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Thermal Shock and Erosion Properties of 4D Carbon/Carbon Composites

Myeong—Ho Hong*, In—Seok Oh, Don-Mook Choi, Hyeok-Jong Joo, In~-Seo Park™**
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Abstract Rods were made by pultrusion method with PAN based carbon fibers and phenolic resin ma-
trices. Two kinds of hexagonal type 4D preform were fabricated with these rods. These were impregnat-
ed with coal tar pitch matrix through the PIC process and carbonized, high temperature treated. And
then, densification processes were repeated to get high densified 4D CFRC. After thermal shock test,
new cracks were formed and the existed cracks were propagated. With increasing of the contact surface
area in air, weight loss was occurred. The oxidation resistance of high temperature treated samples were
increased about 20% than that of carbonized samples. With increment of the density and volume frac-
tion of the 4D CFRC, the erosion resistance was increased and the erosion weight was increased linearly

according to the test time. And the erosion resistance of type II was more dominant than that of type
1. According to the observation of erosion mechanism, matrices were broken away earlier than rein-

forced fibers.
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Table 1. Characteristics of carbon fiber used for fabrication of the 4D CFRC

Fiber Filament | Diameter TS TM U.E. Specific Heat| Density
type No. (pm) (MPa) (GPa) % (Cal/g’C) (g/cm?)
TZ-307 1 3,000 6.85 34 235 1.3 17 1.80

T.S. : Tensile Strength T.M. : Tensile Modulus U.E. : Ultimate Elongation

Table 2. Characteristics of coal tar pitch used for fabrication of the 4D CFRC as a matrix

impregnant
Pitch QL B.L S.P. C H N S C/H Carbon Yield
type (wWt.%)(wt%)| (C) | (%) | (%) | (%) | (%) (%)
Coal tar pitch | 6.31 ]29.30 114.7 l 92.61 ] 4.44 | 1.20 | 0.49 | 1.738 39.52

H.I : n-Hexane insoluble Q.I. : Qunoline insoluble
B.L : Benzene insoluble S.P © Softening point
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Fig. 1. Schematic flow chart for the 4D C/C compos-
ites.
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Fig. 2. Cross section of the reinforcement direction of 4
~D preform with pultruded rods (a) type 1, (b) type 11
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Fig. 3. Schmatic diagram of thermal shock cycling
equipment. A : Furnace. B : Substrate. C : Electric
heater. D : Water jacket. E: Thermocouple. F : Sili-
cone rubber cap. G : Quartz tube. H: Surge tank. [:
Temperature controller. J : Transformer. K : Separa-
tor. R : Regulator. M : Magnetic.

Fig. 4. Photograph of arc plasma test.

Table 3. Conditions of arc plasma test

ITEM CONDITION
Primary gas Ar
Secnondary gas H,
Jet time of plasma(sec) 30, 60, 90
Velocity of plasma(m/sec) 650m/sec

Max. power of plasma gun(k¥) 80
Distance of specimen

& plasma gun(cm) ‘
Size of specimen (mm)

3

dia : 40, thickness : 10

Flame angle(®) 90
Max. temp. of ospeamen 9600
surface(C)
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Fig. 5. TGA thermograms of the 4D CFRC after 100cy-
cles thermal shock test.

Fig. 6. Optical micrographs ( x200) of 4D CFRC fabri-
cated with PIC and carbonization after thermal shock
test a' () cyele (b) 50 cycle (¢! 100 cycle.
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Fig. 7. Erosion rate of 4D CFRC according to the densi-
ty after arc plasma test.
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Fig. 8. Weight loss of 4D CFRC according to the test
time after arc plasma test.
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Fig. 9. Photographs of the surface of 4D CFRC after
arc plasma test for 60sec (a) type 1 (HIT: 2300°C),
(b) type 1 (HIT : 1000°C), (c} type II (HIT: 2300°C).
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Fig. 10. SEM photographs of the surface of 4D CFRC
after arc plasma test for 60sec

{al type I (HIT:2300C), (b) type I (HIT:1000C)
() type II (HIT : 2300°C).
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Fig. 11. SEM photographs of the type [ 4D CFRC after
arc plasma test for 60sec (a) before test (b}, (c) after
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Fig. 12. SEM photographs of the type II 4D CFRC
after arc plasma test for 60sec {a) before test (b) after
test.
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