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ABSTRACT In order to examine the constituents and weathered state of a lacquer specimen, analysis of the organic materials
was conducted using py/GC/MS(pyrolysis-gas chromatography-mass spectrometry). The samples were obtained from
the lacquered wooden sheath of a long ring-pommel sword excavated in the Imdang No.1 ancient tomb constructed around
the Proto-Three Kingdoms period. In direct py/GC/MS, the sample and the dried Asian lacquer showed similar
chromatograms, while the characteristic compounds of Asian lacquer such as 1,2-dimethoxy-3-pentadecylbenzene were
observed in THM(thermally assisted hydrolysis and methylation)-py/GC/MS. In addition, compounds like dimethyl
nonanedioate, which presumably originated from drying oil, were also detected. Furthermore, the detection of oxidized
catechols in considerable amount indicated that the degradation of lacquer is estimated to result from the oxidation of
urushiol. Therefore, it is suggested that the lacquered wooden sheath was prepared using Asian lacquer and drying oil,
and that the lacquer layer was considerably oxidized over the long burial time.
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Figure 1. A long sword with ring pommel equipped with lacquered wooden sheath excavated in Imdang No.1 ancient
tomb. (a) A whole surface of the sword, (b) Its part with lacquer fragment.
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Figure 2. Optical microscopic image and IR result of the
lacquer specimen. (a) Optical microscopic image of
cross-section, (b) IR spectrum.
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Table 1. Components of dried Asian lacquer and ancient lacquer specimen from Kyoungsan Imdang No.1 tomb analyzed
by py/GC/MS(for the peaks whose areas are not less than 0.05% of total chromatogram area)

No. Compound RT r RT s Ar A s Qr Qs
1 Benzene 5.82 0.08% 81
2 Toluene 7.59 7.63 0.08%  0.29% 99 98
3 Heptane 7.73 7.76 0.05%  0.05% 84 90
4 o-Xylene 9.38 0.17% 95
5 Octane 9.54 0.10% 85
6 Styrene 9.56 0.17% 97
7 Benzene, 1,3-dimethyl- 9.68 9.71 0.05%  0.15% 99 99
8 Benzaldehyde 10.24 0.06% 98
9 Phenol 10.47 0.09% 92
10 Nonane 11.12 11.15 0.06%  0.17% 86 90
11 Benzene, (1-methylethyl)- 11.21 0.10% 95
12 Benzene, cyclopropyl- 11.22 11.24 0.05%  0.06% 96 91
13 Benzene, 1-propenyl- 11.49 0.23% 83
14 Phenol, 2-methyl- 11.66 0.05% 94
15 2-Octanone 11.90 0.20% 92
16 Acetophenone 11.94 11.99 0.17%  0.16% 90 95
17 Benzene, butyl- 12.51 0.06% 92
18 Decane 12.60 12.64 0.07%  0.15% 80 94
19 1,4-Dihydronaphthalene 13.05 0.17% 89

20 Naphthalene, 1,2-dihydro- 13.11 0.10% 88
21 Benzene, (1-methylenepropyl)- 13.12 0.08% 84
22 Naphthalene 13.31 0.17% 98
23 2-Nonanone 13.31 13.33 0.06%  0.14% 89 92
24 Catechol 13.33 0.06% 82

25 Benzene, pentyl- 13.93 13.95 0.06%  0.07% 85 83
26 Undecane 13.97 14.00 0.10%  0.17% 96 97
27 1,2-Benzenediol, 3-methyl- 14.21 0.14% 83

28 Naphthalene, 1-methyl- 14.76 0.17% 97
29 Naphthalene, 2-methyl- 14.76 0.14% 99
30 1-Dodecene 15.07 15.11 0.12%  0.08% 88 91
31 Dodecane 15.23 15.27 0.09%  0.16% 95 94
32 Benzene, hexyl- 15.28 0.06% 85
33 1-Tridecene 16.30 0.08% 92
34 Tridecane 16.41 16.45 0.08%  0.17% 100 100
35 1-Tetradecene 17.36 17.43 041%  0.11% 95 91
36 Tetradecane 17.52 17.57 0.10%  0.13% 89 97
37 1-Pentadecene 18.41 0.28% 92

38 1-Tridecene 18.41 0.39% 92

39 Pentadecane 18.56 18.61 0.23%  0.14% 90 94
40 3-Hexyl catechol 19.68 0.07% 88

41 3-Heptyl catechol 20.66 0.23% 95

42 3-Pentadecylcatechol 26.89 0.16% 94

(1.RT _rand RT_s mean the retention time in chromatograms of dried Asian lacquer(r) and that of lacquer specimen(s), respectively.

N

A rand A_s mean the ratio of each peak area to total area in chromatograms of dried Asian lacquer(r) and that of lacquer specimen(s),
respectively.
3.Q_rand Q_s mean matching quality of mass spectrum for dried Asian lacquer(r) and that for lacquer specimen(s), respectively.)



TAERL, ASL2 2002 452 SUANEE TS Ao

2 =9It} Figure 2bof] ATR® .2 A2 A|H| [R &
HEHSE Yebdch OHYll g3l 33913 cm™ F4=df,
CH,9 393l 2932.2 cm™, 2856.5 cm™ &<=t)], C-02
ZAE=1001.8 cm™ T4t} 1397.5 em™, 1627.4 cn’'o]]
A Fa3 F4oi7t vElstt 2320 iz IREAE A A
3t o)A AF-AIHKim, 2007; Lee and Han, 2017)2} ufj-$-
GARE Ao Welth

& fuor

ME

3.2. HY dEdl/GC/MS 2N

Figure 30] A4tIgas 2 Alwa A%
/GC/MS Z2uhE 122 Ve,

AT Az 20] GEIGOMS ZzrtEaHo] 4}
o 77K(5-19%)0] Qo] Al He] & HRo] EatElo] 9g

29 @

3f

fir

oo
on
kl
Hr
T
Hm
[l
£
kl
L]
Ral
Hu
Y
2t
lo
ﬂ
o
A
1
=
OB
x
Bt
ol
I
o
e
0x
w
~
w

(2), heptane(3) 5 167 o2 @& JEE0] 3822 4
E5 o] AR o] THFEHYE 750 £ Aoz U
Epgtt. SFR|9, catechol(24), 3-methyl-1,2-benzenediol(27),
3-hexylcatechol(40), 3-heptylcatechol(41), 3-pentadecylcatechol
(42) 5 £ T4 A HHEHE ARl A=
o= AE AR A H A= UehtA] got o] A&
So| 2 A7re] e} 3 As), Bl 59 v

A A Ao welr g, azehEawes 57
m/zS BT T R BEES ol 4 g, &
9] AL catechol - EA|7} EFSFAA e peake}
T U= m/z 123, 108, alkeneo]] SE31= m/z 552} benzene
ring®] H3H= m/z 910] ARR-E 4= Qth(Park and Ahn,
2018). AlHoA m/z 123, 1080] A9 UBhtA] ¥,
m/z 559} m/z 91 OFSHE] 7| = sl o} A gt ool HE
HrhEolE A2, o|2 5, AJHA HE £ ARWE

AOR welh AFAAEY AL Fof AU A% 2
oI A2 HRE

=
o1 WA 7

TN A FARSE 7 alkene©] L} benzene ringS E 5}

Z A A2tE T HWE O] 0.05% £ RS dEehe AdS & Utk
AJE-S- Table 19 A=]5FT} Toluene

Abundance(a.u)

or
P 5o 182326 31

5 10 15 20 25 30
Time(min.)

Figure 3. Py/GC/MS chromatograms of the lacquer samples. (a) Dried Asian lacquer, (b) Ancient lacquer specimen
from Kyoungsan Imdang No.1 tomb. The numbers correspond to those of Table 1.
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Figure 4. THM-py/GC/MS chromatograms of the lacquer samples. (a) Dried Asian lacquer, (b) Ancient lacquer specimen
from Kyoungsan Imdang No.1 tomb. The numbers correspond to those of Table 2.
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Table 2. Components of dried Asian lacquer and ancient lacquer specimen from Kyoungsan Imdang No.1 tomb analyzed
by THM-py/GC/MS(for the peaks whose areas are not less than 0.05% of total chromatogram area)

No. Compound RT r RT s Ar A s Qr Qs
1 Toluene 7.64 0.07% 94
2 Hexanoic acid, methyl ester 10.96 0.06% 93
3 Acetophenone 11.96 0.07% 92
4 6-Heptenoic acid, methyl ester 12.20 0.09% 93
5 1-Decene 12.39 0.05% 84
6 Heptanoic acid, methyl ester 12.40 12.43 0.05% 0.11% 84 93
7 Benzoic acid, methyl ester 12.49 0.05% 91
8 4-Octenoic acid, methyl ester 13.64 0.07% 81
9 Octanoic acid, methyl ester 13.82 0.08% 93
10 Undecane 13.97 0.07% 95
11 1-Dodecene 15.06 0.08% 91
12 Dodecane 15.23 0.07% 94
13 1,2,4-Trimethoxybenzene 15.80 0.15% 91
14 Heptanedioic acid, dimethyl ester 16.14 0.05% 90
15 Tridecane 16.40 0.14% 95
16 Octanedioic acid, dimethyl ester 17.27 0.08% 93
17 1-Tetradecene 17.35 17.40 0.38%  0.06% 94 93
18 Tetradecane 17.52 0.10% 86
19  3,4-dimethoxy benzoic acid, methyl ester 18.06 0.05% 92
20 Nonanedioic acid, dimethyl ester 18.35 0.11% 93
21 1-Tridecene 18.41 0.31% 91
22 1-Pentadecene 18.42 0.26% 87
23 Pentadecane 18.55 0.18% 91
24 1,2-Dimethoxy-3-hexylbenzene 19.16 0.06% 86
25 Hexadecanoic acid, methyl ester 22.14 22.15 0.10%  0.06% 97 95

Methyl
26 7-(2,3-dimethoxyph}f/:nyl)heptanoate 22.75 0.07% 4
Methyl

27 8-(2.3- dimethoxifpl}llenyl)octanoate 2354 2355 010% 0.13% 96 95
8 1,2-Dimethoxy-3-pne:tadec-S-enylbenze 26.29 0.33% 97
29 1,2-Dimethoxy-3-pentadecylbenzene 26.38 0.19% 96

.RT rand RT_s mean the retention time in chromatograms of dried Asian lacquer(r) and that of lacquer specimen(s), respectively.
A rand A_s mean the ratio of each peak area to total area in chromatograms of dried Asian lacquer(r) and that of lacquer specimen(s),
respectively.

3.Q_rand Q_s mean matching quality of mass spectrum for dried Asian lacquer(r) and that for lacquer specimen(s), respectively.)
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from Kyoungsan Imdang No. 1 tomb. C15-1 catechol stands for catechol with 15-carbon chain on its benzene ring with
a double bond and C8 acid catechol for catechol with 8-carbon carboxylic acid on its benzene ring, and so on.
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