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Sensitivity of modern oil paints to solvents: effects on
synthetic organic pigments

Diana Blumenroth 2 Stefan Zumbiihl,® Nadim C. Scherrer® and Wolfgang
Miiller®

2 Cologne Institute of Conservation Sciences, University of Applied Sciences, Germany
b Bern University of Arts, Bern University of Applied Sciences, Switzerland
¢ H.Schmincke & Co. GmbH & Co. KG, Erkrath, Germany

Introduction _
Modern oil paints show a new complexity of performance and sensitivity in comparison to
“classic” oil paints. An important part of this new characteristic is the wide use of "
synthetic organic pigments. These can be present in works of art since the early 20
century and are now the most important group of pigments in the bright hues of_mgdern
artist’s paints. Some synthetic organic pigments found in “classic modernism” pgmtmgs
of the early 20" century, proved to be well soluble. As a consequence, the specific .
particle properties as well as the sensitivity to solvents pose a particular challer_lge in
conservation treatments of modern oil paint.' The solvent sensitivity of these pigments is
not evident in their chemical structure as the properties are altered by selective
modifications of the structure and encapsulation. It is thus likely that early pigments
may behave different to contemporary ones. Properties of dissolution are thus_ i_anu_enced
by the chemical nature, crystal structure, particle size, as well as surface modifications
of the pigment products.

Analysis/Experiments

The sensitivity to solvents of artist’s paints containing organic pigments arises not only
from the solubility of the pigment itself, but also from the characteristics of the
surrounding binder matrix and the swelling behaviour of the system as a whole. The
solvent resistance of 23 organic pigments in oil paint was tested with 6 solvents (n-
hexane, toluene, chloroform, diethyl ether, acetone and ethanol). The solubility of the
pigments was determined quantitatively by immersion of the pure pigments_in solvents,
and by immersion of artificial aged oil paint films. The time-resolved extraction was
determined by UV-VIS spectroscopy. Following solvent treatment by immersion of paint
films, the influence of pigment extraction along the surface was examined applying
infrared spectroscopy FTIR-ATR. Raman spectroscopy was used to study morphological
effects of extraction on polished crosssections of embedded oil paint films. Structural
damage was examined under practical conditions with clean cotton swabs using the 6

solvents.

Results and discussion

Almost all pigments produced suspensions due to the very small particle size and low
density. After filtration with a 0.2um syringe filter, the soluble pigments became
apparent. These were the yellow and orange azo pigments PY3, PY97, PY153,_P05, the
orange pyrazolochinazolon PO67, the red anthraquinone PR83:1, phthalocyanine blue
PB15:6, and the dioxazine PV23, and to a lesser extent the red azo pigments PR188,
PR177, as well as the anthraquinone perylene PR179. The solubility is similar to the
sensitivities known from the literature and industry. The time-resolved quantitative

'p. Blumenroth, Die Lésemittelempfindlichkeit synthetisch-organischer Pigmente in Olfarben, MA-
Thesis, Bern university of applied sciences, conservation and restoration HKB, Bern (2010).
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extractions were determined on the 8 pigments above in artificial aged oil paiht films.
The azo PY3, PY97 and POS exhibited particularly high extractability. This is, of course,
partly due to the solubility of the pigments, but it is also influenced by the swelling
behaviour of the surrounding binder matrix. Accordingly, based on the strong dispersive
force interaction, chloroform often showed the highest extraction capacity. Good
solubility usually is encountered along the polarity scale from the polarisable toluene up
to the dipolar acetone. Towards the non-polar end of the polarity scale, the solubility
decreases in general. The non-polar n-hexane is a poor solvent with synthetic organic
pigments. The blue phthalocyanine PB15:6 also exhibits high solvent sensitivity, with the
highest extraction rate observed in toluene.

The structural changes within the paint film were investigated using an artificial aged oil
paint film containing the yellow azo pigment PY3 and exposed to chloroform. Applying
infrared spectroscopy FTIR-ATR to the surface of the leached films, the surface pigment
response was tested following solvent exposure of 1, 2, 5, 10 and 15 minutes. After an
immersion time of 1 minute almost no pigment could be detected on the surface. With
Raman spectroscopy, the pigment
concentration was examined along
profiles across the embedded paint
films on polished cross-sections. The
pigment gradually leached from the
exposed surfaces. Immediate leaching
of the pigment occurs within the
swollen parts of the film (Figure 1).
This suggests tremendously fast
solubilisation of the pigment, as the
solubility of the pigment is greater than
the rate of diffusion of the solvent in
the paint film. Upon drying of the paint
film, a porous film is left due to
pigment elimination.

2 Min 10 Min

Fig. 1: Cross sections of samples immersed in
chloroform. Pigment loss is visible: after 10
minutes no pigment js left in the paint film. To test the sensitivity to solvents of
paint layers containing synthetic
organic pigments under realistic conditions, cotton swab wipe tests with minimal
pressure application were performed. This allows the solvent to act in combination with
minor mechanical action on the .
surface. The wipe samples showed FTIRATR
that all verified pigments reacted
very sensitively, some exhibited
pigment extraction already on first
contact with the cotton. This was
independent whether the pigments
were soluble or insoluble in the
above examinations. In general,
abrasion/extraction was lowest on . i
cotton swabs soaked with non-polar e —
solvents [Figure 2]. Solvents
producing strong swelling of the oil
binder caused an enhancement of [ 1
this effect. However, in contrast to o0 w0 s om0 X0 0 6w w0 oo w0 6

the general solubility, polar solvents . o1
were very harmful. This may be Fig. 2: FTIR-ATR spectra show almost complete

lained by bh hemical leaching of the pigment from the surface after 1
explained by photochemica minute immersion. After 2 minutes no more
degradation and the change of the pigment can be detected.
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polarity of the binder in the paint layer’s surface. It also shows that the low wipe
resistance is likely due to the small particle dimension of the pigments.

The overall results demonstrate the delicate behaviour of such oil paint layers containing
synthetic organic pigments when they come into contact with solvents (Figure 3). This

should be regarded as a serious problem of practical conservation and restoration
treatments applied to modern paints with a considerable potential to harmful e e g a te S

consequences.
Pigment Paint samples Cleaning samples
cl Pigment class Sensitivity Pigment solubility Solvent sensitivity
e = L

g |5 |3 38 2 £ 8 2|3 B 32 £ 8§ £

3 [ T a = S < i T (=] ~ o < w
PY3 Monoazo *kk ek o) * et dekede Fedeve %* * *k e dekk Hdede Ttk
PYQ7 Monoazo ke o * whd I o * > " dork Akk Rk
PO5 b-Naphthol ok *e o * *x * o * * * vk Ak P
PR188 Naphthol AS . o o o o o o * *h dkx kkR kkm Rk
PY151 Benzimidazolone o] o] o] [¢] o] o o] g = W Gag Tl
PY185 Bisacetoacetarylide o) 0 o o o o o o o * ok wkk  wkE kb
PR242 | Disazo condensation * o o o o 0 0 o s N L Y
PY153 Metal complex * * * * * * * o o * * kg dww %
PY139 Isoindolinone o) 0 o o o) o o o 0 # wie wdkde ek kR
PB15:6 Phthalocyanine Ll et * * e - wox * o * * ok w e
PG7 Phthalocyanine [o] [o] [¢] [ o] o] o] [¢] o) * * i " *
PG36 Phthalocyanine 0 0 ) o o o o o o o o Fhk kkb *
PV19 Quinacridone o) ) 0 o o o o o o trw dese T
PR122 Quinacridone 0 fe) 0 o o o o o * dow ek Rk Wk ek
PR209 | Quinacridone 0 0 s 0 o 0 0 0 * e
PR179 Perylene 0o * 0 0 ) o o o * i e ik T e
P0O43 Perinone o o o o o o o * T
PR177 Antraguinone o] o] [o] o] [¢] 0 0 ok R ACkn OWI ed g e m e ntS ,
PR83:1 | Antraguinone CA ok it * * * * * * * * % s ok P H t b
PB60 Indanthrene [o] o o [¢] [¢] o] [¢) 0 * *k e L rOJ eC m e m e rS
PV23 Dioxazine * ) * * o o * * P P a rtn e r's
PR264 Diketopyrrolo-pyrrole o) 0 o o o o o o * ShE wkh kwk wkd
PO67 Pyrazoloquinazolone bl Ead o o * e * o ° * P e *

| PW4 | Zinc white oJo o o o o o}o o * = * *
| Solvent sensitivity: o insoluble, * low, ** high, *** very high

Fig. 3: Summary
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