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Abstract: The material constitution of multi-layered thin film coated on the PET base film was analyzed using
ATR FT-IR and pyro GC/MS combination. The cross section of the film was acquired by cracking the film
after dipping in liquid nitrogen and was observed using optical microscope. Total thickness of the coated film
was 70um and three layers were observed. Since each layers were too thin to analyze directly except the
surface layer, analyzable area of each layers were exposed by using a proper solvent and were investigated
using ATR FT-IR and pyro GC/MS. Results shows that three layers were commonly consisted of
urethane-acrylate copolymers. Also, inorganic and/or metal inclusions detected by XPS and SEM-EDAX were
exhibited by nano size SiO, particles in layerD) and aluminum flakes in layer@.
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Table 1. The kinds and solubility parameters of five different
solvents
Solvent Solubility parameter (MPal/2)
1 DMF 24.90
2 NMP 22.96
3 DCM 20.20
4 Acetone 19.70
5 Chloroform 19.00
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Figure 1. Optical microscopic image of thin film cross
section area (X200).

29l

fu
rlr
ot
doh
o

of Exsi R34 et 24
2 2Aete 2] satEe] 242 geotel]
(Veresprobe II, ESCA)& ©] 85} B35}
of AR Xeray®] oy 7] FHo2A Al Kag
Atk ZHo A e AMEYRS HAsto] 4}
L R4 Y £RE £ .
FlEE AVHAe FEE wEsyl §s SEM
(HITAHCHI-S-3000N, HITACHI INSTRUMENTSAHE
Agetenh. Fo BUg WEoR nEstgon] ug
< X800~X80,000 Ato]= =HSHHA QAxte] FEE
Zobgith. 223 SEMe 2 A2 o o 77] shehe
o] A& #HFE3H7] $J8] EDAX (HITAHCHI-S-3000N,
HITACHI INSTRUME-NTSAHZ o] &3}t Zdap A
Mg aEeRy 25 FoES A SR
shobsia WA WA omRE #7] Ao Al A
% g ke Atk

o]

o o

Figure 2. ATR FT-IR spectrum of the layer (.

| noe LR

AEa %

262

178

Figure 3. Pyro-GC/MS chromatogram of the layer (.
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Table 2. Peak analysis results of Pyro-GC/MS chromatogram
for layer (D

Reter(l;t;(;g) time Area % Library
1.73 1.97 Vinylacetamide
2.11 2.52 1,5-Hexadiene
2.17 0.29 Butyl ethylene
10.15 10.18 5-Hexen-1-ol
15.19 0.77 Isobutyl methacrylate
18.32 4.57 1,5-Pentanediol
20.37 7.61 1,6-Hexanediol
23.82 1.70 Hexamethylene 1,6-diisocyanate
24.87 5.07 9-Decen-1-o0l
28.25 4.90 3-Butenoic acid,
28.28 6.03 Cyclohexyl methacrylate
29.35 5.86 allylcyclohexane monomer
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Figure 4. XPS spectrum of layer (.

Figure 5. SEM microphotograph of the layer (D (X80,000).
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Figure 6. EDAX spectrum of the layer (D.

Table 3. The weight ratio of each element measured by EDAX
for layer @

Element Wt%

1 C 60.05

2 ¢} 25.66

3 Al 00.44

4 Si 10.48
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Figure 7. ATR FT-IR spectrum of the layer 3.
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Figure 8. Pyro-GC/MS chromatogram of the layer 3.

Table 4. Peak analysis results of pyro-GC/MS chromatogram
for layer @

Retetz:::z) time Area % Library
3.50 21.01 Methyl methacrylate
13.89 5.56 Camphene
14.92 6.95 Butyl acrylate
15.79 5.76 2-Hydroxyethyl methacrylate
16.44 0.62 1,5-Pentanediol
19.81 0.99 2-Ethylhexyl acrylate
21.79 2.28 Hexamethylene 1,6-diisocyanate-
22.08 1.27 Isobornyl acrylate

E3SF hexamethylene 1,6-diisocyanate A&E3} 1,5-
pentanediol ©] H&%E A O unjFo] g EtAdEo] 9l
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Table 5. Peak analysis results of pyro-GC/MS chromatogram
for layer @

Reter(lzzz) time Area % Library

1.75 0.76 2-Methylbutadiene

2.04 0.87 1,5-Hexadiene

247 0.33 3-Butenyl  alcohol

2.57 0.82 Methallyl  alcohol

3.49 18.67 Methyl  methacrylate

13.88 3.27 Camphene

13.94 0.35 1,4-Butanediol

14.90 4.32 Butyl acrylate

16.44 0.49 1,5-Pentanediol

18.39 0.71 1,6-Hexanediol

19.81 2.72 Isooctyl  acrylate

21.79 2.28 Hexamethylene-diisocyanate

24.43 432 Isophorone diisocyanate
%  7}A] isocyanate”’} AFEE ZAo=  Helth
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Figure 11. XPS spectrum of layer 2.
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Table 6. The weight ratio of each element measured by EDAX
for layer @

Element Wt%
C 61.46
(0] 29.24
Al 8.81
Pt 0.48
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Table 7. Results of analysis for the total layers
Layer acrylics isocyanate diol hydroxy Inorganic
1,5-pentanediol, 5-hexen-1-ol, .
Layer® MMA, BA, AA HMDI 16?hexanediol 9-decen-1-o0l S10;
1,4-butanediol,
Layer® iso?i\fy?yafrg;te HMDI, IPDI 1,5-Pentanediol, ;:?;ZE};II 2112}11121{ Al flake
1,6-hexanediol
MMA, BA,
Layer® HEMA, 2-EHA, HMDI 1,5-Pentanediol HEMA
isobornyl acrylate
AR A4S ATdes & 4 ok B3 #UEE (2011)
H7HA BA4L 984 XPSeF SEM-EDAX HA4-& =7} 12. M. Zou, R. Briill, B. Barton, G. Geertz, Analyst,
2 AT A W R4 éﬂ S Mol BE 9o (2019)
W= 3 Zolgjom TEZO R Saeholad Y| 13. Bl.l.rmester, Arc.haeome.try, 25, 45-58 (1983) .
e =15 14. Niimura N., Miyakoshi T., Onodera J., Higuchi. T.,
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