Polymer (Korea) Vol. 16, No. 5, pp 511—519 (1992)

el AR} G242 TRE LA BRARS
AHE A o] w|x]= 43 . 2. Polypropylened] Matrix-&
Ed AAAL F3 ¢ AWEA

The Effect of Surface Modification of Fiber on the Interfacial
Characteristics of High Strength Carbon Fiber/Thermoplastic Composites:
2. Adsorption Behavior of Surface-Modifiers on Fiber and Characteristics

of Interface in Composites with Polypropylene Matrix

C. K. Moon, Y. S. Um, H. H. Cho,* J. S. Yoon,** J. O. Lee,** T. W. Park**
Dept. of Materials Sci. and Eng., Pusan National Fisheries Univ., Pusan 608-737, Korea
*Dept. of Textile Eng. Pusan National Univ., Pusan 609-735, Korea
** Dept. of Polymer Sci. and Eng, Pusan National Univ., Pusan 609-735, Korea
(Received February 13, 1992)

8 o EHANASGCHERMALocw FAH FEAIA 2 H]—’,‘—-E—’,\_ 4] isotactic polypropylene-polya-
crylamide graft polymer(IPP-g-PAAm)7} CFoll &3tel= AFS sty fsted, Ha Az, A4

. A2 gde Fx o pH, graft polymer(GP) 373 A) ] -rrii‘rxﬂ—q Foo) g2 CFolle F25¢
74&5}&’4 g)3 o] & GPol Fabddo] AWYAZ e vA= dFE HESH?] 248 pull-out
AlFg AIPHE e HYPA S kA9 Fo v AW AG7 5o HIlE Y3goen, H
B3 3L o) &8t AWZEZ 2 transcrystallinityE #3233}t GPe) F2 & GPo 5, Ay
Az, HEleE 2 GPEEA9 f3tAY Foll A JEEHAN, Y AW GPY FFeFo
BE4S CFe IPPRAI7tY] ABAGRdEe F7hstg e, AWz 4o Jehd transcrystalli-
nitye] Yxvt E4% AUFGA = F7Hedh

Abstract . The adsorption behavior of two types of graft polymers(GP), water-dispersible and toluene-
soluble isotactic polypropylene-polyacrylamide graft polymer(IPP-g-PAAm), synthesized for the sur-
face-modification of carbon fiber used for reinforcing isotactic polypropylene matrix has been exami-
ned fhrough analysis of the effects of the treating time and temperature, and the pH value of the
reaction system on the amount of the GP adsorbed on carbon fiber. In addition, fiber pull-out tests
were made on carbon fibers treated with GP’s prepared under varying treating times and emulsifier
concentrations to investigate the effect of the adsorption amount of GP on the interfacial bond stre-
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ngth between fiber and matrix, whose results have been confirmed by the observation of the interfa-

cial microstructure(transcrystallinity) using polarizing microscope. From the present study it has
been found that the amount of GP adsorbed on fiber was largely affected by the concentration of GP,
treating time and temperature, and the amount of emulsifier upon graft polymerization, and that the

increase in adsorption amount of GP resulted in the increase in density of the transcrystalline layer

developed at the interface between fiber and matrix, and hence the increase in interfacial shear stre-

ngth within the range of interest.
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Table 1. Amount of GP Adsorbed on Carbon Fiber vs.
Treating Time in Aq. Solution of WDGP

Treating Amount of
Time Adsorption
(min) (mg/g)

5 0.087
10 0.370
20 0.375
30 0.390
40 0417
60 0.170
90 0.156

120 0.188

Table 2, Amount of GP Adsorbed on Carbon Fiber vs.
Treating Temperature of Aqueous Solution of WDGP

Treating Amount of
Temperature Adsorption
() (mg/g)
30 0.217
40 0.367
50 0417
60 0.403
70 0.552
80 0.652
90 0.520
100 0.395
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Table 3. Amount of GP Adsorbed on Carbon Fiber vs.
Initial Concentration of Aqueous Solution of WDGP

Initial Amount of
Concentration Adsorption
(%) (mg/g)
0.02 0.120
0.05 0.185
0.1 0.339
0.2 0.417
0.3 0.503
0.5 0.492
1.0 0.701

Table 4. Amount of GP(mg/g) Adsored on Carbon Fi-
ber vs. pH Value of Aqueous Solution of WDGP’s
Prepared at Various Emulsifier Concentrations

Amount of
emulsifier(ml) 0.01 0.05 0.1 0.8
pH
3 0.275 0.299 0.182 0.345
4 0332 0207 0367 0.787
5 0459 0250 0373 0.885
6 0.202 0400 0335 0.791
7 0.234 0484 0390 0.897
8 0201 0404 0610 1.096
9 0.179 0.253 0.484 1.541
10 0.208 0.296 0.457 1.639
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Table 5. Amount of GP Adsorbed on Carbon Fiber vs.
Treating Time in Toluene Solution of TSGP

Treating Amount of
Time Adsorption
(min) (mg/g)

3 0.060

5 0.068
10 0.155
15 0.216
20 0.241
30 0433
40 0.359
60 0.202
90 0.148
120 0.154
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Fig. 1. Effect of treating time on the adsorption
amount of TSGP’s(graft copolymerized with various
amounts of emulsifier) adsorbed on the carbon fiber
treated with 0.2% toluene solution of GP at 87C.
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Table 6. Amount of GP Adsorbed on Carbon Fiber vs.
Treating Temperature in Toluene Solution of TSGP

Treating Amount of
Temperature Adsorption
() (mg/g)

86 -0.292

87 0.241

90 0.166

92 0.133

94 0.145

98 0.090

100 0.050

Table 7. Amount of GP Adsorbed on Carbon Fiber vs.
Initial Concentration in Toluene Solution of TSGP

Initial Amount of
Concentration Adsorption
(%) (mg/g)
0.02 0.025
0.05 0.079
0.1 0.206
0.15 0.236
0.2 0.241
0.3 0484
04 0.545

GPe] ZFHel At %
bie 8o vteRAE A

£ Table 13} Fig, 1|4
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Table 8914 WDGP9] 7 $- A& A|7to] 52U u)
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A7t Z7Vs, o) GP7L CFol 339 S we
graftsl IPPo] CFo| tjat gatgel o1z olahe]
&0l oAAEo, AAssl7] oFgA o] mat-
rixel g FE2E5HE AstEy] o Alg
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Table 8. The Effect of Surface Treatment of Carbon Fiber on Interfacial Strength® at Various Emulsifier Amou-

nts and Treating Time

Amount of Testing Time(min)
emulsifier Remarks
(ml) 5 10 30
(kgf/mm?) (kgf/mm?)
WDGP 0.01 1.69+ 0.24 2.20+0.23 - 0.2%
0.05 159+ 0.23 2.05% 027 1.84+ 024 50T
0.1 1.33+£0.16 150+ 0.23 -
0.2 1.34+0.18 1.46+0.21 -
0.8 1.35+0.18 142+ 0.20 —
TSGP 0.1 1.62+0.32 152+ 0.29 127+ 0.24 0.1%
87T

» The value of the interfacial strength corresponding to the untreated carbon fiber is 1.34+ 0.22 kgf/mm?*

3} 2] %*% LA A2 AR 26 2
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Fig. 2. Cross-polar optical microphotographs showing
the microstructure at the interface of PP and untrea-
ted carbon fibers.
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Fig. 3. Cross-polar optical microphotographs showing
the microstructure at the interface of PP and carbon
fibers treated with 0.2% aq.solution of water-dispersi-
ble graft polymer for 5min (a) and 10min (b).
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(b)

Fig. 4. Cross-polar optical microphotographs showing

the microstructure at the interface of PP and carbon
fibers treated with 0.1% aq.solution of toluene-soluble
graft polymer for 5min (a) and 10min (b).
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