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Abstract: The aim of this study is to characterise the chemical composition of the
support materials, binders and pigments used in sales catalogues of Spanish Art
Deco jewellery to determine the source of the damage observed in the samples
analysed, and to formulate an appropriate conservation method. The difficulty
in maintaining these collections in good condition without dismantling them
lies, on the one hand, in the use of gouache on a variety of supports not usually
used with this aqueous media (nitrocellulose, casein formaldehyde, starched
cotton fabric and sulphurised paper), and on the other, in the vulnerability of
these materials to agents of deterioration found in archives and libraries. The
analysis was performed on a collection of 500 drawings, using the following
analytical techniques: optical microscopy, Fourier transform infrared spectro-
scopy (FTIR), gas chromatography mass spectrometry (GC-MS), scanning elec-
tron microscopy with energy dispersive X-ray spectroscopy (SEM/EDX), and
Raman spectroscopy. The study shows the problems arising from storing some
of the before mentioned materials in the same container, and highlights the
need to classify each sample by its component materials and not by designer,
chronology or type of jewellery.
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1 Introduction

Following a period of ostentation, the end of the nineteenth century heralded a
change in jewellery design spearheaded by a forceful new international move-
ment that championed a more delicate aesthetic approach and a new language,
known as Art Nouveau (Naya 2012, 539–551). This new style spawned, in turn, a
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new line of stylized designs that, once established, became known as Art Deco
which took its name from the International Exhibition of Modern Decorative and
Industrial Arts held in Paris in 1925. This artistic movement had its heyday in the
1920s and 1930s although its influence continued to be felt in some countries
until the beginning of the 1950s. It found its greatest expression in industrial
design and the decorative arts, although it was also present in architecture,
painting, sculpture and fashion. Art Deco is characterised by its elegance and
sophistication, and by the use of clearly defined lines, symmetrical shapes,
bright colours, chrome, enamel, highly polished stones, and designs inspired
by the art of ancient Egypt and Greece. It took its inspiration from nature, and
included new decorative plant and animal motifs. In Art Deco, classical struc-
tures gave way to flexible, undulating shapes. The gem stones most frequently
used in this period were diamonds, rubies, sapphires, emeralds, coral, ivory,
jade, mother-of-pearl and quartz crystal. The stones are either used alone, or to
add colour to diamonds. In technical terms, designers experimented with indus-
trial materials, such as metal, plastic and glass, and applied water colour,
gouache and other media to new supports, such as acetate or plastic.

1.1 Jewellery workshops

In this period, jewellery workshops were usually family businesses, and focussed
on achieving technical innovations using traditional materials and mass produ-
cing new, more modern products using new materials. At this time, great empha-
sis was put on advertising these workshops in magazines, on posters, etc.; sales
catalogues and showcase samples of the products were created such as the one
analysed in this study either for public consumption or for in-house use. The
workshops kept records where they noted the characteristics of each piece of their
jewellery, and their sales catalogues showed drawings of their designs.

Designers would work for a number of jewellers, who would order designs for
their products. A jeweller would work with perhaps five or six designers. Once
designed, the design was mounted on a rigid support and shown to manufacturers
and later to prospective clients. The name of the designer was not usually men-
tioned in jewellery exhibitions, although some signed their drawings.

1.2 The jewellery production process

The process of creating a piece of jewellery starts with a preliminary pencil
sketch on paper. This is then traced onto another support using gouache, a

182 M. P. Beltran

Brought to you by | New York University
Authenticated

Download Date | 6/27/17 2:30 AM



technique that recreated the subtle colours and nuances of the gems and
materials used. For mass produced products, this master design was used as
the basis for a three-dimensional wax model from which a mould was taken. The
metal chosen for the piece, for example gold, silver, platinum or others, was
then poured into the mould. After casting, the artisan would polish the piece by
hand, temporarily assemble it and mount it. After the final mounting, the piece
was given a final polish to bring out the details and highlight the gems. In the
case of individual or exclusive items, the gouache design was used to make the
piece of jewellery by manually shaping the chosen metal, using simple techni-
ques such as stretching, lamination, planing, machining, soldering or more
complex techniques (AAVV 2009).

All drawing supports used in the process of designing jewellery had to be
transparent, as this would allow the designers to trace their pencil and paper
drawing. In this way, the designer applied the colour directly to the support
which would be included in a sales catalogue of basic designs. Designers would
use this catalogue to promote their creations to jewellers, who would in turn
show them to potential clients.

2 Characterisation of the materials

2.1 General composition

This is the first study that analyses the specific characteristics of the supports
used in materials for pictorial representations of Spanish Art Deco jewellery from
a private collection. The combination of these factors make these graphic docu-
ments highly delicate items of considerable artistic value, aside from contribut-
ing important information to the history of jewellery in the period under study.

The collection of drawings analysed comprises 500 full scale designs for
items of jewellery painted in gouache on a variety of plastic supports (protein-
based casein and cellulose-based), on sized cotton or tracing paper. The collec-
tion also contains preliminary graphite pencil sketches drawn on paper.

The designs include earrings, pendants, bracelets, brooches, pins and rings,
featuring gem stones perfectly painted with a subtly that clearly shows their
natural beauty (Figure 1).

The size of the supports on which these designs are drawn or painted on ranges
from small pieces measuring 6 × 5 cm to larger sheets measuring 10× 8 cm, all of
which are mounted on a cardboard base. The types of cardboard used as auxiliary
supports have a variety of colours, ranging from dark brown to grey or black. These
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cardboards have four small oblique incisions at the corners where the drawings are
inserted. These cardboard supports are highly acidic and have degraded
considerably.

Many of the designs are signed by artists from Madrid, Valencia or
Catalonia: F. Roig, Antón, Gaciero, Barrero, L. Plaza, Antoine, J. T. Amor,
Canto, etc. Likewise, some of the cardboard supports have been signed by the
designer or are stamped with the name and details of the workshop on the back.

2.2 Analysis of the supports

The Fourier transform infrared (FTIR) spectra of the samples analysed were
obtained with the spectrometer “Spectrum One” (Perkin Elmer signature) with
a coupled unit of Attenuated Total Reflectance (ATR). The spectra were obtained
in the region between 4,000 cm–1 to 400 cm–1, with a total number of 64 scans
and a resolution of 8 cm–1.

The analysis of the most representative samples of each drawing support
shows that four different materials were used: nitrocellulose, casein formalde-
hyde, starched cotton fabric and sulphurised paper.

The following analysis of each of these materials will serve as a basis to
determine the changes they have undergone or may undergo unless appropriate

Figure 1: Example of some jewellery designs from a Spanish Art Deco collection.
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conservation strategies are used. The types of changes are specified in the
section devoted to changes and conservation parameters.

2.2.1 Nitrocellulose or Celluloid

Nitrocellulose, or celluloid, is also known as parkesine, Viscoloid, Ivoride xylo-
dine or xylonite, Fiberloid, Coraline, Pulveroid, Cellonite, Pyralin, and Pasbosene.
These are product names used by the industry of the time.

The main component of this transparent plastic of natural origin is cellulose.
It is obtained by replacing the hydroxyl (OH) groups present in its anhydroglu-
cose units with nitrate groups resulting in a cellulose ester.

Nitrocellulose was first created in 1846 by the German-Swiss chemist
Christian Friedrich Schönbein, who reacted cellulose with sulphuric acid and
nitric acid. In the original product, cellulose trinitrate, the degree of substitution
ranges from 2.7 to 3, resulting in a highly explosive material. To reduce flamm-
ability, the degree of substitution was reduced to between 1.9 and 2.7. These are
the parameters used in the manufacture of the celluloid film used in the film
industry. This was first invented in 1854 by British chemist Alexander Parkes,
who obtained a flexible, transparent material called parkesite by adding cam-
phor, alcohol and ether to the mixture. However, it was not until 1872 that this
film was first marketed by J. Wesley Hyatt under the name celluloid (Del Amo
2006, 6). Hyatt’s formula consisted of a homogeneous colloid dispersion of
nitrocellulose, ether, sulphuric acid, pyroxyline, and camphor. The film is
made from cotton cellulose reacted with nitric and sulphuric acid, to which a
plasticiser, such as castor oil or camphor, is added. It was then passed through
hot rollers (calendars) to obtain a continuous film of the desired thickness in a
process is known as calendering. The plasticity of the product is the result of the
insertion of camphor molecules between the larger nitrocellulose molecules,
thus facilitating their movement (Albus et al. 2007, 27). In 1920, camphor was
replaced by tricresyl phosphate (TCP) (Carraher 2003, 528).

The use of this product in photography was ground-breaking, as the addi-
tion of an emulsion gave rise to the transparent film used in the motion picture
industry (Bereijo and Fuentes 2001, 9). It was used for this purpose until the
1940s, when it was replaced with cellulose acetate.

The FTIR assay shows a spectrum in which nitrocellulose can be clearly
identified as the main component of some support (Figure 2).

The retrieved spectrum indicates the presence of a nitrocellulose support
identified by the stretching vibrations of the N-O link at 1,634 cm–1 and at
1,274 cm–1 and in the bending vibration of the N-O link at 830 cm–1. In the area
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of 1,300 cm–1 to 900 cm–1 the absorption of the C-O link can be observed. We
can also see a band at 1,729 cm–1 that corresponds to the carbonyl group
(C =O) of the camphor that was used as an additive.

2.2.2 Casein formaldehyde or Galalith

Casein formaldehyde is known in various parts of the world as Galalith, Erinoid,
Lactoid, Aladdinite, Ameroid or Dorcasine. These names were used by the indus-
try at the time.

It is a semi-transparent plastic derived from milk protein, and is obtained by
precipitation by the addition of an enzyme, renin.

Casein formaldehyde was discovered by A. Spitteler and W. Kirsche, who first
mixed sour milk with formaldehyde. Towards the end of the nineteenth century,
milk protein was the basis of many different experiments, as it could be moulded
at certain temperatures, and only sets with the addition of formaldehyde.

The process of obtaining this plastic was patented by Spitteler and Kirsche
in 1897 (Kirsche and Spitteler 1897) and was officially unveiled at the Universal
Exhibition of Paris in 1900, under the trade name Galalith. Galalith was widely
used until the 1930s, when it was replaced by new fossil-fuel based plastics.

It was also used as a substitute for celluloid, although the latter continued
to be used for some time. Galalith was usually manufactured in sheets thicker

Figure 2: (a) Design for an earring: gouache on celluloid, (b) FTIR spectrum obtained from
the support, identifying nitrocellulose as the main component of the support, indicating that
it is the plastic marketed as celluloid.
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than celluloid, although it is sometimes confused with the latter material. It is
essential to differentiate between galalith and celluloid in a collection, since the
conservation techniques used for these materials differ considerably, as will be
described shortly.

The FTIR assay shows a spectrum in which casein can be clearly identified
as the main component of the support (Figure 3).

The retrieved spectrum indicates the presence of casein by bands at 3,350 cm–1

and 3,180 cm–1 corresponding to the stretching vibration of the N-H link. In this
case, a strong band of O-H at 3,284 cm–1 superimposes this region, so that the
N-H vibrations appear as shoulders. Another band appears at 1,632 cm–1 corre-
sponding to amide I, another at 1,538 cm–1 characteristic of the amide II that is
the combination of the vibration of C-N and N-H links. We can also observe a
band at 1,397 cm–1 which corresponds to the bending vibration of the C-H link
(amide III). These amides are associated with an additive used as surfactant.

2.2.3 Starched cotton fabric for blueprints

Starched cotton fabric for blueprints is also known as tracing cloth or paper
cloth. It was used from the 1850s to the 1950s as a support for drawings; by 1930
its popularity had waned. It can be considered the predecessor of greaseproof

Figure 3: (a) Design for a pendant: gouache on galalith, (b) FTIR spectrum obtained from the
support, identifying casein as the main component of the support, indicating that it is the
plastic marketed as galalith.
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paper or tracing paper, although both materials co-existed for several years. Due
to its flexibility and strength, this type of sized cotton was used as a support for
architectural blueprints and maps (AAVV 2010).

It is made of fine, taffeta-type cotton sized with starch to which waxes and
oils were sometimes added to obtain a softer texture. Starch is a homogeneous
polysaccharide formed by mixing two structurally different polysaccharides:
amylose and amylopectin. The mixture of starch, waxes and/or oils was applied
to both sides of the cloth and satinated by passing it through steam-heated
rollers, also called calendars, to give it a certain transparency and allow pencil
drawings made on paper to be traced onto the cloth. The drawing was trans-
ferred to the shiny side of the material. Industrial production of this type of cloth
produced sheets measuring up to 1.5 m in width, far larger than a sheet of paper,
and being primed, it was more resistant to tearing and folding. Because of its
transparency, tracing cloth was used in cyanotype processing to produce an
unlimited number of copies, called blueprints. In map making, it was used to
make maps and plans using Chinese ink or black ink (Hermosín 2011, 48; Udale
2014, 96).

In Spain, there are several examples of this support being used for tracing in
several different fields. In 1881, for example, Manuel Gómez Moreno traced the
drawings of the Hall of the Kings in the Court of the Lions in the Alhambra
(Granada) onto tracing cloth using Chinese ink, having chosen the material for
its transparency, ease of use and flexibility (Lorente 2009).

The FTIR assay shows a spectrum in which cotton fibres can be clearly
identified as the main component of the support (Figure 4).

This spectrum tells us that we have a cellulose support by the presence of a band
to 3,291 cm–1 corresponding to the absorption of the O-H bands, by the stretching
bands of the C-H link included in the area of 3,000 cm–1 and 2,800 cm–1, by the
bending vibration at 1,644 cm–1 corresponding toO-H links andby intense stretching
band of the C-O bonds within the range between 1,200 cm–1 and 900 cm–1.

On the other hand, the tension to 1,741 cm–1 band of carbonyl groups (C =O),
present in the COOH groups and COOCH3 groups, corresponds with the presence
of a polysaccharide and the bands ranging from 1,416 cm–1 to 1,336 cm–1 by
vibration of the C-O bonds, indicate the presence of an oxidized fat.

2.2.4 Sulphurised paper or tracing paper

Sulphurised paper, also known as greaseproof paper or tracing paper, can be
considered the successor of sized cotton for blueprints. It was replaced by
polyester in the 1950s.
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Tracing paper is made from sulphate pulp and does not contain glue
(Rodríguez 2002, 51). Vegetable fibres, usually derived from cotton, are bathed
in sulphuric acid or zinc chloride to change their chemical composition, thus
breaking down their structure and partially transforming them into hydrocel-
lulose, a gelatinous substance that obstructs the pores of the paper, rendering
it waterproof. The fibres are submersed for a few seconds in a 75%
acid solution at a temperature of 10 °C. As this chemical process produces a
stiff, brittle paper, a plasticiser, frequently glycerine is added to provide
flexibility. The glycerine also strengthens the paper and makes it semi-
impermeable (Hermosín 2011, 49). During the manufacturing process, the
paper is also humidified and calendered to obtain a satin finish (Serrano and
Barbachano 1987, 5).

The FTIR shows a spectrum in which cellulose fibres can be clearly identi-
fied as the main component of the support (Figure 5).

This spectrum tells us that we have a cellulosic support by the presence of a
band at 3,331 cm–1 corresponding to the absorption of the O-H bands, by
the stretching bands of the C-H link included in the area of 3,000 cm–1 and
2,800 cm–1, by the bending vibration at 1,646 cm–1 corresponding to O-H links
and by intense stretching of the C-O bond bands within the range between
1,200 cm–1 and 900 cm–1. On the other hand, the bands ranging from 1,423 cm–1

to 1,315 cm–1 by vibration of the C-O bonds, indicate the presence of oxidized fat.

Figure 4: (a) Design for a pendant: gouache on starched cotton fabric, (b) FTIR spectrum
obtained from the support, identifying a cellulosic material as the main component of the
support.
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2.3 Analysis of pigments and binders

To understand the conservation problems associated with these design samples,
we must also analyse the pigments and binders used in the painting medium, to
ascertain their effect on the state of conservation of the finished piece.

A scanning electron microscope FEI Quanta 200 coupled to a unit of micro-
analysis of elements was used to identify pigments. It was operated at low
vacuum with a pressure of 30 Pa with acceleration of 22 KV – coupled system
of microanalysis Oxford Instruments.

Using a sweep with a beam of electrons in the sample obtained from the
pigment, the SEM technique – BSE provides detailed high-resolution images
through by backscattered signal of the secondary electrons detected on the
surface. The composition, basic identification and the quantitative informa-
tion on materials is obtained by the x-ray analyzer with dispersive energy
(EDX).

The FTIR spectrum of the following two drawings shows that the support is
made of casein formaldehyde; however, in this section we will focus on the binder.

Scanning electron microscopy with back scatter electron (BSE) detection and
EDX spectroscopy show that the following pigments were used in these designs:
lead white (2PbCO3•Pb(OH)2), barium white (BaSO4), chrome yellow (PbCrO4),

Figure 5: (a) Design for a pendant: gouache on sulphurised paper, (b) FTIR spectrum obtained
from the support, identifying a cellulosic material as the main component of the support.
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organic red dye -cochineal- (C22H20O13), emerald green (Cu4(C2H3O2)2•3Cu(AsO2)2),
Prussian blue (Fe4[Fe(CN)6]3) and charcoal.

Figure 6 shows a design for a pendent that was analysed by FTIR-ATR. The
spectrum indicates the presence of a vegetable gum in the paint layer. In the
studied area, this vegetable gum is mixed with white pigment: absorptions at

3,298 cm–1, 2,926 cm–1, 1,600 cm–1 and 1,024 cm–1 suggest the presence of a
vegetable gum combined with the white pigment.

Gouache consists of a binding medium, typically gum Arabic dissolved in
water, to which powdered pigments are added. In the past, egg white or other
additives were also added to give the colour a shiny appearance and prevent
craquelure (Rodríguez 2002, 113).

In Figure 7 another example shows the design of a ring. FTIR-ATR indicates
the presence of polysaccharide materials. These materials are associated with the
binder used and with a metal ester (zinc stearate, added to the paint). The
3,285 cm–1, 1,600 cm–1, 1,028 cm–1, 690 cm–1 bands are associated with polysac-
charide materials; and 1,538 cm–1, 1,455 cm–1, 1,397 cm–1, 1,182 cm–1 and 721 cm–1

bands with zinc stearate.
The additive is not evenly distributed, suggesting that only some of this

additive migrated to the surface.

Figure 6: (a) Design for a pendant, (b) FTIR-ATR, without sampling. Vegetable gum used in
gouache, together with lead white pigment in the area studied (M–1).
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3 Changes and conservation parameters

The changes observed in the supports analysed are caused by the nature of the
materials themselves and that of other materials in contact with them, such as
the pigments, binders and additives used as painting media, or by the different
systems used to mount the drawing in the catalogue.

When establishing conservation parameters for these drawings, it is impor-
tant to consider the composition of both the supports and the painting media
used. The stability of these will be determined by their individual properties,
given the varying composition of the samples included in the collection.

The following paragraphs analyse the changes observed in the material
constituents of the drawings and the environmental parameters needed for the
conservation of these art works.

3.1 Nitrocellulose or Celluloid

Shortly after nitrocellulose first came into use, academics started to warn of the
changes and chemical transformations undergone by this compound, including
the danger of explosions (Cummings 1950, 262).

The nitrocellulose supports of the present collection show primarily changes
in their optical properties: very opaque, darkened surfaces with a bluish and

Figure 7: (a) Design for a ring, (b) FTIR-ATR, without sampling. Organic polysaccharide materials
have also been identified. These are associated with the binder used and with a metal ester
(zinc stearate, added to the paint).
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iridescent hue. Considering mechanical properties, so far we have not observed
any signs of degradation, because the supports retain their flexibility.

The decomposition of Nitrate materials is an irreversible autocatalytic
reaction, in other words, chemical degradation products generate further
decomposition in a chain reaction (Bereijo and Fuentes 2001, 12). Because of
the chemical instability of the material, this decomposition process is initiated
almost immediately after manufacture of the film. Degradation is caused by
acid hydrolysis: when the nitrates break down, N-O groups fragment into
nitrate groups, thus breaking the molecular chain and creating nitrous oxides.
When they come into contact with atmospheric humidity they produce nitric
and nitrous acid, which catalyse the decomposition of the material (Selwitch
1988, 15–32). Therefore, celluloid can ignite spontaneously at a temperature of
41 °C and even lower, which is one of the main dangers to be taken into
consideration. In most cases, this does not require exposure to oxygen in the
air, as the material itself contains enough oxygen molecules to allow it to self-
ignite (Del Amo 2006, 6). Flammability will depend on the degree of nitration
according to the presence of water. For maximum nitration, the material must
contain 14.15% nitrogen; gun cotton or pyroxylinem have a nitrogen concen-
tration of 13% (García 2010, 221).

Experiments have shown that this autocatalytic reaction occurs in condi-
tions of over 50% relative humidity (RH), and temperatures in excess of 20 °C.
These gas emissions can affect the materials that are in the same container of
the affected material, causing them to decompose. In other words, the decom-
position of nitrocellulose creates products that catalyse other decomposition
reactions, thus creating a chain reaction. Less aggressive, but still important,
deterioration leads to the fading of colours on the surface of the painting and to
rigidity caused by the loss of plasticiser content, mostly camphor, C10H16O. This
can occur at room temperature. Decreased camphor content is directly related to
the degree of deterioration of nitrocellulose materials (Derrick, Stulik, Ordoñez
1993, 169–182): a loss of around 30% of camphor content will turn the material
brittle and sticky to the touch (Green and Bradley 1988). Stability is only
achieved after 30 or 40 years (Selwitz 1988, 43). Aside from rigidity, some
samples show signs of colour change, including shades of blue, green, purple
or bronze. This is caused by nitrate metallisation (Foix and Ardanui 2013, 50).
The migration of plasticisers, therefore, is characteristic of the deterioration of
nitrocellulose.

To summarize, degradation of cellulose nitrate is the result of the decomposi-
tion of the material and the loss of plasticiser content (camphor) caused by high
RH or temperatures where, according to Michalski (2009), a variation of 5 °C
would be sufficient to duplicate the degradation effect.
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The chemical degradation caused by humidity and high temperatures, or by
the loss of plasticiser content, can be further accelerated by the effect of light on
celluloid (Reilly 1991, 145–162; Selwitz 1988, 49). Nitrocellulose is particularly
sensitive to wavelenghts between 360 and 400 nm, which means that nitrate
esters will break down under visible light and near-UV radiation, resulting in the
same damage as that caused by chemical degradation (Shashoua 2008, 201).
Transparent nitrates are more susceptible to this type of degradation, as radia-
tion can more easily penetrate this type of material. This turns the nitrate more
opaque and iridescent.

The autocatalytic, irreversible degradation of celluloid limits the useful life
of this material. However, despite its inherent instability, good conservation and
restoration strategies and careful control of the ambient conditions in which
objects containing celluloid are stored can extent their lifespan. The most
important factors are humidity (30%–50% RH) and temperature (max. 20 °C),
together with good ventilation and reduced exposure to light (max. 50 lux).

According to Del Amo (2006, 105–111), another way of controlling celluloid
degradation caused by temperature condition in storing rooms and archives is to
store this material at very low temperatures (below 0 °C). However, before
choosing this conservation strategy it is important to take into consideration
both the nature and extent of the changes observed in the plastic support such
as grease stains, dust, and other materials adhered to the celluloid and the
layers of paint. All these could react differently to such low temperatures and
lead to premature degradation, as is the case in the samples under study.

Based on the results of studies performed by Kodak, Herbert Volkmann
observed that a 5 °C reduction in ambient temperature reduced production of
nitrate gas by 50% (Volkmann 1986, 6).

Similarly, studies carried out by the Image Permanence Institute showed
that reducing relative humidity levels is not as effective in the long run as
reducing temperature parameters (Bigourdan and Reilly 2000, 15).

The results of tests performed on various gouache facsimiles painted on
celluloid and frozen at a temperature of –5 °C and –15 °C have shown that this
system would be wholly unsuitable for the conservation of our drawings due to
the degradation of paint layers.

The changes caused by freezing include detachment of the paint layer,
discolouration and craquelure over the entire surface, in addition to changes
in the properties of the polysaccharide-based binder, namely, loss of adhesion.

Objects containing nitrocellulose should be individually housed in buffered
paper (pH 7–9.5) enclosures in order to neutralise acid migration. These enclo-
sures should be open on both sides to facilitate the removal of volatile organic
compounds, and care should be taken to avoid accumulation of acid vapours.
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The material should comply with ISO standard 18902, including ISO 18916, the
Photographic Activity Test – PAT.

The boxes in which the drawings are stored should be made out of acid-free
or buffered cardboard, and should only contain drawings or paintings made on
celluloid. Other drawings should not be stored in the same box.

It is also important to place adsorbent agents, such as activated charcoal or
zeolites, next to nitrocellulose supports in order to create a good conservation
environment (Shashoua 2008, 197).

Finally, as a preventive measure, the use of phenolphthalein indicators is
recommended to detect the start of a degradation process (Fenn 1995, 89).

3.2 Casein formaldehyde or Galalith

Casein formaldehyde supports of the collection studied presented substantial
changes in their optical and mechanical properties. Surfaces have lost their
transparency and brightness, in many cases becoming completely opaque and
matt. Supports have also lost their flexibility, becoming brittle and fragile which
is evident in the cracks in the perimeter area.

Galalith is a highly hygroscopic material, and as such is affected by extremes
of RH and by sudden changes in humidity and temperature levels. These factors
cause cracks on the surface of the celluloid support, which damage the paint layer.
This effect is caused by the cycle of absorption and loss of humidity that char-
acterises galalith (Crighton 1988; McNeill 1992). Being a natural protein-based
polymer, absorption of humidity can change the transparency of the support and
increase the risk of biological degradation, while movements in the support caused
by sudden atmospheric changes can cause the paint layer to crack and flake.

An RH between 30% and 50% is ideal for this plastic, while temperatures
should remain in the 12 °C to 20 °C range.

It is also important to avoid exposing these samples to direct light, particu-
larly sunlight. Light exposure should not exceed 50 lux.

Drawings or paintings made on a casein formaldehyde support should be
stored in conditions similar to those recommended for cellulose: individual
buffered paper enclosures that comply with ISO standard 18902, including ISO
18916, the Photographic Activity Test – PAT.

3.3 Starch-sized cotton for blueprints

Starch-sized cotton supports present substantial changes in their optical and
mechanical properties. The surface of the supports has been transformed from a
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white to bluish tone and became opaque. The supports keep their flexibility, but
deformation and folds caused by the moisture are clearly visible, especially in
areas with a thick paint layer or in the area along the edges of a drawing.

The main problem encountered with sized cotton is its high sensitivity to
humidity due to the starch which is a highly hygroscopic material used to render
it waterproof. Humidity swells and deforms the fibres and solubilises the starch
sizing and thereby diminishes the strength of the cloth and creates tension
differences. This mechanical action causes extensive damage to the fabric and
the layers of paint applied to the surface (Bernal and Martínez 2006, 77–90).
Together with these physical humidity-related changes, UV radiation and con-
tamination can affect the transparency and colour of the support, which over
time will become blue grey instead of white (Hermosín Miranda 2011, 49).

Starched fabric is highly prone to biological decomposition, as conditions of
high humidity can turn it into an ideal culture medium (Borrell and Bello 2005).

A RH between 50% and 60% is ideal for this fabric, while temperatures
should remain in the 18 °C to 20 °C range. It is also important to avoid exposing
these supports to direct light, particularly sunlight. Light exposure should not
exceed 50 lux.

To ensure their conservation, the drawings should be enclosed in heat-
sealed polyester plastic casings (e. g., mylar®) that fulfil the following criteria:
resistant to heat and humidity, chemically inert, does not yellow, has a high
gloss finish, is not brittle, does not contain plasticisers. The samples can then be
stored together in archive quality cardboard boxes, which are free from acid,
lignin, chloride, and have low sulphur content.

3.4 Sulphurised paper or tracing paper

Sulphurised paper supports of the collection presented substantial changes in
their optical and mechanical properties. They have lost their transparency and
have turned into an opaque material of yellowish-brown colour. The supports
have also lost their flexibility and became brittle which in consequence caused
the formation of tears, creases, wrinkles and areas of deformation.

Transparent paper, due to the chemical process involved in its manufacture,
presents a number of conservation challenges.

Lignin is the component that causes the greatest damage to this type of
support. It is a complex molecule with phenolic groups and is one of the
main causes for paper to yellow and become fragile, particularly when it is
not eliminated during the manufacturing process of paper made from mecha-
nical pulp.
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Transparent paper also loses its properties due to the effect of certain
additives, such as softeners, which are highly unstable. This type of paper
becomes stiff, fragile and brittle, and the loss of its original flexibility makes it
prone to tearing. Signs of folding or wrinkling are often highly noticeable, and
usually leave a white mark that is impossible to remove. As it degrades, this
paper also loses its transparency and develops a dull yellow colour due to the
increased acid content (Hermosín Miranda 2011, 51).

As it is machine-made paper, the cellulose fibres of the tracing paper are
aligned along the long axis, and humidity or dryness will cause it to shrink
or swell along the transverse axis. Although it is resistant to humidity,
tracing paper is highly hygroscopic, and exposure to high levels of humidity
will cause significant, irreversible damage. An RH between 45% and 55% is
ideal for this paper, while temperatures should remain in the 18 °C to 20 °C
range.

It is also important to avoid exposing these samples to direct light, particu-
larly sunlight. Light exposure should not exceed 50 lux.

To ensure their conservation, the samples should be enclosed in heat-sealed
polyester plastic casings (e. g., mylar®) that fulfil the following criteria: resistant
to heat and humidity, chemically inert, does not yellow, has a high gloss finish,
is not brittle, does not contain plasticisers. The samples can then be stored
together in archive quality cardboard boxes, which are free from acid, lignin,
chloride, and have low sulphur content.

3.5 Pigments and binders

The paint layer can also deform the support due to changes in surface tensions
caused by the effect of water. Gouache, being a water-based medium with a
considerable pigment load in areas of impasto, can cause quite noticeable
deformation in some areas. This is further aggravated by the long-axis fibres
that characterise tracing paper manufactured in rolls. Shrinkage and swelling
will cause small areas of craquelure (Figure 8) in the thicker paint layers (Pozo
and Benito 2009, 274).

The drawings made on sized cotton present a dark area that corresponds to
an accumulation of a greasy substance, most likely non-drying oil that differs
from the oils used as binding medium (Figure 9(b)). The migration of metallic
soaps could contribute to the accumulation of this oil and to the formation of
deposits that easily oxidise and darken. They are particularly noticeable in the
white background of the painting. Note that in some areas only slight darkening
occurs, a phenomenon mainly found in areas where the paint is thicker.
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Figure 8: (a) Design for a brooch, (b) Detail of area of craquelure in the thicker paint layers.

Figure 9: (a) Design for a pendant. (b) Detail of dark area that corresponds to an accumulation
of a greasy substance, most likely non-drying oil, (c) Gas chromatography mass spectrometry
(GC-MS) assay of a particle taken from the dark brown area: fatty acids, which we associated
with non-drying oils.
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The chromatogram obtained from the gas chromatography mass spectro-
metry (GC-MS) assay of a particle taken from the dark brown area reveals the
presence of fatty acids, which we associated with non-drying oils (retention
times: lauric acid: 6.30 min.; myristic acid: 8.96 min, and palmitic acid: 11.80
min). It is the deterioration of this oily substance that produces the browning on
the white background. This colour change is only observed in the paint applied
to the sized cotton, suggesting that it is due to the action of an additive used to
improve the adherence of the gouache to the starched surface, or to interaction
with the oil present as an additive in the starch-based sizing (Figure 9).

4 Conclusions

Designs for sales catalogues of Spanish Art Deco jewellery were painted in gouache
on various typesof supportmaterials: nitrocellulose (celluloid), casein formaldehyde
(galalith), starch-sized cotton for blueprints, or sulphurised paper (tracing paper).
The properties of these materials differ greatly, and this presents a challenge when
conserving an entire collection. The problem is aggravated by the fact that due to
their nature as samples, the paintings are mounted on a cardboard base. The con-
servation and preservation of collections of designs for Art Deco jewellery, therefore,
will depend on the different supports to which these are applied.

The first step consists of digitally documenting each piece, together with a
metric and colour scale, and disassembling the cardboard base affecting the
stability of the painting. These materials should then be stored using appro-
priate conservation strategies, as many carry the signature of the designer.
Although this collection constitutes a single document, the presence of cellu-
loid, galalith, sized cotton and sulphurised paper requires the paintings to be
separated and re-classified according to the support to which they are applied,
and not to the type of jewellery or designer.

In the collection studied, the most extensively damaged artwork is applied
to a celluloid support. This is due to the composition and degradation of this
material, which has been described in detail above. Damage to the paint layer is
more evident in paintings applied to galalith or starch-sized cotton. This is the
result of the interaction between these materials and the gouache, which has
created darkened areas, craquelure and cracks. Finally, tracing paper supports
show the humidity and light damage characteristic of this material (stiffness and
yellowing), but does not affect the paint layer. In conclusion, it is essential to
identify and characterise the materials used in the supports in this type of
collection, and to classify the contents accordingly.
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Zusammenfassung

Transparente Trägermaterialien und Malmittel: chemische Charakterisierung
und Konservierungsprobleme am Beispiel von Schmuckentwürfen des spa-
nischen Art Deco

Ziel dieser Arbeit ist die Untersuchung der Trägermaterialien, die in den
Schmuckdesigns des spanischen Art Déco verarbeitet wurden, um die
Ursachen späterer Veränderungen besser zu verstehen und entsprechende
Konservierungsstrategien zu erarbeiten.

Das komplexe Zusammenspiel von Maltechnik – Gouache – und unterschied-
lichen Trägermaterialien wie Cellulosenitrat, mit Formaldehyd vernetztem
Kasein, appretierte Textilien und Transparentpapier verursachte eine Reihe
unterschiedlicher Schadensphänomene. Die größte Herausforderung dieses
Konservierungsprojektes besteht darin, die Sammlung in ihrer Gesamtheit zu
bewahren; darüber hinaus reagieren die eingesetzten Materialien besonders
empfindlich auf die in Archiven und Bibliotheken vorhandenen Schadstoffe.

Als analytische Techniken kamen die folgendenVerfahren zumEinsatz: optische
Mikroskopie, Fourier-Transform-Infrarotspektroskopie (FTIR); Gaschromatographie
mit Massenspektrometrie-Kopplung (GC-MS); Raster-Elektronenmikroskopie/
Mikroanalyse durch Röntgenstrahl-Dispersionsspektrometrie (SEM/EDX) und
Raman-Mikrospektroskopie.

Die Studie zeigt die Gefahren der Aufbewahrung der genannten Materialien in
direktemKontakt zueinander, sodassdieObjekte statt nachKünstler, Entstehungszeit
oder gestalterischen Kriterien nach ihrer chemischen Zusammensetzung neu geord-
net und entsprechend gelagert werden mussten.

Résumé

Caractérisation chimique de supports (picturaux) transparents et de leurs
couches picturales d´une collection de dessins de bijoux datant de l´époque
d´Art Déco en Espagne.

L’objectif de ce travail est de réaliser une caractérisation chimique des différents
supports, liants et pigments, et des couches picturales utilisés pour des livrets de
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modèles espagnoles de bijoux datant de l’époque de l’Art Déco afin de
déterminer l’origine et les causes des modifications observés sur les œuvres
analysées. Ce travail a été réalisé au préalable de la conservation préventive, qui
se fonde sur les résultats des analyses et des études des conditions de garde.

Il est difficile de préserver ces collections pour les raisons suivantes: l’uti-
lisation de la gouache employée sur une diversité de supports (nitrocellulose,
caséine, formaldéhyde, toile apprêtée et papier sulfurisé) peu conventionnels
pour ce genre de technique picturale et la vulnérabilité de ces matériaux face
aux agents de dégradation présents dans les archives et les bibliothèques.

L’analyse a été menée sur une collection composée de 500 dessins, qui ont été
soumis aux techniques analytiques suivantes: microscopie optique, spectroscopie
infrarouge à transformée de Fourier (FTIR), chromatographie en phase gazeuse –
spectrométrie de masse (GC-MS), microscopie électronique à balayage – microa-
nalyse par analyse dispersive en énergie (SEM – EDX) et spectroscopie RAMAN.

L’étude démontre le problème qui existe lors de la garde de certains de ces
matériaux dans un même conteneur, d’où la nécessité d’une conservation selon les
matériaux constituants chaqueœuvre et non pas sur les auteurs, la chronologie ou
les dessins.
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