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The influence of triallyl isocyanurate on the oxidative cracking behavior of polypropylene

under electron beam irradiation

SHI Congcong' LU Yifeng' ZUO Hongmei® YAN Lesan’ XIONG Chuanxi’
'(CGN High-tech Nuclear Materials (Jiangsu) Co., Ltd., 215400, China)

*(School of Textile and Garment, Anhui Polytechnic University, Wuhu 241000, China)

*(National Key Laboratory for New Technologies in Composite Materials, Wuhan University of Technology, Wuhan 430070, China)

ABSTRACT To reveal the structural and property degradation mechanisms of modified polypropylene (PP) under
electron-beam irradiation, triallyl isocyanurate-modified PP (J-PP) sheets were investigated in this work. The effects
of electron-beam irradiation at doses of 0 kGy, 50 kGy, 100 kGy, 150 kGy, and 200 kGy on its surface morphology,
chemical structure, thermal properties and mechanical properties were studied. Scanning electron microscopy
(SEM), Fourier-transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC) and tensile tests
were employed for characterization. The results show that the surface of irradiated modified PP gradually becomes
rough. The carbonyl absorption peak near 1 716 ¢cm™ intensifies with increasing absorbed dose, indicating
progressive oxidation of PP. Both tensile strength and elongation at break of J-PP decrease significantly as the
absorbed dose rises. After 200 kGy irradiation, the two parameters drop from 32.76 MPa and 674.80% to
24.02 MPa and 3.10%, representing reductions of 26.68% and 99.54%, respectively. DSC results demonstrate that
the melting-peak temperature, melting enthalpy and crystallinity of J-PP generally decrease while the gel content
increases with higher absorbed dose. The crystallization temperature increases slightly at low absorbed doses but
declines at high doses. Electron-beam irradiation simultaneously induces oxidative degradation of PP molecular
chains. The cross-linked network formed with the assistance of TAIC can partially offset the adverse effect of chain
scission on the load-bearing capacity of the material, yet it cannot effectively suppress the loss of plasticity caused
by high-dose irradiation. This paper provides a reference for reliability evaluation and optimization of radiation-
crosslinking modification processes for PP materials under electron-irradiation environments.

KEYWORDS Electron beam irradiation, Polypropylene, Triallyl isocyanurate, Radiation cross-linking, Oxidative
degradation, Mechanical properties
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Fig.2 SEM images of J-PP under different electron absorbed doses: (a—b) J-PP-0 kGy; (c—d) J-PP-50 kGy;
(e—f) J-PP-100 kGy; (g—h) J-PP-200 kGy
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Fig.3 FTIR spectra of PP and J-PP under different electron
absorbed doses
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Fig.4 DSC curves of PP and J-PP under different electron absorbed doses: (a) melting curve; (b) crystallization curve

F1 PPHIARFETRYGIET J-PP HIERLEE AR 45 IR & R R R & &
Table 1 Melting temperature, melting enthalpy, crystallization temperature, crystallinity and gel content of PP and
J-PP under different electron absorbed doses

R ZidnlRE T,/ °C ISRNEE T /°C MRS AH, GEEEX % BEREE %
Sample Crystallization Melting temperature /(J-g™) Degree of Gel content
temperature Melting enthalpy crystallinity
PP 118.28 165.24 86.53 41.40 -
J-PP-0 kGy 119.31 163.45 82.59 39.52 -
J-PP-50 kGy 119.26 160.20 76.72 36.71 56.18
J-PP-100 kGy 118.00 152.62 69.99 33.49 66.97
J-PP-150 kGy 117.35 151.41 60.77 29.08 72.64
J-PP-200 kGy 116.98 150.01 58.89 28.18 73.24
SR, B TR E RIS, J-PP THEEMVBHESI R B R IR, [F A X A

DI RS AN 5 iy 2 2 T B S . T AR R
R, mREER TS PP TR MBI, AT
S RKEA B, JfFEE— B 5l ko T HREACHK.
Bl b 2R % SR AL PR 55 S L o A TAIC A7 1E 1) 25 AF
N AR S XA RIS T R L B 2 S
JRACIR A A, AT BIR ] B B iz 3l K e 1 i [X 25
HPIIRETTs S5 — 5T, R IR 3 i S AL L
ﬂmAﬂEﬁmEﬁéﬁﬂﬁﬁ %%%WU%
it N, S SR AL B AR R AN B . )

ZREIR, BT B-PP SRR A, 5 PR
ERRE R, B R AR R SR 17 1
RMTTREA B TR, 1238 1 B 9m ) 4 Bk
Bro XL R RA BT M AR,
—EFRM N AN R AT B, N
et S as i, 1E—E LR BRI AR A
X4 e I R R A RN O TR, R IS J-PP 45
A AT B AL SEBR E oSS B B T 3R SR A B AR
FEZ PRI FESEFER S R . AW, B

XXXXXX-5



XXXXXX

FE WSS I0,  J-PP A R A Al S R SRR
B, JRasaR 1 hEIR S BN B, RUERN
B 55 R IR S B TR P, S TR A i RS 3 ) X
TR IR FHT AL A S AT 9 R 401 2008 B g 2

HE4 (b) "W, J-PP-0 kGy Al J-PP-50 kGy
FE ol 1) 45 & T 28 T R oot PP, B b J-PP-
0 kGy I 45 il ils B2 4 PP 32 17 1.03 °C. IX 1] BE /2 HH
T TAIC Z 51 K1) JR) 0 A8 Tk 435 ) w4 L 4] 40017 A=
(1) &35 R B Be RE A% 42 it — 5 1) S A O AL S, FRAIR
A% BT R R RE 22, TR PP AE SR i B T
RAEL . AR, B T IROSOR S — P
J-PP (1) 45 it Tk 52 380 PR AIG, 3R WD v ) e R R A
AT BR A R 3 22 DL R AR A R A R KRR IR m R
oy PR . B B A AR K AR ] R R
il e Ad PP 145 & Re 52 B o

RERXI L PP R N F M RERI ST

K 5 A J-PP 7£ 0 kGy. 50 kGy. 100 kGy.
150 kGy F1200 kGy HL 7 5% B (19 {1 530 5 R 7
MK ET A, HES @ AT, BEE TR
FIE RGN, J-PP ) hr o o FE AR 2R .
AR IR J-PP [ 47 158 204 32.76 MPa, £ 50 kGy-
100 kGy. 150 kGy #1200 kGy H, 7 4R IE 5, Hir
fifl 58 FZ 43 Jill P& fK & 24.86 MPa. 24.78 MPa.
24.67 MPa £124.02 MPa, %5 A& 48 B FE 5 20 51 F %
24.13%. 24.36%. 24.72% H126.68%.

EAFVE R R, J-PP R AH 58 FE 7E 50 kGy 4
M R A R R, T U &k — P
50 kGy 4 i & 200 kGy I, H Fi7 fd 58 B A iy

(a)

24

40

32+ +

©
o
=
z 24t EE BE BE ==
S)
=
o
; 16
B
{ el
2

sl

0

0 50 100 150 200
Dose / kGy
s

(b)

24.86 MPa [# 1k % 24.02 MPa, AZ LR /N, X
2 W] FL 1 SR A R ) U1 T-PP I R 3 S D B R
W&, T AE 50~200 kGy i FEl A, 4 o S 6 IR A
7 — 25 B () RO A B AIG . HT RR A HE
REfE A1 PP 4 74 b I 22 B 2 2R W R = A K
B, b s AR . AL AR DL R T B
V) A2 TR A5 22 e B o T 2R e AR AN A il 2 1 R
TEBEAK. T HEES M T B DL S 45 =
WD, NI S5M B Eom i 6 Be 70 5 LFEI,
BE & AR IR B G o, J-PP $Efih 45 < IsF TR) 389 0,
SR TAIC VR NS0 T BRI #E 1 — 285
S, BRTPPHMEMSE S, A p ",
TE TAICFAERI 61 T, &84 PP H HHEE R 2 532 B
L, TR — 5 R FE I = 4 X 48 4546, I T %6 4
B 18] R H AN AT AR B B — e AMEE T . (A
Ik, 7£50~200 kGy 4 HEYEH N, TAIC MfA1Efd 15
J-PP [ A M B ek 0y, JF A7 Ao 558 F5E 11 70 A 0 4 G ¢
AN, IR R 1 Al R R B S R
BAEA — R R R

SRR R A B, J-PP () I 20 K 20 i T
TR PRI B = U . WS (b)) B,
B BB J-PP 1) W R K 2R 674.80%, £ 50 kGy
R HUE PR 22 307.88%; ISR HE— 1 n &2
100 kGy. 150 kGy F1200 kGy I, Iy 24K 2 55 5]
FEAG 2 38.33%. 4.60% F13.10%, 5 A48 IERE L AH
Eb . 20 9B F % 5438%. 94.32%. 99.32% Al
99.54%. HHULAT W, BEE BTG ERS I, J-PP
(1) SRR AR T RE ) 52 B 0 2 40, FRIZ R I H B
BRI MERE

104

10°F

102

Tensile strain / %

10'F

10°

0 50 100

Dose / kGy

150 200

ARV ISR B R J-PP LA E - Cad BLAHIEE 5 (b) W7 R K 5

Fig.5 Tensile properties of J-PP under different electron absorbed doses: (a) tensile strength; (b) elongation at break
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