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Effects of Pulse Number and Gas Holding Time on Densification of
Carbon/Carbon Composites by Pulse Chemical Vapor Infiltration

Hojin Ryu®, Yong-Keun Lee* and Hee-Dong Park™

ABSTRACT

Two-dimensional carbon/carbon preforms made of PAN-based carbon yarn and phenol resin
were densified with pyrolysis of propane by pulse chemical vapor infiltration process which repeats
the cycle of gas filling, holding and evacuation. The experimetal parameters such as pulse number
and gas holding time were studied. With increasing pulse number and gas holding time, the
bulk density increased rapidly when pulse number and gas holding time were below 3000 and
20 sec, respectively, but slowly when pulse number and gas holding time were above 3000
and 20 sec, respectively. After conducting the pulse CVI experiment, density of the carbon/ carbon
composites was increased up to 1.62g/cm®. Deposited pyrocarbons by this process has been
distributed uniformly across the carbon/carbon composite preform.
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Table 1. Characteristics of Carbon Fiber and Car-
bon/ Carbon Composite Preform Used for
Pulse Chemical Vapor Infiltration
. . C/C Composite
Properties Carbon Fiber Preform
Dimension $ 6.8 um 15x12x8 mm
Density 1.8 g/cm® 1. 40 gfem®
Porosity - 20%
Filament Number 12K —
of Yarn
Number of Layers - 23 Plies
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1. Counter 7. Solencid valve
2, Timer 8, Thermocouple
5 16 3. Ball flowmeter 9. R.F, coil
4, Controller 10, Preform
5. Propane gas 11, Susceptor
— 6, Nitrogen gas 12, Vacuum pump

Fig. 1. A schematic diagram of the pulse chemical
vapor infiltration apparatus with R, F. heating

system.
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where,
d : Bulk density
W . Saturated weight

D Dry weight
S * Suspended weight
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where,

% : Deposition rate
W; . Weight before CVI
V' : Volume of specimen ¢ : Infiltration time

Wy . Weight after CVI
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Fig. 2. Variation of (a) density increasing ratio and
(b) deposition rate as a function of pulse
number (gas holding time : 20sec),
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Fig. 3. Density increasing rate as a function of pulse
number (gas holding time : 20sec).
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Fig. 8. SEM micrographs at (a) top, (b) middle and
(c) bottom of the carbon/carbon composi-
tes conducted at 3000 pulses for 5 sec of
gas holding time,
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Fig.8. SEM micrographs at (a) top, (b) middle and
(c) bottom of the carbon/carbon composi-
tes conducted at 3000 pulses for 20 sec of
gas holding time,
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