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Fig.1 Diagram of electron beam irradiation prevulcanization

equipment structure
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Fig.2 Photos of components of electron beam irradiation prevulcanization equipment
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Tab.1 Irradiation dose uniformity (transverse) experimental data of calendering cord under

different electron beam current strengths

5 B B0 5 b TS G
1 2 3 5 6 7 8 9 10

141 (TR REE82. 5 mA)

A, — 0.061  0.058 0.062 0.057 0.059 0.062 0.061  0.059  0.061

A, — 0.192  0.189  0.200  0.190  0.201  0.197  0.195  0.195  0.191

A4, — 0.131  0.131  0.138 0.133  0.142  0.135 0.134  0.136  0.130

A — 3.28 3.28 3.45 3.33 3.55 3.38 3.35 3.40 3.25

A G /K Gy — 20.0 20.0 21.0 20.0 21.5 20.0 20.0 21.0 20.0
24 (HL TS8R £ 43. 0 mA)

4, 0.060  0.062  0.057 0.061  0.059  0.059 0.063 0.058  0.059  0.060

4, 0.140  0.140  0.140  0.148  0.142  0.136  0.144 0.14 0.142  0.143

A4, 0.080  0.078  0.083 0.087  0.083  0.077 0.081  0.082  0.083  0.083

A 2.00 1.95 2.08 2.18 2.08 1.93 2.03 2.05 2.08 2.08

ARG L/ KGy 11.0 11.0 12.0 12.0 12.0 11.0 11.0 11.0 12.0 12.0
55341 (L TR 5R 20, 8 mA)

A, 0.060  0.058  0.059 0.062 0.059  0.060 0.060 0.060  0.060  0.059

A, 0.096  0.097  0.094 0.098  0.098 0.102 0.100  0.098  0.098  0.095

A4, 0.036  0.039  0.035 0.036 0.039 0.042 0.040  0.038  0.038  0.036

A 0.90 0.98 0.88 0.90 0.98 1.05 1.00 0.95 0.95 0.90

iR /kGy 5.0 5.0 5.0 5.0 5.0 5.4 5.0 5.0 5.0 5.0

A UL A R AL S 50 moe min ', 551, 23 A A 4R BRI S0 450 R 3. 614%,4.348%F113.846%
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Fig.3 Relationship curve between irradiation dose and beam

current strength in cord calendering
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Tab.2 Irradiation dose uniformity (longitudinal) experimental data of calendering cord

R R g

it H
1 2 3 4 5 6 7 8 9 10
A, 0.061 0. 060 0.058 0.062 0.061 0.063 0.061 0. 060 0.061 0. 060
4, 0.186 0.195 0.194 0.202 0.19 0.205 0.197 0.195 0.195 0.191
A4, 0.125 0.135 0.136 0. 140 0.129 0.142 0.136 0.135 0.134 0.131
A 3.17 3.29 3.29 3.46 3.22 3.55 3.38 3.35 3.40 3.25
AR /KGy  19.0 20.0 20.0 21.0 20.0 21.5 20.0 20.0 21.0 20.0
T BT AHRSRE 42. 0 mA A5 A HAE TR 25 moe min ' A A R BRI ST 6. 172%
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Tab.3 Test schemes of carcass cord processing
i 5 205/60R 16ViE i 185/65R 15H XLit /i
e W6 He e Vit

SRR E /mm 0.70 1.00 0.70 1.00
it 25/ mm 0.90 0.90
ks A

5 A Y CP5269 CP526A CP3308 CP330C

214t ) 22 2222dtex/2 26EPI 2222dtex/2 26EPI 1667dtex/2 30EPI 1667dtex/2 30EPI

JESEJEEEE / mm 1.45 1.65 1.30 1.50

HLF SR R /K Gy 40/50 40/50

T2 1) X AR PR R AR AR S A 00 5 T G A A S i JE
FEAT AR AR S

F4 BFREBRMSRMABET AW
Tab.4 Effect of electron beam irradiation prevulcanization on
properties of carcass cord compounds

R X AR Sy 5, A T R

5 g o BI04 BRI i /kGy
40 50

IEHR ML (1+4)100 C] 23.6 28.9 28. 1
[T FE BRI ]

£5(125°C) /min 33.7 32.1 29.2
RIS (160 C)

F./(dN * m) 1.4 1.9 1.9

Fo/ (AN © m) 26.6 26.5 27.0

t3/min 4.2 4.1 3.9

1o/ min 7.3 7.0 6.6
YRk fE

B IR AT RS 5 / i 55 55 56

300%7E i1 J1 /MPa 11.2 11.8 11.8

Pififi B2/ MPa 18.4 18.5 18.6

FLIBE A%/ % 431 418 419

x5 BFRERMMAIRETAIEENRME
Tab.5 Effect of electron beam irradiation prevulcanization on
properties of carcass cords

5 B e I 64 IR0 /K Gy
40 50
CP526A%5 i
Fits 717 /N 6.7 8.1 8.5
HE 17 /N 129 132 139
BTHLARY /% 0.8 0.6 0.3
CP330CH i
ity 71V /N 6.8 8.2 8.5
HEHY /N 152 161 196
MR /% 2.3 1.5 1.9

V1) FI A Tackis 36 BUIW i s 2) £F 4 5 4 4 1220 5 5 7 22 19
T3, BRI A+ 5 22 R B O AL, BRI ik 0 LA 222
ATHIBIT £ 3) AERITHL LI
ISR AR 6T 7

BEREK0. 2 mm;2) A A7 A5 R 8 W N R E R

*o BFRERWMANBRETHIERLIERNZM
Tab.6 Effect of electron beam irradiation prevulcanization on
properties of carcass cord fiber precursors

T2 50 5 )
i H i i /kGy bz
40 50
2222dtex/2 26EPILF 4k i 2%
Wi %458 71 /N 317.5 312.4 312.4 =295
W7 (K R/ % 14.8  13.9  14.0 =13
88.2 NEMMMEKRE/% 4.6 4.9 5.0 4.0~5.0
TR/ % 1.5 1.1 1.2 1.3~2.3
1667dtex/2 30EPIZF 4 i 22
W45 71 /N 221.5 218.5 219.4 =205
W7 LA R/ % 16.9 15.8 16.5 =14
66.6 NiE i R/% 4.0 4.1 4.5 3.0~4.0
TR/ % 1.6 1.5 1.2 1.5~2.5

MR LUE H, 2 i U BRUS , RR 5 A
214 I 22 T W 2408 T IS T B (291, 5%) , (HAT AT
%;}:B*Tg*

V/TmJ:l_ﬁtgﬁ%%Hj [J\—F/nlb

(1) B AR5 A3 S it FiL SRR R T Ak 1) £ A5
A T4 e G A A R S P RE RN IR AR A1
BRI ARIE s B R T 48 50 BBk B IE G AL A ], 32 5
Lty Ya Uy

(2) M F AR BRI AL ) ?ZﬁJ?QQE‘J%ﬁ
UG8 )R B 291.5% , 3 76 G A7 A Pe Bt 7
MEE,

(3) HL T B4 HE T4 AL 174 i 1R
Bf AT A B 255 Pk RE AL AT
3.3 mmithaidng

205/60R 16V 1 i 56 i £ BE 40 £ 7 57 7.
185/65R 15H XLt hfe Gk fe tn %8 .

40 kGy
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Tab.7 Properties of 205/60R 16V finished tires

i H e e IR I 4t/ kGy
40 50
JEEERRIE" /] =550 =603
AT B ] /min
1 73 73
2 80 80
fiff K B > /b
1 49.58 55.60 55.67
2 48.25 52.52 54.50

1) $8 654295 J52) #5454 70 min; 3) $545443. 5 ho

=8 185/65R 15H XL M RA 1 &L
Tab.8 Properties of 185/65R 15H XL finished tires

. B AL/ KGy
40 50
JEZEsREY /) =649 =660
PEHEAF SR 1/ min
: 97 87
2 100 96
i A 1] /h
! 50.15 50. 52
2 44.90 46.63
fa

MFRTHIBH] LU, G R A 28 o o IR
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SR B 40 KGy R, A R IR PR RERS I
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IR R MG I00. 01%.

4 Z5iE

(1) XoF B AR5 A1 2 it i - o R il AL A
A0 R A R T4 IR R A A R A P e AR
ERETRRITE DA LRSS N Y =R e Ra Yy & S Wi 9 ]
PERERLS -

(2) 38 3ok 94 B R 4 T 20 AT DA SE B 1K 445 A1 )&
BEAXSFR R AE | 32 11 0] DA S B % 2 s — b
A IR AT A T2

(3) H 3 4 BRI 30 Ak F AR TR 58 647 Ml 19 iz
FHHG SR8, AE H AT E A H o B AL A%
I I AR O A R, AN A A R B S LR L B
I CHE TR SR B /NG, HLAE B Ll B e B

AN 2 o TE HL T AR IR TR AL 1 5 DL TR 1B
I, PR AN R AT R I PO A B0 i A A A 7 I U
H4R0. 05 mm, XAFIEAS REAS i L4 fif il 2 T 20 1)
L ER 2 S EGE IR BRI R, 7E s
I R AT B e O A 5 Y L 1 SR TR R b i
o, [ ZERE A I A 55 s ) LIV

SE WK
(1] A EAS. HL 7 R B UL b B T % [ B 22 W (0], o [ R
2013,29(24) :25.
ZHAO Y J. Electron beam irradiation prevulcanization technology
breaks international monopoly[J]. China Rubber,2013,29 (24) :25.
[2] FAE= REWRSTINTIMI. Jbat:Blz R, 2003 : 53-60.
(3] JA g, XIJE RS, EHRAE. SRSt HOR AR R AL i ). 44
A,2000,23 (6) :427-430.
ZHOU R M, LIU Z M, WANG J H. Radiation vulconization of

=

rubber[J]. Nuclear Techniques, 2000, 23 (6) :427-430.

SRYR , SRAEAL, 8 A5 AR R 8 S B AR 50 B it R 0],
T ER I ,2006,22 (7) :23-24.

GUO Z T, ZHANG G M, SHANG H Z, et al. The study and

[4

development of radiation vulcanization of rubber material[J]. China
Rubber,2006,22(7) :23-24.
(5] 9% B, FE I, XU AT A BB 27 B A 15 3 5 B A 19 LU A T
FELT1. FERMRIBE I, 2008,29 (1) :27-30.
JIAO Y, KANG X C, LIU J W. Comparision study on rubber of
chemistry vulcanization and radiation vulcanization[J]. Special
Purpose Rubber Products, 2008,29 (1) :27-30.
l6] My &, RF 2 W T AT E M. L JLROR A AL,
2003.
(7] Al INitg, HER A AR A, P T SRR SR B A 1 R R 1 R D). 58 i
Tlk,2010,30(1) :42-45.
HE X H,DONG M H, XIE C M. Principle and application of electron
beam radiation vulcanization[J].Tire Industry,2010,30 (1) :42-45.
O, TR LKL LTI BT A AR A N TR AR R A
MR AL, 486 Tl , 2019,39 (10) :620-622.
HUANG G W,ZHANG Y F. Application of electron beam irradiation

[8

=

prevulcanization in TBR tire production[J]. Tire Industry, 2019, 39
(10) :620-622.

XiEi, ZERR, 2RI, S TR IR R T X R R
NI R ERE AR D], F8)I6 Tk, 2019,39 (6) :362-364.

LIU Y Q,JIANG B,CI T N,et al. Effect of electron beam irradiation

[9

=

prevulcanization process on property of transition layer for all-steel

radial tire[J]. Tire Industry,2019,39(6) :362-364.



614 B Tk 2021455684

[10] Z=M, E B, Fh Ay, 4. 4R IR AL fE 4 F B IR N Technology,2021,19 (1) :36-38.
IR = R . S8R T, 2017,37 (4) :239-242. (141 EAl, EERIME, mHE, 5. i 48 IR B L 46 i HoRER T ]
LI P, WANG P B, SUN BY, et al. Application of electron beam YA AR 5244 ,2015,41 (13) :45-47.
radiation pre-vulcanization in production of transitional layer of WANG F Y, WANG Y H, GAO X B, et al. Discussion of

truck and bus radial tire[J]. Tire Industry, 2017,37 (4) :239-242. technology of electron radiation presulfiding in tire production[J].
:f i 7%
(L] il XU, s FARIEAERR ™ 10552 5 M. £ China Rubber/Plastics Technology and Equipment,2015,41(13) :
SR 54545 ,2012,38(5) :32-34.
WANG F Y, LIU P X. Research and application of electron

45-47.
[15] EEifg, JARW]. B 75 IR TG AL E AR TR 227 e AR i b A B

irradiation technology in car tire production[J]. China Rubber/
& P JAUL BTk, 2012,32(3) : 750-754.

Plastics Technology and Equipment,2012,38(5) :32-34.

PR MR S5 IH L 4. TP 100H 4 HEU B 50 i A 7= T 200
S AR AR TAl,2019,39 (1) :695-698.
CHENG A R, LIN H, JIAO Y, et al. Influence of TP-100 electron

WANG Y H, ZHOU T M. Application of electronic radiation

=
ﬁ

prevulcanization in passenger car radial tire production[J]. Tire
Industry,2012,32 (3) : 750-754.

[16] B2 , AR, BAAE R, 5. 6 8 P e st i )z 11
FARWIFED]. T2 S A ,2011,31(9) :1035-1037.

irradiation device on tire production process[J]. Tire Industry,2019,

39(11) :695-698.

131 FHC A SR Y6 T/ L I e L 72 2 10528 3B B e e GUO X B,ZHAO M, CHEN Z L et al. A project to determine the
HEG ] A2 B R ,2021,19 (1) :36-38. radiation dose of irradiation electron linac[J]. Nuclear Electronics &
ZHANG F J,ZHU P. Cause analysis and solutions of radial cracks Detection Technology,2011,31(9) :1035-1037.
in inner surface of steel-belted radial tire[J]. Rubber Science and Wi EHEE:2021-02-23

Electron Beam Irradiation Prevulcanization Technology and Its Application

CHENG Yingui
(Technology Research and Development Centre of Sailun Group Co. ,Ltd,Qingdao 266555, China)

Abstract: The equipment structure, reaction mechanism and radiation uniformity evaluation method
of electron beam irradiation prevulcanization technology were described. The application of electron
beam irradiation prevulcanization technology in the carcass cord processing of steel-belted radial tire was
discussed. The results showed that the irradiation dose had a certain effect on the properties of the carcass
cord compound, cord and its fiber precursor and tire. Electron beam irradiation prevulcanization technology
had broad application prospects, and it could play an important role in optimizing processes, improving
production efficiency and tire product quality. In recent years, large domestic tire enterprises have equipped
electron beam irradiation equipment in the new construction or reconstruction projects of the carcass cord
calendering production lines of steel-belted radial tires,but the problem of the high failure rate needed to be
solved.

Key words: electron beam irradiation; prevulcanization; carcass; cord; electron accelerator; irradiation

dose ; uniformity
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