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Effect of Loading and Particle Size of Rubber Powder Vulcanizate on
Physical Properties of Natural Rubber Compound
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ABSTRACT : The cure characteristics, rheological property, and some mechanical properties of
natural rubber (NR) compounds containing different sizes of rubber powder vulcanizates were
investigated with varying the contents of powder from 0 to 40 phr. Five different sizes of rub-
ber powders were selected to see the effect of particle size. A typical reclaimed rubber pow-
der was also used to see the reclaiming effect. The average particle size of rubber powders
ranged from 70 to 2000 4m. In the cure characteristics, as the powder content increased, the
maximum torque, cure initiation time, and optimum cure time decreased, while minimum
torque increased. As the powder content increased, the Mooney viscosity and the shear viscos-
ity of the compounds increased linearly, whereas the die swell decreased. The tensile strength
at break and resilience decreased considerably, while tan ¢ and heat build-up increased with
the increased powder content, and the effect was greatly enhanced for larger particles of rub-
ber powders.

Keywords: rubber powder vulcanizate, natural rubber, particle size, rheological property, me-
chanical property, cure characteristics.
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Table 1. Rubber Compound Recipes

ingredients contents (phr)
SMR-CV60 100
rubber powder® varied (0~ 40)
carbon black (N-220) 50
ZnQ 5
stearic acid 2
aromatic oil 5
NS# 1
sulfur 2

@ Powder type: GF120, GF80, Micron, TRP1, TRPZ, and TR.
b N-t-butyl-2-benzothiazole sulfenamide.
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Table 2. Specific Gravity and Compositions of
Rubber Powder Vulcanizates Investigated

composition (%)

specific rubber?/ mak
gravity carbon black/ axer
organic matter/etc.
Rouse Ruber
20 117
GF1 ! 53/28/12/7 Industries, Inc.(U.S.A.)
Rouse Rubber
GF80 117 5472111217 Industries, Inc.(U.S.A.)
. NRB Materials, Inc.
Micron 1.18 50/30/13/7 (USA)
TRPI 111 64/25/8/3 Jungwoo Chemicals Co.
' (Korea)
TRP? L6 49/34/1 6—/ 1 Hyunjin Chemicals Co.
’ (Korea)
TR 113 58/29/10/3 Jungwoo Chemicals Co.
' (Korea)

?Rubber was found to be composed of natural rubber (NR), styrene-
butadiene rubber (SBR), and butadiene rubber (BR). The ratio of NR
to synthetic rubber (SBR+BR) for all rubber powders was found to be
about 70/30.

b A reclaimed rubber powder in the sheet form.
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Figure 1. The particle size distribution of the rub-

ber powder vulcanizates.
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Table 3. The Changes® in Cure Characteristics at
145°C: Maximum Torque(7,,), Minimum
Torque (T,;;), Cure Initiation Time (¢;), and Opti-
mum Cure Time (f;¢) of the Natural Rubber Com-
pounds with the Addition of 40 phr of Rubber
Powder Vulcanizates

Tmax, f/Tmax, o Tmm, I/Tmm‘ 0 tZ, r/fz. 3 tEC. f/tEC. 0

type (%) %) % ()
no powder 100 100 100 110
GF 120 95 107 97 105
GF 80 95 105 102 110
Micron 93 110 86 90
TRP1 89 116 83 88
TRP2 90 124 80 90
TR 92 100 90 91

“Relative values of the powder-contained rubber compounds
(subscript: f) to that of pure natural rubber (NR) compound
(subscript : o).
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Figure 2. The changes in relative cure rate, V. /V ,.,
of the natural rubber compounds as a function of pow-
der loading for various rubber powder vulcanizates.
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Figure 3. The changes in Mooney viscosity, MV ¢/
MV, of the natural rubber compounds as a function
of powder loading for various rubber powder
vulcanizates.
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Figure 4. A replot of Figure 3 as a function of the
volumetric concentration, ¢, together with the values
obtained from the Einstein® and the Guth-Gold rela-
tions.
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Figure 7. The changes in tensile strength, gy /6y o,
of the natural rubber compounds as a function of pow-
der loading for various rubber powder vulcanizates.
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Figure 9. The changes in heat build-up, 4 H/4 H,,
of the natural rubber compounds as a function of pow-
der loading for various rubber powder vulcanizates.
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Figure 10. The changes in resilience, R/ R,, of the
natural rubber compounds as a function of powder
loading for various rubber powder vulcanizates.
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