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Fig.1 (a)Network structure and (b)non-rubber components of raw rubber
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Tab.1 Molecular weight of raw rubber

Item TSR 10 TSR 10CV TSR 3CV
M.x10* 180.5 159.0 151.2
M,x10* 324 249 16.2
My/M, 5.6 6.4 9.3
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Fig.2 Mechanical properties of pure rubber vulcanizates
(a): stress-strain curves of samples at room temperature; (b): stress changes with temperature at 23 ‘C and 50% strain

Tab.2 Related parameters of temperature scanning stress relaxation for pure rubber vulcanizates

Item TSR 10 TSR 10CV TSR 3CV
0/MPa 0.40 0.35 0.17
T./C 160.3 164.6 167.2
T/ 'C 191.8 194.4 198.3
T/ C 240.6 244.2 255.1
v/(mol- m™) 68.6 64.5 20.3
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Fig.4 Mechanical properties of carbon black filled vulcanizates
(a)stress (o) as a function of temperature; (b): variation of relaxation spectrum H(7) with temperature

Tab.3 Mechanical properties and related relaxation parameters of temperature scanning stress relaxation for

carbon black filled vulcanizates

Item CB-TSR 10 CB-TSR 10CV CB-TSR 3CV

Tensile strength/MPa 29.8 29.5 29.0
100% Modulus/MPa 2.5 2.7 2.7

300% Modulus/MPa 12.2 12.2 12.4
0/MPa 0.74 0.74 0.73
T/ C 180.7 183.4 198.3
T/ C 234.6 237.2 2383
v/(mol- m™) 83.5 82.4 81.3
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Fig.3 Relaxation spectra H(T) for pure vulcanizates
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Fig. 5 Dynamic mechanical properties for carbon black formula
(a): temperature rise and time of samples; (b): static stiffness retention rate and fatigue times of samples
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Fig.6 Panye effect for carbon black formula
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Tab. 4 Panye effect for carbon black formula

Sample G'o/MPa G'YMPa A G/MPa Payne effect(AG")/MPa
TSR 3CV 0.39 0.32 0.07 -
TSR 10CV 0.57 0.45 0.12 -
TSR 10 0.58 0.44 0.14 -
CB-TSR 3CV 1.64 0.70 0.94 0.87
CB-TSR 10CV 1.61 0.77 0.84 0.72
CB-TSR 10 1.52 0.77 0.75 0.61

Fig.7 SEM images of (a)CB-TSR 3CYV, (b) CB-TSR 10CV and (c)CB-TSR 10
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Effect of Structural and Component Changes on Properties of Natural Rubber
During Maturation

Guojing Chen'’, Bingbing Wang’, Hongtu Lin’, Fuquan Zhang®, Gaorong Li’, Dongbin Ke', Jianhe Liao', Lushen Liao’
(1. School of Materials Science and Engineering, Hainan University, Haikou 570288, Chian; 2. Agricultural Products
Processing Research Institute of Chinese Academy of Tropical Agricultural Sciences, Hainan Provincial Key
Laboratory of Natural Rubber Processing, Zhanjiang 524001, China)

ABSTRACT: Maturation is one of the important steps in the processing of natural rubber(NR). The process is often
accompanied by changes in the structure and components of natural rubber, resulting in changes in the properties of
natural rubber. The structure and components of natural rubber change synchronously with the progress of maturation,
however, the influence of which on the properties of natural rubber is not clear. In this paper, three samples of TSR
10, TSR 10CV and TSR 3CV were used to compare and analyze the effects of natural network and non-rubber
components on the performance of NR. The results show that the increase of the natural network structure during
maturation process has a greater contribution to the increase of Mooney viscosity and initial plasticity value, while
the decrease of the content of non-rubber components has less effect. For unfilled natural rubber vulcanizates, the
decomposition of non- rubber components is an important source of improved mechanical properties; while the
contribution of natural network structure to effective crosslink density and mechanical properties has a synergistic
effect, but the contribution is relatively limited. For carbon black filled natural rubber vulcanizates, there is no
significant difference in the conventional mechanical properties of the three samples, but the overall dynamic fatigue
performance of TSR 10 is the best, followed by TSR 10CV and TSR 3CV is the worst. It shows that the degradation
of non- rubber components and existence of natural network structure are beneficial to improve the dynamic
mechanical properties of carbon black filled natural rubber vulcanizates.

Keywords: natural rubber; maturation; natural network; non-rubber components; carbon black



