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Introduction
The advent of zinc oxide as a white pigment for oil 
painting introduced an alternative to the traditional 
toxic lead white in artist and industrial paint markets. 
The beneficial properties of zinc oxide led to its frequent 
incorporation in both white and coloured paints from 
its commercial origins in the 19th century and for much 
of the 20th century. However, the reactivity of zinc 
oxide in oil-based media posed industrial challenges for 
managing shelf life and durability of house paints. Zinc 
soaps readily form in oil-based paints in the presence of 
zinc oxide. Zinc soaps have also recently been associated 
with deterioration of various paintings from the 19th 
and 20th centuries. The prevalence of zinc oxide in 
paintings from throughout this period creates a clear 
imperative to improve understanding of the degradation 
phenomena. This paper reviews aspects of zinc oxide 
production and paint formulation with significance for 
stability in oil-based paintings. 

Industry development 
Pigment production

The early history of zinc oxide pigment development 
is well covered in the literature and is not repeated in 
detail here (Gardner 1917, Brown 1957, Kühn 1986, 
Carlyle 2001). Although zinc oxide has been known 
since ancient times, its popularity as a white pigment 
was not possible until commencement of industrial-scale 
zinc oxide production during the 19th century. 

The majority of zinc oxide pigment is produced via 

one of two pyrolytic processes: the direct (American) 
process which involves smelting ore in a furnace, and 
the indirect (French) process, which produces the 
oxide via burning zinc metal in air. In France there was 
early concern surrounding the toxicity of lead-based 
pigments, so attempts to introduce zinc white as a 
pigment for paint there date from 1780 (Kühn 1986). 
Development of the metallurgical indirect process and 
commercialisation of production in the 1840s then 
facilitated a rapid and wider adoption of zinc oxide to 
protect the health of French pigment manufacturers and 
painters (Heckel 1934, Bomford et al. 1990).  

Direct-process zinc oxide was developed in 1852 to 
take advantage of large Franklinite (lead-free ore) deposits 
in the United States and as a more economical form of 
production than indirect process (Gardner 1917, Brown 
1957). Abundant sources of ore ensured that direct 
process pigment dominated American industrial paint 
production consistently from the late 19th century until 
the second half of the 20th century ( Jolly 1993). Direct 
process pigment, however, was of inferior purity and 
contained heavy metal contaminants deriving from the 
ores, especially those predating development of flotation 
methods of separation (Cocks and Walters 1968). 
Zinc oxide containing from between 5% and 35% basic 
lead sulfate (up to 50% prior to 1910), obtained from 
mixed lead and zinc ores and known as ‘leaded zinc’ was 
also intentionally produced for the housepaint market 
(Gardner 1917, Heckel 1934). 

In Australia, large ore deposits at Broken Hill 
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ensured an active local zinc oxide industry from the 
first decades of the 20th century which, in addition 
to domestic production, supplied zinc concentrates 
for European markets (Cocks and Walters 1968). 
Mascot Smelting Company, Botany, began producing 
direct process zinc oxide in 1917, rapidly increasing 
domestic consumption (The decorator and painter for 
Australia and New Zealand 1925). The Australian 
product claimed to be heavier and denser, with superior 
covering power to any imported zinc oxide due to an 
innovative ‘concentrating plant’ (ibid.), and contemporary 
sources state that ‘practically all the zinc oxide used in 
the Australian paint industry is prepared in Australia’ 
(Farquharson Boan 1924, p. 96). Production of French 
Process zinc oxide commenced in Sydney in 1947 
following Durham Chemicals acquisition of Mascot 
Smelting (The Argus Melbourne, 23 July 1947, ‘Durham 
Chemicals for Australia’), introducing technology from 
the English parent company.

Uptake by the paint industry
There is reference to ‘extensive’ use of zinc oxide in 
artists’ paints in France as early as 1784 (Gardner 
1917). In Britain, zinc white watercolour paints 
appeared in 1834 following an improvement 
in pigment density by Winsor and Newton via 

mechanical compression while 
‘red hot’ (Carlyle 2001). The first 
appearance of zinc white in oil 
tubes was significantly later, listed 
in a British catalogue (Reeves) 
in 1860, although mixtures 
containing zinc oxide with lead 
white or barium sulfate appear 
to have been available a decade 
or so earlier (Carlyle 2001). 
There is documentary evidence 
that zinc oxide was progressively 
being incorporated in prepared 
paints and pigment supplies, 
often not declared but in addition 
to or substituted  for more 
traditional materials (Townsend 
et al. 1995, Carlyle 2001). An 
1899 German text mentions use 
of zinc oxide for brightening 
lake pigments in preference to 
barium sulfate ( Josef Bersch, 

Lexikon der Farben-Technik 1899, cited in Pilz 2005) 
and investigations of paintings suggest its presence as 
a component in coloured paints possibly more than in 
whites (Kühn 1986). 

In the house paint industry, zinc oxide is said to 
have transformed the early production of ready mixed 
paints due to its good suspension properties in oil-based 
media (Brown 1957). It was a component in the first 
patented ‘prepared’ paint in America in 1867 (Heckel 
1934). By the early 20th century, Gardner (1917, pp 
27–8) states that ‘the use of zinc oxide is universal with 
the paint manufacturers of the United States and it is 
rapidly becoming standard practice with the painting 
craft to use zinc oxide in nearly all interior and exterior 
paints’. Australia’s 1925 range of Mascot Zinc in Oil and 
Ready Mixed Zinc Paints included 30 different tints and 
shades and three different whites (The decorator and 
painter for Australia and New Zealand 1925). Generally 
used in combination with lead-based pigment and, later, 
titanium dioxide, zinc oxide improved strength and 
mould resistance of exterior house paints (Nicholson 
and Mastin 1942, Salvin 1944). It afforded paints 
protection from ultraviolet radiation, found to be 
optimal at 30% pigment concentration in mixtures of 
basic lead carbonate or rutile titanium dioxide (Elm 
1957), at which percentage it was routinely used in 
exterior paints for much of the early-mid 20th century 
(Brown 1957). For interior applications, zinc oxide was 
valued for minimising yellowing of paints (Elm 1957, 
Kühn 1986).

Zinc oxide remained popular until the mid–20th 
century, by which time titanium white had come to 

Figure 1. Crystal structure of zinc oxide (wurtzite) with 

coordination tetrahedra. Zinc atoms are represented 

by the smaller white balls and oxygen atoms by grey. 

Image:  Wikimedia Commons, http://en.wikipedia.org/wiki/

File:Wurtzite_polyhedra.png, accessed 11 August 2011.
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dominate. However, titanium-based paints often 
incorporated zinc oxide to improve film strength 
(Kühn 1986). Today, zinc oxide is no longer routinely 
used in general purpose alkyd paints because of its 
reactivity (Dixon 2009). Zinc oxide does, however, 
remain a common component in artists’ paints 
(Mecklenburg et al. 2005, O’Hanlon 2007) and special 
purpose industrial paint formulations (Dixon 2009). 

Artist uptake
Although typically of inferior hiding and drying power 
and substantially higher cost than lead white, zinc 
white paints had little tendency to yellow and did not 
blacken in the polluted, sulfurous air common to many 
19th century cities (Harley 1970; Kühn 1986; Bomford 
et al. 1990). Before widespread incorporation in 
artists’ paint formulations, zinc white was consciously 
sought and used by some artists including Camille 
Pissaro (Bomford et al. 1990), and some of the Pre-
Raphaelites working in mid-19th century Britain who 
included zinc white in special primings or in localised 
ground applications as a reflective base for the bright 
transparent palette they favoured (Hackney et al. 
2002, 2004). An 1870 painting by American Thomas 
Eakins shows alternating layers of lead- and zinc-
based paint (Currie and Smith 1994), and Australian 
artist JP Russell, based in France, is known to have 
replaced lead white with zinc oxide for uppermost 
paint layers in at least one painting, likely with 
the aim of avoiding future deleterious darkening 
(Dredge 1996). Paintings by other artists working in 
France, including van Gogh (Kühn 1986, Roy 1987) 
and Australian E. Phillips Fox, are also found to 
commonly include zinc white (Osmond 2010). Joan 
Miró writes of his preference for incorporating zinc 
oxide into plaster grounds to attenuate its absorbency, 
a technique reportedly based on the practice of Henri 
Matisse (O’Donoghue et al. 2006).

Paintings by artists who were early adopters of house 
paints are also likely to contain significant amounts of 
zinc oxide. Pre- and post-WWII Ripolin paints much 
favoured by artists including Picasso and Sidney Nolan 
have been found to widely include zinc oxide (Gautier et 
al. 2009, Dredge et al. 2012). 

Pigment properties
Pure zinc oxide crystals have complex surface chemistry. 
This is due in part to electrostatic instability arising 
from the two opposing polar surfaces Zn-ZnO and 
O-ZnO. Recent experimental and theoretical research 
on the topic has been comprehensively reviewed (Wöll 
2007). The properties of zinc oxide and its behaviour 
in oil-based paints will vary according to the individual 
properties of the pigment particle.

Particle size
Direct process zinc oxide particles typically have larger 
particle size and are more acicular (needle-shaped) than 
the finer, nodular indirect pigment (Oil and Colour 
Chemists’ Association 1966). Acicular boule-shaped 
crystals can be formed with slow burning of zinc 
vapour (Kühn 1986), while increased airflow accelerates 
oxidation and cooling and favours fine particle 
formation (Oil and Colour Chemists’ Association 
1966). Reheating crystals enables particle size to be 
increased (Brown 1957). Larger particle size typically 
reduces surface area for a given measure of pigment and 
is associated with reduced oil absorption (Kühn 1986). 
Studies on particle size effects, however, describe zinc 
oxide pigment as forming stable aggregates in the dry 
state. These aggregates essentially function as a kinetic 
unit, translating primary particle sizes of 0.25–1µm to 
effective particle sizes of 1–5µm, and typically of more 
spherical shape (Princen and Devena-Peplinski 1964). 
The presence of coarse aggregates in a pigment mix is 
given as possible explanation for a lack of correlation 
between paint properties and notional particle size in 
some studies (Barnett 1949).

Crystal structure
Zinc oxide belongs to the hexagonal crystal system. 
Zinc and oxygen centred tetrahedra join at a 
common zinc atom forming a nucleus for additional 
tetrahedra, developing crystal lattice of the wurtzite 
type (Brown 1957) (Figure 1). Alternate layers of 
zinc and oxygen atoms in the c (longitudinal) axis of 
the crystal promote the formation of needle-shaped 
crystals. Zn-O distance along the c axis is shorter than 
the other two axes; this departure from tetrahedral 
symmetry is considered to be due to a covalent bond 
along the c axis (Brown 1957).

Many metal atoms can enter a zinc oxide crystal 
at elevated temperatures (such as in the course of 
production) and introduce marked change in properties 
(Brown 1957). Direct process pigment is associated 
with stoichiometric proportions of zinc and oxygen. 
French process pigment is more likely to contain 
interstitial zinc (Morley-Smith 1958). One consequence 
is the effect on ultraviolet (UV) fluorescence properties. 
Stoichiometric zinc oxide is associated with bright 
green fluorescence in contrast to lower purple-blue 
fluorescence associated with interstitial zinc (Morley-
Smith 1958). 

Photostability
Zinc oxide absorbs UV radiation. In paints this may 
help the pigment protect an organic binder from 
destructive radiation, but may also ‘be the source 
of troublesome photochemical reactions’ (Barnett 
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1949). Zinc oxide with interstitial zinc or other lattice 
irregularities is considered more likely to dissipate 
energy capable of initiating photochemical reactions in 
adjacent materials (Winter and Whittem 1950; Morley-
Smith 1958). Degradation of binding media and fading 
of organic pigments (Kühn 1986), and weakening of 
supports including paper (Kemp et al. 2004) and textiles 
(Kühn 1986) have been associated with zinc oxide. 

Consistent with typical stoichiometry, paint films 
containing direct process pigment were found to be 
more resistant to surface degradation than French 
process (Hoffmann and Saracz 1969). Stability 
issues also arose in Australia following introduction 
of French process pigment into local housepaint 
formulations (Morley-Smith 1950). Zinc oxide paints 
previously produced with direct process pigment had 
claimed superior durability to lead-based paints even 
in Queensland, ‘where the semi-tropical environment 
is severe upon light painted surfaces’ (The decorator 
and painter for Australia and New Zealand 1925). 
Conditions in Australia evidently initiated degradation 
in paints formulated with the French Process oxide 
which had not been significant in milder British 
and European climates. Research led to pigment 
modifications, effectively increasing particle size, 
which improved the performance of paints (Morley-
Smith 1950). However, it appears direct process zinc 
oxide was quickly resumed for use in exterior paint 
applications (Morley-Smith 1958).

Subsequent studies of zinc oxide in a variety of 
synthetic resin binders found that radiation in the 
range 385–415nm was the most significant in film 
decomposition, compared to shorter wavelengths for 
titanium dioxide–pigmented films (Hoffmann and 
Saracz 1971). Decomposition was also accelerated by 
increasing relative humidity (RH), without affecting 
wavelength sensitivity, however, the weathering of direct 
process–pigmented films was more dependent on RH, 
and lead content in the direct grade was considered a 
possible factor in addition to particle size (Hoffmann 
and Saracz 1969).  

Today, high-purity French process zinc oxide 
dominates international production (Shelton 2010), 
however, direct process pigment still has a market in the 
paint industry, where its lower reactivity is advantageous 
(International Zinc Association 2009). Features 
distinguishing direct and indirect grades are likely to 
be less certain in modern zinc oxide samples given the 
greater production control now possible over crystal and 
particle properties.

Reactivity of zinc oxide in oil
The prevalence of zinc oxide in paintings becomes 
significant when its reactivity in oil-based media is 

considered. Zinc oxide is amphoteric and is capable 
of neutralising both acids and alkalis (Oil and Colour 
Chemists’ Association 1966). In oil-based paints this 
manifests in reaction with fatty acid components of the 
paint medium to form zinc soaps. Zinc carboxylate–
based lumps may form in paint either during storage 
or in the film (Bell 1970). The housepaint industry 
directed considerable research over many decades 
towards managing the interaction in order to retain 
the beneficial properties of the pigment. In addition to 
generic stability issues associated with pigment grade, 
the fatty acid composition of paint and environmental 
conditions are significant for reactivity in oil. 

Temperature
Temperature influences the solubility of zinc soaps in 
the oil medium in accordance with concentration, with 
separation occurring when the temperature drops below 
that corresponding to the solubility limit at the prevailing 
concentration (Hansen and Klauss 1971). Elm (1957) 
found that during paint production, crystalline ‘seeds’ 
of zinc stearate and palmitate may form on cooling 
following paint grinding, with rapid cooling producing 
small soap crystals and slower cooling favouring larger 
soap crystals which are more likely to affect texture. 
Aggregation of soaps has been shown to occur under 
extreme fluctuations, especially in warmer climates based 
on cycling tests to 60°C which yielded seeded paints at 
approximately half the time of those cycled to 47°C 
(Hansen and Klauss 1971). This tendency led to the 
concept of temperature cycling to determine seeding 
propensity of different paint formulations (55–60° C for 
48 hours, cooled over 48 hours, repeated (Elm 1957); 
60°C for 5 days, followed by slow cooling and standing 
at room temperature for two days (Hansen and Klauss 
1971). Variations are still used by paint manufacturers 
today with one local producer reporting that paints 
are expected to remain stable in the wet state during a 
month of daily temperature cycling between 20°C–50° 
C (Dixon 2009). 

Fatty acid composition and formulation
Control of acid level is important for minimising zinc 
oxide reactivity (Elm 1957, Bell 1970). Different oils 
comprise triglyceride structures based on different types 
and relative proportions of saturated and unsaturated fatty 
acids. Oil processing methods also influence triglyceride 
composition and inherent reactivity (van den Berg et al. 
2004). Experiments have shown that all straight-chain 
saturated fatty acids yield zinc salts capable of forming 
seeds (Elm 1957). Zinc soaps produced from a standard 
grade of zinc oxide pigment in combination with different 
fatty acids showed that as chain length increased, rates of 
reaction decreased (Morley-Smith 1958). A rapid increase 



24

to catalyse saponification in reconstructed recipes 
for lead soaps (Cotte et al. 2006), and high relative 
humidity levels had a similar effect (Keune et al. 2009). 
This sensitivity is significant given that oil-based 
paints pigmented with zinc oxide have been found to 
be strongly moisture-absorbing with accompanying 
volumetric swelling (Browne 1955) and to have 
high permeability to water vapour relative to paints 
pigmented with titanium dioxide or a variety of iron 
oxide pigments (Suryanarayana 1970). 

Co-pigmentation
Zinc oxide has most commonly been used as a 
co-pigment in oil-based paints to confer various 
desirable properties both in artist and industrial 
paint formulations. Other metal ions with potential 
to influence paint film chemistry may also be present 
deriving from components other than pigments, for 
example, lead present in zinc paints as an impurity or via 
addition as a drier in traditional formulations. 

Studies of zinc-related deterioration of paintings 
show that incidences commonly occur in the presence 
of lead white (Osmond et al. 2005; Shimadzu and van 
den Berg 2006; Maor and Murray 2008; Shimadzu 
et al. 2008). Zinc carboxylate aggregation in van 
Gogh’s painting Les Alyscamps occurred in a zinc 
oxide–containing lead chromate layer (Van der Weerd 
et al. 2003). Additionally, zinc oxide present in a Naples 
yellow (lead antimonite) linseed oil paint reconstruction 
resulted in rapid zinc carboxylate formation under 
conditions of high humidity and light intensity (Keune 
et al. 2009). Research into settling of pigments in 
linseed oil housepaints revealed that addition of zinc 
oxide (at almost any ratio) to lead-based oil paint 
produced a thinner paint more prone to settling, with 
both pigments settling in proportion consistent with 
original composition (Beakes 1928).

Zinc and titanium oxides also interact strongly due 
to oppositely charged colloidal particles and mutual 
flocculation tendencies. These vary with particle size and 
relative proportions of the two pigments and can strongly 
influence the viscosity of water-based paint formulations 
and the stability of the resulting film (Princen and 
Devena-Peplinski 1964, Diebold et al. 2003). In oil-based 
alkyds addition of zinc oxide to rutile titanium paints also 
has an effect, with one study finding that lowering zinc 
oxide content with aim to reduce zinc soap protuberances 
may actually result in fewer larger aggregates disrupting 
the paint film (Bell 1970).

Paint films based on lead or titanium whites which 
independently demonstrate quite distinct physical/
mechanical responses behave more like zinc oxide 
pigmented films in stress/strain tests when mixed with 
even small percentages of zinc oxide (Mecklenburg 

in soap formation was observed with zinc oxide in linseed 
oil of acid no. 12 in comparison with linseed oil of lower 
acid group concentration (acid no. 4) ( Jacobsen and 
Gardner 1941); acid number indicates the milligrams of 
potassium hydroxide required to neutralise the free fatty 
acids in one gram of oil. Alkyds containing oils with high 
proportions of saturated or mono-unsaturated fatty acids 
such as soya or tall oils have been found to be more prone 
to film disruption caused by zinc soap protruberances, 
however, distillation or segregation of the oil to reduce the 
proportion of saturated fatty acids was found to reduce 
susceptibility (Elm 1957, Bell 1970). 

Fatty acids may also derive from other sources in 
the paint. Aluminium stearate is one common additive 
likely to be a potential source of stearic acid (Elm 1957, 
Ordonez and Twilley 1997, Tumosa 2001, Burnstock 
et al. 2007, Hoogland et al. 2007). Propionic acid has 
been used to form zinc propionate at the surface of zinc 
oxide pigment to modify oil/pigment interaction and 
properties in the wet state (Barnett 1949). Metal salts 
of organic acids are the form of many driers developed 
for the paint industry, including those prompted by the 
poor drying properties of zinc oxide in oil (Kastens and 
Hansen 1949, Taylor and Marks 1969). Additives such 
as calcium napthenate and cobalt driers, as well as resin 
acids from another early additive, rosin, were found to 
increase the solubility, dispersion and concentration 
of zinc soaps in oil, so paint in the tin would become 
progressively thicker but without skinning or separation 
(Ware and Christman 1916, Finnie et al. 1936, 
Hansen and Klauss 1971). In the applied film, high 
fatty acid concentration appeared to restrict oxygen 
absorption and drying; large zinc soap masses formed 
and enveloped portions of the cobalt drier, preventing 
the intended increase in oxygen uptake (Nicholson 
1940). The opposite effect was observed when acidity 
was increased in films pigmented with titanium dioxide 
or zinc sulfide, shortening the induction period. An 
earlier study determined that zinc oxide has a reducing 
effect on cobalt driers, while titanium dioxide oxidises, 
influencing oxygen absorption (Finnie et al. 1936).  

Water and relative humidity
Moisture has long been recognised as a factor in 
reducing the shelf life of mixed paints (Ware and 
Christman 1916). As little as 0.25% water was found 
to favour zinc-based seeding, with water facilitating 
liberation of fatty acids in oil-based paints via hydrolysis 
(Hansen and Klauss 1971). Addition of water caused 
zinc oxide–pigmented alkyd paints to thicken in storage 
and to have reduced opacity, but was also found to 
improve the gloss retention of paint films, the postulate 
being that soaps formed in milling improved dispersion 
in the paint (Bell 1970). Water was similarly found 
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German researchers in association with hardening and 
cracking of early 20th century zinc-based housepaints 
(HW 1925). 

Related research and insights 
Substantial research has been undertaken in relation 
to deterioration of paintings associated with lead 
soap aggregation, and indications are that similar 
mechanisms are involved when the more reactive zinc 
oxide is present. Both lead- and zinc-based aggregates 
have been shown to comprise soaps of the saturated 
C16 and C18 monocarboxylic fatty acids, palmitic 
and stearic acid, rather than of the more reactive and 
prevalent unsaturated C18:1-3 carboxylic acids originally 
present in the oil (Higgitt et al. 2003; Keune and 
Boon 2007). Problematic crystalline lumps forming 
in paint stock have been characterised as zinc salts of 
the same fatty acids (Elm 1957; Hansen and Klauss 
1971). In paintings, azelaic acid, a common product of 
oxidative degradation of unsaturated C18 fatty acids 
predominant in drying oils, is frequently found around 
the perimeter of aggregates (Boon et al. 2005). A phase 
separation appears to occur, possibly explained by 
differences in polarity or unfavourable chain packing 
configurations (Plater et al. 2003). The presence of two 
phases within an aggregate has been taken to suggest 
that the compounds were present and mobile at the 
same time, implying soap formation occurred during 
the drying of the oil (Keune and Boon 2007). In other 
paintings monocarboxylic fatty acids appear to have 
separated from the mature crosslinked network and 
reacted with lead-containing pigment, causing localised 
volume expansion and deformation of surrounding paint 
(Keune and Boon 2007). Monocarboxylic lead soaps 
have also been implicated in the formation of white 
crusts on 17th century paintings; moisture gradients 
and capillary forces are discussed as possible drivers 
of migration to the surface (van Loon 2008). This is 
in contrast to findings in relation to efflorescence on 
modern paintings, where colours containing pigments 
capable of forming soaps tend not to be affected, and the 
formation of fatty acid soaps is thought to immobilise 
and prevent migration of stearic and palmitic acids to 
the surface (Ordonez and Twilley 1997).

Oleic acid levels may be a significant indicator of 
the predisposition for paints based on zinc oxide to 
be brittle and subject to flaking. Recent research has 
identified high levels of oleic acid in mid-20th century 
paintings exhibiting structural weakness (Rogala et 
al. 2010). These levels are unusual for paintings of 
this age as oleic acid (C18:1) would normally oxidise to 
azelaic acid in the course of paint cure. The particular 
crystal lattice orientation of zinc carboxylate molecules 
within paint layers is postulated to lock oleic and 

2008). Similarly, addition of zinc oxide to oil films 
pigmented with basic lead carbonate or titanium dioxide 
was found to increase their water absorbency and 
swelling closer to that recorded for films pigmented with 
zinc oxide alone (Browne 1956). 

Consequences for paintings conservation
Reactivity of zinc oxide in premixed paints ‘on the 
shelf ’ and following exposure to relatively extreme 
environments such as paints used in exterior 
applications has not had immediate apparent 
consequences for easel paintings containing zinc 
oxide, although some early sources do remark on the 
brittleness of zinc oxide–based paints, (Arthur Herbert 
Church: The Chemistry of Paints and Painting, London 
1890, cited in Carlyle 2001), supported by a body 
of anecdotal evidence and more recently articulated 
concerns (O’Hanlon 2007). A recent study links 
widespread structural instability in a group of mid 20th 
century abstract expressionist paintings to the presence 
of preparatory layers of zinc oxide based house paint 
(Rogala et al. 2010). A similar phenomenon is identified 
in a 1938 painting by Joan Miró where additions of 
the relatively slow-drying poppy oil are suggested as 
a contributing factor (O’Donoghue et al. 2006). And 
flaking of zinc containing oil paints from acrylic ground 
layers has been attributed to accumulation of zinc soaps 
at the interface (Maor and Murray 2008). 

It is only in the past decade that deterioration of 
some paintings has been linked to the aggregation of 
zinc soaps. One example includes a work by Vincent van 
Gogh where lumps have erupted through the surface of 
the painting (Van der Weerd et al. 2003). Other studies 
have also identified zinc carboxylate aggregates within 
paintings, apparently similar to the phenomenon of lead 
carboxylate protrusions responsible for deterioration 
of earlier paintings (Boitelle and van den Berg 2005, 
Osmond et al. 2005, O’Donoghue et al. 2006, Shimadzu 
and van den Berg 2006, Zümbuhl and Fuesers 2006). 
Impacts of zinc oxide saponification on surface 
appearance have also been considered (Shimadzu et al. 
2008); increased transparency of paints affected by lead 
soap formation is now recognised to be responsible for 
devastating changes in appearance of some paintings 
(Zucker 1999, Noble et al. 2005, Noble and Boon 
2007, Townsend et al. 2007, Zucker and Boon 2007). 
Remineralisation within zinc soap aggregates has 
also been observed, typically zinc carbonate (Keune 
2005) but also zinc sulfate precipitation in two 1950s 
paintings from Hanoi, Vietnam, which implies a link 
between environment and manifestation given the 
relatively humid, polluted environment to which these 
paintings have been exposed (MacMillan 2007; Ebert 
2008 ). Formation of zinc carbonate was also found by 
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other unsaturated fatty acids acid in place, restricting 
oxidation and cross-linking reactions (Rogala et al. 
2010). The result is a hard, brittle film. Mechanical 
testing of paints containing zinc oxide confirms a 
high modulus with extremely low-breaking strain 
(Suryanarayana 1970, Mecklenburg 2008). 

Conclusion
Zinc oxide is a prevalent pigment in oil-based 
paintings from the late 19th century through until 
the present day. Developments and variety in pigment 
production and paint formulation, and artists’ use 
of paints intended for both artist and industrial 
applications mean that a range of properties can be 
expected in these paints. The reactivity of zinc oxide 
in oil-based media has implications for the stability 
of paintings containing the pigment. Knowledge of 
specific pigment properties, fatty acid composition, 
and the influence of additives and environmental 
conditions on component interactions is critical to our 
interpretation of the appearance, condition and chemical 
analysis of these works. Greater understanding of the 
circumstances likely to favour development of associated 
degradation phenomena will improve our capacity to 
identify the most vulnerable paintings and to implement 
appropriate conservation strategies.
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