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Fig.1 Section morphologies of irradiation crosslinked NBR/ECO blends
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Tab.1 Physical properties of irradiation crosslinked
NBR/ECO blends

it 77 % 5
1 2" 37 4" 57 6"
BR/RATURERE /FE 40 46 55 42 48 54
PR EE/MPa 3.75 5.48 5.95 4.65 6.75 7.15
HEWHIP R/ % 435 387 316 415 358 310
SCHRIE /Y% 65 72 80 76 82 83

4 PR 1 R, JBORE R S R JEE W 2 0K, 5 2 A
F10 2 8 7K AR AR 38 R fhf 56 2 119 2B O (ELAE
AN T JBE Ao Sk P A B A R A S B A AT A S
F2EF. WRIN LA, AP IR T, 46 IR
AL TMPTMA B S IBAE FH B A , 24 AT IR 5112
Gy if, sk BIVAT R 45 82% 1Y S 166 HE , T 4 FR S Ak )
TATCHY FIHE K 2343 10, AR BOR A9 52 HE A ik

i F

F180%,

VA AT LU R AR IR A TR 5 il %
o PR ) P S R G R S R M IR T
IR BR AL R TMPTMA ) R BB ZR AR R 3
EV WS 0 5 FR BP9 TATC A e e B K5 JB58 Rk £ o i
5 I B A AR R AL R R R IS R E K, 5
P OO P= VA TR (iR EE S T T: WA N =1 1 D22 B N
T4 B AL I TMPTMA B g Rk B 7 4 588 B L R
T REACIE R TALC 19 S REBE A, e A, 24 i IR
A0 FH A D247 188 RS0 340 , IEAek 1) i A 5 J3E 8 g
/N

5 IR 9] 2 6 4 R A2 BRNBR /EC O I Jise 4 Bt
PERE (0 52 W 40 3R 2 7, 4 BB SR TMPTMA Al

®2 BERAEXIFERIBENBR/ECOL R Y IE M AL
Tab.2 Effect of irradiation doses on physical properties of irradiated crosslinked NBR/ECO blends
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Tab.3 Test formulas of different anti-aging systems phr

w4 i : %Eh i : : :
7 8 9 10 11 12
ECO 40 40 40 40 40 40
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AL 20 20 20 20 20 20
A AT
TMPTMA 2 2 2 2 2 2
Bi &7 TMQ 0 2 0 0 1 1
Bi & FINBC 2 0 0 1 0 1
i &7IMB 0 0 2 1 1 0
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ZET R R P IR M RE
Tab.4 Physical properties of irradiated crosslinked
NBR/ECO blends with different anti-aging
systems before and after aging

5 H [ k=2
7" 8’ 9" 10" 11t 12’
AR IR ARYRE i/ J5 52 51 53 51 52 51
PR EE/MPa 8.30 8.50 838 8.85 845 895
BB/ % 283 279 288 290 285 280
100 C X 168 h&Z b5
AR /R ARITE 3 / 13 65 72 75 62 68 54
Fr A5/ MPa 596 495 535 696 6.06 825
P/ % 230 215 185 245 223 267

N, BB R ABRRE Bt 251G K, i AR TR] B 4 A £ 1Y
JRE Ak REAR AR B ) 45 25 5%

Xof E B 7 390 SRk 1) I S AR RE L 9 4
HEHB IR AR RE B AR | o7 Ao B A8 L 3 B e 4
FRAR AW R 3T B 700 A} 1 it 2 Ak e AT HE
J¥, AR 7R A TR 5 A5 A R < 3 A8 A bl R 21/
PR R i FIMB | Bl Z R TMQ |, Bl £ FINBC,
Fir A B AR b 22 o KB/ IMR IR R B 22 75 TMQ | B
ERIMB B EFINBC, X Ho W Bl =& 570 3 F i Ak
BT Ak 1 fiE , BB R AJRL R JBE AR Ak | 7 A i BE AR 4k
ZEFNL BT F2 A8 1b F8 ol KB/INEIR Sy B 271
TMQ/MB . Bii ZFINBC/MB , [jj % FINBC/TMQ.
LEB R, WP 7 590 51 FH B B s R A
TR 7 2 550, o SR B 2 FINBC/ TMQIT H
1Y B 47 1A R 4 JRE R %) T B4 1 B A A, X At
T b7 & FAINBC 5 TMQH £ W [A] B 7 4E . Z8 %0
SRR G X 58T 2 MGy 50 B B I F X EPDM

JEE A 3 5 1 B B T B AR P RE A9 B2 T, 45 2R Jk
Bl & FINBC/ TMQI: H 9 J5 Ak ) i 42 A 1 i 4
4, HLREAE A ] A 5 1, 2 B 37 &R BBl 75
SRR W BRAK SR B T AL
[5] £ )7 2 70 5 FH T A3 20400 o JEokh B R 8 1 5 R 4R
Ze.

3 #i

A TAEWESE T BRSO 50 P 28 0 B 0 i AR
ZHKNBR/ECOFTR 1k g i 52 ) , If i — 20 i 5%
T W7 A A R 6T MR R T A AP AR S e, 45
ity (1l

(1) % PR A AL 77 TMPTMA X} 4 IR 52 K NBR /
ECOZ: 1R Ji 1 28 B &4 R A =, >4 58 1R 1k )
TMPTMA & 245 4@ BRI 5o 140 kGy ), R
[dibE e iz L

(2) KB #ZFIRD/NBCIH:FH GF FH R 1/1)
1) Bl 4P 4 2R LR Ay it #R s A B g o

SE k-

(1] 7K A 38 A2 5 AR P8 R 32 2 5 AR 3 i ) S
HE[P].HE : CN 100547497C,2009-10-07.

(2] ARAEG L T o HE SR B AR B4 10 (9] AR BB BEIR A T, 2005 (6) -
19-22.

SONG T S. Application of electron beam radiation crosslinking
technology[J].Rubber & Plastics Resources Utilization, 2005 (6) :
19-22.

(3] i, X AAUBK , 48 W 21 AR et R AL B AR B RIF T B e (D). = R
T.,2002,29(2) :20-23.

YANG B, ZHAO Y L, JIANG L H. Research and application of
radiation vulcanization of rubber [J]. Yunnan Chemical Technology,
2002,29(2) :20-23.

(4] 723030, AR FIBE. T AR R AL i IF 52 [C. o R 2R R
HE AR —— P B B2 2220004 1 AR AR 22 SCHE G — 4 + B8
). At PR 2, 2000: 8.

(5] iR, SCHER 2R Te Bt i (e 48 P i R W FE ). SRR,
2021,49(5) :111-114.

GU Z H. Application of crosslinked polyethylene in power supply
communication cable[J]. Plastics Science and Technology, 2021, 49
(5) :111-114.

(61 g [H 5. vl -7 B4 R B A e A B R I IF ST 100, A48 Tl

2021,68(8) :608-614.



%5 6 S WA B BRSSO T I AGB /S AR B IR S ) PE RE Y 415

CHENG Y G. Electron beam irradiation prevulcanization technology Rubber Industry, 1994,17 (6) :352-354.
and its application[J]. China Rubber Industry, 2021, 68 (8) :608-614. [13] XIS, A2, W0 BT, 45, S dm MR A0 T g e Ak ke v e

(7] A, o, e LR, A6, TR H RO RS TSRS / R R[], 4505 Tall, 2018, 65 (12) :1398-1401.

CIRIEHRA L. FRA B S HR A 20544 ,2021,39 (1) :41-50. ZHAO X N,YANG H J,JAIO Y et al. Effect of y-ray irradiation on
TONG N N, FAN X R, GAO W D, et al. High energy electron properties of HNBR vulcanizate[J]. China Rubber Industry,2018,
beam irradiation for producing crosslinked nitrile butadiene rubber/ 65(12) :1398-1401.

polyvinyl chloride raw rubber cots[J]. Journal of Radiation Research [14] BTy, BAmak, Xbene , 45 ALt LUk W i AL iR RAERR BN T
and Radiation Processing,2021,39 (1) :41-50. PRI ERE[T]. AEFAGRE I &, 2009, 30 (3) : 79-84.

[8] YASIN T,AHMED S, YOSHII F, et al. Effect of acrylonitrile content on YANG X M, CHEN F L, LIU X X, et al. Research progress of
physical properties of electron beam irradiated acrylonitrile-butadiene organic peroxide vulcanization system in rubber application[J].
rubber[J]. Reactive and Functional Polymers,2003,57 (2-3) : 113-118. Special Purpose Rubber Products,2009,30 (3) : 79-84.

[91 LI Z G, ZHANG Y B, ZHAO H T. Effect of electron beam [15] Smi, 2 BUk. Bk 57 R 2 570 % CO/ECOIL R My 1 RE 1Y 32
irradiation on chlorinated polyethylene/vinyl acetate/nitrile rubber m[I]. ARSI, 2009 (9) : 1-4.
blend system[J]. IOP Conference Series: Materials Science and WU LJ,LUO QY. Effects of softener and antioxidant on properties
Engineering,2020,782(2) :022110. of CO/ECO blends [J]. Guangdong Rubber,2009 (9) : 1-4.

[10] FMME, BRUKTR, TH 2%, 56 31 7 U0 R v il I ZE Ik =0 LN AR [16] Z255, T3, BRAEAE , 55, MWy 70 KX =0 L AR I T

BB Z MR ). 4244k, 2017, 50 (6) :32-36. AE BRI, A RS Tolk, 2017, 40 (4) :320-324.

SUN B, SHANY D, MA Z S, et al. Effect of crosslinking mode QIN Y,MA J,CHEN C H,et al. Effects of amine antioxidants
on crosslinked EPDM cable material for nuclear power plant[J]. and their blend on properties of ethylene-propylene-diene
Insulating Materials,2017,50 (6) :32-36. monomer[J]. China Synthetic Rubber Industry, 2017, 40 (4) : 320~

[11] SHUKUSHIMA S, HAYAMI H, ITO T, et al. Modification of 324.
radiation cross-linked polypropylene[J]. Radiation Physics and [17] ROk % ARAE ATAEE, 48 T IR A 5 R il 25 S M RRLI]. AL
Chemistry,2001,60 (4-5) :489-493. BT AEREE, 2017,41(9) :61-67.

[12] BASCAR, T2 Ao, 4. SBMSR/ = TN =32 SN e BR 1) CHEN Y J, ZOU H, WU S M, et al. Preparation and properties of
TR ARERI]. A AR Tk, 1994, 17 (6) :352-354. nitrile rubber composite[J]. Materials for Mechanical Engineering,
ZHAO W W, YU L, ZHONG X G, et al. Enhanced radiation 2017,41(9) :61-67.
crosslinking of polyepichlorohydrin rubber[J]. China Synthetic W EHEA.2021-12-16

Properties of Irradiation Crosslinked NBR/ECO Blend

JIANG Pengfei, XU Hongyan,ZHANG Wenjing , WEN Dehao
(CGN Advanced Materials Technology Co. ,Ltd, Taicang 215400, China)

Abstract: The effects of the type and amount of radiation sensitizer on the properties of irradiation
crosslinked nitrile rubber (NBR) /epichlorohydrin rubber (ECO) blend and the effects of anti-aging systems
on the heat aging resistance of the blend were studied. The results showed that the crosslinking effect of
radiation sensitizer TMPTMA on NBR/ECO blend was better than that of radiation sensitizer TAIC. With the
increase of radiation dose, the crosslinking degree of the blend increased, the shore A hardness and tensile
strength were improved, and the elongation at break was reduced. However, when the radiation dose was
higher than 140 kGy, the crosslinking degree of the blend changed little. The heat aging resistance of the
blend with antioxidant RD/NBC blend (blending ratio was 1/1) was the best.

Key words: irradiation crosslinking; NBR; ECO; blend; radiation sensitizer; radiation dose; anti-aging

system; crosslinking degree



