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Abstract: Photo-degradation behaviors of poly(ethylene terephthalate) (PET) film with 25 um by ultra-violet light (UV)
irradiation were investigated using ultraviolet—visible spectroscopy, proton nuclear magnetic resonance, Fourier transform
infrared spectroscopy, thermogravimetric analysis (TGA) and two-dimensional (2D) correlation analysis. The analysis of
2D FTIR correlation spectra led to the identification of photoproducts: esters, peresters and benzoic acids. The photo-deg-
radation of PET film induces spectral changes of both the ester linkages and the methylene groups. In addition, the spec-
tral changes occurred in the following sequence during the photo-degradation of PET film: methylene groups —
terephthalte groups.

Keywords: poly(ethylene terephthalate), photo-degradation, two-dimensional (2D) correlation analysis, Fourier trans-
form infrared spectroscopy, photo-degradation sequence.
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Figure 1. Chemical structure of poly(ethylene therephthalate).
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Figure 2. TGA thermograms for PET film irradiated with UV light

at various irradiation time.

A w=gAZ-E PET BES) GHeHgel 2 JL mAA

5.

2oty EM BN, 49X =3 A 25 um FA1¢] PET
E7} 305, 60, 903 L 12059] AeA WA 7bo| &)
Zoh= PET 5o tid A F4 2HERS Figure 3

ZFe) A =33 A PET B2 WAl 322, conjugated ol 2~
2 a5l ol 315 nmEr W2 a9 el 23t 55
vepdc), Ajejd =33 & PET &5 PET ZE2] photolysis
o &3 WA &Jaf 320-500 nm BN F57T Dot
= 3SR F A3 AA g Tbe] ZIIEE 5
o] el Mel AA] F7HRS & A

2k w33 2 25 pm A1) PET 53 308, 60%, 90
0] AeA :=FA kel e st PET 5ol g ATR-
FTIR 2F|EH-S Figure 49 YERAATH

Figure 4914 o 2H|Z A4 C=0¢} C-09] A3 X%
(stretching vibration)ol] 3|F3k= 17163} 1247 em™'e] 3 =9}
g agle 1 A% HFe slgstE 1578, 1505 ¥
1410cm™e] Y2, Edl: 722 zhe vdadl 25 (-CHy-)
deformation®l] dF3st= 1470 2 1340 cm'e] I3 E 3IEH
T Utk o 1716 cm™eA 9] B3 e AL AR S
7vol| wheb 7h4Ek whE oF 1785 2 1695 cm oA 2] 1] =9
A 22 o R 3 2AF 5 ST PBT % PETS
FAGER AT B4 Mert o] G Yehds Floz
Az el 2E ATAEL 2k E4) sl PBTE &
Ash viAYFo] A2H2 FI2A, perester =41, A8k,
Wl =%t 3] = (benzaldehyde) 2 Wl 2H(benzoic acid)e] 3§79
S XA Ao A ZEE A, perester FEA,
Ak, Wzdd sle|= 2 wizsko 2 Q138 ¥ A7) 7bzt
1748, 1785, 1718, 1702 2 1696 cm™ol|A] #&=N Y 0|23
PBT®| FEall= PETS} A= Ao & deA] ok

Zan, A)4278 A35, 20183

3
t‘\
\'3:_}‘__

. T s T e T - T = T ' 1
200 300 400 500 600 700 800
Wavelength(nm)

= Exposure time (min)
> 0
= S 30
b1 ss5s B0
g —— 120
8

Yt

o)

wv

B

<

Figure 3. UV-visible spectra of PET film irridiated with UV light
at various irridiation time.
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Figure 4. FTIR spectra of PET film irradiation with UV light at var-
ious irradiation time.
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Figure 5. '"H NMR spectra of PET film: (a) virgin PET film; (b)
PET film irradiation with UV light for 240 min.
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Figure 6. (a) Synchronous; (b) asynchronous 2D FTIR correlation
spectra of PET film irradiation with UV light at various irradiation
time. Solid and dashes lines indicate positive and negative cross
peak, respectively.
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