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Abstract : As a part of the project to study the effect of fiber surface modification on the physical pro-
perties of HDPE/carbon fiber composites, the influences of such factors as the type of coupling agents
(toluene-soluble and toluene-insoluble HDPE-g-PAAm’s), the oxidation treatment of fiber surface(by
KMnO,0,-H;S0,), the concentration of surface-treatment solution or suspension, the treatment time,
and the temperature upon the amount of graft polymers(GP) adsorbed onto the fiber surface, adsor-
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ption behavior, and the states of the adsorbed layer have been investigated in the present study. The
PAAm portion of the graft polymer was found to be adsorbed on the fiber surface whereas the PE
portion was located at the water- or toluene-phase. The adsorption has been confirmed to occur

reversibly, and the GP’s heterogeneous in molecular weight and composition took longer time to

reach the equilibrium or redistribution state in adsorption. In addtion, in case of the water-dispersible

GP the amount adsorbed on the fiber surface decreased with the increasing PAAm content of the

GP, but in case of the toluene-soluble GP the adsorbed amount decreased with the increasing tempe-

rature of the treatment solution. It was also revealed that the adsorbed amount of the water-dispersi-

ble GP towards the oxidized carbon fiber generally increased as compared with the unoxidized fiber.
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Table 1. Properties of PAN-Based Carbon Fiber

Density 1.80 g/cm®
Tensile Strength 290 Kgf/mm?*
Diameter 7.4 ym
No. of Filament per Tow 14K

Table 2. Effect of Treating Time on the Adsorption
Amount of WDGP* on the Carbon Fiber(14K) with
0.2% aq. Solution of GP and 50C of Treating Tempe-
rature

Treating Time(min) 5 10 20 40 60 90 120

Graft T3 ¢Ae F3% S344
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Adsorption Amount 11 15 18 24 23 22 21
(mg/g)

* Composition of GP : grafted PAAm 81.4% and graf-
ted HDPE 18.6%.

Table 3. Effect of Treating Temperature on the Adso-
rption Amount of WDGP* on the Carbon Fiber(14K)
with 0.1% aqg. Solution of GP and for 40 min of Trea-
ting Time

Treating Tempera-

ture (C) 32 40 50 60 70 80 90

Adsorption Amount 10 11 13 15 1.7 18 16
(mg/g)

* Composition of GP : grafted PAAm 84.3% and graf-
ted HDPE 15.7%.
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Table 4. Effect of Concentration of aq. Solution of GP
on the Adsorption Amount of WDGP* on the Carbon
Fiber(14K) for 40 min of Treating Time and at 50T
of Treating Temperature

Concentration

of ag. GP 0.020.05 0.1 0.15 0.2 03 04 05
Solution(%)

Adsorption 06 08 13 18 24 30 36 40
Amount(mg/g)

* Composition of GP . grafted PAAm 84.3% and graf-
ted HDPE 15.7%.
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Table 5. Effect of GP Composition on the Adsorption
Amount of WDGP* on the Carbon Fiber(14K) with
0.1% aq. Solution of GP for 40 min of Treating Time
and at 50C of Treating Temperature

Composition of GP
(Grafted PAAm %)

Adsorption Amount(mg/g) 1.9

50.6 67.7 814 88.8 91.2

16 14 13 11

Table 6. Effect of Treating Time on the Adsorption
Amount of TSGP* on the Carbon Fiber(14K) with 0.1
% Toluene Solution of GP and at 87C of Treating
Temperature

Treating 5 5 45 15 20 30 40 60
Time(min)
Adsorption 35 49 69 86 94 10.210611.1
Amount(mg/g)

* Composition of GP : grafted PAAm 3.2% and graf-
ted HDPE 96.8%.

AR hE F3

g-PAAme] #4d0} 3.2% <1 TSGPE 87C 0.1% 2}
toluene &-A oA IEFE 602717 2e]ste A&
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zto] el n] 60 oA Hep e o)A &3
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220 o7)auolMe] steric stabilization®)] |
7]l Z enthalpic, entropic % combined enthalpic-
st =3 critical
flocculation temperature 2] stabilizing polymere] ¥
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Table 7. Effect of Treating Temperature on the Adso-
rption Amount of TSGP* on the Carbon Fiber(14K)
with 0.1% Toluene Solution of GP and for 20 min of
Treating Time

’(I‘o(r:e)atmg Temperature 8 87 90 92 94 98

F9 748 2 E-8 HDPE-g-PAAmo) 93 g4

Fo EHA 2

Table 9. Effect of Oxidation Time on the Adsorption
Amount of WDGP* on the Oxidized Carbon Fiber(14
K)** with 0.1% aq. Solution of GP for 40 min of
Treating Time and at 50T of Treating Tempera-
ture

Oxidation Time{min) 0 5 10 20 30 60

Adsorption Amount 155 94 45 32 2216
(mg/g)
* Composition of GP : grafted PAAm 3.2% and graf-

ted HDPE 96.8%.

Table 8. Effect of Concentration of Toluene Solution
of GP on the Adsorption Amount of TSGP* on the
Carbon Fiber(14K) for 20 min of Treating Time and
87C of Treating Temperature

Concentration

of GP 0.02 0.05 01 015 02 03 04
Solution( %)
Adsorption 19 49 94 128 166 21.2 24.7
Amount(mg/g)

* Composition of GP : grafted PAAm 3.2% and graf-
ted HDPE 96.8%.

Table 7014 & & Q= vie} o] GP H&2
w9l 85Co 7VAeSE FEtEo] HAHo R Tt
g, noMe A ok =7 REFE
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g-PAAme] ZAo] 3.2%<2 TSGPZ 87CY to-
luene §Ao A 2087+ &9 FEE 0.02% oA
0.4% 2] GPRAo 2 A3ty wo] Z7E Table
8ol Veh AT

A3 9} Zo| toluened TSGP2] poor sol-
vent®] 0. & 87C9 & 2% oA GPo ¥%71 57}
g2 gole Bobysiy Fieko]l ¥k SV A
Bo| 343 A$sin, gz §Fo] F=AA
oyt

A5t Q2Y§2e $EAA Craft T3

Al F2

BI85 5% KMnO,-H,S0, 8% 2 2 50T 4
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8} CFE g-PAAmS] Z4o] 84.3% ) WDGPZA 0,

22| #1538 A6s 1991d 129

Adsorption Amount
(mg/g)
* Composition of GP ! grafted PAAm 84.3% and gra-
fted HDPE 15.7%.
** Oxidation was carried out in 5% KMnO,-H,SO,
solution at 50TC.
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Fig. 1. Photographs of SEM of carbon fiber oxidized with 5% KMnO,-H,SO..

Fig. 2. Carbon fiber adsorbed WDGP randomly at

multilayer in concentrated aqueous solution at 80T
for 40 min.

WDGP7} =480 A olu] FHE GPF9 g-
PEd) F3bslo] multilayers &AI5bn] =EA g
9] ¥} 45 o] - dAA vehdoh
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£33t Psled 5 A3 Fig. 39 (b) Z (o)
o} o] A7 & 4= A= vie} o] 2=V} &
S4E olFo] Wy AYES ¢ F Urh
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A 1027 H2l8t9 & W& Fig. 49 (DolA & +
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JoJUA toluene o2 Hojx vepr HEHn
tHEat2 &3HE aggregate?] 27| E ¥FEi7} wst
A EE HAFET

w3} Fig. 594 (a)9) Al E toluene ol A
88T 2 92T =2 tha: 1eolA HA] 1087 Mg
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(b)
Fig. 3. WDGP adsorbed randomly formed spherical
aggregate around the carbon fiber by lateral move-

ment owing to the treatment of the Fig. 2's sample at
80C(a) and 83C(b) in toluene for 40 min.

2wy dojds & 5 ATk
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Fig. 4. WDGP adsorbed on the carbon fiber after
desorption by the treatment of the Fig. 2’s sample at
85T in toluene for 10 min.

(b
Fig. 5. WDGP amount adsorbed at monolayer decrea-

sed due to the desorption by the treatment of the Fig.
2's sample at 80C(a) and 92C(b) in toluene for 10
min.

luene} decalin®] 1: 1 E&-gMollA z}zF F2A|A
SEMoz ##g Az TSGP7t Eggridde o
822 F2o] A9 JepA %S Fig. 6914 &
F Aok

EZo|H A5 A6x 1991 12¥

€ HDPE-g-PAAmel o|¢ &4 &9 EH7f2s}

(b)

Fig. 6. Photographs of SEM of carbon fiber treated
with TSGP. (a) in toluene, (b) in co-solvent of to-
luene-decalin (1: 1).
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