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Detection of Radiation Degradation of LDPE by ESR Spectroscopy
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Abstract : This study has investigated radiation degradation of low density polyethylene(LDPE). Samples were irradiated
up to 800kGy using a Co® v-ray at a dose rate of SkGy/hr in the presence of air atmosphere at room temperature. After
irradiation, storing for 2 weeks, free radical measurement of LDPE has established by electron spin resonance(ESR). ESR
measurement showed that free radical concentration(FRC) was increased with radiation dose and decreased with the time.
The radical types showed alkyl, allyl, and peroxy radical with the irradiation, these changed to peroxy radical with the
time.
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Table 1. Parameters for the measurement of ESR spectrum

Parameters Value
Number of scans 2

Receiver gain 283%x10°
Mod. frequency 100kHz

Mod. amplitude 5.00G
Sweep width 450.00G
Microwave frequency 9.665GHz
Microwave power 2.012mwW
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Fig. 1. ESR spectra of v-ray irradiated LDPE
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Fig. 2. Relative FRC of v-ray irradiated LDPE

Aoz A uehsth W

—|—‘

AR 24 2% ) AR
HZd == 24 Z—‘.—?— 73@49} FALEHA =
APAEF STkl et Frkele BEE JERIIAIRE
e e FE7F 71:}—/}——3}‘%‘:]'- oJRAL T F
Al5e] AA7IZE Bt dAS Frjze] itsl 2
HZAd2 13 2 &AEe 7% A2E Bk 3}
APAE ZAME PE WA A= Sod T5
o] HslE dolr7] Y8 gfactorS A5t} g
factor’= Zo]F 23 magnetic field)# =2 T3Kmicro-
wave frequency)] ZHE<] ¥l2 Evich we) gt
& 23 gk AREOIA 2FEG] F9 Ao
Fo] Yot ggte ANY & ook

- A2 (free electron spin)2 g=2.09] &
Zka Qirk vt AA B QoA gghd 23
T v ZteF ol &g wol thgdl ke vt
A =HH, 7]E9] Aol Hed 2 A 77 g
Tzt gfactor 7S Tholl UERAQTHY.

.11)1’

Fll‘

S=olRiEE|x|, 203 A%, 200544

5t MLz Z2lolZle] WA Fs AX|

HsC—GH-CHy  :2.0027  H,C=CH-CH, :2.0026

H3C-H,C~CH-CHy'CHs - 2.0156
00+

HiC-G-CHz  :2.0041
o

gkef Akt EAf @b PE Sz
ks ez Fele Atskd Aol gfactor ﬁp‘
AaE XA B PE SHZET ¥ B2 g
factor & 744 Zﬂ"]‘i}z). oldel FHolA, &t
22 47 gzl guz s dig HruS
& Ak,

N2E E

"""" ~CHp-CH-CHy~ 4 O o CHpCH-CHy

Soe " @)

“"'CHZ-‘;H-CH{' + o CHg-CHy-CHy -
0-0r
~ CHy-CH-CHy~

+  ~CHy-CH-CHy 3)
OOH

RO

+*CHp-CH-CHy wCHpC-CHy™ 4 Hy0
OOH (o] (4)

@ WM B ehrige Aksh gl
B ez kst G el lshA 4

48 IitE ST} 4 Abgo] whgste] oAl
47 e ZH*E’&??}E} Gy wHEollM A
Hree @EM TEE @ gl yehd A3
o] S o}‘IW 7h2 K (carbonyl)& ¥4

?‘5]-1:]-

T7) FoA ZAVE A& 223 LDPEY] g-factor
e} Mg Fote] e WIE Fig 39 FX@=
UERAITE 2ol A AR Fobe] el
g-factor gh2 MA3] Freka glom, o] AL
A ARE uie} oV WAl zAME LDPE W
Hof el il Bt 7|Qlehe Aoz Btk
WAL AL 25 & =A% LDPEQ] g-factor ghe
Fig. 3¢] (b)oll vehd 213} Zro] AN F7lo
e A A5 Aot FLU3A g-factor Fh

o] Z7V8l= S Hola QAR U2 & gfactor
#g 7HTh ol Z e WA AL 2F B E Ak
g X o] g EAEla glod, 23 §
QF Atsighg-o] 73] o] o T ke b
Ao A g

8719 AFE gAsh] st ZAMAF) w2
LDPE] ATR-FTIRS 27319 t}2. Fig. 404 u]=
A} APARE] 800kGyZHA9] IR ~HERS dagpda

83



471y, ol & F7Y

2.0050 -
o
2.0045 4 P g {b) 2 weeks storage after irradiation
-
2.0040 A
]
E]
g 200351
o /.___—-———-l——————"‘"'"
- (a) immediately after irradiation
2.0030 1
2.0025 7 Y T T
200 400 800 800

Dose(kGy)
Fig. 3. g-values of v-ray irradiated LDPE

Non-irradiated
o 200 kGy irradiated
g (e AN
s N
=2 400 kGy irradiated
g
& 600 kGy irradiated
X

800 kGy irradiated

1 1 d L 1 —
2000 1800 1600 1400 1200 1000

Wave number [cm]
Fig. 4. FT-IR spectra of v-ray irradiated LDPE

Table 2. Peak variation of experimental absorption peaks and
standard peaks of v-ray irradiated LDPE and the
variation of these peak areas after normalization

Peak areas of experimental peaks I}\)I;);]’r(nahzed
Radiation —
dose [kGy] | Ppeak position | Peak position P(iaskl 5]3(1);1;?;
2699-3023 1515-1835 /(2699-3023)
Virgin 11.8243 3.2828 02776
200 9.0992 2.0390 0.2241
400 7.3144 2.7848 0.3807
600 9.9420 6.4172 0.6455
800 7.1815 7.2330 1.0072
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Fig. 5. The crosslinking degree of v-ray irradiated LDPE
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