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Control of Skin-Core Structure in Mesophase Pitch Based
Carbon Fiber (1)
Introduction of Skin-Core Structure in the Thin Fiber and

Carbonization under Strain

Isao MOCHIDA, Shu Ming ZENG, Yozo KORAI, Hiroshi TOSHIMA*
and Tadayuki MATSUMOTO**

Coal tar-based mesophase pitch fibers were oxidatively stabilized at 350°C
by the heating rate of 5°C/min or 15°C/min to introduce skin-core structure
in the carbon fibers carbonized at 600°C and further calcined at 1300°C by the
heating rate of 10°C/min. The stabilization during the heating to 350°C by the
rate of 5°C/min or for 5-15min at the same temperature by the rate of 15°C/min
introduced skin-core structure in the thin fibers of 10#m in diameter. The
thickness of skin and the size of anisotropic domain in the core were control-
lable by the stabilization conditions. The higher stabilization temperature and
rapid heating appear to be favorable to introduce skin-core structure of thinner
skin and large domain in the inadhered fibers. The carbonization under strain
improved the mechanical strength of carbon fibers with skin-core structure by
0.2 GPa. The formation mechanism of skin-core structure is briefly discussed
in terms of competition between the oxidative reaction of the fibers and the

diffusion of the oxygen through the oxidized skin.
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Table 1 Some properties of MP-C3 mesophase pitch.

wt % H/C
C N diff
94.89 0.65 0.32 0.49

Sample

MP-C3 3.84

S.p.y AP? Solubilities (%)
Q) (%) BS BI-PS  PI-QS Ql
247 90 28 30 4 38

1) Softening point by hot stage.
2) Anisotropic percentage.

— 254 —



W ERNZHETRRE $2% F25 (1988

10 pm 15 pm 20 pm

5 min 0 min

15 min

30 min

0 min

(a)
(b)
Figure 1 Optical microphotographs of the carbonized fibers.

Stabilization conditions: 350°C, 5°C/min
Carbonization conditions: 600°C, 10°C/min, lhr
(a) no adhesion between fibers.
stabilization time: o min
(b) optical texture of carbonized fibers with variable
diameters (10—20 #m).
stabilization time: 0—30min
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Figure 2 Optical microphotographs of the carbonized fibers.
Stabilization conditions: 350°C, 15°C/min
Carbonization comditions: 600°C, 10°C/min, lhr
(a) adhesion and fusing of carbonized fibers.
stabilization time: 0 and 2 min

(b) optical texture of carbonized fibers with variable
diameters (10—20 4m).
stabilization time: 0—30 min
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Figure 3 Scanning electron micrographs (SEM) of the carbonized fibers.

Stabilization conditions: 350°C, 15min
Carbonization conditions: 1300°C, 10°C/min, l1hr
(a) heating rate in stabilization: 5°C/min

(b) heating rate in stabilization: 15°C/min
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Figure 4 The comparison between the cross-sectioned surfaces of the carbonized
fibers with skin-core structure, which were elongated (a) or not (b)
duing carbonization to 600°C.

Stabilization conditions: 15°C/min, 350°C, 15min
Carbonization conditions: 10°C/min, 600°C, 1hr
Calcination coditions: 10°C/min, 1300°C, 1hr

Table 2 Mechanical properties of the carbonized fibers.

. Carbonization d D e c E m
Sample way (um) (2 (%) (GPa) (GPa)
NO 1 not elongated 11.0 14 .4 0.84 1.50 178 4.8
NO 2 elongated 10.5 15.3 1.01 1.72 170 4.4
NO 3 not elongated 9.4 13.1 1.16 1.84 159 8.5
NO 4 elongated 10.9 16.9 1.17 1.77 151 5.8

* Stabilization conditions and the charecteristic structure of the carbonized fibers.
NO 1 and NO 2: 15°C/min, 350°C for 15min, skin-core. structure.
NO 3 and NO 4: 5°C/min, 350°C for 15min, no skin-core structure.

where:
d : Average diameter of the carbonized fibers.
p : Shearing load.
e : Strain to failure,
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wi— hORBICRER S VT WRICNEB LB
s iz, T oM O A Table 2 1T/R L7,
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BEEMIC K > THIERD BED 0.2GPa, MU EH0.17
% b Ui, ULinl, SMRFIZEAEELLIE,
AR T, ARMLBEST T E /D LB SH,
BEEEOLNIEETABEL BA LB L T5IR
DEEIF 0.5~1.0GPa &\, —F, 2Fv—a 7%
DIV ICIE (NO3, NO4) ik 2W\WTid, FEMiC
& B5IER DR, HMURRCBUOROEBIZEAL

o: Tensile strength.
E : Tensile modulus.
m: Weibull parameter.
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Figure 5 The comparison between the cross-sectioned surfaces of the carbonized
fibers without skin-core structure, which were elongated (a) or not (b)
during carbonization to 600°C.

Stabilization conditions: 5°C/min, 350°C, 15min
Carbonization conditions: 10°C/min, 600°C, 1hr

Calcination conditions: 10°C/min, 1300°C, 1hr
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