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Abstract : For the purpose of the improvement of interfacial shear strength in carbon fiber/aluminum matrix
composite material, polyacrylonitrile-based carbon fibers were surface treated by hydrogen sulfide gas continuou-
sly between 400 and 600 °C. Surface treated carbon fibers were analysed by scanning electron microscope.
The existence of sulfur compound on treated carbon fiber surfaces was confirmed, and carbon and oxygen
contents of the fiber surfaces were examined by X-ray photoelectron spectroscopy. Optimum treating temperature
for the adsorption of sulfur on the carbon fiber surface was 500 °C. Sulfur compounds on the carbon fiber
surfaces form the structures of disulfide, € S >, and thiophene. The decrease in the tensile strength of the

carbon fibers was observed less than about 5 %.

.M = BE R F7 Ao G GR1] S vxA ©o,
ol ge AW BAFY] 98 Bayfel wuA

A R/LTOE BT AR Az 31014 1] g sl P oY (etching) B LS Fhe
A BLERFE AT T g2re) 284 (fiber #5719 291¢ Fahe PUH E 3 Beo) e
wettability) ©] BF3¥, w3 24 AT 4L BAL ABAIE PH FAAL] 2 gue =
B8 ALC7H A4S B Are 23 A Atk o] FolME WAkel g AEsE AN g,

176



gads T8 HS A 2 T 177

Foldas JEF &9 Fol o3 Ax 23],
28l YEF, 24 5 244 daded o3 A3 13t
[4~10] 2 27), A&, ezl 5 o8& 7%
Akl w3, 11, 12] S0l d7H I

2 @7 ME AF7AA B AAA2A Fol A
g5jo] & v} gl Abasl FAME A WAL 7HAE
o] €443 69 matrix 7+8] ABE 7z} o] F01 2
Aoz 7lUso], FsHEel dFQ Fepes VAR
gaNgE Hste FeFirt eadds 234
W wrg e o, o MM waAfe %
wo] oj® &L HAEVIE LEIAT

_%

R

2. 4

2.1, AR U AlSf

X8 ¥ Toho RayonAt¢] polyacrylonitrile 7
v g G284 (A3 7Tpym, ARE; 06 denier,
o4 7% ; 346GPa) & AH&slgch ¥ AA
24 9B ARFRCETE B 9 HS 71AE 3
A3l AFEIATH Carrier gas 2AE &5 7h:
2Y(F) o Ax 71AE FA AHE3IATH

2. 2. ME WA

B A AL gE g%
Fig. 1 o =Al8tE e, it B = stainless steel =
Agsta AR, weYl FYRY L8 54
8}7] 913t thermocouple (¢ 2.3 mm, = HH 0—
1200 °C) & A+estgem, 71ES $1stdd Siliconit

J‘
j=n
+3-7]

(No. 10—4) 6% Zas d7= (£F 6kW) &

AHg-EH o

Specimen

Carrier __ Stainless steel pipe

gas, Nz
ho - =

Electric furnace

Outlet

Fig. 1. Sketch diagram of treatment apparatus of car-

bon fiber surface.
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Fig. 2. Scanning electron micrograph of untreated
carbon fiber surface.
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Fig. 3. Scanning electron micrograph of only pret-

reated carbon fiber surface.

Fig. 4. Scanning electron micrograph of carbon fiber

surface treated by hydrogen sulfide gas.
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Fig. 5. S-2s and S-2p spectra of treated carbon fiber
surface.
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Fig. 6. C-1s spectra of untreated and treated carbon

fiber surfaces ( 5 untreated, — —

— 5 treated).
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Fig. 7. O-1s spectra of untreated and treated carbon

fiber surfaces ( i untreated, — —
— 5 treated).
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Table 1. Contents of Carbon and Oxygen Atoms (Case I)

k)

Specimen Treat.rx}ent Content of Content of O-1s: ~C-ls
Condition Carbon Atom Oxygen Atom Ratio
Untreated - 0.890 0.110 0.124
Treated 400 °C, 30 min 0.927 0.073 0.079
Treated 450 °C, 30 min 0.916 0.084 0.092
Treated 500 °C, 30 min 0.923 0.077 0.083
Treated 550 °C, 30 min 0.948 0.052 0.055
Treated 600 °C, 30 min 0.948 0.052 0.055
Table 2. Contents of Carbon and Oxygen Atoms (Case II)
Specimen Treat.n?ent Content of Content of O-1s: Fl-ls
Condition Carbon Atom Oxygen Atom Ratio
Untreated - 0.926 0.074 0.080
Treated 550 °C, 4.5hr 0.967 0.033 0.034
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Table 3. Tensile Properties of Treated Carbon Fibers
Treatment U.T.S. Relative Tensile Modulus Relative
Condition (GPa) Strength (GPa) Modulus
Untreated 346 1.000 141.0 1.000
400 °C, 30 min 3.36 0.971 126.5 0.897
450 °C, 30 min 3.29 0.951 1240 0.879
500 °C, 30 min 3.28 0.948 122.7 0.870
550 °C, 30 min 3.23 0.934 1215 0.862
600 °C, 30 min 321 0.928 120.2 0.852
7. ]. Harvey, C. Kozlowski and P. M. A. Sherwood,
S S X-ray Photoelectron Spectroscopic Studies of Car-

. S. ]. Baker and W. Bonfield, Fracture of Alumi-
num-Coated Carbon Fibers, /. Mater. Sci., 13, 1329
—1334 (1978).

. KBWED - BREFEN - REE, CREEM", TR
fmEEt, 1983, 217—218.

. D. Youxian, W. Diaxun, S. Mujin, C. Chuanzheng
and Y. Jin, A Study of the Surface of Carbon Fiber
by Means of X-ray Photoelectron Spectros-
copy-IIl, Compos. Sci. Tech., 30, 119—126 (1987).

R - OB AL - SR, BARRRT AR
85—239521.

CRER— - BEEE, OAABEITAH 86—
174470.

. C. Kozlowski and P. M. A. Sherwood, X-ray Pho-
toelectron Spectroscopic Studies of Carbon Fiber
Surfaces VII-Electrochemical Treatment in Am-
monium Salt Electrolytes, Carbon, 24, 357—363
(1986).

10.

11.

12.

bon Fiber Surfaces:Part 6 Pilot Plant Surface
Treatment and Epoxy Resin composites, J. Mater.
Sci., 22, 1585—1596 (1987).

P - S - ERR, BARXBREEIFA®
88—85167.
. D. T. Alexander, I, Carbon Fiber Surface Treat-

ments for Improved Adhesion to Thermoplastic
Polymers, Dissertation Abstracts International, Vol.
48, No. 99, 2753—B (1988).

J. B. Donnet and G. Guilpain, Surface Treatments
and Properties of Carbon Fibers, Carbon, 27, 749
— 757 (1989).

I. K. Ismail and M. D. Vangsness, On the Impro-
vement of Carbon Fiber/Matrix Adhesion, Carbon,
26, 749—751 (1988).

S. Mujin, H. Baorong, W. Yisheng, T. Weiqiu and
D. Youxian, The Surface of Carbon Fibers Conti-
nuously Treated by Cold Plasma, Compos. Sci.
Tech., 34, 353— 364 (1989).

]. of Korean Ind. & Eng. Chemistry, Vol. 1, No. 2, 1990.



