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ABSTRACT

Mumerous researchers have observed the bubble formation from C/C composite at high temperature (13007 -~
1700T). According io thermodynamic calculation, the bubble can be formed at the temperatures ahave 1500C
m the case of SiC ceated C/C composde. However, the bubble below 1500T could not be explained. Therfore,
m an effort to explain the low lemperature bubble formation, the effects of whibitors such as B, Al, Zr and
S1 were thermodynamically investigated along with hydrogen and water vapor impurihies resolved in C/C compo-
site and SiC coating layer.
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Fig. 1. Schematic figure of C/C compasite with cracked
SiC coaling layer.
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Fig: 2. B-C-O phases stability diagram superimposed
an S5i-C-0 system at 1800 K,
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Table 1. Equilibrium Oxygen Pressures for Varous
Activities of Boron and Silicon

£5 | @ as, log P log Poo
(K) (B/B20y) (51/5i0;)
1000 | 033 | 0.0004 —3475 —34.76
1200 | 041 | 0.0017 —2771 —2751
1400 | 048 | 0.0047 —22.70 —22.33
1600 | 054 | 0.0103 —18.96 — 1848
1800 | 059 | 0.0238 —16.05 —1549

@00 0.64 | 00540 —13.74 —13.13
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T (%)

Fig. 3. Total vapor pressure vs. temperature resulting
from the reaction belween B.0; and C.
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Table 2. Equilibrium Oxygen Pressures for Al and B
inhibiter at 1800 K

A7) FET AEE A W E4kdqhy
(log Pos)
Al 0.235 - 2041
B 0.59 ~16.05
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Fig. 4. Total vapor pressure vs. temperature resulting
from the reaction between Al(Q; and C.
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Fig. 5. Total vapor pressure vs. temperature resuiting
from the residual hydrogen in SiC layer.
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Table 3. The Effects of B, Al and Zr on Resolved Hy-

drogen

ag=10"* | ag=10"" | ag=10"¢
T B log Pus | Iog Pom | log Pau
1000 | 17107 | —2355. | —2455 | —2555
1200 | 18%10 ° | —2006 | —2105 | —2205
1400 | 1.0X10— | —1757 | —1857 | —1957
1600 | 38X10°° | —1573 | —1673 | —17.73
1800 | 11x10° | —1430 | —1530 | —16.30
2000 | 24%10°¢ | —1317 | —1417 | —1517

Zr+H="7rH{g) where Zr is determined from the reac-
tion

Zr+C=ZrC.
T o ag=10"" | ay=10"° | ay=10"%
log Pam log Pam log Pan
1000 0.006 —£.52 —7.52 —8.52
1200 0.023 —h79 —B.79 —7.79
1400 0.059 —5.29 —6.29 —17.29
1600 0.119 —4.93 —5b93 —6.93
1800 0.208 —4.65 —bh.6b —b6.65
2000 0.324 —4.44 —5.d4 —6.44

Al+H=AIH(g) where Al is determined from the reac-
tion
4&+ SC:A14C3.

ag=10"* | ay=10"% | ap=10"°%
T(E} aal

log Ppy, log Ppys; log Py,
1004 0.33 —6.65 —3.65 —0.65
1200 041 1.73 —1.27 —4.27
1404 0.48 —1.81 —4.81 —781
1600 0.54 —4.48 —7.48 —1048
1800 0.59 —6.58 —958 —12.58
2000 0.64 —8.26 —11.26 —14.26

B+3H=BH;(g) where B 18 determined from the reac-
Lion

4Al+3C=A1Cs.

(09107173}, 1400 K)ol 4 whgsls o A4t
HARek =3 Alelv Zr AbFedAde HECE- 4%
adgfo] 1000K o]4be] L£meja] Fajgd Ame] o
A4 g RolFx glck BY Atx of 1300K ol
xe HEwEe 2% 7l5EdL 7|9z o1

4. 5712l o

Oi

A28 A A6 Z(1991)

Pugp = 107" Pge= 0.1
2B + HeO + 30; = 2080, @

i0

log Pypa, (atm}

-10 1 1 1 1 L i 1 H 1 1 1 1 1 1 1
10Q0 1500 z2000 2500
T (k)
Fig. 6. Vapor pressure resulting from B, B;Qs, HyO and
Qy (Assume Po,=107!atm, PygO=10"7 atm).
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