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INTRODUCTION
Acrylic paint films are composed of complex mixtures of pigments, polymers, surfactants, 
extenders, fillers, thickeners, etc. Because of the sensitive nature of  these components, 
conservators must devise cleaning solutions that manage aqueous and solvent chemistry to limit 
swelling and component extraction. Suspending aqueous and solvent phases in an emulsion can 
help limit their interaction with the paint. 

The tendency of these films to entrap soil is believed to be caused by the migration of 
surfactant throughout the paint film (Jablonski et al., 2003; Ziraldo et al., 2015). Prior research has 
explored the migration of surfactant throughout the aging paint films, effect of temperature and 
humidity, pH and conductivity, and the efficacy of particle-based water-in-oil emulsion systems 
for cleaning. Pickering-type emulsions can deliver a relatively large proportion of an aqueous phase 
safely to the surface by suspending it in an emulsifier with a very low solubility parameter and no 
surfactant required. In addition, a silicone-based solvent with aromatic character has been shown to 
be highly effective at breaking the intermolecular bonds between grime and surfactant inherent in 
an acrylic dispersion paint. 

In this study, Pickering-type emulsions composed of KSG-350z (dimethicone particles 
crosslinked with polyethylene glycol and derivatized with aliphatic pendant groups), Velvesil Plus 
with aqueous phases, and phenyl trimethicone were tested to determine their cleaning efficacy. 
While these materials have been tested before on Golden® acrylic paints (Wolbers, et. al 2015), the 
aim of this study was to test Liquitex® acrylic paints (aged and young paint films) for the first time.
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EXPERIMENTAL DESIGN
Liquitex® acrylic colors were painted out on ground-glass microscope slides. The ground-glass 
slides were pre-prepared with gesso covering one half of each slide. The paints were allowed to dry 
for approximately three weeks before a slurry of carbon powder in DI H2O was delivered to the 
film. The slides were aged for four months indoors. Following the aging process, the samples were 
flooded with D4 silicone solvent and rinsed with D4 after cleaning. In all tests, the soiled brushes 
used for cleaning were unloaded onto clean blotter paper. In nearly each case a significant amount 
of color was removed from the slide. Further testing with D4, D2, and phenyl trimethicone on 
uncleaned samples also removed color. Because of the sensitivity of the relatively fresh paint films, 
further testing was performed on older films of each color (aged approximately 4-5 years). These 
films, supported on Mylar, were taped to Coroplast before a slurry of carbon black dry pigment in 
D2 was delivered to each strip. Three different cleaning systems were tested on half of the soiled 
strips, leaving one-third soiled, one-third cleaned, and one-third as a control. The cleaning systems 
were as follows: 

● Velvesil Plus emulsion with 3% w/w aqueous solution (0.5% w/v citrate in deionized water 
adjusted to pH 6 with TEA)

● the same system as above with 3% w/w phenyl trimethicone
● KSG-350z emulsion with 30% w/w aqueous solution (0.5% w/v citrate in deionized water 

adjusted to pH 6 with TEA). 

Each  strip was flooded with a solution of 7:1 D2 and D4 solvent prior to cleaning and cleared 
with D2 silicone solvent. The soiled brushes were unloaded on clean blotter.The cleaned area of 
each sample and the blotter were analyzed using portable X-ray Fluorescence spectroscopy (pXRF) 
and a colorimeter  to measure the change in L* a* b* values between the control, soiled, and 
cleaned sections.
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RESULTS
● Initial pXRF results suggested silicon remained on the surface after cleaning, however, further 

qualitative analysis is needed to assign statistical significance.
● The pXRF spectra from the blotters do not show an increase in the elements of the paint 

including cadmium, copper, and iron.
● Significant changes in ∆E were seen in the control and KSG-350z cleaning system, whereas the 

Velvesil systems show smaller changes. ∆E values varied in comparison to the Velvesil Plus 
systems (soiled and cleaned), but showed consistent color changes with the naked eye.

● Significant changes in ∆E were found before and after treatment in cadmium yellow light, 
naphthol red light, pyrrole red, and titanium white. Smaller changes were found in Mars black, 
ultramarine, and phthalocyanine green. 
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DISCUSSION
Although there were some variation between the performance across the paint colors, Colorimetry 
illustrated that mixtures of Velvesil Plus with an aqueous phase and Velvesil Plus with phenyl 
trimethicone showed consistent color changes (∆E). Comparing the control with  measurements 
after treatment demonstrated the KSG-350z emulsion consistently produced a much larger ∆E. 
This, in addition to visual observations indicates that the KSG-350z emulsion was less effective at 
cleaning than the two Velvesil Plus emulsions. Silicon was naturally present on numerous surfaces in 
the experimental materials including the Coroplast and Mylar mounting materials. However, the 
heightened levels of silicon suggests siloxanes remained on the paint surfaces after clearance. This 
study should be viewed as a preliminary survey on the efficacy of these siloxane-based cleaning 
strategies. Future studies may analyze the surfactant present with Desorption Electrospray 
Ionization (DESI) mass spectrometry, establish more comprehensive range of effective cleaning 
systems, and determine the systems’ effectiveness on non-carbon based soil. 
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