
 

 

Figure 2. CN hair receiver lid before experiment (left) and after two rounds of accelerating aging and 

exposure to two testing protocols (right). The object is from the study collection held by the conservation 

program. 
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Cellulose nitrate (CN), like other early plastics, is known to be adversely affected by both 

aqueous and solvent cleaning methods.1 As a malignant plastic, it is subject to severe 

degradation as it ages, is sensitive to all solvents, and its soft surface can be easily scratched by 

dry cleaning methods. New materials used in conservation, such as silicone solvents and 

silicone-based emulsions, offer promising possibilities for cleaning; however, their effect on CN 

and other similarly sensitive plastics has not been explored. Silicone solvents are primarily used 

in the cosmetic industry and are valued for their non-reactivity and high volatility. They have 

recently been introduced into the conservation field by Richard Wolbers and have been utilized in 

the cleaning of paintings, Asian lacquer, and other surfaces. 

 

The lid from a 1920s CN hair receiver was cleaned with a variety of  

materials, and initial surface changes were observed and recorded. 

 Acetone and benzyl alcohol, solvents known to be damaging to CN, 

 were included in the testing protocol as controls, along with water 

(pH of 6 and 8), and Shellsol D38. These were compared to 

octamethylcyclotetrasiloxane (a cyclomethicone silicone solvent, 

also known as D4). This experiment provides insight into the effects 

of silicone solvents, in comparison with other aqueous-  

or solvent-based methods on sensitive plastic surfaces like CN.  

 

 

 

 The aging cycles resulted in an overall darkening of the CN surface and an increase in the 

camphor odor produced by the object. However, there was no appreciable visual change to 

the test areas, even in the areas where damaging solvents were applied.  

 

 A secondary testing protocol was developed in order to determine if the solvent and aqueous 

mixtures were leaching the camphor plasticizer. Application of solvents after accelerated aging 

resulted in visual changes as a result of exposure to acetone, benzyl alcohol, pH 6 water, and 

pH 8 water. No noticeable change was observed in the test areas of Shellsol D38 or D4. 

 

 Camphor was detected by GC-MS analysis in all samples collected from the secondary testing 

protocol except for Shellsol D38 and D4. This suggests that the silicone solvent will not 

remove or leach plasticizer from the CN surface, and should be explored further as a possible 

material for use with CN. 

 

 Further research into the many applications of silicone solvents may give way to new 

treatment methods for sensitive plastics like cellulose nitrate. For example, Velvesil Plus, a 

silicone crosspolymer gel, can be emulsified with small amounts of water or solvent. This may 

allow custom cleaning solutions to be brought to the surface of CN objects, while mitigating the 

risk of removing plasticizers. 
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2 Winterthur SOLVENT method conditions as follows: a sample volume (splitless) of 1μL was injected at an inlet 

temperature of 300°C onto a 30m × 250μm × 0.25μm film thickness HP-5MS column (5% phenyl methyl siloxane) at a flow 

rate of 1.2mL/minute with a 5.00 minute solvent delay. The GC oven temperature program was held at 55°C for two 

minutes, then programmed to increase at 10°C/minute to 325°C, followed by a 10 minute isothermal period for a total run 

time of 39 minutes. The transfer line temperature to the MSD (SCAN mode) was 300°C, the source at 230°C and the MS 

quad at 150°C. 
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Evaluation Methods 
  

Optical Microscopy 
 

The object was examined under the microscope at 10-50x before and after solvent tests and 

accelerated aging. 
 

Fourier Transform Infrared Spectroscopy (FTIR) 
 

The presence of camphor was confirmed with FTIR (Nicolet Protege FTIR spectrometer with 

Inspect IR microscope). 
 

Gas Chromatography - Mass Spectrometry (GC-MS) 
 

GC-MS (Agilent Technologies 7820 gas chromatograph, Agilent 5975 mass selective detector, 

G4513 automatic liquid injector, Winterthur SOLVENT method2) was used to analyze liquid 

samples produced by the secondary testing protocol. Selected ion chromatograms were then 

generated from the total ion chromatograms (TIC) in order to identify the presence of camphor 

(characterized by the presence of four markers: 152, 108, 95, and 81 m/z). 

 
 

 

Initial Testing Protocol 
 

A selection of solvents and aqueous mixtures were tested: acetone; benzyl alcohol; water 

buffered to pH 6 with citric acid and NaOH; water buffered to pH 8 with citric acid, boric acid, and 

NaOH; Shellsol D38; D4; Velvesil Plus (a silicone crosspolymer gel); and phenyltrimethicone. 
 

Each was applied in discrete areas to the object surface, agitated with a brush or swab for 30 

seconds, and removed. The object was then aged in order to accelerate degradation. Two aging 

rounds were completed.  

Accelerated Aging 
 

A QUV Weatherometer (Q-Lab Corporation) was used to accelerate the aging on the object 

generally according to the methods described in the ASTM G53 procedure. The object was 

exposed for approximately 300 hours, cycling in four-hour increments between light and dark, 

and fluctuating the temperature between 50º- 63ºC. Approximately 200 additional hours of UV 

exposure was conducted with UV-C 254 nm bulbs.  

 

 
Secondary Testing Protocol 
 

Six solvents and aqueous mixtures (acetone, benzyl alcohol, pH 6 water, pH 8 water, Shellsol D38, and D4) were chosen for testing the effects of direct application again after accelerated aging. 

Two drops of each solvent or aqueous mixture were applied to the CN surface. The drops were allowed to sit for 30 seconds before they were collected in a small glass vial for GC-MS analysis in 

order to determine if any plasticizer was removed. 

 

Experimental 

Results and Discussion 

Figure 4. TIC chromatograms of acetone (top left) and D4 (bottom left) as well as selected ion chromatograms for D4 (right). In 

the selected ion chromatogram of the D4 sample, all four camphor m/z markers are not present, and the retention times do not 

match those of camphor, indicating that the plasticizer is not present in the D4 sample.  

Introduction 

Water, pH 8 Water, pH 6 Benzyl alcohol Acetone Shellsol D38 D4 Control 

Figure 3. Photomicrographs of the CN surface after exposure to solvents after accelerated aging and completion of the secondary testing protocol (10x). Visible degradation occurred on the first four test sites. 

Hair receivers were 

used to store hair 

removed from 

brushes and combs 

for reuse as stuffing 

material or for 

bulking elaborate 

hairstyles. 
  

Figure 1. Structure of D4 


