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Abstract: Rubber vulcanization is a critical process determining the quality of rubber products, consisting of three
stages: induction, vulcanization, and reversion. Although reversion only occurs in some specific rubber systems, it
significantly affects the performance and service life of rubber products. To conduct an in—depth analysis of the
influence of reversion on vulcanization, a kinetic model considering reversion and a heat transfer model were
established and solved in a coupled manner, realizing the finite element simulation analysis of rubber seals. The
variation laws of rubber compound vulcanization degree covering the three stages under different vulcanization
process parameters were obtained. Meanwhile, vulcanization molding simulation was performed on rubber seals with
typical structures, and the effects of rubber cross—sectional dimension, vulcanization temperature, reaction heat,
temperature fluctuation, and preheating temperature on the vulcanization process of rubber seals were investigated,
providing a reference for the actual production of rubber seals. The results show that smaller cross—sectional

dimensions of rubber products and higher vulcanization temperatures lead to faster vulcanization; reaction heat can
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accelerate vulcanization, but its effect varies with rubber compounds and formulations; temperature fluctuation and

preheating temperature have little overall impact on vulcanization, and appropriate conditions can be selected

according to production requirements.

Keywords: rubber seal; vulcanization; reversion; reaction kinetics; numerical simulation
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Fig.1 Schematic diagram of common rubber vulcanization

curves
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(temperature intervals of 5°C)

X T AL R AR S 9 B, 3 T Bera. 0748 A 42 H
A Z Ty 2R B AL FR S5 53 5 AR PR A ST
MR, AL AR T o AR M 2Z 18] 9 ¢ R A5 3 L
AW

M, - M,

= 4

o MMM_MO ( )
My, - M

o, = e (5)
MMuX_MU

o, o R BUAL I BAL TR 5 o, 27538 B
8B JEE 5 MR M, 530 g A1 393 A0 3 DA £ 41
FE o ARYEHLCR EEFIHAR A5G AR, T aeJm 193l
SERERIE S A S ROV AR A 35 SCIN TR 3 77 o

M

Hlmax

L, (N’r\:\("/"J|'-|\}+:\"IIm:lx['i:-'\l-]]-'ll2
k,=In(1/2)/t,

tl' » (M(I+MII|'<1!}"|I2
k=1/t,

ERIECE]

O M,

s i)
&3 kiR RS Tk

Fig.3 Fitting method for sulfurization reversion parameters
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Fig.7 Selection of test rubber position for cylindrical rubber

differential scanning calorimeter
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Table 2 Comparison of DSC test results and simulation results of samples produced under different vulcanization

conditions
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Fig.24 Comparison of temperature at the center of 20mm O-

ring seals and the degree of vulcanization at different preheating

temperatures
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