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ABSTRACT: A double-network elastomer was designed using natural rubber through two-
step vulcanization by appling a uniaxial extension during the 2nd vulcanization. The residual
extension ratio of the double-networked natural rubber was changed from 1.00 to 3.85 in this
study, and both swelling behavior and tensile properties were investigated for the double net-
works. The swelling rate was increased and also both the stiffness and the tensile strength at
break were improved, as the residual extension ratio became higher. The toughness of the
double-networked natural rubber became greater than that of the single-networked natural
rubber by introducing the two-step vulcanization.
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Figure 1. Experimental procedures for preparation of
double-network natural rubber.
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Figure 2. Formation of double-network structure.
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Table 1. Dimensional Values for Single and Dou-
ble-Networked Natural Rubber

residual
sample # 1, / {¢ 1/, extenlsi/oln ratio

i/ to

1 1.00 1.00 1.00 1.00 1.00
2 1.00 2.00 1.32 2.00 1.32
3 1.00 250 155 250 1.55
4 1.00 3.00 220 350 2.20
5 1.00 4.00 245 4.00 2.45
6 1.00 450 255 450 2.55
7 1.00 6.00 305 550 3.05
8 100 750 385 7.50 3.85

All samples have equal crosslinking density.

!, Original dimension of 1st crosslinked rubber sheet.

!, © Stretching dimension of the rubber sheet after uniaxial ex-
tension.

/¢ : Final dimension of the rubber sheet relaxed to the state of
ease after 2nd crosslinking.
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Figure 3. Comparison of swelling behaviors between
1st crosslinked and 2nd crosslinked natural rubbers.
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Figure 4. Volume swelling ratios at initial swelling
time for various double-networked natural rubbers.
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Figure 5. Stress-strain relation in parallel direction
for double-networked natural rubber of various
residual extension ratios.
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Figure 6. Young's modulus in parallel and transverse
to the crosslink extension vs. residual extension ratio
for double-network natural rubber.
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Figure 7. Tensile strength and tensile strain at break
vs. residual extension ratio for double-network natural
rubber.
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Figure 8. Dependence of toughness on residual ex-
tension ratio for double-network natural rubber.
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