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The Effects of the Pressure Impregnation Carbonization Process

on the Characteristics of 3D Carbon/Carbon Composites
"H.J. Joo*, D.M. Choi*, M.Y Shon® and I.S. Oh*

ABSTRACT

3D carbon/carbon composites(3D~CFRC) were produced by Pressure Impregnation Carbo-
nization(PIC) and graphitization. These composites were made up of 3D preform fabricated by
3D weaving method with high strength type carbon fiber and raw coal tar pitch matrix. Raw
coal tar pitch matrix has showed high carbon yields about 87.4% after heat treatment carried
out under 650C and 100kg/cm®. Through the several densifying processes, the density of
3D~-CFRC was increased to 1.760g/cm® with graphitizing process. Without graphiting process,
that of 3D—CFRC was increased up to only 1.678g/cm®. Closed pores existed in the 3D-CFRC,
but these were filled with matrices during the densifying process. These were observed by
the optical microscope. Thermal expansion coefficient of X~V directional plane was lower than
that of Z directional plane. Flexural strength of X~Y directional plane was 48.9 MPa. And the
value of Z directional plane was much higher(124.5 MPa) than that. The tendency of flexural
modulus also showed similiar result.
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Table 1. Properties of carbon fiber used for fabri-

cation of the 3D—CFRC

Fiber |Filament|Diameter|T.S. |T.M.|U.E.| Yield |Density
types | No. | (um) |(MPa)|/(GPa)] (%) |(@/1000m)| (g/cm®)

TZ-307/12,000| 6.85 |3528| 245 1.4 800 | 1.80
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Table 2. Properties of coal tar pitch used for fab-
rication of the 3D—CFRC as a matrix im-
pregnant,

Pitch [Q.IL |B.L |[SSP.| C!H | N | S |C/H

Type |(wt%)|(wt%)|(wt%)| (%) | (%) | (%) | (%)
Coal tar
pitch | 6-31 | 29.30 | 114.7 52.614.44/1.20/0.49 [1.738
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Fig.1. Schematic flow chart for the 3D CFRC.
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Fig. 2. Schematic diagram of 3D perform fabricated
by weaving method,

A-MEEOLES

Vd ~
X-MUEH HOLDER BAR ANOD
HYLON THREAD

(b) X-direction & Y-direction fiber weaving

FIBER COMPACTOR ‘ METALLIC ACOS
TE

PLA /
\’ .‘ n Y-FIBER
{ T
ENEREID
s B B e bl ] = g CFIBER
SIDIENHNINID
e et et I B el e

L

J~~THICK PIERCED PLATE

NONPIERCED BOTTOM PLATE

(c) preform compaction during weaving

(d) lacing (Z-direction fiber insertion) of block
Fig. 2. (Continued)
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Fig. 3. Yield changes of coal tar pitch according to
the heat treatment temperature and pres-
sure,
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Fig.4. TGA thermograms of coal tar pitch after
atmosphere and pressure carbonization,
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Fig.5. Density changes of 3D—~CFRC as a function
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Table 3. Mechanical properties and thermal expa-
nsion coefficient of 3D—CFRC,

3D reinforcing direction

Z direction {X-Y direction
Fiber vol. % 11.977 14.662
Flexural strength(MPa) 124.5 48.9
Flexural modulus(GPa) 47.3 15.3
ILSS (MPa) 16.5 ——
Thermal expansion coeff. 1.240 0.495
up to 550, (um/mT)

495.32°c
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Fig. 6. TMA thermogram of 3D-CFRC at X-Y and Z
direction.
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