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RAR R, ISR B . Biig (H,S0,) , 7
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Fig. 1 TEM photo of NCC
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Fig. 2 SEM photos of NR/NCC/CB and NR/NCC/CB/
RH composites: (a) NR/NCC/CB (100/10/35) and (b)
NR/NCC/CB/RH (100/10/35/5)
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Fig. 3 Mechanical properties of NR/NCC/CB and NR/NCC/CB/RH composites
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Fig. 4 Plots of G’ (a), 6" (b) and tand (c) versus
strain for NR/NCC/CB composites
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Fig. 5 Plots of G' (a), G" (b) and tand (c) versus
strain for NR/NCC/CB/RH composites
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Fig. 6 Heat build-up at dynamic compression of NR/
NCC/CB and NR/NCC/CB/RH composites
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Fig. 7 Permanent set at dynamic compression of NR/

NCC/CB and NR/NCC/CB/RH composites
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Fig. 8 Flex cracking resistance of NR/NCC/CB composites
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Fig. 9 Abrasion loss of NR/NCC/CB and NR/NCC/CB/

RH composites
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Fig. 10 E'-T curves of NR/NCC/CB composites
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Table 1 Data of the tand-T curves of NR/NCC/CB composites

NCC/CB Tg( C) tand (0°C) tand (60°C )
0/45 -45.7 0. 13183 0. 06607
5/40 -46.3 0. 12815 0. 06446
10/35 -45.5 0. 11840 0. 05424
15/30 -45.5 0.11611 0. 05359
20/25 -45.3 0. 11071 0. 05495
25/20 -46.3 0. 11582 0.04711
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Fig. 12 E'-T curves of NR/NCC/CB/RH composites
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Table 2 Data of the tand-T curves of NR/NCC/CB/RH composites

NCC/CB/RH 7,(°C) tand (0°C) tand (60°C )
0/45/5 —46.4 0. 11706 0. 07053
5/40/5 -46.0 0. 11503 0. 06410
10/35/5 -44.7 0.10738 0. 04762
15/30/5 ~46.3 0. 10638 0. 04867
20/25/5 —45.7 0. 10787 0. 05540
25/20/5 -46.0 0. 10481 0. 04767
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Fig. 13 tan§-T curves of NR/NCC/CB/RH composites
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THE EFFECTS OF NANOCRYSTALLINE CELLULOSE IN THE
MECHANICAL AND DYNAMIC PROPERTIES OF
NATURAL RUBBER REINFORCED BY CARBON BLACK

Ju Gu, Lu Lin, Yuan-fang Luo, De-min Jia
( College of Materials Science and Engineering, South China University of Technology, Guangzhou 510640)

Abstract Nanocrystalline cellulose (NCC) is prepared by hydrolysis of microcrystalline cellulose ( MCC)
with acid. Natural rubber (NR)/NCC compound co-coagulates with NR latex and NCC suspension. Carbon
black (CB) is added to NR/NCC composite in the blending process. The mechanical and dynamic properties
of NR/NCC/CB, NR/NCC/CB/RH ( resorcinol- hexamine complex) and NR/CB were investigated. The
results show that NCC disperses uniformly and orientates to the stretching direction in the NR matrix. The
Payne effect weakens with the increase of NCC fraction. It indicates that NCC doesn’ t form a strong filler net
and the total filler net in NR/NCC/CB is reduced in comparison with that of NR/CB. At the same time the
variation of tand is not obvious. The addition of NCC can improve the mechanical property and the resistance to
flex cracking of NR/CB and lower the heat build-up and the permanent set of dynamic compression. The
abrasion resistance keeps constant when NCC is replaced by 5 ~20 phr of CB. DMA shows that the variation of
T, is not obvious,and the tand at 0°C descends slightly while the tang at 60°C descends obviously. The Payne
effect of the NR/NCC/CB/RH system weakens sharply in comparison with that of the NR/NCC/CB system.
And the mechanical property ,the resistance to flex cracking and the abrasion resistance improve tremendously.
At the same time,the heat buildup and the permanent set of the dynamic compression decrease further.
Keywords Nanocrystalline cellulose, Natural rubber, Carbon black, Mechanical properties, Dynamic
properties



