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Study on Vulcanization Kinetics of Silica Filled Compound
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Abstract: The setting of tire curing process depends on the curing parameters of each component, and ultimately
determines the curing efficiency, energy consumption and product quality of tires. The accuracy of curing pa-
rameters is crucial. The vulcanization crosslinking reaction of rubber products conforms to the first-order kinetic
equation. The vulcanization reaction of silica filled rubber is not only the sulfur accelerator crosslinking reaction,
but also the physical effect of polar agglomeration of silica. The vulcanization behavior cannot be accurately char-
acterized by directly using the data measured by the rheometer. Based on this, the vulcanization behavior of silica
filled master batch (without sulfur) was studied in this paper, indicating that the agglomeration of silica inter-
fered with the torque increase during vulcanization test. Finally, the vulcanization curves of silica filled final rub-
ber and master rubber were “subtracted” according to the “time torque” data, and the curves that can more ac-
curately characterize the vulcanization dynamic behavior were redrawn to better guide the setting of tire vulcani-
zation process.
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Table 1 Calculationresults of vulcanization parameters at different tire positions
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Lyl - - -
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SR 9. 06
0.3~0.8 10328 10374 9
0.5~0.8 11303 10225 13.7
B NI THD 13.99
0.3~0.8 11052 10372 13. 6
0.5~0.8 7357 11133 16. 9
F ¢ SR i T 17.72
0.3~0.8 7547 10838 16. 9

FRERF o B 0.5~0.8 5 0.3~0. 8 ARE =R 1/T
—>Ink SR 1/T—>In(1/t ) T WERFE 1%
AL AN E/R HARW R s AR
KIS ¢, 525 R de N 33T BTG L RE
E KBt b ¥ A8 AR 47 b H T 6 Ak DU R
5

B 125 o BB R TR AE o« B 0.5~0.8 Al
0. 3~0. 8 B4 28 3 () Ty 2 (5) 43 51 2 536 Ak
REE MMIAEZ. 74 1 ®bitksh )12 0 2 1R
B4 HEHI® LR T AT, HAbR E/R
MMEAHIE . AN 3% 1 iR . 1 o 2B i T 6 Bt 7 B 1k
WAL SR 1T ¢ IFORBESE 2 VA B T8 B
PR 2R 1 T 1 M B B T A A — o R B 1 1 i

0.5

VR AL B 12 B8 g0 vt vt FFBIZ B BB
TEPEINE TR B DA SRS ey o DAY Jbe B 432 000 A 28 A
03X L A8 i £ Sy ke 2 S R R 40 L AT 3R o A
{41 4 T A8 Ak il £ b & T X R E/R
8 5 i A% 7 A T U AR 4 L A 00 i K Al AT
S5 R A I ) Ak BN 2 i R S O R IR
2.2 BRBEHRREARHRENNFEFE

HBCF ¢ T8 R ¢ S S0 5 R R R T S 8 A 4 T
Lo 195 o BEAT HE ah 1 4%, 25 B 6l 78 B S AP T
180 °C,10 min JEAT i A2 ML 25 R A&l 2 FiAl 3
IR .

MIE 2 Al LU Y ¢ R 5T Y iR T I B I
& AE B A8 115 I 5 K2 i (MUHD R e /NG B (ML) 1Y

(@) m 1/T—Ink L (0) m 1/T—Ink
0.0
0ok o 1/T—In(1/1y) o 1/T—1In(1/t)
05 -0.5
§° -1.0} -1.0f
2 : <
< -5t E-15
= .
-~
2.0t £ 20t
-2.5
-2.5
73.0 L
1 1 L I 1 —_ O 1 L I 1 1
0.00220 0.00225 0.00230 0.00235 0.00240 0.00245 0.00220 0.00225 0.00230 0.00235 0.00240 0.00245
/T /T
B 1 1B sh 12E A A SRR R AE - (a)a L 0. 5~0. 8;(b)a HL 0.3~0.8
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Figure 2 Comparison of vulcanization curves and MH/ML of carbon black filled tread rubber: (a) curing character-

istics MH and ML of MB and MB with 0. 89 phr CZ; (b) curing curves of MB and MB with 0. 89 phr CZ
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Figure 3 Comparison of vulcanization curves and MH/ML of silica filled tread rubber: (a) curing characteristics MH
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Table 2 Comparison of vulcanization parameters before
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