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Table 1 Vulcanization formula of NR.

Ingredient Amount ? (phr)
NR 100
Stearic acid 2
ZnO 5
Sulfur 2
Accelerator CZ® 1
Antioxidant 4010 © 1

aParts by weight per hundred parts rubber; °N-
cyclohexylbenzothiazole-2-sulphenamide; ©N-cyclohexyl-
NO-phenyl-pphenylenediamine.
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Fig. 1 The molecular weight distribution of NR raw rubber
from different producing areas and brands.
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Table 2 Basic physical properties of NR raw rubber.

Mn CUgel N wWp
P
(10* g/mol) (%) (0) (%)
Hainan SCRS5 176.2 1.400 6.9 0.427 0.121
Hainan SCR10 229.3 1.56 54 0476 0.136
Yunnan SCRS 158.5 1.377 12.4 0430 0.14

Sample

SVR3L 143.2 266 7.6 0522 0.256
STR10 1533 222 7.0 0.586 0.226
STR20 106.5 253 104 0416 0.182

SMR-RSS1# 166.4 1.500 13.6 0.727 0.215
SIR-RSS1# 135.2 1.497 85 0.705 0.246
SMR10 207.7 1.240 12.7 0.641 0.238
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Fig. 2 The mechanical properties of NR raw rubber from
different producing areas and brands. (a) The strain-stress
curves of NR raw rubbers; (b) The tensile strength of NR

raw rubber.
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Fig. 3 The influence factors for the mechanical properties
of NR raw rubber.
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Fig. 4 The mechanical properties of vulcanized NR from different producing areas and brands. (a) The strain-stress curves of
vulcanized NR; (b—d) The tensile strength, modulus at 300% elongation and elongation at break of vulcanized NR.
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Fig. 5 Tear resistance of vulcanized NR from different producing areas and brands. (a) Stress-strain curves for the right angle
tear resistance of vulcanized NR; (b) The right angle tear strength and fracture toughness of vulcanized NR.
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Fig. 6 The aging resistance of vulcanized NR from different producing areas and brands. (a, b) The mechanical strength
change and decrease ratio before and after aging; (c, d) The elongation at break change and decrease ratio before and after

aging.
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Fig. 7 Wear resistance for vulcanized NR from different
producing areas and brands.
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Research Article

Key Parameters for the Comprehensive Service Performance of
Natural Rubber

Shao-xiong Lian, Jun-qi Zhang, Yong Zhu, Zheng-tian Xie", Jin-rong Wu"
(College of Polymer Science and Engineering, National Key Laboratory of Advanced Polymer Materials,
Sichuan University, Chengdu 610065)

Abstract Natural rubber (NR), as a critical strategic resource, is indispensable in high-end applications due to its
exceptional properties. However, performance fluctuations arising from variations in geographical origin, grade,
and processing techniques pose challenges to the stable production of high-performance products like specialty
tires. Therefore, identifying key parameters that reflect the comprehensive performance of NR, enabling rapid
evaluation of high-performance NR, is crucial for its high-end applications. In this work, we investigated the
molecular weight, molecular weight distribution, and microstructure composition of NR from different origins and
grades. The comprehensive performance of various NR samples was evaluated through mechanical property
testing, aging resistance testing, as well as abrasion resistance and fatigue resistance testing. Finally, correlation
analysis was employed to identify key parameters representing the overall performance of NR. The results
indicated that fracture toughness exhibited a positive correlation with multiple key properties of vulcanized NR.
Given that the fundamental failure mechanism of rubber in service stems from the unstable propagation of
internal cracks, and fracture toughness intrinsically characterizes a material’s ability to resist unstable crack
propagation, fracture toughness was proposed as the key sensitivity parameter for characterizing the
comprehensive performance of NR. This work elucidates the intrinsic mechanisms underlying NR performance
variations. It provides a theoretical foundation for the rapid evaluation, scientific material selection, and process
optimization of NR for high-end applications. The findings offer significant guidance for enhancing the quality
consistency and competitiveness of domestically produced NR.
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