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ABSTRACT Animal glue is a traditional material used extensively as adhesive and binder in mother-of-pearl, wooden
structure, traditional painting, etc. Analysis of animal glue is usually performed with IR (infrared spectroscopy) based
on the IR absorption of functional group. But, it has a limitation in confirming animal glue when a sample consists of
several materials because of overlapping of the absorption band. Py/GC/MS(pyrolysis/gas chromatography/mass
spectrometry) is a useful tool in analyzing the constituent of polymeric materials like animal glue by identifying their
pyrolysate with very small amount of sample. In this study, confirmation of animal glue in a Dancheong sample was
tried with this method. Characteristic pyrolytic compounds of animal glue and tung oil used in Dancheong were identified.
Dancheong sample painted with Noerok as a coloring material, animal glue and tung oil was prepared and it was possible
to find characteristic peaks of animal glue after thermal degradation and artificial weathering experiment. From this,
we found that animal glue can be detected using py/GC/MS in cultural heritage samples consisting of several materials
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and in different condition. IR was also tried to analyze Dancheong sample and the results were compared with those

of py/GC/MS for the detection of animal glue.

Key Words: animal glue, Dancheong, pyrolysis/GC/MS, infrared spectrum, artificial aging
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Figure 1. Photos of materials used in this study. (a) Noerok, (b) animal glue, (c) tung oil in turpentine, (d) Polysol506.
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ol = 22 golg] el olul(Nakagawa, Japan)E,
W22 Barge| o] 4| E(Nakagawa, Japan)& Aol AME-

Sk} SH(tung oil)= 7H53te] AYAHE A|E(Tung oil
finish, Minwax, U.S.A)& Fulj3}o] €| Hl-5-(turpentine)
o 3:7 ul 2 B|4j5lo] ARG M, AN ol e
23 35rA A= (PR 2E506=
A3t th(Figure 1).
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Figure 2. Photos of wood panel sample painted with green pigment(Noerok).
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Figure 3. Pyrolysis/GC/MS chromatogram of animal glue sample. (a) full chromatogram, (b) 1st half of the chromatogram,
(¢) 2nd half of the chromatogram.
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Table 1. Compounds identified in the chromatogram of animal glue sample (Identification based on Wiley library matching).

No. RT(min.) Compound Major ions(m/z)

1 3.58 * 41,69

2 3.88 dimethyl disulfide 94,45,79

3 4.08 1H-pyrrole 67,39,40,41

4 4.66 1H-pyrrole, 1-ethyl- 80,95,67,53,39

5 5.01 1H-pyrrole, 2-methyl- 80,81,53,39

6 7.01 dimethy] trisulfide 126,79,45,64,111

7 7.46 phenol 94,66,39

8 7.60 * 83,54,59

9 7.70 * 94,67,83

10 7.97 benzylamine 106,79,52

11 9.39 * 99,56,42

12 11.44 picolinamide 79,122,52

13 12.04 * 98,42,56,123
14 12.30 pyrrole-2-carboxamide 110,94,66

15 13.60 * 152,123,83,55
16 15.17 * 136,107,80,53
17 16.20 ethyl pentyl disulfide 94,164,66

18 16.85 * 70,168,97,125
19 17.00 * 186,93,65,130
20 17.18 * 70,168,97,125
21 17.60 pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro- 111,83,154,70,41,55
22 18.45 * 94,150,206

23 18.57 * 190,94,134,162
24 19.12 3,9-diazatricyclo[7.3.0.0(3,7)]dodecan-2,8-dione 70,194,41,96
25 20.24 * 117,186,90

26 21.10 * 108,205

27 21.61 * 70,86,210,170,124,41
28 21.83 * 70,208,96

29 2267 Pyt ?{L‘E dfoa]sp{;flzeg‘;lél;hdy‘g“e 125,244,153,91,70
30 23.03 pyrr ?;L(L[yl é;ﬂ?{;ﬁéﬁ;;;ﬁ%‘fe’ 125,244,70,91,153
31 24.15 * 134,162,94,231
32 24.66 3-benzyl-6-isobutyl-2,5-dioxo-piperazine 95,141,260,169
33 24.88 * 229,200,172

34 24.98 3-benzyl-6-isobutyl-2,5-dioxo-piperazine 91,260,141,169

* Cannot be identified or has a low quality of library matching (quality < 80).
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F8 HE AFE2 3(1H-pyrrole), 14(pyrrole-2-carboxamide),
17(ethyl pentyl disulfide), 21(hexahydro-pyrrolo[1,2-a]
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Figure 4. Pyrolysis/GC/MS chromatogram of tung oil in turpentine. (a) full chromatogram, (b) 1st half of the chromato-

gram, (c) 2nd half of the chromatogram.
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Table 2. Compounds identified in the chromatogram of tung oil in turpentine (Identification based on Wiley library matching).

No. RT(min.) Compound Major ions(m/z)
1 3.38 pentanal 44,58
2 4.30 * 43,56,87
3 5.90 * 60,73,41
4 7.89 decane 57,43,71,85,142
5 8.31 decane, 4-methyl- 43,57,71,113,85
6 8.61 benzene, butyl- 91,92,134
7 9.01 decane, 2-methyl- 43,57,71,85,112
8 9.10 decane, 3-methyl- 57,71,43,85,126
9 9.59 undecane 57,43,71,85,156
10 10.04 * 43,57,71,85
11 10.53 undecane, 4-methyl- 43,71,57,85,126
12 10.60 heptadecane, 8-methyl- 57,43,71,85,126
13 10.69 nonadecane, 9-methyl- 57,43,71,85,140
14 10.84 octanoic acid 60,73,101
15 11.13 dodecane 57,43,71,85,170
16 11.36 heptadecane, 2,6-dimethyl- 57,43,71,85,113
17 12.54 tridecane 57,43,71,85,184
18 13.34 decanoic acid 60,73,129,43,172
19 14.73 * 57,85,111,139
20 15.45 * 43,58
21 15.69 1,2-benzenedicarboxylic acid, diethyl ester 149,177,222
22 17.37 * 43
23 19.86 hexadecanoic acid(=palmitic acid) 73,60,129,256,213
24 20.15 oxybenzone 227,151,77
25 21.47 9-octadecenoic acid, (Z2)-&(E)- 55,69,83,97,111,264,282
26 21.73 octadecanoic acid(=stearic acid) 73,129,185,284,241
27 21.78 * 105,91,183,276

* Cannot be identified or has a low quality of library matching (quality < 80)

acid), 25(9-octadecenoic acid), 26(octadecanoic acid), 27 2}= hexadecanoic acid(palmitic acid), octadecanoic acid
AS E £ ot o, T F4E0] eleostearic acid  (stearic acid)Q} o] F-froll SR A QI RA|Hpite] HEHS
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TIPS o xo|7} F1o] AL 0~0.065E(FF 0.0265),
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7F glSich o2 R e E54 AT AT 8 AIFEE AR

HEt= d28)/GC/MSE ol RIshe Ao 7sdh<
& == Sl 3, E54 Al Foll= SolA 71dsk=
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Hls 252 AdT AEa8} Al Fol 1HESH= peako]
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Figure 5. Pyrolysis/GC/MS chromatogram of F1(a), W1(b) sample. The number and that in greybox correspond to those
in Table 1 and 2, respectively.
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Figure 6. Pyrolysis/GC/MS chromatogram of F2(a), W2(b) sample. The number and that in greybox correspond to those
in Table 1 and 2, respectively.
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Figure 7. IR spectra of F1(a), W1(b), glue(c), tung oil(d), and Noerok(e). Numbers are peak position in wavenumber.
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IM1of j5F5Hs 1241 el 4] band7} Leh} o] 5%
9ol AHEZHE Ho] 31 QIth(National Research
Institute of Cultural Heritage, 2014). F1 A|&2o|A& o]&
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/GC/MS EAof| o5t Aal= A4 2 ZolE B
ok & 4= qlrt.

Figure 89 F29} W29] IR AHEZH LS 56 olm, 2
o] AdET} 37 Bk F2 ARoAL 3363cm™ (o}
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M= vZEE 2eE] RAHEHOZHE & 4= it
(Figure 9). W2 A& X & ofuo| djg3H= bandEo] T
e 3, 90 Y3l band(1166, 2857, 2930cm™ )=
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Figure 8. IR spectra of F2(a), W2(b), glue(c), tung oil(d), and Noerok(e). Numbers are peak position in wavenumber.
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5% Ao Btk Sk, 7 7o) bando] 723 gk
ol7] whiel obme} fAkE B A Fe AL B 5
9Le B ohmYS SHHE oAk v, ARINGC/
MS £42 ofaell 4 71915 th4=2] peako] TA# 31
o] peako] BE-EARH} miz 5 Sl WK Z3HE A
22 gu grks HelA ohwg 1sk7]7h WA golst
o} mebd, IREA R GESGOMSEA] T A
ol ohmg BHelshs AlEA L oleta Beket,
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