455 93 % Hi A Vol.45,No.3
2022 £ 3 H NUCLEAR TECHNIQUES March 2022

REFIET v SRR NGk T 2R 4D
A PSR

OB BERBE RS O W REm
L R B BN BRI ST I 201800)
20 ERERE R dERT 100049)
3CE\RE RS Rifg 2012100

FE AR UK R I3 B A B A 4 2 3 B (Cyclic Olefin Copolymer, COC) B A R F i Y6t K 7ER
FELRGVE , LR AE AR 1, 38 F T BT A8 RN 24 ) 00 R 403 . 1% 28 COC =7 F it 38 5 R FH 4 K B R R 2B )
AV, SRR IS FE A 2 FREWT 3 7= A2 B Hh A%, ATk S b 2 R A 5 T 4R VR VB BRI R . L R
FUHL AR ST 51 R 2 R R R B COC MR RES AL 6 COC =97 I 4R B K i B B BB R . N T
FLm IR K BT T COC BIFR ST RURL, B8 T FE Y Bl N y S e COC Ak 2454 B A5 5 B AL 3 AR iR
B VRFROE M TR A (IR DA A R TR B R . 45 SRR IR AR R COC A Fm IR = 2R 1) B BRIk B
I 5 R MAC ) 38 R 2 P 1 5 B 8 W WSO ()3 K, B RS PR R AN ) S 4 S AL P () P 35 ) T
N HRGT BEAR AR s R COC M /K M3 i, IS Rl BO8 . Fa i S 800 70 TREWT L DU B s 2R i) S0 R
J¥ A& COC Faf gk 1 1 ZE R A o

KR ySTEERIR, IR, RRA R

PESES TL9

DOI: 10.11889/7.0253-3219.2022.hjs.45.030302

Effect and mechanism of y -ray irradiation on cyclic olefin copolymer

in the sterilization dose range
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Abstract  [Background] Cyclic olefin copolymer (COC), synthesized by catalytic copolymerization of ethylene
and norbornene, can be applied in medical devices and drug packaging, owing to its many outstanding properties
such as good light transmittance, water vapor barrier and biocompatibility. When this type of medical devices or drug
package is sterilized by high energy irradiation, COC will inevitably undergo changes such as radiation scission,
oxidation, discoloration and so on. It is of great significance to explain the performance change of COC from the free
radical reaction initiated by ionization radiation for the radiation sterilization application of COC medical supplies.

[Purpose] This study aims to investigate radiation effect of COC in the dose range of radiation sterilization.
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[Methods| Effects of y-rays on chemical structure, free radical, glass transition temperature, thermal stability,

molecular weight distribution, surface properties and melt index of the irradiated COC with the sterilization dose

were investigated by Fourier transform infrared spectroscopy (FT-IR), X-ray photoelectron spectroscopy (XPS),

ultraviolet-visible absorption spectroscopy (UV-vas), electron spin resonance spectroscopy (ESRS), differential

scanning calorimetry (DSC), thermogravimetric analysis (TGA), gel permeation chromatography (GPC), water

contact angle (WCA) and melt mass-flow rate measurement. [Results] The concentration of free radicals produced by

COC irradiation in air increases linearly with the increase of absorbed dose. With the increase of absorbed dose,

radiation degradation is dominant, hence the average molecular weight of the radiation oxidation products include

carbonyl and hydroxyl compounds decreases, and the surface hydrophilicity is enhanced whilst the melt index is

increased. [Conclusions] The molecular chain breakage caused by radiation and the reaction between free radicals

and oxygen are the main causes of COC degradation.

Key words y-ray irradiation, Cyclic olefin copolymers, Radiation degradation
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Fig.1 Molecular formular of the COC sample (TOPAS 5013)
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Fig.2 ESR spectra of COC irradiated in air (a), dependence of free radical concentrations in the irradiated COC samples on
absorbed dose (b)
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Fig.3 ATR-FTIR spectra of the COC before and after
irradiation in air
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Fig.4 Changes in color (a) and UV-visible absorption spectra (b) of COC before and after irradiation
with different doses in air at room temperature
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Fig.5 Variations of the XPS spectra of the irradiated COC samples with absorbed dose in air at room temperature
(a) 0 kGy, (b) 2 kGy, (c) 4 kGy, (d) 8 kGy, (e) 14 kGy, (f) 24 kGy
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N — PR TR IR T COC B ML BE 1Ry R,
B 7 COC Ry mb &, an & 8 (b) i . R S i
FHE R ECS 7 TR TR EH K, 0 T
BRI TSR B Ry IR AR Hoih . COC

TE A 4R I (194 fil i 25 25.00 g/10 min. 45 B8 5
COC 7 ¥ R T 5 [t W WS 7 22 1) 38 I T 184K, 24 kGy
IS} Bl 4 T 5 31 42.20 /10 min. 381 COC (R4
PRSP 5, 1B COC #E FR L@ A A 15

030302-6



WS KRR v Lm0

SRR S WL L

R2 TERUFIEEECOCHTFE
Table 2 Molecular weight of the irradiated COC with
different absorbed dose
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