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Modelling clay materials used in artworks:
an infrared spectroscopic investigation
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Abstract

Modelling clays are utilised by artists for their malleable properties. One of the challenges in managing collections
containing such materials is the variety of commercial compositions available and, therefore, the variation in the
requirements for storage and maintenance of such artefacts. The Art Gallery of New South Wales in Australia is respon-
sible for the care of a range of artworks that contain modelling materials, some of which show detrimental property
changes and there is concern for the longevity of such works. The aim of the current research is to determine the
compositions of the modelling materials utilised in works produced by different artists in the gallery’s collection.
Infrared spectroscopy was used to identify the main constituents of samples collected from the works of four different
artists and a variety of material types were determined. Oil-based, air-hardening and polymer clays of varying compo-
sition were identified in the survey of artworks. Signs of deterioration in particular artworks were able to be character-
ised using spectroscopy, with the mechanisms identified including loss and oxidation of the oil component. Where

a polymer clay was chosen by one artist, the distortion of the artwork was due to flow of the material over time and
demonstrates the need for an understanding of the long term properties of the materials being used. The study has
highlighted the need for conservators to have a detailed understanding of modelling materials to ensure the longev-

ity of artworks containing this class of materials.
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Introduction

Modelling clays have long proved popular for use in
sculptures due to their malleability and non-drying
attributes. There has been a history of the use of natu-
ral clays and waxes in sculpture and commercial mod-
elling materials have been in use since the end of the
nineteenth century, with materials, such as Plasticine,
developed at that time [1-3]. Plasticine was formulated
in 1897 in England to produce a non-drying clay suitable
for use by sculpture students. Similar products, including
Plastilin invented in Germany and Plastilina developed
in Italy, were commercially available at the time. A range
of commercial compositions have followed, using differ-
ent components to produce a variety of physical proper-
ties. Despite their use over an extended period of time, a
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recognition of the diverse composition types and infor-
mation reported about the long-term stability of such
materials in artworks has been very limited [1].

The first modelling clay formulations appearing in the
nineteenth century, such as Plasticine, were oil-based
materials. Such materials are a combination of oils, waxes
and minerals [1, 2, 4]. A range of oil and wax components
have been used, including, for instance, paraffin, beeswax,
microcrystalline wax, petroleum jelly, palm oil, castor
oil and lanolin. A variety of fillers have been reportedly
used in oil-based modelling materials, including gypsum,
talc, sulphur, calcite and kaolinite. While the oil-based
clays are designed to remain malleable for an extended
period of time, other modelling clay types are designed
to be malleable during the making of an artwork and then
hardened by exposure to air [4]. Air hardening modelling
clays provide an alternative to traditional wet ceramic
clays that require firing at a high temperature. While wet
modelling clays are comprised of clays, silica and fluxes,
the main components of air hardening clays are kaolinite
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(or talc) and water combined with minor ingredients
such as calcium carbonate, iron oxide, propylene glycol
and/or preservatives. Another class of modelling materi-
als designed to be hardened is the polymer clays. These
are based on the plasticised polymer poly(vinyl chloride)
(PVC) combined with a filler. The formulation emerged
from the development of materials in the 1940s designed
to replace the phenolic polymer resin Bakelite [5]. The
malleable material is shaped and hardened by oven heat-
ing at lower temperatures than required for traditional
ceramic clays.

The Art Gallery of New South Wales (AGNSW) in
Australia holds a range of works comprised of model-
ling clays. In this study, infrared spectroscopy has been
used to characterise the modelling materials used in a
variety of artworks. Specimens have been able to be col-
lected from artworks that utilise modelling clays and the
use of attenuated total reflectance (ATR) spectroscopy
has enabled the components used in the different mod-
elling materials employed by the artists to be identified.
Infrared spectroscopy has the particular advantage that
the organic and inorganic components of modelling clays
can be simultaneously identified and an indication of the
relative composition is also provided. Such an approach
provides a simple method of obtaining information about
such materials without the need to carry out complex
sample preparation methods. In order to establish the
best approach to the conservation and storage of items
produced using modelling materials, an understanding
of the nature of the materials employed by the artists is
required. Additionally, the use of infrared spectroscopy
enables degradation of these materials to be investigated
and a prediction about the long term behaviour of these
materials can be estimated.

Materials and methods

Sampling

A scalpel was used to collect samples, which were stored
in sealed polyethylene bags until required for analysis.
Four artworks at the Art Gallery of NSW were sampled.

1. Mikala Dwyer (1959-), un from the series iffytown

1999, wood shelf, modelling clay, glass, Perspex,
audio tape, fabric, glue, synthetic polymer paint,
dimensions variable. 100.2002 (Fig. 1).
This work has been maintained in gallery storage at
50-55% relative humidity and 23 °C since acquisition
in 2002. Two green (one of dry appearance) and one
red modelling clay samples were collected. Newly
purchased green and red commercial Plasticine sam-
ples (Flair Leisure Products PLC) were also examined
for comparison purposes.
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Fig. 1 Mikala Dwyer un from the series iffytown 1999, wood shelf,
modelling clay, glass, Perspex, audio tape, fabric, glue, synthetic
polymer paint, dimensions variable. Art Gallery of New South Wales.
Contemporary Collection Benefactors 2002. © Mikala Dwyer. Courtesy
Roslyn Oxley9 Gallery. 100.2002. Photographed by Art Gallery of New
South Wales

2. Margel Hinder (1906-95), Untitled maquette for
sculpture date unknown, soldered metal on model-
ling clay base, 9 cm x 7 cm x 6 cm overall. 18.2003.5;
Margel Hinder Untitled maquette for sculpture date
unknown, soldered metal on modelling clay and wood
base, 13 cm x 7 cm x 8 cm overall. 18.2003.7 (Fig. 2).
Samples were collected from the underside of the
bases of the two works.

3. Montien Boonma (1953-2000), Perfumed paint-
ings and stools 1995-1997, paper, wood, herbs,
modelling clay, two paintings: each approximately
95 cmx45 cm, two stools: each approximately
20 cm x 40 cm x 22 cm. 217.2002 (Fig. 3).

Samples were collected from the bases of the two
stools of this work.

4. Amanda Marburg (1976-), Giving the devil

his dues 2004, oil on canvas, modelling clay
on board encased in Perspex covered plinth,
stretcher: 101.6 cmx133.1 cmx3 cm, plinth:
65 cm x 95 cm x 145 cm. 321.2015 (Fig. 4).
A green sample was collected. There is evidence of
movement and collapse of components in this work
associated with changes to the properties of the
modelling material.

Infrared spectroscopy
Attenuated total reflectance (ATR) spectra were acquired
for each sample at a resolution of 4 cm™! using a Nicolet
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Fig. 2 a Margel Hinder Untitled maquette for sculpture date unknown,
soldered metal on modelling clay base, 9 cm x 7 cm x 6 cm overall.
Art Gallery of New South Wales. Gift of Enid Hawkins 2003. © Estate
of Margel Hinder. 18.2003.5. Photographed by Art Gallery of New
South Wales. b Margel Hinder Untitled maquette for sculpture date
unknown, soldered metal on modelling clay and wood base,

13 cm x 7 cm x 8 cm overall. Art Gallery of New South Wales.

Gift of Enid Hawkins 2003. © Estate of Margel Hinder. 18.2003.7.

Photographed by Art Gallery of New South Wales

iS10 Fourier transform infrared (FTIR) spectrometer
equipped with a diamond ATR accessory. 64 scans were
collected over the range 4000-500 cm™'. Spectra were
recorded in triplicate and representative spectra are pre-
sented in this paper.

Scanning electron microscopy-energy dispersive
spectroscopy

Energy dispersive spectroscopy (EDS) was carried out using
a Zeiss Supra 55VP scanning electron microscope (SEM)
fitted with an Oxford EDS system. Representative samples
for each artwork were placed on carbon stubs and sputter
coated with 10 nm gold—palladium coating prior to analysis.
EDS spectra were then collected using 15 kV acceleration at
a working distance of 8.5 mm on five regions of a specimen
and averaged to determine the indicative elemental content.

Fig. 3 Montien Boonma Perfumed paintings and stools 1995-1997,
paper, wood, herbs, modelling clay, 20 cm x 40 cm x 22 cm, two
paintings: each approximately 95 cm x 45 cm, two stools: each
approximately 20 cm x 40 cm x 22 cm. Art Gallery of New South
Wales. © Montien Boonma Estate. 217.2002a-d. Photographed by
Diana Panuccio

Results and discussion

Dwyer artwork

Infrared spectra of the green coloured samples collected
from the Dwyer sculpture, Un, are shown in Fig. 5 and
the main band assignments are summarised in Table 1.
The spectra show strong bands characteristic of calcium
carbonate (CaCO,) at 712, 872 and 1414 cm™! and two
very weak bands observed at 1790 and 2520 cm™! also
indicate CaCOj is present [6—9]. SEM—EDS analysis also
supports the presence of CaCOj in this sample (Table 2).
The bands in the C—H stretching region below 3000 cm™*
indicate an aliphatic hydrocarbon is present. The lack of
evidence of aromatic and carbonyl groups indicates that
the hydrocarbon constituent is of petrochemical origin,
most likely paraffin oil (also known as mineral oil) and/or
paraffin wax [10-14]. As the infrared spectrum of paraf-
fin oil and wax are very similar, it is difficult to determine
the relative contribution to the overall composition of
this modelling clay. The presence of CaCO, and paraffin
components confirms that this modelling material is an
oil-based modelling clay, such as Plasticine. Based upon
industrial formulations, the pigment used in the green
sample is likely to be Pigment Green 7 (phthalocyanine
green), but as it is in a low concentration (<1 w%) the
infrared bands for the pigment are not detectable in the
spectrum.

The infrared spectrum of the newly purchased green
commercial Plasticine sample is also illustrated in Fig. 5
for comparison. The spectrum shows bands at similar
wavenumbers to those observed for the green Dwyer
samples, but stronger hydrocarbon bands are visible in
the spectrum of the new Plasticine. Additional bands at
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Fig. 4 Amanda Marburg Giving the devil his dues 2004, oil on canvas,
modelling clay on board encased in Perspex covered plinth, stretcher:
101.6 cm x 133.1 cm x 3 cm, plinth: 65 cm x 95 cm x 145 cm. Art
Gallery of New South Wales. Gift of ARTAND Australia 2015. Donated
through the Australian Government’s Cultural Gifts Program. ©
Amanda Marburg. 321.2015. Photographed by Jenni Carter

717, 1378 and 1463 cm ™' are observed as shoulders on
the overlapping CaCO; bands in this spectrum. The pres-
ence of these bands, along with the sharp aliphatic C—-H
stretching bands, confirm the presence of paraffin [10, 11,
13, 14].

The infrared absorbance values associated with the
paraffin bands are notably reduced for the Dwyer sam-
ples compared to those observed for new Plasticine. The
spectrum recorded for the ‘dry’ green sample collected
from the same sculpture shows an even greater reduction
in the paraffin band absorbance relative to the CaCO,
bands. Thus, the loss of the paraffin component appears
to be the cause of the change in the properties of the
green material employed for this sculpture.

The infrared spectra of the red sample collected from
the Dwyer sculpture and newly purchased red Plasticine
sample are shown in Fig. 6. As for the green samples,
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the main bands observed may be attributed to paraf-
fin and CaCO; and confirm that the material used is
also an oil-based modelling clay (Table 1). The red pig-
ment used is most likely Pigment Red 170 (naphthol red),
but at the concentration used does not show detectable
infrared bands. Unlike the green modelling clay used
in this artwork, there is no significant reduction in the
relative absorbance values for the paraffin bands for the
red Dwyer sample. The difference in behaviour of the
green and red modelling clays with age may be associ-
ated with the positioning of their use in the sculpture.
The green modelling clay was used on the upper part of
the sculpture, while the red modelling clay was used only
on the lower part of the sculpture (Fig. 1). The top of the
sculpture is more exposed and may have been subject to
greater temperature variation due to lighting, thus lead-
ing to a preferential loss of paraffin. Although the use of
paraffin in oil-based clays assists in maintaining the non-
drying properties due to the relatively low volatility, as
paraffins contain a mixture of hydrocarbons and vary in
composition, the loss of certain fractions of paraffin is
possible particularly when exposed to elevated tempera-
tures over long periods of time [15].

There is, however, an indication of some change to the
red modelling clay utilised in this work. The appearance
of small bands near 1730 and 1720 cm ™! in the spectrum
collected for the red Dwyer sample is likely to be associ-
ated with oxidation products of paraffin, such as ketones
and esters [16—18]. Initially paraffins oxidise in air to
form hydroperoxides that decompose to form oxidation
products including ketones, aldehydes and esters. The
small bands in the carbonyl region may be attributed to
the presence of a small quantity of esters and/or ketones
on the surface of the red Dwyer material. Although oils/
waxes can contain ketones and esters, these are not likely
in the synthetic oil used in this material. Small bands
appearing as shoulders at 1030 and 1190 cm ™ also sup-
port the presence of oxidation of the modelling material
as the C-O and C-C stretching bands in this region are
associated with the production of such decomposition
products [17].

Hinder artwork

The infrared spectrum of the sample collected from
the Hinder sculpture, Untitled maquette for sculpture
(18.2003.5), is illustrated in Fig. 7 and the correspond-
ing band assignments are provided in Table 3. The spec-
trum collected from Untitled magquette for sculpture
(18.2003.7) by this artist showed the same bands as that
for the 18.2002.5 piece. The main bands appearing in the
spectra are characteristic bands of CaCO; and oil/wax,
confirming that an oil-based modelling clay was also used



Stuart et al. Herit Sci (2019) 7:86

Page 5 of 11

dry Dwyer green sample

N

Dwyer green sample

P
new green Plasticine

A
o

T T
4000 3500 3000 2500

T
2000 1500 1000 500

wavenumber / cm™?
Fig. 5 Infrared spectra of green samples collected from Dwyer artwork. P paraffin, C calcium carbonate

Table 1 Major infrared band assignments for modelling
clay samples from Dwyer artworks

1

Wavenumber/cm™ Band assignments References
712 CaCO; C-O bending [6-9]
717,728 Paraffin C—H rocking [10,11,13,14]
849,872 CaCO; C-0 bending [6-9]
1030 Oxidation products C=0O stretch- [17, 23]
ing
1190 Oxidation products C—C stretch- [17, 23]
ing
1367,1378 Paraffin C-H bending [10,11,13,14]
1414 CaCO; C-O stretching [6-9]
1463, 1470 Paraffin C-H bending [10,11,13,14]
1720,1730 Oxidation products C=0 [16-18]
stretching
1790 CaCO; C=0 stretching [6-9]
2520 CaCOj; overtone/combination [7,8]
band
2847,2874,2916,2950 Paraffin C-H stretching [10,11,13,14]

in these works. Aliphatic long chain hydrocarbons, most
likely paraffin, are indicated by the strong sharp C-H
stretching bands in the 3000-2800 cm ™! region. Smaller
bands in the spectrum shown in Fig. 7 also provide

Table 2 EDS analysis of representative model clay samples

Sample Main element composition (w%)
Dwyer green 0(59.0), Ca(30.6), Si(0.5)
Hinder 0(50.1), Ca(15.6), 5(8.9), Si(4.8), Fe(2.1), Al(1.9), Cl(1.6)
Boonma 0(47.7), Si(20.5), Ca(11.2), Al(5.7), K(4.4), Mg(0.7)
Marburg 0(46.1), Ca(15.8), Ti(11.6), Si(10.2), Al(4.9), Mg(1.2),

8)

K(0.8), Na(0.8), Cl(0.7)

evidence that the hydrocarbon components have under-
gone change; the relative intensities of the paraffin and
calcium carbonate bands indicate a notable reduction in
the oil component compared to new Plasticine (as illus-
trated in Fig. 5).

The appearance of small bands below 800 cm™ in the
spectrum shown in Fig. 7 provides evidence of low con-
centrations of the minerals, gypsum (CaSO,-2H,0) and
goethite (FEOOH) in the Hinder modelling clay. Bands
at 603 and 675 cm™! and at 3553 and 3406 cm ™! super-
imposed upon the broad O—H stretching band are char-
acteristic of gypsum [19, 20]. A small band at 766 cm™*
and a contribution to the broad O-H stretching region
indicates goethite is present [21, 22]. SEM—-EDS analysis
of the Hinder sample indicates the presence of goethite,
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Fig. 6 Infrared spectra of red samples from Dwyer artwork. P paraffin, C calcium carbonate
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Fig. 7 Infrared spectrum of sample from Hinder artwork. P paraffin, C calcium carbonate
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Table 3 Major infrared band assignments for modelling clay samples from Hinder artworks
Wavenumber/cm™’ Band assignments References
595 Gypsum S-O bending [19, 20]
664 Gypsum S-O stretching [19, 20]
1 CaCO; C-0 bending [6-9]
728 Paraffin C-H rocking [10,11, 13, 14]
766 Goethite O-H bending [21,22]
852,872 CaCO; C-0 bending [6-9]
1000-1300 Oxidation products C-O and C-C stretching [17,23]
Gypsum S-O stretching [19, 20]
1385 Paraffin C-H bending [10,11, 13, 14]
1413 CaCO; C-O stretching [6-9]
1456 Paraffin C-H bending [10,11,13,14]
1550-1750 Water O—H bending [23]
Gypsum O-H bending [19,20]
Oxidation products C=0 stretching [16-18, 23]
1790 CaCO; C=0 stretching [6-9]
2522 CaCO; overtone/combination band [7,8]
2725 Aldehyde O=C-H stretching [23]
2848, 2865, 2917, 2948 Paraffin C-H stretching [10,11,13,14]
3100-3700 Water O—H stretching [17,23]
Oxidation products O-H stretching [23]
Gypsum O-H stretching [19, 20]
Goethite O-H stretching [21,22]

with the presence of a small quantity of Fe detected
(Table 2). The detection of sulphur also supports the
presence of gypsum. The presence of goethite, along with
calcite (CaCO,), indicates that a brown ochre was used to
produce the colour of the modelling clay. It is noted that
the quantity of S is relatively high (8.9 w%) and suggests
that elemental sulphur is also present. Some modelling
clay brands, particularly earlier compositions, are known
to contain elemental sulphur [2].

The carbonyl region between 1800 and 1600 cm™ in
Fig. 7 is broad and comprised of a mixture of contribu-
tions from different classes of C=O containing com-
pounds, such as ketones and aldehydes, contributing to
this region [17, 23]. The presence of a small diagnostic
aldehyde band at 2725 cm™! supports the presence of
this class of compound [23]. The appearance of a broad
O-H stretching band in the 3700-3100 cm™" region, as
well as a shoulder appearing at 1135 cm™}, are indicative
of alcohols. Some water is likely to also be contributing
to the O-H stretching band. As previously stated, alco-
hols, ketones and aldehydes can result from the oxida-
tion of oils [16—18]. Although these types of compounds
are known to be present in natural oils and waxes, the
lack of spectral bands due to fatty acid esters, free fatty
acids and aromatic compounds supports the idea that
synthetic rather than natural oil/wax has been used in

the modelling clay employed in this work [24, 25]. Thus,
some oxidation of the oil/wax used in for this work is
likely to have occurred and is detected on the surface of
this work.

Boonma artwork

Figure 8 illustrates the infrared spectrum for the sample
collected from the lighter coloured stool contained in
the Boonma artwork, Perfumed paintings and stools. The
spectrum for the sample collected from the darker col-
oured stool from the same work shows identical bands to
those observed in Fig. 8. The infrared band assignments
are listed in Table 4. A comparison with the previously
described spectra demonstrates a difference in the com-
position of the modelling material used for the Boonma
work. Rather than the strong CaCO; bands that were
observed for the spectra of the previous modelling clays,
the major inorganic component of this material is identi-
fied as the clay mineral kaolinite. Kaolinite is a layered sil-
icate mineral with the composition Al,Si,O;(OH),. This
clay mineral is readily identified due to the appearance of
the unique pattern in the 3700-3600 cm™! region due to
O-H stretching and also shows Si—O stretching and O-H
bending bands in the region below 1200 cm™! [21, 26].
Bands due to CaCOj are still observed in the Boonma
spectrum, but the relative intensities of these are much
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Fig. 8 Infrared spectrum of sample from Boonma artwork. K kaolinite, W water, P paraffin, C calcium carbonate

Table 4 Major infrared band assignments for modelling clay samples from Boonma artwork
Wavenumber/cm™’ Band assignments References
712 CaCO; C-0 bending [6-9]
718,729 Paraffin C-H rocking [10,11, 13, 14]
849, 876 CaCO; C-0 bending [6-9]
700-950 Kaolinite O-H bending, Si-O stretching [21, 26]
800-1200 Kaolinite Si-O stretching [21, 26]
1000-1300 Oxidation products C-O and C-C stretching [17,23]
1378 Paraffin C-H bending [10,11,13,14]
1420 CaCO; C-O stretching [6-9]
1461,1472 Paraffin C-H bending [10,11, 13, 14]
1600-1700 Water O-H bending [23]

Oxidation products C=0 stretching [16-18,23]
1785 CaCO; C=0 stretching [6-9]
2525 CaCO; overtone/combination band [7,8]
2848, 2880, 2915, 2951 Paraffin C-H stretching [10,11, 13, 14]
3100-3600 Water O—H stretching [23]

oxidation products O-H stretching [23]
3624, 3638, 3688 Kaolinite O—H stretching [21, 26]

less than those observed for the compositions used in the
previous modelling clays, where CaCO, was a major con-
stituent. The identification of kaolinite and CaCOj in this
material is supported by SEM—EDS analysis, with more
Si than Ca detected for this sample (Table 2).

The spectrum of the Boonma sample also provides evi-
dence of the use of paraffin oil, including sharp aliphatic

C—-H stretching bands in the 3000-2800 cm ™ region [10,
11, 13, 14]. However, the relative intensities of the par-
affin bands compared to the mineral components are
lower than those observed in the earlier oil-based model-
ling clay spectra. Given that kaolinite is the main com-
ponent of this modelling material with a smaller quantity
of CaCOs,, it is probable that an air hardening clay was
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Fig. 9 Infrared spectrum of sample from Marburg artwork. K kaolinite, P poly(vinyl chloride), D DEHP plasticiser

employed by the artist. The presence of an oil may be due
to the use of a lubricant in production to reduce friction
and adhesion, or by the artist to avoid adhesion to a base
(the sample was collected from the base of the stool).
Although adsorbed water has been identified due to
the presence of a band near 1634 cm ™, the band in this
region is broad and shows a greater absorbance value
than would be expected when compared to the broad
water O-H stretching band centred near 3300 cm ™.
This indicates that modes other than water are contribut-
ing to the band in this region. The additional bands may
be due to oxidation products of the oil. As was observed
for the previously discussed works, the C=0O stretching
bands of ketones, aldehydes and alcohols produced by
the oxidation of long chain hydrocarbons are likely to
be contributing to the broad band in this region. A small
carbonyl band at 1721 cm™! is also observed. Air hard-
ening clays often contain a small quantity of the additive
1,3-bis(hydroxymethyl)-5,5-dimethylhydantoin, used as a
preservative, in small quantities (<1 w%) and this com-
pound would show a small C=0 stretching band at in the
1800-1700 cm ™ region, so could also be a contributing
factor to the appearance of a carbonyl band in this region.

Marburg artwork

The infrared spectrum obtained for the Marburg Giving
the Devil his dues sample is shown in Fig. 9, with band
assignments listed in Table 5. The spectrum shows bands

characteristic of a plasticised poly(vinyl chloride) (PVC)
[27-29]. Although there is overlap of the PVC, plasti-
ciser and kaolinite contributions in the spectrum below
1500 cm ™, there are certain characteristic bands in the
spectrum. Phthalate esters are commonly employed as
plasticisers for PVC in a range of applications and the

Table 5 Major infrared band assignments for modelling
clay samples from Marburg artwork

1

Wavenumber/cm™ Band assignments References
600-700 PVC C-Cl stretching [27-29]
700-950 Kaolinite O-H bending, Si-O 21, 26]
stretching
800-1200 Kaolinite Si-O stretching [21, 26]
1100-1300 Plasticiser C-O stretching [27-29]
1200-1500 PVC C-H bending [27-29]
Plasticiser C-H bending [27-29]
1535, 1569 Plasticiser phthalate ring stretch- ~ [27-29]
ing
1600-1700 Water O-H bending [23]
1725 Plasticiser C=0 stretching [27-29]
2800-3000 PVC C-H stretching [27-29]
Plasticiser C—H stretching [27-29]
3009 Plasticiser aromatic C—H stretching  [23]
3100-3600 Water O—H stretching [23]
3621,3645,3673,3694 Kaolinite O—H stretching [21, 26]
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spectrum in Fig. 9 shows evidence that a phthalate plas-
ticiser has been used in the formulation of this model-
ling clay. The appearance of a strong carbonyl band at
1725 cm™! combined with a characteristic pair of bands
at 1569 and 1535 cm™! supports the identification of
the plasticiser used as diethyl hexyl phthalate (DEHP)
[27-29]. Infrared bands due to the clay kaolinite are also
observed in the spectrum, particularly the distinctive
O-H stretching pattern in the 3700-3600 cm ™ region
[21, 26]. The SEM—-EDS results provide supporting evi-
dence of the presence of kaolinite (Table 2). The concen-
trations of Ca and Ti also indicate the likely presence of
CaCO; and TiO,, common fillers in this class of materi-
als. Given the overlap of the bands due to these inorganic
compounds in the fingerprint region of the infrared spec-
trum, it is not straightforward to use the infrared bands
of these compounds to identify these components. There
are no detectable contributions from a pigment in the
spectrum. As was observed for the Dwyer samples, the
pigment used is likely to have been in a low concentra-
tion and/or would overlap with the stronger contribu-
tions from the bulk components.

The combination of plasticised PVC and a clay min-
eral in the formulation demonstrates that the artist has
employed a polymer clay to produce this artwork. How-
ever, polymer clays require heating to maintain a final
shape and produce a hardened material. As the modelling
material remains soft, it appears that the artist has not
heated the polymer clay material used in this work. Plas-
ticised PVC often suffers excessive creep—the deforma-
tion over time when a force is continuously applied [30].
Assuming that the same type of modelling clay has been
used throughout the piece, the sections showing move-
ment and collapse are likely to be due to the on-going
forces applied by superimposed or inserted components
on the plasticised PVC.

Conclusions

Infrared spectroscopy has enabled modelling materials
used in the works by different artists in the AGNSW
collection to be characterised. This spectroscopic
investigation has demonstrated the use of a variety of
source materials by artists, with oil-based, air-hard-
ening and polymer clays being employed in different
works. The main components of the modelling materi-
als are able to be readily identified using this approach.
Although the pigments are generally not easily
detected due to the low concentrations and/or their
infrared bands appear in the far-infrared region, it is
the principal components, such as clays, oils, waxes,
polymers and plasticisers, that influence the physical
properties.

Page 10 of 11

Changes associated with degradation of the model-
ling materials were also determined in this study. For
the Dwyer work, a loss of the oil component was iden-
tified for one of the modelling clay components of the
work. Some oxidation of the oil component of this
piece was also noted. The older Hinder material, made
of an oil-based modelling clay of similar composition to
that of the Dwyer materials, also showed a loss of par-
affin but more significant oxidation of the surface was
evident. Although the Boonma work utilised an air-
hardening clay, either the formulation contained oil or
the artist used oil as a lubricant, and oxidation of the oil
is also evident on the surface of this material. As a con-
sequence, the susceptibility to oil loss and oxidation of
the oil-based clays can now be minimised through lim-
iting heat and light sources where possible.

A polymer clay was used for the Marburg work and
the use of this material without the required oven heat-
ing explains the distortion and collapse of sections of
the work over a period of time. The use of a polymer
clay demonstrates the need for an understanding of the
exact nature of modelling materials in order to ensure
long term stability. The plastic deformation and vulner-
ability to movement of the unfired PVC confirms that
specific transport, storage and handling of this work
will be required.

It has been demonstrated that an infrared spectro-
scopic examination of modelling clays used in artworks
can provide a relatively straightforward means of char-
acterising the principal components of these materials.
This approach also provides insight into the degrada-
tion processes and the changes that occur to the mod-
elling clays over time. There is potential to use this as
a screening method with subsequent experiments,
including chromatography and elemental analysis, pro-
viding more detail about the identified compounds.
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