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ALWAAAREERERAXRZER (NR, SCRS) ;
MACFIA®E (S, TR, LE=> 99.5%) ; {H
BIEN-NCE 22— FHERREFR(CZ, TWH) .
"W "EFER (DM, TWHR). N— QT E —2-
FHIEWRBEEAR (TiBTD, TR, M4E > 98%) ;
HEMRSFIEERE N30 (TWR) EHEE (Zn0).
BASE (SA). BFEF 4010NA (TR, FIEMR
BRE s — B AN E B,
1.2 SLRBREH

AWFRIZIT 4 BEBRERRES. BMES (R
1) %K —A : NR (100 {3), REJEN330 (501{3),
ZnO (513), SA (219), BHZ#I 4010NA (213),
RBABMLERASD (BEFISHERS), BARA
SEANE 1 BiR. Hp A36 AR4 CZ+DM HAEKR,
TEANIRA ; A37-A39 A3|IA TiBTD HER BRI

EEM A - 5T (1984—), B, A®, TN, FENF
ol 8 A T S S5 M L T M R A
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A, BNAR CZ S TIBTD BELHLKEARAE, R
SN EERR X R M BEBY R0
®1 TRBRUERESSH (REHR)

ELH%S
an A36 A37 A38 A39
cz 1.50 1.30 1.65 1.30
DM 0.50 0 0 0
TiBTD 0 0.45 0.45 0.45
e (S) 1.50 1.00 0.70 0.70

1.3 REBEERMENE

R BOR YRR XK—160 BUFF BT KRB, 8 18 “ 5¢
NEMEE, SHNREH RN, BHEIZSHU
T : BIIRIEE 50~55 C, GIRIBE 45~50 'C, g
2~3 mm, EEERRGERLAGRNEYE S min BX
BHB, KRIOA ZnO. SA. BHEHI 4010NA, ¥k
3 min FI0ARRE N330, KER YK 4 min EHEIHI,
RBEMAIRHEF (CZ. DM, TiBTD) SHE, Bk
2 min 5@ 3R, HEESIRBER, ZEME 24 h
G&M.

iR B R B XLB-D B EARFHALH, RIBES
W DN RBENERCIE (1) HITH,
WHRE 145 C, HLE 10 MPa, HiLTRGE
RKRAHNERR, BSIRERCKRIRE, BF O
M3
1.4 BN RESHE
1.4.1 FLshHhFMik

KA GT-M2000-A B FHUN, IR GB/
T 16584—1996 #5E, MIFRE 145 'C, WiXYE 30
min, BRERNE (). ERLNE (L) ZXR
WCSH, FNFERSNHLEMESHIZEM,
1.4.2 IR HLAMEREM X

I {88 M BE #2 93 GB/T 528—2009 45 %, X A
CMT4104 BB F H A2 AL MR, A M5 AU 1
RURESR, HIBEE 500 mm/min, NRAIBRBE. W3
{813 ; DIN EEFEM BEIRER GB/T 9867—2008 FRAE, X
FA DIN BRI, 537 10 N, 5% 4 000 r/min,
ITEERER, IPNMWEML.
1.4.3 zhAMEEM R

O EFA LX-A WA KEE T RETENKE
B, IR GB/T 1681—2009 tREN ; EBERM A
%0 GB/T 1687—1993 e, XA MR-C B IR IR[E
FE PRI, MWRREARBE 55 C, RAF 2.0
MPa, $f% 30 Hz, WKBYE 2 h, BRHEDIVEF,
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BFRtCEM2TERRN ILEMNETHER
HZIWKE, R ARIHNERRAREFTIHSSH
BRI N2,

(D) B1HERNE () REGBEHRBREND LERED
NLZE2EO. MBERKBE, A36 85 (CZ+DM K AR)
B & (111 min), BERFXNRA (13.2 min),
X 7% 88 DM {E A — FP O #83R 18 3 7 &2 4R 166 AR Y53 M
RIE, BSEREN CZREFEM, FEEINM
BN, EERBITRECEBLEE, REEWMRERE,
A37-A39 875 (SIATIBTD B{ES 2RASE) &«
I E 15 min £G, TiBTD KA SBEHT, B
HM B SHRK, A EERONNILEH, &
FERBHHOREFES.

1 TR EERRATE 1

(2) £B2d, A6 B Tt R (8.97 min),
BRI CZ/DM HAK AN SHME, ZAEARERT
WETRERRSHIZR. A3785 (TiBTD, 1.0
3 S BROB 154 10.4 min, WK EDP, ER/EIRHNZE,
A38 M A3 BC/5P, WREREZE 0.7 1D, 1, EKE 12.7
min lE, TERAZMBEEEIKA, BDOEA
SHEROOUHERAREKRNE, MMTTERAIE
ARBKBEMENINE. RMXTD «ER > EKARBE
FREREHINRENLSE, EFEMIHN DD HR
Mo

(3) B3PMRAEE (M) BRETRRER
RRBZBENBEIEIN. RIBHBESLEEIC : A38HE
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B2 IERRLEE 1,

LBE&REeH M {E (11.52 dN-m), XZ TiBTD {&#
fARBEREREMSDEAFERNER, BATRRS
RERD, REFIBNTERBEXESHREKER,
WETMRRFAERNRKBEES, ERWERD
BER TDHEERBRSNBIAREKKF .

3 EEEME MM

(4) B4, RARSMNEN M,—M, E, TS
EZRBRRHKEERRCZENER, HTURER
MEBHEIL : ASBHERS M,—M B, BMZEK
ML S RE, EARAREED TiBTD {8 fl A
ARPRETRBNIER, BT RURRIERNE
WRFEROKE, BUHCRERM SR AR
=
2.2 HENWISED T

IR ARNBBEMBEAR ENE T IRE=4MBH
=1, MEHRE ENTEEM N2,

(1) WS R, A37BRFH 100% EHESR
K (3.26 MPa), RBEAEMNEE TEEGRANA
MTEED, XBHBHZHKEMSEHRZHEER - &K
MEERNER, BB s5. B 6N, A KA

12 -

4 RAEE My

E5 100% ERNMH

6 300% ERRAH

F A37, TH 100% 70 300% ERREHE TREED,
X—BRHATESREBENTHABR, KBNS
SHNXANEBREENE ML LBV ER R
EFANHE, SMBSSSOMBENRIN, TIEBMN
NENRIE, MEARBKERS,
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1Bir. BB 7. 8, A39 HHIBRENHBBKECH
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BT BB ICELIAR 416%, HREBEEBEP, MBLE
MILR, BtAESsSRURHEA TIBTD EE585, ®
MER S KERMPINRIEKRE, ZXRKREES
f2ee, WEERGBWOBABNNNTD, TERAY R,
RICEER X H). SUWEMINGE WREE, A37 BIKTR
BRERE G61%), RERWSHERSHEBRE
KA MM S S EE R

E7 mHEE

8 HIfRIEEE

(3) DIN BEREZINEHIBBERNXBIER. B
I, A37BIENMEBEMRE (147 cm®, KTFNRE
(168 cm’) K A36 (151 cm®), EENMWEMH—KRS
MRSHERE. SYNRERRENHSRET M AL
BX. BRMS, A3 EASEBRE RREBIMLS
S, HEBRIEPEHRAEHR. FPRBIREE
RIS, HESBRARME (33.9 C), BINSEEN
RAPD HBEREN, RICRE)ARRESEHKEIM R
R REBIE IRV E IR E K KBRE, FREEME M
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A BIEBERBOEE (19%), HEGRENARE
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Study on the effects of different vulcanization systems on the
physicomechanical properties and dynamic characteristics of rubber

Zhang Ning', Liu Jiagiang', Dong Ziliang®®, Long Feifei', Pan Enhua', Xu Yan', Wang Linjie**

(1. Shandong Fengyuan Tire Manufacturing Co. LTD., Zaozhuang 277300, Shandong, China;
2. College of Intelligent Manufacturing, Qingdao University of Science and Technology, Qingdao 266061,
Shandong, China;
3. National Engineering Research Center for Advanced Tire Equipment and Key Materials, Qingdao University
of Science and Technology, Qingdao 266061, Shandong, China)

Abstract: This stfudy aims to optimize the tire tread rubber formula by investigating the effects of
accelerator combinations (CZ+DM, CZ+TiBTD) and sulfur dosage on rubber vulcanization kinetics, physical and
mechanical properties, and dynamic performance. Quantitative analysis of the properties of different formula
rubbers was conducted through Mooney viscosity, tensile testing, DIN abrasion testing, and compression heat
build-up testing. The results indicate that the CZ/DM system exhibits extremely high vulcanization efficiency
but has a narrow processing safety window; whereas the low-sulfur high-accelerator system based on
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TiIBTD can extend the scorch time, thus providing better processing safety. Among them, the A39 formula
demonstrates excellent comprehensive performance: tensile strength of 15.87 MPa and elongation at break
of 416%, combining high resilience and low compression temperature rise; the A37 formula has the best wear
resistance, while the A38 formula exhibits outstanding fatigue resistance. This paper clarifies the performance
regulation mechanism of the vulcanization system and determines the A39 formula as the preferred opftion for
the development of high-performance energy-saving tire tfread rubber, providing experimental evidence for
the application of the low-sulfur high-accelerator system.

Key words: vulcanization system; tread rubber; physical and mechanical properties; dynamic
characteristics
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IWREEHEETF : Al KERREEAGISHE

Shandong Tire Group makes another significant move: deeply integrating Al large models
into its manufacturing chain!
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