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Abstract: On the basis of the use of shoes, the outsole, which is mainly made of rubber, has various characteristics. The
most important of these characteristics is abrasion resistance and friction. Generally, the abrasion resistance can be improved
by adding more reinforcing filler such as silica to the rubber; however, the friction force drops. Owing to these problems,
rubber having excellent abrasion resistance and rubber having excellent frictional force are blended. In this study, various
characteristics, including wear resistance and friction, were evaluated by blending NBR/SBR or NBR/BR mixture with high
wear resistance and CIIR with high friction. The CIIR was increased up to 60 phr, whereas the friction wear characteristics
were rapidly changed in the NBR/CIIR blend ratio from 75:15 to 60:30.
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Chlorobutyl rubber (CIIR)
Figure 1. Chemical structure of CIIR and NBR.

Table 1. Compound Formulation of NBR/SBR/CIIR Blends
(Unit : phr)

S-1 S-2 S-3 S-4 S-5 S-6

KNB35L 90 85 75 60 45 30

SBR 1502 10 10 10 10 10 10

KBRO1 0 0 0 0 0 0

CIIR 1066 0 5 15 30 45 60

ZnO 5

St/A 1

PEG-4000 1.5

Zeosil-175 30

Si-69 1

S 2

M

DM 1.5

TT 0.3
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Table 2. Compound Formulation of NBR/BR/CIIR Blends

(Unit : phr)
B-1 B-2 B-3 B-4 B-5 B-6
KNB35L 90 85 75 60 45 30
SBR 1502 0 0 0 0 0 0
KBROI 10 10 10 10 10 10
CIIR 1066 0 5 15 30 45 60
ZnO 5
St/A 1
PEG-4000 1.5
Zeosil-175 30
Si-69 1
S 2
M 1
DM 1.5
TT 0.3
CH>» CH> CH
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Acrylonitrile Butadiene Rubber (NBR)
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Table 3. Cure/Mechanical Properties of NBR/SBR/CIIR Blends
S-1 S-2 S-3 S-4 S-5 S-6

ML (dNm) 0329 0319 0310 0334 0322 0.339
MH (dNm) 2461 2362 2079 1.872 1551 1274
ATorque (dNm) 2,132 2.043 1.769 1.538 1229 0935
Tho 1're” 1’137 53~ 49~ 43” 41~
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Hardness (Shore A) 69 70 71 70 70 67
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100% Modulus 258 265 347 264 292 318

Table 4. Cure/Mechanical Properties of NBR/BR/CIIR Blends
B-1 B-2 B-3 B-4 B-5 B-6

ML (dNm) 0.345 0339 0329 0308 0.298 0.272
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100% Modulus 33.6 247 321 280 267 293
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Figure 2. Mechanical properties of specimens.
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Figure 3. Abrasion resistance and coefficient of friction of
specimens.
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Figure 4. Surface of specimen after NBS test.
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Figure 5. Storage modulus of S specimens.
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Figure 6. Loss modulus of S specimens.
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Figure 7. tand of S specimens.
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Figure 8. Storage modulus of B specimens.
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