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1.2
1.2.1 ( phr) NR 100 MI1.0 5.0 1.0
1.5 o
1.2.2 300 ¢ NR
75 ¢ 01.53.04.56.07.5¢ ( DN-8102) 3¢ 7Zn0O 15
g 45¢ M3 g o A0 Al A2 A3 A4
A5, 2 h 7g o
150 C 15 MPa.
1.2.3 300 ¢ NR
03045 60 75 90 120 g ( DN-8102) 4.5 ¢ 3g 7Zn0 15
g 45¢g M3 g o BO B1 B2
B3 B4 B5 B6. 2h 7eg o
150 °C 15 MPa.
1.3 XK450 ; XLB-D
: Zetasizer Nano-S90 ; Spectrum One
PE ; MDR-2000 ALPHA .
1.4
1.4.1 Spectrum One :
ATR o
1.4.2 Zetasizer Nano-S90
1.4.3 MDR-2000 150 °C
30 min. M, M, MM, » Lo tog
2
2.1 1 150 ~275 nm
209 nm o
2.2 1 2981 2877 1425 876 712
em”! CO,*" ; NR 2963 cm™'  CH,
2917 ecm™ 2850 cm™' CH, 1665cm™ C=C 1450 em ™!
1378 ¢cm ™ CH, CH, CH 1127 em™ 835 cecm™ CH
) 12 3 NR /NR ( 25 phr)
o 2 NR o
1 \NR /NR
Tab. 1 Infrared spectral absorption of oyster shell powders natural rubber and composites
Jem”!
CO32’ 2981 2877 1425 876 712
CH, 2 963
CH, 2917 2 850
C=C 1 665
CH( CH, CH,) 1450 1378
CH 1127 835
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Fig.1 Size distribution of oyster shell powders Fig. 2 Infrared spectrogram of the composites
1: Oyster shell powders; 2: NR: 3:0yster shell powders/NR composites
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Fig. 3 Vulcanization curves of the composites at Fig. 4 Vulcanization curves of the composites with
different dosages of the coupling agent different contents of the oyster shell powders
2
Tab. 2 Effect of coupling agent dosage on the cure characteristics of the composites
A0 Al A2 A3 A4 A5
Coupling agent/phr 0 0.5 1.0 1.5 2.0 2.5
dNmMaximum torque / MH 6.23 6.09 6.00 6.18 6.24 6.11
dNmMinimum torque / ML 1.02 1.12 0.90 0.73 0.96 0.82
dNm Cure degree/ MH-ML 5.21 4.97 5.10 5.45 5.28 5.29
Min Scorch time/ t, 0.53 1.06 1.16 1.58 1.59 2.02
Min Optimum cure time/ Ly, 6.22 8.03 9.05 12.11 13.17 13.50
2.3.2 3
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(30 min ) o
3
Tab.3  Effect of oyster shell powders content on the cure characteristics of the composites

BO Bl B2 B3 B4 B5 B6

Opyster shell powder/phr 0 10 15 20 25 30 40
dNm Maximum torque/ MH 5.20 5.50 5.67 6.09 6.18 6.39 6.95
dNm Minimum torque/ ML 0.96 0.72 0.8 0.96 0.73 0.88 1.27
dNm Cure degree/ MH-ML 4.24 4.78 4.87 5.13 5.45 5.51 5.68
Min Scorch time/ t,, 0.55 1.38 1.54 2.03 1.58 1.54 1.44
Min Optimum cure time/ ty, 6.53 11.57 12.24 12.22 12.11 11.53 9.59

1.5 phr
Note: The dosage of the coupling agent is 1.5 phr
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Cure Characteristics of Natural Rubber/QOyster Shell Powder Composites

LI Lefan' ZENG Zongqiang® WANG Zhifen' LIAO Shuangquan' PENG Zheng® LI Sidong’ ZHONG Jieping’
(1. College of Materials Science and Chemical Engineering Hainan University Haikou 570228 China;

2. Agricultural Product Processing Research Institute Chinese Academy of Tropical Agricultural Sciences Zhanjiang 524001,

3. College of Science Guangdong Ocean University Zhanjiang 524088 China)

Abstract: The oyster shell powders were modified by rare earth coupling agent and mixed with natural rubber to
prepare the natural rubber/oyster shell powder composites. The particle size and distribution of the oyster shell
powders were determined with particle size analyzer and the microstructures of the composites were characterized
by using the FTIR to analyze the cure characteristics of the composites. The particle size of the oyster shell pow—
der was found 150 —275 nm averaging 209 nm. The composites kept the FTIR absorption features of both the
oyster shell powder and the natural rubber. In vulcanization the torque values of the composites decreased but
the scorch and optimum cure time of the composites increased with the increase of the rare earth coupling agent.

The torque values and the scorch and optimum cure time of the composites increased when mixed with the oyster
shell powder and the reversion process of cured natural rubber disappeared. Overall the curing performance of
the composites was improved by adding the oyster shell powder.

Key words: natural rubber; oyster shell powder; rare earth coupling agent; curing performance



