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ABSTRACT To compare the cleaning effect of solvents such as water and ethanol used to clean lacquer
relics, the components extracted with various solvents were analyzed. A freshly dried lacquer sample
and a lacquer sample exposed to ultraviolet radiation for 24 days were treated with water, ethanol,
acetone, and hexane, and the dissolved material was detected by pyrolysis—gas chromatography-mass
spectrometry. The amount extracted was significantly higher in acetone and ethanol than in hexane,
a nonpolar solvent. Water, a highly polar solvent, was relatively efficient for extracting low-
molecular-weight materials. After experiencing 24 days of ultraviolet radiation, the lacquer exhibited
a significant increase of extracted materials compared with the nonexposed one. This may be due to
the degradation of the urushiol chain in the form of polymers, resulting in the formation of low-
molecular-weight polar substances, including dicarboxylic acids. In addition to the deterioration status
of lacquer relics, such solvent extraction properties will be a crucial consideration in selecting the
appropriate cleaning solvent.

Key Words Dried Asian lacquer, Ultraviolet light, Solvent, Cleaning, Pyrolysis-gas chromatography-mass
spectrometry
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Figure 1. Photographs of dried lacquer film. (a) before UV irradiation, (b) after UV irradiation for 0, 6,

12, 18, 24 days from left to right section.
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HFE 1SEt7HA] gefRt 2d50] ASEH . ogke
o] A= butanendioic acid, dimethyl ester(1), nonanoic acid,
methyl ester(2), dimethyl 2-methoxyhexane-1,6-dioate(3),
1,7-hexadecadiene(4), 1-tetradecene(5), 1,2-dimethoxy-4-(3-
methoxypropyl) benzene(6), 9-hexadecenoic acid, methyl
ester, (Z)(7), hexadecanoic acid, methyl ester(8), 9-octadecenoic
acid, methyl ester, (Z)-(9), octadecanoic acid, methyl ester
(10), anisole, m-tridecyl-(11), benzene, 1-methoxy-3-pentadecyl-
(12), (Z)-3-(pentadec-8-en-1-yl)phenol(13), 1,2-dimethoxy-3-
pentadec-8-enylbenzene(14), 1,2-dimethoxy-3-pentadecylbenzene
(15), (E)-1-(4-hydroxy-3-methoxyphenyl)tetradec-3-en-5-one
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Figure 2. Pyrolysis/GC/MS chromatograms of the extract from dried lacquer film extracted with various solvents. (a) water,

(b) ethanol, (c) acetone, (d) hexane.



/ 2FEAM, Michael R. Schilling, Herant Khanijian, Arlen Heginbotham | 107

methyl ester, (Z)-(8), octadecanoic acid, methyl ester(9),
anisole, m-tridecyl-(10), benzene, 1-methoxy-3-pentadecyl-
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Figure 3. Pyrolysis/GC/MS chromatograms of the extract from dried lacquer film extracted with various solvents. (a) water,
(b) ethanol, (c) acetone, (d) hexane. The dried lacquer film was irradiated with ultraviolet light for 24 days.
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dimethyl ester(1), butane, 1,2,4-trimethoxy-(2), pentanedioic
acid, dimethyl ester(3), 1,2-dimethoxybenzene(4), benzene,
1,4-dimethoxy-(5), nonanoic acid, methyl ester(6), hexanedioic
acid, dimethyl ester(7), dimethyl 2-methoxyhexane-1,6-dioate(S),
1,2,4-trimethoxybenzene(9), hexadecanoic acid, methyl ester(10)
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nonanoic acid, methyl ester(2), 8-dodecen-1-0l(3), 1-tetradecene
(4), 9-hexadecenoic acid, methyl ester, (Z)-(5), hexadecanoic
acid, methyl ester(6), 9-octadecenoic acid, methyl ester, (Z)-
(7), octadecanoic acid, methyl ester(8), anisole, m-tridecyl-
(9), benzene, 1-methoxy-3-pentadecyl-(10), (Z)-3-(pentadec-
8-en-1-yl)phenol(11), 1,2-dimethoxy-3-pentadec-8-enylbenzene
(12), 1,2-dimethoxy-3-pentadecylbenzene(13), (E)-1-(4-hydroxy-
3-methoxyphenyl)tetradec-3-en-5-one(14), 2-pentadecylguaiacol
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Figure 4. Relative amount of mono- and di-carboxylic acid extracted from dried lacquer film irradiated with UV radiation
for 24 days. The extraction solvents are (a) water, (b) ethanol, (c) acetone, (d) hexane. C18 monocarboxylic fatty acid
stands for carboxylic acid with 18-carbon chain and C4 dicarboxylic fatty acids stands for dicarboxylic acid with 4-carbon
chain, and so on.
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Figure 5. FT-IR spectra of dried lacquer film irradiated with UV radiation for 24 days. Before (a) and after (b) extraction
with water. The samples were in powder type and dried at room temperature for FT-IR measurement after extraction.
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