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Abstract Plastic has been widely used in modern artworks' materials due to its merits of process ability and
mass production. In the country, value of plastic artifact is increasing but the field of plastic study is limited
to industrial purpose. In this study, Identification methods of plastic were performed by SPME-GC/MS and
pyrolysis-GC/MS using trace of samples. As a result of identification using SPME-GC/MS, aromatic compounds
were identified from polyvinyl chloride. And alkane compounds were identified from polyethylene, and
polypropylene. Aromatic compounds were identified from polystyrene, and diethylene glycol appeared in
polyurethane based on polyester was identified from polyurethane. As a result of identification using pyrolysis-
GC/MS, aliphatic alkenes compounds and phthalate(DEHP) were identified from polyvinyl chloride. Aliphatic
alkenes compounds and phthalate(DIBP) were detected from polyethylene. 1-hexene, etc., were detected from
polypropylene, aromatic compounds were identified from polystyrene, and methylene diphenyl diisocyanate which
is polyurethane basic material was confirmed from polyurethane. This study suggested that non-destructive SPME
and pyrolysis-GC/MS are useful to identify compounds particularly polystyrene and polyurethane. These two
analytical methods were expected to be applied for identification of unidentified plastic artworks before
conservation treatment.
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Table 1. Chemical structure of plastic samples

Table 2. SPME-GC/MS conditions

Plastics name Chemical structure

H CI
|1
Polyvinyl Chloride (PVC) %CI: CIJ%
H HJ,
A
Polyethylene (PE) CI: C|)
H H/,
CH3

Polypropylene (PP)

Polystyrene (PS)

I—O—I

H

-[- R-(NH-CO)-R"-(CO-NH)- | -
Polyurethane (PU)
n

7b A7bE o] AlAEA, STAEHF ZEe] BE
Hshs 71z A3aA 718 4°J 7&%%1 2jof =2
A oaeA) 0 A% S AUAE AaR @ Feka

g A8 E Az H(Table 1).

2.2. SPME-GC/MS &4
A4 Al FZ % (solid phase micro-extraction; SPME)
G291 Z2 ¥ (polymer)E Y E (needle)ol] ZH 3}
( oated SPME fused silica fiber) &4 &2 7]
Algo] go] F4 AES AE2HEH JolH=R
71, AlA AHEeth §2 SA 559 4ES 7t
ZulE 22 3 (gas chromatography; GC)oll
6}04 F9F(inlet)] Lxo o]ate] FHE B Eo
7h Ao R BEyEm, o] uf £ AR @34 4
S HAE71E ol &3t BAge
Zgt2y 5 FolA BAsE VOCsE 431 &5
JuH S A7) 3ke] Supelcorle] SPME A|ES
A}8-313 21| fiber type Divinylbenzene-Carboxen/
Poly(dimethylsiloxane)(DVB/CAR/PDMS)Z  A}-&
7 270 °CellA] 12 A ZE o)/ A 2] (baking) &t &=
3t t AR E HZE(teflon) .2 537 F2H
(glass vial, 15 mL)°ll 2F 2 g €31 60 °CollA] 60 &
7+ :<‘zi1— _7,].2—]_0_ 7423011] o] 201;_011 201?:;_
% 270 °CollA] 10 &7+ B33t H/‘ﬁqo}»«
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GC/MS 7890A, 5975C (Agilent, USA)
GC
Injection mode Splitless
Column DB-5 ms
Carrier gas Helium
Flow rate 1.0 mL/min.
Injector temperature 270 °C

Detector temperature 270 °C
40 °C for 10 min, raised to 270 °C at

Oven temperature 5 °C/min, and isothermal at 270 °C

program

for 10 min.
Detector (MS), SPME
Interface 250 °C
lonization EI 70 eV
Scan range m/z 50~500
SPME Supelco, USA
Fiber DVB/CAR/PDMS

EAHH LS Table 29} 7Fo] AgilentAle] GC/MS(GC
:7890A, MS:5975C, USA)E AM&-glom, A& A4
2 DB-5ms capillary column (Agilent Technologies, USA)
°]3Z GC oven %L:_‘: 40 °CollA 10 ¥ A4 % 270 °C
7] £F 5 0CH £EE 2EF &9 270 “Coﬂﬁ 10
B2 S ekt OH‘L 2= 270 °C, &7 2
= 250 °Ce]™ MS¢] ion source= 280 °C, EI 70 eVO]
3 m/z8¥ $1+= 50~500¢] T} Splitless modeZ carrier gas

£ heliumS AFE3}9] 1.0 mL/min.g] 522 =9
TRom, BAS T3 A=E SEES Agilnetrle]
Wiley library Z27738 o] 4313t}

2.3. Pyrolysis-GC/MS &4
A& 7t I ZvE 28 9] (Pyrolysis-GC/MS; Py-
GOMS)= ZHRl Al & Fote] s EAst
= WHoRE JEA A dE] AFEEI 9o,
=] a15(‘* 0.1 mg)¥] AEE #4¢] 7Festtte A
o] 9l
Py-GC/MS
A7l fete] e 2 BAMH S AFESHA
(Table 3). ¥43717]+= JAI Portable Pyrolyzer JCI-21°
22 HP689ON Series GC/MSD system 2.2 &3]
L= 590 °colt}. ZH-2 ZB-5 mse]™ GC injection
mode split mode (100:)E &%+ 280 °Celt}. Carrier
gast heliumS AF&-3t] 1.0 mL/min.2] #5°] =%
£ 243192 detector?] 2= 280 °CO]t}. Oven

o3 Betrge] ¥4 1A
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Table 3. Py-GC/MS conditions

JAI Portobal Pyrolyzer JCI-21

Py-GEMS  11p6890N Series GC/MSD System
GC/MS
Injection mode Split (100:1)
Column ZB-5 ms
Carrier gas Helium
Flow rate 1.0 mL/min.
Injector temperature 280 °C

Detector temperature 280 °C
40 °C for 5 min, raised to 280 °C at 5

Oven temperature °C/min, and isothermal at 280 °C for

program

5 min.
Pyrolysis
Temperature 590 °C
L= A 40 °ColA 527 FAS F 280 °C7HA
i} 5 % 280°C

(a) PVC

TC PP(1210) Didatams

TIC: PU(1209) Didata.ms

l . I

ke N

b

(e) PU

Fig. 1. Chromatogram of plastic samples by SPME-GC/MS.
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3.1. SPME-GC/MS &4

7} ZEtag oA BEEE RT3 E(VOCs)
= A A, Al wet s FEEE s
< IRl TH(Table 4).

PVC+ phenol, 1,2,4-trimethylbenzene, butylated hy-
droxytoluene®} n-undecane, n-tridecane, tetradecane, L
2] 3L 2-ethyl-1-hexanol, 1-(2-butoxyethoxy)-ethanol ©]
HEHAHFig. 1(a)). E]<3(polyolefins) A E <!
PE9} PP+ n-dodecane (PE), n-tetradecane (PE), 3,7-
dimethyldecane (PP), n-octadecane (PP) 5°] 2 3}3t
EZ AEFAUHFIg 1(b, ¢)). PSE ethylbenzene, styrene,
benzaldehyde”} 2 1=tk (Fig 1(d)). PUE adipic
acid, adipic ketone, diethylene glycol, n-phenyl-1-napht-
halenamine”} 8 3I3E=Z B4 E I th(Fig. 1(e)).

TIC: PE(1208) Didate.ms

b J..Klglruluq ‘ ,
(b) PE

TIC: PS(1207) Dydatams
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Table 4. Detected volatile organic compounds from samples

Table 5. Detected volatile organic compounds from samples

by SPME-GC/MS by Py-GC/MS

No. Compounds PVC PE PP PS PU No. Compounds PVC PE PP PS PU
1 adipic ketone + 1 2-butene +

2 ethylbenzene + 2 2-methyl-1-butene +

3 styrene + 3 1-hexene +  +

4 benzaldehyde + 4 1,4-pentadiene-2,4-dimethyl +

5 diethylene glycol + 5 2,4-hexadiyne +

6 phenol + 6 3-octene +

7 decane + 7 4-methyl-3-heptene +

8 1,2,4-trimethylbenzene + 8 3.,4-dimethyl-3-hexene +

9 2-ethyl-1-hexanol + 9 2,4-dimethyl-1-heptene +

10 n-undecane + + 10 3-methylenepantane +

11 3,7-dimethyldecane + 11 1-nonene +

12 n-dodecane + + + 12 styrene +
13 2-methyldodecane + 13 5-decene +

14 n-octadecane + 14 3-methyl-4-Nonene +

15 n-tridecane + + 15 1-undecene +

16 2,6,10,14-tetramethylhexadecane + 16 1-dodecene +

17 dodecamethyl-cyclohexasiloxane + 17 1,2-dimethylcyclohexane +

18 n-tetradecane + + 18 2-hexadecanol +

19 4-methyltetradecane + 19 phthalic anhydride +

20 n-tricontane + 20 1-tetradecene +

21 pntadecane + 21 1-pentadecene +

22 n-pentadecane + + 22 cyclohexadecene +

23 tetradecamethylcycloheptasiloxane + 23 1-hexadecene +

24 3,9-dimethylundecane + 24 n-propylbenzoate +

25 adipic acid + 25 1-benzyl-1,2,3-triazole +
26 hexadecane + 26 1-octadecene +

27 n-hexadecane + 27 1-nonadecene +

28 2-methylhexadecane + 28 methylene diphenyl diisocyanate +
29 tetracosamethyl-cyclododecasiloxane + 29 butyl cycloocatane +

30 heptadecane + 30 1-docosene +

31 n-phenyl-1-naphthalenamine + 31 3-phenyl-benzenepropinoic acid +

32 diethylhexylphthalate +
33 diisobutylphthalate +
3.2. Pyrolysis-GC/MS &4
Py-GC/MSE ©|&3to] B3 Az 7zt Zeig
st AEEE sEEel 9E A2 FAdAT 4. @D Y DE

(Table 5).

PVC+E FZ 3-octene, 4-methyl-3-heptene$} diethy-
lhexyl phthalate(DEHP)”7} 7 & = 1 t}(Fig. 2(a)). PE
= l-hexene, 5-decene, diisobutyl phthalate (DIBP)7}
A 5] 1o W (Fig. 2(b)), PP= 2-butene, 1-hexene, 2-
hexadecanol®] 22l =] Sl th(Fig. 2(c)). PSE styrene
o] F8 IFEZ AEHUIL(Fig 2(d), PU=
methylene diphenyl diisocyanate (MDI)7} &1 5] L
H(Fig. 2(e)).

Hlat] ol Sul g A gl g Eekiy 45 9
3led SPME-GC/MS$} Pyrolysis-GC/MSS A A3 2
74 23 e AAE 4S5 A}

SPMEE ©]&sto] EepiE 53oM WEE=
VOCsE #2493 A3, PVCe W= 3131E2] phenol,
1,2,4-trimethylbenzene, butylated hydroxytoluene 53 |
W= A7 31522 n-undecane, n-tridecane, tetradecane
59| 3}3HE, 18] 3L 2-ethyl-1-hexanol, 1-(2-butoxy-
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Fig. 2. Chromatogram of plastic samples by pyrolysis-GC/MS.

ethoxy)-ethanol3} 7+ 4tsle] st ¢F 7 sl3tE o]
s HZE = A th £3] 2-ethyl-1-hexanol& 7FAxA] <1
DEHPO] 23 E8=2 ¢efA qUh” ol= 2007d %
ul & o] pvCH A AAA A WEEHE VOCsE
SPME-GC/MSZ 418k A3}, toluene 52 &= 3t
3+E, ethanol, butanol 52 ¥=F 3=, decane,
undecane 52| ¥AF 3=, Z12]3L methoxyacetone,
2-butanone 59 AEF 3FE Sol AEHAUE A
I FAFE 232 e AleRF sEEllA Abel
7F gk A & A7 VOCs AFE 60 °CollA] 1
AlZHEQE & el vlste] Aguls Fo A= 100 °C
T = Ao Aold 4
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(d) PS

PE®} PPo|A n-undecane, n-dodecane 5 79 &3+
3}3HE, PS4 styrene, toluene, benzene, benzaldehyde
59 3iHEoe] 24 HthE A7 RO,
2 AFdM T Z2]&d H(polyolefins) AlE A PES}H
PPoll 4] Z}Z} n-dodecane} n-tetradecane L& 3L 3,7-
dimethyl-decane, n-octadecane 52} 72 A W= &7t
3}5F & (aliphatic alkanes)©] =2 A& At 2=
(styrenic family) A|B <l PSE €l A A)|F AAAA
©]-§-%+= ethylbenzene3} styrene 5o WIE 3}E
(aromatics)®] F2 AEEY L 2E]A Al IZEA}(styrenic
polymer)e] AFs}Z <13) Ay == benzaldehyde”} &1
=4

PUS] 739 diethylene glycol, adipic acid, adipic ketone
59 3§HEo] HEHuE 209 o] FFA] st
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A ZA A== adipic acid®} adipic ketone®] 73& T
A3, Z] o 2~H Z(polyester) S 7]HFO. 2 & PUSIA
YUEelE diethylene glycolo] &1E At 3] n-
phenyl-1-naphthalenamine 5-°] H&% =4l ©]
9 ZAEA Y AsHAA R dE 2ols B
FEFEA R A5 AsPEA] 240 £ U=
do g gl

gk FEkagox FAsHE VOCcsd sk =l
T2 FehAaE A7PA] B EE VOCsel tiEk g

2 B2 A3} PVCE I-heptene, 1-hexene 5 <7l
79} n-heptane, hexane 52 <3, benzene, toluene
o WEE setEo AEe] BAEUT Eg PES:
PP= 2-butene, 1-pentene 52| 75, hexane, methyl

n L

cyclopentane 52 &7FF, benzene, ethyl benzene 52
RS 31gHEo] B E 9l on PSE U] IR}
=2 T benzene©] SFH O T HEHTIYL B
T2 o] ZEt2HE 600 °CE 275l teadler bag
OS2 VOCsE AFste] T4 Zloez Sng S2ks
g A5l that VOCsEA] 2] gHA17} 9t

olel 0.1 mg olate] Su|g Zet2E AlEd digh
AAEEAS 93 Py-GC/MSE o4 HE&IEA 5%
o] tha FAEA A3}, PVCE 3-octene, 4-methyl-
3-heptene 59 AWF LAF 33%EF phthalic
anhydride, diethylhexyl phthalate (DEHP) 5] 7 & %]
At} Phthalic anhydride= DEHP2] D3 A](600 °C) &
oA & 3}3Eoln DEHPE 71AhAe] dFE o8 LA
AThE® PE 9A] AW IAF 3H5HE(1-hexene, 5-
decene 5)Z} 7F4A| <1 diisobutyl phthalate (DIBP)7} =
sl Yukd oz PEE iz A eluA 9] Bt
2oz st GEFAl B3 &3 ¥H-S(random
decomposition)o] doju}: olo] wa}l n-alkane} n-
alkene®] AAJ =™ o] wj alkaneX t} alkene®] EX Eo]
A== AR BiEo] k! PP AU YRR
3}3HE(2-butene, 1-hexene &) B E-o] 43l 33 &
(2-hexadecanol)©] 1= o™ £3] ppe| E&35414d
E2 4#H % 24-dimethyl-1-heptene®] 71 &= % th5 PS
= W= 315E(styrene)o] AEE AL, PU= 8%
gete] =2 AFEZH hard segmentE V== WEF
% o] oMol E Al 3t%=<] methylene diphenyl
diisocyanate (MDI)Z <13t}

58 B

Sepagd WEE 5949 e vwsu

PUE diethylene glycol, adipic acid, adipic ketone,
methylene diphenyl diisocyanate (MDI) 52| Z#] o2
2 Ald EEedee] 544 sigteo]l B4 HA

SeaE AF BES % S A A A
o AN 2 AFE S3ke] psst
&A1 SPME &AM ©]&-3 vl v}z
A3 2.1, pyrolysis A4S ©]
ANEE Ags 24 F o] FF
o] BE A ok A vl &
HRes AAE F AS AR 7€t

+ ATe AR S7PIEL 2011085 Py

= BE 58 7)E AT R&D) A T ESRRE,

ol FAutE BEAY V& AT d¥e 5
o 1

ahgi710] olel b=,

m
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