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ABSTRACT : The effects of the particle size and the structure of carbon blacks on the friction and
the wear behavior of filled natural rubber were investigated in this study. The particle size and the structure
of carbon black had a significant effect on the wear rates and the worn surface pattern, and the effect
of them on abrasion resistance should be considered for the optimum design of desired wear properties.
Ten carbon blacks with various sizes and structures are mixed with natural rubber in order to investigate

the effects on the wear rate ( Wg). The friction and the wear behavior were examined by self-made
blade type friction-wear abrader, and the relation with characteristic parameter ( ¥'=y N %-l— DBPZ),
obtained from the particle size and the structure, was studied. The wear rate ( W) had a Power Law
relation with the frictional work ( W) and it was inversely proportional to the characteristic parameter

of carbon black. It means that smaller particle size and better structure development of carbon black
resulted in improved abrasion resistance.
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II. EXPERIMENTAL
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Table 1. Formulation of Rubber Compounds.

Ingredients Composition (phr*)
SMR CV60* 100.0
Carbon Black® 50.0
Znic Oxide 5.0
Stearic Acid 2.0
TBBS® 0.6
Sulfur 2.5

* part per hundred of rubber

Standard Malaysian Rubber-constant viscosity

b. N103, N121, N220, N326, N330, N351, N358, N550,
N660, N99O

¢. N-t-butyl-2-benzothiazole sulfenamide

®

*ASTM D1765-01
160

140 b

100 ’-

80

* N326

DBP Absorption [mi/100g]

B

N80

20 : A i 1 4 1 H
o 26 40 80 80 100 120 14D 180

N, Adsorption {m/g}

Figure 1. DBP absorption vs. N; adsorption of ten types
of carbon blacks.
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Schematic Drawing Showing Friction and
Abrasion Tester for Rubbery Materials

Computer

o

(Drubber specimen, @Dknife blade, Gstrain guages for measuring frictional torque,
@potentiometer for measuring knife movement, ®electric motor, ®power regulator,
@frictionless linear slider,®normal load application system,@strain amplifier and

personal computer

Figure 2. A schematic diagram showing the actual wear machine.
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ll. RESULTS AND DISCUSSION
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Figure 4. Young's modulus as a function of the effective
volume fraction for carbon black filled NR compounds.
NR represent an unfilled natural rubber compound.
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Figure 6. Tensile strength as a function of the effective
volume fraction for carbon black filled NR compounds.
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Table 2. Wear Rates of Rubber Compounds Containing Various Sizes of Carbon Blacks.
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Carbon Black| (ml/100g) 2
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N103 130 142 5 111 1852 2.561 -11.6

N220 114 119 11 167 1988 2.253 -10.5

N351 120 73 9 180 2811 2.503 -113

N550 121 4 18 247 2701 2.179 -10.1

N990 43 9 54 1147 18652 2.538 -10.6

NR - - 25 1623 72447 3.457 -132
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Figure 9. Frictional coefficient as a function of the
normal force for NR compounds filled with various
structures of carbon blacks.
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Table 3. Wear Rates of Rubber Compounds Containing Various Structures of Carbon Blacks.

Type of DBP 32@2 @300 = Rate@(lgé(r;)\/) - 106@3000 Slope, n k
Carbon Black |  (ml/100g) 5 ’
(m’/g) (J/m’frev) (Mm’frev) (Vm’frev)

N358 150 87 9 126 1368 2174 -104
N351 120 73 9 180 2811 2253 -113
N330 102 83 19 196 1638 1.933 95
N326 72 84 10 173 2443 2441 -11.0
N99O 43 9 54 1147 18652 2538 -10.6

NR - - 25 1623 72447 3457 -13.2
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Figure 11. Frictional coefficient as a function of the
normal force for NR compounds containing various
particle sizes and structures of carbon blacks.
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Table 4. Wear Rates of Rubber Compounds Containing Carbon Blacks with Various Particle Sizes and

Structures.
Type of DBP :ﬁggj T:ﬂé‘ﬂx} 30(‘)”3?“ Rate (lgé(r)«zv) x 10;3000 oo .
Carbon Black| (ml100g) | "o - v @s @ @ ’ ’
(J/m/rev) (J/m*/rev) (J/m/rev)
N121 132 132 187 16 188 1766 2,039 9.8
N220 114 119 165 1 167 1988 2.253 -105
N330 102 83 165 19 196 1638 1.933 9.5
N660 90 35 132 15 336 5579 2.558 111
N990 3 9 97 54 1147 18652 2.538 -10.6
NR ) - - 25 1623 72447 3.457 132
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Figure 15. Worn surfaces of NR compounds filled with various characteristic parameters of carbon blacks at 9.8N:
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