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The Kinetics and Mechanical Properties of 2D-Carbon/Carbon
Composite by Chemical Vapor Infiltration

*
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ABSTRACT

With the CFRC(Carbon Fiber Reinforced Carbon) fabricated using the 2D-woven
fabric prepreg, isothermal method of the various techniques was used with propylene
as the carbon source gas in a mixture with a N. gas at atmospheric pressure. The
properties of CFRC were measured by various infiltration conditions during the infiltra-
tion of pyrolytic carbon. Especially, infiltration rate constants and initial period were
measured by the open porosity and mass changes according to the infiltration time.
The kinetics of infiltration were governed by the open porosity and have been found
to be influenced by infiltration conditions, such as temperature, concentration of propy-
lene, and flow rate. The flexural strength and modulus relatively have been found
to increase as the apparent density increases and obtained values of maximum 250
MPa, 110 GPa extent, respectively.
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Table 1. Characteristics of Carbon Fiber used for 2D-Carbon/Carbon Composites

Fiber Filament T.8 T.M U.E Yield Density
Type No. (MPa) (GPa) (%) (g/1,000m) (g/em®)
T-300 3,000 3,530 230 1.5 198 1.75

* T.S: Tensile sirength
# T.M: Tensile modulus
% U.E; Ultimate elongation
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Table 2. Characteristics of Phenolic Resin
Phenolic Resin Melting Temp. Curing Temp. Fixed Carbon
type (©) () (%)
Novolac 76—86 120—160 598+2

Table 3. Characteristics of 2D-woven Fabric Prepreg used for Substrate

Fiber Filament Woven Used resin Resin Contents
type No. type (wt. %)
T—300 3,000 8 H/S Novolac type 37
Phenolic resin
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i+ Pyrogallol solution, fj: Surge tank,
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Fig. 1 Schematic Diagram of the CVD Appara-

tus.
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Table 4. Characteristics of Substrate Expressed by Open Porosity and Weight for Various

Infiltration Time

Substrate Initial Porosity Quantity Infiltration Time (HR)
(P, .v%) 12 24 48 72 96
P. D 8.37 | 8.29 | 7.04 | 6.33 | 6.15
A=t 10. 13 w. | 1.4 | 3.1 | 6.1 |82 |10.3
P. D 10.09 | 8.37 | 5.21
A=2 1. 55 W, | 2.9 | 4.4 | 6.6
P. D 9.22 | 9.21 | 7.37 | 5.98
A-3 1. 44 W. | 2.5 | 4.1 | 10.4 | 18.7
P. D 7.55 6.87 5.40
BT 9.76 W. | 1.8 | 4.5 | 7.3 |9.76 | 14.2
P. D 8.85 | 7.29 | 6.58
B-2 10. 23 W. | 3.6 | 5.5 |11.5
P. D 9.10 | 7.65 5.83
B-3 10. 08 W, I 3.5 | 5.3 | 11.8 | 24.6
* concentration 5 20vol. %, flow rate; 8.B5ce/min
S: 4ply B 6ply
1: 750%, 2; 800TC, 3; 850C
P.F: Porosity Decrease(vol. %)
W.1; Weight Increase(wt. %)
2.0 2.0
: 6 ply
o O 750T
A 800T
1.9 1.9k 7 850T
1.8 O

Open Porosity[log(100x pv/po)]

.6 £ 1 W) 1 1 1 X 1 1. 1 N
0 10 20 30 40 SO 60 70 80O 90 100 10

Infiltration Time(Hours)

Fig. 2 Open Porosity, Expressed as Percent of
Initial Open Porosity vs. Time of Infiltra-
tion of 4ply Substrate for Various Infilt-
ration Temperature.

Open Porosity[log( 100X p,/po)]
1

1 I | L t 1 1 1 1 i L
0 10 20 30 40 S0 60 70, 80 90 100 110
Infiltration Time(Hours)

Fig. 3 Open Porosity, Expressed as Percent of
Initial Open Porosity vs. Time of Infiltra-
tion of Bply Substrate for Various Infilt-
ration Temperature.
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Fig. 4. Infiltration Kinetics of 4ply Substrate Ex-
pressed by Relative Mass Increase vs.
Time of Infiltration for Various Infiltration
Temperature.
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6ply Bt} vlzd =A Frigre] vebyich.
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0101 é
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~
£
g 008
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0 o,
4] ~ Ternp. =800C
@ 0.0 /ﬁ Flow rate=8.5cc/min
] 7 A 4 Ply

0,02~ A 6 Py

a - 1 1
10 20 30 -

Concentration{(Vol%)

Fig. 6 Dependence of Mass Gain after 48hr
Infiltration on Propylene Concentration
(Temp., 8007T).

Temp. =800T

0.1k 6 ply
— . O 750%¢
0.2 A 800T
0.3k 2 I 850T
-0.4 -
O
0.5 -

Relative Mass Gain
[n(t — Am/p.X d(cvd)
i
o

1 H
< o
fesd ~
T T

i 1 H 1 i 1 I 1 i L

0 10 20 30 40 S0 60 70 80 90 100
Infiltration Time (Hours)

Fig. 5 Infiltration Kinetics of 6ply Substrate Ex-

pressed by Relative Mass Increase vs.
Time of Infiltration for Various Infiltration
Temperature.

414, fr&el i 4
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0.10~ =
/!’
r\. .08 (] /H
£ n
\E /u
<] 0.06}
2 .
8 -
o 0041 Temp. =800TC
:2‘8 Flow rate=8. 5cc/min
0.02}- 0O 4 Py
B 6 Py
0 1 1 1
10 20 30
Concentration(Vol%)

Fig. 7 Dependence of Mass Gain after 48hr
Infiltration on Propylene Concentration
(Temp., 850C).
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Fig. 8 Dependence of Mass Gain after 48hrs Fig. 9 Dependence of Apparent Density after

Infiltration on Flow Rate of Entering Gas
Mixture.
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Table 5. Kinetic Constants for Infiltratecd Carbon/Carbon Composites

Fiber Density kX108 k} X10% | keX10° Initial
Substrate | content do  |Povol.%)| (h™") h™") th™" time
(vol. %) | (g/cm®) 6, h™")

A—1 61.02 1.374 10.13 12.01 8.59 3.42 3.85
A—2 64.43 | 1.3966 | 11.55 27.93 11.09 16.84 0.0
A—3 66.49 | 1.3888 | 11.44 13.42 11.13 2.29 0.0
B—1 60.3 1.3807 8.75 18.82 11.32 7.5 0.0
B~2 62,28 | 1.3771 10.23 10. 14 8.91 1.23 0.0
B—3 61.17 | 1.3836 | 10.08 18.08 12.81 5.25 0.0
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Table 6. Comparison of Infiltration Rate Constants Obtained from Time Dependence of Open

Porosity and Mass Increase

kX10% (hr ™)
Substrate from porosity data from mass vyield data
A1 3.93 12.01
A—2 16.04 27.93
A—3 5.78 13.42
B—1 2.13 18.82
B—2 7.76 10.14
B— 6.64 18.06

éplyell 9lol FAF77 AAFoR Qlste k7t
soot7} FZElEe] Algl®l e g Az}, Table
62 porosity A4 (D3} FASA 4 (12) 25-¥
doizl A5, kF vlmg e Fxbe kel
Azt grEoh v B8 @& e S & S gl

4-3. 71414 A4

Fig. 10& Alxd E3gA] AR7] d=F7lel
g FF AEE Ve Aoz 4594 i
s AR R vlEd dRErld @t E3dEe
1 250MPa°l 4 F7FE%lch =¥ Fig. 112 2
R WEZEsld g 2¥9AeS el Ze

1.38 1,40 142 144 dlg/ent)
1 T 1 1
loy - g (Mpa}
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-|220
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g 23 {200
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5 . = - 100
I
X A 4 Py 6Py _
T rr B 800t A A 160
" gsot 0 B o
2.1 | I 1
(:J.ll. 0.1% 0.16 tog d
Apparent Density(d)
Fig. 10 Flexural Strength vs. Apparent Density

for Various Infiltration Temperature.
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Fig. 129l 71 A" 4414 F 2
SEM-& a4 &g AAE
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5 H3drA
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1,30 1.10 142 144 1.46 1. ln dlg/end)
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4 Ply 6 Ply
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—~ N A 800T
N 0 ; 850T o o
2 195 |- & -} 90
5 o
'8 a
S 180k ° o - 80
E o .
2 185} A °
E o " - 70
[+ 5% ° A
1.80 |- -
= -1 60
1.75 ‘: i ] I
0.1 0.i5 0.16 0.17 tog d
Apparent Density(d)
Fig. 11 Flexural Modulus vs. Apparent Density

for Various Infiltration Temperature.
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Fig. 12 SEM Fractographs of 2D-C/C Compo-
site Prepared at 750C from 20vol. %
Propylene(flow rate;  8.5cc/min,

time; 96hrs).
Fig. 13 Polarized-light Micrographs of 2D-C/C
v A & column EoF9] AAF271 #25] 9oh(Fig. Composites Prepared at (a) 850T (b)
13-14). 53], Fig. 14(2), (B)olAE Axs o 800€ (c) 750€C fgom/ 20vol. % 'f’fjg
&7} cone EofolAY Az graine] AAYAH vlene(flow rate ; . 5ee/min, time ;

. hrs)<X500>>,
BFE 7FAIL Q-2 2 Mo} “singularly nucleated

columnar” &-& “regeneratively nucleated colum-

nar” TE Zo2 FF3. =4 Fig. 15 =

2AF T S35 A8 A4 Jehye) WAe A3 AAs) e Fig. 15(0)9) 4
53], Fig. 15(2)9] SHE 39+ d¥3) s FEE HHAR 3o,
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Fig. 14 Polarized-light Micrographs of 2D-C/C Composites Prepared at 850C from 20vol. %
Propylene(flow rate ; 11cc/min, time ; 48hrs)< X500>>.

Fig. 15 SEM Fractographs of 2D-C/C Composites Showing (a) Fiber/Matrix Failure (b)
pyrolytic Carbon.
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