the
pure Pemulen TR2 gel. A chelating pH 6 solution of triammonium citrate, prepared by dissolving triethanol amine and citric
acid in water, was compared with a triammonium citrate chelating gel. The latter was prepared by blending aqueous citric acid
solution with the Pemulen TR2 and by subsequently adding
aqueous triethanol amine solution until pH 6 was reached to
form the gel.
Pure Pemulen TR2 gel was also tested as a cleaning agent
to study the effect of the Pemulen TR2 surfactant properties.
TM

TM

TM

TM
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Light ageing was performed at the Centre de Recherche sur
la Conservation des Collections (CRCC). The samples were exposed under constant lighting at 180 Klux with a UV content
starting at 350 nm. Exposure time was 360 hours consisting of
three five-day cycles at 50 °C / 43 % relative humidity which alternated with two cycles lasting two days each at 38 °C / >80 %
relative humidity. According to Thea van Oosten (Rijksdienst
voor het Cultureel Erfgoed (RCE), The Netherlands) these ageing parameters would correspond to approximately 155 years
of natural ageing in museum conditions.5
ASSESSMENT OF RESULTS
Figure 5
Print screen of a sectional Raman spectroscopy image
of a piece of PVC aged for 600 hours
© Alain Colombini/CICRP

Figure 6
Graph showing colorimetric data
of all samples
© Clémentine Bollard

This first stage in studying the effects of cleaning gel systems
when applied on plastics was done using two assessment procedures:
• assessing the innocuousness of the cleaning techniques
by looking at their potential short and long-term effects
on the chosen plastics (surface changes, chemical
changes, substance extraction).
• relevance of the scientific techniques selected to obtain
this information, as we had no prior experience in this field
and there was almost no literature on this topic available.
APPEARANCE AND SURFACE CHANGES
NAKED EYE OBSERVATION

Preliminary tests were performed on test objects in order to determine appropriate solvent concentration and exposure time for
the gels and emulsions, as well as to establish the number of
wipes for applying the liquids (see Figure 1). The results were assessed empirically by naked eye by judging the innocuousness
and efficiency of the cleaning agent.
TEST SAMPLES AND APPLICATION
OF CLEANING TECHNIQUES

Sheets of transparent and colourless plasticized PVC3 of 3 mm
thickness each were cut into test samples measuring 40 x 40 mm.
One sample was kept as an untreated reference (reference 0) and
the cleaning agents were applied on one of the larger surfaces of
the sample according the following procedures:
Cyclohexane and TAC solution were applied by rolling five
times a moistened cotton bud on the sample surfaces. After this
application, the TAC solution was rinsed by rolling five times a
second cotton bud moistened with deionised water over the test
surface.

The gels and emulsions were applied as follows:
• 1 gram of gel or emulsion was applied on the sample
surface with a flexible spatula.
• At the end of the exposure time the gel or emulsion
was recovered using a flexible spatula and saved
for further analysis.
• The sample surfaces were then rinsed by rolling cotton
buds moistened with deionised water, and any
residual deionised water was absorbed with cotton tissue.
SCIENTIFIC EXAMINATION AND ANALYSIS TECHNIQUES

On the basis of a bibliographical search on promising techniques
described in related publications, the following techniques4 were
selected:
• To study and document surface changes, sample examination
at different magnifications were performed using naked eye
observation, stereomicroscopy and scanning electron
microscopy (SEM). Furthermore, gloss and surface
microtopography measurements were taken.

• The eventual plasticiser extraction was investigated
by analysing the gels recovered after testing with liquid
chromatography-mass spectrometry (LCMS) which combines
separation and identification of compounds present in
complex mixtures. Plasticizer extraction was also investigated
by evaluating the decrease of plasticiser concentration on
the sample surface using Fourier-transform infrared
spectroscopy with attenuated total reflectance (FTIR-ATR).
• Changes in plasticiser distribution were estimated by
FTIR-ATR and Raman spectroscopy imaging on the samples’
surfaces and edges.
• Long-term effects were evaluated by comparing scientific
results before and after artificial light and climate ageing.
AGEING PROCEDURE

After the cleaning tests and prior to ageing the samples were cut
in two halves in order to keep an unaged reference for each sample. The untreated reference sample (reference 0) was also cut in
two halves to keep one half unaged.

Only three samples showed surface changes, noticed right after
removing the gel:
• cyclohexane emulsion (3%) applied for one hour caused small
spots on the PVC sample surface.
• cyclohexane emulsion (20%) applied for 30 minutes
caused blisters on the PVC, looking like circles located directly
under the surface.
• cyclohexane emulsion (20%) applied for one hour
caused blisters on the PVC, looking like “bubbles” in the
material (see Figure 2)
After ageing, tidelines appeared on the surfaces of all samples. Small white dots appeared on all samples including the reference sample (reference 0).
GLOSS

Gloss measurements were performed for the purpose of characterising surface changes, but the consecutive data was incoherent and rapidly raised some interpretation issues. Françoise
Viénot, CRCC specialist in appearance and vision, contributed
to understanding the limits of gloss measurements within this
study. Glossiness of a surface is in fact very difficult to characterise using only one method (Ged 2010, Obein 2004, Ji 2006),
and gloss meters tend not to be accurate on very glossy6 surfaces
like PVC.
Moreover, the uneven surface of PVC samples caused by extrusion marks showed that gloss measurement comparisons were
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irrelevant. Some trials showed differences up to 50 Gloss Unit
(GU) from one sample to another. Thus, gloss measurement was
abandoned as an inefficient technique for comparing the samples
and monitoring changes at different steps of the study.
7

SURFACE ROUGHNESS

Information on surface roughness was gained using confocal microtopography, a 3-D measurement system based on chromatic
confocal sensing.
Measurements were performed on a selection of 14 samples
using an area measuring 11 x 5 mm. Tests were undertaken before and after ageing and the tested cleaning agents included:
• cyclohexane,
• TAC solution,
• all gels/emulsions at 10 minutes exposure time,
• all cyclohexane emulsions (3 %), at 2, 5, 10, 30
and 60 minutes exposure time respectively,
• all cyclohexane emulsions (2 %, 3 %, 20 %)
at 60 minutes exposure time.
MoutainsMap® software was used to extract the surface
roughness parameter Sq.8
To evaluate surface roughness changes after ageing, the ΔSq
parameter was used (ΔSq = Sq before ageing - Sq after ageing).
This allowed assessing the impact of cleaning techniques on surface roughness evolution during ageing.
ΔSq of the reference sample (reference 0) before and after
ageing showed a decrease in surface roughness (change of
around 25%), which indicates the tendency of change in roughness that is expected from uncleaned PVC through time. This
change could be interpreted as a migration of plasticizers on the
surface which could fill in the valleys of the surface relief. However, this could not be clearly confirmed by other evaluation
techniques. When comparing ΔSq of the other samples, the use
of cyclohexane appeared to generally increase the surface roughness, although quite randomly from 10,3 % to 104 % without
any linear correlation with either exposure time or increasing
solvent concentration. The cyclohexane emulsion (3%) left on a
sample surface for one hour showed the highest surface roughness increase on the samples (104 %) and this change could be
observed with the naked eye.
The TAC gel left on the surface for 10 minutes and the TAC
solution led to a very small decrease in roughness of less than
five percent. Similar to the reference sample, the pure Pemulen
TR2 gel (10 min exposure) led to a decrease in surface roughness, although to a higher extent of 34 %.
TM

• a flaking phenomenon observed at the surface
of the material.
The flaking and the crack network are already present on
uncleaned and unaged samples. Only peeling seems to be induced by cleaning.
Although the exposure time of the cleaning agents, the type
of cleaning and the ageing seem to have an impact on these phenomena, no clear correlations with these influences could be
found but general tendencies were noted.
The phenomenon which seems to be more reliably interpreted is the cracks network.
• On the samples tested with the pure Pemulen TR2 gel,
the network density seems to increase with exposure time.
After ageing, the network often appears less visible and
the surface appears smoother.
• TAC solution and TAC gels seem to slightly increase the
network density compared with the reference sample, but no
increase of the crack width or depth has been observed. After
ageing, the network often appears less visible and the surface
appears smoother.
• When looking at the samples cleaned with solvent based
techniques, cyclohexane shows a denser network of cracks
compared to emulsions applied at exposure times of less than
five minutes. Starting from five minutes exposure time the
network gets as dense as for cyclohexane, in addition with
an increase in the width and depth of the cracks. The latter
effect could be slightly increased by ageing, especially for long
exposure times. Unfortunately the pure Pemulen TR2 gel
and the TAC gel have not been tested for such long times
(30 minutes, 60 minutes) and their effect could not be
compared to solvent emulsions.
TM

TM

Peeling seems more likely to occur with non-gelled agents and
gels applied at exposure times of five minutes and above. This
phenomenon tends to decrease after ageing for pure Pemulen
TR2 gel and TAC gels, whereas it seems to persist for cyclohexane emulsions after ageing.
Starting from 10 minutes exposure time onwards, the presence of a crack network, peeling and flaking have been observed
on all samples but to different extents. After ageing, all the samples showed dark spots on their surface.
Regarding surface changes, the chemical agent which
seemed to cause the most change was cyclohexane, no matter
whether it was applied in solution, in gel form or as an emulsion.
TAC seemed to cause less change and the pure Pemulen TR2
gel caused the least.
TM

TM

SURFACE EXAMINATION USING SEM

The surface of each sample was observed before and after ageing.9 Three phenomena were identified (see Figures 3 and 4):
• a crack network with variations in network density,
width and depth of the cracks,
• a very thin layer peeling off the surface along the cracks,

PLASTICIZER EXTRACTION
EVALUATION OF PLASTICISER EXTRACTION USING LCMS

LCMS was used to detect and quantify the possible extraction
of plasticiser that may have migrated from the PVC into the

cleaning gel. The analyses were performed on the gels/emulsions
recovered from the sample surfaces after testing.
Solvent in addition to heat and acid were used to determine
which substances could possibly be extracted from the PVC studied. The only substance extracted was the plasticiser, which was
identified as diisooctyl phthalate (DiOP). Analysis of standard
series of increasingly diluted DiOP solutions were performed to
evaluate the detection threshold of LCMS, which was determined
to be just below 0.5 ppm under standard run conditions.
DiOP is one of the most widely used plasticisers. Compared
with other phthalates of the same category, DiOP is often preferred for economic reasons and because it has less odour and is
more permanent (Whelan and Whelan 1993). However, it does
not have the best heat stability properties.
Previous surveys of collections (Balcar and Colombini
2009) have shown that DiOP is a very common type of substance used for simple plasticisation of mass-produced plastic
objects, whereas more complex combinations of phthalates are
used for delegated production of artworks such as Claes Oldenburg’s Giant Ice Bag (Mnam, Paris).
Results of the LCMS analysis showed that three cleaning
techniques did cause DiOP extraction:
• cyclohexane emulsion (2%) at 10 minutes
exposure time (<0,5ppm)
• cyclohexane emulsion (20%) at 30 minutes
exposure time (0,5ppm)
• cyclohexane emulsion (20%) at 60 minutes
exposure time (<0,5ppm)
From the LCMS analyses results it was concluded that apart
form cyclohexane emulsion (2%) at 10 minutes exposure time
mainly emulsions containing high amounts of cyclohexane
(20%) had detectable DiOP residues, but only at threshold levels (of or less than 0.5ppm). The two 20% cyclohexane emulsions that extracted DiOP also caused visible changes to the
samples surfaces right after testing.
However, the pure Pemulen TR2 gel was not tested for
such long exposure times, so further testing should be performed
to assess the impact of the gel alone.

acquisition time was extensive and the time for this study limited, hence only one sample could be studied.
To test the technique’s potential for providing the desired
information, the edge of an additional piece of PVC that was artificially aged for 600 hours, was mapped. The image showed
that the PVC component was predominant on both exterior
sides of the sample while plasticiser was predominant in the core.
The sample seemed to have lost plasticizer on both sides but still
contained some on the inside (see Figure 5).
CHEMICAL CHANGES OF THE PVC
FTIR SPECTRA

FTIR-ATR was used at different stages of ageing in order to
monitor the appearance or disappearance of chemical functional
groups, which can be related to loss of plasticiser, formation of
degradation products and eventual chemical change of the material. Before ageing, the spectra of all samples were almost identical, showing that no cleaning technique induced chemical
changes of the PVC. Regarding the plasticiser, the intensity of
the phtalate bands was also identical, even for those samples for
which LCMS had detected DiOP extraction. It can therefore be
considered that FTIR-ATR is either not a technique sensitive
enough to detect the loss of plasticiser or that the quantities of
DiOP extracted and detected by LCMS are insignificant.
After 360 hours of ageing and as expected, the measured
FTIR-ATR spectra changed compared with unaged samples, but
all samples changed to the same extent. Besides a very slight
change in intensity for some functions, spectra of all samples remained almost identical. The absorption bands characteristic of
phthalates (at 1720 and 3420 cm-1) decreased a little, but only
insignificantly for one sample (20% cyclohexane emulsion at 30
minutes exposure time) for which extraction of 0,5 ppm had
been detected with LCMS.
These slight changes might not be significant at this stage of
ageing but it would be interesting to conduct further ageing tests
to see if this tendency would increase.

TM

PLASTICISER DISTRIBUTION ANALYSED
WITH FTIR IMAGING/RAMAN IMAGING

FTIR-ATR and Raman spectroscopy were used in mapping
mode in order to detect and localise the plasticizer and to study
the eventual change in its distribution.
FTIR-ATR imaging proved to be unsuitable due to the need
of direct contact between the diamond anvil cell and the sample.
The diamond soon appeared to be polluted by the plasticizer.
Therefore the technique was abandoned in favour of Raman
spectroscopy, which does not require direct contact with the
sample. Raman imaging proved to be very promising in studying changes in plasticiser distribution. Unfortunately the sample

COLOUR MEASUREMENTS

Spectrocolorimetry was used to monitor sample changes in terms
of optical properties as a sign of differences in their ageing behaviour. Several measurements performed on new and untested
material were compared with measurements performed on each
sample after ageing, looking at a* and b* chromatic data. Compared with new material, the change in colour after ageing appeared to be very similar for all samples.
This result confirmed the conclusions drawn from the FTIRATR spectroscopy that, so far, the type of cleaning techniques
tested had no influence on the ageing of PVC (see Figure 6).
CONCLUSIONS AND TENDENCIES

In terms of innocuousness, some main tendencies were drawn
from the assessment.
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All cleaning procedures tested only led to slight physical
changes, cyclohexane and its emulsions causing the most. However, no chemical changes of the PVC were detected for any of
these procedures, except for the techniques causing plasticiser
extraction (ie, 2% cyclohexane emulsion at 10 minutes exposure time and 20% cyclohexane emulsion at 30 and 60 minutes
exposure time) and even though these were at the detection
threshold of 0,5 ppm.
When applied for only short exposure times, emulsions containing less than 3% cyclohexane caused less physical change
than cyclohexane. However, after more than 5 min exposure
they caused more physical change even at low concentrations
and exposure times exceeding 10 minutes can lead to plasticiser
extraction.
Exposure times exceeding 10 minutes and high cyclohexane
concentrations (mainly 20%) play an important role in surface
changes and component extraction.
Regarding innocuousness, solvent emulsions can hence
cause either more or fewer changes than cyclohexane, depending
on their solvent concentration and exposure time.
So far, none of the tested cleaning techniques seems to have
accelerated the ageing rate of the material.
Regarding the relevance of the scientific techniques used
throughout this study, they all proved to provide interesting information, except for gloss measurements and FTIR-ATR imaging. Raman spectroscopy imaging appeared to be very promising
for studying plasticiser location and distribution but this technique needs to be further investigated.
The question raised in the introduction about what is the
threshold between a ‘safe’ change and a ‘bad’ change has found
a start of an answer.
Since the materiality of an object or artwork lies in its appearance and structure, one may consider that its preservation
would be compromised by any optical change or modification of
mechanical properties, which hence should be considered as
damages. However, this consideration must be tempered by the
fact that changes are inevitable whether caused by natural ageing or conservation treatments.
Appearance of the samples surface was investigated during
the study and so far, except for three of the tested cleaning methods, no change appeared to be significant enough to be considered as damage.
Regarding changes in mechanical properties, plasticiser extraction must be related to mechanical strength tests to clearly
state whether the amounts extracted are significant and therefore
considered as damages.
A first stage of investigation on PVC has been achieved here,
but further study is necessary to assess accurately both the appropriateness of gel systems for the cleaning of plastics, as well
as the innocuousness of chemical cleaning agents. The tests and
assessment procedures should be repeated on artificially aged
samples or test objects to get closer to museum objects condition. Repeating the application of cleaning techniques several

times on a sample could also be interesting for studying its
cumulative effects on the material. Finally, other gel/emulsion
compositions and non-gelled chemical agents could be tested.
Some of these aspects will be investigated in further stages.
ACKNOWLEDGEMENTS

This ongoing research conducted in collaboration with the
Centre de Recherche et de Restauration des Musées de France
has been funded by the Centre National des Arts Plastiques
(Ministère de la culture).
We would like to thank for their kind help and for the time
they dedicated to this study: Richard Wolbers (University of
Delaware, U.S.A) for performing LCMS analyses; Alain Colombini (CICRP, France) for his suggestions and time spent on FTIRATR and Raman imaging; Yannick Vandenberghe (C2RMF,
France) for performing SEM imaging; and for their advice: JeanJacques Ezrati (C2RMF, France); Martine Gillet, Chantal
Garnier, Françoise Viénot, Eleonora Pelizzi and Agnes Lattuati
(CRCC, France); and Thea Van Oosten (RCE, The Netherlands).
ENDNOTES

(1)Richard Wolbers, personal communication.
(2)Richard Wolbers, personal communication.
(3)Diisooctylphthalate plasticiser was identified with LCMS.
(4)See section ‘Experimental details’ provided at the end of
this article for more details on the experimental procedures.
For more details about the various techniques, refer to
Pinna 2009.
(5)The calculation is made with the presumption that 1 year
exposure to museum conditions equals exposure to 200 lux
illuminance for 7 hours a day for 300 days of exhibition,
which equals a total illuminance of 420 Klux.
(6)A surface is defined as very glossy when date exceed 70
gloss unit when measured with 60° geometry.
(7)Measured at 20° angle, as recommended by various
standards (DIN 67530, ASTM D523) when measurements
at 60° angle exceed 70GU, as was the case
(8)The surface roughness parameter Sq is the root mean
square of the distance between the peaks and the valleys of
the
surface relief, expressed in micrometers (μm).
(9)The calculation is made with the presumption that
1 year exposure to museum conditions equals exposure to
200 lux illuminance for 7 hours a day for 300 days of
exhibition, which equals a total illuminance of 420 Klux.
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‘FUTURO’ - PROTOTYPE, 1968
BACK IN BUSINESS IN THE 21TH CENTURY
BY LYDIA BEERKENS, SAMI SUPPLY, TIM BECHTHOLD

ABSTRACT

INTRODUCTION

The prototype of the Futuro, designed in 1968 as a ‘ski-hut’ by
the Finnish architect Matti Suuronen, recently underwent a
major conservation treatment. The construction had suffered
from transport and handling during the many assemblies on various sites and periods of storage in the past. The gelcoat surface
of the moulded cast fiberglass reinforced polyester elements that
form the outside shell of the house, had deteriorated due to years
of exposure to the outdoor climate both in Finland and in the
Netherlands. To enable future exhibition of the Prototype the
current owner Museum Boijmans van Beuningen started to research the options for conservation as the Futuro urgently
needed cleaning and repair. A clear vision about appropriate
ways of exhibition had to be developed to avoid further progress
of deterioration and new damage, also considering the amount
of separate parts in the interior and the size and weight of the
outer shell elements. Essential for the conservation treatment
was the decision to present the Futuro from now on only indoors. Although this is in contrast with the original function of
the series produced Futuro-houses as a summerhouse or ski-hut,
it gives this unique Prototype the best chance of being preserved
for the future.

In 1968 architect Matti Suuronen (*1933) presented his newly
designed Futuro, a fully equipped summerhouse /’ski-hut’ with
good insulation properties, a modular system, easy to assemble
and position in the Finnish landscape.1 The spectacular design
went into production and both in Finland and worldwide Futuro’s were produced under license, variable in colour, upholstery, number of seats and of bedrooms.2 The construction was
innovative as well. The UFO-like oval shape exists in a standard
outside shell with 16 rounded elements, produced in moulds;
double sided fiberglass reinforced polyester sandwich plate, filled
with polyurethane foam, eight elements for the lower half, one
with an entrance door with stairs, and eight top elements with
windows to all rooms.3
The Prototype is the Futuro number 000. It was produced
in a light blue colour for the outside and all the fiberglass reinforced polyester parts inside, where it was combined with purple for the walls in the open central living space and red for the
kitchen and bedroom cupboards, the cushioning on the chairs
and beds and the carpeting (see Figure 1 - 3). After years of travel
to sale presentations, art exhibitions and periods of semi-permanent private use it was recently purchased by the Museum
Boijmans van Beuningen in Rotterdam, the Netherlands, in
2007. Research into the Prototype was undertaken, followed by
a major conservation treatment of the house and its interior.4

KEYWORDS

Fiberglass reinforced polyester (GRP), Outdoor Sculpture,
FUTURO-house, Prototype, Modern Architecture

FUTURO PROTOTYPE: STATE AND STATUS

To reach a good final result in the material sense, and at the same
time enhance the icon-status of the Futuro, examinations were
started. Firstly an insight was needed into the current condition
of all single elements, in missing parts, in the general condition
of the whole assembled piece and the originality of some materials, such as the red textile in the interior and the purple colour
on the wall. Secondly a deliberation took place on the special
meaning of this Futuro being the Prototype. To what extend does
the Prototype differ in looks, in construction details and in the
production technique from the later series produced Futuro’s and
why? Both outcomes merged into a specific approach for the
conservation treatment and the preservation of this Futuro Prototype in the future.
SHORT HISTORY (1968 TO 2007)

The biography of the Prototype was reconstructed through information from various sources.5 Although a complete account of
the exact whereabouts of the Prototype during its 40 years of
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Figure 1
Futuro Prototype
Overview 2011 after conservation
Photo: Nikki van Basten
See colour plate, p. 184

size of around 4,5m height, 8m width and approximate weight of
3.500 kg (its volume in disassembled state equals 3 truckloads)
the Futuro is not an easy piece in a museum collection. Presenting the work either indoors or outdoors both have limitations.
A permanent space indoors is difficult to find; this implies a
regular assembling and disassembling of the work, with the risk
of further damage. Placed outdoors the GRP shell will continue
to suffer from the environmental climate and material deterioration will progress. This necessitates the application of a protective coating, either a sacrificial one with a yearly maintenance
causing extra costs, or a permanent but irreversible coating,
changing the original look and feel of the work.7
The misconception of the Futuro being a moveable object
originates probably from the spectacular photograph of the
Swedish Army, transporting their specially ordered Futuro’s in
an assembled state by helicopter. Transport like this is hardly
practical in a city like Rotterdam today, even with disregard of
costs and safety regulations.8 The assumption that the Futuro being designed as modular system kit- was intended to be a real
mobile home and therefore sustains a regular build up and
disassembling, is proved to be wrong considering the worn state
of the Prototype and the architects information on this topic.9

Figure 2
Futuro Prototype
Interior view in 2011 after conservation
Photo: Nikki van Basten

WEIGHING THE OPTIONS

Figure 3
Futuro Prototype
View of the kitchen area in 2011 after conservation
Photo: Nikki van Basten

existence cannot be made, there have been more than ten moments
of assembling and disassembling and several periods of years during which it was used for living in Finland in the first decades.
After the 1996 exhibition in Vienna the Prototype entered the collection of the Centraal Museum Utrecht in the Netherlands, where
it has been presented at the courtyard for a few times and was sent
on loan occasionally. All the handling taking place at each transport and assemblage as well as the periods of exposure to the
Finnish and Dutch outdoor climate throughout the year had resulted in the apparent poor condition in 2007, when it entered the
collection of Museum Boijmans Van Beuningen. With the investigation into both the state and status of the Futuro 000, the museum underlined its importance to the world cultural heritage and
to the many Futuro houses worldwide.
MATERIAL CONDITION

The condition of all singular parts and a variety of damages were
inventoried. The outer shell elements had obviously suffered the
most, both from natural deterioration as from mechanical

damage. Distinctive symptoms of deterioration caused by sunlight, rain, snow and moisture, extreme temperatures in summer
and winter, large fluctuations in temperature between day and
night are: the chalking of the gelcoat, the building of micro cracks
in the polyester and the fading of the colour. Characteristics of
mechanical impact are the large breaks, deformations, delamination of the sandwich layered shell construction and losses and lacunas in the material. A range of phenomena examined can be
ascribed to a combination of mechanical damage and weathering.
Wear of the gelcoat surface together with micro cracks and breaks
in the surface will allow moisture to enter into the fiberglass substructure, causing mould growth and eventually delamination of
the top layers of the polyester. When penetrating deeper, water
could reach the polyurethane foam layer and wear it down, resulting in the loss of stiffness of the sandwich layers, and eventually in more breaks in the polyester surface. This is just one
example of the cause and effect of damages in the current condition of the Prototype. On the other hand the light blue coloured
GRP elements in the interior are in a very good condition. Here

no chalking or building of micro cracks in the surface of the GRP
elements are apparent, apart from just a few mechanical damages.
Old sales brochures show the fashionable interior with the blue
polyester elements combined with a plain red cushioning and purple walls. The cushions for the beds and the chairs now have a
floral design and date from the time when the Prototype was send
to the 1996 exhibition in Vienna. The red carpeting is always exchanged after a few years for new carpet.
To estimate the amount of time and the different types of
work needed, experts in the field of outdoor GRP sculptures, of
other Futuro’s and of fiberglass reinforced polyester from both
industry and conservation were consulted.6 A substantiated
discussion on the future of the Prototype addressed the question
if preserving the object on the long term prevailed over the wish
to present it in situ, i.e. outdoors.
DECISION MAKING

For the practical museum usage of an artwork or design object
the preconditions have to be feasible. With its robust presentation

The pros and cons of exhibition indoors or outdoors, and of a
permanent or semi-permanent site were discussed in extend. As
stated exhibited outdoors the Prototype’s shell would need a high
maintenance protection layer or irreversible recoating. Technically it is not possible to add a new gelcoat on top of the existing one. The gelcoat functions as a first layer in a mould, that is
how the elements are produced and how they get their smooth
surface.10 The only way to technically perform a good coating
would be to apply, after sanding the original surface, a ‘DD lacquer’, a two component polyurethane lacquer by brush or by airspray. This is an irreversible intervention. In theory there is a
choice between a transparent layer and a pigmented layer, either
way giving the Prototype a (too) new surface and a different
look, clashing with the original production technique and the
currently aged look. As there is no guarantee for the industry’s
claim that these lacquers will not yellow, the alternative is a sacrificial wax coating that needs to be reapplied after every cleaning, preferably twice a year.
However if indoor presentation would be chosen, the difficult issue about its original function and meaning will arise. In
the discussion about whether the Futuro is Art or design it was
argued that the Prototype was at least unique from the ones in series produced.11 In the meantime another aspect revealed itself.
Under the dirty and chalky surface layer, the gelcoat had changed
in colour, shifting due to the influence of light into a rather
patchy pattern of light blue, greenish beige and grey-purple
colour. This particular phenomenon, however puzzling, was regarded as another reason to rule out options of recoating the surface. This finally lead to the preference for an indoor exhibition
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from now on, as it was the only way to combine preservation
with a minimal intervention respecting the original outer shell
surface.
Additional advantage is the possibility of open or supervised
access of the fascinating interior to the public. In fact, there is no
restricted museum climate needed, as long as the work is protected from direct climate influences, such as rain, frost, sun and
temperature fluctuations. The positive decision for indoor exhibition enabled a more restrained conservation treatment as there
was no need for watertight connections between the shell elements, to protect against mice, birds, insect infestations. Furthermore, exhibiting indoor would also solve the problem of
damages such as graffiti or vandalism.
TREATMENT

To start the treatment all elements were transported to the PolyProducts company plant. Tests for the cleaning, repair of losses,
filling and retouching were made, together with further research
into the technical and constructive properties of the Prototype.
It was decided to firstly build up the Prototype to learn step by
step about the stages in the assembly, to register them systematically and at the same time locate all the damages and peculiarities that needed attention.
The elaboration of the conservation concept ran parallel to
the tests for treatment in order to immediately implement first
results into the final treatment proposal. Due to the enormous
size of the whole object however it proved difficult to predict
the effect and the actual visual result of the cleaning, polishing
and repair from the ca. 20x20 cm test areas to the full size object. How to deal with every singular piece of the ca. 160 elements of the Futuro, ranging from the huge, from the several
meters wide shell elements -weighing each some 150 kilo’s- to
the smallest cupboard door?12

Figure 5
Detail of the same element
during the cleaning process

Figure 6
Detail of the damaged top end
of one of the shell elements

complete bathroom where sunlight hardly enters and the polyester hasn’t suffered from light exposure (see Figure 9). Very disturbing in the interior were the darkened retouches, everywhere
on the purple walls and the ridges covering the bolted connections between the shell elements. The surface here, with its typical fiberglass surface structure of the ‘lay-up’ method, was painted
with matt acrylic house paint. It was decided to repaint the complete inner walls and all purple elements rather than painstakingly try to remove retouching, as there was no aesthetic or
artistic input in this painted surface other than its mere colour.13
The cooperation with the Poly Products company provided
in the know-how of repair and treatment of aged fiberglass reinforced polyester objects. The conservation treatment was carried
out by Poly Products employees in one of their factory halls, accommodated with a lifting hoist, enabling easier handling during
the assembly. The treatment existed in a lot of cleaning and slight
polishing, filling larger lacunae and old drill holes with the appropriate filler materials, mixed in matching colours, used in the polyester industry (see Figures 6, 7). This made it possible to execute

a good and solid restoration within a reasonable time and feasible
budget. The door element with its entrance stairs was cut open to
reinforce the steps from the inside with extra plywood and polyester and was then closed again (see Figure 10). By refraining from
future exhibition outdoors for the benefit of preserving the original, the treatment could be limited to cleaning, do local repairs and
small reconstructions and strengthen the constructive components.
The assembly in 2011 showed the good final result of the conservation treatment; the oval shapes with the repetitive black lines
of the oval windows and the smooth bluish polyester surface emphasize its characteristics again. The Futuro Prototype has regained its strong design features of futuristic design and modern life
style and was welcomed back by its architect Matti Suuronen at the
opening of the exhibition in the museum in May 2011.

Figure 4
Detail of one of the shell elements;
halfway the surface cleaning treatment

OUTSIDE SHELL

CLEANING THE GELCOAT

After the assembly there was a good view on the Prototype as
a whole and on the disturbing impact of all the smaller and
larger damages at ridges and edges on the straight lines in the
design. The worn down and dull chalky surface layer with
patches of old repairs, some graffiti, and the dusty oval shaped
windows, some missing their black rubber lining gave it an
overall shabby look.
The partial delamination of the insulation foam from the
inner and outer polyester layers of the shell elements as a result
of handling stress and storage under tension in ever changing
positions has weakened the elements and may cause eventually
more cracks in the polyester. The door, being the stairs to the interior at the same time, also showed this delamination inside,
making the stairs less strong.
The pitiful appearance differed clearly from early photographs where the Prototype in real colour must have been bright
light-blue, similar to the colour of the interior parts that have
kept their glossier surface and the full colour.

During the cleaning of the outer shell a remarkable shift in
colours showed up. (see Figures 4, 5) The gelcoat colours are
not monochrome blue anymore but seem to have faded partially
due to sunlight exposure. Another possible reason for the patchy
appearance could be the working method in production. Maybe
the colors for the gelcoat were not well mixed in the first place,
In some area’s one can clearly recognize large brushstrokes deriving from the application of the gelcoat mixture in the mould.
The overall multicoloured shades, which vary from blue to purplish beige and green grey, are not visible on the few remaining
early photographs. How this process was instigated is still subject of research.
THE INTERIOR

The blue polyester interior was in much better condition than the
outside although a similar but less pronounced shifting of the
blue colour can be detected here as well. (see Figure 8) Some polyester interior elements are still fully blue, in particular the

CONCLUSION

During a two year period the condition and status of the Prototype Futuro 000 was investigated and subsequently treated,
after evaluating consequences of the various conservation
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Figure 7
Detail of the same element
after repair of the loss

Figure 8
Two fiberglass reinforced polyester elements
from the seats in the living room

Figure 9
8
Detail with a small shelf from the interior,
still bright blue, in front of the faded blue shell element

Figure 10
Futuro Prototype.
View of the entrance in 2011 after conservation.
Photo: Nikki van Basten

options for the look and feel of the Prototype, taking into account its age and its original appearance. As the fiberglass reinforced polyester outer shell is over 40 years old now, the
Prototype has reached its natural age where deterioration of
the material turns into material damage and decay. Due to the
poor condition of the worn polyester surface and deformations
in the shell elements hindering a watertight mounting of the
outside shell, a continuous placing outdoors is problematic.
The Museum Boijmans van Beuningen chose a restrained conservation approach in favor of the original object, and enabled
at the same time open access to the interior. This rather than
aiming for outdoor exposure, that would had required a total
repair, including necessarily recoating the outer shell surface
to enable functioning in its original setting: outdoors. With the
performed conservation treatment the Museum Boijmans Van
Beuningen managed to reach the goal to preserve the Prototype for the future for an extensively longer period than its
normal expected lifespan of several decades as estimated by
the production companies. Maintenance is manageable as

harsh outdoor climate influences are excluded. When feasible
the future mechanical handling as by assembling and disassembling will be kept to a minimum, ideally placing the Futuro Prototype on a permanent site indoors. This keeps the
exposure of the icon look of the whole object as well as the
full experience for the public of entering the space-ship like interior to a maximum.
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ADDENDUM

In 2012 the first of the series produced Futuro’s, the Futuro
house 001 has been completely restored after being acquired by
the WeeGee Exhibition Centre in Espoo, Finland.14 Futuro 001
is placed on the Centre’s courtyard and open to the public during summer. The treatment approach differed from the treatment
performed on the Prototype; Futuro 001 with its yellow exterior
and red and yellow interior, has received an entire new coating
on the outside shell recuperating the bright yellow polished look,
and protecting it from the Finnish climate. Research into construction details of the Futuro 001 and its production technique
has enabled its comparison with the Prototype and brings to
light the differences in construction and execution.15
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ENDNOTES

(1)See: Marko Home, Mika Taanila (eds.) FUTURO,
Tomorrow’s House from Yesterday, Helsinki 2002. This
192 pages publication plus DVD entails the key information on development, production, spreading world-wide of
the FUTURO, with contemporary films and footage by
many authors, including promotion films and a
filmed interview with the architect.
(2)Recently Pekka Granqvist, contact person for Matti
Suuronen, informed us on 18-5-2011 about an estimate of
some 1000 FUTURO s worldwide and 23 licences to other
countries and continents. The client could order from the
modular system the amount of chairs, bedrooms and beds,
and select any combination of colours for the polyester out
side and inside and the upholstery.
(3)See for a technical study: Frederic Rasier, Het Futurohuis,
Universiy Gent, Belgium 2002,unpublished thesis at the
Faculty of applied Sciences, Architecture & Urban
development, on the technical aspects of the design, the
build-up and dismantling of the house, the variety in design
between the Finland produced FUTURO’s and houses
produced under license in other countries and continents.
(4)See: http://www.boijmans.nl and
http://arttube.boijmans.nl/nl/video/futuro-nl/
The museum Boijmans van Beuningen website contains
various films on the restoration, on the buildup and
references to relevant literature and links.
(5)Pekka Granqvist stated that the Prototype has been
assembled in Finland in Kalpalinna, Keitele and Kotka,
before traveling to Vienna exhibition in 1996.
(6)The restoration project of the Mobile Home for KröllerMüller generated a lot of technical insight in the microclimate inside small houses and objects in the outdoor.
See: S. Stigter. L. Beerkens, H. Schellen, S. Kuperholc.
Outdoor Polychrome Sculpture in Transit: Joep van
Lieshouts’ Mobile Home for Kröller Müller. Proceedings
Icom CC Triennial Meeting New Delhi, India September
2008: Working group Modern Materials and Contemporary
Art. p. 236-243. On protection of fiberglass reinforced
polyester from outdoor climate influences see: L. Beerkens,
S. Stigter, T.van Oosten, H. van Keulen: Go with the flow,
Conservation of a floating sculpture from 1961 made out
of glass fibre reinforced polyester resin, Victoria & Albert
Museum Londen Symposium: Plastics, looking at the
future, learning from the past, Mai 2007.
Archetype Books 2008.
(7)See for the research into the technique and conservation
issues on FUTURO no 13: Tim Bechthold "Houston - We
have a problem; when flying saucers become brittle" in
Plastics. Looking at the Future and learning from the Past,
Conference Papers, V&A London, 2008, pp. 28-35.
(8)Home, Taanila (2002), page 30. Photo by:
Lehtikuva/Pressens Bild.

(9)Pekka Granqvist and Matti Suuronen, both present at the
opening of the 2011 exhibition of the Prototype in the
museum kindly explicated to us that the modular design
together with the four legs first of all enabled placing the
house in almost any landscape without the need of a flat
platform. As the house was to be connected to a generator
for electricity and heating and also needed water supply it is
hardly conceivable to have it moving around as a real
mobile home.
(10) The other production method, can be found on the inside
of the shell elements the so called ‘hand lay up’ technique.
This results in a more rough surface with the underneath
structure of the fiberglass still visible.
(11) For more insight in the current discussion in conservation
on original, artist proof, replica, series produced etc. Tate
organized the meeting Inherent Vice and Vice: The Replica
and its Implications in Modern Sculpture Workshop, in
October 2007, see: Tate Papers 2007 http://www.tate.org.
uk/research/tateresearch/tatepapers/07autumn/
(12) Information kindly provided by Nikki Van Basten Master
Student conservation at the University of Amsterdam, who
registered the complete inventory of all elements of the
Prototype in 2011.
(13) Recent information from an employee of the production
firm who stated that the purple walls had been overpainted
in preparation of the Prototype for the 1996 exhibition
Vienna.
(14) See: www.weegee.fi for more information by Marko Home.
Both the Prototype and Futuro 001 were published in a
sales brochure in 1968, see: Home, Taanila (2002), page 17
(15) Prior to its restoration Futuro 001 was examined on it
need for conservation. See: Anna-Maija Kuitunen,
Futuro no 001, documentation and evaluation of
preservation needs, Bachelors Thesis, Conservation
Historical Interiors Metropolia University of Applied
Sciences Vantaa Finland, 2010.
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ABSTRACT

HISTORIC BACKGROUND OF BUILDING WITH GRP

The social atmosphere of a new era and the economic boom in
postwar Germany, especially in the building industry, can be seen
as the main reason for the initial phase of building with fibrereinforced plastics (from 1942 until 1980). In the 1960s and
1970s plastic buildings like the fg 2000 were made as sandwich
construction of glass-fibre reinforced polyester resin with
polyurethane (PUR) foam core. Since the plastic house matched
all the advantages of prefabrication, it was promoted as the idealistic and perfect solution for industrial construction. The fg
2000 is not an icon of the Space Age like the UFO-like Futuro
by the Finnish architect Matti Suuronen, but nevertheless it is a
modern, high-quality and spacious single-family house system. It
is one of the most important examples of technical development
of the very new material glass-fibre reinforced plastics (GRP).
Five of the fg 2000 were constructed and produced by Wolfgang
Feierbach in Germany as single-family homes between 1968 and
1979. Today, four of them are listed as national heritage and are
still in use. One fg 2000, the Hauser-fg 2000 was properly disassembled under my guidance in 2008. In describing the construction system, the principle and necessary steps to disassemble
a plastic house of this kind, detailed information on its historic
background, construction, condition and dismantling is given.
After two winters and three summers the stored GRP elements
show no damage.

The optimism of the postwar period in the 1960s and 1970s in
Germany was symbolised by a new architectural style. A new type
of building – modern, open to the surroundings, translucent and
coloured with freeform and lightweight constructions transformed the hope of a peaceful future within architecture. It was
the social atmosphere of a new era and the economic boom, especially in the building industry, which can be considered as the
main reason for the beginning of building with reinforced plastics
(from 1942 until 1980) (Voigt 2007). These fibre-reinforced plastics (FRP) were well known in the sport equipment, automotive,
aircraft and boat industries. Between the 1950s and the 1970s,
engineers and architects proved that these composites could also
be used as supporting and self-supporting materials. Having these
fibres to support the load, it is necessary to bind and secure them
with a matrix: a thermoset resin. Due to their good cost-performance ratio, glass-fibres were generally used for creating these
reinforced plastics. GRP were developed in 1942 and were mainly
used for thin shell constructions or folded structures, sometimes
filled with a core of structural foam or other light materials. This
sandwich construction combines both a structural strength within
the insulation of the foam core and a weather resistant finish.
The composite buildings had not only been modern because
of the use of new plastic materials, but also because of the prefabrication of the highly specialized construction elements that
guaranteed constant quality and fast assembly on site. It was a time
when industrial construction companies promoted prefabricated
houses. Since the plastic house matched all the criteria of prefabrication, it turned out to be the idealistic and perfect solution for
industrial construction. The Monsanto House of the Future, (USA,
1954) and the Futuro, (Finland, 1968) in particular, were publicised this way.
The Federal Republic of Germany was one of the leading states
in plastic production and utilisation due to the high-capacity chemical industry, including companies such as Bayer or BASF. In the
1950s the first professional associations for the utilisations of plastics were founded, the Institut für Bauen mit Kunststoffen (Institute for Building with Plastics) (Saechtling 1973). They promoted
a wide range of uses for more than one hundred different types of
plastic materials, mainly addressed to architects and engineers as
well as their associations. Although only representing a small part
of total production, the constructional applications of plastics were
given great attention in the press and during exhibitions and fairs
such as the public international plastic fair “K” for rubber and plastic industries, which is held since 1963 in Düsseldorf.
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Braunschweig, one in Biblis and the last one Wolfgang
Feierbach built for his own family in Altenstadt in Germany.
The fg 2000 is not an icon of the Space Age like the UFOlike Futuro by the Finnish architect Matti Suuronen, but nevertheless it is a modern, high-quality and spacious single-family
house system of the 1960/70s.
THE HAUSER-FG 2000

Figure 1
The prototype of the fg2000 in Altenstadt/Hessen (1968),
designed by Wolfgang Feierbach,
produced in his own firm fg design
© Wolfgang Feierbach

Figure 2
The so-called Hauser-fg2000 in Erkerode near Braunschweig (1978-2008)
© Pamela Voigt

DISASSEMBLY OF THE HAUSER-FG 2000

Figure 3
Partial view of the house in infrared light (left) IR000197.IS2
Partial view of the house in visible light (right)
© Sonja Saalfeld
Average temperature: -8° C, Company: Fluke,
Date / Time: 21.01.2010 / 12:21:42, Calibration time: -25° C to 105° C

THE BUILDING SYSTEM FG 2000 AND ITS CONSTRUCTION

Wolfgang Feierbach (* 1937), a young master in model making,
who was inspired by this new movement, designed and produced
his own furniture series “fg design” (fg stands for fibre glass) in
cooperation with the designer Bernd Misske (Feierbach, Misske
1970). These pieces of furniture display a high complexity in
construction, material and design. He sold it to young middle
class people who were open to the world of new colourful plastics and could afford a high standard of quality.
Between 1963 and 1968, during a very intense and productive phase, Wolfgang Feierbach experimented, more or less on
his own, with load bearing tests in order to create a stable building system, which could span over ten meters and which consisted of plastics only.
Finally in 1968 the prototype of the fg 2000 building system,
constructed of 13 roof and 26 wall elements was assembled in only
one day (see Figure 1). The whole building shell was fixed on an
overlapping concrete ceiling on top of a prepared brickwork
ground floor. From 1969 until 1973, Wolfgang Feierbach

When contacting Mrs Saalfeld in 2008, owner of the fg 2000
(known as the Saalfeld-fg 2000) near Braunschweig, following
situation presented itself. The neighbouring house, again a
fg 2000—the Hauser-fg 2000—was just sold, (see Figure 2).
Hauser was the name of the first owner. However, the new owner
was not interested in living in a plastic house and wanted to
break it down and replace the second floor with a wooden construction. Hence, Mrs Saalfeld had the idea of saving some of the
GRP elements for her own use in the future. Supporting this idea
Mrs Saalfeld was convinced to save all elements. Furthermore,
I helped her in planning the whole disassembly and storage.

researched the development of the system to achieve a higher flexibility in arranging the floor plans and therefore a better utilisation. An important result of this research was the definition of two
major elements: the positive-corner and negative-corner. They were
the basis for a system consisting of only five different elements,
which can be combined to create the plastic house: walls with or
without integrated windows, walls as positive or negative-corner
and roof panels in different lengths (Feierbach, Misske 1970).
All GRP panels are based on a grid of 1,25 m by 1,25 m.
The wall panels are 3,4 m high and the roof-panels up to 10,0 m
long. All sandwich elements have two layers of 5 mm GRP with
a 70 mm PUR foam core in between. Both GRP skins of the
sandwich join to a 10 mm thick and 40 mm high GRP laminate
as flanges (Genzel, Voigt 2005). These flanges bear the whole
load and form the box girders for the structure (see Figure 4).
The elements are screwed together at regular intervals. The
two neoprene gaskets and one permanently elastic sealing on the
outside of the gasket should ensure water-tightness. The outer skin
is covered with a gelcoat acting as a weather-protecting finish.

Figure 4
Sectional drawing: Connection between
wall and roof element of the fg 2000 building system

The window frames are integrated into a separate GRP
frame, which was laminated into the wall panel in one production process. The roof panels are doubly curved to ensure that no
rain-water gets into the gaskets. Each element has its own water
drain, which runs inside the insulated shell in order to avoid
freezing. They are collected in one pipe, which ends in the central sewage. All the inner walls, ceiling and the flexible indoor
walls were covered in fabric on wooden boards. Originally these
were very colourful fabrics. Large windows and sliding doors
open to a balcony and into the surroundings.
After having verified the construction elements by the governmental testing institutes, the ministry of housing approved and
provided a certification for the building system fg 2000 in 1973
(Hessisches Innenministerium 1973). Between 1974 and 1979 a
total number of 35 different buildings were erected. Some were
very small with an area of only 5 m2 used as pay kiosks at airports
in Frankfurt/Main and Berlin; others, such as single family houses,
had more than 200 m2. Besides the prototype, four more family
houses were completed in Germany. Two of them in Erkerode near

The disassembling itself was organised the same way as the erection in 1978. Every single element was moved without any crane,
but with manpower (see Figure 5). For a better understanding,
some necessary steps in a chronological order are described:
1. Loosen the gaskets between the elements
2. Remove the three layers of blinding over the roof gaskets
3. Cut and saw the elastic gasket between the wall panels
4. Loosen most of the screws between flanges in a controlled
manner (otherwise it will collapse like a house of cards)
5. Loosen all screws between wall panels and concrete floor
6. Support the roof panel with two height-adjustable trestles
7. Loosen all screws on this roof element
8. Lower the trestles
9. Lift the element with the support of workers (weights: 3.75 m
long: 130 kg; 6.25 m long: 220 kg; 7.50 m long: 260 kg)
and take it to a storage area nearby
10. Fix two strings to the wall panel
11. Carefully move the wall panel away from the concrete floor
while stabilising it against tilting with help of the straps
(see Figure 5)
12. Support the panel with the help of people and/or trestles
13. Lift the element and take it to a storage area nearby
After only one month of preparation with helpers on site, the
Hauser-fg 2000 was dismantled within only two and a half days.
When disassembling the elements, a specific feature of the
Hauser-fg 2000 became important. Both large sliding windows
were arranged in the centre of the outermost facade and roof
elements and not at their flanges so that only half an element
was used as a balcony. In order to stabilise the window frames a
quite complicated and heavy steel frame was integrated into the
roof panels. Loosening this steel construction and removing the
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Figure 5
The disassembling of the Hauser-fg2000
had been organised the same way as the erection
in 1978, without any crane but with manpower
© Kathleen Schröter

Figure 6
During the whole disassembly only one GRP-panel,
one of the large and heavy negative-corners had been
slightly damaged
© Pamela Voigt

GRP elements safely without a crane was a time-wasting and annoying affair. Besides Mrs Saalfeld, her son, and many other people, especially the new owners, were of great help in preparing
and undertaking the disassembly. Even the designer Mr Feierbach and his wife were on site.
STORAGE OF THE
HAUSER-FG 2000 ELEMENTS

The 43 GRP elements are now stored in Mrs Saalfeld’s garden.
Wooden beams were used as support structure from below and also
in between the GRP elements to ensure air circulation and therefore the possibility of desiccation. Four piles with three roof-elements each were stacked up. The wall panels were arranged in a
space saving way, lying on the flanges. No further structure to protect the elements against environmental impact could be installed.
THE CONDITION OF THE HAUSER-FG 2000

The Hauser-fg 2000 was built in 1977. In 2008, the year of its
disassembly, until then it had been vacant for about ten years

without any structural damage or vandalism. Constructions
made as sandwich with GRP skin and foam core behaving differently to traditional buildings. GRP has a low module of elasticity that means it extends and contracts in relation to
temperature. That’s why the centre of the roof panels lift or lower
up to 50 mm between hot summer days and cold winter nights.
These movements do not interfere with the stability of the system, but have a great impact on the gaskets. To improve water
tightness, the gaskets of the roof had been added three times over
the years. The water did not damage the exterior GRP construction itself, but the indoor construction and the furniture, which
was often mended. Since PUR foam and GRP have a different
coefficient of elasticity, the roof panels of the house were affected
and the outward GRP skin disconnected from the foam core.
There is no danger to the whole system in the near future, but
there is also no analysis available for these effects for the future.
In contrast to the engineering drawings the small positivecorner walls were not made as a sandwich. Maybe since it was
not possible to curve the foam in that way the inside of one GRP

skin had been sprayed with foam. Loopholes exist in the foam,
so some extra glass fibre-insulation was applied inside to ensure
a completely insulated building shell.
Looking closer at the skin of the roof-elements some cracks
in the gelcoat were noticed, especially in the area of the
mould/cast extensions. Here it is important to know that the different lengths of the roof panels were made with the help of modular moulds. The gaps between the moulding parts were filled
and smoothened. Unfortunately it is not always conducted well
and in combination with environmental impact of any kind it is
prone to some small cracks in the gelcoat. On the plane cover of
the roof elements only one crack has occurred so far. This is a
very good performance after 36 years.
The wall panels did not show any damage at all. Only the
gaskets with an elastic sealing are hardened on the outside and
cracked. Dirt and moss, which are on the wall and roof cover, are
unwanted, but they do no harm. The Hauser-fg 2000 has not
been cleaned for about ten years, so the skin has an interesting
pattern of moss in combination with rain.
The insulation of the fg 2000 was extremely good in 1970
and even today it assures a very sufficient heat protection as can
be seen on infrared camera images of the Saalfeld-fg 2000. There
is no great heat loss through the sandwich panels or the gaskets.
Only the concrete ceiling between the ground and first floor requires more sufficient insulation. Even the Polyvinylchloride
(PVC) window frames are still effective (see Figure 3).
During the disassembly one GRP panel one of the large and
heavy negative-corners was slightly damaged. One of the bottom
GRP flanges cracked circa 100 mm (see Figure 6). After three
winters and four summers the stored GRP elements are in good
condition. Only some of the wooden beams, which were glued to
the flanges to install the interior work, had started to rot. The
GRP itself and the gelcoat showed no damage.
A HISTORIC MONUMENT-FG 2000

Besides Mrs Saalfeld and Mr Feierbach, my colleague Elke Genzel and Mr Seehafer, a monument conservator from Lower Saxony provided her professional advice in saving the building
elements. This was the first time that a sate office for the preservation of monuments gave attention to plastic buildings and
thereby accepted these as fully-fledged architecture. Thereupon
the conservational authority of Hesse, Germany could be elated.
Here three more fg 2000 including the prototype are situated.
Nowadays all four existent family homes of this type have been
listed as historic monuments. Even including the original interior
of the prototype and the living home from Mr Feierbach.
Hopefully this is a role model for other conservational
authorities or comparable departments all over the world.
CONCLUSION

It is a great opportunity to dismantle an original plastic building,
especially such a large and professionally made one as the
fg 2000. It provides the opportunity to gain detailed informa-

tion about the structure, the construction and the variety of materials used. This information can now be compared to the original technical drawings. A future renovation and erection will
provide further insights.
In saving such plastic buildings as historical monuments they
become an accepted part of our history. In analysing these first
plastic buildings, information can influence future constructions
made with composites or building systems of variable materiality. Actual discussions for low-energy and resource saving architecture can be motivated by fine examples of sandwich
facades made with plastics. But today only a few plastic buildings are publicly known and/or acknowledged as historical monuments. Professional research is still in its infancy. That means
owners of plastic buildings depend on professional assistance,
which can rarely be given. Professionals exclusively depend on
good will and power of endurance of the owners in preserving
these buildings. By publicising remarkable projects, further rethinking will hopefully be successful and professional research
will gain common support.

145

LECTURE
017
RESTORING A
SEMI-MOBILE DOMESTIC
ROBOT
BY SILVANA ANNICHIARICO, BARBARA FERRIANI

ABSTRACT

INTRODUCTION

In 1986, Denis Santachiara designed Ines, a semi-mobile, domestic robot commissioned by Kartell for the exhibition The domestic project at the Triennale of Milan. Drawing inspiration from
the theme “The terminal home”, Santachiara created “a domestic theatre, a section of a home inhabited by an artificial being—
a species of robot that controls and explains her role to the
public” (Aspesi N., 1986). On occasion of a subsequent showing of Ines at the exhibition The things we are (Triennale Design
Museum, 2010) the Conservation Laboratory at the museum undertook to restore the work, tackling problems linked to the intrinsic obsolescence of a complex object characterised by
numerous interactive elements.
In order to avoid compromising the artist’s original vision,
the accurate definition of the conservation strategy and various
treatment methods were investigated according to the limits posed
by the work and the exhibition deadlines. At this stage, the decision of whether or not to accept the degradation of the original
technological components—restoring only the synthetic surfaces
and forgoing a total reinstatement of the processors—, or to substitute the missing or broken parts and “up-date” the work, was
broached.

In 1986, Denis Santachiara designed Ines, a semi-mobile domestic robot that would be built by Kartell for the exhibition Il
progetto domestico (The domestic project) at the Triennale di
Milano (see Figure 1).
Drawing inspiration from the theme “The terminal home”,
Santachiara created “a domestic theatre: a section of a home
inhabited by an artificial being—a species of robot that explains
her role to the public”(Aspesi N., 1986). The designer-artist
would describe his project saying:
“My idea was that of proposing a design project that was
not limited to the interiors of the space and the design of the
character itself, I also wanted to “design” the screenplay, and so
I dedicated much time to writing the script and elaborating the
scenes as an integral part of the project. Wilson represents the
master of the house—a man with many frustrations and nervous
traits. Ines, as a machine with artificial intelligence remembers
everything and analyses problems as they arise, and, in moments
of ambiguity, appears to have a real thinking conscience—a fact
that greatly disturbs Wilson. In essence, Ines represents the forebear of a bionic being controlled by human thought, thus illustrating the debate surrounding man and his relation to intelligent
machines, and specifically to design.”
The performance piece earned Santachiara both the prestigious Campbell Harris prize, and the Compasso d’Oro prize,
and on this last occasion Natalia Aspesi—writing in the Culture
insert of the Italian newspaper La Reppublica—would comment:
“Above all there is Ines, who in the Casa terminale contrasts
her will—as a robot imbued with not only intelligence, but also
an artificial conscience—with that of her master, the philosopher
and professor Wilson. Wilson appears sweaty and nervous on
the screen (which is, to all effects, the robot’s face), giving
orders that she will not obey, in a stubborn attempt to impose his
own vision on the house and its domestic needs. As Santachiara
states:
This is not a utopian project, all of the components of Ines
were developed in a laboratory, and therefore, in 50 years time
it might be possible to reproduce her—an indomitable, fully conscious companion, who is less obedient than a human domestic
helper. (Aspesi N., 1986)”
The plastic body of the female robot is composed of different parts made of both fibreglass and wood, and contains the
remote controlled mechanisms that coordinated her movements
and animation. Her head consists of an analogue television
screen from which the projected image of two red lips recited
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Figure 1
Video still from the documentary
of Ines’ performance during the 1986 exhibition
Il progetto domestico at the Triennale di Milano
© Triennale Design Museum

the designer’s script, while a Fresnel lens1 fixed 8 cm from the
screen, enlarged and slightly distorted the projected image (see
Figure 2). The robot moved within the space of this domestic
environment, welcoming the public and interacting with the surrounding objects and of course, with Wilson. Her movements
were directed from a distance by means of a remote control operated by a technician who also moved amongst the spectators.
The original performance would be filmed and edited by Kartell
in a four minute video recorded on a VHS support.
As is the case in many installation works created for a specific event and not necessarily destined to be sold or become museum pieces, the robot was packed away and stored in the
warehouse of Kartell, without any particular attention being
paid to correct conservation of the constituent parts of the work.
Twenty-four years later, on the occasion of the third edition
of the exhibition Quali cose siamo (The things we are)—March
2010 to February 2011—curated by Alessandro Mendini at the
Triennale Design Museum in Milan, the work was selected to
appear once again. Unfortunately, when Ines was unpacked the

Figure 2
Body: Fiberglass and wood, electric mechanisms.
Head: analogue TV and Fresnel lens
© Triennale Design Museum

team from the Conservation Laboratory at the TDM discovered
that many component parts of the work were badly compromised and some were in a state of severe degrade.
The robot’s body was dented and cracked and residues of
adhesive tape and other substances which had accumulated on
the surfaces were also noticeable. The television screen and the
Fresnel lens which had previously constituted the face of Ines
had been lost and the technological mechanisms from the midEighties that had regulated her movements and expressions were
now non-functional and for the most part obsolete. While the
video documentation of the original performance remained, the
original video track that had been projected on the screen “face”
of the robot was nowhere to be found.
The compromised condition of the robot and the absence
of components that were essential to a correct interpretation of
the work’s original significance opened up the floor to a multifaceted discussion regarding how the work should be presented
in the exhibition. At this stage the debate revolved around the
decision of whether or not to accept the work’s present state of

Figure 3
Ines as she was presented in the exhibition
Quali cose siamo, (March 2010 - February 2011)
at the Triennale Design Museum
© Triennale Design Museum

Figure 4
Original drawing by
Denis Santachiara for Ines
© Triennale Design Museum

degradation, and the team faced a decision that presented two
distinct possibilities: the presentation of Ines as a partial, inanimate witness to her previous “life” - thereby entrusting the photographic and video documentation of the original performance
with the role of transmitting the installation’s essential meaning,
or, to attempt to bring the work back to its original state by reinstating its interactive components and/or substitute constituent
parts in order to facilitate a reinterpretation of the work.
Given the conceptual complexity of Ines the research and
conservation process was undertaken by a work team composed
of: the robot’s designer—Denis Santanchiara, the director of the
Triennale Design Museum, the curator of the Kartell Museum,
a technical assistant who had assisted in the original production
of Ines and the conservators of the TDM Laboratory, as well as
numerous external specialists including IT, audio-visual and industrial technology experts. With the consent of the designer,
and considering the deadline imposed by the opening date of the
exhibition, it was decided that the work would be presented at
the 2010 exhibition as a witness to its original form. The

surfaces of the robot were restored and the missing screen and
Fresnel lens were replaced not as functioning parts, but rather as
formal components. This “witness” to the original form of Ines
was accompanied by the video documentary of 1986 filmed by
Kartell during the first exhibition, projected on a screen mounted
alongside the inanimate robot (see Figure 3).
However, within this context, a second phase in the longterm conservation process began with an investigation into potential methodologies that would not interfere with the
designer’s original intention, while reinstating the performance
and interactive elements of the work. The first step in this reinterpretation process involved an in-depth study of all documentation relative to the work (articles, interviews, photographs,
videos and reviews). This research was essential to a clear understanding of the parameters within which the team could proceed to work on a historically accurate reconstruction of the
piece and, thanks to the active participation of the designer himself, we were able to recover both the initial design sketches as
well as the technical production drawings (see Figure 4).
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Figure 6
Ines in 1986 (left) and her
reinterpreted form in 2010 (right)
© Triennale Design Museum

Figure 5
The head Ines (1986 version):
analogue television and Fresnel lens
© Triennale Design Museum

The fact that the robot was a prototype realised by Kartell
in close collaboration with its designer, and the invaluable collaboration of a technical assistant from Kartell who had worked
on the production of the original model, we were also able to
access fundamental historic and technical information relative
to the production of Ines.
The team then set out to accurately define the conceptual
and aesthetic significance as well as the essential functional value
attributed to each component part by Santachiara in his original
project concept, thereby identifying the components which could
be reproduced or substituted without altering the original concept of the installation. During this part of the restoration
process we not only had to deal with the rapid obsolescence of
a number of the component parts, but also the problems
presented by the total loss of many functional elements which
were essential to the work’s interpretation.
How could we overcome the loss of the television screen
which originally constituted the head of Ines?
We could have searched for a functional analogue TV with

similar technical and aesthetic characteristics to those of the original, or, should this not be possible, we could have used a nonfunctional monitor as a container for a modern plasma screen. In
the first case, the intervention would have involved a simple substitution of the component and would not have resulted in a substantial alteration of the work, whereas the second option
proposed an intervention that would maintain the physical aesthetic of the structure but change the nature of the technological
instrument intended to transmit the audio-visual material.2
Another serious problem was the loss of the film track that
had originally been shown on the television screen—a video that
featured the large red lips of an actress reciting Santanchiara’s
script. The designer still had a copy of the script, and the possibility of remaking the video track was broached, however here
another problem appeared: the analogue technology used to film
the original track was no longer available, and it would therefore
have to be filmed in digital format, with the risk of a distorted
perception of the original concept resulting from the entirely different quality of the image. An attentive spectator would be able

to see that the video had been realised using modern technology
and the correct perception of the historical context in which the
work was created would thus be compromised.
The conservation of this object brought all of the challenging themes relative to the conservation of a contemporary artwork to the attention of the conservation team: Performance,
the environmental context, film and video, technology, media,
the obsolescence of the supports and formats were all issues that
needed to be addressed. The restoration of Ines incorporated all
of the potential challenges which could arise in conservation interventions of this kind, and it questioned the validity of many
conservation strategies.
However, at the time of the work’s creation Santachiara had
expressed his desire that Ines was made in such a way that one
day she could be reproduced, saying “in 50 years time it might
be possible to reproduce her—an indomitable, fully conscious
companion, who is less obedient that a human domestic
helper”,”(Aspesi N., 1986), and it was this key concept that
paved the way to our final decision:
Analysing all of the possible solutions, we realised that a
“purist” approach to the maintenance of the work’s material
components would have led to the loss of too many aesthetic
and conceptual elements that were essential to the work’s intrinsic significance, giving only a partial vision of the work in
what would basically be a mutilated form of her original “life”.
However, an remake of the piece—especially of the video track
- would have meant an arbitrary operation, a sort of “historic
fake” that although realised with the collaboration of the artistdesigner himself, would not have been able to bring back the
original work.
The first notion to be taken into account is the fact that Ines
is a robot—a technological creation. She is a machine—originally created in 1986—who wants to return to a functional state
and start a second life, and thus, in the most natural way, her artificiality desires that she be given a new screen, new mechanisms
and a new voice that transmits new thoughts and reveals a new
consciousness.
According to the wishes of the designer and the Director of
the Triennale Design Museum, the team sought to give Ines a
“new life”, opting for what is considered to be the most radical
of conservation strategies—that of a reinterpretation.3 The representation of the work was not limited to a conservation intervention, but embodied a pilot project which highlighted the
co-existence of conservation, restoration and a multi-media reinterpretation.
The work group decided to restore and maintain the various
parts - thereby bringing the existing elements back to an acceptable state of conservation: elements including the robot’s
body made of fibreglass and wood, the internal structure and
the system that facilitated the figure’s movement, as well as the
substitution of all the missing components with their up-to-date,
modern equivalents.
At this point the designer was asked to re-write the script for

the screenplay to be shown on the screen of the robot’s new
“head”: Ines would have to remember who she was, and what
her relationship with Wilson was like, but she had been asleep
for a long time and now that her mechanisms were beginning to
work again, she expressed her desire to meet her maker, and interact with him. In order to tell this new story, the Triennale
Design Museum involved a team of students from the IULM
University in Milan who would realise the new film track for
Ines’ red lips in collaboration with Denis Santachiara.
All of the original documents attesting to the initial form of
Ines as she was created in 1986—the concept sketches, the video
documenting her first performance at the Triennale, and even
the parts of the now non-functional motor that propelled her
first movements – has been archived as testimony to the first version of this robot experiment, once lost but now finally rediscovered in a new “life” form. Ines has not forgotten her history
and the new video track reminds us of this while rendering us active participants therein.
RESTORATION TREATMENTS AND THE
REINTEGRATION PROCESS
SCULPTURAL ELEMENTS

The body of Ines is composed of a metallic support structure
which in the lower half is covered by two sheets of fibreglass
and in the upper half, by three wooden elements which function
as a belt and the figure’s bust.
The two sheets of fibreglass showed evidence of superficial
scratching that testified to the robot’s last ”life”, as well as
residues of adhesive tape, stains and two deep cracks situated in
the lower part—probably the result of accidental damage. The
technical assistant from Kartell, who had realised these elements
following the designer’s drawings, recalled that he had originally
modelled these sheets on a wooden prototype, subsequently
colouring them with a spray-applied enamel paint traditionally
used in automobile industry. The elements (“skirt” and bumpers)
of the lower half were painted yellow, while those of the upper
body, were coloured black. One of the two wooden parts constituting the “belt”, also coloured with black enamel, had been
lost, but the traces of its volume remained in addition to the indications given by detailed photographic documentation. The
bust, coloured with a metallic blue enamel paint, was not structurally damaged but presented slight abrasions along the margins and stains caused by superficial residues of various kinds.
The plastic accessories coloured red and black, primarily located
on the bust, appeared to be in perfect condition, as was the rubber collar through which the wires from the video support
passed to their connection with the motor.
The restoration, carried out using traditional methods, was
undertaken with the scope of bringing these elements back to a
correct state of conservation from a structural point of view,
eliminating the traces of accidental damage, but leaving the signs

151

of robot’s past life visible. The missing piece (part of the belt)
was reconstructed.
THE ELECTRIC MOTOR AND METAL SUPPORT STRUCTURE

The supporting structure is composed of two parts: a metal
frame structure which supports the elements constituting the
robot’s body, and a mobile base beneath the figure, which has
three wheels and contains the motor that regulates Ines’ movements.
The metallic structure appeared to be in good condition and did
not show any structural damage, the only visible degrade was
evident in the form of oxidation and superficial corrosion. The
motor, having been unused for over 20 years, appeared to be in
a bad state of repair. Incorrect handling had resulted in the damage to certain parts, while others—such as the wiring, battery
and transmission belt, appeared to be in a compromised state of
function, mostly due to their age and lack of use. Given that motors of the same type could still be found on the market, the designer and the conservation team decided to substitute the
damaged parts while maintaining the original motor. In order to
re-effect the function of this motor, a technician, specialized in
the construction of mechanical robots animated by electro-magnetic motors (and not more recent technology), was called in.
Before starting with the treatment, detailed photographic documentation was compiled, as well as an inventory of all of the
components. As a witness to the original realisation of the piece,
the substitution pieces were archived.
FRESNEL LENS

The Fresnel Lens that was originally located in front of the television screen (see Figure 5) constituting the robot’s “head”, had
been lost. The designer remembered that at the time of the realisation of Ines, he had bought a big lens, which was sold in sheet
form, and had had it cut according to a jig still in his possession.
The search for a new lens was very difficult as only small lenses
were available on the European market, and therefore it was necessary to import the correct format from the United States. The
support structure was reconstructed according to the original
technical drawings by the technician who had participated in the
production of Ines in 1986.
TELEVISION MONITOR

The original television cathode-ray tube monitor (11 inch), which
was originally fixed in a vertical position on top of the robot’s
body, had also been lost, however the team had access to all of the
necessary documentation (photographs and video) in order to ascertain the nature of the original television. Seeing as analogue
technology has long since been substituted by digital instruments,
this equipment – being prone to rapid obsolescence—is no longer
available on the market, and it was therefore not possible to find
a screen with the same aesthetic and functional characteristics in
functioning order in the time available to us. Thus, it was decided
that a non-functioning screen, found in the warehouse of an elec-

tronic equipment recycling company be used instead. As we have
already shown, the possibility of emulating the original device was
also considered. An emulation would have consisted in the insertion of a plasma screen into the aesthetically “true” body of the
non-functional monitor, however, given that the original video
track had been lost there were no real motivations for such a drastic formal modification.
Once the decision to reinterpret the work had been taken,
the analogue television was replaced entirely by a modern plasma
screen (see Figure 6).
CONCLUSION

The strategically planned conservation interventions and the
reinterpretation of the work (explicitly agreed to by the designer
and the director of the museum), have therefore succeeded in
giving Ines new “life”—while maintaining the dual possibility
of exhibiting both her reinterpreted form or simply as a mutilated, inanimate witness to her original existence.
ENDNOTES

(1)A magnifying lens created by a series of concentric grooves
incised in a thin layer of plastic. Each groove acts as a
single refracting surface, as if they were extremely thin
prisms that deflect the direct light.
(2)http://www.variablemedia.net/e/index.html.
(3)http://www.variablemedia.net/e/index.html.
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018
ART AND MOTION. THE CONSERVATION OF THE
MOTOR-DRIVEN OLYMPIA-SCULPTURE
DESIGNED BY HANS-MICHAEL KISSEL IN 1972
BY DELIA MÜLLER-WUESTEN

ABSTRACT

INTRODUCTION

Hans-Michael Kissel designed the Olympia-Sculpture for the
Olympic Games in Munich in 1972. His kinetic work of art is divided into a wooden bottom part housing the motorization and
a PMMA box on top representing the logo of the Olympic Games
in motion.
When the sculpture came to the Cologne University of Applied Sciences it had been in storage for several years. The owners wished to present the object in an operating state. A suitable
conservation concept for the Olympia-Sculpture was developed
with the principal aim of showing the artwork the way the artist
had imagined it.
When translating the concept into action it became clear that
the wide range of materials used on the object required numerous
different approaches and conservation methods. The main focus
of this treatment laid on the restoration of the damaged motorization. However, other aspects, like the adhesion of polymethyl
methacrylate (PMMA) or the consolidation of degraded cellulose
varnish, had to be addressed. Since there is no detailed documentation on the speed and the duration of the artwork’s movement, this information is irrevocably lost. This demonstrates the
importance of new ways of documentation for kinetic art, e.g.
filming motion sequences. Finally, a method for the reconstruction of the motorization was found, which made it possible to
present the sculpture in a way close to the artist s intentions.

In the early 1970‘s the International Olympic Committee commissioned Hans-Michael Kissel to design a work of art that
brought to life the symbol of the Olympic Games in Munich in
1972. The work of art that resulted from this commission was
exhibited at the VIP entrance of the Olympic park during the
Summer Olympics in Munich. Various athletes and other VIPs
autographed the right side of the top part of the Olympia-Sculpture. After the Olympic Games, the object was exhibited at an
industrial park near Hanau, Germany, and then stored in the
attic of the cafeteria of this park. Today the industrial company
Evonik owns the sculpture and entrusted it in 2010 to the
Cologne University of Applied Sciences for conservation in order
to present the object permanently in its corporate headquarters
in Essen, Germany.

KEYWORDS

Adhesion of PMMA, consolidation of cellulose nitrate
varnish, fillers with Beva® 371, kinetic art, motorization,
Olympic Games 1972

DESCRIPTION OF THE OBJECT

The Olympia-Sculpture is overall approximately 2.3 meters
high and 1.6 meter wide. It is both, optically and functionally
divided into a wooden bottom part and a top part made of the
thermoplastic polymethyl methacrylate (PMMA) (see Figure 1).
The top part consists of an ashlar-shaped PMMA box,
which panes are glued together. It is open at the bottom. This
box houses four upright standing PMMA discs, which are
arranged one behind the other and which are fixed on an axis
with ball bearings. An additional PMMA pane screwed onto
the first one now protects the numerous autographs on the right
side of the box.
As its central theme, the sculpture shows on its discs the logo
of the Olympic Games. The spiral pictograph is divided into
four segments beginning with the inner part on the front disc
and ending with the outer on the last. The segments of the logo
are applied to the discs with self-adhesive PVC foil.
The bottom part consists of a basic construction and a facing. The facing is made of four flake boards standing vertically
and being veneered and varnished with a reddish brown finish
based on cellulose nitrate. A band of grey PVC is running
around the bottom part five centimeters above the ground. An
opening in the back gives access to a dip-switch, which is fixed
to the basic construction.
The other visible part on top of the basic construction is a
horizontal aluminum plate with an oblong cut-out in its center.
The basic construction houses the motorization needed for the
course of motion.
As no written or visual documentation exists from the time
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CONDITION BEFORE CONSERVATION TREATMENT

Figure 1
Olympia-Sculpture after
conservation treatment

the Olympia-Sculpture was made the following description of
the course of motion is exclusively based on the artist’s memories: The motion portrayed by the top part of the sculpture
starts when a rotating rubber roller, activated by a starter motor
and an electrical magnet moves up through the cut-out in the
horizontal aluminum plate of the basic construction and
touches the lower edges of the four round PMMA-discs (see
Figure 2). The rotation of the roller translates to the discs so
that those begin to rotate clockwise. After about eight seconds
and a 180° turn of the discs, the motor and the magnet are
switched off and the roller moves back. Due to embedded lead
weights the four discs alternate between falling to the left and
right and start to oscillate. After several minutes the roller,
which is not rotating at this point accelerates again in three
short intervals of three seconds each and slows down slightly
the oscillating discs. After about six minutes the course of motion starts again. While a timer clock controls the start of the
entire sequence a cam switch determines the activation of the
starter motor and the magnet within a course of motion.

Following the description of the object this chapter is divided
into the sections about the top part and the bottom part
describing the changes and damages of the different materials.
The main damage at the top part of the Olympia-Sculpture
were the detached adhesive joints between the panes of the
PMMA box. Probably due to improper transportation of the object, four joints—one at the backside of the box and all three
ones at the front side—were cracked irregularly within the 1 mm
wide adhesive joints.
The changes on the PVC were mainly caused by deterioration of the material. During the deterioration of PVC, softeners
migrate to the surface of the material and evaporate. In case of
the Olympia-Sculpture the self-adhesive foil shrunk due to the
loss of the softeners causing a 0.5 mm gap between the PVC foil
and the cuts in the PMMA discs. Furthermore, the evaporation
of the softeners caused an orange peel effect as well as a sticky
surface. The adhesion of the PVC foil was still quite strong so
that the foil only peeled off the PMMA in the segments of the
logo that ended in pointed tips.
At the beginning it was presumed that due to the high mechanical force crazing could have occurred in the PMMA. An
examination with polarized light proved this assumption to be
wrong.
While all the damages and changes described above occurred due to the specific characteristics of the respective materials the aspects concerning dirt appeared on both synthetic
materials. Due to the separation of the components of the grease
used for the ball bearings the oil spread as a thin film particularly
over the lower parts of the PMMA discs. The oscillating movements probably accelerated this symptom during the course of
motion of the Olympia-Sculpture. While relatively little dust was
found on the open surfaces and on the four discs there was a lot
of dirt between the right side of the PMMA box and the second
pane, applied as protection for the signatures.
Beside the above mentioned changes all surfaces showed
light scratches and numerous fingerprints.
At the bottom part of the Olympia-Sculpture the following
damages and changes had occurred:
Several scratches disfigured the varnish on the veneered facing while losses were to be found in the veneer itself. Furthermore, the veneer had partly loosened at the edges of the facing.
Serious damage occurred on the cellulose nitrate based finish applied to the veneer. The varnish was peeling off the wood
pores appearing whitish and dull. As this phenomenon occurred
mostly at the bottom part of the facing it was probably caused
by storing the object in a place with a moist floor so that the veneer slowly absorbed the moisture from the ground due to the
hygroscopic properties of the wood. Drips on the back of the
facing are probably caused by a liquid running down the surface
thus causing degradation of the cellulose nitrate finish.
Another damage to the varnish was found at the right side
of the facing: The surface had faded especially at the upper rear

corner. This change can probably be attributed to sunlight shining onto the surface for a longer period of time so that the UV
radiation caused a photochemical reaction decreasing the colour
intensity of the varnish.
Damage also appeared at the PVC-band applied to the bottom of the facing. It had loosened in several spots, especially at
the lower edges. At the left side of the front it came off completely. Furthermore, there were some losses found in the PVC
and one piece was missing.
Being protected by the facing the basic construction was
generally in good condition. The horizontal areas were covered
with a layer of dirt and in some places the metal frame had corroded heavily. Furthermore the grease used for the ball bearings
had not just spread onto the PMMA discs but also covered the
horizontal aluminum plate with a greasy brownish coat.
Concerning the motorization of the Olympia-Sculpture,
different investigations and tests were carried out in co-operation with the workshop for electrical engineering at the Cologne
University of Applied Sciences.
The examinations carried out by the electricians showed
that the timer clock responsible for the timing within the course
of motion as well as the electrical magnet initiating the rotation
of the roller were irreparably defect. Furthermore repeated test
runs of the starter motor showed that a reliable functioning was
not guaranteed anymore. Investigations yielded that dirt and
strong abrasion of the carbon brushes inside the gadget were
causing the unreliability. Strong abrasion could also be found on
the roller. Due to the friction between the roller and the PMMA
discs during the course of motion the outer layer made of rubber
was partly worn down to the textile fabric underneath. All other
components of the motorization were functioning and -- in accordance with the electricians -- applicable for periodical use.

Figure 2
Course of motion

CONSERVATION CONCEPT

After all examinations had been finished a conservation concept
was developed. The main target was to obtain a lasting preservation of the sculpture. In order to maintain the authenticity of the
Olympia-Sculpture, a discussion about further interventions concerning its outward appearance and the possibilities for public
presentation was necessary and important.
There were strong arguments in favor of restoring the sculpture to what it was meant to be originally: a work of art in motion. By definition the genre kinetic art is a tendency of modern
art that uses motion as a formal principle. Thus it becomes clear
that the idea of motion forms an integral part of the OlympiaSculpture and that -- as a work of art -- it can be experienced and
understood only when presented in motion.
Last but not least was this aspect part of the original commission. To meet the requirements of the IOC the artist had to bring
to life the graphic logo of the Olympic Games. Hans-Michael
Kissel achieved this by designing a kinetic sculpture that actually
presented the logo in motion. Hence a presentation of the object
in standstill could by no means be in accordance with the in-

tended idea, neither that of the sponsor nor that of the artist.
Therefore a presentation of the sculpture in motion seemed to
be indispensable -- even though as a consequence changes within
the object had to be accepted.
CONSERVATION TREATMENT

After the conservation concept had been developed the treatment
of the Olympia-Sculpture could finally start.1 For the purpose of
clarity the following chapter will be subdivided according to the
different materials used in the Olympia-Sculpture.
Because of the high mechanical forces on the PMMA box
firmness and durability of the newly glued bonds were a first
priority. Hence an adhesive of the product line Acrifix® frequently used for industrial purposes was used. Only reaction adhesives were tested as those create extremely strong and visually
superior joints. The history of its development and the way the
Olympia-Sculpture was produced suggest, that a similar agent
was already used making the bonds in the first place. After
application these polymerization adhesives slightly etch the
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surfaces of the PMMA so that the pressure caused by the joining parts usually suffices to produce a durably strong bond after
the chemical setting process. The two component adhesive Acrifix® 2R 0190 had a processing time of approximately one hour
and the bonded test joints could still be moved after fifteen minutes so that this agent seemed appropriate for bonding the
PMMA box.
Before the actual treatment the box was laid down so that
the bond could be jointed horizontally only carrying the weight
of the front respectively back side concerned. The next step was
to mask all surrounding areas carefully with transparent tape
and foil. Afterwards wooden wedges were pushed between the
elements to be jointed thus forming a gap. Now the adhesive
was rapidly applied to the PMMA with a syringe and spread
with a thin metal spatula. As soon as all parts were covered with
the agent the wedges were removed and the PMMA elements
were already arranged during the process of settling. Areas,
which still showed air bubbles or which would not remain in the
desired position were additionally fixed with the help of wooden
clamps applying light pressure.
After the adhesive had cured completely the tape and the
foil were removed. Brittle remains of the adhesive, that had escaped from the bonds during sinking and squeezing the PMMA
panes, could be easily cut off using a scalpel.
Since the degradation of cellulose nitrate varnish is a chemical process it cannot be stopped. Yet a consolidation can renew
the adhesion of the finish to the carrier material. The consolidation of the varnish can cause a harmonization of the irregular
optical appearance of the facing and create a visual condition
close to the original one.
For the treatment a method was used that had especially
been developed, tested and had already successfully been utilized
for the consolidation of cellulose nitrate varnishes at the Cologne
University of Applied Sciences. To produce the agent Regalrez®
1126 solved in n-Hexane and Shellsol® T was mixed in a ratio
85:15. Since tests on a small area achieved satisfying results the
consolidation media was applied all over the degraded varnish
and driven into the surface with a brush (see Figure 3). The
consolidant travelled in between the veneer and the peeled off
varnish and dried quickly due to the high volatile n-Hexane. The
glossy remains of the consolidation media on the surface were
removed with a cotton bud moistened with n-Hexane. The
upper parts of the veneered flake boards already showed a satisfying result after one application. In contrast the lower, highly
degraded parts as well as those areas additionally damaged by
liquids and scratches required a punctual repetition of the treatment up to four times.
Due to the application of the consolidation media the connection between the veneer and the cellulose nitrate varnish was
renewed to the greatest possible extend. The surface coating
could be stabilized and the former whitish dull appearance of
the varnish was reduced. The optical appearance of the whole
facing could be harmonized.

Figure 3
Facing
Cellulose nitrate varnish
after test application of the consolidation
media (bottom left corner)

Figure 4
Motorization after
conservation treatment

With regard to the completion of the missing piece of
veneer at the front of the facing it was decided against a wooden
addition because of the irregular shape of the loss and the lack
of thickness of the veneer. A method originally developed for the
completion of surface coatings at the Cologne University of Applied Sciences with dyed Beva® 371 as a filler was used instead.
In order to dry the Beva® first the solvent in the resin had
to evaporate. As a next step the agent was melted at 120° C and
then mixed with pigments to adapt the color of the wooden surface. Afterwards, the components were casted onto a heating
plate of the same temperature. Then the filler was pressed onto
the heater with an acrylic glass plate until it reached a thickness
slightly stronger than the veneer. After cooling the reddish brown
film was cut into the shape of the loss in the veneer. To fix the
filler to its carrier material the piece was melted with a heating
spatula in situ again until it adhered to the surface. After
cooling the film was scraped to the level of the surrounding
veneer. To imitate the wood grain of the veneer a cast of the original surface was taken. For that purpose 1 millimeter high sili-

con was casted onto a part of the wooden surface limited with
modeling clay so that the agent formed an elastic film after polymerization. The silicon cast was put onto the Beva® addition and
heated to 150° C with a heating spatula until the filler melted
and adapted to the surface of the cast, which was removed after
a short period of cooling time..
As the veneer surrounding the addition appeared in different shades of color the Beva® had been dyed slightly lighter than
the wood and was retouched with Gamblin Conservation Colors as the final step of the treatment.
To achieve the goals of recommissioning the motorization of
the Olympia-Sculpture and a temporary presentation of the course
of motion two aspects had priority. On the one hand the motion exhibited should resemble the original appearance optically and
acoustically as close as possible. On the other hand the reliability
should preferably be guaranteed over a long period of time to avoid
further treatments and changes on the object as far as possible.
As test runs showed that a reliable functioning of the starter
motor was not guaranteed anymore the device could not be used

in this condition. However, an exchange of this electrical component was not seriously considered since identical types are not
manufactured anymore so that this intervention would have
meant an acoustical change in the object. Fortunately Markus
Thomé, conservator for automotive engineering at the Technoseum in Mannheim was able to restore the functioning of the
starter motor so that this component could finally be preserved.
During the first test phases for the start-up of the motorization
the roller did not touch all four PMMA discs permanently due
to the irregular abrasion of its surface. To counteract this phenomenon the surface was covered with a 1.5 millimeter layer of
self-adhesive cellular rubber. Because of the flexibility of the
smooth material the surface of the roller would then fit to the
discs so that a permanent contact was guaranteed between these
two components.
The dip-switch at the back of the object is also still in use:
it could be applied to switch between automatic and manual
mode of the Olympia-Sculpture.
Due to the condition of other components—for example the
irreparably defect magnet—some could not be restored and had
to be exchanged.
All components controlling the timing of the course of motion had to be replaced with new gadgets to meet today’s safety
standards. In co-operation with the electrical engineers of the
Cologne University of Applied Sciences a system of digitally
changeable coding of the course of motion was developed. The
new components necessary for this system were assembled in a
closed plastic box located inside the bottom part of the OlympiaSculpture (see Figure 4). A plug switch was also added and is located at the power plug controlling the power supply for the
motorization. All decommissioned elements of the motorization
were stored inside the basic construction and fixed with an accurately fitted cushioning made of Polyethylene foam (see Figure 4).
With the aid of the plug switch the power supply for the
motorization of the Olympia-Sculpturee can be turned on and
off. Besides the plug switch a timer clock controls the power supply of the motorization. The clock defines the skeleton time divided into days and hours in which the object can be started
using the plug switch. Out of the skeleton time any power supply is blocked -- even with the plug switch being turned on. The
dip-switch at the back of the sculpture changes between automatic and manual mode. In automatic mode the course of motion is initiated once an hour within the skeleton time. A change
into manual mode causes one single course of motion. Fifteen
minutes after the beginning of a course of motion a new one can
be initiated either automatically or manually.
A programmable logic controller (PLC) directs the program
for the course of motion. When the PLC gets a signal the starter
motor is switched on first and the roller begins to turn. One second later a further pulse starts the electrical magnet and the rotating roller moves up and touches the edges of the four round
PMMA-discs so that they begin to rotate clockwise. After eight
seconds the power supply is stopped and the motor as well as the
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magnet are turned off. The roller stops rotating and moves back.
The four discs alternate between falling to the left and right and
start to oscillate. After thirteen minutes the roller accelerates
again in three short intervals and slows down the oscillating
discs slightly. Thus it can be assured that the discs come to a
total standstill before the course of motion can be initiated once
again after 15 minutes.
CONCLUSION

The development of the conservation concept for the OlympiaSculpture is based upon information on previous handling of kinetic objects and it also takes into account the intentions of both
the artist and the sponsor. However, it should not be concealed
that the decision in favour of the work’s recommissioning will
lead to further wear and tear of the components involved.
The concept for this treatment required different approaches and methods adapted to the existing materials. It often
turned out to be more complex than expected. Methods and
techniques had to be found, which meet on the one hand the existing standards of conservation and guarantee on the other hand
the enduring preservation and functioning of the object.
The examination of the Olympia-Sculpture in its entity as
well as the recommissioning of the motorization would not have
been possible without the support of electrical engineers and external conservators which proves the importance of interdisciplinary co-operation of experts in conservation in general and in
handling kinetic objects in particular.
The efforts of recommissioning the motorization showed
that despite the memories of the artist the original course of motion could not be reconstructed exactly due to aging and deterioration as well as later changes of the original devices. This
demonstrates the importance of new ways of documentation for
kinetic objects, e.g. filming motion-sequences. Merely in that
way it will be possible to maintain the original appearance of a
work of art over a long period of time.
The treatment of the Olympia-Sculpture serves as another
example for the conservation of a kinetic work of art, which was
inspired by previous conservation concepts for objects from this
genre and it is hoped that it contributes to the establishment of
standards in this field.
ENDNOTES

(1)Because of the great amount and variety of working steps
that had to be fulfilled this article is limited to some chosen
aspects. For further information about the complete
treatment the diploma thesis dealing with the OlympiaSculpture is to be consulted.
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FLYING (MAGIC) CARPET (1979)
BY PANAMARENKO.
COLLECTION OF THE EUROPEAN PATENT OFFICE, MUNICH
BY MIRIAM SCHANZ

ABSTRACT

PROVENANCE

Flying Carpet (2.32 m x 3.90 m x 6 cm) was made by Panamarenko in 1979 for the European Patent Office following the
requirements for Kunst am Bau. The materials used include various metals, wood, electric devices (e.g. batteries, electric motors) and plastic materials such as Makrolon®. As documented
by early photographs the artwork underwent changes unjustified by the artist's intention: During an earlier treatment the
original tinsel-like material was substituted by rigid wire mesh
fringes. Furthermore the complete original wire mesh top layer
had been replaced by a different type of wire meshing. Careful
research enabled the reconstruction of the tinsel-like fringes and
a type of wire mesh close to the original could be found.
Various possibilities of how to preserve aged and leaking
batteries were discussed but no conservation treatment was
found to be reasonable. It was decided to only take off leaked
out electrolyte and to reattach loosened battery packs with silicone rubber. The glue, which had been used on the Makrolon®
parts in a former attempt to repair, had become discoloured and
dysfunctional. Therefore it was removed and joints were carried
out again with a polyvinylacetate glue (Mowilith® 50, 40 %).

“Now there is a way for manufacturing a Flying Carpet. The
dream of 1001 nights and 1001 inventors. The answer is powerful, rechargeable NiCd-batteries batteries and lightweight electric motors. [...] I think that this is a good thing for a Patent
Office.”1 This excerpt of the text entitled Zauberteppich, which
can be translated as Magic Carpet, is found in the files of the European Patent Office (EPA) in Munich and Panamarenko himself
is most likely the author of. He probably wrote it to accompany
his model that he handed in for a contest for Kunst am Bau. As
spending a percentage of 0.5 up to 1.5 % of the construction
costs on art is statutory in Germany, a contest of art had been announced in 1978 when construction work on the newly erected
building designed by the well-known German architects von
Gerkan, Marg and Partner was almost finished.2 Among other
artists Panamarenko was one of the winners in this contest for
the European Patent Office's (EPA) headquarters. He took part
in the contest with two proposals but it was only Flying Carpet
that was then commissioned. It was delivered to the EPA in 1980.

KEYWORDS

Change to artist's intention, reconstruction, glueing
Makrolon®, aging of rechargeable batteries

DESCRIPTION OF THE ARTWORK

Resting on a rack of Plexiglas Flying Carpet is 3.90 m long,
2.33 m wide and 15 cm high. It's a fantasy means of transport,
that has four flat cubic elements connected to one another by
hinges, thus making the whole construction collapsible similar to
a carpet. The artwork is made up from different materials: various
metals, wood, plastics and electrical devices. In a repetitive pattern 40 wooden rotors, driven by 40 small electric motors with
gear are attached to a stainless steel base frame. The same amount
of battery packs provides the energy. On one side there's an interface for a battery recharger to be connected. Batteries, relays
and cables are held by silicone rubber, which connects the items
from below to the cover made from transparent plastic material.
According to a questionnaire, Panamarenko had answered in an
early stage of my investigation, he had used Makrolon®, which is
a polycarbonate material. A wire mesh top layer enables the
viewer to see the mechanism. On the two short sides there are wire
mesh carpet fringes. On top of the wire mesh covering there are a
cushioned seat, two handholds and two footrests tailored to the
size of a human body. Located in the middle of the pilot's seat is
the steering gear with two control levers and a third lever located
under a red lid labelled in bold print with the word “DESTRUCT”. This reminds the viewer of top secret projects or messages that can be destroyed in a perilous situation. In a similar way
the EPA protects the basic ideas of the inventions from abuse.
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INTENTION AND MEANING
BRIEF HISTORY

Panamarenkos works frequently look like machines or vehicles.
Many of them have mechanisms and some just like Flying Carpet even have an electric drive. This raises the question if these
works aren't meant to be put into operation for the viewer. Are
they meant to be moving? In a basic questionnaire sent to Panamarenko, he was also asked about how important the artist
feels that functionality is in his art, and if he thought that functionality needed to be restored. He answered that „it is very important to start with, since then you can escape the influence of
the Art World!” but that „functionality should not be restored“. So what role does functionality play in his work?
When Panamarenko starts making one of his machine-like artworks, his aim is to make it usable and truly working (to fly
with, drive with or dive with).3 Technical or physical calculations for it are done in advance which is documented by many
sketches or drawings by him that exist. Functionality is what he
sees as a task so that he can use his creativity to solve tasks or
problems in a way different from an engineer or a scientist who
would stick too closely to what is reasonable within the strict
laws of nature.4 By making it all himself and by hand unlike
any modern day technician, he gets to the ideal form through
creativity and intuition. During the working progress the work
and the idea become more important than the product.5
In his own words: “I could say: You are all mad for thinking that my objects cannot function, because they are made by
a naïf. That isn‘t the problem: It‘s a miracle if the object works,
but it would be even more perfect if it didn‘t. The objective is
then completed within the strict confines of the dream.“6 There
is an ambiguity between outer appearance and secondary inherent meaning. Most of Panamarenko’s works' titles evoke associations like the title Flying Carpet indicating a fantasy
vehicle of transport of the oriental folk tales in 1001 nights.7
The modern day materials and the method of construction
make it look like an innovative life-size model which evokes in
the viewer the idea of a vehicle which is ready to take to the air
at any moment.
Taking a closer look, there are more references that evoke
associations just like the title that lets us assume something undefined underlying, something which can be called poetry.8 For
example the DESTRUCT button will remind the viewer of top
secret projects and messages that can be destroyed in a precarious situation. As mentioned before it can also be regarded as
a connection to the EPA as it is in a similar way protecting basic
ideas of inventions from exploitation or abuse. In the context
of transport it reminds the viewer of a catapult seat or a button
to make it a one way journey maybe into another world. The
viewer should just associate the way of using this means of
transport to get to another level into the idea or dream world
of the artist. The works therefore cannot be meant to be driven
or ridden or in any other way moved by the spectator.

HISTORY OF THE ARTWORK

During the past thirty years Flying Carpet had been set up in
various places in the EPA. Around the 1990s it was no longer
welcome in the public area and was folded up and put into a
storage room in the basement. In 1992 it was retrieved from its
„grave“and the discoverers were exhilarated to have found such
a precious work of art by such a famous artist. Thereupon a
small Panamarenko exhibition was organised in the EPA which
took place in 1993. It was called TOYMODEL OF SPACE and
Flip the Fruitfly, after additional works which had been borrowed from Panamarenko's house in Belgium. In preparation of
this exhibition Flying Carpet was said not to have been in top
condition so that the artwork was to undergo some cleaning and
restoration treatments with which a young artist was commissioned. After the revision and exhibition Flying Carpet was set
up again inside the building. About a decade later it was then
moved again to another quarter of the city into a newer building complex (see Figure 2).
CHANGES TO THE ARTWORK

The restoration treatments carried out in 1992/1993 meant a
fundamental change to Flying Carpet’s appearance. While trying
to reinstall the artwork in the EPA building and taking it from
the storage room in the basement, the engineers from the building services are said to have requested the removal of the silver
fringes braid. The material being too easily inflammable was
deemed to be a safety risk. It was suggested to substitute the tinsel-like fringes with fringes made from wire mesh, the material
that Flying Carpet is completely covered with. Documented in a
fax found in the files Panamarenko agreed with this substitution
by saying that it would look “okay”.
There are two early photographs that show Flying Carpet in
its former state (before 1993) with its original silver fringes braid
attached on all four side, whereas the substitute fringes were
mounted only on the two short sides. According to an interview
with an electrician, he himself had been ordered to set Flying
Carpet into operation at that time to check if it would still
'work'. The result of the test was that some of the rotors were
not moving at all, while some others still did. Traces of this 'test'
are still visible, as the black layer of paint on the rotors got
abraded because of their scraping along the deformed top wire
mesh covering.
Further investigation into the artworks' history showed that
repairs and renovation had been carried out to an even greater
extent than first thought according to the information passed on
orally. A photomontage with an early photograph led to the conclusion that the wire mesh covering on top of Flying Carpet was
a replacement as well. The original meshing had been wider than
the one that was mounted. This is also visible on the artwork as
the original mesh size is imprinted in the silver paint, which
Panamarenko had applied after having originally mounted the
fringes and the wire mesh. According to this the mesh size had
been 12,5 cm in contrast to the 10,6 cm of the substitute.

Imprinted as well is the fringe's braid top edge, which must have
looked grate-like as the silver spray paint shows the negative
form of it: a grid made up of dots. After having replaced the wire
mesh coating an extra silicone rim had been added along the top
edge of the long sides of the artwork. Further repairs had been
carried out on Makrolon® joints and battery packs. Makrolon®
joints had come loose and got repaired with a glue which is
bulky and yellow, or in the meantime got discoloured. Battery
packs had been reattached with a silicone rubber which is
opaque and not transparent as the original. Two inconsistencies
led us to assume further manipulations but these couldn't be
proven. Firstly there are some hinges that are welded to the
stainless steel base frame under the central joint, which look different from all the other hinges on Flying Carpet. Around these
the Makrolon® is scorched due to the heat of the welding procedure and they also prevent Flying Carpet from being truly and
completely collapsible. Secondly the control levers are connected
in a way that makes no sense. One control lever is not connected
at all—the cables have been cut through. The other control lever
and the one under the red DESTRUCT cap are connected to the
wiring but they cannot affect an interruption of the electric circuit so that they could not function as controls. If one would
connect a recharging device to Flying Carpet, the motors would
start immediately. This is rather atypical for Panamarenko, as
he is said to build his works with a healthy functionality.
DAMAGES AND CAUSES

Damages are caused due to different factors: inappropriate treatment, vandalism and material ageing. The whole artwork was
covered in dust and grime on all surfaces and also spots of splattered lubricant had been recorded. If they originated from the
artist himself or from a later “test” couldn't be ascertained. The
wire mesh covering was dented in several places and a few of
the substitute fringes had been lost. This might be caused by people walking by too closely and bumping against it, or cleaning
staff with machines hitting the artwork by accident. Furthermore
in two areas the whole construction from stainless steel bars to
Makrolon® covering had been deformed. This can only have
happened when the artwork was shifted, so that the critical parts
were no longer supported. In this state there must have been a
weighty impact otherwise the deformations couldn't have been
effected. As it is said that some employees' children had been
seen playing on the artwork, this is most likely to be the corresponding cause. The handholds had not been attached anymore
which might also be due to vandalism. Joints of Makrolon®
parts had come loose as well as the ones that had been fixed with
a yellowed and bulky glue. One piece had been fixed with an
adhesive tape. Battery packs originally fixed with silicone rubber
and some cables were partly detached and five battery-packs are
missing. These damages are likely to have been caused by folding up and moving Flying Carpet several times. Damages caused
by ageing can also be detected. Apart from yellowing and cracking Makrolon® parts also show some losses. The layer of black

paint had come off the wooden rotors and was partly lost. Most
battery-packs were leaking electrolyte in a white bloom.
DECISION-MAKING FOR CONSERVATION CONCEPT

It is self-explanatory to try to preserve materials from further
ageing and if possible to use the respective treatment to prevent
further damages. But how to deal with the changes that had occurred to the artwork? And how to deal with functionality which
was not given any more? According to the artist's intention and
the meaning of the artwork's functionality, this is not to be
tested, treated or restored, whereas the changed situation for the
tinsel fringes, as documented by earlier photographs, is a change
in agreement with the artist’s intention. The fringes consisting of
a textile material were the major reference to the Flying
Carpet from the story. With the fringes missing this associative
factor for the textile carpet is lost as well. It should therefore be
reconstructed. As the wire mesh covering is a replacement with
incorrect meshing it can be taken off and replaced by a wiremesh in the right size, hoping to attain a different appearance
with more transparency. The additional silicone rim, which had
been attached on the long sides, is to be taken off as well, as it
hadn't been there originally and has no function at all.
CONSERVATION TREATMENT

After these deliberations conservation treatments were considered and started being carried out. All parts were cleaned with
a soft dry brush and a vacuum cleaner. The extra silicone rim
along the two long sides was then taken off. The next step was
taking off the substitute wire mesh covering as it had been decided after a discussion to replace it. This was done by cutting
the wire eyelets it had been fixed with. Then Makrolon® parts
were cleaned additionally with a damp microfibre cloth. Loose
layers of paint on the wooden rotors were consolidated with a
5 % mixture of sturgeon glue and Funori (3:2 parts).
The repair glue on the Makrolon® parts didn't fulfil its requirements anymore; it got yellow, brittle and lost its adhesive
and bonding powers. Different methods were tested how to take
off the glue for aesthetic purposes but also for the purpose of facilitating re-gluing the joints.
1. Mechanical removal: A scalpel and a knife made from
bone were too hard and posed the risk of leaving scratches in
the plastics surface. Spatulas made from horn and Teflon (Polytetrafluorethylene) were soft enough not to cause scratching but
were not able to cut off the glue properly.
2. Chemical removal: It was tested if the glue could be dissolved in any with Makrolon® compatible solvents and by this
means taken off. In the product's information provided by the
manufacturer solvents are listed to which Makrolon® is resistant
against and to which it is not.9 The harmless solvents were used
for a dissolving tests. These solvents were: water, ethanol, Shellsol T (hydrocarbon non-aromatic solvent), white spirit with a
boiling range of 100 to 140°C, hexane, isooctane and ethylene
glycol with water 1:1. Fallen off fragments were put in a solvent
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Figure 1
Flying Carpet in the atelier 2011,
after restoration treatment

Figure 2
Flying Carpet in 2010
with fringes made from wire mesh
See colour plate, p. 185

Figure 3
Thermal removal of yellow repair glue
from Makrolon®

Figure 4
Irreversibly damaged Makrolon
caused by components of the repair glue

bath for 24 hours but none of the solvents could solve or even
swell the glue.
3. Thermal removal: Softening the glue residues with a
heated spatula applied through a microfibre cloth was tested. It
thereby melted and stuck to the cloth and could be taken off with
it. This method was the only practical method working for removing the glue without damaging the Makrolon® (see Figure 3).
After the glue had been removed, damage caused by this
glue became all too visible. The surface of the plastic was
whitened and rough. Microscopic magnification showed that
light was scattered on the rough surface and by a different angle
of light underneath the roughened surface little cracks were also
detected. The plastic material is irreversibly damaged (see Figure
4). Next loosened joints of Makrolon® parts were to be
re-bonded. Apart from reversibility, requirements for the glue
were its compatibility with Makrolon®, transparency, adequate
processing time and sufficient bonding strength. As the material
has a thickness of 1 mm the butt joints have a very small bonding surface and most of the bonding had to be carried out under

tensions, e.g. the bonding on the cylinders that belt the rotors.
The original joints were carried out in the technique of solvent
welding. This technique results in good bonding but it changes
the material and therefore cannot be taken into account for conservation means. Most of the recommended glues for gluing new
Makrolon® in the product data sheet10 were not suitable as they
damage the original material or are not reversible, except of an
adhesive tape which was regarded to be not manageable and the
category adhesion glues which wasn't specified further. So a type
of glue with adequate properties had to be found by testing.11
Glues containing solvents were chosen according to their ability
being solved in solvents which were stated by the manufacturer
Makrolon® being stable against.12 A polyvinylacetate glue turned
out to be suitable to bond, the product's name is Mowilith® 50.13
It's transparent, soluble in a solvent which is compatible with
Makrolon® (95% ethanol, 5 % water), it should stay reversible
with the same solvent and bonding properties were sufficient. It
was applied with a syringe in a 40 % concentration dissolved in
95 % Ethanol and 5 % water.

RECHARGEABLE BATTERIES

natural ageing as the metal capsules of the batteries get corroded
from the inside. Considerations of how to preserve batteries
were made as there couldn't be found anything in literature. This
kind of battery is no longer produced, so the batteries can't be
substituted as one might consider this nor can they be taken off
as they are a sculptural component themselves. The idea was to
get the liquid electrolyte inside the batteries dry, so it wouldn't
cause any further corrosion, for example by putting them in a
drying closet. To do this a hole would have to be drilled into
each battery, so it wouldn't explode under pressure. Furthermore
one would need to separate the batteries from the artwork,
which meant destroying the original cable connections. To be
able to estimate how far further leaking would go, the setup of
the batteries was closely looked at. The aqueous electrolyte is
capillary bound in a porous coil and therefore the amount of liquid contained should be very small. It is assumed that corrosion
will stop at some state, when the batteries have dried out by ageing and maybe this state has already been reached. It will be
checked if any new leakage can be detected a year later.

The aqueous electrolyte on many batteries leaked out in a white
bloom (see Figure 5). The first question which had to be answered for the owner was, if the chemical could cause any danger to employees. The batteries are labelled 'General Electric
Rechargeable Nickel-Cadmium-Battery'. Therefore the crystallized electrolyte was analyzed14 for contents of nickel and cadmium. As this wasn't the case next question was how to be able
to preserve the batteries from further leaking and corroding. The
aqueous electrolyte is made of potassium hydroxide and sodium
hydroxide solution, chemicals which are alkaline and corrosive
to other materials. As a result of leaked out electrolyte attached
cables and litz wires are in parts corroded. Other surrounding
materials have not got in contact and not been affected yet. The
leaking of the batteries took place around the safety valve. When
rechargeable batteries get overcharged the safety valve can pop
open as overpressure occurs inside.15 This might be due to an
earlier overcharge maybe happened when Flying Carpet was put
into operation in 1992/1993. But there is also damage from
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Figure 5
Rechargeable batteries with a white bloom of leaked out electrolyte
which had affected corrosion on attached wires

Figure 6
Rechargeable batteries after having
taken off leaked out electrolyte

Therefore the decision was made not to treat the batteries
except by taking the leaked out electrolyte off mechanically, in
places where it's accessible (see Figure 6). And battery packs
which had got detached were reattached with a silicone rubber
with transparent properties. The products name used is Wacker
Elastosil RT 625. Opaque bonding of battery-packs were taken
off and replaced by transparent silicone rubber bonding. Loosened cables were also fixed with silicone rubber. Four battery
packs were missing but were not replaced or anything as the pattern of repeating units of the electric devises is meant to still
work for the meaning of the artwork.
RECONSTRUCTIONS AND REPLACEMENTS

The material the original fringes on Flying Carpet were made of
couldn't be clearly identified by the early photographs, it somehow reminds of Christmas tinsel. During working on the artwork some fragments that could be attributed to the original
fringes were detected. A sample was taken and examination
under a microscope showed that it was a synthetic fibre with a

rectangular cross section and metal coating. The width was
0.25 mm and thickness 20 µm. Analysis showed that it was a
polyester yarn metallized with aluminium.16 The silver paint on
which the mesh size is imprinted also shows the characteristics
of the fringes braid. The dots refer to a grid-like top rim along
which the fringes were attached. Although these fringe braids
are commonly available in all kinds of colours and sizes it was
impossible to find one with the exact same properties. The one
that was finally picked for reconstruction has a thickness of
0.4 instead of 0.25 mm and because it is a compound with more
than one polymer layer its thickness is more than 20 µm. Still
this product resembled best the original in the early photographs
and it has the required grid top braid.17
The decision for replacing the wire mesh by one with adequate mesh size was made because more transparency is expected.
The only information available for the original wire mesh was the
actual mesh size. What material exactly it was originally made of
couldn't be determined. The decision about the material to be used
was made according to the existing wire mesh and only the mesh
size was adapted. Therefore a zinc coated wire mesh was needed
which had thickened or swollen welding knobs just like the substitute. Required meshing of 12,5 mm was impossible to find in the
right quality, as the standard is a 12,7 mm meshing which relates
to the unit inch. The divergence of 0,2 mm to the divergence before of 1,9 mm was accepted. For the replacement the product
named 'Vulkan Gitter, feuerschlussverzinkt' by the company
Haver & Boecker was used, a welded zinc-coated wire mesh with
the remark to have good resistance to corrosion.18
MOUNTING

For the mounting of the substitution wire mesh various wire materials had been used unlike for other wire connections on the artwork that are all done with a stainless steel wire in 1 mm
thickness. Therefore for attaching the new replacement wire mesh
stainless steel wire had been used as well. The wire eyelets for the
mounting of the wire mesh were fixed with the original meant for
holes. The fringe braid was tucked in between the Makrolon® covering and the new wire mesh. When fixing the wire mesh with new
stainless steel wire eyelets the fringes were fixed with it and only
in the corners and at the beginning and end of the braid some glue
had to be applied (Mowilith® 50, 40 %). Then footrests got attached with wire eyelets as they had been before and the cushioned seats were glued (Paraloid B 48 N,19 25 % in acetone) onto
the wire mesh in their original position. The handholds seem to
have been cut off, probably at the time when the substitution of
the wire-mesh took place. The broken strings of the handholds
were sewn together and by this means reattached (see Figure 1).
CONCLUSION

Flying Carpet will go back to the building which it was originally meant for after the building's refurbishment is finished.
The artwork will be set up on a low base plate to prevent cleaning machines or vacuum cleaners from bumping against it and to

keep people from walking by too closely. A solution for how to
preserve batteries wasn't found. But weighing the possibilities
brought the conclusion that treatment is maybe not so urgent.
The replacements that were carried out are a harsh change to
the appearance but it is closer to the original appearance.
ACKNOWLEDGEMENT

I would like to thank Dr. Kristine Schönert curator of the European Patent Office Collection for placing so much confidence in
me. Furthermore I want to thank Prof. Dipl. Rest. Erwin
Emmerling, Dipl.-Restaurator for supporting me in my diploma
thesis. I was allowed to profit through discussing critical decisions with him. And thanks to Diplom-Restauratorin and Doctorand Simone Miller for pointing out some meaningful aspects
to me. Thanks as well to Prof. Dr. Andreas Jossen for answering
my persistent questions on the ageing of rechargeable batteries.
ENDNOTES

(1)The text was found in the files that goes with the artwork
in the EPA and was translated from German.
(2)Pictures of two drafts are printed in the documentation of
the artists' contest. European Patent Office Munich 1978.
Dokumentation des Bildhauerwettbewerbs. München:
Europäisches Patentamt München.
(3)Panamarenko in interview with Jean Leering and Anny de
Decker 1970, translation cited by Grisebach 1978, p. 70.
(4)Von Mutzenbecher 1977, p. 5.
(5)Grisebach 1978, p. 70.
(6)Cooke 2000, no pagination.
(7)Vandepitte 2005, p. 28.
(8)Grisebach 1982, p. 12.
(9)Table of solvents Makrolon is chemically resistant against,
in Bayer MaterialScience AG 2004.
(10) Bayer MaterialScience AG 2008.
(11) Mowilith® 50, Mowilith® 30, Plexisol® P 550-40,
Plexigum® PQ 611, Paraloid® B 67, Mowital® B 30 H,
Lascaux® Acrylkleber 498 HV, polyurethane dispersions
PU 52 and PU 61 by Kremer Pigmente.
(12) See endnote 9.
(13) Mowilith 50 was supplied by Kremer Pigmente GmbH
& Co. KG, Hauptstr. 41 – 47, 88317 Aichstetten, Germany.
(14) Analysis had been carried out by Chemistry Department
of Technical University Munich.
(15) Kohaupt, 1996.
(16) Analysis Methods were Energy Dispersive X-ray
Spectroscopy for metal coating and FT-IR Spectroscopy for
the fibre's polymer.
(17) The silver fringe braid supplied by 'Posamenten
Manufaktur Gattermann' in Munich.
(18) http://www.weavingideas.com/de/anwendungenprodukte/hobby-handwerk/vulkan-gitter.html
(Accessed: 7/2011).
(19) Supplied by Kremer Pigmente, see Endnote 13.

169

LECTURE
020
DEVELOPING DURABLE
FOODSTUFFS FOR
CONTEMPORARY ART
BY ANNA COMIOTTO, MARC EGGER, CAROLINE FORSTER, AGATHE JARCZYK, ISABELLE KRIEG,
GEORGE STEINMANN, MARKUS VAIHINGER, KARIN WYSS
ABSTRACT

INTRODUCTION

The project presented in this paper has brought together conservators, food scientists, art technologists and artists. It originated
from artists' requests for interdisciplinary collaborations to learn
more about the durability and preservability of foodstuffs they
make use of in their art production. This paper reports first outputs of this interdisciplinary network. Accelerated ageing tests performed on selected foodstuffs will be reported and an insight into
the development of different stabilisation treatments will be given.
The tested stabilisation treatments involved techniques and stabilisers usually applied in conventional food preservation but also
in other fields of application, for example for the preservation of
wood, botanical samples and synthetic materials. All experiments
performed are strongly related to the artists' individual visions
concerning acceptable food modification levels and the aspired
durability of the food materials they use.

Foodstuffs are widely used as material to create contemporary art
and have found their way into design applications as well.1 They
can be used by artists as an obviously ephemeral matter, spoiled
by environmental impacts like oxygen, moisture and light and afflicted with microorganisms, enzymes and insects. During
spoilage the foodstuffs' colour, shape and smell can undergo drastic changes. Today, various artists make use of such signs of degradation because this transience contributes fundamentally to the
artwork's meaning. Carpet moths, bread beetles, grubs and
mould, they all can become vital assistants of an artist. The oeuvre of Dieter Roth is an impressive example for this artistic “cooperation” of insects and microorganisms (Dobke 2005).
Contrary to this example, the artists involved in the project
are not aiming at presenting foodstuffs as an extraordinary transient kind of matter. Not aiming at ephemerality, the said artists
are working with foodstuffs as a material for the creation of sculptures, drawings, paintings and installation art. Constantly working with foodstuffs as artistic materials, they were worried about
the unknown ageing destiny of foodstuffs in use and repeatedly
came across unwanted signs of ageing. They were seeking for interdisciplinary collaborations, in order to learn more about the
ageing of foodstuffs and to have options for preservative counter
actions at their disposal. The project originated from these artists'
requests and has brought together conservators, food scientist, art
technologists and artists for 14 months in close collaboration. This
paper will give an insight into the ways of thinking and acting of
this interdisciplinary network and presents outcomes of laboratory experiments performed to assess and improve the ageing stability of selected foodstuffs used by the artists. First and foremost
this project aimed at supporting their art production process and
the realisation of their artistic ideas, dreams and visions.

KEYWORDS

accelerated ageing, art production, contemporary art,
foodstuff, preservation, ageing stability

THE TRANSIENCE OF FOODSTUFFS IS NOT
THE ESSENCE OF THE ARTWORK

One artist who took part in the project is Swiss artist Isabelle
Krieg. She creates sculptures, paintings and room environments
made of bread, radishes, salt, coffee, cocoa or ketchup, among
other materials. Her art production is based on ordinary, mostly
accidentally arising situations of her everyday life. As an artist,
she is interacting with these situations, for example by transforming burned bread slices into a piece of art titled Aufziehendes Gewitter am Sonntagmorgen (Approaching Thunderstorm
on a Sunday Morning, Figure 1a) or by placing scooped out
loaves of bread as light emitting sculptures in different indoor
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and outdoor environments (see Figures 1c, 1d). The light emitting bread loaves are titled Abendbrot (Evening Bread) and refer
to glowing evening clouds. The breads, usually coated with an
epoxy resin, emit a warm glow because they are filled with
fluorescent tubes, energy saving lamps or light emitting diodes.
Undesired visits of beetles were discovered by the artist when
the Evening Breads were stored in an inappropriate environment. For the artist this discovery was the initial spark to take
part in this project. Isabelle Krieg also creates sculptures made of
dried radishes. She transforms radishes into individual creatures
(see Figure 1b) by carving facial expressions in the red radish
roots and slowly air drying them for some weeks. Since 2005
the radish sculptures have become part of various public exhibitions and private art collections. However, over the course of
time their original colour is prone to fading (see colour plate of
Figure 5b), a degradation phenomenon the artist has been aiming
to prevent by all means.
Another Swiss artist who participated in the project is George
Steinmann. Since about 26 years he uses freshly gathered or defrosted blueberries for the creation of drawings, paintings and photography. He mixes the blueberries with water, boils this mixture
and filters out the juice to use as a painting medium (see Figure
2a). Anthocyanins, naturally present in blueberries, are responsible for their red, blue and violet colour shades, which are variably
depending on the acidity of the juice and the presence of metal
ions. George Steinmann experiments with colour variations, for
example by applying the berry juice on papers with different acidity, by boiling it with water of different degrees of hardness or by
processing it in inert glass or reactive metal pots. He wished to find
out more about the long-term ageing stability of his blueberry applications and thus became part of the project.
Last but not least, the German media artist Oliver Wolf, a.k.a.
Olsen, and the Swiss artist duo Lutz and Guggisberg joined the
project. Olsen was developing an interactive gelatine jelly (see
Figure 2b) that had an eccentric moving motor and a motion detection unit inside so that the spectators could trigger it to wobble. The artist was looking for support in formulating a recipe
of an antimicrobially equipped jelly, as he was confronted
with unwelcomed mould populations in his pretrials. The Swiss
artist duo Lutz-Guggisberg was also interested in knowledge
exchange, concerning the prevention of microbial ageing—a
problem they were facing during the creation of the art installation Brotflotte (Bread Fleet, Figure 2c, 2d).

variety of the artistic ways of expression. While media artist
Olsen was looking for a recipe to keep the jelly mould-free for
only two weeks during a single exhibition, the dried radish sculptures and bread objects of Isabelle Krieg should last for a crucially longer period of time. In the artist's own words: “Ideally
the dried radishes should survive in the original colour for a
whole collector's lifetime.”2 “Ideally you would buy one of my
breads and it would stay nice for the next hundred years, and
you would only have to change the lamp from time to time.”3
Artist George Steinmann on his part was fascinated by the idea
to find ways for predicting and controlling the long-term ageing
stability of his blueberry applications. He specified his vision as
follows: “My ideal conception would be that, as an artist, I could
decide during the working process: I want it to become invisible
within twenty years, or: I want it to be treated in a way that it
practically will not have changed in a hundred years from now.”4
This statement shows that knowledge about food deterioration
and its control can also be used by artists as a new kind of
creative tool, as a basis for specific manipulations into their artworks' ageing process.
DETERMINING THE SCOPE OF PRESERVATION TREATMENTS

As a starting point for the development of adequate preservation
treatments the artists reported their positions regarding questions
like: Which manifestations of spoilage are beyond an acceptable
level of alteration? Are preservation treatments required to be applied as part of the art production process? Which levels of impact
on the foodstuffs' materiality are acceptable in the course of these
preservation treatments?
In 2009 Andres Lutz explained his view concerning the acceptable modification level as follows: “Ships made of bread with
a wall label that says ‘material: plaster’- that's complete crap. It
should say ‘bread’ of course. But if someone had told us: You
should have added this and that chemical powder to stabilise it we would have done it. It is not exactly meant to be edible for
real, but it should nevertheless be some kind of bread made of
flower and water. With yeast to make it raise and give it that nice
crust.”5 This statement represents one common point of view
shared by all the artists involved. They were not interested in preserving the foodstuffs' edibility, but the foodstuffs' main ingredients were wished to be present in the artwork. Within this
framework, they were looking for food preservation procedures to
attune the ageing stability of the foodstuffs according to the artwork's specific meaning.

FOR HOW LONG SHOULD IT LAST?

All artists involved were searching for adequate preservation procedures to tune their foodstuffs' durability in a way that matches
the specific meaning of their artworks. But, what does ‘durability’ mean from different individual points of view? Should the
foodstuffs stay stable for some days, or for weeks during a single exhibition? Or, should they be preserved for a collector's lifetime, or even for the next hundred years? The term ‘durability’
can reveal a vast diversity of meanings according to the endless

FOOD MODIFICATION –
OF WHAT KIND AND AT WHICH LEVEL?

In search of strategies to attune the foodstuffs' durability it
seemed natural to have a look at conventional food preservation
techniques first. Most foodstuffs that reach the supermarket, the
kitchen or the larder room have already been stabilised against
microbial, enzymatic and chemical spoilage by certain treatments. Heating and irradiation6 are typically applied to

inactivate microbial contamination or enzymes (Heldman 1999:
128-130; Baltes 2007: 142-144). Drying (freeze drying, or drying by sun or hot air) is used to reduce the foodstuffs' water content below the level necessary for microbial growth (Baltes 2007:
153-155). The shelf life of foodstuffs can also be improved by
adding preservatives, well known are antimicrobial agents, water
binders, acidity regulators and antioxidants (Emerton and Choi
2008). Especially packaging plays a predominant role in slowing
down the speed of spoilage, for example moisture- and oxygen
free, UV-blocking, lightproof, oxygen scavenging and other kind
of active packaging (Coles et al. 2003). Apart from preservation
treatments usually applied for food, procedures developed for
other material classes came into consideration as well, namely
those applied for the long-term stabilisation of plastics, botanical specimens and wood.
The artists' definition of acceptable food modification procedures and levels built the starting point of all stabilisation experiments presented below. Four different levels of impact on
the foodstuffs' material integrity were proposed to the artists:
At the first and lowest level all ingredients should be just as they
are typically present in home-made or industrially processed
foodstuffs and preservatives should be applied in concentrations
permitted for food. Artist Olsen's interactive jelly, for example,
underwent this lowest modification level. The artist kept it free
from mould and yeast for the exhibition period of two weeks by
adding an antimicrobial food preservative, Potassium Sorbate
(E-202), in a limited concentration.7 While augmenting the extent of modification to the second level, again only conventional
food processing is applied. All ingredients can be part of conventional foodstuffs, but at this level the preservatives may be
added in higher concentrations as permitted for food. At the
next and third modification level, the inserted preservatives are
not permitted by food additive regulations, but are successfully
used in other material preservation fields, for example for wood,
botanical specimens or plastic preservation. Artist Isabelle Krieg
was considering food modifications up to this level. At the fourth
and last modification level the foodstuff might be entirely faked
by applying any material and method of choice. This modification level was not accepted by any of the involved artists.
ARTIST STUDIO PRACTICE MEETS LABORATORY TESTS

Different foodstuff samples, representing the materiality of the
artists' artworks as close as possible, were prepared under laboratory conditions for simulated ageing and stabilisation experiments. The documentation of the artists' choice of materials
and processing built the essential basis for these sample preparations. As an example, Figure 3 shows how artist George
Steinmann explains the preparation of his blueberry painting
medium and how the preparation is documented by digitally
logging the thermal impact on the blueberries during the cooking of the juice.
The experiments described below were accompanied by a
variety of challenges: How the food processing of the artists

can be reproduced under well-defined laboratory conditions
and how the outcomes of this laboratory work can be transferred into the artists' future studio practice? How reproducible
is a specific food preparation process in general? And, how reproducible are food materials shaped by nature's caprices?
TESTING THE AGEING STABILITY OF SELECTED FOODSTUFFS

The light ageing stability of George Steinmann's blueberry painting medium and Isabelle Krieg's dried radishes was tested by accelerated light ageing. Blueberry painting medium applications and
dried radish test samples were exposed to high intensities of glassfiltered daylight fluorescent tubes in light ageing chambers8 (see
Figures 4a, 4b).
Blueberry painting medium with a determined pH9 was prepared and applied on pieces of pure cellulosic paper as advised by
the artist.10 After drying of the samples, during three weeks in the
dark, they underwent 9 months of accelerated light ageing. During light ageing the colour and brightness changes of the samples
were monitored by colorimetry11 and the same was done with reference samples stored in the dark. Colorimetric data reveal that
George Steinmann's blueberry painting medium underwent significant colour and brightness changes caused by accelerated light
ageing (see example in Figure 4c). The impact of two different
juice boiling times on light stability was tested, which showed that
samples prepared by extended boiling time underwent colour and
brightness changes to a lesser extent.
For the evaluation of the indoor light stability of dried
radishes, water-washed radishes were purchased from a local vegetable gardener and air dried in a lightproof and well-ventilated
room. The dried radishes underwent accelerated light ageing for
35 days and their colour was repeatedly documented with an IT8
colour calibrated flatbed scanner.12 The green colour of the radish
leaves was totally bleached out after 35 days of accelerated light
ageing (see Figure 5c, I.). This result was reproduced with different radish sample batches harvested at different times, as well as
with test series air dried at room temperature in the dark for different periods of time (40-100 days). The strong bleaching of the
colour of the leaves is a degradation phenomenon the artist Isabelle Krieg has been aiming at preventing by all means. Very
probably, it is caused by the instability of the green plant pigment
chlorophyll, which is easily destroyed by heat, light, oxygen, enzymes and acids (De Ancos et al. 2006: 68). Pronounced colour
changes were also observed on dried radish samples if they were
stored for several months in closed packaging without any exposure to light. This phenomenon is attributed to the volatile free
acids which degas from aged dried radishes (as proved with A-Dacid indicators) and their extensive accumulation in closed storage.
EXPERIMENTS TO IMPROVE THE LIGHT STABILITY
OF DRIED RADISHES

Food technological literature (e.g. Lanfer and Sinnecker 2008:
205) and historical papers related to the preservation of botanical samples (e.g. Trail 1908; Jörgensen 1916; Rendle 1916;
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Figure 2
(a) George Steinmann: Suchraum Wildnis (Search space wilderness, 2009)
Sound and object installation involving blueberries as painting medium,
detail image
(b) Olsen: Retortenheber, der (2011)
Interactive jelly made of antimicrobially equipped gelatine.
Image courtesy of Olsen http://hasa-labs.org.
(c) Artist Anders Guggisberg explains the baking process of the Brotflotte (2003).
(d) Details of the installation Brotflotte
(courtesy of Lutz and Guggisberg).

Figure 1
(a) Isabelle Krieg: Aufziehendes Gewitter am Sonntagmorgen
(Approaching Thunderstorm on a Sunday Morning, 2010)
(b) Isabelle Krieg: Törichte Jungfrau (foolish virgin, 2005-today)
(c) Isabelle Krieg: Grosses Abendbrot (Big Evening Bread, 2003-today)
(d) Light emitting bread loaves mounted on trees and detail picture
Photos: Isabelle Krieg

leaves in closed test tubes, filled with 70 grams of the treatment
solution. After all treatments, the samples were washed for 30
minutes in running deionised water to remove leftovers of the
treatment solutions. Finally, the radish leaves were carefully
dried with pure cellulosic filter paper and underwent air drying15
in the dark together with untreated reference samples. After
drying, the treated and not treated radish samples—six per test
series - underwent 35 days of accelerated light ageing. The light
ageing set-up and colour documentation procedure was applied
as described before. After light ageing, a considerable green
colour stabilising effect was observed in the case of all copper
salt treated radish leaves. In contrast to the totally bleached
leaves of the untreated reference samples (see Figure 5c, I.) the
radish leaves blanched in copper sulphate (see Figure 5c, II.),
immersed for 24 hours in copper acetate (see Figure 5c, III.) and
blanched in acidified copper acetate (see Figure 5c, IV.) maintained their green colour. Also the blanching of radish leaves in
pure deionised water had a stabilising effect on the green colour,
but rather irregularly.16
The dried radish roots, red coloured due to the presence of
anthocyanins (Belitz et al. 2004: 787), showed a considerable
better light stability. Nevertheless, after one year of accelerated
light ageing, colour fading also became visible to the eye on the
roots. At the moment, long-term light ageing tests are still on
the way with the goal to slow down the fading process of the
roots. These experiments involve the stabilisation of the dried
roots with two selected HALS light stabilisers (Tinuvin 123 and
Tinuvin 622 LD), prepared as described in endnote 17. The first
results are promising because they reveal a colour stabilising
effect caused by the HALS treatments, but exclusively on the
radish roots. HALS is typically used in the plastic industry as a
self-regenerating light stabiliser against photo-oxidative ageing.

Figure 4
(a) Accelerated Light ageing of dried radishes
(b) Blueberry painting medium applications
(c) Bar plots: Colorimetric data before (black bars)
and after (white bars) light ageing of blueberry painting
medium applications for 9 months
I. = Boiling time 10 minutes; II. = Boiling time 120 minutes.
Each bar represents the average of seven measurement points on
one of eight samples per test series. Each of the test series was
prepared by repeating the juice cooking procedure four times

(b)

EXPERIMENTS TO PREVENT BREAD FROM INFESTATIONS

Woods 1929; King 1954) reveal that the colour of green plants
can be stabilised by replacing the chlorophyll's magnesium centre ion with other metal ions, for example with copper. Woods
stated in 1929: “Copper is employed to fix the chlorophyll,
forming a light-fast compound very similar in colour and shading to natural chlorophyll.” Trail reported in 1908: “When it is
desired to preserve the green colour of dry (green plant) specimens that are to be exposed to light they may be boiled in solution of acetate, washed in pure water and dried.” Incidentally
also French chef Paul Bocuse recommends the use of copper pots
for improving the colour stability of green vegetables during
cooking (Bocuse 1976: 321).13
Copper salt treatments, as shortly outlined in Table 1, have
been performed on the fresh radish leaves to test the effect of
such colour fixture procedures.
Blanching involved 15 seconds of immersion of fresh radish
leaves in the treatment agent at 90 +/- 2 °C, followed by cooling
them in cold distilled water (6 +/- 2 °C). The treatment at room
temperature was done for 24 hours by immersing the fresh

(c)

Figure 3
(a-b) Artist George Steinmann demonstrates
the preparation of his blueberry painting medium.
(c) Documentation of the artist's food preparation process,
for example by logging the thermal impact
on the blueberries during the cooking

BY MICROORGANISMS AND INSECTS

In a further set of experiments, low pressure impregnation was
used to treat bread with fungicides and insecticides. These experiments were aiming at a long-term prevention of insect, mould
and yeast infestation of bread objects, with special regard to indoor exhibited bread art made by Isabelle Krieg. Impregnation
tests were performed on cube sized bread samples (see Figure
5d), baked as described in endnote 18. The impregnation formulas, outlined in Table 2, were applied to the bread samples at
a low pressure of 350 mbar by using a membrane vacuum pump
and self-made and low-cost vacuum impregnation equipment as
shown in Figure 6a. All the tested impregnation agents are generally used as fungicides and/or insecticides with low human toxicity for the preservation of food, wood or plastics. Boric acid,
the additive most present in the formulas, is normally used for
the protection of wood against insects and moulds as tested for
example by Tsunoda 2001 and Kartal 2009. Today, boric acid is
a strongly regulated food additive E-284 (Emerton and Choi
2008: 153-154) and was historically widely applied for the

preservation of seafood, butter, milk, beer, meat and eggs (Kliegel
1980: 328-333). In addition, two kinds of Boric acid containing
silica sol were tested (see Table 2), as well as a silica sol based
quaternary ammonium compound (Biosafe HM 4100), conventionally used as antimicrobial agent for plastics. Low pressure
impregnation of bread samples took place 10-13 days after baking. The homogeneous deposition of all boron containing preservatives was successfully proven by staining the boron with a
staining agent containing curcuma, prepared as described in the
British Standard BS 5666-2. Three months after low pressure impregnation six bread samples per test series were cross-sectioned
and the boron distribution was stained by spraying the detection
reagent on the cutting areas (see staining examples in Figure 5e
and colour plate). As requested by the artist's working practice,
the impregnation equipment was recently upscaled for the treatment of bigger sized bread objects, see figure 6b. By using this
new experimental setup, boron staining experiments proved
again the homogeneous deposition of boric acid, also after impregnation of bigger sized bread samples (see Figure 5f and
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colour plate). After all impregnation treatments the optical characteristics of the bread were kept intact considerably. For each of
the reported experiments at least 30 bread cube samples (25 x 25
x 25 mm) were impregnated for long-term ageing tests. They are
now stored in controlled climate conditions, ready for a simulated insect and mould exposure.
CONCLUSION

The artists involved in this project were looking for an assessment
of the ageing stability of foodstuffs in their use and for options to
Figure 5
control the speed of ageing. In regard to this demand accelerated
(a) Radish sculpture made by artist Isabelle Krieg in its original colour
ageing experiments were performed and the development of ad(b) Bleaching phenomena after approximately four years of indoor exhibition
(c) Exemplary shown flatbed scans of dried radish samples after
equate stabilisation treatments has been started. The design of all
light ageing (represent test batches of six identically prepared samples)
reported experiments was strongly related to the artists' visions
I. Untreated references, II.-IV. treated with copper salts
(d) Exemplarily shown bread sample after
concerning the aspired durability and modification level. All
low pressure impregnation with boric acid
preservation treatments tested have been developed for art pro(e) Staining the boron distribution on cross sections of bread samples
The presence of boron is indicated by the development of red colour.
duction applications and not for conservation of aging artworks
Note the yellow colour of the reagent if sprayed on boron-free bread references
in museums and collections. Nevertheless, besides supporting art
See colour plate, p. 185
production, this paper might hopefully also provide some new inspirations for further research in this field. Last but not least, we
aimed at giving an insight into the endless varieties of experiences
and discoveries which can arise from interdisciplinary collaboration in the course of contemporary art production.
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Figure 6
(a) Experimental setup used for low pressure
impregnation of small sized bread samples
(b) Upscaling the low pressure impregnation setup
for bigger sized bread objects

Table 1

This project was performed as a collaboration between the Bern
University of the Arts and the School of Agricultural, Forest and
Food Sciences. The authors thank Andres Lutz, Anders Guggisberg, Oliver Wolf, Daniel Bräg and Rolf Wolfensberger for their
contributions and BASF, Kallies Feinchemie, Nutrinova, Evonik
Degussa GmbH and Biosafe Inc. for providing sample materials
for testing. Special thanks go to Helena Stoffers-Kneubühler for
sharing the project's initial spark and to Fritz and Margrit
Blaser-Jungi for their careful vegetable gardening. The project
was funded by the Berne University of Applied Sciences.

Copper Salt treatments performed on fresh radish samples
Experiment Agent

Blanching

2

Copper (II)
sulphate
Acidified Copper
Acetate

Immersion at
room temperature

Blanching

1

3

Copper
Acetate

Application

Applied Concentration

Agent dissolved in
distilled water (3 % w/w)
Agent dissolved in
distilled water (2 % w/w)

Agent prepared as described
in endnote 14

Table 2
Bread sample test series prepared
Preservative
None

Action

See endnote 18

Boric Acid

Fungicide
Insecticide

Dissolved in ethanol (3 % w/w),
applied on pre- and post-conditioned
samples as specified in endnote 19

Boric Acid Silica Sol
(Sebosil HB)

Boric Acid Silica Sol
(Dynasilan GLYEO; F826)

Untreated
references

Fungicide
Insecticide

Fungicide
Insecticide

Formulation

Applied as received by the manufacturer,
contains boric acid (2.5 % w/w)

Prepared as described in endnote 20,
contains boric acid (3 % w/w)

ENDNOTES

(1) Designers working with foodstuffs are for example Remigijus
and Egidijus Praspaliauskas (Bread Shoes, 2009), Belmer
Negrillo (Paneluce, 2002) and Enoc Armengol (Panpaati, 2008).
(2)Transcription and translation of the artist's statement
(dated: 10-10-2011) by the authors.
(3)Transcription and translation of the artist's statement
(dated: 23-11-2009) by the authors.
(4)Transcription and translation of the artist's statement
(dated: 07-10-2009) by the authors.
(5)Transcription and translation of the artist's statement
(dated: 30-9-2009) by the authors.
(6)In 2010 the authors have started long-term experiments
regarding the impact of gamma irradiation on the ageing
stability of materials in contemporary art.
(7)Food grade Potassium Sorbate was added 0.3 per cent
(w/w) to the water part of the jelly formulation.

(8)The light ageing chambers were fitted with eight Osram L
Biolux fluorescence tubes (18 W, 965), mounted in a distance of 250 mm to the sample fixture. The temperature in
the chambers was constantly held below 30 °C. The glass
filter blocks wavelengths below 320 nm. The UV and VIS
emission of the filtered light sources was documented with
a spectrometer (Ocean Optics USB 2000).
(9)A pH value of 3 was determined with a pH meter
(Metrohm 632).
(10) 150 grams of defrosted blueberries were diluted in glass
ware (Schott Duran, 400 ml) with distilled water 1:1 by
weight. In the first heating procedure (Fig. 4c, I.) the berry
and water mixture was heated on a controllable heating
plate for 40 minutes, from room temperature up to 100 °C.
This boiling temperature was held for 10 minutes. In the
second heating procedure (Fig. 4c, II.) the 40 minutes of
heating-up to 100 °C was followed by holding this boiling
temperature for 120 minutes. The temperature of the berry
preparation was logged with a temperature probe (pT 100)
connected to a multimeter (Metra Hit 295 CAT IV). Finally,
the berry juice was strained off by gauze pads and each
sample was prepared by immersing a pure cellulosic filter
paper (Whatman No. 1) for two minutes in 15 g of the juice.
(11) Colour and brightness of the samples were documented in
the CIE Lab Colour Space with a Spectrophotometer from
Minolta (CM-2022). Colorimetric data were statistically
evaluated according to confidence intervals of 95 per cent.
(12) Scans were made with open cover plate in a black painted
box with a flatbed scanner HP Scanjet G 4050 by using the
software Silverfast (version 6.6.2r4a). Colour calibration
was done with a Fuji IT8 scanner target.
(13) “Pour maintenir leur couleur verte, on utilise un recipient
si possible en cuivre, ce métal ayant la propriété de raviver
la chlorophylle” (Bocuse 1976: 321).
(14) As described by King 1958 an acetic acid / distilled water
solution (50 % w/w) was saturated with copper acetate and
afterwards thinned 1:1 w/w with distilled water.
(15) In experiment 1 (see table 1) the radish samples and
untreated references underwent 61 days of air drying before
light ageing. In experiments 2 and 3 the radish samples and
untreated references were air dried for 49 days.
(16) Blanching is typically done to enhance the colour stability
of green vegetables by inactivation of chlorophyll degrading
enzymes (Lanfer and Sinnecker 2008: 200).
(17) After drying the radishes for 11 weeks in the dark, they
were immersed for 90 minutes in a solution of the
respective HALS stabiliser in Acetone (10 % w/w).
(18) Bread dough was made with 24 g yeast, 12 g natrium
chloride, 340 g distilled water and 600 g of wheat flour
type 400. Dough kneading was performed for 3 minutes
with an universal kitchen machine (Kitchen Aid classic
5K45SS), afterwards the dough was rolled out to a
thickness of 10 mm and cut in pieces of 25 x 25 x 10 mm.

Pieces were let to rise in cube shaped silicon moulds, closed
with a steel plate covered with a silicon foil. After a total
dough rising time of 70 minutes, bread cube samples under
went baking at 180 °C (40 minutes baked in the closed
moulds and final baking for 20 minutes taken out of the
mould) in a circulating air oven. The described dough
quantity was used for the production of 54 cube shaped
(25 x 25 x 25 mm) bread samples.
(19) Before impregnation with boric acid the bread samples
were conditioned for two weeks at 60 per cent relative
humidity at room temperature. Surficial blooming of boric
acid was successfully prevented by storing the samples after
impregnation for 14 days in an airtight box.
(20) Bread samples were impregnated with a pre-hydrolysed
silane mixture made of Dynasilan GLYEO (26.5 g) and
Dynasilan F826 (2.7 g). Silanes were mixed with isopropyl
alcohol (44.2 g) and acidified distilled water (26.5 g water
+ 0.1 g hypochloric acid 37 %). The mixture was hydrolysed
for 24 hours and was used 48 hours after preparation.

COLOUR PLATES

Lecture 003 / Figure 4
Rapid Prototyped scale models of
Eames plywood DSW chair c. 1945
modelled by Nick Brown, Bucks New University
and a c.1710 Queen Anne chair from the
Frederick Parker Collection
reference no. fpf023.
Courtesy the Frederick Parker Foundation,
modelled by Metropolitan works,
London Metropolitan University.

Lecture 002 / Figure 3
Ron Arad, Oh Void 2
total, lifting device, 2009
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Lecture 004 / Figure 5
Left: Polygon mesh model
Right: NURBS Model

Lecture 007 / Figure 1
Detail of the model Living city based on original sketches
by F.L.Wright, G. Ranalli Architects, New York 1997
Lecture 005 / Figure 5
Chair Solid C2,
production detail

Lecture 008 / Figure 2
Detail of the rubber before conservation

Lecture 007 / Figure 2
Consolidation process using airbrush
equipment with minimal pressure

Lecture 008 / Figure 3
IFTR spectra of rubber and EVA,
before and after light aging
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Lecture 009 / Figure 6
condition of the fan after treatments

Lecture 010 / Figure 5
Upper row: From left to right: skate wheel Bayer 2010,
used degraded skate wheel, broken off part Soft Vase Hella Jongerius
Lower row: Objects in stress strain viewer

Lecture 011 / Figure 1
Test piece of silicone rubber with PVAc
The adhering can be easily released
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Lecture 013 / Figure 3
Primed uncoated VW-beetle hatchbacks
with attached labels in the depot of the
Deutsches Technikmuseum Berlin

Lecture 019 / Figure 2
Flying Carpet in 2010
with fringes made from wire mesh
Lecture 015 / Figure 1
Futuro Prototype. Overview 2011 after conservation
Photo: Nikki van Basten

Lecture 020/ Figure 5
(a) Radish sculpture made by artist Isabelle Krieg in its original colour. (b) Bleaching phenomena after approximately
four years of indoor exhibition (c) Exemplary shown flatbed scans of dried radish samples after light ageing
(represent test batches of six identically prepared samples) I. Untreated references, II.-IV. Treated with copper salts
(d) Exemplarily shown bread sample after low pressure impregnation with boric acid. (e) Staining the boron distribution on cross sections of bread samples
The presence of boron is indicated by the development of red colour. Note the yellow colour of the reagent if sprayed on boron-free bread references
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Poster 003 / Figure 3
Sample case with naturally degraded, uncompounded
and unvulcanised rubber materials (hevea and gutta type)
from different continents as well as few vulcanised
product samples

Poster 001 / Figure 2
Kiefer’s Die große Fracht reconstructed image
in 3D specifically acquired for the COPAC Project
by the ICCOM team

Poster 002 / Figure 1
The artwork Cartoline (Stefano Arienti, 1990)
Photo courtesy: Centro per L’Arte Contemporanea Luigi Pecci, Prato

Poster 006 / Figure 1
Viúva Negra, 1981
Polyurethane and rayon threads on wooden board
128x96x18 cm
Private collection

Poster 004 / Figure 1
CP83 total shot, front side, before treatment outline, deformation of the sheet, loss of adhesion and
missing paint of the brown alkyd resin paint layer

Poster 009 / Figure 1
Television receiver Modell 36
Photo: H. Czech, Deutsches Museum

Poster 007 / Figure 3
Reconstructed RGB map of the colour emission and
false colour images representing the distribution of the
maximum emission peak
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LORENZO PARDINI, MARCELLO PICOLLO, ANNA BALLERINI, GIOVANNI BARTOLOZZI, SERENA CARLESI, COSTANZA CUCCI,
MARCO DE VITA, VERONICA MARCHIAFAVA
ABSTRACT
INTRODUCTION

The Preventive Conservation of Contemporary Art (COPAC)
Project is a biennial research project financially supported by the
Regione Toscana (Tuscany) within the framework of the
Regional Call PAR-FAS 2007-2013. The goal of the project,
with the advice of private consultants, is to create a link between
public academic and research institutions and some of the preeminent national contemporary art museums and art collections
in Tuscany. The focus of the COPAC Project is the study of contemporary artworks and the materials used in their production.
The initial selection of works of art to be investigated included:
the mural Tuttomondo (1989) by Keith Haring, Die große
Fracht (2007) by Anselm Kiefer, and La bandiera italiana (195560) by Fernando Melani.
COPAC also aims to deliver to contemporary art museums
and galleries in Tuscany an interactive data processing system
and diagnostic methodologies. The latter will be based on chemical, physical and structural research techniques developed during the project. This paper presents and discusses the preliminary
results of the project.
KEYWORDS

COPAC, Contemporary Art, Keith Haring,
Anselm Kiefer, Fernando Melani.

The Preventive Conservation of Contemporary Art (COPAC)
Project is a 2-year research project (2011-2013) financially supported by the Regione Toscana (Tuscany, Italy) in the PAR-FAS
program, Disciplinary Framework Science and Technology for the
Safeguard and Valorisation of Cultural Heritage. The COPAC
Project is a joint effort of research institutions, conservators, city
councils, museums, and art collections in Tuscany. The art collections include: the Contemporary Art Centre Luigi Pecci in Prato,
the Casa Studio (Studio house) Fernando Melani, the Palazzo Fabroni - Arti Visive Contemporanee, the Library of San Giorgio in
Pistoia, the Goris’ Collection at Villa Celle nearby Pistoia, the
Centre for Contemporary Art in Lucca, and the City of Pisa.
COPAC activities are focussed mainly on the study of the materials used by contemporary artists to produce their artworks
with a twofold goal: defining artworks materials and monitoring
their condition, conservation status, state of preservation over
time. In order to achieve this goal the research team adopted
a plan based on the use of several diagnostic methodologies for
the study of selected contemporary artworks belonging to museums, galleries, and collections in Tuscany. The purpose of this approach was to acquire as much data as possible about artists’
materials and techniques and, also, to monitor both the condition, conservation status, state of preservation of the artworks
and the surrounding environmental conditions (Learner, 2005).
Complementary research activities were designed to collect additional information through interviews with the artists themselves
(Albano, 1998). The interviews included questions to artists about
the materials used, the purpose of their artistic creation, and their
thoughts about the conservation of their artworks.
Also, it was decided to, at the same time, investigate and
model the degradation processes by selecting reference laboratory
materials and studying their behaviours after natural and artificial
ageing. To date, this part of the project has been focussed, primarily, on the characterisation of the physical and chemical properties of a set of alkyd paints, some natural and synthetic varnishes,
and several polymeric materials.
All of the collected data will be used to evaluate the condition, conservation status, state of preservation of the artworks selected for investigation and to identify their risk factors in order
to select the most appropriate preservation practices.
The ultimate goal of the COPAC Project is to set up an interactive archive to manage and disseminate the acquired information for the benefit of all of the curatorial and technical
participants.
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The Project consists of seven work packages (WPs) as shown
in Figure 1. WP1 and WP7 relate to the data “Management” and
“Dissemination” targets, respectively. WP2, “Interactive information system”, deals with the creation of a layered web portal
that will be an interactive and multimedia archive for all of the diagnostic, conservation, and restoration reports. This web portal
will be integrated with the Information System for the Documentation of Restoration Analysis and Intervention (SICAR), developed by the Soprintendenza of Pisa and extended to similar
organisations in Italy. WP3, “Data collection and painting Selection”, is a repository for information about artists’ materials and
painting techniques. Following the protocols defined by the
INCCA project (http://www.incca.org/), WP3 stores knowledge
based on interviews with artists about the fate of the artworks.
WP4, “Chemical, physical structural characterisation of selected
paintings”, employs three different groups of scientific methodologies. The first group includes spectroscopic techniques, such
as Laser-Induced Breakdown Spectroscopy (LIBS), Raman Spectroscopy, UV-Vis-IR Reflectance Spectroscopy, Colorimetric
analysis, Fourier-Transform Infrared (FT-IR) Spectroscopy, and
X-ray Fluorescence (XRF). The second group uses imaging techniques, namely: Multispectral and Hyperspectral Imaging, IR imaging and reflectography, UV fluorescence, 3D reconstruction,
and photogrammetry, as appropriate. The third group is characterised by the use of Chromatography/Mass Spectrometry techniques, such as HPLC/MS, GC/MS, PY-GC/MS, DEMS (Learner,
2001; Moldoveanu, 2005; Bacci et al. 2005, Carbò et al., 2008;
Cortina and Carbò, 2006, Delaney et al. 2010). In WP5, “Study
of material behaviours”, the research focuses on gaining detailed
knowledge about the behaviour of reference artists’ materials before, during, and after natural and artificial ageing. For this purpose a set of alkyd resin paints available from Winsor & Newton
was selected for laboratory analysis. Several replicas of mock-ups
were prepared for investigation. WP6, “Protocols of preventive
conservation and protocols of restoration for the selected paintings”, defines the conservation practices pertinent to the research
activities undertaken.
A BRIEF NOTE ON THE WP5 ‘STUDY OF
MATERIAL BEHAVIOURS’

The study began with a review of the data reported in literature
about the materials used by contemporary artists. Next, it was decided to examine some of the materials sensitive to one or a combination of environmental parameters, for example: temperature,
relative humidity, daylight, and UV radiation. Finally, the following sets of materials were chosen: alchydic and acrylic paints, natural and synthetic resins, and polymeric materials, such as
expanded polystyrene (EPS).
In particular, the alchydic paints produced by Winsor & Newton, Ferrario, Da Vinci Paints, Kremer, and Graham were taken
into account. As a result, a subset of Winsor & Newton products
was selected to be studied and aged under controlled conditions.
The acrylic materials came from diverse producers: Elvacite® from

DIE GROSSE FRACHT BY ANSELM KIEFER

Figure 2
Kiefer’s Die große Fracht reconstructed image
in 3D specifically acquired for the COPAC Project
by the ICCOM team
See colour plate, p. 186

Figure 1
Diagram of the interaction between
the seven WP of the COPAC Project
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DuPont; Paraloid and Primal® from Rohm and Haas; Plexisol®
and Plexigum® from Rohm GmbH & Co KG. Also, some products made by Caparol were chosen for study because, in 1989,
Keith Haring used Caparol products to to paint the mural Tuttomondo in Pisa.
The selected set of natural and synthetic resins used by artists
and conservators as varnish consisted of dammar, Laropal® K80,
Regalrez 1094, Acrill® 33. Tinuvin® 292, Disboxan 485,
Amphiphase, and MSA® also were added to the products to be
investgated.
TM

INVESTIGATED ARTWORKS IN THE PROJECT:
AN OVERVIEW ON A FEW SELECTED CASE-STUDIES

After a comprehensive evaluation, the following artworks were
selected for the project:
- La bandiera italiana and Il teatrino by Fernando Melani at the
Casa Studio (Studio-house) Fernando Melani in Pistoia.
- Die große Fracht by Anselm Kiefer at the Library
of San Giorgio, Pistoia.

- Cetteobscureclarté qui tombe desetoles
by Anselm Kiefer at the Goris’ Collection at
Villa Celle nearby Pistoia.
- Scultura d’ombra by Claudio Parmiggiani at Palazzo Fabroni Arti Visive Contemporanee - in Pistoia.
- Tuttomondo murales by Keith Haring, Pisa.
- La Caverna dell’antimateria by Pinot Gallizio at the
Contemporary Art Centre “Luigi Pecci” in Prato.
The team decided to include within the WP4 work package the
study of the original palette of Fernando Melani and, also, some
of his colors in powder form. Additionally, a piece (300 cm x 18
cm) cut by Anselm Kiefer from one of his paintings was given to
the COPAC Project to be analysed because the artist himself considered it being "a material without any values so that it could be
crumbled for scientific purposes”.
From the artworks mentioned above, only three were selected
for analysis: the murals Tuttomondo by Haring, the Bandiera Italiana by Melani, and Die große Fracht by Kiefer.

This artwork (460 cm x 690 cm, Figure 2) was created in 2007
by the German artist specifically for the second floor of the San
Giorgio library in Pistoia. The Die große Fracht, which depicts
a boat ready to sail with a ‘heavy load’, was named after a poem
with the same title by post-war Austrian writer Ingeborg Bachmann. In Kiefer’s work the ‘heavy load’ is represented by books
that create an ideal link to the site where the artwork is installed.
The huge canvas is covered with a dense matter made by combining and superimposing acrylic materials, emulsions, clay, rust,
and lead. A boat load of books, made both of metallic lead, is attached and suspended from the canvas (Calabrese and Corà,
2007; Ceccarelli, 2007).
This composite artwork was investigated because it exhibits
conservation problems mainly caused by its composition. Indeed,
as shown in Figure 3, some materials entirely detached from the
canvas. Four of these pieces were sampled and analyzed by means
of FTIR and PY-GC/MS laboratory techniques (see Figure 4).
The FTIR spectra of the inner part of the samples revealed
absorption bands due to quartz, muscovite, nitrate, and a small
amount of kaolinite. This result was confirmed by XRD analysis on one of the samples. Basically, the FTIR technique found no
organic compounds within the layer of material. Analysis of the
material used to attach the paint layer to the canvas suggested,
as a possibility, the presence of a hot-melt adhesive based on
EVA (ethylene vinyl acetate) among other compounds, as confirmed by PY-GC/MS. The reported data indicates that the ‘paint
layer’ is mainly made of a clay material that does not contain
any organic binder media. The absence of a binding medium in
the thick layer of the painting could be the cause of the fragility
of the materials and, due to the variance of the thermo-hygrometric parameters in the library, the tendency of the layer of clay
portion to separate from the canvas. On the other hand, the
artist used a large amount of an organic compound on the
surface of the artwork. This is shown by the chromatographic
profile (see Figure 4) obtained from Py-GC/MS and gas chromatography/mass spectrometry (GC/MS) measurements of a
sample of translucent yellow material. Butolic acid, indicative
of shellac, was found on the outer part of the artwork.
LA BANDIERA ITALIANA BY FERNANDO MELANI

The self-taught artist Fernando Melani (1907-1985), who devoted himself to producing artworks and writing treatises, remained aloof from the Italian art scene throughout his career.
His home-studio is a unique space that harmoniously reflects the
artist’s creative experiences (Giuntoli, 2010). There, visitors can
immerse themselves in his research and take a journey through
part of a career that spotlighted the major art movements of the
second half of the 20th century, including ‘Poor Art’ and ‘Conceptual and Minimalist Art’. The Melani artwork investigated
in the COPAC Project, La bandiera Italiana (see Figure 5), was
created around 1955-60. It displays an Italian flag (107.5 cm x
142 cm x 16 cm) made of canvas, tempera, ethylhexyl-acrilate
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and red areas of the flag over an underlaying layer of blue and
yellow paint. The same types of paints also were used on parts
of the back of the canvas/flag. The FTIR and Py-GC/MS data
on these samples were consistent in detecting the presence of an
acrylic binding medium and VINAVIL®; the latter was used to
maintain the rigidity of the canvas.
MURAL PAINTING TUTTOMONDO BY KEITH HARING

Figure 3
Detail of Die große Fracht showing one
of the possible conservation problems

Figure 4
PY-GC/MS pyrogram showing the presence of butolic acid,
indicative of shellac, on the outer part of the artwork

paint, VINAVIL®, varnish, wooden clothes pegs, plywood.
The Italian flag was analysed in-situ by use of a multispectral imaging methodology in order to obtain RGB, false colour
and UV fluorescence images. At the same time, Fibre Optic Reflectance Spectroscopy (FORS) technique in the 350-2200 nm
range was applied to obtain data about the composition of the
paint layers. The spectra were acquired by using two portable
spectroanalysers equipped with an optical fibre bundle and a
8°/8° geometry probe-head (see Figure 6). It is noteworth to observe, for instance, that the white areas of the flag and the plywood used as a support were coated with two different white
paints. The white of the flag was painted with rutile titanium
dioxide. The white plywood of the support was painted with
anatase, the other titanium dioxide pigment.
LIBS analysis was performed on three samples taken from
the flag. On the white sample, the presence of titanium was confirmed, in agreement with the FORS data, to be the primary element (see Figure 9). The study of these samples under polarised
microscopy (PLM) proved that the artist had painted the green

Tuttomondo (1989) is a large mural painted by Keith Haring
(1958-1990) on the wall of the Church of Sant'Antonio Abate
in Pisa (Italy), and it is the artist’s last public work of art (see
Figure 7). Keith Haring and a student of the University of Pisa decided upon this project during a casual meeting. The artist and his
collaborators painted 30 figures, covering an area of approximately
180 m2, in one week without any preparatory sketch. These 30 figures represent the theme of the “harmony and peace in the world,”
suggesting the variety of the aspects of human coexistence (Bardelli,
2003; Barilli, 2000). The materials and the acrylic paints used by
the artist for this mural were supplied by Caparol Italy GmbH &
Co. Caparol also prepared the support of the painting, using insulating boards of polystyrene foam, coated with a white primer containing quartz and calcite with a styrene-acrylic resin as the binding
medium. The Pisa mural is one of the few still-existent Haring murals, worldwide, that has not yet been restored, and it is in a relatively good state of conservation. Nevertheless, after more than
20 years, alterations and fading of the colours, yellowing and darkening of the white background, and losses in the black lines have
been observed. A diagnostic survey was started in September 2011
to evaluate the state of conservation of the mural, to support a
scheduled conservation intervention for cleaning the mural, and,
subsequently, elaborate to consolidate all the activities related to
the protection of the painted mural.
The results of this study are not only relevant for the characterisation of the paint materials and their condition, but also for the
identification and selection of appropriate cleaning procedures.
With respect to the latter, a colorimeter was used to monitor and
document the colour variations caused by each cleaning test on selected areas both before and after the cleaning process. FORS spectra acquired in situ provided useful information on the composition
of the acrylic paints used by Haring. A Py-GC/MS analysis provided detailed information about the chemical composition of the
synthethic paint medium. A copolymer styrene-n-butyl acrylate was
found to be present in both the priming layer and the paint.

Figure 5
La Bandiera italiana by Melani with reported two spots
of FORS measurements on the white area of the flag (9)
and on the plywood support (25) painted in white

Figure 6
LIBS spectrum on the white area
of the Italian Flag

Figure 7
Detail of the mural Tuttomondo with the
scaffolding during its conservation

selected materials and their intrinsic interactions. At this level
science can play an important role in providing the means for
developing methodologies to gain a deeper understanding in the
artistic materials’ degradation procedures. The COPAC Project,
being a joint effort of research institutions, conservators, city
councils, museums, and art collections in Tuscany, would like to
add another contribution to this charming but challenging project dealing with the knowledge of contemporary art.
ACKNOWLEDGEMENTS

CONCLUSION

As reported by Steven Dykstra “although science became an indispensable part of the conservator’s training and perspective, it
could not become an exclusive approach” (Dykstra, 1996). Starting from this statement it is important to say, however, that the
chemical decomposition of an artwork, even when it has been
carefully protected and preserved, begins immediately after the
materials are put together to create the particular piece of art.
This alteration process may be fast or slow depending on the
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NON-INVASIVE OPTICAL TECHNIQUES FOR DEGRADATION
ASSESSMENT: A CASE-STUDY OF EXPANDED POLYSTYRENE IN
THE ARTWORK ‘CARTOLINE’ BY STEFANO ARIENTI
BY COSTANZA CUCCI, MAURO BACCI, LEONARDO BIGAZZI, MARCELLO PICOLLO

ABSTRACT

spectroscopy, Degradation, Artist interview

This study illustrates the results of scientific investigations based
on a non-invasive optical technique (Fibre Optics Reflectance
Spectroscopy, FORS) applied to the artwork Cartoline (‘Postcards’), by the artist Stefano Arienti. The work of art, dated
1990, is entirely constituted by large expanded polystyrene (EPS)
panels and belongs to the permanent collection of the Contemporary Art Center Luigi Pecci in Prato (Italy). This artwork has
been recently submitted to a general survey aimed at establishing its conservation state and the possible strategies for its maintenance and preservation. The presence of both photo-induced
and mechanical degradation signs indicated the need of urgent
interventions to safeguard the artwork and prevent further
degradation. In-situ measurements performed by means of
FORS allowed a non-invasive characterisation in the UV-VisNIR spectral range of the EPS panels. The spectroscopic analysis was aimed at building a map of the degraded areas on the
panels surfaces, in order to ascertain if they could be attributed
to the actions of the fluorescent tubes usually employed to illuminate the artwork on the reverse. An interview to the artist Stefano Arienti was integrated with the scientific study, in order to
take into account the artist point of view in the conservation
strategy.

INTRODUCTION

KEYWORDS

Expanded polystyrene (EPS), Fibre Optic Reflectance
Spectroscopy (FORS), Non-invasive diagnostics, UV-VIS-NIR

In the last decade a new research branch, dedicated to the study
of plastics and their preservation, has emerged in the field of cultural heritage. In fact, since plastic artworks have been progressively introduced in the museum context, an increasing number of
items started to decay and display alterations, thus testifying the
limited shelf-life of many synthetic polymers. On the other hand,
due to a misleading conviction about the durability of plastics,
questions related to plastics conservation have been acknowledged only in recent years (Blank 1990, Shashoua, 2008). Nowadays the number of studies published on these topics is rapidly
increasing, and several initiatives, such as international and
national projects, conferences and interdisciplinary networks are
contributing to structure the knowledge in the field. At present,
one of the most significant international programs devoted
to plastics conservation is the EC funded research project
POPART (Preservation Of Plastic ARTefacts in museum collections; 2008-2012), which aims at developing international
guidelines and wide accepted strategies to improve conservation
and maintenance of plastic objects in museum collections
(http://popart.mnhn.fr/). The collaborative study presented in this
paper originated indeed in the broader context of the POPART
project, which offered the occasion for an interdisciplinary exchange between the Contemporary Art Center Luigi Pecci in
Prato (Tuscany) - one of the most lively institutions for contemporary art in Italy - and the scientific laboratories of the Institute
of Applied Physics “N. Carrara” (IFAC-CNR), a research institution of the Italian National Research Council.
The considered case study was the EPS artwork Cartoline
(Postcards), completed in 1990 by the artist Stefano Arienti, and
now belonging to the permanent collection of the Pecci museum
(see Figure 1).
The artwork has been recently submitted to a general survey
aimed at establishing its conservation state and the most suitable
measures for its maintenance. The EPS panels were found to be
affected by several deteriorations signs, like yellowing, chromatic
unevenness and diffuse embrittlements. These alterations were
suspected to be partly due to the specific mounting scheme
adopted for displaying the artwork to the public, and in particular to the prolonged exposure to the light sources used to backlight the panels. On the other hand, the suggestive effect of the
illuminated panels was evident and the aesthetic role played by
the light sources could not be disregarded. This fact made the decision making process difficult for curators, which were indeed
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faced with conflicting needs, like the safeguard of the object, the
satisfaction of the public and the preservation of the original artistic intent. In order to expand the information on the degradation
of the artwork and on its actual possible causes, a program of
scientific investigations based on Fibre Optics Reflectance
Spectroscopy (FORS) was proposed. FORS is a well-established
non-invasive technique based on portable spectrophotometers
equipped with optical fibres. Since this technique does not require
sampling and is implementable in-situ, it is routinely used in the
conservation field for diagnostics of paintings and polychrome
artworks (Bacci, Casini, Cucci et al. 2003, Bacci, Bellucci, Cucci
et al. 2005, Leona and Winter 2001). FORS provides the reflectance spectrum in the ultraviolet (UV), visible (VIS) and nearinfrared (NIR) spectral regions for any selected area over the
surface of interest. The UV-Vis-NIR spectrum is exploitable to attain compositional indications, that are helpful for materials characterisation and/or identification, and it can also be used for
colorimetric analysis (UV-Vis region). It is worth outlining that
even if FORS is widely used as a non-invasive analytical method
for investigating traditional artworks and antiques, its application to contemporary art materials, like the synthetic polymers, is
quite recent and still at an exploratory stage. Thus, the FORS
measurements on the case-study Cartoline were considered of interest also because of the novelty of the application of this technique to the study of a plastic artwork.
Finally, to address the study toward practical solutions for
the conservation of the artwork, an interview with the artist
Stefano Arienti was integrated with the scientific investigations.
The contribution of the artist turned out to be crucial to gain a
deeper knowledge of the artwork and to propose a conservation
strategy congruous with the author point of view.

Figure 1
The artwork Cartoline (Stefano Arienti, 1990)
Photo courtesy:
Centro per L’Arte Contemporanea
Luigi Pecci, Prato
See colour plate, p. 186

Figure 2
In situ FORS measurement on a panel of Cartoline.
Experimental campaign performed at the Pecci museum,
in march 2010

Figure 3
Detail of the panel n.1 with three selected
measured points 8x and 25x in the front side,
and 33xd on the back side,
on the zone exposed to the fluorescent tube

means of several fluorescent tubes fixed to the structure behind
each panel, so as to obtain a sort of big white, double-sided wall
(see Figure 1). Thanks to the back-illumination the drawings
carved on the panels could be enhanced, with a suggestive interplay of lights and shadows. This new mounting scheme provided
an impressive aesthetic effect and was therefore adopted in every
subsequent exhibition of the artwork. Unfortunately, from the
point of view of the artwork preservation the repeated choice of
this assembling scheme seemed to entail some drawback. Indeed,
from the artwork examination conducted on 2010, diffuse colour
unevenness, yellowing and chromatic alterations especially visible
under illumination were observed on both sides of the panels. Additionally, crumbling and breakages on the edges of several panels were reported. It was hypothesized that the photochemical
damage (yellowing) could be likely attributed to the prolonged
exposure to light of EPS. Thus it has been decided to investigate
the possible effects of the fluorescent tubes on the EPS panels. The
embrittlement of the edges of the panels was instead supposed to
be caused by the repeated handling, as well as to the pins used to

fix the panels to the structure. To summarise, different possible
causes of damage were hypothesized. Thus, to ascertain which
factor could be more detrimental for the artwork it has been decided to perform scientific analysis.

respect to the impinging radiation Io, versus the wavelength
over the spectral range investigated. Practically, the incident radiation Io is obtained by preliminary measuring the reflectance
of a white reference standard, for example a certified 100% diffusing Spectralon®, so as to calibrate the system before every
measurement session.
An in-situ campaign of FORS measurements was performed on four selected panels of artwork Cartoline. The aim
was to provide a spectroscopic characterisation of the different
areas over the selected EPS panels and in particular to compare
the spectral data of areas closer to the fluorescent tubes with
those of the farther ones. Beside the spectral comparison, the
colorimetric analysis of the measured points was also performed. Measurements were performed in the UV-Vis region
only, since preliminary laboratory tests had showed that
changes due to photo-induced alteration could be detected in
the UV-Vis but did not affect the NIR spectra.
The in-situ FORS measurements on Cartoline were therefore performed in the 300-800nm spectral range by means of a

THE CONSERVATION PROBLEM

The artwork Cartoline was originally created to be exposed at
the XLIV Biennale di Venezia (1990), and it was subsequently
expanded and replicated by the artist in different versions, which
were produced between 1990 and 1991 and exposed in various
exhibitions. The version under analysis in the present work
became part of the Pecci museum collection in 1991 on the
occasion of the temporary exhibition An emerging scene : contemporary Italian artists (Prato, 26 January - 29 April 1991)
(Barzel, A and Grazioli, E. 1991).
The artwork consists of a set of 65 white EPS panels (200 x
280 x 2 cm) carved with a mixed technique based on chemical
solvents and pyrograph. The drawings inscribed on the panels reproduce scenes from various postcards collected by the artist and
represent different typical themes (classical icons, landscapes,
etc.). In the early exhibitions Cartoline was displayed without
mounting structure, with the EPS panels slightly overlapped with
each others and vertically placed against the wall of the expositive room. Afterwards, in 1991, the artist suggested a different
assembling scheme for the artwork: a wooden structure on which
to the EPS panels could be vertically mounted and backlit by

FORS MEASUREMENTS

FORS provides a spectroscopic characterisation in the UVVis-NIR range of small areas (diameter of approximately 5mm)
selected over the surface of the target. Thanks to non-destructivity of the measurements, it is possible to analyse, even repeatedly, every area of interest on the object surface, and a
statistically meaningful data-set of measurements may be obtained. The FORS measurement principle is the following: a
beam of radiation (Io) emitted by a broad band light source
beam is conveyed to the target surface by optical fibres, and
the resulting radiation (I), reflected by the illuminated area, is
collected by another set of fibres which convey the radiation to
a portable spectro-analyser. The reflectance spectrum R=I/Io is
expressed as the percentage of the reflected radiation I with
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portable spectrophotometer Zeiss MCS501, based on a 1024
silicon photodiodes linear array, and equipped with a bundle
of silicon-quartz optical fibres connected to customized probehead. The light source used was a portable Xenon lamp, Zeiss
CLX500. The self-built reflectance probe head operated with a
8°/8° illumination/collection geometry, and it was optimized to
minimize the contact between the probe and the object. This
probe was particularly suitable for investigating the EPS surface, which could easily undergo traces or deformations due to
the pressure of the probe-head (see Figure 2).
The 8°/8° geometry measurement ensured the exclusion of
the specular component of the reflected signal, in agreement
with the CIE recommendations for colorimetric analysis. Colorimetric analysis was performed, and the colorimetric coordinates were calculated on the basis of the measured reflectance
spectra using the CIElab 76 Color System (Marcus 1998).
A set of laboratory test on artificially light-aged EPS samples was also performed, in order to compare the spectral data
collected in field on the artwork with reference spectra aged
under known conditions. To this purpose, commercial EPS
samples were artificially aged by controlled exposure under a
halogen lamp (mod. PHILIPS MASTERColour - 4200 K) for a
period of 1540 hours, continuously monitored by means of a
datalogger (mod ELSEC 774 Environmental Data). The average
illumination intensity on the EPS samples was I = 1070 lux,
whereas the average UV component measured was UV =
443 mW/m2. These artificially aged samples were measured
using a bench spectrophotometer (mod Perkin Elmer – lambda
1050) operating in the 200-2500nm extended range. The spectra were collected at different stages of aging in order to investigate the light induced effects and to single out the spectral
bands actually influenced by the light action.
RESULTS AND DISCUSSION

Although at a visual inspection the surface of the EPS panels
appeared slightly yellowed in certain areas, it was not possible
to clearly establish a correspondence between these areas and
the position of the fluorescent tubes. Moreover, by examining
the panels under raking light, a 10 cm wide strip characterized
by a different roughness of the EPS surface with respect to the
central areas could be observed along the perimeter of both the
sides of each EPS panel.
FORS measurements were aimed at mapping the EPS alterations by locating them over the panel surface in order to
ascertain if the material degradation could be attributed to the
fluorescent tubes only or to other environmental agents. One of
panels was in particular selected (named n. 1) to carry out an
in-depth investigation. A statistically meaningful data set, including 50 spectra acquired on different areas of the panel, was
used to provide a first interpretative scheme of the results. Spectra were acquired on both the sides of the panels; on both the
central and the peripheral areas in each side of the panel. Each
measurement was repeated 5 times on every selected point and

the corresponding average spectrum was calculated, so as to
take into account the variability due to the in-field experimental procedure. The spectral calibration was repeated before each
measurement. Different spectral behaviour were found in different areas of the panels, with a dependence on the distance
from the fluorescent tubes location. As an example, in Figure 3
three selected points are reported, measured on representative
zones of both the front and back sides of the panel. Their corresponding spectra are shown in Figure 4. As it can be noticed,
the points n. 8x and n. 25x, located on the front side of the
panel show similar absorption spectra, although far from each
other. Instead the point n. 33xd, located on the back of the
panel and close to the position of the fluorescent tube, has a
different behaviour, characterized by an absorption band centered at about 365nm.
Similar spectral behaviours were obtained for all the other
points measured in the area close to the tube position This
feature has been tentatively interpreted as due to photoinduced alterations of the surface of the EPS, induced by a
prolonged exposure to light of fluorescent tubes. In order to
confirm this hypothesis, the data acquired in field have been
compared with those obtained in laboratory on artificially light
aged EPS samples. The spectra acquired on progressively aged
EPS samples are reported in Figure 5.
It can be observed that as the exposure to light is increased,
an absorption band of increasing intensity correspondingly occurs in the 320-380nm region. This result, although only preliminary, was in agreement with the interpretation of the data
acquired on the artwork.
The vis-spectral data were also used to make the colorimetric analysis. As known, within the CIElab76 colour space
every colour is represented by assigning a value to the three
L*,a*,b* coordinates, which refer to the lightness (L* =100 is
a perfect white and L*=0 is black), to the red-green (a*<0
green, a*>0 red) and to the yellow-blue (b*<0 blue , b*>0 yellow) chromatic stimuli respectively (Marcus 1998). The chromatic difference (ΔE*) between any couple of colours is the
euclidean distance between the corresponding points in the Lab
space. The colorimetric analysis of the artificially light-aged
EPS samples showed that, despite the observed spectral change,
no significant colour variation could be revealed. This was an
important indication, which suggested that the degradation of
the material is not necessarily visually evident.
The recourse to FORS spectroscopy in the UV-Vis may
therefore be considered a useful preventive tool to detect
incipient degradation phenomena, not detectable by the simple
visual inspection.
The colorimetric analysis of data acquired on Cartoline did
not evidence any measurable chromatic difference between the
peripheral and the central areas of the front side of the panel.
Conversely, a slight tendency to yellow (Δb*>0) could be
revealed on the back of the panels on the points very close to
the fluorescent tubes, as expected.

Figure 4
Normalized absorption spectra obtained
by measurements performed
on points reported in Figure 3

Although the above outcomes could be considered only
preliminary and qualitative, some important conclusions and
indications could be drawn on the basis of these results. First of
all, an indirect confirmation of the suspected detrimental action of the fluorescent tubes could be obtained. Secondarily, it
could be also hypothesized that the observed colour unevenness of the front of the panels had to be attributed to causes
other than the fluorescent tubes, like dust depositions, prolonged handling, etc. Finally, another noticeable result regarded
the applicability of FORS technique, which turned out to be
effective in revealing alterations of the EPS surface not observable to the naked eye.
THE INTERVIEW WITH THE ARTIST

The results of the scientific analysis based on non-invasive UVVis-NIR spectroscopy, though non exhaustive, clearly indicated
that a prolonged exposure of the EPS to the several fluorescent
tubes used for back-lighting the panels could be deleterious.
Moreover, the mechanical damages and the friability of the

Figure 5
Normalized absorption spectra measured
on artificially aged EPS exposed under a halogen light source
(I=1040lux) for T=0, 940 and 1540 hours

edges of the panels could be likely attributed to the repeated
handling and to the use of pins to fix the artwork to the wood
structure. Based on all these elements, it appeared recommendable
to look for alternative assembling schemes which could ensure the
safeguard of the artwork.
On the other hand, the crucial role of the illumination in this
artwork lead the curators to wonder whether a different mounting scheme, without the fluorescent tubes, could be considered satisfying and congruous with the artistic intent. It has thus been
decided to complement the scientific study with an interview with
the artist Stefano Arienti. The importance of the interaction with
the artists in the contemporary art conservation is indeed widely
recognized (Wharton 2005), and the recourse to interviews as tool
for problems solving is strongly recommended (see for example
the Project INCCA Database for Artists' Archives – IDAA).
The interview with Stefano Arienti was conducted in the studio of the artist in Milan on September 22, 2010. The conversation was focused on Cartoline, with regard to its history, the
artistic techniques, the choice of material, etc. – but it also touched
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more general issues, as the artist opinions about the decay of
artworks, the conservation and the restoration interventions.
In particular, the artist illustrated his point of view on the
mounting scheme and on the role of the light in the artwork
Cartoline, expressing an absolute openness to any possible
change of the set-up so far adopted. Based on these essential
indications, a program of interventions on Cartoline was recently launched, aimed at designing a new installation scheme
based on different lighting with a minimal impact on the EPS.
CONCLUSION

This paper discusses the results of an interdisciplinary study
performed on selected EPS panels of the artwork Cartoline. Insitu measurements were performed on selected panels of the
artwork by means of non-invasive UV-Vis-NIR spectroscopy,
in order to gain information on the conservation state. The
spectroscopic analysis was used to build a map of the degraded
areas and to ascertain if they could be related to the fluorescent tubes used to illuminate the artwork. The measurements
evidenced a spectral alteration of the EPS in the areas close to
the positions of the light sources. These data were also compared with laboratory tests performed on artificially light aged
EPS samples, which showed a similar spectral behaviour. This
study also proved the applicability of the FORS technique to
the investigation of plastic artefacts and the effectiveness of the
technique in revealing incipient photo-induced alterations, before they become visually evident with chromatic effects.
The scientific investigations, although limited to few panels, validated the hypothesis that a preservation program for
the artwork had to include a renewed mounting scheme, with
a less invasive illumination system. These conclusions were integrated with the point of view of the artist Stefano Arienti.
The artist interview turned out to be crucial for the decision
making process on the possible practical solutions for the maintenance of the artwork.
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ABSTRACT

INTRODUCTION

Since natural rubber is found in museums as part of cultural assets and in artworks, the material characterisation and degradation of rubber is important for both, conservators and
scientists. While natural rubber consists of cis-polyisoprene, materials like gutta percha or balata are in the respective trans (α
or β crystalline) conformation.
Vibrational spectroscopy (FT-IR and FT-Raman) was employed in different setups to study over 40 samples of various
degraded natural rubbers and gutta percha, as well as new natural and synthetic reference materials. For comparison, specimens were artificially light aged using a window glass filtered
Xenon lamp.
FT-IR spectra of the specimen surfaces could be successfully
recorded in attenuated total reflection (ATR) mode, employing
either a germanium tip in a microscope or a diamond crystal.
Complementary polyisoprene FT-Raman spectra of good quality were recorded in a microscope setup using a NIR laser (1064
nm) as excitation source. All the different conformations and
crystalline forms of polyisoprene could be distinguished by vibrational spectroscopy.
IR measurements showed, that the artificially aged samples
display the same spectral progression of degradation as naturally
degraded polyisoprene samples. The characterisation of polyisoprenes, which were too degraded for significant IR measurements, was possible by the application of Raman spectroscopy.

For more than 170 years, natural rubber is used in Europe and
America for manufacturing articles of daily use. Starting out in
the late 19th century elastomers have become increasingly important for technical developments and in everyday life. Rubber
also made its way into museums as part of cultural assets and in
fine art. Examples are found in seating furniture and in the œvre
of artists such as Tadeusz Kantor, Eva Hesse or Keith Sonnier.1
Polyisoprene is very sensitive to oxidation induced by light, heat,
ozone, stress and metal catalysts. Chemical changes that occur
during degradation are chain-truncation, oxidation and crosslinking at the olefinic C=C bond, resulting firstly in softening
and stickiness of the polymer, followed by its subsequent embrittlement. Therefore, it is of particular interest for conservators
to identify the material, to elucidate the degradation process and
to be aware of the actual condition of the rubber artefacts.

KEYWORDS

natural rubber, polyisoprene, ATR-FTIR spectroscopy, FTRaman microscopy, artificial aging, non-destructive analysis

POLYISOPRENE RUBBER

Natural rubber consists of the polymer polyisoprene. It has the
sum formula C5H13 and can occur in four different conformations: 1,4-cis, 1,4-trans, 1,2-vinyl and 3,4-vinyl (see Figure 1). A
twisted structure is assumed.2
Several plant families with more than 2,500 rubber producing
species furnish a milky sap, the rubber latex.3 The plants are divided into two main groups: the hevea brasiliensis produces the
most common cis-polyisoprene, while palaquium gutta yields the
trans polymer as found in gutta percha, balata and chicle. Mixtures of cis and trans isomers have been never found in nature.4
Polyisoprene can also be chemically synthesised, which has greatly
reduced the demand for natural latex. However, the elasticity, flexibility and resilience of the natural product are still superior.5
1,4-cis-polyisoprene usually remains in the amorphous state
at room temperature although upon long term storage, the rubber hardens due to crystal formation. At lower temperatures the
rate of crystallization increases. 1,4-trans-polyisoprene in contrary is either found in the α- or β-crystalline modification at
room temperature.6 Ninety percent of all natural rubber comes
from the latex sap of the Brazilian rubber tree hevea brasiliensis
(euphorbiaceae). The plant furnishes para rubber, which is composed of up to 6,000 isoprene subunits.7 It comprises excellent
quality, high rubber content and production capability.8 The gutta
percha tree belongs to the sapodilla family (sapotaceae), along
with balata and chicle. Gutta percha is the dried juice produced
by various trees and it resembles caoutchouc in many of its properties. Because its latex contains fewer branched
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Figure 1
Scheme of different
polyisoprene conformers

Figure 3
Sample case with naturally degraded, uncompounded
and unvulcanised rubber materials (hevea and gutta type)
from different continents as well as few vulcanised
product samples
See colour plate, p. 187

Figure 4
IR spectra of light aged 1,4-cis-polyisoprene and of samples,
which have been irradiated for 4.5 months with daylight through
window glass, recorded with a diamond ATR cell
(a) 0 h, (b) 1h, (c) 3 h, (d) 4h, (e) 5 h,
(f) naturally degraded reverse side,
(g) naturally degraded front,
(h) 73 h irradiation

Figure 2
Scheme of the underlying processes
during photo oxidation
of 1,4-cis-polyisoprene in air
at wavelengths > 300 nm

polyterpene chains than hevea rubber, it is not as elastic. The difference in the molecular configuration makes gutta percha more
stable.9 Chicle is more plastic than natural rubber and more elastic than gutta percha.10 Although the latex is also a polyterpene,
it does not vulcanise into durable rubber.11 The nomenclature for
gutta percha, balata and chicle is not always unambiguous. A
clear explanation of the terms ‘caouchouk’, ‘latex’ and ‘rubber’
and the vulcanisation process was published by Langer 2001.
STATE OF THE ART

There are numerous publications on the degradation processes of
both, vulcanised and unvulcanised natural rubber. Depending on
the particular conditions (in air or in vacuo), the type of isomer
(cis, trans, vinyl) and the irradiation (monochromatic UV light,
radiation >310 nm) during degradation, the prevailing processes
differ significantly.12 Saunders and Smith 1949 were the first who
identified hevea rubber and gutta percha as cis- and trans-polyisoprene, respectively, including α- and β-1,4-trans. Moreover,
they provided the first vibrational assignment for cis- and trans-

polyisoprene, which was based upon polarization measurements
of IR-intensities of crystallised samples. The different bond orientation in the cis and trans conformer was used (see Figure 1).
Adam, Lacoste and Lemaire 1991 investigated the degradation mechanism of cis, trans and vinyl type polyisoprene
during photo- and low temperature thermo-oxidation. The conditions for photo-degradation are similar to those of a museum
environment. The degradation mechanism is followed by IR
analysis, while the reaction products were also identified by wet
chemistry. A scheme of the degradation based on the mechanism
suggested by the authors is given in Figure 2. They revealed, that
defects or impurities act initially as extrinsic chromophores.
Morand 1966 investigated the rate of light induced chain scission of different vulcanised polyisoprenes by relaxation measurements at 30º C as a function of the irradiation wavelength. She
observed a local minimum at 340 nm and a local maximum at
355 nm before the chain scission rate vanished in the visible spectral region. She explained the high value of chain scission near 330
nm by photolysis of the main chain C-C bonds next to the double

bond, resulting in random breaks of the polymer chain. The high
rate of chain scission at 355 nm presumably results from the photochemical dissociation of the α-methylenic C-H bonds. Radicals
formed in such way initiate an auto-oxidation process.
Yano 1981 found that degradation occurred in general below
430 nm, cross-linking reactions in particular below 340 nm. Scission of C-C and C-S links takes place between 340 and about 400
nm. In contrary, scissions of polysulfide cross-links occur between
400 and 600 nm. Morand’s investigation of the influence of extractable substances present in different vulcanisates showed, that
non-rubber constituents exhibit a protective effect. Mercaptobenzothiazole and sulphur on the other hand slow down considerably the degradation by solar UV light, while zinc oxide protects
only against radiation below 370 nm. However, it displays a sensitizing effect in the near visible range of the electromagnetic spectrum. Interestingly, the most harmful rays for the greatest part of
pure rubber vulcanisates are found in the region above 400 nm,
but not at the higher energetic start of the visible range (380 nm)
or the region of UV-light that passes window glass (315-380nm).

The sensitivity regarding light-induced degradation (at 254, 300
and 350 nm) of natural rubber in comparison with synthetic cisand trans-polyisoprene standards was investigated by dos Santos,
Suarez and Rubim 2005 using FT-IR spectroscopy. The results
suggest, that both natural conformers exhibit a shorter induction
time than standards due to impurities. Also, Maniglia-Ferreira,
Silva, de Paula et al. 2006 did not observe any induction time for
gutta percha in their FT-IR studies. Mohan, Arjunan and Subjamanian 2001 provide detailed assignments for the fundamental
absorption bands of trans-1,4 polyisoprene in experimental FTIR, Raman and calculated spectra.
Commercial synthetic polyisoprenes in the cis, trans (α- and
β-crystalline) form and mixtures of cis, trans and vinyl form synthesised by the authors were investigated by Bunce, Edwards,
Johnson et al. 1993 via FT-Raman spectroscopy. The authors
expected limitations for the use of Raman spectroscopy for mixtures of conformers. However, characteristic bands have already
been found for pure polyisoprene conformers and can therefore
be used for the investigation of natural polyisoprenes.
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such as C-O, O-H or C-H, which are present in the oxidation
products of the polyisoprenes are in particular suitable for detection by IR-spectroscopy. In contrast, Raman spectroscopy probes
selectively those vibrations in which the incident monochromatic
light (nowadays a laser source) induces a dipole moment, for example in carbon-carbon double bonds in the polymeric backbone.
Only a very small portion of the laser light, however, is scattered
inelastic and has a higher or lower energy than before the interaction with the sample. This energy represents a vibrational transition. The Raman effect is very weak and can easily be swamped
by fluorescence. Depending on the sample material, the excitation laser line is adjusted to overcome fluorescence and to avoid
laser induced sample degradation by heating or burning.

imens the indirect irradiation power was between 2.64 kW/m at
the centre and 1.76 kW/m2 at the corner of the chamber (measured
using a laser power meter with a power detector, TPM-300 and
UP19K-15S-W5, Gentec-EO). The contribution of 3.3 % in the region between 300-400 nm was measured using an EPP 200 USB
spectrometer (StellarNet Inc). Air temperature and relative humidity were monitored using a Tinytag Ultra TGU-4500 data logger
(Gemini). The black panel temperature after 1h was 61º C, the air
temperature and relative humidity in the chamber were 50º C and
16 % rh. The samples were irradiated for 1, 3, 4, 5, 25, 63 and
73 hours. Additionally, a specimen was naturally aged inside for
4.5 months in summer in front of a window facing south.
2

FT-IR SPECTROSCOPY
EXPERIMENTAL

Figure 5
Raman-microscope spectra of light aged 1,4-cis-polyisoprene.
(a) 0 h , (b) 25 h, (c) 63 h irradiated

Figure 6 (left)
IR spectra of freshly cut surfaces
of naturally degraded 1,4-cis-polyisoprene
and two reference samples
a, b: recorded in a diamond ATR cell
c-i: recorded in an ATR microscope
(a) solid synthetic
(b) liquid natural
(c) Ceylon scraps freshly cut
(d) Lanadron freshly cut
(e) Parasoft Brazil freshly cut
(f) Lanadron old surface
(g) Ceylon scraps old cut
(h) Parasoft Brazil old surface
(i) Ceylon scraps old surface

Jackson, Loadman, Jones et al. 1990 and Hendra and Jackson 1994 investigated different synthetic types of elastomers
including polyisoprene by FT-Raman spectroscopy. Both publications pointed out the difficulty to obtain spectra from samples
that contain carbon black or impurities due to fluorescence and/
or absorbance, causing the sample to burn. Jackson, Loadman,
Jones et al. used Raman spectroscopy to get insight in the ratios
of the copolymer composition. Hendra and Jackson, however,
focussed on the analysis of various polyisoprene vulcanisates and
applied FT-Raman spectroscopy to detect strain crystallisation
during mechanical deformation. As stated vide supra, FT-IR and
FT-Raman spectroscopy are techniques for the material characterisation of polyisoprene. They are used to determine the involved conformers, the degree of degradation and can also be
employed to differentiate crystalline forms. All spectral investigations discussed above were performed in transmission and required dissolution of the samples and preparation of thin films.
For analysing museum objects, the use of ATR (attenuated total
reflexion) FT-IR spectroscopy is more suitable, since it does not

necessarily require sampling and the microstructure of the sample
is preserved. Langer 2001 published numerous ATR FT-IR spectra
of natural latex and a single Raman spectrum that was recorded of
a latex artwork by Eva Hesse. Neither any reasons for not applying the Raman technique are discussed nor details are given.
THEORY: IR AND RAMAN SPECTROSCOPY

IR and Raman spectroscopy give complementary information on
molecular structures at an atomic level by probing molecular vibrations. These vibrations can be excited by photon absorption
(IR) or by inelastic scattering of the incident light (Raman).
To record an IR spectrum, the sample is irradiated with polychromatic light. The amount of light that is attenuated in total
reflection mode (ATR) or absorbed by the sample in the transmission mode is detected relative to the incident light. IR spectroscopy is sensitive to the changes in the dipole moment of
atomic bonds. Thus, preferentially polar bonds can be easily monitored due to strong variations of the already existing dipole moment during vibrational excitation. Therefore, functional groups

In the present study FT-IR and FT-Raman spectra were recorded
from very pure and mostly uncompounded material. In contrast
to the examples given vide supra, bulk material was used that required no special sample preparation. A spectra database of natural and synthetic fresh and degraded 1,4-cis- and
1,4-trans-polyisoprene was created for material identification
and to determine the degree of degradation. For a better understanding of the conditions under which natural samples degrade,
latex films were artificially aged by light for comparison.
SAMPLES

Core of the research was an approximately one hundred years old
sample case with various naturally degraded uncompounded rubber samples of the hevea and gutta percha type (see Figure 3). Labels of Continental Caoutchouc and Gutta=Percha Compagnie
Hannover with trade name and origin were attached to the majority of the samples, originating from South America, Africa and Ceylon. The label saying Dtsch. Ostafrika (German East Africa) is used
to date the collection to the colonial era. Additionally new reference
samples were investigated, including natural and synthetic cis- and
trans-polyisoprene (α- and β-form) and naturally and artificially
light aged films prepared from a commercial latex milk.13
ARTIFICIAL LIGHT AGEING

Films of raw latex milk (Creartec) were prepared and light aged
according to ISO 4892/1-2 and to ISO 11341. The latex milk consists of Malaysian natural caoutchouc concentrate, distilled water,
soda and ammonia for pre-vulcanisation.14 It was cast in three layers to an approximately 0.3 mm thick film. Test specimens of 95 ×
50 mm were cut. For irradiation, they were inserted into a specimen
mount made of acid-free cardboard covered with a self-adhering
polytetrafluoroethylene (PTFE) film. Thus only a square of 55 ×
30 mm was exposed. The specimens were irradiated in a Suntest
CPS (Atlas) run on maximum power. The interior of the chamber
had an area of 280 × 200 mm and was fitted with reflective walls
(rough surface) and a parabolic reflector for the light source (1,8
kW xenon arc lamp, new15). The light was filtered through an IRabsorbing filter and through window glass. At the level of the spec-

A Hyperion FT-IR microscope equipped with an ATR objective
with a Germanium tip (sampling spot size about 75 µm) located
in a chamber flushed with dry air was initially used for the FT-IR
measurements. The liquid nitrogen cooled mercury cadmium telluride detector was suitable from 5,500-650 cm-1. All spectra were
measured with a resolution of 4 cm-1. The accumulation time for
one single spectrum was approx. 2 min, (100 individual scans).
For every sample five single spectra were accumulated and averaged to improve the signal-to-noise ratio. Depending on the particular sample morphology, the measurements were performed
either with or without the application of pressure. Due to the elasticity or viscosity of many samples, the signal intensity varied from
time to time significantly within a single measurement. Additionally, drifts of the spectral baseline due to the sensitivity regarding
changes in the ambient atmosphere could be observed. Long waiting times were required until a stable equilibrium was reached
after mounting the sample on the specimen platform. Still, the reproducibility was not satisfactory and intense baseline correction
and atmospheric compensation using OPUS 5.5 (Bruker) were
necessary to receive comparable results. The difficult handling prevailed over the advantage of very exact sample positioning and
the general advantage of obtaining spectra in an entirely non-invasive way. For this reason, a different ATR setup was tested.
The GladiATR unit (Pike Technologies, kindly provided by
Resultec) with a diamond crystal (size 4 × 4 mm) was mounted
on a Vector 22 spectrometer (Bruker). The attenuated total reflected light was collected by a DTGS detector. The measurement
window was set between 4,000-400 cm-1. 128 individual interferograms were recorded for each spectrum at a resolution of
4 cm-1. The pressure applied for the contact between sample and
the diamond crystal was always set to a maximum to ensure the
best spectral intensity. The duration for a complete measurement
including a background spectrum was approximately five minutes. The spectra had an excellent quality and comparability.
No additional manipulation was necessary.
RAMAN SPECTROSCOPY

FT-Raman measurements were performed with an RFS-Raman
spectrometer (Bruker) connected to a microscope (Ramanscope
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Bruker Optics, long working distance objective of Olympus BX
40, 20×, NA 0.35). Sample excitation was achieved by an
Nd:YAG continuous wave laser (Compass 1064-1500N, Coherent). Scattered light was collected at a liquid nitrogen cooled Germanium detector. Laser power was kept at 30-40 mW, avoiding
unwanted sample heating or burning. Very dark samples were
additionally flushed with nitrogen to cool down the surface to
room temperature. All spectra were measured with a resolution
of 4 cm-1. Accumulation time for one single spectrum was
approx. 3.5 min (100 individual interferogram scans). For every
sample 20 single spectra were accumulated and averaged. Laser
damage or simple spectral drifts were checked by analysing the
residual standard deviation of the sum spectrum. Background
correction and data handling were performed using OPUS 5.5
(Bruker). Excitation with a 1,064 nm laser allows a good performance without sample degradation, additionally no or very
little fluorescence is observed. This is a clear advantage over
excitation in the VIS or UV range (eg, 413 nm).16, 17
Conventional FT-Raman spectroscopy measurements were
performed using three frontal collector lenses of the RFS-Raman
spectrometer.18 The measuring protocol was similar. In the Ramanscope, the FT-advantages are lost and noise is transmitted
through the optics in the microscope, worsening the signal-to-noise
ratio. A small laser spot causes local heating of the sample and
spoils the signal-to-noise ratio further. Therefore, measurements
were only possible at low power. In the microscope setup, optics
and spectrometer are connected via a glass fibre causing an additional signal loss. Yet for the application in a museum a portable
Raman device with a flexible head is desirable. Since this would
also be achieved using a glass fibre, the microscopical setup seemed
most relevant for future applications. The rather long accumulation time due to losses in the microscopic setup were accepted.
Advantages of the microscope are, that the sample could be placed
on a horizontal surface and did not require any fixation. Moreover, the size of the laser spot was smaller so that heterogeneous
samples could be scanned at different positions and the probed
spot could be monitored online and captured. Confocal measurements (Raman microscope HR-800, Horiba Jobin Yvon) with excitation with violet laser light (413 nm, cw Kr+ laser, Innova 300,
Coherent) confirmed that this spectral range is unsuitable for probing polyisoprene due to strong fluorescence.19
RESULTS AND DISCUSSION

In this article, only the results of the cis-polyisoprene sample investigations can be exemplarily discussed. The IR spectra of the
light aged latex specimens were recorded with the diamond ATR
crystal and are plotted in Figure 4. The spectra were recorded
three months after irradiation and storage in dark. Spectra of
both, the front and rear side of the naturally degraded sample are
also displayed. The absorption bands between 3,050-2,800 cm-1
characteristic for methyl and methylene groups disappear upon
increasing irradiation as well as the absorption band at 835 cm-1
which is most likely caused by a C-H twisting vibration belong-

ing to a tri-substituted C=C double bond. The absorption band of
the carbon-carbon double bond at 1,666 cm-1 is weak and also
decreases during oxidation, while carbonyl absorption bands
appear in the region of 1,830-1,600 cm-1. Broad band features
show up between 1,200-800 cm-1. In the course of the on-going
degradation an increase of hydroxyl absorptions is observed
(3,640-3,200 cm-1), followed by a subsequent decrease. The two
spectra of the naturally degraded specimen fit well in the spectral
progression of artificially degraded polyisoprene samples.
In Figure 5 the FT-Raman spectra of fresh and severely
degraded latex specimens are displayed. Despite the different degrees of oxidation, all three spectra appear very similar. Contrary
to the IR-spectra, the valence vibration of the carbon-carbon
double bond at 1666 cm-1 is very prominent here. The FTIR spectra of naturally degraded cis-polyisoprene samples and freshly prepared solid and liquid material references are given in Figure 6.
Spots of different colour and depth were probed to study different
degrees of degradation, since the material in bulk is protected to
a certain extent against oxidative degradation. Spectra of the degraded samples were recorded using the ATR microscope, while
fresh samples were characterised with the diamond ATR crystal.
An adequate arrangement of the respective spectra allowed a
match with the course of the degradation process observed for the
artificially aged samples (see Figure 4). The observed increase and
subsequent decrease of the hydroxyl absorption during ageing
by artificial light is in accordance with the degradation process
given in Figure 2. In the present case, the artificial ageing process
mock-ups very well the realistic photo chemically induced
oxidation processes of polyisoprene (see Figures 3, 4).
Interestingly, the visual impression of a sample condition did
not always match the results derived from the vibrational spectra. This observation is in agreement with Langer 2001 and
could be due to different penetration depth of the probing radiation, especially as some of the samples were very inhomogeneous. Since the spectra of the old samples were recorded with
the ATR microscope, those seemingly inconsistent results could
also be due to sample relaxation during the measurements.
Previous research on polyethylene bags has shown, that the physical sample condition is not always in agreement with the spectroscopically determined degree of oxidation (Haider and van
Oosten 2011). In future, this could be clarified by the use of differential scanning calorimetry, which is suitable to determine the
degree of crystallinity and rheological measurements for molecular weight studies. The Raman spectra recorded with the microscope show, that this setup still delivers enough signal for the
investigation of rubber. Due to the 1,064 nm excitation source,
no fluorescence or heat irradiation obscure the spectra. All absorption bands characteristic for cis-polyisoprene remain visible
in the Raman spectra after artificial ageing. A comparison between the FT-IR and the Raman spectra of the specimen that was
irradiated for 73 h (see Figures 4, 5) shows that the Raman spectrum contains valuable information which cannot be obtained
from the FT-IR spectrum any more, since it is dominated by

degradation products. Contrarily, the respective Raman spectra
still allow a material identification of this sample. Moreover, the
C=C stretching vibration at 1,666 cm-1 is very pronounced in the
Raman spectrum. Remarkably, its intensity seems to remain constant. However, this observation does not indicate that no double bonds were consumed during the artificial ageing, especially
since a decrease of the 835 cm-1 absorption band was observed
in the IR spectra, which arises most likely from a C-H twisting
of a hydrogen attached to the C=C double bond. Most likely,
this observation is related to different scattering cross-sections
(i.e. how strong a particular bond can scatter light), suggesting
that this property is much higher for the C=C bond than for the
various degradation products. This assumption could possibly
be proven by quantitative measurements of the Raman spectra,
which were, however, not possible in the chosen setup.
Measurements of α- and β-1,4-trans-polyisoprene that cannot be described here in detail showed, that a differentiation between both sample types can easily be achieved using Raman
spectroscopy, but it is hardly possible using IR spectroscopy.
CONCLUSION

Five different setups were employed for the vibrational spectroscopic characterisation of approximately forty cis- and transpolyisoprenes, including natural and synthetic samples. However,
not all approaches appeared suitable.
FT-IR spectra of the specimen surfaces could be successfully
recorded in attenuated total reflection (ATR) mode, employing
either a germanium tip in a microscope or a diamond crystal.
Complementary polyisoprene FT-Raman spectra of good quality
were recorded in a microscope setup using a NIR laser (1064
nm) as excitation source. In this way sample fluorescence was
circumvented. The risk of pyrolysis due to laser light absorption
was reduced by adjusting the laser power and by cooling the
probed surface to room temperature using nitrogen. However,
Raman spectra of samples containing carbon black could not be
recorded, since they started to burn immediately during laser exposure. All the different conformations and crystalline forms of
polyisoprene could be distinguished by vibrational spectroscopy.
But neither in the IR nor in the Raman spectra of the natural
samples differences related to a different provenance could be
easily detected. For all techniques, no sample preparation was
carried out, which renders the measuring techniques as well as
the spectral database applicable to museum objects.
In this context Raman spectroscopy was proven to be a valuable
tool to identify the α and β state in 1,4-trans polyisoprene. For the
material determination of severely degraded rubber it was particularly suitable. In such cases, the use of IR spectroscopy lost its significance,
as
the
absorption
bands
of
the
polymeric chain were entirely swamped by the signal of degradation
products. For less degraded samples, the absorption band at 835 cm1 appeared to be a good indicator to monitor the amounts of C=C
double bonds, which can otherwise not be studied directly by IRspectroscopy. Although the features of the ATR microscope exhibit

clear advantages such as the small tip and the possibility to probe
the sample entirely non-invasive, the handling was tedious and the results were not as reproducible as desired due to the consistency of the
samples. The application of the diamond ATR crystal on the other
hand was by far easier and the spectra were highly reproducible.
However, selecting precise spots is not possible and larger amounts
of samples are required.
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ANIMATION CELS OF THE GERMAN INSTITUTE FOR ANIMATED
FILM FROM 1968 - CONSOLIDATION OF ALKYD RESIN AND
POLYVINYL ACETATE PAINT LAYER ON CELLULOSE ACETATE
BY KATHARINA HÖYNG, ESTHER RAPOPORT

ABSTRACT

INTRODUCTION

This paper deals with the conservation of animation cels from
the German Institute for Animated Film. For the active conservation, the animation cels of the film Plaste Color (II), 1968, by
the animator Heinz Engelmann have been selected. Those are
among the most endangered cels of the collection. The main
focus of this thesis is the consolidation of flaking paint layers on
the polyvinyl acetate and alkyd resin paint on the cellulose acetate sheet. A consolidation medium is determined by series of
experiments, followed by the practical realisation. Furthermore,
a concept for the preventive conservation of the animation cels
from the collection was developed in the theoretical part.

Until now, the conservation of animation cels has not received a
lot of attention. Because of that, the objective of a preliminary
study was the documentation of the appearing damages of animation cels, especially the ones from the German Institute for
Animated Film e.V., DIAF (Höyng 2010a, b). Animation cels of
the film Plaste Color (II) were recorded in a newly developed
documentation system. Those are among the most endangered
cels of the collection. The evaluation of their condition showed,
that because of many diverse damages, it is necessary to engage
in further research and finally take actions in order to conserve
animation cels. As a result, a further investigation in the form of
a diploma thesis at the University of Fine Arts (HfBK) in Dresden, Germany, took place. It focuses on the development of a
concept for the active conservation of the already analysed animation cels. In the following, the results are presented.

KEYWORDS

Animation cel, sheet, cellulose acetate, polyvinyl acetate,
alkyd resin, consolidation

BACKGROUND INFORMATION
ON THE MOVIE 'PLASTE COLOR (II)'

The German Institute for Animated Film e.V. (DIAF) in Dresden, Germany, was founded on November 16, 1993. It archives
more than 10,000 animation cels. The main part of the collection consists of the stock of the former German Film A.G.
(DEFA), Studios for Animated Film, a publicly owned holding
(VEB) of the German Democratic Republic (GDR) with its headquarters in Dresden. This was established in 1955 and closed
after the fall of the Iron Curtain. Mainly, short movies, movies
for children as well as advertising spots were produced there.
The stock consists of a collection of film copies as well as various film-accompanying materials and documents, which were
given as a trust from the federal archive to the DIAF.
The animation cels of the film Plaste Color (II), 1968, as a
primary stage to the movie, are an important socio-cultural document, because the movie itself could not be found. Next to the
animation cels, some pre-sketches as well as the script still exist.
The movie was produced for advertising purposes for the company 'Polyplaste' in Oederan (GDR). The main animator was
Heinz Engelmann. According to the script Plaste Color (II) advertises plastic products and informs about different methods of
plastic processing. Here, ideals of technical advances and cultural contents were transferred. The film has three play levels:
Animation, the real camera and the live animation. For the animation, 6840 pictures are noted. Today, only 102 animation cels
are left. The average size of the cels is 30 x 36.5 x 0,01cm.
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lead, when stored without intermediate layers, immediately to
sticking to the cels below it. The extent of the damage reaches
from the adhesion of single paint fragments to some that cover
around 25% of the whole paint layer.

PAINT TECHNIQUE

The making of animation cels consists of several production
steps. In the pre-production, a graphic is developed. Only the
drawings of the production with a concrete line serve as an appropriate template for the inker. The inker transferres the lines
onto the front side of a cel (see Figure 1). After that, the painter
turns the cels around and colours the back side of the cel within
the outlines (see Figure 2). Here, in transmitted light, one will be
able to see a pushing as well as a coated distribution of the paint.
Moreover, during the application of the colour, the viscosity varied from fluid to highly viscous. At the end of the production, the
photo department overlaps the background and the cels and
photographs them imagewise at the animation stand.
As a part of the production process, the animation cels were
seen as by-products whose function ended with taking the
photograph. Archiving and long-term durability were never
intended.
MATERIALS

The results of scientific analyses proof the simultaneous use of
paint on a basis of alkyd resin and polyvinyl acetate on the supporting material cellulose acetate. As plasticizers, dibutyl phthalate and triphenyl phosphate could be detected in the sheet as
well as in the paint layers. Hence, it can be assumed that the
plasticizers found in the paint layers are a result of a migration
from the cel. Here, the affinity of the alkyd resin paint to the
plasticizers seems to be a lot higher than the one of the PVAC
paint layer.1 All analyses were conducted at the archaeometry
laboratory of the HfBK Dresden (FT-IR analyses by Prof. Dr.
Christoph Herm and GC-MS analyses by Dipl. LMChem Annegret Fuhrmann).
Further research showed that the ORWO VEB Filmfabrik
(GDR) was the source of supply for the sheet material during
the development of the film Plaste Color (II). As to the paint
material, the supply of the polyvinyl acetate paint from
Schmincke as 'Folienfarbe. Sorte 27' could be determined.
Mowilith®, most probably a vinyl acetate ethylen copolymer,
was used as a binding agent. The production company as well as
the supplier of the modified, water dilutable alkyd resin paint
could not be identified.2
CONDITION

A comprehensive investigation and evaluation of the condition
was the main topic of a preliminary study (Höyng 2010b). In
summary, there is a strong need for active conservation regarding approximately one fourth of all animation cels.
The appearance of the sheets is strongly influenced by deformations (see Figures 1, 2). The cause of the deformations is
the shrinking of the cel through the separation of acetic acid and
the extraction of plasticizers (Shashoua 2008). Cels that were
fixed with tape lying directly on top of each other without an
intermediate layer show crystalline efflorescence as a result of
the emigration of plasticizers. Without an intermediate layer,

CONSERVATION CONCEPT

Figure 1
CP83 total shot, front side, before treatment outline, deformation of the sheet, loss of adhesion and
missing paint of the brown alkyd resin paint layer
See colour plate, p. 188

Figure 2
CP83 total shot, back side, before treatment paint layer side, deformation of the sheet, loss of adhesion
and missing paint of the brown alkyd resin paint layer

decomposition products cannot escape and thus lead to a
stronger degradation. Within the damages of the paint layer the
loss of adhesion, which affects around 15% of all cels, should be
especially highlighted. A differentiation depending on each paint
layer will be made in the following:
The gray PVAC paint layer exhibits little adhesion to the
surface. The cohesion is good. The damage includes closed as
well as open cavities. The paint layer which does not adhere
shows deformations and is very flexible. The loss of adhesion is
visible through UV light in form of a dark appearance and in reflected light in form of a light appearance. Around 10-20% of all
gray paint coatings are affected.
In comparison, the white PVAC paint layer shows a better
adhesion. The cohesion is good. Often the flaking paint layer is
shrunken, but does not show deformations. It was applied in a
thicker layer and is therefore less flexible. The loss of adhesion
is visible, just like the one of the gray paint layer. The extent of
the loss of adhesion lies between 0.5 - 3.0 cm².
Losses of adhesion of the alkyd resin paint concern the

brown paint layer (see Figures 1, 2). In comparison, the adhesion
is fairly good. The cohesion was destroyed after the application
of a swelling solvent. The paint layer is very brittle and the appearance is influenced by a granulated surface with round pores.
The losses of adhesion are primarily open cavities. The lifted
paint can be shaped roof-like as well as almost plainly. Sometimes, the paint fragments are too big for the void due to shrinkage of the sheet. In their appearance, parts that do not adhere are
lighter or darker in reflected light, depending on the incidence of
light. In backlight, they appear to be whitish and cloudy (see Figure 5). The extent of the damage goes from punctual to complete areas of adhesion loss, with a total area of approximately
25% of the paint layers.
The green alkyd resin paint layer differs in its soft colour
consistency. This softness could be explained by a strong migration of plasticizers from the cel into the paint layer. The cause
might be a high affinity of the alkyd resin to the plasticizers,
which is also influenced by the pigmentation and the percentage
part of the binding agent. Losses of adhesion of the substrate

The animation cels of the film Plaste Color (II) should be stabilized in order to be able to continue archiving and exhibiting
them. It is not intended to reuse them as a basis for producing
animated films. The consolidation of flaking paint layers is the
main focus of the conservation treatment. Moreover, sticky paint
particles and fragments should be separated and reintegrated to
their original position.
The evaluation of a suitable adhesive for the consolidation
of adhesion loss is conducted via consecutive testing series. Theoretical observations and testing series regarding the solubility of
the original material serve as bases. Then, testing series regarding the characteristics of chosen adhesives on sample paint layers and on cellulose acetate sheets follow. Using the principle of
exclusion, the testing series will lead to a suitable consolidation
material.
First, a short theoretical observation of solvents in conjunction with the original materials will be presented.
For cellulose acetate, non-solvents are aliphatic and aromatic hydrocarbons, many alcohols, esters and water (Horie
2000). But water leads to hydrolysis of the cellulose acetate. The
plasticizers in the cellulose acetate can be swollen and displaced
under the influence of water and many other organic solvents.
Only the aliphatic hydrocarbons do not dissolve the present plasticizers (Gächter, Müller 1989).
In PVAC dispersion colour systems, the sensitivity to solvents is dominated primarily through the incorporated additives.
This results in a sensitivity regarding polar solvents. Only
aliphatic hydrocarbons do not cause changes (Attanasio 2005).
For the solubility of alkyd resin, non-solvents are all aliphatic,
some aromatic hydrocarbons, some alcohols and water. In alkyd
resin paint, the pigmentation has a strong influence on the sensitivity of solvents. Thus, aromatic hydrocarbons lead to a strong
swelling (Fuesers 2006).
Practical testing series for solvents follow in order to show
interactions beyond the theoretical backgrounds. The first tests
the behaviour of chosen solvents on cellulose acetate sheets. To
build onto that, another testing series will examine the behaviour
on the original material.
The selection of the solvents in testing series I extends from
aromatic hydrocarbons, alcohols, ketons and esters to distilled
water. The cellulose triacetate sheets are all dripped with a drop
of one of the solvents and evaluated regarding the time of evaporation and visual changes. It turns out that benzine 100-140°C
as an aliphatic hydrocarbon is best suited. It has an adequate
evaporation time and does not result in any visual changes, just
like distilled water. Distilled water, however, evaporates only
very slowly.
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The second testing series of solvents is conducted on micro
samples of the original material. Therefore, three paint layers
relevant for the consolidation are chosen. Considering the results of testing series I, benzine 100-140°C, Shellsol® A, Ethanol,
Isopropanol and water are used. The samples are first exposed
to solvent steams after McCrone. Afterwards solvent is dropped
onto them. The extent of the swelling leads to the evaluation of
its suitability (see Figure 3). Of all tested solvents, benzine 100140°C is the only one that does not lead to any visual changes.
Water usually leads only to small swelling processes. Because of
strong swelling, the remaining tested solvents are not suitable.
Since the choice of binding agents that are dissolvable in
benzine is limited, different mixing ratios with aromatic hydrocarbons are examined. As a result, the use of benzine with a percentage part of aromatics not exceeding 8% seems to be
possible.
From the possible groups of binding agents with benzine
and a small percentage of aromatics as a solvent, only the polybutylmethacrylates of the acrylic resins seem to be suitable when
considering the theoretical pre-selection 3. Therefore, the following are selected:
- Degalan® PQ611 (Tg 32°C) 10% in benzine 100-140°C
- Degalan® P28 (Tg 61°C) + Degalan® PQ611 (1+1) 10%
in benzine 100-140°C and Shellsol A (8%)
- Lascaux® acrylic resin P550 (Tg 25°C) 10% in
benzine 100-140°C and Shellsol A (8%)
- Paraloid B67 (Tg 50°C) + Paraloid F10 (Tg 20°C)
(1+1) 10% in benzine 100-140°C and Shellsol A (8%)
TM

clearly that the pre- and post-wetting with the respective solvent
as aerosol avoids tide marks and visible contours of the binding
agent. However, a darkening of the acrylic resins is not avoidable, but reduced clearly in comparison to the application of an
adhesive without pre-wetting. Regardless of this, Methocel does
not show visible changes.
Another experiment should test the increase of the penetration of the adhesive into the paint layer as well as the adhesive
strength depending on the drying pressure. As adhesives, Methocel A15 and all acrylic resins in different concentrations are selected. The paint film is pre- and interim-wetted on the surface
with benzine 100-140°C for the acrylic resins and distilled water
for the methylcellulose as an aerosol. The application of the adhesive of the acrylic resins is done on one edge of the paint films
until no more adhesive penetrates in. Methocel is applied onto
the surface. The consolidated paint films are left to dry with and
without pressure. It can be noticed that the penetration depth of
Degalan® PQ611 and Paraloid B67 + Paraloid F10 is twice as
high for all concentrations as the penetration depth of Degalan®
P28 + Degalan® PQ611 and Lascaux® Acrylharz P550. The application of pressure during the drying process of the acrylic
resins leads to a more even adhesive strength to a suitable extent. Methocel A 15 shows a suitable adhesion when dried with
and without pressure.
For the selection of adhesives to be tested on the original,
Degalan® PQ611, Paraloid B67+ Paraloid F10 (1+1) and
Methocel A15 remain.
TM

TM

TM

TM

Figure 3 (up)
Alkyd resin (brown) swelling in steam
of Shellsol A after 10min
Figure 4 (down)
Substructure and construction
for pressure exertion
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CONSERVATION TREATMENT

For the testing series, free paint films as test pieces were produced first. For the PVAC ready-to-use paints were used. For the
alkyd resin, water dilutable alkyd resin paint was made. The selection of the colours correlates to the respective original paint
layers.
In the adhesive-testing series I the behaviour of different
adhesives on cellulose acetate sheets is tested. The selection implies water-soluble adhesives, such as sturgeon glue, Methocel
and Aquazol®, different dispersions and the earlier mentioned
acrylic resins. The adhesives are spread and dropped onto the
cellulose acetate sheets. During the application of the adhesives,
the wetting, formation of films and drying time are observed.
The dried film is evaluated according to optical characteristics.
After this testing series, sturgeon glue and some dispersions are
excluded because of strong optical changes. It is to mention, that
all watery adhesives lead to a reversible, as a deformation visible, swelling.
In the paint film testing series I, the optical changes through
the application of adhesives to the produced paint films are
observed. Now, the seemingly suitable adhesives which resulted
from the previous testing series are tested by dropping a small
amount onto the edge of the paint film. It is remarkable that the
paint films are saturated by almost all adhesives. This results
in tide marks and darkening. Also in backlight, a changed
TM

the PVAC paint layer this means a loss of adhesion and for the
alkyd resin paint a loss of cohesion. These results indicate that
only Degalan® PQ611 solved in benzine 100-140°C is a suitable
consolidation medium.
With its film characteristics, Degalan® PQ611, with a glass
transition temperature of 32°C and a refractive index between
1.475 and 1.5, is ideal for an application on the animation cels.
The polymers are very light-resistant, but tend to cross link
(Down 1996).

intensity of depth can be recognized, which can be explained by
a different light refraction from the sheet to the paint layer due
to the linking binding agent. This change is a criterion for exclusion as an intervention is not possible. Methocel A15 only
penetrates between the paint film and the sheet by a coated application through the film. It shows the smallest optical changes
on the paint films with a slightly higher saturation in backlight.
In a further evaluation, the dispersions do not seem suitable
because of strong darkening and strongly increased depth light.
All acrylic resins show darkening, but no increased effects of saturation in backlight. Hence, the characteristics of Methocel
A15 and all acrylic resins are to be examined further.
The influence of the application technique on the optical
changes resulting from the application of adhesives is tested in a
second paint film testing series. Therefore, different variants of
the application of adhesives and the method of the pre- and postwetting are used. Selected are the representative consolidation
agents Degalan® PQ611, Lascaux® Acrylharz P550, Methocel
A15 and the brown alkyd resin paint film. The result shows
TM

TM

TM

For the following conservation treatment, a suitable substructure is necessary (see Figure 4). When pressure is applied, it is
crucial that the cels are not deformed. Therefore, they require
an adaptable system. A partial application of pressure requires
only a partial substructure. This is composed of (from bottom to
top): elevating platform, magnet, small sandbag and eventually
a gel pad for a higher adaptability. For these substructure it
is necessary to allow a working distance below the cel by the
jacking up of foam. For the application of pressure, magnetisable
pads come into use. They adapt to the deformations of the
cel and apply a suitable force to small surfaces. In order to be
able to observe the front side during the consolidation as well,
a mirror is put below.
TEST AT THE ORIGINAL

First, the three evaluated consolidation agents, Degalan® PQ611,
Paraloid B67+F10(1+1) and Methocel , are tested on original,
representative paint layers for their suitability. The application
varies according to the proper technique for the respective consolidation agent. During the consolidation with acrylic resins, the
paint layers are pre- and interim-wetted with benzine 100-140°CAerosol. Methocel A15 is coated on the surface.
The results show that every slightly polar percentage of solvent leads to a sensitive reaction of the original paint layers. For
TM

TM

TM

CONSOLIDATION

On the original, the entire gray PVAC paint layer shows very little adhesion, which means that consolidation should be questioned. Every consolidation agent would cause a stronger
adhesion of the consolidated areas than of the surrounding areas
to the sheet. Therefore, a consolidation should be abstained
from. Currently, the only possibility to sustain the gray paint
layer lies in the preventive conservation.
As to the consolidation of the white PVAC paint layer, differences in the behaviour of the original paint layer to the sample bodies lead to the re-examination of the application
technique. Further experiences on the original result in a consolidation in two steps. First, a pre-consolidation with 5% Degalan® PQ611 is done. The adhesive conglomerates at the
transition of the adhered to the non-adhered part. A brown tide
mark is visible. There is no adhesion of the surface. After complete drying, consolidation with 10% Degalan® PQ611 follows.
The application of the consolidation agent is done until its saturation. Developing air bubbles are smoothed out until the hardening of the consolidation agent. The drying takes place under
pressure. Because of the evaporation of the solvent and of fitting irregularities due to shrunken paint layers, the development
of tiny bubbles becomes visible after the completed drying
process.
When looking at the brown alkyd resin paint layer the
developed method for fixing areas with several flaking paint (see
Figure 5) is also divided into two steps. First, a possibly big area
with 5% Degalan® PQ611 should be fixed. Therefore, a consolidation agent is put onto the fragment edges until the cavity is
saturated. This way, tensions and cracks between flaking and
fixed areas are avoided. After the drying, every edge is consolidated individually in the second step. Sometimes, the appearance is slightly darkened. Small, not adhered parts are
recognisable usually along the fragment edges (see Figure 6).
Losses of adhesion without flaking paint can only be consolidated applying the adhesive flatly on the surface. The adhesive penetrates through fine cracks and pores. A pre-wetting with
benzine-aerosol has proven sensible. Additional adhesive was
removed using Benzine 100-140°C.
DEALING WITH STICKY PAINT FRAGMENTS

In order to separate the soft green alkyd resin paint fragments,
the stiffness is increased temporarily through the cooling agent
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nitrogen. The transmission of the cold through pads filled with
iron powder leads to a suitable paint consistency after 20 seconds. During the separating process with shaped wooden sticks,
paint fragments are not compressed too much and do not break.
However, a deformation cannot be avoided. For the reintegration of the separated paint, the void is coated with 5% Degalan® PQ611. Then the paint fragment is aligned, fastened and
adapted. A consolidation is reached by the reactivation of the
adhesive and a partial post-consolidation. The drying takes place
under pressure. In its final condition, tiny, not adhered areas due
to fitting irregularities are visible.
PREVENTIVE CONSERVATION

The monitoring of the animation cels of the DIAF shows that
there is a necessity of preventive conservation (Höyng 2010a,b).
The DIAF is situated in a basement and it has one archive room
and one cold storage facility. The so far archived stock of animation cels is stored in the archive room. Measurements during
the period of October 2010 and June 2011 showed an average
temperature of 23.14°C and a relative humidity of 30.5% in the
archive room and 11.22°C and 47.81% relative humidity in the
cold storage facility. In Conclusion the temperature of the
archive room and the relative humidity of the cold storage are
far too high.
The degradation of cellulose acetate is a hydrolysis reaction
during which the acetyl groups are split off the cellulose chain
and then react with water to acetic acid. The acid leads to
further, autocatalytic running, deacetylation. The hydrolysis can
only take place in the presence of humidity and the catalyst acid
(Waentig 2006). As the only possibility to prevent the collection
from chemical degradation, the storage conditions have to be
controlled.
The ISO-Norm 18911:2010 sets the standard for the
storage of film material of cellulose acetate. Maximum values are
10°C and 30-40% relative humidity. Recommended values for
storage are 2°C if the relative humidity is 20-50%, 5°C at
20-40% relative humidity and 7°C at 20-30% relative humidity.
On the one hand, a low relative humidity is necessary to decrease
the hydrolysis. On the other hand, sufficient humidity has to stay
in the material to avoid strong shrinking and cracks (Reilly 1993).
It is necessary to consider that there are different types of paint
layers. For the film Plaste Color (II), the PVAC paint layer is seen
to be sensitive to humidity so that a low relative humidity is necessary to prevent further losses of adhesion. However, if the relative humidity is too low, a stronger embrittlement of already
brittle alkyd resin paint layers can occur. Taking into account
both facts, a sufficient relative humidity of 35% is recommended.
In order to prevent the cels from pollutants, the macro- as
well as the micro-environment has to be considered. However,
the regulation of the temperature and the relative humidity
is seen as the most effective preventive conservation measure
for film material of cellulose acetate. Only on top of that,
molecular sieves lead to a higher live expectancy in a micro-

Figure 5
CP80 detail, front side (viewing side), before treatment loss of adhesion appears whitish and cloudy

Figure 6
CP80 detail, front side (viewing side), after treatment after consolidation only some small, not adhered parts
along the fragment edges appear whitish

environment (Ram 1994). In the DIAF some animation cels have
already passed the autocatalytic point. For further conservation it
is even more necessary to create suitable climatic conditions. A climate control of 2°C to maximum 10°C at a relative humidity of
35% is evaluated as being ideal for their long-term storage.

new losses of adhesion will occur. A durable stabilization of
the cellulose acetate cel and the paint material can only be
achieved if the degradation process is slowed down by preventive conservation.
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ENDNOTES

(1)Presumption based on Gächter, Müller. 1989,
pp. 359, 378.
(2) Presumed from statements of former employees of the
DEFA Studios for Animated Film and further research.
(3) Further groups of binding agents that are in accordance
with these demands on solvents tend to become brittle
(keton resins), are not acid resistant (HALS hindered amine
light stabilizers) or require a 25% part of aromatics for dis
solving (alkyd resins).
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ABSTRACT

INTRODUCTION

The ILKAR project (Integrated Solutions for Preservation,
Archiving and Conservation of Endangered Tapes and Cylinders) aims at characterizing the most endangered magnetic tapes
of the archive of the Ethnological Museum’s sound collection
(National Museums Berlin, Germany) and at evaluating their
conservation state.
Thus far, the only definite proof of the actual conservation
state of a magnetic tape is through playback, or when the degradation processes on the tape are so advanced and widespread
that they become visible to the naked eye. The most vulnerable
materials of magnetic tapes are cellulose acetate (CA) and
poly(ester urethane) (PU-ES). It is therefore essential to identify
them as fast and straightforward as possible before they develop
the typical degradation processes that render them unplayable.
For this purpose, a survey procedure was developed which gathered information about the tape types in the collection and on
the damages shown by the different materials. The material information obtained using attenuated total reflection-Fourier
transform infrared spectroscopy (ATR-FTIR) enabled to relate
material information to specific tape types.
The information obtained by this study enables the implementation of a prioritized digitization strategy at the Ethnological Museum. Also, a newly developed online tool will help other
archives in prioritizing the digitization process of their collections, while contributing to the database's statistical significance.

Since the first commercial magnetic tapes for the recording of
sound were developed in Germany in the 1930s (Clark 1993; Hess
2008), millions of hours of recordings have been stored in archives
all over the world. The 20th century has seen a rapid succession of
formats being developed and then cast aside after a relatively short
period of time (typically a few decades). Amongst the most common and studied of them is the open reel tape, an example of
which can be seen in Figure 1.
The recording mechanism of magnetic tapes relies on a magnetic layer, with a typical thickness between 5-25 µm (Engel,
Kuper, Bell et al. 2010: 583) that is capable of ‘storing’ the sound
by retention of the magnetism impressed on them by the recording head. This layer is placed over a base film, which is between
10-40 µm thick (Engel, Kuper, Bell et al. 2010: 583) and provides
structural support. Different materials have been used over time as
base films, with cellulose acetate (CA), poly(vinyl chloride) (PVC)
and poly(ethylene terephthalate) (PET) being most widespread. A
polymeric binder keeps the magnetic layer particles bound together and attached to the base film, and lubricants diminish the
friction between tape and head in the magnetic layer on playback.
Other components of magnetic tape formulations are typical additives of many other plastic materials: plasticisers, stabilising
agents such as antioxidants, dispersants, antistatic agents and mineral fillers. In the present case, these are often used to achieve the
desired hardness, flexibility or adhesion between the layers on the
final manufactured magnetic tape. All these components can also
potentially have an impact on the final behaviour and long-term
stability of the tapes.
Surveys performed within the framework of the TAPE and
PrestoSpace projects (Wright 2005: 6) indicate that around 70 %
of European audiovisual holdings could be at risk of becoming
unplayable. Since the accessibility of audiovisual cultural heritage
is relying on the preservation state of the substrate materials used
for the different formats, time management is essential in the race
against the degradation processes taking place.
Regarding the material composition and leaving out considerations such as format obsolescence, the most endangered tapes
are those having a CA base layer and poly(ester urethane) (PU-ES)
as binder. Tapes containing these materials undergo certain
chemical processes, which typically manifest themselves in the socalled ‘vinegar syndrome’ and ‘sticky shed syndrome’, respectively
(Hess 2008; Thiébaut, Vilmont and Lavédrine 2006). These are
degradation processes that are intimately related to the inherent
stability of the materials and triggered by ambient humidity. In
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THE ILKAR SURVEY

Figure 1
Typical ¼” open reel tape
Tape type Agfa Gevaert PEM 468 Professional
on a hub

Figure 2a
Distribution of materials2 in the music archive
of the Ethnological Museum.
Base materials

Figure 2b
Distribution of materials2 in the music archive
of the Ethnological Museum.
Binders

advanced stages, both mechanisms render the tapes unplayable
and further pose a deeper problem than just the loss of a single
tape. In the case of acetate tapes, the acetic acid released on decay
(which is responsible for the name of the phenomenon) may potentially catalyse the degradation of other, not yet affected tapes
stored nearby. It therefore becomes essential to identify and isolate
these materials before the problem spreads, as well as to transfer
the recorded sound they contain as soon as possible.
In the case of ‘sticky shed syndrome’, low molecular weight
products arise as a result of the hydrolysis of certain
polyurethane (PU) binders which migrate to the surface of the
tape. These degradation products may inflict damage on the
playback devices, which, given their obsolescence, are difficult to
repair and hence endanger the digitisation of the whole collection. PU-ES binders are more susceptible to hydrolysis than their
poly(ether urethane) (PU-ET) counterparts (Thiébaut, Vilmont
and Lavédrine 2006).
For manufacturers like Agfa, BASF and 3M, the base material can be known thanks to available manufacturer data1,

provided the tape type is identifiable. An archive that wants to
locate tapes containing CA as carrier layer could therefore look
for its tape types in the list, and transfer first those known to
contain CA (e.g. ‘IG Farben Magnetophonband Typ C’). However, the binder materials are only mentioned in patents which
do not refer to the tape type – for example the patents GB
730.823 (1955), GB 814.020 (1959) or GB 1.080.614 (1967). It
is essential to identify the used materials in tape formulations in
due time before the information that was recorded on the tapes
is lost. A list linking the tape types as printed on the back of a
given tape (or on its box, if original) with the material used to
manufacture the tape could help with prioritizing the digitization
of an archive’s holdings, given the known instability of the above
mentioned materials. This is the subject of the present work,
which describes research carried out within the framework of
the ILKAR project. The project was funded by the Federal Cultural Foundation and the Cultural Foundation of the German
States (Kulturstiftung des Bundes and Kulturstiftung der Länder) and ran from 2008 until 2011 as a collaboration

between the Rathgen Research Laboratory (Rathgen-Forschungslabor) and the Ethnological Museum (Ethnologisches Museum) of
the National Museums Berlin (Staatliche Museen zu Berlin).
The music archive of the Ethnological Museum, with its focus
on historical and contemporary music from all over the world,
houses among other sound carriers a large number of recordings
on magnetic tapes. The total length of all original audiovisual
recordings is now estimated at more than 12,700 h, excluding
commercial recordings (April 2009). This may appear as a small
number when compared with large archives in institutions like the
Deutsches Musikarchiv or the British Broadcasting Corporation
(BBC), which may afford automated solutions for the digitization
of their holdings. However, it is still a number large enough for its
digitization requiring a significant amount of time. The key question is where to start with the digitization. In other words: which
tapes must be transferred now due to the instability of their materials, and which will remain in an acceptable condition until the
information from the most endangered tapes has already been
transferred?

The aim of the present work is the identification of CA and PUES as base or binder materials, respectively, and to link them
with tape types and manufacturer names with the help of ATRFTIR spectroscopy. Five hundred and seventy-seven tapes were
surveyed; of those, over 150 were chosen for analysis with ATRFTIR spectroscopy on the basis of both their representativeness
with respect to the results of the survey and their display of the
different degradation states present. Several tapes of each main
material type were analyzed. Analyses were performed on both
sides of the tapes, so that information on the binder in the magnetic layer and of the base material could be obtained. The
analysis of the front side, the ‘information layer’, allowed studying the polymeric binder in the magnetic layer (eg, polyurethane,
poly(vinyl chloride), cellulose nitrate). Analysis of the reverse
side allowed the analysis of the base material in those samples
without back-coating, for example, cellulose acetate, poly(vinyl
chloride) and poly(ethylene terephthalate).
The collected data was entered into a database in order to
check for correlations between brands or tape types and materials. In order to publish and enhance this knowledge, a browser
based database was developed which is made accessible to be
used by other archives.
Before the start of the project, the department of Ethnomusicology, Media Technology and the Berlin Phonogram
Archive had very little information on the most prevalent damaged tape types, endangered materials or the actual conservation state of the tape collections. This situation is characteristic
of many other audio archives. A systematic and representative
sampling procedure was designed within the framework of
ILKAR since the size of the archive precluded from looking at
every tape within an adequate amount of time. The first phase
of the survey was completed in February 2010. Until then, 577
tapes were examined and their condition was entered into a Microsoft Access database, specifically developed for this purpose.
It took approximately two to four minutes to insert the required
information for each tape into the database. For each surveyed
tape, the database contained information about the tape type
and manufacturer as mentioned on the back of the tape, box,
hub or leader tape (e.g. BASF LP 35). Ultimately, the only
reliable information is the one printed on the back of the tape
or on the original leader tape (see below). In addition, the tapes
were visually inspected for signs of deterioration such as surface
damages, delamination, the presence of lubricants or plasticiser
exudation, acetic acid smell, stickiness and winding issues,
among others.2 Following the survey, tapes were selected for
ATR-FTIR analysis (Gómez-Sánchez, Simon, Koch et al.
2011a).
SURVEY RESULTS AND DISCUSSION

The survey allowed the gathering of information on the tape
types and materials in the archive, as well as on their decay phenomena. Around 40 % of all tapes can be assigned to a specific
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(a)

(b)

(c)
(d)

Figure 4
Screenshot of the online database;
the list of manufacturers is shown

Figure 5
Screenshot of the online database
The shown view (tape VII OA 0140.001) contains information
about the tape type as written on the back of the tape
(‘On tape text full’), different damages and the materials analysed
by FTIR (‘Main organic component’).
Above, the tabs show other available information

THE EXAMPLE OF TAPE TYPE PEM 468 PROFESSIONAL

However, for some tapes branded with the same name (Agfa
Gevaert PEM 468 Professional) the binder system was found to
be a mixture of PVC and an unidentified PU. Under the microscope a different pattern could be observed on the backside of
the tape.6 In this case, a smooth and even surface (see Figure 3c)
indicates the use of a different coating system, namely the later
developed slot die coating process (introduced in 1974 at Agfa),
according to a former Agfa employee.7 The change of coating
system must have happened between the batch numbers 22,080
and 22,341 (see Table 2). According to microscopic observations
the batches up to number 22,080 and from 22,341 onwards can
definitely be assigned to one of the coating processes (gravure
and slot dye, respectively). Between batch 22,080 and batch
25,790 a transition period, namely a change of the coating
process and a change of binding material must have taken place.
Indeed, all tapes with batch numbers higher than 25,790 showed
to contain a mixture of PVC and PU as binders, while a tape
from batch 22,341 still contained the old PU-ET binder (see Figure 3b). According to Agfa employees it is possible that first the

Figure 3
Magnifications (30x) of the back side of different PEM 468 Professional tapes using an optical microscope
(a) Tape (VII OA 0140.001), type Agfa Gevaert PEM 468 Professional, batch number 012, PU-ET binder material and gravure coating
(b) Tape (VII OA 0143.040), type Agfa Gevaert PEM 468 Professional, batch number 22341, PU-ET binder material and slot die coating from 1974
(c) Tape (VII OA 0146.020), type Agfa Gevaert PEM 468 Professional, batch number 25790, PVC and PU binder material and slot die coating
(d) Tape (VII OA 0299.010), type BASF PEM 468 Professional, batch number B131, PVC and PU binder material and slot die coating

brand or tape type. The tape type can be found printed on the
backside of the tape or on the leader tape, if this is original (a
perpendicular joint between leader tape and tape is indicating
an original leader tape).3 Concentrating on those tapes which
can be assigned with certainty to a specific brand and tape type,
the survey showed that the most common tape (at 20 %) was
Agfa Gevaert PEM 468 Professional.
ATR-FTIR analysis data undertaken by Gómez-Sánchez and
co-workers (Gómez-Sánchez, Mengel, Simon et al. 2011b) had
shown that the most common materials used in the carrier layer
of branded tapes could be identified as PET and PVC (60 % and
15 %, respectively, see Figure 2a).4 About 12 % of the analyzed
branded tapes were back-coated and contained carbon black,
which compromized the FTIR spectra of the base material
(Gómez-Sánchez, Simon, Koch et al. 2011a: 6). Of all carrier
layers, cellulose acetate (at 3 %) would be assigned a higher digitization priority than the other materials because of its tendency
to develop vinegar syndrome, which may in turn affect other cellulose acetate tapes.

With respect to the binder layer, the distribution of the materials in the archives as analyzed by ATR-FTIR is shown in
Figure 2b. Within the design of a rational digitisation strategy,
PU-ES binders (13 %) should have higher priority for digitizing
than materials where PU-ES is suspected but could not be identified univocally (e.g. the groups 'PU unclassif.' and 'PVC + PU').
Both these latter groups would in turn have a higher priority
than the remaining materials.
As mentioned above, the literature generally provides no information linking tape types and binder material. To the best of
our knowledge, this is the first time that binder material information is linked systematically to tape types. ATR-FTIR spectroscopy showed for example that the analyzed tapes marked
‘VEB Filmfabrik Agfa Wolfen Typ CH’, a tape manufactured in
the German Democratic Republic, contain cellulose nitrate and
cellulose acetate as binding material and carrier layer, respectively. The latter also contains triphenyl phosphate (TPP) as plasticiser (Kunz 2011: 29). Other examples of identified materials
are presented in Table 1.

Unfortunately, not every tape type was always produced with the
same formulation, and improvements took place in some occasions without further notice. ATR-FTIR analyses also show that
Agfa Gevaert PEM 468 Professional tapes consisted of at least
two different binding materials throughout time, namely PU-ET
or a mixture of PVC and PU (Gómez-Sánchez, Simon, Koch et
al. 2011a: 6). These results seem to agree with the information
given by former Agfa employees interviewed during the ILKAR
project about the manufacturing processes of magnetic tapes
(Schüller, Gómez-Sánchez and Kunz 2011). The original coating
application technology used was a gravure coater (Bhushan 1990:
52), a technology similar to the intaglio or gravure printing
process (Brockhaus 1973: 680). This was confirmed by the observations under the optical microscope5; the tape coated with the
gravure coating system shows a pattern of small vertical stripes on
its backside due to the pressure of the roll (see Figure 3a). The
binding material of the tapes showing this pattern could be identified as PU-ET with ATR-FTIR spectroscopy.
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Table 1
Analysed tape types. The last two columns show the number of surveyed tapes
and the number of analysed tapes with ATR-FTIR spectroscopy, respectively
Tape Type
AGFA Gevaert PEM
468 Professional

Binder
material

Containing
117
carbon black

11
7

PVC and PU

Containing
23
carbon black

4

PVC and PU

VEB Filmfabrik Agfa
Wolfen Typ CH

CN

Soni-Tape Super-5
Soni-Tape PY-5

Toshiba sound tape
s-5

No. of
No. of
surveyed tapes analysed tapes

PVC and PU
PU-ET

AGFA PEM
468 Professional
BASF PEM
468 Professional

Carrier
material

PVC and PU

PVC and PU
CN

Containing
12
carbon black

5

CA+TPP

2

2

PET

1

1

CA+TPP

1

1

CA

4

4

Table 2
Different material compositions of the same tape type,
PEM 468 Professional, as analysed using ATR-FTIR
Tape Type

Batch
Numbers

Binder
material

Coating
System

AGFA Gevaert PEM
468 Professional

0121, 22080

PU-ET

22341

PU-ET

Slot die coater

AGFA Gevaert PEM
468 Professional

25790, 44510,
45369, 47130

PVC and PU

Slot die coater

H916, H937

PVC and PU

Slot die coater

BASF PEM
468 Professional

B131, B147

PVC and PU

Slot die coater

AGFA Gevaert PEM
468 Professional

Agfa PEM
468 Professional

Gravure coater

coating process was changed and then later on the binding material was adapted to the new process. In fact, the development
of a new binder material generally took about a year from its
development to its release on the market (Schüller, GómezSánchez and Kunz 2011).
For most batches of this tape type, and based on the ATRFTIR data, it is therefore possible to identify the binder material
of a given tape by observation of the coating pattern under a microscope or by consideration of the batch number, excluding
those belonging to the manufacturing period between batches
22,080 and 25,790.
A further type, branded Agfa PEM 468 Professional with
batch numbers starting with H (eg, H916), was already manufactured with the slot die coating process but using a different
coating machine, which was acquired in 1985.8 A fourth type of
PEM 468 Professional was manufactured by BASF (thus named
BASF PEM 468 Professional), with its production beginning
after the takeover of Agfa by BASF magnetics (see Figure 3d; e.g.
batch number B131). This tape type seems to have been

produced in the same way as the previous tape type that is,
coated with the slot die coating process using PVC and PU as
binder systems. This shows that BASF continued to produce the
same tape type after acquiring Agfa. According to the statement
of a former Agfa employee, different batch numbers, starting
with B and H, indicate the use of different coating machines,
both slot die coaters (see Table 2).
Since technology continuously developed, batch numbers
may provide valuable information on the coating process and
the used material compositions. Even if no major change in the
material composition of consecutive batches was intended, the
original formulation had to be adapted to the increasing production speed, while the main components and therefore the
quality of a tape type needed to remain constant. It is therefore
important to acquire a global idea of the formulation changes
for a given tape type, for which purpose the analysis of at least
one tape of every available batch is desirable.
DEVELOPMENT OF THE ONLINE DATABASE

Trying to link brands to material information obtained by ATRFTIR analysis is unfortunately not an option for unbranded
tapes.9 For these tapes, individual infrared spectroscopic analysis is the only way to identify the binder and base materials.
Eventually, the identification of early signs of degradation specific to certain materials (e.g. waviness) should also help in assigning a priority to unbranded tapes. For this, a large amount
of data in a collaborative online database would be of use.
To enhance and pursue a more comprehensive data acquisition, the original Microsoft Access database was further developed for internet access and is now completely browser-based.
Other archives and researchers are hence able to use the collected
data and may further insert their own.10
The database was developed with two different kinds of
users in mind: firstly for those who just want to check if tapes
of a particular type should be digitized in the near future using
prioritising criteria solely based on material considerations (for
example, the imminent degradation of the materials and their
ability to trigger degradation of other tapes in the collection,
such as CA tapes affected by vinegar syndrome). This kind of
user can search throughout the database for specific tape types
(e.g. by manufacturer, see Figure 4) and obtain information on
the material composition or tape type related damages (see Figure 5). Users can also search for specific damages found on
their own tapes and compare them with a list of tape materials
on which these damages were already observed. Hence the
users are able to prioritize the digitization of tape types that are
not yet entered in the database. The database was envisaged as
a tool which could help prioritising the digitization of a considerable number of tapes when the only information available
is the tape type or the presence of certain degradation signs.
The database is then able to link this information to material
information derived from (previously performed) ATR-FTIR
analysis.

The second user group is more experienced and wishes to improve its knowledge about its entire collection and not only for
a small number of tapes. These users are enabled to enter data
related to their own tapes – such as inventory number, degradation symptoms, information obtained from the tape, hub or box
– in order to gain a complete overview of their holdings. By
doing so, the database’s statistical strength is improved, especially in terms of the identification of potential early degradation signs. Thus, any assumptions that specific damages
observed may be early material degradation signs can eventually
be validated.
A possible third group of users comprises researchers who
wish to contribute to the available scientific data pool by adding
IR spectra or other material analyses for specific tape types or
tapes that show specific degradation symptoms. This user group
is able to improve the current knowledge about a certain tape
type, for example, by connecting a material with a new tape type
or even with batch number series.
Having a growing database, its significance will improve with
every new user. Eventually, the database should be able to provide comprehensive material information about different tape
types from manufacturers from all over the world, and also contain information about early degradation signs. Although most
of the data acquired during the ILKAR project has already been
entered, the database is still under development and will be further updated and improved.
CONCLUSION

An online database has been designed and made available on the
World Wide Web which is capable of linking magnetic tape materials with tape types and signs of degradation. This should help
small archives to decide how endangered a given tape type is by
taking into account its constituent materials and to attribute a
priority for its digitisation. For this purpose, ATR-FTIR analysis was essential in order to obtain information about the materials in magnetic tapes non-invasively.
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ENDNOTES

(1)Published lists of materials used as carrier layers can be
found in Engel, Kuper, Bell et al. 2010: 583 for both Agfa
and BASF and at http://www.recordist.com/ampex/docs/
aorprod2.html for 3M.
(2)A document both containing and describing the spreadsheet
in detail can be requested from the authors.
(3)In contrast, a diagonal joint between leader tape and tape
indicates a later handling by a sound engineer, indicating
that the leader tape may not necessarily be original.
(4)This figure and the corresponding data were first published
by Gómez-Sánchez, Mengel, Simon et al. 2011b.
(5)For the microscopic study, a digital microscope (Keyence,
VHX-500FD) with a VH-Z20 objective (20x – 200x) was
used. Pictures were taken at a resolution of 1600 x 1200
pixels and saved in JPG-format. The microscopic inspection
was performed in situ without any preparation of the
sample.
(6)For this study, at least two tapes of each batch were
examined under the microscope.
(7)Werner Singhoff, personal communication. DI Singhoff,
Head of Application Technology for audio tapes at Agfa
and BASF, was consulted within the framework of the
ILKAR project (Schüller, Gómez-Sánchez and Kunz 2011).
Further interviews were carried out with Rolf Müller and
Klaus Koepe (Department of Application Technology for
audio tapes at Agfa and BASF) and Dr.-Ing. Wulf Münzner
(Department of Application Technology for video tapes at
BASF). Transcripts of the interviews can be found in
Schüller, Gómez-Sánchez, Kunz 2011.
(8) Werner Singhoff, personal communication (see above (7)).
(9)German manufacturers had to label the back of the
professional tapes with information such as manufacturer
name, tape type and batch number (HörfunkbetriebsleiterKonferenz 1980) to allow playback machines to be
calibrated. In contrast, most other tapes, such as American,
Japanese or German non-professional tapes, are not
labelled on the back. These tapes can only be identified by
information provided on the hub, leader tape or the
container, if original.
(10) The MySQL browser-based database (www.phonogrammarchiv.org/ilkar) contains the information collected in the
survey and is written in PHP programming language. In
order to access the database activation of a username is
required. For this purpose, the administrator should be
contacted via the contact form on the website.
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THE BEHAVIOUR OF FLEXIBLE POLYURETHANE FOAM
IN A CONTEMPORARY SCULPTURE:
VIÚVA NEGRA BY JOÃO VIEIRA, 1981
BY SUSANA F. DE SÁ, ANA M. RAMOS,RITA MACEDOA, JOANA L. FERREIRA, HUGO LISBOA, JOÃO P. BORGES

ABSTRACT

INTRODUCTION

This study is based on a multidisciplinary approach for documenting the creative process of Viúva Negra by João Vieira
(1939-2009) and defining possible strategies for its conservation.
The sculpture from 1981, which is mainly composed of flexible
polyurethane (PU) foam, shows a high level of discoloration and
crumbling. Because of its rapidly ongoing deterioration a conservation plan was urgent. Oral and bibliographical information
were collected about the artwork and an analytical characterization of its materials was carried out. Different accelerated
ageing experiments (hydrolysis and photo-oxidation) were performed in order to understand the degradation of this foam and
to compare different treatments. These experiments were evaluated by µ-FTIR analysis, compression tests, mass loss measurements, optical microscopy and colorimetry. Samples were
produced at Flexipol, the factory where the artwork foam was
made in 1981. Treatments consisted on the application of Impranil® DLV/1 (consolidant) with Tinuvin® B75 (stabiliser) and
liquid silicone SL3000®, isolated (as applied by the artist in some
PU works) and combined with Tinuvin® B75.
These results allowed answering some questions concerning the conservation of PU works. Different degradation mechanisms were observed when testing RH and UV-Vis radiation
(λ≥300nm) together or separately. The need to include a stabiliser in the conservation treatment and the efficiency of silicone as consolidant were also confirmed.

The large development of chemical industry during the two
World Wars along with the economic growth between 1950 and
1960 encouraged the emergence of a ‘consumption logic’ and
the ‘principle of pleasure’ which led to a revolution in the use of
plastic materials in art and in daily life. However, plastic objects
have a limited lifetime and soon arrive into the hands of conservators showing profound changes or even irreversible damage.The preservation of these so-called ‘modern’ materials
launches a number of conservation and restoration related questions, mainly because of the lack of methodologies and treatment practices available to the conservator. With recent
initiatives such as the European project POPART and earlier
conferences like Saving the Twentieth Century and Modern Art:
Who Cares? in the 1990’s, conservation of contemporary art has
developed significantly (Macedo 2009). However, there are still
many gaps in knowledge about degradation of materials and
documentation of artists’ creative processes specifically.
Within the range of the fast deteriorating polymers (celluloses acetate and nitrate, poly(vinyl chloride), rubber and
polyurethane), polyurethane (PU) is considered the material
which brings the highest challenges to contemporary art conservation. This is especially true in the case of foams which are particularly susceptible to physical degradation (Garside and Lovett
2006:1). Discovered in 1937 by Otto Bayer, polyurethane was
widely accepted in various applications in the fifties (as flexible
and rigid foam, fibbers, adhesives and paints) and it is still available in the market in a wide range of formulations (Oertel 1985).
In general, its composition is divided into two parts: a rigid component, composed of aromatic or aliphatic diisocyanates
(cyanate group, -N=C=O-) and a flexible component, consisting
of polyether or polyester based polyols (alcohol group, -O-H)
(Oertel 1985). The main degradation processes are oxidation
and hydrolysis, depending largely on the nature of the
compounds involved. While in PU-PEs (polyester based
polyurethane) degradation by hydrolysis is predominant, leading
to the release of volatile acids, in PU-PEt (polyether based
polyurethane), the occurrence of oxidation prevails (Garside and
Lovett 2006). The urethane, ester, ether, amide, urea and biuret
groups are considered the most fragile bonds of polyurethane
molecular structure and the main degradation mechanisms are
chain scission and crosslinking, accompanied by a discoloration
of the polymer network (Allen and Edge 1992). In extreme conditions, degradation can lead to crumbling and polymer collapse
(depolymerisation) (Shashoua 2008).

KEYWORDS

contemporary art conservation, flexible polyether
polyurethane, accelerated ageing, degradation mechanisms,
infrared spectroscopy, compression tests.
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In the context of conservation and restoration, the essential research into PU foam carried out by Thea van Oosten
stands out. By indicating a maximum lifetime of 50 years for
this material, van Oosten emphasizes the urgency of thorough
studies and the high risk of loss of PU objects if not treated after
a solid background investigation (Van Oosten and Laganá
2010). Case studies evaluating the implementation of treatments
specifically on the conservation of PU artworks have been published only since the last two decades. Following other studies
developed on the subject, this research will bring further answers to some of the questions related to the conservation of
polyurethane works, which are widely spread in contemporary
art and design museums.
João Vieira was one of the most avant-garde Portuguese
artists from the 1960s. Having worked as a set designer for television, Vieira worked with materials often unknown to other
artists, which led him to use polyurethane foam as an art
material since 1970 in various forms, flexible and rigid (mostly
applied with spray cans). The sculpture Viúva Negra (Black
Widow) from 1981 (see Figure 1), which depicts breasts made of
moulded flexible PU blocks, enclosed within a net and supported
by a wooden board (128 x 96 x 18 cm), was created in this moment of material curiosity.
This artwork, also called Viúva de Man Ray, had a wide variety of influences and starting points. Artistically, the work of
Duchamp and Man Ray was an important influence, particularly Duchamp’s Mile of String from 1942 and Ray’s Vénus
Restaurée from 1936-1971. As a theoretical influence, Freud and
Peter Fuller have been mentioned by the artist in relation to
Viúva Negra. However, Greek mythology also provided an underlying idea, mainly the story of the three Fates. Concerning
aesthetic influences, breasts thermographs of women with cancer have called the attention of the artist at the time. All together,
these influences are also present in other artworks by João Vieira
which are part of the series Mamografias from 1981, intended
to be about the axis of life and death (Di Maggio 1981).
Viúva Negra was produced in an industrial unit, Flexipol,
where João Vieira has worked for two years as an equipment
designer. Engineers from that factory shared information on the
composition of the polyurethane, as composed of polyether
polyols and aromatic diisocyanates, MDI and TDI (4,4'-methylenediphenyl and toluene diisocyanates respectively). This was
confirmed by infrared spectroscopy. According to oral sources
and information found in the artist’s studio, he might have used
a 50kg/m3 density foam and a mould of Venus de Milo’s breasts
made of fiberglass reinforced polyester at 30ºC.
João Vieira soon realized that the poor durability of
polyurethane led to the total loss of some of his foam letters
from the artwork Expansions (1971) and to yellowing and
crumbling of some Mamografias blocks of breasts. In order to
protect other foam works Vieira decided to coat them with a
white layer of silicone. This information was given by the artist
in a personal interview with Rita Macedo: ‘silicone not only pro-

Figure 2
Compression tests for standard PU under high RH
and UV-Vis radiation (λ≥300nm)
Inset: stress/strain graph of standard PU
under high RH and UV-Vis radiation (λ≥300nm)

Figure 1
Viúva Negra, 1981
Polyurethane and rayon threads on wooden board, 128x96x18 cm
Private collection
See colour plate, p. 189

tects the breasts, but also gives them a colour that is the closest
to the original’ (Macedo, 2005). Based on this information, the
long-term efficiency of this method, as applied by Vieira in other
works of the same series, was studied.
METHODOLOGY

The following approach includes literature and oral sources research (interviews with collaborators, family and friends of the
artist and visits to his studio and PU Flexipol factory), material
characterization of Viúva Negra by micro infrared spectroscopy
(µ-FTIR) and optical microscopy, as well as performing artificial
ageing experiments evaluated by µ-FTIR analysis, compression
tests, mass loss measurements, optical microscopy images and
colorimetric measures. For these experiments, polyurethane
samples produced at Flexipol were used in order to reproduce
the material characteristics used by the artist in Viúva Negra
and to study the influence of an atmosphere rich in high RH (80
per cent) and UV-Vis radiation (λ≥300nm), the same degradation agents to which the artwork was exposed for the last years.

Aiming at a better understanding of the degradation process already visible on the artwork, samples from this case-study were
also compared with another PU work by Vieira, Nova Olímpia,
from the same date and apparently less degraded. In addition,
the efficiency of different treatments is also evaluated (applied
before and after ageing) by accelerated ageing experiments with
high relative humidity and UV-Vis radiation (λ≥300nm), which
will provide the necessary information to choose an adequate
treatment and application method for the conservation of the
artwork.
MATERIALS AND EXPERIMENTAL DATA

The specimens used for infrared analysis consisted of 2 cm high
flexible polyurethane cubes, and of 2 x 1 x 1 cm cobbles for the
physical tests, produced at the Portuguese factory Flexipol Espumas Sintéticas S.A.: 50 kg/cm3 foam density, metallic mould at
30ºC, isocyanates (MDI and TDI, 4,4'-methylenediphenyl and
toluene diisocyanates), polyols (polyether-based) and additives
(tertiary amines). The whole formulation was prepared in liquid

phase from a mixture of diisocyanates and activated polyol,
being then deposited into a mould.
Hydrolysis was simulated using a ARALAB/FITOCLIMA
climatic chamber, 150 EDTU with 80 per cent RH at 20ºC.
Irradiation tests were carried out in a CO.FO.ME.GRA 3000
SolarBox equipped with a Xenon-arc light source (λ≥300nm),
with constant irradiation of 800 W/m2 and black standard temperature of 74-84ºC (Tchamber≈34ºC); in each ageing cycle
samples were exposed for a period of 336 hours (total irradiance 925MJ/m2).
The tested conservation treatments consisted of applying a
combination of Impranil® DLV/1 (an anionic aliphatic polycarbonatester-polyether polyurethane dispersion) with Tinuvin®
B75 (a mixture of phenolic antioxidant, UV-absorber and sterically hindered amine light-stabiliser), as proposed by Thea van
Oosten (van Oosten and Laganá 2010), and of the application
of silicone SL3000® (an aqueous dispersion of silicone with
calcium carbonate, CaCO3) alone and mixed with a stabiliser
(Tinuvin® B75), in order to evaluate the empirical method
adopted by the artist.
The selected application methods differed according to the
preservation state of PU samples. For unaged samples, treatments were applied with a spatula (100 per cent) and brush
(5 per cent in distilled water) and for pre-aged samples a facing
(5 per cent solution applied by brush over Japanese paper) and
spray (5 per cent) were used due to the brittleness of the foam
surface, which did not allow direct application.
The evolution of molecular degradation was evaluated
by infrared spectra with a Nicolet Nexus spectrophotometer
equipped with a Continuμm microscope and the analyses were
performed on micro samples compressed with a Thermo diamond anvil cell, 128 scans and 4cm-1 resolution. Surface changes
were followed by optical microscopy using a Zeiss Axioplan 2
Imaging system (50X) and an Olympus Optical DP12 stereoscopic (7 and 16X). Mass loss was measured with a Mettler AE
160 high precision scale. Physical properties were determined by
compression tests carried out with a Minimat extensometer
equipment. Colour changes were determined using a Datacolour
International Microflash.
CHARACTERIZATION OF PU FOAM
AND ITS DEGRADATION MECHANISM

Compression tests allowed an assessment of the physical
behaviour of studied PU (MDI/TDI and polyether polyols). It
also enabled to draw conclusions about degradation mechanisms during the ageing processes and to evaluate the consolidation efficiency of the tested treatments. The infrared analysis
allowed both the characterization of degradation patterns and
distinction of the most effective treatments and application
methods ensuring the PU photo-stabilisation. Microscopic images acquired provide a better visualization of surface physical
changes and mass loss measurements an evaluation about
volatiles release.
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Table 1
Mass loss on standard PU under RH and UV-Vis radiation (λ≥300nm)
Ageing time

Mass loss measurements (%)

1st ageing cycle:
336 hours

0

2ed ageing cycle:
672 hours

80% RH

RH+UV-Vis (λ≥300nm)

UV-Vis (λ≥300nm)

0.15

3.41

2.63

3.14

2.92

Table 2
Infrared assignment for standard PU produced at Flexipol
3600-3400 (w)

Wavenumber (cm-1)

Vibration

3340 (m)

2971, 2917, 2898 and 2870 (s)

N-H stretching
C-H stretching

1708 and 1661 (w)
1600 (s)

O-H stretching
C=O stretching
C=C stretching

1535 and 1510 (vs)

1476, 1452, 1411, 1373, 1345, 1306 and 1221 (m)

1107 (vs)

868 and 818 (w)

C-N stretching and N-H bending
C-H2 bending

C-O-C stretching

C-H bending out of plane

761 and 701 (w)

Figure 3
Infrared spectra for standard PU under high RH
and UV-Vis radiation (λ≥300nm)

Figure 4
Infrared spectra for pre-treated PU standard samples
under RH and UV-Vis radiation (λ≥300nm):
IT (Impranil DLV/1® and Tinuvin B75®),
S (Silicone SL3000®) and ST (Silicone SL3000® and Tinuvin B75®)
in 100% and 5% concentration in distilled water

UV-Vis (λ≥300nm) radiation. The presence of water vapour, together with light, caused the formation of different radicals and
the appearance of degradation products that have changed the
peaks profile in the 2917-2848 cm-1 region. Based on this observation, it is possible to verify that there are different degradation mechanisms operating at the hydrocarbons network of
the polyol compound depending on the tested atmosphere. It is
important to emphasise the lack of published studies combining
the action of these two degradation agents in flexible polyether
foams. However, there is a study by Yang (2001) on polyurethane
coatings in which the formation of polyurea is described based
on a crosslinking mechanism, when high RH and UV radiation
atmosphere are applied.
All other spectral changes follow the degradation patterns
already identified by other authors (Wilhelm, Rivaton and
Gardette 1999), with polyether polyol being the most susceptible PU compound to degradation by UV radiation and aromatic
rings the main responsible compounds for discoloration of the
polymer network. However, the yellowing observed within a few

days of exposure to UV-Vis (λ>300nm) shows no spectral
changes that allow their identification, being attributed to
strongly coloured compounds present in low concentrations and
not detectable by infrared.
In general, and according to the literature, oxidation of polyether results in ethylene and methylene formates formation. The
process begins with the formation of primary hydroperoxides by
oxidation of methylene in the α position in relation to oxygen
followed by, with its photo-thermal decomposition and formation of more formates (70 per cent), esters and hemiacetals, highly
unstable components and responsible for the production of alcohols and carboxylic acids. By the interpretation of the infrared
spectra (see Figure 3), light ageing follows this mechanism and is
characterized by a significant decrease of 2971-2870 cm-1 peaks
relative intensity (decomposition of methylene groups in α position), disappearance of the polyether peak (C-O-C at 1107 cm-1)
and the appearance of a new peak with high relative intensity at
1720 cm-1 (formation of formats). With regard to diisocyanates
and according to the literature, degradation is initiated at the

C-O-O bending out of plane

vs - very strong; s - strong; m - medium, w – weak.

Table 3
Infrared assignment for Impranil® DLV/1 plus Tinuvin® B75
and liquid silicone SL3000®
Treatment

Wavenumber (cm-1)

Vibration

and Tinuvin® B75

2930 (vs)
1731 (s)

1169 and 1221 (s)

C=O stretching
C-H bending

Impranil® DLV/1

Liquid Silicone SL
3000®

2956 (s)

1430-1413 (s)

1249 (m)

1091 and 1020 (s)
840 and 790 (w)

C-H stretching

C-H stretching

CaCO3 stretching

Si-CH3 stretching

Si-O-Si stretching
Si-C stretching

vs - very strong; s - strong; m - medium, w – weak.

methylene group (CH2) between aromatic rings of MDI and involving two different mechanisms that give rise to discoloration
by direct absorption of UV-Vis radiation by chromophore groups.
The first mechanism involves formation of quinoid-type products
and the second a photochemical transformation of phenyl esters
into hydroxyester (photo-Fries reaction). The presence of MDI,
an aromatic diisocyanate, also leads to the formation of hydroperoxides and aromatic carboxylic acids. Related to
diisocyanate degradation, there is an increase of the band centred
at 3340 cm-1 caused by the formation of polyurea (NH), and in
the 3600-3400 cm-1 region attributed to the formation of alcohol
groups, also related to polyether degradation. This set of degradation reactions leads to a decrease in the physical properties and
a greater susceptibility to damage by handling.
The course of continuing degradation is represented by a
higher decrease in the relative intensity of C-H peaks between
2971 and 2870 cm-1 and a smaller difference in relative intensities
of C=O and C-N-H peaks (see Figure 3), indicating a degradation starting point at the polyol group which finishes at the isocyanate part of the polymer chain, as previously reported in
literature.
Another fact to highlight is the presence of small differences
in results obtained for the first and second ageing cycles. These
may indicate an achievement of a maximum level of degradation
intensity after the first cycle, observed in the infrared spectra, compression tests and optical microscopy images. After this level a loss
of material occurs, due to excessive crosslinking and chain scission
mechanisms, and a new polyurethane layer is exposed through an
auto-catalytic process. However, by direct visualization of the
stress/strain graph (see Figure 2), a significant noise level increase
is observed on the plastic deformation phase, representative of a
higher level of disaggregation during compression tests.
TREATMENT ASSESSMENT

Figure 2 reveals the presence of humidity as the less harmful
degradation agent to the physical properties of this material and
it identifies the combination of high RH and UV-Vis (λ>300nm)
radiation as the one leading to stronger mechanical changes for
this type of foam. This information is in accordance to the infrared analyses (see Figure 3) and mass loss measurements (see
Table 1). All infrared assignments relating to standard PU
(MDI/TDI and polyether polyol) are shown in Table 2.
According to the compression tests performed, ageing under
high RH and UV-Vis (λ≥300nm) caused a significant hardening
of the foam leading to the increase of Young's modulus values.
The observed hardening is possibly related to a crosslinking
mechanism, while the exposure to UV-Vis (λ≥300nm) radiation
leads to a chain scission mechanism. In the latter case, the crumbling degree was higher and the Young's Modulus and critical
stress values decreased. This information was verified also in the
infrared spectra by the appearance of new peaks in the 30002800cm-1 region for RH and UV-Vis (λ≥300nm) (see Figure 3),
and by a significant decrease of all peaks in the same region for

Knowing that the instable condition of Viúva Negra is related
to its exposure to fluctuating RH and light (sunlight filtered
by a window), only the results concerning the combination of
these two degradation agents will be discussed and taken into
consideration for the treatment proposal. The application of
Impranil® DLV/1 plus Tinuvin® B75 and Silicone SL3000®,
with and without Tinuvin® B75, was tested as a conservation
treatment (main infrared absorptions in Table 3).
Based on the infrared analysis it is possible to confirm that
no molecular degradation occurred in samples pre-treated with
Impranil® DLV/1 plus Tinuvin® B75 (applied by spatula and
brush). Both application methods were effective and none of
the ageing variables, high RH and light (λ≥300nm), caused
degradation. The detectable spectral changes (see Figure 4)
correspond to the applied products (characteristic peaks of
Impranil® DLV/1 and Tinuvin® B75 at 2930 and 1731 cm-1)
and not to PU degradation, particularly in samples where the
consolidant was applied with spatula and in a higher concentration.
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In samples pre-treated with silicone SL3000 the protection conferred to PU was lower (see Figure 4). By comparing
treated and untreated samples a similarity was observed, allowing to state that silicone SL 3000® is not effective in the
photo-stabilisation of this polyurethane. However, when spatula application was performed the protection increased probably due to a thicker film formation that works as a barrier to
degradation agents. The only spectral change observed was in
the C=O peak at 1710cm-1, indicating formation of formats.
Based on the compression tests (see Figure 5) it was found, that
despite the non photo-stabilising action, silicone acts as a consolidant preventing crumbling when stress is applied.
Samples treated with silicone SL3000® and Tinuvin® B75
showed good results. As in the case of Impranil® DLV/1 and
Tinuvin® B75, the infrared changes observed correspond to
those products and not to degradation (see Figure 4). The application of Impranil® DLV/1 and silicone SL3000® (consolidants), both with Tinuvin® B75, applied with spatula and
brush, showed the same efficiency according to infrared spectra. Nevertheless, compression tests showed an inferior efficiency on the application of silicone SL3000® with Tinuvin®
B75 when it was used as a 5 per cent solution, which might be
related to a phase separation between these two compounds
in aqueous solution. Based on this result, we emphasize the
need to test the application of Tinuvin® B75 separately, or in
a solution of water and isopropanol to obtain homogeneity
(van Oosten 2011).
As a general trend, even when treatments were applied, an
increase in the Young's modulus occurred for most cases, corresponding to a hardening of the foam network and to a lower
compression resistance. Related to colorimetric measurements,
only the treatments whose application would be visible to the
human eye are the ones where silicone was applied in a 100
per cent concentration (∆E>3)
The preservation condition of the artwork was simulated
with treatments applied between two ageing cycles, in order
to study the treatment efficiency after ageing and to evaluate
its possible influence on degradation. Infrared spectroscopy
did not provide conclusive results about the effectiveness of
treatments on photo-stabilisation of degraded polyurethane.
This fact is easily explained by the insignificant spectral
changes that had been found for the second ageing cycle. However, it may have prevented further deterioration into the interior of the foam. In this way, compression tests (see Figure 6)
were more conclusive and it was observed that both treatments
showed better results towards the material cohesion rather
than in its photo-stabilisation, acting mainly as consolidants.
Therefore, after a certain level of degradation the presence of
Tinuvin® B75 did not show a significant role at a 5 per cent
concentration in this second stage. For the application methods
tested it was also observed that using a facing allows for a better consolidation level than using a spray (see Figure 6). Due
to the formation of a surface film the penetration of degrada-

series of spectra that compare to an unaged PU. However,
through macroscopic observation, there is a clear significant
change in colour, surface brittleness and crumbling, as found
for the artificially aged samples.
During a visit to Flexipol it was possible to correlate some
of the features observed in Viúva Negra, like lacunae and
exfoliations, with production defects that occurred at the moment of foam polymerisation. On the other hand, crack patterns and crumbling are ageing consequences of an exposure to
fluctuating RH and light. These degradation agents caused
superficial foam hardening (surface skin) and led to material
losses with a reduction in shape details. By the use of infrared
spectroscopy, it was possible to associate these cracking areas
to a polyol degradation, which are observed by a greater
proximity on relative intensities of the C-N-H stretching
(1535cm-1) and C-O-C (1107 cm-1) peaks. However, there was
no significant change in other regions of the spectra, especially
between 1708 and 1661 cm-1 which was the region with higher
spectral variation on accelerated ageing samples. Due to this
data it is possible to conclude that the artwork Viúva Negra
still shows a better preservation condition than the artificially
aged PU produced for this study.

®

TREATMENT PROPOSAL

Figure 5
Compression tests for pre-treated PU standard samples under RH and
UV-Vis radiation (λ≥300nm): IT (Impranil DLV/1® and Tinuvin B75®),
S (Silicone SL3000®) and ST (Silicone SL3000® and Tinuvin B75®)
in 100% and 5% concentration in distilled water
Figure 6
Compression tests for standard PU samples
with conservation treatment applied between ageing
cycles of RH and UV-Vis radiation (λ≥300nm):
IT (Impranil® DLV/1 and Tinuvin® B75), S (Silicone SL3000®)

tion agents was reduced and an application with use of a facing gained advantage over the spray technique. Other advantages observed include the higher homogeneity of the
treatment agent applied and prevention of surface material removal by brush application when Japanese paper is used.
PRESERVATION CONDITION OF VIÚVA NEGRA

The inner nature of PU foam is the major cause of instability.
The most significant degradation types observed include discoloration, crumbling and brittleness, which make consolidation and stabilisation essential steps in preserving this artwork.
Based on infrared results for aged standard polyurethane foam
and samples taken directly from Viúva Negra, it was possible
to conclude that this polyurethane foam artwork presents a

Taking into consideration the results discussed above it was
possible to design a treatment proposal. The results obtained
for pre-treated samples pointed to silicone SL3000® with
Tinuvin® B75 (applied with spatula) as the most effective treatment, followed by Impranil® DLV/1 with Tinuvin® B75 (applied by spatula or by brush). However, the drying process of
Tinuvin® is slow, especially when applied in a 100 per cent
concentration with a spatula, which necessitates considering a
dilution for its application. In samples treated after a first ageing cycle, both treatments based on a facing application
showed good results in the compression tests, making this
treatment hypothesis valid for a future intervention in an artwork. Based on the assessment carried out, it was possible to
conclude that the most effective treatment for the artwork is
the conjugation of a consolidant with a stabiliser (anti-UV and
anti-oxidant). Therefore, silicone as a consolidant could be a
good option due to its high resistance to degradation (related
to its Si-O-Si based composition). However, by using João
Vieira’s method (application of 100 per cent silicone by spatula), a significant change in the artwork appearance would be
created (∆E>3) due to the presence of calcium carbonate
(CaCO3) in SL3000® composition. Although this was a Vieira’s
choice as a protection for his own PU works, within the field
of conservation this option would be questioned because it
would result in significant changes in the aesthetics of the work
and a considerable percentage of strange compounds would be
added to the material matrix.
The best solution would be the treatment proposed by
Thea van Oosten, applying Impranil® DLV/1 plus Tinuvin®

B75 by brush, in a concentration of 5 per cent in distilled water
and isopranol (van Oosten 2011), with use of a facing
CONCLUSION

The pursued methodology allows a detailed understanding of
the creative process used by the artist in the production of Viúva
Negra. At the beginning of the research only scarce information was found. Based on an interdisciplinary study that included
the gathering of bibliographic and oral sources, analytical characterization and accelerated ageing experiments, it was possible
to identify the conservation needs of the work and to establish
an intervention strategy for the preservation of this type of
polyurethane foam. These strategies are essential to an understanding of these new materials, which are increasingly present
in contemporary art museums.
For a better understanding of the degradation of PU foam
the need to monitor its ageing process through the exposure to
humidity and light is emphasized. Based on that, it is now possible to determine the starting point of the degradation mechanism and identify the first changes at a molecular level with
greater accuracy. It was confirmed that a period of 336 hours is
enough to register an intense level of degradation with regard to
accelerated ageing tests under the tested conditions. A point requiring greater focus in future research is the combination of
variable humidity and light, on the degradation of a flexible PU
composed by aromatic isocyanates and polyether polyols, given
the confirmation of favoured mechanisms according to the variables employed. In terms of treatment efficiency it was possible
to confirm the need to add a stabiliser (anti-UV and anti-oxidant) in the conservation treatment, as well as the effectiveness
of a 5 per cent consolidant concentration and the facing technique as a reliable method of treatment application on aged samples. When silicone is applied by a spatula (100%), the method
used by the artist, it also works as a barrier against high RH and
light. However, this method is not as efficient as silicone plus
Tinuvin®.
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NOVEL APPLICATIONS OF MOLECULAR
SPECTROSCOPY AND IMAGING FOR THE ANALYSIS
OF DESIGN OBJECTS IN ABS
BY FRANCESCA TOJA, AUSTIN NEVIN, DANIELA COMELLI, LUCIA TONIOLO

ABSTRACT

INTRODUCTION

Polymeric materials have been used extensively in works of art
and in 20th century design objects. If not suitably protected, polymeric materials may rapidly deteriorate: knowledge regarding
the stability and condition (deterioration, restoration and treatment) of such objects is still limited and only few examples of
protocols for the investigations of objects made of plastic are
available.
A large number of handmade and industrial objects made of
ABS (acrylonitrile-butadiene-styrene) resin are conserved in museums and private collections. The most urgent conservation
needs for this material are pointed out and investigated: design
objects made of ABS present various phenomena of degradation
of the rubber constituent. Beside this, mechanical failure is a diffuse conservation problem. The correlation between Fourier
Transform Infrared (FTIR) and Fluorescence Spectroscopy of design objects made of ABS is the focus of this work. Fluorescence
Multispectral Imaging has been applied and has proven to be a
reliable method for the monitoring of ABS objects in situ.

Since the 1950s designers have explored numerous uses and
transformations of plastics for their works, creating forms,
colours and functions which were inconceivable with traditional
materials. The mass production of design objects using plastics
was one of the most fortuitous outcomes of polymer innovation
that we witness today. Since their introduction, plastics have permeated everyday life, in a radical way transforming the choices,
the habits and the common utilities of modern society, and influencing quickly its fashions, brands and symbols.
A large number of handmade and industrial objects made of
polymeric materials represent the development of 20th century
society, and today are conserved in museums and private collections. However, these materials and objects, if not suitably protected, may rapidly change and deteriorate, often with a very
quick evolution of decay. For this reason, collections of objects
made of polymeric materials require great care in order to maintain their artistic, historical and economic value.
The long-term conservation of polymeric materials in collections of modern design objects, the study of their degradation
and the evaluation and monitoring of their condition has recently received increasing attention from the scientific world and
from museum conservators.1 However, a better understanding
of the chemical stability and physical alteration of such objects
and their available conservation strategies is required both by
scientists and conservators; in addition, further efforts are still
necessary in establishing international protocols for the investigation and monitoring of the condition of plastic heritage.
This paper focusses on the analysis of objects made of ABS
(acrylonitrile-butadiene-styrene) solid resin. Generally, ABS objects present significant conservation problems. The most commonly observed phenomena are the modification of the surface
colour (yellowing phenomena on white objects and discolorations of the coloured ones) and mechanical breakages in the
bulk plastic.
Two design objects made of ABS from a private collection
were examined as part of this study: the Grillo telephone and
the E 63 lamp by Umberto Riva.
The Grillo telephone was designed in 1967 by Marco
Zanuso and Richard Sapper and was produced by the Sit
Siemens Company. The Grillo telephone was a revolutionary
icon in the 1960s due to its small dimension (gained thanks to
the innovative dial mechanism) and the automatic opening
mechanisms as the phone is picked up. It can indeed be considered the precursor of the modern mobile clam-like telephone.

KEYWORDS

ABS, FTIR, fluorescence spectroscopy, fluorescence imaging,
fluorescence lifetime imaging, design object.
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for fluorescence excitation, combined with a charge coupled device (CCD) camera coupled to a liquid crystal tunable filter
(LCTF) for acquiring the fluorescence emitted by the surface in
different spectral bands.2
The light source is comprised of UV-A low-pressure mercury lamps (PL-S/10 UV-A 9 W, Philips, The Netherlands), characterized by a spectral emission peaked at 365 nm with residual
emissions in the blue, red, and near infrared regions and an optical output power in the UV-A band of 1.9 W.
The fluorescence emission is collected by the acquisition system as a series of fluorescence spectra: each point of the field of
view has an associated emission spectrum. The spectral information can be used to construct the Red-Green-Blue (RGB) map
of the emission collected. The spectral data were analysed by the
application the Principal Component Analysis (PCA).
FLUORESCENCE SPECTROSCOPY (FEES)
Figure 1
The Grillo telephone:
identification of the elements

Figure 3
Reconstructed RGB map of the colour
emission and false colour images
representing the distribution of the
maximum emission peak
(see also Colour Plates)
See colour plate, p. 190

The analysed object is no longer in use and is stored in a paper
box and conserved in a private domestic environment. The
Grillo telephone is made of different elements which have been
assembled together. The four main parts will be called A, B, C
and D according to labels in Figure 1.
The E 63 lamp was designed by Umberto Riva in 1963 and
produced by Francesconi Company. The analysed lamp is still
in use today for a few hours per day, and as such conserved in a
private domestic environment. The lamp is made of two elements, the base and the light diffuser: the very light-weight object is formed by a single sheet of plastic bent to the final shape,
and thus completely open on all sides. The E 63 lamp was reproduced in 1991 by Fontana Arte. While the object has the
same original shape, in its more recent incarnation it was produced in metal. Probably, as a consequence of the rapid fading
observed in the original material, the new edition was redesigned with a more durable material.

METHODS
FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)

Fourier Transform Infrared Spectroscopy (FTIR) analyses were
carried out with a Nicolet 6700 spectrophotometer coupled with
a Nicolet Continuum FTIR microscope equipped with an
HgCdTe detector cooled with liquid nitrogen (acquired between
4000 and 700 cm-1 with 128 acquisition and 4 cm-1 resolution;
spectra were recorded using a micro compression diamond
cell accessory). The spectra were baseline corrected using
Omnic software and normalized on the C≡N stretching vibration (2237 cm-1).
FLUORESCENCE IMAGING METHODS
Figure 2
FTIR spectra of the Grillo telephone.
Enlargements related to
(a) the PB signals, (b) the carbonyl- and the (c) hydroxyl-groups

FLUORESCENCE MULTISPECTRAL IMAGING

A portable fluorescence multispectral imaging system was
developed in 2008 by the Department of Physics of the Polytechnico of Milan and has been used for the analysis of works of
art. The imaging apparatus exploits two ultra violet (UV) lamps

Fluorescence analysis has been carried out directly from the surface of the design objects studied. Fluorescence Excitation Emission (FEE) spectra of surfaces, were acquired using a quartz
fibre-optic probe for both excitation and the collection of
fluorescence emission.3,4 Excitation was provided by a Xenon
arc lamp using the Jobin-Yvon/Horiba Fluorolog spectrometer;
fibres were placed at 45 degrees with respect to one another,
with fibre excitation perpendicular to the surface of the samples
studied and the detection fibre placed at a distance of approximately 0.5 cm from the sample surface. The detected signal was
automatically corrected for excitation and detection efficiency.
Spectra matrices were constructed by recording a series of synchronous fluorescence spectra with variable excitation between
300 to 500 nm (resolution of 5 nm), with synchronous fluorescence offsets between 15-225 nm in 5 nm steps, and with slits of
1 nm (excitation) and 5 nm (emission).5
Excitation emission spectra have been plotted as contour
maps with 20 different levels of intensity from the maximum
(black) to 10% of the minimum intensity (white). The maximum
peak is defined by the excitation and emission wavelengths at
the maximum emission intensity. Peaks are reported in the text
as (excitation wavelength/nm):(emission wavelength/nm).
FLUORESCENCE LIFETIME IMAGING (FLIM)

The Fluorescence Lifetime Imaging (FLIM) apparatus used for
this study is a portable system which was developed by the Department of Physics of the Polytechnico of Milan.6
The FLIM system is based on a time-gated intensified CCD
camera (C9546-03, Hamamatsu Photonics), capable of a gate
width of 3 ns with a temporal jitter near 0,5 ns coupled with a
UV excitation provided by a nitrogen laser emitting at 337 nm
that generates 1 ns pulses, allowing the temporal sampling of
the emitted fluorescence.
The kinetics of the emission have been analysed by recording a set of images by activating the gate of the image detector
at various delay with respect to excitation pulses. In this way the

245
Table 1
The main functional groups and FTIR vibration modes in ABS
(AN acrylonitrile, PB butadiene, S styrene)
Wavenumbers (cm-1)

3060
3025
2920

2850

2237
1600

1495
1450
966

911

760

700

Assignment

ν CH aromatic (S)
ν CH aromatic (S)
νa CH2 (PB)

Intensity of bands
Weak

Medium

Strong

νs CH2 (PB)

Strong

νs ring skeleton in-plane (S)

Medium

ν C≡N (AN)

Aromatic ring skeletal vibration (S)
νs ring skeleton in-plane (S)
Trans 1.4 vinyl unit (PB)

Weak

Weak

Medium

Strong

1.2 vinyl unit (PB)

Medium

Ring out of plane deformation (S)

Strong

Ring out of plane deformation (S)

Medium

temporal behaviour of the fluorescence emitted by each pixel
is recorded. The emission is modelled as a mono-exponential
decay, allowing the reconstruction of the spatial map of fluorescence amplitude A(x,y) and of effective fluorescence lifetime
τ(x,y). The first map gives information on the relative abundance of fluorescent materials present in the field of view, while
the second reveals areas with different fluorescence lifetimes, and
thus different chemical compositions.
RESULTS AND DISCUSSION
ANALYSIS OF THE GRILLO TELEPHONE
FOURIER TRANSFORM INFRARED SPECTROSCOPY

The main functional groups and vibration modes of ABS are presented in Table 1. The samples collected from the internal side
of the object present the same composition of the ABS polymer
and are made of the same kind of ABS blend. The samples do not
present any obvious signs of polymer degradation. A completely
different condition can be observed in the material collected

from the external side of the Grillo telephone. Exposed areas
present some evident signs of degradation in progress and heterogeneity in the accumulation of the degradation products.
Degradation phenomena are mainly concentrated on a thin
superficial layer of a few microns.7,8 All the four elements (A, B,
C and D) of the telephone behave in the same way, and the
micro-FTIR spectra collected from element B are reported in Figure 2 as the most representative. Spectra collected from the exterior of element B, at different depths from the surface, are
compared to spectra of the internal surface. The samples from
the exposed surface are the most degraded ones: the carbonyl
peak is composed of at least two different contributions at 1776
and 1720 cm-1, which can be ascribed to the formation of unsaturated anhydride and saturated aldehyde.9 Deeper in the sample and away from the exposed (irradiated) side, the samples
show a progressively lower concentration of degradation products, and resemble spectra acquired from interior surfaces.
The complex shape of the Grillo telephone leads to differences in the spatial distribution of the degradation phenomena
on the surface of the object. Spectra collected from the external
side of elements A, B and D show the greatest molecular modification of the butadiene content and an increasing absorbance
of the hydroxyl and carbonyl region; in contrast, element C presents only little modification of these signals.
We compared the C spectrum to the D spectrum. Samples
have been collected in areas close to one another so the total
light exposure is considered to be equivalent. Due to a minor exposure to the ageing agents element C behaves differently, and
thus it can be argued that element C has been recently substituted.
Two different samples have been collected from the right
and the left sides of the A element. Micro-FTIR analysis reveals
a more pronounced degradation of the left side of the telephone.
MULTISPECTRAL IMAGING

The reconstructed RGB map of the Grillo emission is shown in
Figure 3a see also Colour Plates. A green/yellow emission is observable from the A, B and D elements, whereas an intense blue
emission characterizes the C element. In terms of spectral behaviour, the A and B elements are similar, while the D one presents some differences according to the exposure side; spectra of
the C element are definitely different. The spatial distribution of
the maximum emission peak is reported in Figure 3b.
The green/yellow emission of elements A and B is characterized by a fluorescence spectrum with a broad band centred at
490 nm. In contrast, element C is characterized by a fluorescence
spectrum with a sharp and intense emission centred at 440 nm.
The D element presents different fluorescence emission spectra
in the lower and lateral part of the object: the right side and the
lower part (which constitute the base of the telephone) are characterized by a narrow fluorescence emission centred at 440 nm,
whereas the left side is characterized by a broader peak centred
at 480 nm.

Figure 4
Fluorescence EE spectra of
(a) element A (exposed side of the item);
(b) element D (not exposed side of the item);
element C (c) exposed and (d) not exposed site

Taking into account the FTIR results, a comparison of the
obtained spectra suggests that the wavelength of the emission
maximum shifts to longer wavelengths as degradation proceeds.
The different fluorescence properties of the C element suggest
that this part of the object has been recently substituted, thus
confirming data from FTIR analysis.
FLUORESCENCE SPECTROSCOPY

Excitation-Emission (EE) spectra, collected from the internal
sides and from the protected areas of the object (see Figure 4a),
are dominated by an intense fluorophore centred at 400:450 nm.
Two signals are detected at 260:300 nm and at 260:430 nm. The
band at 260:430 nm cannot be ascribed to the polymer molecular structure and is associated to unknown additives in the ABS
blend in the telephone.
The EE spectra of the exposed areas (see Figure 4b) do not
present a detectable signal at excitations of lower wavelength.
Instead, a single signal centred at 420:450 nm is observed. EE
spectra collected from the A and B elements show only one

broad emission, bathochromically shifted towards 400/450 nm
excitation and 500/550 nm emission wavelength.
The unexposed areas of the C element are similar to the unexposed areas of the other described elements (see Figure 4c);
but in this case the spectra collected from the external areas (see
Figure 4d) do not present the modifications of the fluorescence
emission observed for the other elements. The C element does
not present the expected modification due to degradation of the
polymer, and its different behaviour is related to the shorter exposure time to the ageing agent. Fluorescence spectroscopy corroborates the FTIR data and the imaging results, which confirms
the hypothesis that the C element is a substitution.
FLUORESCENCE LIFETIME IMAGING

Fluorescent lifetime images were collected from the entire components of the Grillo telephone. Three different groups of spectra can be identified according to the lifetime maps. Group 1
includes the elements with the shortest lifetime (3 ns): namely,
the upper and right sides of the A element and the right side of
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Figure 5
Fluorescence EE spectra collected from
(a) the back and (b) the front side of the E 63 lamp

Figure 6
FLIM analysis: fluorescence lifetime map
of the left side of the E 63 lamp

emission differ from one another by only few nanometres. The
back side of the lamp has an emission maximum centred at 520
nm, the lateral areas present an emission maximum at 530 nm,
and the front has an emission maximum centred at approximately 540 nm. The intensity of the emitted fluorescence increases from the back to the front and then to the left sides: the
increase of fluorescence emission intensity is ascribed to the development of degradation products with ageing.
If compared to the results of Grillo, the E 63 lamp is characterised by greater values of the emission maximum wavelength,
and a by wider homogeneity in the emitted fluorescence. In addition, we know from FTIR data that the E 63 lamp is in a worse
condition than that of the Grillo telephone. This observation
enforces the previous hypothesis on degradation behaviour: with
degradation the peak at 440 nm decreases while the second
signal (which appears between 460-470 nm) increases. Additionally, this signal is initially centred at about 460-470 nm, but
the wavelength of the emission maximum will shift towards
higher values, reaching 540 nm.
FLUORESCENCE SPECTROSCOPY

the B element. A lifetime of 4 ns characterises the elements of
group 2, which are the left sides of A and B elements. The elements with the longest lifetime (5 ns) are associated with the
third group, and the replacement mouthpiece. According to
FTIR data the area of the telephone with the shortest lifetime is
associated with the greatest degradation of the polymeric material. Further analysis is required to determine the relationship
between fluorescence lifetime and degradation, but it is well
known that fluorescence lifetime is particularly sensitive to the
micro-environment of fluorophores.
ANALYSIS OF THE E 63 LAMP
FOURIER TRANSFORM INFRARED SPECTROSCOPY

The degradation phenomena detected on the E 63 lamp regard
only a thin superficial layer of the polymer, and spectra acquired
beyond the superficial yellow layer (observed by optical microscopy) seem to be almost in pristine condition. In the case of
lamp E 63 the degraded thin superficial layer is well defined and

easily detectable. Therefore, the spectrum of the bulk material
can be considered as the reference, non-degraded material.
Samples collected from the back side of the lamp are the
least degraded ones, whereas samples collected from the front
of the lamp and from inside of the light diffuser are most
markedly degraded. The unsaturation of the butadiene phase is
almost completely absent, and we can observe only traces of signals. In spite of the extensive degradation of the butadiene phase,
signals related to the Styrene-Acrylonitrile (SAN) phase are unvaried. FTIR signals related to the carbonyl and hydroxyl groups
present a high intensity, being of the same order of magnitude of
the SAN signals. The extensive degradation of the polymer at
the front and inside of the light diffuser is related to the degradation caused by normal use of the object: the light source
placed in the diffuser promotes the failure of the PB phase and
t
h
e
increase of oxidative reactions. Samples of the right and left sides
of the base, and samples of the exterior of the light diffuser present extensive degradation of the PB phase and a lower intensity

of oxidation products, if compared with the material previously
described. The gradient is related to the shorter exposure of these
parts of the lamp to the light source.
In conclusion, three different groups of spectra have been
recorded in the analysis of the E 63 lamp, which correspond to
the back, front and lateral sections of the object. All groups are
characterized by an extensive depletion of the PB signals, and
differ in the intensity of the carbonyl and hydroxyl peaks.
MULTISPECTRAL IMAGING

The observation of the RGB maps, collected using fluorescence
multispectral imaging, permits the identification of differences
in the emitted colour from the different areas of the lamp: the
front side of the lamp is characterized by a yellow emission, the
back side of the lamp by a bluish one and the lateral sides by a
green emission.
The emission spectra of the three different areas are very similar.
The collected spectra reveal similar values of emission intensity;
the spectra are very broad and the wavelengths of the maximum

The EE spectra of the E 63 lamp were collected from the back,
lateral and front sides (see Figure 5). The three different areas of
the lamp exhibit different EE spectra. While the back is associated with one broad emission, centred at 420:490 nm, the lateral
sides have a peak centred at 430:515 nm and the front side a
peak at 455:550 nm. The signals become progressively broader
from the back to the lateral and then to the front side.
The fluorescence behaviour of the various areas was compared to the FTIR data. Modifications of the emitted fluorescence can be related to the polymer degradation: with the
proceeding of oxidation, the peak shifts towards longer excitation and emission wavelengths.
In conclusion, some modifications of the fluorescence spectra take place as a consequence of the polymer degradation. The
observed modifications are similar in both analysed objects.
Modification of the fluorescence behaviour can be rationalised
on the basis of the FTIR results which suggest that polymer
degradation induces a progressive shift of the signals in the described direction takes place.
FLUORESCENCE LIFETIME IMAGING

The lifetime maps of the E 63 lamp again allow the identification of four groups of spectra, each of them having a different
lifetime. The areas with the shortest lifetime emission (3 ns) are
the front side of the lamp and the interior of the light diffuser,
where the light source is located. The left and right sides of the
lamp differ: the right side has a lifetime of about 3.4 ns, while the
left side presents longer lifetime values of about 3.7 ns. Similarly,
to the left side the exterior of the light diffuser has a lifetime
emission equal to 3.7 ns. The back of the lamp, which is the least
exposed to the degradation phenomena, presents the longest lifetime value (3.8 nm).
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Together with the FTIR data regarding the degradation
products, the described behaviour confirms the hypothesis that
the area characterized by extensive degradation of the constituent polymer corresponds to the areas with the shortest lifetime emission; conversely, the increasing lifetime emission
corresponds to a better condition of the polymeric blend.
Beyond the analysis of the main characteristics of the E 63
lamp, the FLIM images also allow the identification of areas
with interesting features of the fluorescence lifetime emission.
As we can observe on the maps of the right side of the light diffuser, the region is characterised by the presence of stripes. Moreover, the lifetimes of these areas differ and their values range
between 3.4 and 3.6 ns. The differences in the fluorescence emissions of these regions can be associated with the presence of
residual mechanical stress and hence chemical differences caused
by the injection moulding of the polymer.
The FLIM data highlighted heterogeneity in the left side of
the light diffuser: as can be seen in Figure 6, a restricted area in
the top region is characterized by a marked difference of lifetime
values: its lifetime (about 4.5 ns) differs significantly from that
of the surrounding material (3.7 ns). Fluorescent emissions of
this region can be caused by local heterogeneity of the polymer,
or might be associated with the presence of contaminant molecules on the polymer surface, coming from the environment.
CONCLUSION

The research presented here has demonstrated a complementary
approach based on the integration of data from molecular analysis (Fluorescence Spectroscopy and FTIR) with advanced fluorescence imaging techniques. Results suggest that non-invasive
fluorescence spectroscopy can yield important information regarding molecular change and degradation of polymers, while
FTIR spectroscopy plays an essential role in the assessment of
specific molecular degradation. Imaging methods have highlighted important differences between areas of objects made of
ABS which have been exposed to different amounts of radiation,
the principle cause of photo-oxidation of ABS. A limited number of micro-samples were taken from suitable areas: taking into
consideration the fluorescence imaging results, samples have
been collected from areas with homogeneous optical behaviour.
Specific oxidation of the composite polymer has been ascribed
from FTIR analysis, confirming the phenomenon observed by
Fluorescence Spectroscopy. Further research is required to elucidate mechanisms of change in the polymer, and the role that
additives and environmental deteriorogens may play in the longterm conservation of solid ABS objects.
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DEGRADATION OF CELLULOSE NITRATE AND
POLYURETHANE FOAM. EXAMINATION, CHEMICAL ANALYSIS
AND EMISSIONS OF VOCS/SVOCS
BY PATRICIA SCHOSSLER, TUNGA SALTHAMMER, MÜFIT BAHADIR

ABSTRACT

PRESENTATION IN THE MUSEUM

The degradation of cellulose nitrate (CN) and polyurethane
foam (PUR) was investigated by means of Attenuated Total Reflection Fourier Transform Infrared Spectroscopy (ATR-FTIR)
and analysis of the emitted Volatile and Semi Volatile Organic
Compounds (VOCs/SVOCs). Samples of CN and PUR in different conservation states were analysed to point out degradation markers and to identify dangerous emissions to objects in
the vicinity and to the human health. For CN, the migration and
consequent interaction of the plasticiser with the nitric acid environment were the principal causes of degradation. Diethylene
glycol and organic acids were identified as degradation markers
for the PUR samples in advanced degradation state. Due to the
adverse health effects of some compounds emitted by the PUR
samples these materials should be handled with caution.

Some of the most degradation susceptible plastics described in
the literature and those frequently found in private and museums
collections are cellulose nitrate (CN), cellulose acetate,
poly(vinyl chloride) (PVC), polyurethane (PUR) and rubber.
These plastics are termed ‘malignant plastics’ (William 2002;
Shashoua 2008) because their deterioration products can adversely affect objects located in the immediate vicinity and, in
some cases, they can also release substances suspected to cause
adverse health effects to humans. At the same time, the emitted
VOCs/SVOCs) can give information about the polymer decay
process and consequently help to understand the deterioration
mechanisms of the plastic.
Cellulose esters produce acidic gaseous degradation products. Cellulose nitrate produces acidic and oxidising nitrogen
oxide gases, which can seriously damage objects that are nearby
or in contact with the degrading material (Brimblecombe 1990).
Cellulose acetate is related to the emission of acetic acid and the
corrosion potential of acetic acid in the museum environment is
well discussed (Tétreault, Sirois and Stamatopoulou 1998).
Vulcanised rubber with high sulphur content presented two
major conservation problems: the emission of reducible sulphur
compounds that will damage other objects and the formation of
an acidic coated surface on the rubber object itself (Stevenson
1993). Cellulose materials, such as papers, textiles and canvases
are readily hydrolysed by sulphuric acid, causing the fiber to become brittle and yellowed (Hackney 1984).
Polyurethanes, especially foams, are known to be susceptible to photo-oxidation and to hydrolytic degradation at high relative humidity (RH). Recent studies suggest the analysis of VOCs
to distinguish between PUR ester and PUR ether and to identify
degradation markers, such as diethylene glycol and glycol ether
derivatives (Lattuati-Derieux, Thao-Heu and Lavédrine 2010).
The greatest problem with PVC is related to the migration
of plasticisers and the possible formation of a sticky deposit or
droplets of additives on the surface of the plastic (Shashoua
2001).
Based on this knowledge of the possible problems with such
plastics it has become crucial to identify some of these plastics
and, with the help of ATR-FTIR and VOCs/SVOCs analysis, to
investigate their degradation. The principal purposes of this
study were to obtain scientific information about different conservation states of PUR and CN; to gather information about
the substances emitted from these two plastics and their possible
relation with the degradation of these plastic materials (ie, the
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Table 1
Description and conservation state of the objects selected for the study
Sample Work of Art/Object

Conservation state

PUR2

artwork Glub Glub ou o Jardim de Jane
Mansfield from José Resende. Collection of
the Pinacoteca do Estado de São Paulo, Brazil

PUR3

protection layer inside a glass cutter

good condition,
discolouration, PUR foam is
not brittle but less elastic

CN1

artwork Véu de Tecido from Tarsila do
Amaral. Collection of the Pinacoteca
do Estado de São Paulo, Brazil

strong discoloration, PUR
foam is very degraded,
brittle and crumbly

CN2

artwork Esquadro from Tarsila do
Amaral. Collection of the Pinacoteca
do Estado de São Paulo, Brazil

CN3

Central Ophtica sunglasses

PUR1

protection layer inside a CD-ROM box

good condition, slight
discolouration, PUR foam is
flexible, not brittle

good condition, without
cracks at the surface or
internally, exudation of
plasticiser was not observed

good condition, incipient
cracking, plasticiser was not
observed at the surface of the
object

advanced degradation,
exudation of plasticiser,
object presents cracks and is
very fragile, part of the object
is brittle

Figure 1
Sum concentrations of VOC/SVOC
emitted by samples of cellulose nitrate (CN)
and polyurethane ester foam (PUR)

Figure 2
ATR-FTIR spectra of the cellulose nitrate samples

presence/identification of certain degradation markers); and to
identify substances suspected of causing adverse effects to
human health and substances considered dangerous for the museum environment.
MATERIALS AND METHODS

Cellulose nitrate and polyurethane foam objects in different
states of conservation were chosen for this study (see Table 1).
The selection was based on previous research related to the conservation of PUR foam (van Oosten 2011) and CN (Shashoua
1992), in which different conservation states of both materials
were well described and documented after visual and microscopic observation. The CN and PUR samples were stored in a
climate-controlled room at 23 °C and 50 % RH before and after
the analysis. Emission analyses were conducted within two days
to avoid the loss of important organic volatile compounds.
The samples were observed using a Carl Zeiss optical microscope at 1-40x magnification. ATR-FTIR spectra were collected (200 scans at 4 cm-1) on a Spectrometer Impact 410

(Nicolet). The samples were placed directly on the diamond window (without sample preparation) and with the help of a pressure system correctly positioned for analysis. The system was
purged with nitrogen and the data were processed with OMNIC
6.0 software (Nicolet).
Organic vapour emissions were measured using a microchamber/thermal extractor (μ-CTE, Markes Int. Ltd.). This
device is used for time-efficient and low-cost emission tests of
small samples (Schripp 2007). The microchamber/thermal extractor consists of six separate stainless steel cups (44.5 ml), also
denominated micro-chambers. These are placed on an adjustable
heating block (23-130 °C) and simultaneously supplied with synthetic air. The sample is placed inside the chambers and the
volatile compounds released are transported by the carrier gas
flow (high purity) to the solid adsorbent material. All the samples
were measured at 25 °C and at an air exchange rate of 269 h-1.
The sampling was accomplished using TENAX TA absorption tubes and the organic vapours adsorbed on the collecting
phase were measured by thermal desorption (Perkin Elmer ATD

400) and gas chromatography/mass spectrometry (GC/MS, Agilent 6890/5970). The column used for separation of the compounds was a HP-5 MS (60 m x 0.25 mm x 0.25 μm). The
compounds were identified based on their mass spectra and retention time. The quantification was based on their own response factor and a detection limit < 1.0 μg was established.
RESULTS AND DISCUSSION

As described in the Materials and Methods section, PUR and CN
samples in different conservation states were selected, which
allowed us a comparative study based on FTIR and organic emissions analysis. The Arabic number included in each sample name
indicates the conservation state of each sample, with 1 referring to
the least degraded state and 3 to the highest level of degradation.
Sample PUR3 and sample CN1 were identified as the materials showing the lowest and highest emission potential in the test
series, with VOCs/SVOCs sum concentrations of 4310 μg/mg*h
and 579 μg/mg*h, respectively (see Figure 1). The most degraded
samples (CN3, PUR3) presented the highest emission potential.

For the CN samples, terpenes and organic acids were the principal classes of emitted compounds. The PUR samples presented
high emission of acids, alcohols, aliphatics, terpenes and
aromatics.
The most degraded cellulose nitrate object presented visible
cracks internally and at the outside surface. It was also possible to
observe the presence of a white powder on the surface, identified
by ATR-FTIR as camphor (1,7,7-trimethyl-bicyclo[2,2,1]hepta2-one). The presence of camphor as a plasticiser was confirmed
by the VOCs analysis. Due to its high vapour pressure, camphor
sublimes at room temperature, hence contributing to the polymer
cracking.
Some conspicuous compounds identified as organic acids were
suspected reaction products of camphor and the nitric acid environment. Further studies will be conducted to investigate their
origin, catalyst potential and consequent contribution to the
degradation process.
The ATR-FTIR spectra of sample CN3 (see Figure 2) present
characteristic cellulose nitrate absorption bands at 1728 and
1650 cm-1, corresponding to the carbonyl group (C=O) and asymmetrical stretching of the nitro groups (NO2), respectively. The
ratio between the areas (A) of the peaks at 1728 and 1650 cm-1
(A1728/A1650) corresponds to the formation of NO2, a common
criterion used to determine the grade of CN degradation
(Shashoua 1992). However, for CN objects plasticised with camphor this index cannot be used due to the strong ester band of
camphor at 1733 cm-1. Another index used is the ratio of the
bands at 1650 cm-1 and 1070 cm-1. The band at 1070 cm-1 corresponds to a C-O stretch in the C1-O-C4 bond of the cellulose ring
and it should remain constant during the degradation of CN.
Consequently, a decrease of the index value (A1650/A1070) is directly related to the denitration process and consequent degradation of CN.
In the analysed samples it was possible to observe a decrease
in the index value (A1650/A1070) from sample CN1 to sample
CN3. However, not only the denitration plays an important role
in the degradation process of CN. The loss of plasticiser, leading
to the embrittlement of the material, is another important factor
in the degradation process. The extent to which each of these
processes contributes to the degradation and how environmental
conditions influence or accelerate the degradation process are
interesting subjects for further studies.
The microscopic observation of the PUR samples suggested a
polyester based polyurethane due to the large number of cell
membranes per centimeter when compared with a polyether
based polyurethane (Bützer and Keßler 2001). This supposition
was confirmed by ATR-FTIR analysis. With the increase of degradation in the different samples it was possible to observe an
increasing loss of the cell structure. The most degraded sample
(PUR3) was crumbling probably due to hydrolysis. Polyurethane
foams are well known for being highly adsorbent due to their
large internal surface (3 % of solid material surrounded by
97 % of air by volume). Due to these physical properties PUR
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foams are applied as adsorbents on certified SVOC analysis procedures (VDI4301-5 2009). Unfortunately, the large internal surface leads to a faster degradation and also to the accumulation of
particulate matter on the foam. The material accumulated on the
foam can also be released with time or can interact with the foam
degradation products or with the environment producing secondary reaction products.
White transparent crystals were observed on sample PUR3
which in previous studies were identified as adipic acid (hexanedioic acid ) (van Oosten 2002). The relation between the hydrolysis of PUR foam and the formation of adipic acid is well
documented and suggests that polyester based PUR is degrading
by hydrolysis to reform its basic components (van Oosten 2002).
The presence of adipic acid in sample PUR3 was confirmed by
ATR-FTIR analysis of the white transparent crystals. Other organic acids, such as acetic and butyric (ethanoic and butanoic)
acids were identified as vapour emissions using
microchamber/thermal extraction (see Figure 3). The dangerous
effect of acetic acid in the museum environment is well documented. In particular, aged glass (Robinet, Eremin, del Arco et
al. 2004), metals such as lead (Tétreault, Sirois and Stamatopoulou 1998) and bronze (Tétreault, Cano, Van Bommel et
al. 2003), calcareous materials (Tennent and Baird 1985; Gibson, Cooksey, Littlejohn et al. 1997) and cellulosic materials, like
paper, (Dupont and Tétreault 2000) are all susceptible to carboxylic acid attacks.
High amounts of diethylene glycol (DEG) were emitted from
sample PUR3, taken from the most degraded polyurethane
object (see Figure 3). DEG is described in the literature as specific
polyester-based PUR breakdown product (Lattuati-Derieux,
Thao-Heu and Lavédrine 2010) and its adverse effects to human
health is well documented (Schep, Slaughter, Temple et al. 2009).
Some chlorinated compounds could also be identified in the
PUR foam samples (see Figure 3). These are of significant importance as their occurrence gives evidence of the presence of
flame retardants. The compound 1-chloro-2-propanol is a degradation product of tris(2-chloro-1-propyl)phosphate (TCPP-2)
and 1,2-dichloropropane (classified as a possible carcinogen) can
appear in the indoor air samples resulting from the hydrolysis of
the flame retardant tris(2,3-dichloro-1-propyl)phosphate
(TDCPP) (Salthammer, Fuhrmann and Uhde 2003). High
amounts of the odorous compound 2-ethyl-1-hexanol were
measured in the PUR samples and were identified as secondary
products resulting from the hydrolysis of the plasticiser di(2-ethylhexyl) phthalate (DEHP) (Uhde and Salthammer 2007). Recent studies suggest a relation between 2-ethyl-1-hexanol
inhalation and central nervous system depression (McGinty,
Scognamiglio, Letizia et al. 2010).
CONCLUSION

Primary and secondary emissions could be identified and suggest that cellulose nitrate and PUR foam are possible sources of
VOCs/SVOCs in the museum environment. These findings give

Figure 3
Total ion chromatograms (GC/MS)
obtained by microchamber/thermal extraction
of the PUR ester foam samples

reason to suspect adverse effects on objects stored in the near
vicinity and exposed to these volatile and semi volatile organic
compounds. Materials whose primary or secondary emissions
cause adverse health effects to humans or which are classified as
toxic substances should be handled with caution. On the other
hand they provide important information about the polymer
degradation process and can be an important tool during the
conservation/restoration process. This paper presented preliminary results from research in progress. In further works, attention will be given to the profile emission of the different
plasticisers present in the cellulose nitrate samples and the possible relation to the mechanical properties of the polymer.
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THE TUBES OF A
TELEVISION RECEIVER MODELL 36
OF THE LORENZ A.G.
BY REBEKKA SCHWARZ

ABSTRACT

TUBE COATINGS

The television receiver named Modell 36 of the Lorenz A.G. has
been a part of the collection of the Deutsches Museum since
1937 (see Figure 1). The receiver has an outside coated cathode
ray tube and different electron tubes that are also mostly outside coated. Only a few of this model have been preserved.
During the last decades the coatings of the cathode ray tube
and electron tubes started to decay. At the beginning of the
work, almost the entire coating of the cathode ray tube is lost
due to unknown reasons.
Besides clearing the historical background and function, the
main topic of the paper is to find out why the coatings are in this
particular state. For this the coating materials were analyzed.
The analysis showed that the coatings of both, the cathode raytube and electron tubes, are mostly made of zinc. The metal was
sprayed on a cellulose nitrate varnish lying on the glass tubes.
After knowing the materials, the technique used and clearing other possibilities like climate conditions that could possibly be reasons for the destroyed coatings, a functioning method
of conserving the coatings was developed by testing different
methods of consolidating them.

Coatings were put on tubes due to different reasons, namely as
a shielding against radiation and heat, to assure a defined potential and (concerning cathode ray tubes) to avoid reflection on
the screen. To find out why metal coated tubes are often in such
a bad condition, the used materials must be analyzed and the
climate and other external influences needed to be observed.
Also the techniques for applying the coatings on the glass tubes
needed to be found out.
In case of the Modell 36 the coatings were ‘aufgeschoopt’.
With this technique, the metallization does not have a chemical
bonding to the glass. For making the metal adhere, a thin layer
of cellulose varnish, shellac or glue must be put on the glass. Another possibility is to roughen the glass.
For the so called ‘schoopen’ a metal wire is inserted into a
pistol. The wire is melted through an H2O2−flame or electric current and after getting dispersed by compressed air it gets thrown
onto the object. The metal drops melt together with the used
varnish or glue and solidifies to a conductive layer.
Tiny samples of the coating of one of the electron tubes and
the cathode ray tube were taken to be analyzed on inorganic
parts at the Zentrallabor (Bayerisches Landesamt für Denkmalpflege) with X-ray fluorescence and X-ray diffractometry.
The organic parts were analyzed by Dr. Johann Rott of the Landeskriminalamt München by FTIR-microscopy and pyrolysis
GC-MS.
A summary of the analysis results: on the cathode ray tube
is a two-layer coating. A black varnish of cellulose nitrate, natural resin ester (glycerin and the natural resin colophony) and
the softener dibutylphthalate lies on the glass tube. A layer of
zinc was then sprayed on the varnish. No varnish was found in
the sample taken from the electron tube, though it’s very likely
that there is one, because otherwise the coating would not stick
to the tube. The metallization is made of two components, a zinc
layer on which a layer of copper was sprayed on (see Figure 2).
The zinc layer is approximately twice as thick as the copper one.
On the metal coating lies a varnish on the base of cellulose
nitrate, polyvinyl acetate and the softeners dibutylphthalate and
tricresylphosphate.

KEYWORDS
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DAMAGES

The coating of the cathode ray tube is completely detached and
destroyed. Powdery remains of it lies on the receiver and inside
the display case. Some of the electron tubes coatings are showing
different states of damaging. Damages like blistering, extensive
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Figure 1
Television receiver Modell 36
Photo: H. Czech, Deutsches Museum
See colour plate, p. 191

Figure 2
Element distribution of copper and zinc
on the electron tube (electron microscopy BSE)

Figure 3
Different damages of the
electron tube coatings

detachment or shrinking can be seen on the different tubes (see
Figure 3). Other damages are corrosion of the metal cap piece on
the electron tubes and the embrittlement of the rubberized cable
insulations. Reasons for the damages are on one hand the used
materials and combinations of the materials, on the other external circumstances. Temperature and relative humidity at the
exhibition area the television receiver was displayed are not stable, (e.g. lighting and seasonal fluctuations in temperature and
air humidity).
It’s also possible that the acrylic glass cover, which is supposed to protect the receiver from dust, led to a microclimate
which intensifies these effects.
The used materials can also be reasons for the damages. Since
the coatings dissolve of the varnish (the varnish usually stays on
the glass tubes) it’s likely that there is a problem of adhesion
between cellulose nitrate varnish and coating. The varnish lying
on the metal coating is probably also a reason for damages.
Particularly problematic is the aging of the nitro-cellulose
varnishes. Cellulose can degenerate and decompose through

different processes caused by production and/or conditions.
Likewise as difficult is the aging of the polyisoprene rubber cable
insulations, most likely caoutchouc or gutta-percha.
CONCEPTION AND POSSIBILITIES OF CONSERVATION
CATHODE RAY TUBE

Since the entire coating has dropped from the cathode ray tube a
mechanical feedback, and so the retrieval of the original coating,
of the decomposed coating is not conceivable. Especially since
this would chance the surface completely. Residue of the varnish
on the cathode ray tube is to remain there.
ELECTRON TUBES

A majority of the electron tube coatings are damaged. A consolidation is essential. In order to find a suitable consolidant, attempts with six adhesives were made:
Sturgeon glue (3 %) in aqua dest., Regalrez 1126 (10 %) in
petrol ether 100/140, Klucel EF (1 %) in aqua dest., Paraloid B72

(5 %) in ethyl acetate und acetone, Archäocoll 2000N, medium
for consolidation (Lascaux).
The different adhesives were brought in with fine brushes and
syringes between coating and varnish or glass on the stabilized
tubes. The coatings could then be softly pressed on the glass with
‘colour shapers’ after a few minutes. In order to make the coatings
more flexible, they were warmed up (after letting the adhesive dry
for a while) with a hair dryer and/or heated spatula. In some cases,
the coatings could then softly be pressed on the glass tube without breaking. The results after testing the adhesives: Archäocoll
and Paraloid B72 in acetone worked best.
Paraloid B72 (5%) in acetone penetrates and adheres well and
makes the coating more flexible during consolidation. The difficulty is, that the acrylate ester polymer goes stringy while re-heat
it to make the coating more flexible. Before pressing the coating
slightly on, it’s important that the Paraloid B72 has already dried
a bit, otherwise the coating easily breaks.
Archäocoll 2000N can be diluted with acetone so that it penetrates acceptably. The adhesive is thick and stay where put first

if not diluted. This can be an advantage if it comes to filling up
blisters and such. Archäocoll dries fast and adheres very well.
Leftovers can easily be taken off with acetone.
Since Archäocoll almost exclusively is used for adhering ceramics, long-term experiences for the durability, as well as general
experiences with Achäocoll for consolidation are missing. Therefore Paraloid B72 in acetone was chosen as adhesive. An example of a tube before and after consolidation is to be seen on the
following photos (see Figures 4, 5).
Additionally to the active conservation, preventive measurements to slow down the aging processes are important too.
For this, the dust exposure should be kept low. In addition it’s
important that there is no microclimate and that used materials
(e.g. showcase materials should not telease harmful substances).
Temperature and relative humidity should be constant, particularly high temperatures and high air humidity should be avoided.
The common values for polyisoprene rubber could work as guideline. Polyisoprene rubber ages faster with unfavourable climatic
conditions. The temperature should ideally lie between 7° C and

APPENDIX

Figure 4
Electron tube before consolidation
with Paraloid B72 in acetone

Figure 5
Electron tube after consolidation
with Paraloid B72 in acetone

19° C (+ - 1 degree/24 hours). High air humidity accelerates the
corrosion of metals and intensifies the degradation of the cellulose
nitrate. To avoid the acceleration of the decomposition of the cellulose nitrate and polyisoprene rubber UV-radiation in the exhibition area should be avoided, as well as strong light. The same
applies to infrared radiation. Noxious gases (above all sulfur- and
nitrogen oxides) should be present only in very small amounts
(under 10 μW/m3) in the air, since these too accelerate the oxidation of metals and accelerate the decay of polyisoprene rubber
(Kunz, Schwarz 2010).

detailed analysis of the techniques and of typical damages are
necessary. The reasons for the particular damages on the treated
tubes could be specified. A functional and practicable solution
for the consolidation of the electron tube coatings was found.
A few questions remain: Are there possibilities to conserve
the rubber isolated cables? Are there perhaps comparable outside-coated cathode ray tubes that couldn’t be found during the
thesis? Is there a reason that the used varnish on the cathode
ray tube is black? Which exact circumstances led to the decay
of the coatings? And which role did the external conditions like
light, temperature and humidity play?

CONCLUSION

During the thesis questions concerning aged materials and production techniques, in particular of the tube coatings, could be
clarified. Especially the analysis of the cathode ray tube coating
provided important information concerning the production of
(cathode ray) tubes in the 1930s. The analysis of the coatings
of electron tubes show a small range of possible materials. In
order to get a complete picture of the aged materials, more
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ADHESIVES FOR SILICONE RUBBER
SUPPLIERS

BEVA 371® Heißsiegelkleber:
Kremer Pigmente GmbH & Co. KG
Polyvinylacetat: Mowilith® 50:
Kremer Pigmente GmbH & Co. KG
Cyanoacrylate, primer: Loctite® Polyolefin-Sekundenkleber
770 with Primer 770, Henkel AG & Co KGaA
Aqueous dispersed silicone rubber:
Silico Tec®, Henkel AG & Co KGaA
Polymer, addition-crosslinking:
Dehesive 920, Wacker Chemie AG
Catalyst, addition-crosslinking:
Wacker Katalysator® C5, Wacker Chemie AG
Crosslinking agent, addition-crosslinking:
Wacker Vernetzer® V24, Wacker Chemie AG
Polymer, condensation-crosslinking:
Art Nr. AB116664, abcr GmbH & CoKG
Additional crosslinking agent, ethyl silica based adhesive:
Wacker Silan M1 Triethoxy, Wacker Chemie AG
Ethyl silica: Steinfestiger Funcosil 300,
Remmers Baustofftechnik GmbH
Pyrogenic silicid acid, reinforcing filler:
Cabosil® TS 610, Cabot Cooperation
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LECTURE 013
SELF-ADHESIVE PLASTIC LABELS TECHNOLOGY, AGEING BEHAVIOUR
AND CONSERVATION
SUPPLIERS

Acid-free buffered cardbord:
Hans Schröder GmbH, www.archiv-box.de
Folder Cartridge: „Ordnerkasette“ www.monochrom.com
Hostaphan foil: www.deffner-johann.de
Lightsource: Osram DuLux UVA Blue,
www.leuchtmittelmarkt.com

MicroChamber cardbord: www.conservationrecources.com
PE Plates: Metzger Kunststofftechnik GmbH,
e-mail: info@metzger-kunststoff.de
PET-Wrapper: „Secol Hüllen“ www.monochrom.com
Pottasium chloride: „Kaliumchlorid“ >_99,5%, p.a.
ACS ISO KCL M 74,56 g/Mol; www.carl-roth.de
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LECTURE 014
EFFECTS OF CLEANING GEL SYSTEMS ON PLASTICS.
A PRELIMINARY STUDY ON
PLASTIZISED POLY(VINYL CHLORIDE)
MATERIALS

Plasticised PVC: Weber Métaux, Paris France
Water ultrapure: Direct Q5 Water Purification System,
Millipore
Triethanol amine: CTS France, CAS 102-71-6
Pemulen™ TR2: Noveon, purchased at CTS France
Citric acid: monohydrate, 99,5-101%, analytical grade,
ChemLab, CAS 5949-29-1
Cyclohexane: Noveon, purchased at CTS France
Citric acid: for analysis ACS, 99,5%, Merck, CAS 110-82-7
EXPERIMENTAL DETAILS

Artificial ageing: Light unit Atlas Solar constant 2500
equipped with a 2500 watts Hydrargyrum medium-arc
iodide OSRAM lamp. The light energy was 1300W/m2,
UV filter at 350nm, illumination of the samples was
180Klux. Climate unit Servathin connected to
Sirpac 2000 software.
Stereo microscope: NikonSMZ10A, ocular lenses SMZ-U UW
(10XA/24), objective lens ED plan (0,5X).
Magnification x 10 and x 24,5.
Gloss meter: Gloss meter Zehntner ZLR 1050 measuring light
reflection at 20°, 60° and 75° angles. For haze
measurement, the gloss measuring head was replaced by a
Zehntner head for haze measuring.
FTIR-ATR spectroscopy: Spectra of the two to four first
microns of the surface were recorded on a Nicolet 6700
spectrophotometer, equipped with the diamond ATR macrosystem Smart Endurance scanning from 600 to 4000 cm-1.
LCMS: A Hewlett-Packard 6890 GC equipped with a
Hewlett-Packard 5973 mass selective detector (MSD),
a Hewlett-Packard 7683 autosampler and a 30 m x
0.25 mm x 25 µm HP-5 MS column were used. Oven
temperature was raised from 55 °C to 325 °C at a rate of
10 °C/minute then held at 325 °C for 10.5 minutes.
The injection port and transfer line temperatures were
300 °C. A 1 μL volume was injected in the splitless mode at
a flow rate of 2.3 ml/minute.
SEM: Samples were carbon coated and SEM images were
recorded using a Philips XL 30 CP in secondary electron
mode. Magnifications of x 100 and x 250. Some details
were observed at x 800 or x 1200 magnification.

Confocal white light microtopography: MicroMesure CHR,
STIL, non-contact device based on Chromatic Confocal
Sensing and MoutainsMap software. Measurement
parameters: sensor size 300 µm, measurement rate
1000 Hz, step of 10 µm, area measured of 11000 x
5000 µm.
Colorimetry: Spectrophotometer Minolta CM-2600d.
Measurement parameters: D65 illuminant, 10° observer,
0,8 mm opening, UV 100 %. Data recorded with included
specular reflection mode. L*a*b* color space (1976
CIELAB).
Raman spectroscopy: Laser 785 nm, grating 1200 l/mm,
Detector CCD 1024, spectral range 670-1770 cm-1,
exposure time 3 s, laser power ~30 mW, image
34.000 points, 1 scan/pixel.
FTIR imaging: Scan parameters: 4000 – 750 cm-1,
resolution 4 cm-1, 2 scans/pixel,
image 192 x 192 ~ 37.000 points, point size 1 µm x 1 µm.
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THE BUILDING SYSTEM FG 2000
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LECTURE 018
ART AND MOTION.
THE CONSERVATION OF THE MOTOR-DRIVEN

LECTURE 015

OLYMPIA-SCULPTURE DESIGNED

MATTI SUURONEN’S FUTURO - PROTOTYPE, 1968:

BY HANS-MICHAEL KISSEL IN 1972

BACK IN BUSINESS IN THE 21TH CENTURY

SUPPLIERS

PRODUCTS

Acrifix® 2R 0190: Evonik Röhm GmbH
Gamblin Conservation Colors: Kremer Pigmente
Gustav Berger's Original Formula 371 (BEVA® 371):
Kremer Pigmente
Regalrez® 1126: Kremer Pigmente

3M marine imperial compound & finishing material:
Surface cleaning polish
3M Finesse it: surface final polish
Polyester coat DD lak De Ijssel: Two component lacquer
as retouching material
Polyester Pigment Pasta De Ijssel: Two component polyester
filler material
Plexus MA 310 2 component epoxy glue: construction glue
for polyester
Sigmatex superlatex matt, Sigma Coatings, colour purple
S4040 R 60 B Clematis: to recoat the purple interior parts
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FLYING (MAGIC) CARPET (1979) BY PANAMARENKO.
COLLECTION OF THE EUROPEAN PATENT OFFICE, MUNICH
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LECTURE 020
DEVELOPING DURABLE FOODSTUFFS
FOR CONTEMPORARY ART
SUPPLIERS

Potassium Sorbate: Omya AG, Oftringen, Switzerland.
Sebosil HB: Kallies Feinchemie AG, Sebnitz, Germany.
Biosafe HM 4100: Biosafe Inc., Pittsburgh, USA.
Dynasilan GLYEO, Dynasilan F826: Evonik Degussa,
Rheinfelden, Germany.
Tinuvin 622 LD, Tinuvin 123: BASF, Basel, Switzerland.
Boric acid, copper (II) sulphate pentahydrate, copper acetate,
natrium chloride, glacial acid, ethanol (94 % vol.) and
isopropanol: Merck, Darmstadt, Germany.
Wheat flour type 400: Augsburger Eymattmühle,
Bern, Switzerland.
Yeast (Saccharomyces cerevisiae): Hefe Schweiz AG,
Stettfurt, Switzerland.

Radishes: Vegetable gardeners Blaser-Jungi, Bern, Switzerland.
Blueberries: Migros-Genossenschaftsbund,
Zurich, Switzerland.
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PREVENTIVE CONSERVATION OF CONTEMPORARY ART
(COPAC): A NEW ITALIAN RESEARCH PROJECT
REFERENCES

Albano A.P., 1998. ‘Reflections on painting, alchemy, nazism:
visiting with Anselm Kiefer’, JAIC 37/3, 348-361.
Bacci, M., Bellucci, R., Cucci, C., Frosinini, C., Picollo,
M., Porcinai, P., and Radicati, B., 2005.
‘Fiber Optics Reflectance Spectroscopy in the Entire VIS-IR
Range: a Powerful Tool for the Non-invasive
Characterization of Paintings’, Materials Research Society
Symposium, Proceedings,
Vol 852, OO.2.4.1 - OO.2.4.6, 297-302.
Bardelli A., 2003. ‘Keith Haring a Pisa: cronaca di un
murales’, Pisa, ETS.
Barilli A., 2000. ‘Haring’, Art Dossier, Firenze, Giunti.
Calabrese O., Corà B., 2007. ‘Anselm Kiefer. Die grosse
Fracht’, Pistoia, Gli Ori.
Ceccarelli C., 2007. ‘Salpare, salvare, saldarsi: Die grosse
Fracht o la guerra di Kiefer’ in Il tremisse pistoiese:
periodico quadrimestrale della Cassa di Risparmio di
Pistoia e Pescia n°92/3, 24-25.
Delaney, J. K., Zeibel , J. G., Thoury, M., Littleton, R.,
Palmer, M. R., Morales, K. M., de la Rie, E. R. and
Hoenigswald, A., 2010. ‘Visible and Infrared Imaging
Spectroscopy of Picasso's Harlequin Musician: Mapping
and Identification of Artist Materials in Situ.’,
Applied Spectroscopy 64, 584–594.
D. Giuntoli, 2010. ‘Fernando Melani - un’esperienza bioartistica’, Gli Ori, Pistoia.
S.W. Dykstra, 1996. ‘The artist’s intentions and the intentional
fallacy’, Fine arts conservation JAIC 35/3, 197-218.
Learner, T., 2001. ‘The analysis of synthetic paints by

pyrolysis-gas chromatography-mass spectrometry
(PyGCMS)’, Studies in Conservation, 46, 225 -241.
Learner,T., 2005. ‘Analysis of modern paints’,
Getty Conservation Institute Pubblications, Los Angeles.
Moldoveanu, S.C., 2005. ‘Analytical pyrolysis of synthetic
organic polymers. Techniques and instrumentation in
analytical chemistry’, Elsevier.
Carbò, M.T.D., et al., 2008. ‘Characterization of polyvinyl
resins used as binding media in paintings by pyrolysissilylation -gas chromatography/mass spectrometry.’
Analytical Bioanalytical Chemistry, 391, 1371-1379.
Cortina, L.O. and M.T.D. Carbò, 2006. ‘Characterization of
acrylic resins used for restoration of artworks by
pyrolysis-silylation-gas chromatography/mass spectrometry
with hexamethyldisilazane.
Journal of Chromatography A, 1127, 228-236.
POSTER 002
NON-INVASIVE OPTICAL TECHNIQUES FOR DEGRADATION
ASSESSMENT: A CASE-STUDY OF EXPANDED POLYSTYRENE
IN THE ARTWORK “CARTOLINE” BY STEFANO ARIENTI
REFERENCES

Bacci, M.; Casini, A.; Cucci, C.; Picollo, M.; Radicati, B. and
Vervat, M., 2003. ‘Non-invasive spectroscopic measurements
on the “Il ritratto della figliastra” by Giovanni Fattori:
identification of pigments and colourimetric analysis’,
Journal of Cultural Heritage, 4 (4): 329-336.
Bacci, M., Bellucci, R., Cucci, C., Frosinini, C., Picollo, M.,
Porcinai, P., and Radicati, B., 2005.
‘Fiber Optics Reflectance Spectroscopy in the Entire VIS-IR
Range: a Powerful Tool for the Non-invasive
Characterisation of Paintings’, Materials Research Society
Symposium, Proceedings 852, OO.2.4.1 - OO.2.4.6:
297-302.
Blank, S., 1990. ‘An introduction to plastics and rubbers in
collections’, Studies in Conservation, 38: 53-63.
Barzel, A and Grazioli, E., 1991. ‘An emerging scene:
Contemporary italian artists / Una scena emergente, artisti
italiani contemporanei’, Catalogue of the exhibition
26 January – 29 April 1991, Museo d'arte contemporanea
Luigi Pecci, Prato (Italy), Firenze: Giunti (ed.).
Leona, M. and Winter, J., 2001. ‘Fiber Optics Reflectance
Spectroscopy: A Unique Tool for the Investigation of
Japanese Paintings’, Studies in Conservation, 46(3):
153-162.

273

Marcus, R. T., 1998. ‘The measurement of color’, In Color for
Science, Art and Technology, K. Nassau (ed.),
Elsevier Science: 31-96.
Shashoua, Y. 2008. ‘Plastics in collections’. In Conservation
of Plastics, 1st Edn. Oxford: Butterworth-Heinemann,
Elsevier.
Wharton G. 2005. The Challenges of Conserving
Contemporary Art In Collecting the New: Museums and
Contemporary Art. Altshuler, B. (Ed.), Princeton: Princeton
University Press: 163-178.
POSTER 003
RUBBER SOUL - THE INVESTIGATION OF RUBBER
BY VIBRATIONAL SPECTROSCOPY
SUPPLIERS

Latex milk: CREARTEC trend-design-GmbH,
Lauenbühlstrasse 59, D-88161 Lindenberg/Allgäu,
www.creartec.de
Natural balata: Tanariman Industrial Ltda., 112 Av. Eduardo
Ribiero, BR-69400000 Manacapuru/Amazonas,
www.tanari.com.br
Polyisoprene (182141, 182168, 431257, 431265):
Sigma-Aldrich Laborchemikalien GmbH, Wunstorferstr. 40,
D-30926 Seelze, www.sigmaaldrich.com
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