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2 CNTHRIRESFEPMEEHEM . (2 b) NCO050, (¢)NC5000, (d) NC4010
Fig 2 SEM inages of cross-section of CNT /mbber composites (& b) NC0050, (¢) NG5000, and (d) NC4010 (Numbers of sample s
name represent filler content For example NC4010 means 40 part of catbon black (N220) and 10 part of catbon nanotubes )
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Table I Properties of mbber com posites

Properties NC0050 N(C2525 NC4010 NC0030 NC5000 NC3000
Filler/ phx N220 25 40 50 30
Filler/ phe CNTs 50 25 10 30
Shore A hardness Hs 78 75 68 72 62 52
Elastic modulus  E/MPa 7 4.4 4.4 38 4.4 4.3
Tension set at Ll00% 6 /M Pa 7.9 3.8 2.6 4.1 16 L3
Tension set at 200% 6 /M Pa 8 59 7.6 3.7 2.6
Tension set at 300% 6 /M Pa 12. 4 10. 4 9.8 7.5 51
Tensile strength 6 /M Pa 13. 6 16. 4 19. 3 10. 6 18. 3 20. 6
Elongation at break &, /% 200 404 470 311 534 602
M ooney viscosity MLi4, (100C ) 1/Pas s 149 108 65 81 41 22
Tear strength ¢ /kN /m 43. 6 60. 5 78 4 35. 7 74. 0 70. 2
Abmasion loss  V, /an® « km ' 0. 049 0. 110 0.112 0.118 0.137 0. 134
Volme resistivity €, A2. an 6. 21 X101 9. 34 X101 1 91 X103 1 90X102 2. 48 X105 3. 21 X106

Note Numbers of sanple s nane are the sane as in Fig 2.
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(Numbers of sanple s name are the sane as in Fig 2 )
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The synergetic effect of carbon nanotubes and

carbon black in a rubber system

FAN Zhuang-jun  WANG Yao LUO Guo-hua LIZhi-fei WEIFei
(Deparment of Chan ical Engineerng Tsinghua University Beijng 100084, China)

Abstract  Rubber/cathon com posites w ere prepared by m ixing multiwalled catbon nanotubes (MW CNTs)s

catbon black or a m xture of catbon black and MW CNTs w ith mubber by a labomtory wo-rollmill Results
showed thatMW CNTs could effectively mprove elastic modulus stress at a defined enlongation abrasion resis-
tance and electrical properties compared to the cabon black additive However the tensile strength tear
strength, strain lo failure viscosily and processing properties of the MW CNT based com posites w ere rather poor

The properties of the com posites w ith both MW CNT's and carbon black added were immproved effectively by the
fomation a grape-cluster-lke reinforcng stucture W hen the weight ratio of MW CNTs to catbon black was
134, the tear strength (78 4kN/m ), hamdness (68) and abmasion loss (0. 112 an’ /km)  of the
mbber/MW CNT -cathbon black com posite were better than those of the mbber/catbon black composite and the
strain to failire (470% ) and viscosity (65Pas s) were better than those of the mbber/MW CNT composite The
mbberMW CNT com posites had excellent dynam ic m echanical properties and could be used i tyres w ith low 1oll
hysteresis and fatigue loss resistance

Keywords  Multiwalled catbon nanotubes Rubbei Com posites Property
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