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The thermodynamic stability of SiC/SiC composite structures proposed for fusion applications is presented in this paper. 
Minimization of the free energy for reacting species in the temperature range 773-1273 K is achieved by utilizing the 
NASA-Lewis Chemical Equilibrium Thermodynamics Code (CET). The chemical stability of the matrix (SIC), as well as 
several fiber coatings (BN and graphite) are studied. Helium coolant is assumed to contain O 2 and water moisture 
impurities in the range 100-1000 ppm. The work is applied to recent Magnetic and Inertial Confinement Conceptual 
designs. The present study indicates that the upper useful temperature limit for SiC/SiC composites, from the standpoint of 
high-temperature corrosion, will be in the neighborhood of 1273 IC Up to this temperature, corrosion of SiC is shown to be 
negligible. The main mechanism of weight loss will be by evaporation to the plasma side. The presence of a protective S i P  2 

condensed phase is discussed, and is shown to result in further reduction of high-temperature corrosion. The thermody- 
namic stability of C and BN is shown to be very poor under typical fusion reactor conditions. Further development of 
chemically stable interface materials is required. 

1. Introduction 

Silicon carbide ceramic matrix composites are pro- 
posed candidate low-activation materials for structural 
components in fusion reactors because of their high 
strength, adequate thermal conductivity and good ther- 
mal shock resistance. In this application, the material 
is inevitably exposed to either oxidizing or reducing 
gases; therefore, a thorough understanding of the 
gaseous corrosion behavior of the material at elevated 
temperatures is important. 

When SiC is exposed to a strongly oxidizing atmo- 
sphere, such as air, a dense SiP 2 layer forms on the 
surface, and further oxidation is retarded. Because of 
this passivation, SiC exhibits excellent oxidation resis- 
tance at high temperatures. However, when the supply 
of oxygen is not sufficient (in reducing or inert atmo- 
spheres), the protective SiP 2 layer cannot form, and 
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weight loss occurs by decomposition or active oxidation 
of the SiC. Such corrosion can significantly affect the 
strength of the SiC by introducing flaws in the surface 
or reducing the load-bearing cross section. 

It is important to state that the chemical stability of 
SiC/SiC, SiC/C and SiC/BN at high temperatures is 
undetermined at present. The main objective of the 
present work is to study the degradation behavior of 
these materials under typical fusion reactor conditions. 

The main coolants considered for fusion reactors 
are: Helium, CO2, Li and Li-Pb. The present work 
focuses on helium coolants containing oxygen or water 
moisture impurities. It is practically and thermodynam- 
ically impossible to eliminate such impurities. The 
residual oxidizing impurities are very important in ob- 
taining and maintaining a good SiP 2 protective layer. 
Under fusion conditions, the temperature of the SiC 
structure which is in contact with the coolant can vary 
between 773 and 1273 K, and the impurity content of 
the helium coolant between 10 and 1000 parts per 
million (ppm). These conditions represent a typical 
environment for high-temperature corrosion processes. 
The growth of a surface oxide can he compared with 
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the current flow around a circuit containing an elec- 
trolytic cell, including both electronic and ionic parts. 
The ionic current produces two effects: 
(a) ionization of metal atoms: Me = MZ++ Ze 
(b) ionization of oxygen atoms: O + 2e = O 2 

These are anodic and cathodic processes, respec- 
tively. The metal ions are attracted towards cathodic 
surfaces, while the oxygen atoms are attracted towards 
anodic surfaces. During the growth of a solid non-por- 
ous oxide, either species may be immobile, but the 
other one will be mobile. An oxide film grows by ionic 
transport, but there must also be electron movement. 
Electrons move in the same direction as the positively 
charged metal ions or in the reverse direction to the 
negatively charged oxygen ions. Electron movement 
through oxides is associated with defects in the oxide 
lattice. Ionic diffusion is determined by the movement 
of ions between vacant lattices sites and is much slower 
than the movement of electrons. 

In a neutron and gamma radiation environment, as 
is the case in fusion reactor structural materials, fur- 
ther ionization and creation of vacancies are expected. 
High temperature corrosion rates can therefore be 
enhanced by the radiation flux. We will not consider 
this aspect of corrosion in the present work. 

2. Thermodynamic analysis 

The computer code CET, developed by NASA- 
Lewis Research Center, is used in the present study to 
calculate the equilibrium composition of reacting 
chemical species. This procedure is based on the mini- 
mization of the total free energy of the system, which 
was originally developed by Gordon and McBride, and 
revised by Zeleznick [1]. The total Gibbs free energy of 
a system is given by: 

tt 

G= ~ n i g i  = ~_ ,n i (g°+RTlna i )  (1) 
i = 1  i = 1  

Table 1 
Conditions for chemical compatibility study 

Material Impurities Assumed range 

SiC H 2 0  100-1000 ppm. 
0 2 100-1000 ppm. 

BN H 2 ° 100-- 1000 ppm. 
0 2 100-1000 ppm. 

C H 20 100-1000 ppm. 
02 100-1000 ppm. 

where G is the total Gibbs free energy of a system, R 
the ideal gas constant, T the thermodynamic tempera- 
ture, N i the moles of chemical species i, and a i the 
activity of species i. When ideal conditions are as- 
sumed in each phase, equation (1) becomes: 

RT p=l i~-lnpi[ l-R--T )pi + ln P + ln ~p ] ] 

p=2i  

q + s + l  mp { g,, 

+ E E n p i ' - - '  (2) 
p=q+2i=l  ~RT}pi 

where npi is the moles of species i in phase p, N o the 
total moles of species in phase p, mp the number of 
species in phase p, and P the total pressure. In equa- 
tion (2), p = 1 corresponds to the gaseous phase. The 
mass of all elements must be conserved: 

q + s + l  mp 

Y" ~ Cmjn m =bj  ( j  = 1, 2 , - . .  ), (3 t 
p = l  i - I  

where Cmj is the number of atoms of element j and i 
the total number of elements. The set of n m, which 
minimize equation (2) is the equilibrium composition 
of the system. To calculate n m in eq. (2), the free 
energy of each reaction, must be known and can be 
expressed by: 

gO ( c  o -  298) + . - -  A ~ 298 

RT T f RT 
(4) 

Thermodynamic data are included with the program 
for 62 reactants and 421 reaction species (solid, liquid, 
and gas phases of all species are counted as separate 
species). The data are mostly obtained from JANAF 
tables, although additional elements and reactions can 
be included [26,27]. 

The reference conditions are that of a recent ICF 
Fusion reactor study (Prometheus [2]) and a magnetic 
confinement reactor study (Aries [3,4]), both with he- 
lium coolant. These conditions are summarized in table 
1. The average temperature range for the study is 
between 773 and 1273 K. 
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3: Chemical reactions Corrosion rate (Arbitrary Units) 

Silicon carbide will chemically react with 02, H 2 0  
and H2, according to the following reactions: 

SiC(s) + O2(g ) ~- SiO(g) + CO(g) ,  (5) 

2SiC(s) + 302(g ) ~ SiO(g) + CO2(g), (6) 

2SiC(s) + O2(g ) ~ SiO(g) + C(s),  (7) 

SiC(s) + O2(g ) ~ Si + CO2(g), (8) 

2SiC(s) + O2(g ) ~ Si + CO(g),  (9) 

SiC(s) + 2H20(v) ¢ s i o (g )  + CO(g) + 2H2(g), 

(10) 

SiO2(s)(protective layer) + H2(g ) 

SiO(g) + H 2 0 ( v  ). (11) 

Relevant reactions for forming a solid protective 
layer are given below. Formation of the solid oxide 
layer will be a function of the partial pressure of 
oxygen in the system: 

SiC(s) + 202(g ) ~ SiO2(s ) + CO2(g), (12) 

2SiC(s) + 302(g ) ~ SiO2(s ) + CO(g) ,  (13) 

SiC(s) + O2(g ) ~ SiO2(s ) + C(s).  (14) 

For the C and BN fibers, the following relevant reac- 
tions are considered: 

C(s) + O2(g ) ~ CO2(g), (15) 

2C(s) + O2(g ) ~ 2CO(g), (16) 

2BN(s) + 202(g ) ~ 2BO2(g ) + N2(g), (17) 

2aN(s)  + 3HEO(V ) ~ B203(g ) + 2NH3(g), (18) 

4aN(s)  + 302(g ) ~ 2B203(g ) + 2N2(g), (19) 

2aN(s)  + O2(g ) ~ B202(g ) + S2(g),  (20) 

3aN(s)  + 3HEO(V) ~ 2Nn3(g ) + S2(g ) + 3BO(g), 

(21) 

2BN(s) + 6H20(v  ) ~ 2HaaO3(g ) + 2NH3(g), (22) 

aN(s )  + 2HEO(V ) ~- HBO2(g ) + NH3(g).  (23) 

The kinetics of the last reactions can be affected by 
the formation of a protective layer of SiO 2 at high 
oxygen partial pressures such that SiC is stable in many 
corrosive environments. Figure 1 shows, in arbitrary 
corrosion units, a schematic of the protective layer. It 
is interesting to note that when the coolant contains 

Protective layer 
Decomposition 

SiO 2 formation 

i J i i i L 

-to -9.5 -9 -a.5 -a -r.s -7 -a.5 -e 

Log (PO2I 

Fig. 1. Stability schematic in SiO 2 in fusion coditions. 

higher oxide impurity levels, SiC will tend to form a 
protective oxide coating, which would prevent further 
oxidation. 

4. Results of chemical equilibrium thermodynamic 
analysis 

As mentioned previously, H 2 and H 2 0  will be 
present in some quantities in certain sections of the 
reactor blanket. Water will result from the reaction of 
H 2 with residual 02, while H 2 will be present as an 
additive to the carrier gas in the breeding blanket, as 
well as from (n,p) reactions and the plasma in the first 
wall materials. Studies of the stability of SiC in H 2 
environments have been conducted primarily for appli- 
cations in the National Aerospace Plane and in the 
Ceramic Stifling Engine, where H z chemical activities 
are considerably greater than expected in a Fusion 
Blankets [5,6]. In the following, we give results of 
computations for SiC/SiC composites, for an S iC/C 
interface, and for an SiC/BN interface. 

4.1. SiC / SiC composites 

The thermodynamic stability of SiC in pure H 2 at 1 
atmosphere is shown in fig. 2, the primary gaseous 
product is methane (CH4) , while other reactions that 
produce Sill 4 and Sill are also possible at tempera- 
tures relevant to fusion conditions. The effects of 
methane formation on the behavior of SiC structures 
must be carefully studied, since hydrogen isotopes will 
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Fig. 2. Molar fraction for gases in equilibrium with SiC in 
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Fig. 3. Molar fraction for gases in equilibrium with SiC in 

contact with 100 ppm 0 2 in helium coolant. 

be produced in SiC. In the plasma chamber first wall 
and diverter, the helium coolant and the tritium recov- 
ery systems are different, and the concentration of 
hydrogen in the two streams can be quite different. 
The tritium recovery system will contain higher levels 
of H 2 available to react with the SiC. The tritium 
recovery system will contain a high content of hydrogen 
isotopes, and will be dependent on design details. 
However, this aspect of H 2 reactions with SiC is sepa- 
rately treated in section 4.1, and the equilibrium con- 
centrations are given in fig. 2. We will illustrate these 
features again in section 8. Since the current work 
deals only with the subject of high-temperature corro- 
sion, we did not attempt to assess the effects of possi- 
ble high concentrations of methane (CH4), and other 
gaseous products (e.g. Sill  4 and Sill) on the operation 
and design of the tritium recovery system. 

Figure 3 shows the molar fractions of gases in 
equilibrium with SiC in contact with a helium coolant 
containing 100 ppm. 0 2. The primary gaseous products 
formed are CO and CO2, with small quantities of SiO 
and SiO 2. These volatile species exist in equilibrium 
with the condensed phase of SiO 2 (protective layer in 
these conditions). 

The molar fractions of condensed phases are shown 
in fig. 4. It can be immediately seen that the formation 
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Temperature (K) 
Fig. 4. Molar fraction of condensed species in equilibrium 

with SiC. Hel ium coolant with 100 ppm O z. 
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Fig. 6. Molar fraction of condensed phases in equilibrium with 
SiC. Helium coolant with 100 ppm H20. 

of the protective layer of SiO 2 is thermodynamically 
favorable over the temperature range of interest. The 
growth of this layer is parabolic with time, as is conven- 
tional with solid state oxidation. 

Figure 5 shows the molar fractions of gases in 
equilibrium with SiC, when the helium, coolant con- 
tains 100 ppm H20,  as typical levels of impurities in 
helium. It is observed from these figures that the 
production of volatile gaseous species is higher than 
the previous case. The high concentration of hydro- 
carbons would result in etching the C-side of SiC. The 
break-down of water molecules, and their subsequent 
chemical reactions with Si and C results in higher 
oxidation levels of carbon atoms, as compared to sili- 
con. As a consequence, the more aggressive environ- 
ment of water moisture is associated with a smaller 
molar fraction of the protective oxide layer, as seen in 
fig. 6. 

4.2. Thermodynamic stability of graphite fiber-matrix 
interfaces 

One of the commonly used interfaces for SiC/SiC 
composites is graphite. This interface controls fiber 
pull-out which influences toughness. It is important, 
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however, to investigate the thermodynamic stability of 
carbon interfaces. 

The molar fractions of volatile gases in equilibrium 
with C are shown in fig. 7, for helium coolant contain- 
ing oxygen impurities at the level of 100 and 1000 ppm, 
respectively. When the results are compared with SiC 
(fig. 3), it is seen that the molar fractions of CO are far 
greater than the corresponding values for the SiC 
system. When water moisture exists in the helium 
coolant, the decomposition of graphite is even worse. 
Figure 8 shows the main gaseous species for 100 ppm 
H 2 impurity level. 

4.3. Thermodynamic stability of boron nitride fiber-ma- 
trix interface 

Molar fractions of volatile gaseous species in equi- 
librium with BN interface are shown for oxygen impu- 
rities (fig. 9); and for water impurities, fig. 10. The 
main problem in this case is the effect of hydrogen on 
the stability of BN. Oxygen impurities alone do not 
result in decomposition of BN. However, when hydro- 
gen is present, the decomposition is complete, as can 
be observed in fig. 11. 
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10. Molar fraction of gases in equilibrium with BN. 
Helium coolant with 100 ppm H20. 
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Helium coolant with 100 ppm H20. 

5. Oxidation mechanisms  of silicon carbide 

The oxidation of SiC at reaction interfaces gener- 
ates very low oxygen partial pressures. If active oxida- 
tion does not occur, the silica formed at the reaction 
interface is expected to be oxygen deficient with the 
formation of corresponding defects: vacancies, 3- 
bonded silicon and possibly Si pairs. Vacancy forma- 
tion is particularly important for fusion applications. 
Under the intense neutron flux of a fusion reactor, 
displacement damage will generate higher concentra- 
tions of vacancies, and hence is expected to enhance 
the high-temperature corrosion of SiC. 

Two types of contributions are possible for the 
transport of oxygen in SiC, the first mechanism is 
molecular, in which molecules of oxygen are trans- 
ported through channels in vitreous silica. The second 
is a network contribution, which can occur through the 
various network defects. Assuming that the major 
model of network transport is by a vacancy mechanism, 
the equation for the total diffusion coefficient is given 
by: 

D = DvC v + DmC m. (24) 

Dv and D m are the vacancy and molecular diffusion 
coefficients, and C~ and C m are the vacancy and 
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molecular concentrations, respectively. Therefore the 
kinetics of silica oxidation will depend on the relative 
contribution of the two transport paths, which is deter- 
mined by stoichiometry at a given temperature. Under 
low oxygen pressures, the quantity of dissolved oxygen 
(C m) and the concentration of oxygen vacancies (C v) 
will be increased, tending to favor transport by a va- 
cancy mechanism over transport by molecular diffusion 
[7,8]. 

The two sides of a single crystal SiC, under oxidiz- 
ing fusion conditions, maintain their stoichiometric 
character as they oxide. The two elements of SiC 
qualitatively maintain their relative rates of oxidation 
during the early oxidation for thicknesses of silica up to 
20A, even after surface mixing due to sputtering. This 
carbonization of the carbon side explains the evolution 
of silicon under the very low oxygen pressure at the site 
of the reaction [9]: 

2SiC + 0 2 ~ 2CO + Si. (25) 

Under one atmosphere of oxygen, it is assumed that 
this difference in stability of the two elements is main- 
tained, and that silicon still tends to be volatile from 
the C-side. However, both carbon and oxygen are oxi- 
dized in the reaction: 

SiC + O 2 ~ SiO + CO. (26) 

As shown in fig. 12, it is possible by this reaction to 
always maintain the order of the Si and C atoms at the 
interface, so that on the C-side it is always at the 
surface of the SiC as it oxidizes, thus maintaining the 
C-side behavior. The SiO oxidizes as it meets with the 
higher oxygen pressure near the interface. The silica 
forms as a rough porous scale, and a rough interface 
results from the active oxidation reaction. As further 
oxidation proceeds, SiO oxidizes in the pores, so that 

CO 0 2 SiO 

C~si Si ""&i': Si 
I [ r I s~e 

C C C C 

2SiO * 0 2 = 2SiO 2 

\ ~ c  02 
s ~  c " .-.. 

C C C SiC 

Fig. 12. Model for oxidation of C-side of SiC. 
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t:ig. 14. Mechanism of corrosion of SiC/C composite. 

scale porosity is filled. The scale if formed under 
higher partial pressures found at the interface, and will 
therefore not be stoichiometric. 

On the Si-side, however, silicon atoms are segre- 
gated at the surface. It is proposed that oxygen is 
absorbed first on the silicon layer (fig. 13), and the 
carbon is then oxidized by penetration of oxygen 
through this oxide layer, maintaining silicon between 
the oxide and SiC. The scale formed under these 
conditions would be more oxygen deficient than that 
formed at the Si-side. In the oxidation of SiC, both 
network and molecular transport mechanisms add to 
supply the oxygen. This interplay between the two 
types of transport processes continues as the tempera- 
ture is increased, and their relative contribution 
changes for the Si-side and C-side. As the temperature 
is increased, transport by vacancy and other network 
mechanisms with high activation energies increases 
rapidly and becomes a major contributor to the oxida- 
tion of the carbon side. The oxidation of SiC therefore 
increases, since it is dominated by network transport 
processes. As the temperature is increased, atomic 
mobility is increased at the SiC interfaces, and oxida- 
tion can no longer be differentiated by the mechanisms 
proposed. Therefore, the proposed model is qualita- 
tively consistent with the data on the oxidation of SiC 
[10]. 

tive layer of SiO 2. Figure 13 shows the first step of the 
chemical reactions for the formation of the protective 
layer: 

SiC + impurities (oxidants) ~ SiO 2 + CO + CO 2. 

(27) 

Under these conditions the carbon fiber will react 
according to: 

C + impurities (oxidants) * CO + CO 2. (28) 

In this case, we will have interaction between SiO 2 and 
CO, as follows: 

SiO 2 + CO (low concentration) ~ SiO + CO 2. (29) 

IL1. SiC w i t h o u t  C: 

SiO 2 + C O ( l o w  c o n c e n t r a t i o n )  - SiO * CO 2 

SiC 

R e a c t i o n s :  

2 0 2  + SiC • SiO 2 

C O / C O  2 

.i 

* CO 2 

6. Synergistic degradation mechanisms of SiC / C com- 
posites 

Figures 14 and 15 show a proposed mechanism for 
the oxidation of SiC/C system, where the interface 
Si-C is the point of localized corrosion in the fibers. In 
this case, the system can not form a continuous protec- 

SiO 2 
S i c  ,,, _ _  

R e a c t i o n s :  
C(GR) in te rs t i t ia l  

Si + O 2 - SiO 2 

" T h i c k n e s s  S iO  2 i n c r e a s e d "  

Fig. 15. Mechanism of corrosion of SiC/C composite. 
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II. S iC/C Composite. CO/CO 2 

Reactions: 

2 0  2 + SiC • S i02  ÷ C02  

CO/CO 2 

SiC ~ ._ . .S iC  

"Localized Corrosion" 

Fig. 16. Mechanism of corrosion of SiC/C composite. 

The last reaction is very important to consider at 
the interface between SiO 2 and C because it not only 
destroys the protective layer on the SiC, but it also 
forms CO 2 gas bubbles. Figure 14 illustrates this mech- 
anism on SiC only, where the formation of CO 2 and 
CO is important only in the first step of the reaction. 
After this carbon step, the formation of CO 2 decreases 
with time, and SiC forms the protective layer under 
fusion conditions. 

Figure 15 illustrates the degradation mechanism in 
the S i C / C  system. In this case, the formation of CO 
and CO 2 is very localized at the S i -C  interface, be- 
cause of the continuous formation of bubbles in the 
system. CO 2 reacts with SiO 2 and forms gaseous SiO, 
and localized corrosion takes place at the S i / C  inter- 
face (Fig. 16). The protection of the solid phase of 
SiO 2 is lost in this case. 

7. Gas phase diffusion through cracks 

Composites invariably contain micro-cracks, which 
may be caused by an expansion coefficient mismatch 
between the matrix and the fiber. For example, if the 
matrix has a higher expansion coefficient than the fiber 
and the composite is processed at high temperature, 
the matrix will be stressed upon cooling to room tem- 
perature and micro-cracks form by residual stresses. 

The effects of oxygen diffusion through the cracks 
depend on the matrix and the substrate. If the matrix is 
an oxidizable material, such as SiC, which getters oxy- 
gen, oxygen diffusion through the cracks will react with 
the matrix and may possibly seal the crack. However, if 
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the matrix is an oxide, which cannot getter any oxygen, 
oxygen will diffuse rapidly through the cracks. In this 
situation, the oxidation rate of the substrate will de- 
pend upon the nature of the oxidation product and its 
interaction with the matrix oxide. 

8. Maximum corrosion rates in fusion reactor condi- 
tions 

At low pressures, where the molecular mean free 
path is longer than the system size, the number of 
molecules leaving or striking a unit surface area per 
second, ~b, is given by: 

dp = ¼Vmn. (30) 

The last equation can be easily derived from the ki- 
netic theory of gases. Here, n, is the number of 
molecules per unit volume, and V m is the mean molec- 
ular velocity. If the mass of each molecule is m, the 
equilibrium mass evaporation rate can be calculated as: 

W = ¼nmVm = 1 ~PVm, (31) 

where p is the gas density. The mean velocity V m is 
given by: 

/ 8 R T  
V~ = ~rM ' (32) 

where R is the gas constant, T the absolute tempera- 
ture and M the molecular weight. Combining the two 
last equations, we get: 

Equation (34) gives us the corrosion rate in kg cm -2 
s-1, that we have transformed to micrometers per year. 

1MP / 8 R T  
W(kg cm -2 s -1)  = ~ V 2¢rRT ' (33) 

W(kgcm - 2 s - ' ) = P  2~rRT"  (34) 

The kinetic model, expressed in eqs. (33) and (34) is 
applied to the evaluation of the evaporation corrosion 
rate of silicon carbide in two recent conceptual fusion 
reactor studies: Prometheus [2] and Aries-I [3,4]. The 
evaporation of the first wall material into the plasma 
side in the Aries-I concept is analyzed at a tempera- 
ture of 1323 K. The corrosion rate in first wall at the 
coolant side (helium with impurities) is also computed. 

Figure 17 shows that the evaporation corrosion rate 
of SiC in typical fusion conditions, increases with tem- 
perature. This evaporation rate will be compared later 
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with the corrosion rate in Prometheus  and Aries due to 
coolant impurities. It is found that at all temperatures,  
the evaporat ion corrosion rate is higher than the corro- 
sion rate due to coolant impurities. Both reactor de- 
signs show good resistance to high temperature  corro- 

sion. 
Figure 18 shows results of computat ions for helium 

coolant with 100 ppm H 2 0 .  A comparison between the 
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corrosion rate due to evaporation and that due to the 
corrosion process in the coolant. It is shown that in the 
Aries design, the difference between the corrosion rate 
due to evaporation and that due to hot corrosion is 
smaller than that with Prometheus design. Figures 19 
and 20 show a comparison of the maximum corrosion 
rate due to hot corrosion for both the Prometheus and 
Aries design concepts, with various impurity levels. It 
can be seen that the corrosion rate is higher for the 
Aries design for both O 2 and H 2 0  impurities. How- 
ever, the corrosion rate for both reactors is higher 
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when the coolant contains 0 2 impurities as compared 
to H 2 0 .  So, for the same average impurity levels, the 
material  will form the SiO 2 protective layer, and the 
corrosion rate is lower with H 2 impurities. 

9. Conclusions 

S i C / S i C  composite structural materials are shown 
to have attractive high-temperature corrosion resis- 
tance characteristics, in addition to their low neutron 
activation and high temperature  structural capabilities. 
The  present  study shows the following conclusions: 
(1) The  presence of hydrogen and hydrogen isotopes 

from nuclear reactions, and from solid breeder  will 
result in the formation of hydrocarbons, primarily 
methane  (CH4). The  equilibrium molar fraction of 
methane  is approximately 0.01, over a wide range 
temperatures .  Therefore ,  it is expected that 
methane  gas will exist in the first wall and blanket 
regions. 

(2) Typical oxygen and water  impurities result in the 
formation of  a self-healing, and stable SiO 2 oxide 
layer, which prevent  further oxidation. 

(3) The  chemical stability of S i C / S i C  composites with 
ei ther graphite or  BN interfaces is not assured with 
these interface materials. Other  types of chemi- 
cally-stable interface may have to be developed, or  
the access of  oxygen to fibers be limited. 

(4) Typical fusion reactor designs, both magnetic 
(Aries) and Inertial (Prometheus),  show that the 
hot corrosion rates in the first wall and blanket 
systems will be very negligible. 

(5) Evaporat ion of SiC into the plasma side will domi- 
nate over chemical hot corrosion. Nevertheless,  
both rates are practically insignificant. 
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