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Kinetic Analysis, Fitting and Teaching Design of Rubber
Vulcanization Curve

ZHAI Jun-xue®, LI Guo-jie

(School of Polymer Science and Engineering, Key Laboratory of Rubber-Plastics, Ministry of Education,
Qingdao University of Science and Technology, Qingdao 266042)

Abstract: The analysis of rubber vulcanization kinetics is a fundamental discipline in polymer science.
To systematically study rubber vulcanization kinetics and analytical methods, this study focuses on
employing novel non-isothermal kinetic approaches to analyze and fit isothermal vulcanization curves.
This study first synthesizes rubber vulcanization and crosslinking reaction kinetic models from domestic
and international literature. Subsequently, the improved Malek method for non-isothermal kinetic analysis
was used to analyze and fit the isothermal vulcanization curves by integrating a binary autocatalytic
model. These findings were further incorporated into the instructional design using the BOPPPS (Bridge-
in, Objective, Pre-assessment, Participatory Learning, Post-assessment, Summary) methodology. The
results demonstrate that, according to the literature analysis, the kinetic models effectively describe the
vulcanization processes, while empirical models, such as the n-order and K-S models, facilitate curve
fitting. Isothermal vulcanization reactions are generally classified as first-order processes, whereas
differential canning calorimetry (DSC)-based non-isothermal kinetic analysis enables the calculation of
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the activation energy and reaction order. Simplifying the temperature function in the Malek method into

invariant parameters allows effective curve analysis, with the K-S model outperforming the n-order model

in describing vulcanization rate-reaction degree curves. Integrating these literature reviews and research

findings into classroom teaching updates the knowledge of vulcanization kinetics. A comparative analysis

between binary K-S model fitting methods and n-order models enhances the understanding of vulcanization/

crosslinking kinetics, fostering practical engineering skills in optimizing vulcanization conditions.
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T(°C) M; (dN-m) My (AN-m) T (min) Ty (min) ke ® (minh
155 0.54 24.55 4.70 12.50 0.236
165 0.42 23.71 3.91 10.69 0.310
170 0.29 21.25 3.60 10.07 0.317
175 0.26 20.75 2.96 8.81 0.339
A T
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Table 2 M, ~t curves reaction parameters from K-S model

T (°C) k (min™") n R?
155 ¢ 103 4.0642 0.9994
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170 ¢ 84309 4.8373 0.9992
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analysis of the K-S model

HhZe, i€ R n FEEE &, Hp = m/n = o1 — o)
THREm (33). WEEED, WMEE & (E4). )
#5323, AN PUR/S R n$ii 1, m 7£0.6~0.8
KA, iE1EAE102.3 kT -mol .
2.5 5 (Post-assessment)

MR PR S 5t F) 3 A e HE R TR 252
FERG AT TRt N PR R 0 R R m AR AT K-S
RS AL B f e AR PRSI B 15 0, VP Al 2



8 1] BREBEA: BRI B2 sh 152007 LA S & 1517
155 °C (a) v 175 °C raw data b
014 o0 Raw data 03F 4 170 °C raw data ®)
0.12F n-level (1-a)" fittin O 165°Crawdata o, VvV
g O 155 °C raw data % %
0.0k n-level a(l’”)(lfa)”ﬁtting — F-S fitting
————— F-S o(1-0)"fitting 0.2
T 0.08F o A2-0°2000g 3
= O -~ - EDD N =
0.06 i RN 0.1k
0.04F 7 o
N ;
0.02 = 0.0 |- B2
o %
0.0 ! ! ! ! Iy 1 1 1 1 1 1
’ %.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-a 1-a

4 (do/di)~(1 — o)fUA MZE: () 155 °C Tiifh M 2R 11 5 i S H A0l 4 ih 28 () A RHE FE R AL i 2R MR E ds v S AE O %

HAUE 2R (£R)

Figure 4 Fitted (da/df)~(1 — a) curves: (a) Calculated data of the vulcanization curve at 155 °C and its fitted curve;

(b) Calculated values (points) and fitted curves (lines) of vulcanization curve data at different temperatures
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