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Abstract Asian lacquer has been used as an adhesive and coating material in Asian countries, such as China,
Japan, and Korea, and other southeast Asian countries. In this study, the changes in the chemical structure of
lacquer with drying was analyzed using pyrolysis/GC/MS (which is useful in analyzing polymeric material)
to understand its drying procedures. Upon increasing temperature, the dried lacquer was fully pyrolyzed above
the pyrolysis temperature of 500 °C. The repeatability was good at the pyrolysis temperature of 500 °C (rsd
=2.6-22.3 %); however, there were differences in the pyrogram patterns when the difference in sample quantity
was large. The characteristic peaks of Asian lacquer components, such as those corresponding to 1,2-benzenediol
and 3-methyl-1,2-benzenediol, were detected and the compound of each peak was assigned according to the
mass library. As the lacquer dried, the composition of pyrolysis products with urushiol derivatives bearing 3
C=C bonds was severely reduced compared with the ones with no C=C bonds, indicating that the polymerization
is related to C=C bonds. These results can be applied to confirm the presence of lacquer in excavated relics
and to monitor the changes in the composition of raw lacquer with drying.
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2 5ol AABIAL QIThE o] F Rhus vernicifera®)
FAAEL F A (urushiol), Rhus succedanea= B+
(laccol), Melanorrhoea usitata'= E] X2 (thitsiol)*] t}. >

Rhus vernicifera® /3% $FAEHFY A4 &

%)
A AHgs) ek 2 A 7194 3R FEEE 0 Table 19 YERLTE
ook EAE] AEE §4 AW 5 28 AMES T Syl A ol gt A= 2o AL %5
&3 FEEC] EEHY g, H A, Adh 238 Al ek &S B3 22 AFH AHoNA HE
Ag A% T £ A EEFEC] EAVA HAeHIAL st A=7E UATES o]e} Al At 29 §-FA]
T2 2 AR Y 2UR FE2E T FA2 5549
22 FFAEF(FF A E(urushiol), 2+ (laccol), ShagH] B0 5 go] AR B A} sy W
Bl X2 (thitsiol)), 5, L4, FALE &4 (laccase) Hol 23k 29 T5 7& A Fo] ATk
502 A% water-in-oil FEJ2] emulsion® ZA] At FENAN & B F2 FHn G, AAEr A,
shRkg-ol o3 3 A Fxo] AEAE FAsHHEA AL AL FHAR)Z 22 Wy o3 F=2 o] FoH
Az, AxEo] ke A HH G, 24, th2 Fstev| e §etoz Aol Fld AJH
g7 5O g Aoyt e, G, 4 A ' sl 2 7HES AR 9% S22 AFo '
7t= Ao Wbyt gl A= s, FEE, W S FFst= Aoz A 1 B FEH AU B4 9
A, A, A, A, el st A FHE olFo] Sttt AAAn 42 Fern| A2 o]
g7y F71RF 5o 228 3t xHe| AR Ao xWF HFe] dHs AFs= A Qo FUE
I F717F i ERE olyel oAt MskA] gl A T%t= AEe] 94E BAste Aol kst o]
ArsY HHAAER &85 gt 29 87 & 2RE FA7|E A&sted AHE R8T R, ER,
-2 Tetsuo Miyakoshi 5l 2J3] 2A;F¢ A5 A7, A T8 IS S 40 Ao
3 1 A Ao 2 A Ed ol2% Y3 o, 22 EFAHOZ {7 EC|RE RS ©] &3t
22 2UFE(Rhus)ol &3t UFAdA dojX= =& RIEE AL AAxs L ot} AR, &
o, ofrlote] 739 Rhus vernicifera= =, =, 4 E FEF o] tfgt S =EHo] =3t= Y
EoNX, Rhus succedanea= EHHIEF TRk A, g7} ek 23 A5 v, IRy Z2& HHo g
Melanorrhoea usitata= El=, 1] QFv}, ZFHt]o} 22 gRlIsh7loll= oE gl AT
Table 1. The components of urushiol from Rhus vernicifera
R MW %
CisHs, 320 4.5
8(Z)-C7H,,CH=CHC4H 5 318 15.0
0H 10(Z2)—-CyH,3CH=CHC4Hy 318 1.5
0H 8(2),11(E)-C;H,,CH=CHCH,CH=CHC;H, 316 4.4
8(2),11(2)-C-H,,CH=CHCH,CH=CHC;H, 316 6.5
8(2),11(E),13(E)~C;H,,CH=CHCH,CH=CHCH=CHCH, 314 1.7
'y 8(2),11(E),13(Z)~C;H,,CH=CHCH,CH=CHCH=CHCH, 314 554
8(2),11(E),14-C,;H,,CH=CHCH,CH=CHCH,CH=CH, 314 7.4
10(Z)~CoH,sCH=CHC4H 5 346 15
8(2),11(Z)-C;H,,CH=CHCH,CH=CHC3H, 344 1.8
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Fig. 1. Photographs of samples used in this study. (a) raw lacquer, (b) extracted urushiol from raw lacquer, and (c) pieces

of dried lacquer film.

A, G2 /GCMSE o] &5l L& ‘f’ﬁz‘s}fﬂ%
thre] A=) Qlo] g, E38] dEoA FHS AT
Azt dRENC? vz 27 A] =

Ee/GCMSE A A7) vk Aed2 35
NAF A GFEANN FEE /ANBL 243
o phenol, 2-propenylbenzene, 1-tetradecene, pentadecane
So gRsjEol YEPL IS 24A S
A=A B &)l A HAAEE £ 3]
methylbenzene, 2-hydroxy-4-methylphenol, 3-tetradecene,

pentadecane 5 oA fFelshs AES HAESIAT.
AR & BAge o] GRAeE, AERTE 5
S AAHCR AES Hie A gle 42& Hel

A
R AP E AEE £ ARE GEAGOMS
2 BH5) A% BAYS 3YRAA AR 2w
9 AR e AzrkEay B Wl A
4y, Qs 2E sl Fol AES F4 A
A BA0] ol FolAE 20S R St

N
>
]LI.'

21. Mg

Aol AR A B AR AN Anjste
Fhrol ] Ade A BeEs AT F A
StATt. Al FEe] & s fEIE Sl Sl g
2k 22 °C, 50 %RH (dtisie) 27904 309 &<t 2
Foto] A% A Lohs AlEslh £olM R
«1 FEE oMES FEAoR & dA-AA 2

°
=
o AHgBEON, FEF F AT WEE o] obilE

22. 24 4y

& 731 48] (pyrolyzer)= Frontier LabAl2] PY-3030D
RS stAaRetE g /8GR A 7 (GCMS)E
AgilentA}¢] 7890A GC/ 5975C MSD =9 & A}-&-3}
Atk Az A =5t ARE AYFL Aste] GRNE
Aol Pekth $FAL g A RE FEF $FAL
g opAlZell 34 ste] 10 w/l mL7F H A 34 3
%5 uLE Fs) &l 3ol Hskainh

A 7] A B 4 (evolved gas analysis)<
Az A AN8E da3f& 3ol "ot
100 °Cell 4] A] =)o 800 °C7HA] 20 °C/min &=
*-@o}oﬂv} Qe AES GOMSE o1 85he] 2]

A S AT ?—JE*% UADTM-2.5M column (2.5 m
x 0.15 mm id, with no layer for separation)S A}-& 3}
Jom, QEL = 300 °CE FASATE o1& 7
AZ AE(1 mLAE)S AR L, split ratio= 100:1
ol AES AFEH7I(MSDYE AHE-sl e, 2
FEA7] 2710 v 2tk MS transfer line temp.
(280 °C), MS ion source temp. (230 °C), MS quadrupole
temp. (150 °C), mass range (m/z 33~550).

HEAHIE TS 8 ARE SRME Hol '
o} AE& AR Lol FAsl] YA 2%(200~700 °C)
oA 1227+ ARASIAT, o714 ARFL ARe)e
= HEY A T 1lmg NEF HES] HS OOSmg
~1.03 mg, ¥4 HES A9 <F 0.5 mgelUTh E&
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Fig. 2. Evolved gas analysis of dried lacquer. Evolved gas was
monitored according to the pyrolyzing temperature
from 100 to 800 °C.
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Fig. 3. py/GC/MS chromatogram according to pyrolysis
temperature. Pyrolysis temperatures (from bottom to
top) are 200, 300, 400, 500, 600, 700 °C, respectively.
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Fig. 4. py/GC/MS chromatogram according to quantity of
sample. Sample quantities(from bottom to top) are

0.05 mg, 0.19 mg, 0.37 mg, 0.49 mg, 0.78 mg, 1.03 mg,
respectively.
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Fig. 5. Repeatability of py/GC/MS chromatogram according to
sample quantity. Sample quantities (from bottom to top)
are 0.45 mg, 0.49 mg, 0.50 mg, 0.53 mg, 0.54 mg,
respectively.
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1,2-benzenediol), 24.083(pentadecenylphenol)ol| 4] 53]
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Fig. 6. Pyrolysis/GC/MS chromatogram of dried lacquer sample. (a) full chromatogram, (b) 1st half of the chromatogram,

(c) 2nd half of the chromatogram
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32 R ME
500 °C E&3l 7oA Ax £ A]Hd i3] g+
3/GC/MS A4S 3H9aL, 7 AZuETHR S Fig 6

o, 7} peak®] zhelB 2] HA AIE Table 29 £
A &R TE WA, 1,2-benzenediol (16¥), 3-methyl-1,2-
benzenediol (201) 5 urushiolol| A 71218+ 71EH| & A
HEEo] A& HAth m/z 318, 320 5] AZH] 3-
pentadecenylcatechol, 4-pentadecenylcatechol (36, 38%1),
3-pentadecylcatechol (37H)E A HE = U+ peak=

Table 2. Compounds identified in the chromatogram of dried lacquer sample (Identification based on Wiley library matching)

r.t.

No. (min) Compounds Major lon(M/z) QY
1 3.84 toluene 91,92 94
2 5.12 benzene, ethyl- 91,106 94
3 5.55 styrene 104,103,78,51 97
4 5.66 benzene, 1,3-dimethyl- 91,106 81
5 6.09 cis-2-nonene 43,55,70,126 93
6 6.52 benzaldehyde 77,106,105,51 96
7 6.71 benzene, propyl- 91,120 90
8 7.87 cis-3-decene 57,43,71,85,140 87
9 7.94 benzene, 1-ethenyl-2-methyl- 117,118,115,91 95
10 8.41 ethanone, 1-phenyl- 105,77,120 94
11 8.54 benzene, butyl- 91,92,105,134 81
12 9.37 3-undecene, (Z)- 55,41,69,83,97,154 95
13 9.56 undecane 57,43,71,85,156 97
14 10.04 *b) 91,104 -
15 10.21 benzene, pentyl- 91,92,148 93
16 10.83 1,2-benzenediol 110,64,81,92 95
17 10.95 3-dodecene, (Z2)- 55,41,69,83,110,97,168 95
18 11.12 dodecane 57,43,71,85,170 96
19 11.59 benzene, cyclohexyl- 91,104,117,160 72
20 11.67 1,2-benzenediol, 3-methyl- 124,78,123,77,105 93
21 11.76 benzene, hexyl- 91,92,105,162 70
22 12.34 S-tridecene, (E)- 55,69,41,83,97,182 97
23 12.54 tridecane 57,43,71,85,184 98
24 13.19 benzene, heptyl- 91,92,176 91
25 13.48 cyclododecene, (E)- 67,81,55,41,96,109,166 95
26 13.52 E-1,9-tetradecadiene 67,55,81,41,96,109,194 94
27 13.73 1-tetradecene 55,41,69,83,97,111,196 96
28 13.86 tetradecane 57,43,71,85,123,198 98
29 14.71 7-pentadecyne 67,55,81,41,95,109,123,208 72
30 14.83 * 55,69,41,83,97,111,210 -
31 14.90 * 55,69,41,83,97,111,210 -
32 14.97 1-pentadecene 55,69,41,83,97,111,210 97
33 15.10 pentadecane 57,71,43,85,212 98
34 18.37 * 123,124,208 -
35 24.07 * 108,107,120,302 -
36 25.38 * 123,124,136,179,318 -
37 25.54 * 123,124,320,179,136 -
38 25.87 * 123,318,124,136 -

a) Matching quality according to Wiley library matching.

b) Cannot be identified or has a low quality of library matching (quality < 70).
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Fig. 7. Postulated pyrolysis location of the lacquer film and
mechanism of formation of m/z 123 and 108 ion
species in the process of py-GC/MS.
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Table 3. Compounds containing m/z 123 in the pyrolysis/
GC/MS chromatogram of Fig. 8

0. (niltn) Compounds Mz(i:r(: /rZ;on
1 10.57 2-methoxy-4-methylphenol 123,138

2 11.68 1,2-benzenediol, 3-methyl- 123,78,106
3 12.12 1,2-benzenediol, 4-methyl- 123,124,78
4 12.77 1,2-benzenediol, 4-ethyl- 123,138

5 13.35 1,3-benzenediol, 4-ethyl- 123,138

6 13.84 1,3-benzenediol, 4-propyl- 123,152

7 15.05 1,2-benzenediol, 3-butyl- 123,166

8 16.17 1,2-benzenediol, 3-pentyl- 123,180

9 17.29 1,2-benzenediol, 3-hexyl- 123,124,194
10 18.37 1,2-benzenediol, 3-heptyl- 123,124,208
11 19.38 1,2-benzenediol, 3-octyl- 123,124,222
12 25.38 1,2-benzenediol, 3-pentadecenyl- 123,136,179,318
13 25.53 1,2-benzenediol, 3-pentadecyl- 123,179,320

Table 4. Compounds with m/z 108 in the pyrolysis/GC/MS
chromatogram of Fig. 8

No. (nrutn) Compounds M?ﬂ;’ ;Z;(m
1 8.48 phenol, 2-methyl- 108,107,90,79

2 8.85 phenol, 3-methyl- 108,107,77,79,91
3 11.66 phenol, propyl- 136,108,122

4 13.02 phenol, butyl- 108,150

5 14.29 phenol, pentyl- 108,164

6 15.50 phenol, hexyl- 108,178

7 16.66 phenol, heptyl- 108,107,192,121
8 17.76 phenol, 3-octyl- 108,107,206,121,77
9 18.81 phenol, nonyl- 108,220

10 24.07 phenol, pentadecenyl- 108,302

11 24.26 phenol, pentadecyl- 108,304

» (b)

Abundance(a.u.)

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Time(min.)

Fig. 8. Selected ion chromatogram of dried lacquer sample. Selected ions are m/z 123(a) and 108(b).
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71 A A8 thFig. 9(a)). tHAIH o2 42l Fis)

=7t F718HA] peak™ A o] Z713} T} benzene
ring®l 313 3= m/z 912] 7% toluene (3.82%), ethyl-
benzene (5.09+), 1,3-dimethylbenzene (5.61%), propyl-
benzene (6.70%), 1-propenylbenzene (7.40%), 3-butenyl-
benzene (8.26+%), butylbenzene (8.53%), pentylbenzene
(10.21%), cyclohexylbenzene (11.59%), 5-heptenylbenzene
(13.02%) 52 400~700 °CoNA =7} Z7Fge] uwet
peak® & o] Z7}a A tH(Fig. 9(b)). m/z 1082] 73§ 2-
methylphenol (8.48+), 3-methylphenol (8.85+%)-2 400 °C
olA 700 °CE 27} F71sPiA AEUe] 7t
AT} WHH, hexylphenol (15.50%%), heptylphenol (16.66%%),
3-octylphenol (17.76+%), nonylphenol (18.813)2 500 °C
A A& A& =t} 600, 700 °ColM = a3k 9
t}. S, pentadecenylphenol (24.07%), pentadecylphenol
(24263 400~700 °CollA & o] glo] HEHAT
(Fig. 9(c)). m/z 1232] A R 27t S713e
w2} Exjgko] £ B4 e 7HAEy 2 B e =v}
3t 1t} 3-methyl-1,2-benzenediol (11.68%%), 4-methyl-
1,2-benzenediol (12.12%%), 4-ethyl-1,2-benzenediol (12.773),
4-ethyl-1,3-benzenediol (13.35+%), 4-propyl-1,3-benzenediol

(b) 10 —200°C
o ——300%C
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Selected ion chromatograms of dried lacquer sample according to pyrolysis temperature (200, 300, 400, 500, 600,

700 °C from bottom to top). (a) m/z=55, (b) m/z=91, (c) m/z=108, (d) m/z=123
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(13.84%), 3-butyl-1,2-benzenediol (15.05% ) 400 °Col|A]
700 °CE FEdl&x=7t S7kstar HEFel S7hst
3 o}, ¥HE, 3-heptylcatechol (18.37%), 3-octylcatechol
(19.38%), 3-pentadecenylcatechol (25.38%), 3-pentade-
cylcatechol (25.53%)2 500 °ColA HUZ HEEH 7}
600, 700 °Col A= ZAaskal Utk 500 °CollA] D3|
3 o 3-heptylcatecholo] HNZ AEH Z& o]A
ATFAset A AR 700 °CoAlME 3-
methylcatechol (11.68%)0] 2 HEFH2Z A3} 3
AAl 8 225 aFstoF & Aot} £9] thE
FF< Rhus succedanead 7% 7L LA 3-
nonylcatechol®] HUZ HEF & A= FHHHAN(Fig
3

9(d)). ot o AHA=YE GEI) 2= HHd =
e 53 dots dRAANES a5or HET

34. X0 ME PTAE MEe| Wz
Sol Az $FA L] o] oA Wt
A setalr] 98l A% A ALNN 22D 9%

3 A% £& Qe BAee] wlaws
)|

G FEA A W7 fle AR B
(Fig. 10). FF +-FASN34 A2 2049
E3H/GCMS AZFTETHANA -FAE Ex}gol 3
Bk ol FEt HnYS u, 2o] AXF
W} m/z 3148 A, m/z 318, 3208 AT F o
2 F7kke Ae & 7 UATHFig 10 inset). ZF =

B 25 2 25 2
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Fig. 10. Total ion chromatograms of dried lacquer by pyrolysis/
GC/MS(a), urushiol by pyrolysis/GC/MS(b) and
urushiol by GC/MS(c). Inset : selected ion chroma-
togram of m/z 314 (thick dotted line), 318 (thin
dotted line) and 320 (solid blue line).

ZutEa oA o]& Al o]&(m/z 314, 318, 320) |
23] tigk 7t o] 2o WAHIE T3S W, m/z 314
o] 25 040014 022 Z4s8klal, m/z 3182 034
A 0.602Z, m/z 3202 0279014 04022 zHz} =
7Hetanh &, SFA12Y] F4E<] 3-pentadecatrieny-
lcatechol MW=314)°] AZ3}H S AXAA A&
Zloltt. olelgt A= 29| Zstol| w2} 3-pentadecy-
lcatechol (MW=320)°]] 3+ 3-pentadecenylcatechol
(MW=318)3}  3-pentadecadienylcatechol (MW=316)2]
v & Hsks det 71 Ry g Aol kst
o] Bilo|A A3trt R EHA] Es) Lxkol] HlE| o]

o,
ol
o
N
=
I
o

side chain cross-linkage)S
gt 2 AFgME F4EQ 9

Stk @, L3} $-ALo] GRslolN B
& 2EA Aze) HEs1E ol R 3} 954
2o] Qe HWA Wold Lhos] RO W

4.8 B

E3Al oA £& golsted B85 A%

GEI/GCMSEHOo 2 A3l T =

3/GCMSE A 3t7] -3 274 500 °Coll*
.]

Y@ wrEAo] BAHUT of EANA BHNLS
W Axe) Fad AR HES I3, O, =,

7HlE S22 et s, AR

I

ol w2} I
3 ol GeEtAlE Aol JorR AlgFe] A A}
o & A% tloly syl Fe7t dad Aoz &
et EEelekel mE dEsiihEe] SR ol
Heths A ERY R es Mo 2H
54T AEe Ao dFste A 7 A
o7 Btk AxHA 42 ¢FAAA dxd £
2 BHIS W 25 Aske RS ARl Az
oF 9 WstE = Ao RRE £9 At 2t o]
TAZ] oS & F AU o 22 AA=E
FH EIN/GCMSHLE £ AR5 8 74 A&
< et o RN o] A3t A olsf, TE % AR
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