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Fabrication and Densification of the 4D Carbon/Carbon Composites

K.Y. Sheem®, 1.S. Oh*, D.M. Choi*, H.J. Joo* and B.I. Yoon**

ABSTRACT

The 4D preforms were fabricated with pultruded rods which were made with carbon fiber
reinforcement and phenolic resin matrix. The highly densified 4D CFRCs(Carbon Fiber Reinforced
Carbon) were fabricated by PIC(Pressure Impregnation & Carbonization) process with pitch matrix
after graphitization process.

After 7 times densification cycles, the density of Type II ~4D CFRC was reached 1.806g/cm®.
In spite of the 8 times densification cycles, the density of Type I —4D CFRC was raised only
up to 1.723g/cm?.

By the precarbonization process of preform before PIC process, the rods of preform could
keep thier round shape and molten pitch could easily permeate into the preform, which had
good effect on raising the density of 4D CFRC.

Softening points and carbon yield were increased by blowing the N, gas into raw coal tar
pitch. After 4th times densification cycles, the density of a 4D CFRC, densified with raw coal
tar pitch, reached to 1.368g/cm®. On the other hand, that of densified with modified pitch
showed a little higher density 1.405g/cm®
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Table 1. Chracteristics of carbon fiber used for
fabrication of 4D CFRC
Fiber Filament Diameter T.S
tvpes no. (um) (MPa)
TZ2-307 6,000 7 3530
.M U.E Yield Densnv
{GPa) (%) (g/1000m) (g/em”)
230 1.5 396 1.76

T.S : Tensile strength, T.M : Tensile Mcdulus,
U.E : Ultimate Elongation

Table 2. Characteristics of raw coal tar pitch & N,
gas blown pitch used for fabrication of 4D
CFRC as a matrix and impregnent

(Raw coal tar pitch)

Solubility Elemental analysis S.P
(wt. %) (wt. %) C/H | (o)
TI C H N 0

7.3 [92.82| 4.54 | 1,20 | 1.09 | 1-70 | 119

(N, gas blown pitch)

Solubility Elemental analysis S.P
(wt. %) (wt. %) CH | (0

TI C H N 0

53.0 |94.38(4.00 |16 | 0.2 | 1-92 | 208
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Fig. 1. Schematic diagram of the fabrication and
densification cycles of 4D CFRC.
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Fig.2. Reinforcing patterns of 4D hexagonal type
preform.
(@ Type I(X,Y,U=1.4mm, Z=1.4mm)
(b) Type II(X,Y,U=1.2mm, Z=2.0mm)
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Density changes of 4D CFRC with the re-
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Fig. 4. SEM photographs of 4D CFRC after 2nd PIC

process(a) uncarbonized preform, (b) car-
bonized preform.
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(b)
SEM photographs of 4D CFRC after 1st
impregnation & carbonization.
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Fig. 8. Residual yield changes of modified pitch
after N, gas blowing for 30min.

Fig. 7. SEM photographs of 4D CFRC after 5th im-
pregnation & PIC.
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Fig. 11. Softening point changes of modified pitch
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