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Abstract : In the present study, the so-called “solution microbond method” has been developed for
the correct estimation of interfacial shear strengrh between carbon fiber and thermoplastic resins and
its validity has been tested by the application to the carbon fiber/HDPE composite system. From the
analysis of the effect of surface treatment of carbon fiber on the interfacial strength between fiber
and matrix according to this method, it has been found that the use of carbon fiber treated with the
HDPE-g-PAAm coupling agent prepared by the inverse emulsion polymerization resulted in apprecia-
ble increase in interfacial strength compared to the case of nontreated carbon fiber, the effect being
more pronounced in graft copolymers of the water-indispersible(toluene-soluble) type and with PE
of MW =20,000 than those corresponding to the water-dispersible(toluene-insoluble) type and PE of
MW =200,000. In addition, this result has been confirmed by the observation of the interfacial micros-

tructure using polarizing microscope.
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Fig. 1. Pull-out model.
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meter).
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Table 1. The Effect of Surface Treatment of Carbon Fiber on Interfacial Strength in Various Kinds of
Matrix Polymers

Spec. of the Composits 7y (kgf/mm?) . (kgf/mm?) oc Treatment
Fiber” Matrix® (std dev.) (std dev.) (mm) Time(sec)
N HDPE(MW = 20,000) 1.56+ 0.33 0.52+ 0.11 0.69
N Commercial PE 1.32+ 044 043+ 0.14 0.82
T-2 Commercial PE 1.95% 0.56 0.64% 0.11 0.55 1sec
T-20 Commercial PE 170+ 0.24 057+ 0.14 0.63 1sec
N Polypropylene 133+ 0.27 043+ 0.1 0.81
N Epoxy Resin 532+ 1.11 1.86+ 0.40 0.20

® The letter N and T stand for the non-treated and treated carbon fibers, resp. ; the number after the dash
denotes the molecula weight(x 10%) of PE in HDPE-g-PAAm.

» The “commericial” PE refers to the high molecular weight(ca. 600,000) PE used for the high strength
fishing net.

Table 2. The Effect of Fiber Surface Treatment Condition on Interfacial Strength for the Carbon
fiber/HDPE Composite System®

Treatment® ta(kgf/mm?) r.(kgf/mm?) oc Formulation of
Condition (std dev.) (std dev.) {mm) Coupling Agent
2~5 1.22+0.19 037+0.12 0.88
20~5 1.11+0.18 0.36£ 0.1 0.97
2~30 1.10+ 0.19 0.34+ 0.1 098 ¢
20~30 1.02+0.18 0.331£0.1 1.06
2~5 214+ 05 0.68% 0.17 0.50
20~5 1.74+ 0.45 0.60% 0.15 0.62 d
2~30 244+ 048 0.84+0.24 0.44
20~30 2051+ 0.54 062+ 0.14 0.53 ¢
2~5 2.371 049 0.81+ 0.25 045
20~5 2.01+041 0.691 0.2 0.54 f
20~10 1.99x 0.23 0.67% 0.28 0.54

4 Commercial PE as matrix, HDPE-g-PAAm as coupling agcnt.

b The first number(before the dash) stands for the molecular weight of PE in the graft polymer : the second
number stands for the surface treatment time(min.) on carbon fiber with the GP.

© 5 wt% aqueous solution of water-dispersible(toluene-insoluble) GP's.

d Retreatment with 0.1wt% toluene solution of FE for 5min. after teratment with the formulation “C".

¢ 5wt % toluene solution of water-indispersible(tcluene-soluble) GP’s.

! Equal amounts of water-dispersible and water-indispersible GP’s.

2 Uehd How £% GPY 29 AWM, £ toluenef g AH83te] G FoB W AT
Az ) A12ths BAgle] Adte fARH 24 x| g] Aeuc} 68 FA Jvebdth £ HFE
Pol A9% §AFSH Agkolth, T)m A 24 GPe] A%/t 544 GPEY A7 s v
Pol 4% 2% 2§33 4E22 PE0.1% A= gdko] T AL L 4 lom, GPREAIA

E2|H A14d A63 1990 12€
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Fig. 7. Cross-polar optical microphotographs showing
the interfacial microstructure for commercial PE with
carbon fibers treated with (a) 5wt% aqueous solution
of water-dispersible GP(MW of PE=20,000) for 5
min. ; (b) 5wt% aqueous solution of water-dispersible
GP for 5min., followed by retreatment with 0.1wt%
toluene solution of PE(MW=20,000) for 5min.
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(b)

Fig. 8. Cross-polar optical microphotographs showing

the interfacial microstructure for commercial PE with
carbon fibers treated with (a) 5wt% toluene solution
of water-indispersible GP(MW of PE=20,000) for 30
min. ; (b) 5wt% toluene solution of water-indispersi-
ble GPOIMW of PE =200,000) for 30min.
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