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Effect of Rubber Particle Size and Polymer Properties on Impact
Strength and Fracture Behavior of Rubber/Polymer Composites

C.S.Lee* B.I Kang**, K. W. Cho** and W. Hwang*

ABATRACT

The impact strength and fracture behavior of rubber/polymer composites were investigated with respect
to two factors: (1) characteristic ratio, C as a measure of chain flexibility of the polymer matrix and (i)
the rubber particle size in polymer blend system. In this study C.. was controlled by the composition ratio
of polyphenylene oxide (PPO) and polystyene (PS). Izod impact test and fractographic observation of the
fracture surface using scanning electron microscope were conducted. Finite element analysis were carried
out to gain understanding of plastic deformation mechanism (shear yielding and crazing) of these
materials. Shear yielding was found to be enhanced when the flexibility of matrix polymer was relatively
low and the rubber particles were small.
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Fig. 1 Structure of core-shell type particle
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Fig. 2 Core-shell type particle
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Fig. 3 Specimen for lzod impact test

-

Fig. 4 Finite element model
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Fig. 5 Stress-strain curves used for FEM analysis
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Fig. 6. Notched lzod impact strength as a function of PPO/PS
blend ratio
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Fig. 7. SEM micrographs of fracture surface at the point of (a)
Sy, {b) Ss, and (c} Ss
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Fig. 8. SEM micrographs of fracture surface at the point of (a)
Ly, (b) Ls, and (c) Ls
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Fig. 9. Expansion of yielding zone around a rubber particle in
PPO matrix, with increase of applied strain; (a) 1.5 %,
(b) 2% and (¢} 3 %
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Fig. 10. Expansion of yielding zone around a rubber particle in
PS matrix, with increase of applied strain; {a) 1.5 %
and (b) 2%

g

1. Kinloch, A. J. and Young, R. J., Fracture
Behavior of Polymers, Applied Science, 1983.

2. Kaush, H. H., Advances in Polymer Science
52/52, Crazing in Polymers, Springer-Verlag,
1990.

3. Pavan, A. and Mercante, L., Makromol.
Chem. Macromol. Symp., Vol. 48/49, 1991, p.
221.

4. Lazzeri, A. and Bucknall, C. B., J. Mater.
Sci., Vol. 28, 1993, p. 679.

5. Fukui, T., Kikuchi, Y. and Inoue, T., “Elastic-
Plastic Analysis of the Toughening Mechanism in
Rubber-Modified Nylon: Matrix Yielding and
Cavitation”, Polymer, Vol. 32, No. 13, 1991, pp.
2367-2371.

6. Okamoto, Y. Miyagi, H., Uno, T. and
Amemiya, Y., “Impact Toughening Mechanisms
in Rubber-Dispersed Polymer Alloy”, Polymer



2% 61999 12 2FURY % Feeld 240) aREel SRS 3445 3 AdA% lde 9% ] 89

Engineering and Science, Vol. 33, No. 24, 1993, 9. 7Y, ZelstE nERA miEYSA nER}

pp. 1606-1610. 4 g 27YRY 2717k BA% HAE G,
7. Sjogren, B. A. and Berglund, L. A., “Failure 232ty TEAE =T, 1999,

Mechanisms in Polypropylene with Glass Beads’, 10. ABAQUS User’s Manual, Hibbit, Karlsson

Polymer Composites, Vol. 18, No. 1, 1997, pp. 1- & Sorensen, Inc., 1998.

8

8. Asp, L. E., Sjogren, B. A. and Berglund, L.
A., “Prediction of Failure Initiation in Polypropy-
lene with Glass Beads”, Polymer Composites,
Vol. 18, No. 1, 1997, pp. 9-15.



