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Effects of Short-fiber Aspect Ratio and Diameter Ratio on Tensile Properties of Reinforced
Rubber

Sang Ryeoul Ryu', Dong Joo Lee

ABSTRACT

The tensile properties of short nyloné fiber reinforced NR and SBR have been investigated as functions of
fiber aspect ratio{AR), diameter ratio(DR), interphase condition, and fiber content. The tensile strength increased
with increasing fiber AR(20 min.) and good interphase conditions. The short-fiber(DR=3 and AR=20 min.)
reinforced SBR did not show the dilution effect for all interphase conditions. And the short-fiber(DR=3 and
AR=20min.) reinforced NR did not show the dilution effect except for the no-coating. The tensile moduli were
significantly improved due to fiber AR, fiber content, and good interphase at same DR. The better interphase
condition showed the higher pull-out force at same DR. Also, the stress analysis near the fiber end carried out
using axisymmetric FEA to be convinced of the reinforcing mechanism. It is found that the fiber AR,
interphase and DR have an important effect on tensile properties.
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Fig. 1 Schematics of dumbbell short-fiber.

Table 1 Formulation of rubber matrix

NR SBR
Ingredients phr

Ingredients phr

Polymer SMR CV60 100 SBR1502 100
Zinc Oxide «— 5 ~ 5
Stearic Acid — 1 — 1
Carbon Black N550 28 — 28
Dispersive WB16 2 - 2

Agent
3P 1 «— 1
Antioxidants BLE 1 — 1
Sunnoc 1 <« 1
TBTD 0.6 — 0.6
Accelerators NOBS 14 - 14
Curing Agent Sulfur 25 — 2.5
Reinforcing
Fiber Nyloné a — a
Sum. 1435 + a




20 F232-018F WEE SRR
Table 2 Composition of reinforcing short-fiber ——f L1
Fiber Diameter  Fiber Length, / Fiber End Sphere \\j E:
A 14mm S 1.05 —— 1 T
(AR=20) (DR=1.5) 1 —
N 7mm S 2.1 § Pullout
(AR=10) (DR=3) Direction
14mm S 21
¢ ¢0.7mm (AR=20) (DR=3) —
28mm S 2.1
. 1 VAV
P (AR=40) (DR=3) LWL NLATAN
42mm S 21 .
E (AR=60) (DR-3) Fiber
. - Interphase
120 L M‘atrlxl
- 40 —=| I |
5 / Fig. S 2-D axisymmetric pull-out model.
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Fig. 2 Specimen geometry for tensile test. % [
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Fig. 6 Stress-elongation curves of matrix rubber and interphase.
Fig. 3 Schematics of single fiber for pull-out test.
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Fig. 4 Schematics of pull-out test.
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Fig. 7 Effects of interphase on interface shear strength.
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Fig. 8 Effects of interphase and fiber end shape on pull-out force.
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Fig. 10 Effects of DR and interphase on shear stress( z; ).
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(b} Non-HCI

Fig. 11 Contour plots of strain distribution near the fiber end(PA).
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Fig. 12 Contour plots of strain distribution near the fiber end(PC).
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Fig. 13 Comparison between FEF and DSF.
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Fig. 15 Effects of fiber AR and content on tensile strength ratio
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Fig. 18 Effects of fiber AR and content on tensile modulus ratio
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Fig. 19 Effects of fiber AR and content on tensile modulus ratio
with 402 coating.
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