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Thermodynamic calculations for the thermal degradation of the Nicalon fibre in inert gas flow 
at atmospheric pressure have been performed, based on minimization of the Gibbs energy of 
the S i -C-O-H chemical system. The calculations are based on a critically selected 
thermodynamic database of the participating compounds. The results are presented by means 
of diagrams illustrating the quantities of condensed and gaseous species obtained as a 
function of treatment temperature. These are compared with recently reported TEM studies of 
as-received and heat-treated material, which illustrate the sequential morphologies of its 
structure and nanotexture as a function of treatment temperature. The main step of the 
observed degradation mechanism is successfully simulated in terms of the temperature, the 
oxygen content and the weight loss of the material. An endogenous oxidation mechanism is 
proposed for degradation of the fibre. 

1. Introduction 
A model for the structure and nanotexture together 
with mechanisms of the thermal degradation of ce- 
ramic-grade Nicalon ~ fibre NL-202 (Nippon Carbon, 
Yokohama, Japan) were recently proposed, based on 
transmission electron microscopy studies [1]. In ac- 
cordance with other investigations [2-5], the fibre 
was found to be a microcomposite containing SiC 
grains, a free carbon network and an intergranular 
phase (solid solution) whose average composition was 
proposed [1] to be SiO1.15Co.85. The global composi- 
tion by weight of the fibre was determined as 55% 
[3-SIC crystals, 40% SiOM5Co.85 intergranular phase 
and 5% free carbon. 0.2 wt %(3.7 at %) hydrogen was 
also evidenced as a residue of the precursor material. 

The presence of an external silica layer which covers 
the desized fibre has also been reported [3] and 
attributed to the manufacturing process; the average 
composition of the non-stoichiometric phase was pro- 
posed to be SiOl.o9Co.45 and the overall composition 
by weight was determined as 57% 13-SIC, 31% 
SiO~.o9Co.45 and 12% C. The difference in composi- 
tion between the above-mentioned values concerning 
the fibre and the SiOxCr phase may be due to the 
assumptions made (the amounts x + y in [1] and 
x + 2y in [3] were taken equal to 2), to the precision of 
the analytical methods adopted and to the low repro- 
ducibility of the industrial fibre itself. 

Thermal treatments of this and previous versions of 
the Nicalon fibre in inert atmospheres have also been 
reported in the literature [1, 2, 6-11]. The correspond- 

ing results [1] led to the subsequent determination of 
its structure and nanotexture. Two major overlapping 
steps were thus recognized, following the temperature 
of treatment. In the first step, which is still apparent at 
1523 K, the major phenomenon occurring is modifica- 
tion of the structure of free carbon. This was at- 
tributed to the release of hydrogen from the carbon 
network, which is completed at the above temper- 
ature, as was also evidenced by multiple Knudsen cell 
mass spectrometry measurements [12]. No other 
chemical modification was reported in this step. In the 
second step, which is completed by 1773 K, a drastic 
change in the fibre nanotexture was observed, due to 
the release of the contained oxygen in the form of 
carbon and silicon monoxides; this leads to destruc- 
tion of the intergranular phase, to a strong degrada- 
tion of the free carbon, and to a widening of the 13-SIC 
crystals. A mechanism was proposed to explain this 
behaviour, based on the reaction of the released oxy- 
gen with the free carbon as well as with the carbon and 
silicon of the SiO1.15Co.85 phase to give gaseous CO 
and SiO, and SiC, following the overall scheme 

0.7 SiOHsCo.ss(s ) + 0.42 C(s)--, 0.24 SiO~g) 
+ 0.56 CO(g) + 0.46 SiC(s) (1) 

An intermediate third step was also evidenced at 
1673 K with the occurrence of a skin-and-core effect, 
indicating that for the heating profile adopted, the 
external part of the fibre has, in contrast to the 
internal part, already reached a structure and com- 
position corresponding to its degraded state. 
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In the light of these recent experimental contri- 
butions in understanding Nicalon fibre, a thermo- 
dynamic study of the conditions of its thermal 
degradation allows a check of the proposed reactions 
with the aim of defining the relationship between the 
behaviour of the material under different operating 
conditions and the corresponding degradation or 
reaction mechanisms. On this basis, surface and inter- 
face kinetic and diffusion studies of the thermal and/or 
chemical degradation mechanisms, applied to the core 
(condensed phases) and the skin (condensed and gas 
phases) of the fibre, can build up a complete model 
aiming at a priori establishment of the operating limits 
of this material and prediction of the behaviour of 
other oxygen-containing silicon carbide-based cer- 
amic fibres. 

Studies of particular reactions which are presumed 
to occur in the Si-C-O system under operating condi- 
tions close to the conditions of the heat treatment of 
Nicalon fibre have already been reported in the literat- 
ure 1-13-16]. Additionally, the approach consisting of 
taking into account all the compounds which can 
potentially participate in the corresponding chemical 
system and to minimize the total Gibbs energy by 
means of suitable computer software has also been 
used by Greil 1-17], who considered the fibre as an SiC, 
SiO2 and C containing material, by Benson et al. 1,18] 
who simulated the interfacial behaviour of Nicalon 
fibre-containing composites, and by Jacobson et al. 

1-19] who studied the thermodynamics of the 
SiC-SiOz and equimolar SiC-SiO2-C interactions. 

In this paper the results of thermodynamic calcu- 
lations concerning the heat treatment of NL-202 Ni- 
calon fibre in an inert gas flow at atmospheric pressure 

are reported. Firstly the principle and the different 
types of calculation as a function of the experimental 
situation to be simulated are discussed, together with 
a critical selection of thermodynamic data for the 
species considered. The results of calculations are 
presented by means of yield diagrams indicating the 
number of moles obtained at equilibrium for the 
condensed and gaseous species as a function of tem- 
perature. The validity of the approach adopted is 
discussed and the results obtained are compared with 
available experimental information. 

2. Thermodynamics 
The calculations were based on the minimization of 
the Gibbs energy G of the chemical system generated 
from combinations of the elements Si-C-O-H-Ar.  
Thirty-one gaseous and twelve condensed species were 
involved in the calculations. The expression adopted 
for the free energy of formation as a function of 
temperature T for each compound is 

AG~ = al + a z T  + a 3 T I n T  + a4T 2 + a s T  3 

+ a6 T - 1  + a7 T4 + as T5 + a9 T7 -4- alo T - 9  

+ a l l lnT + a12 z - 2  -k- a13 T-3 (2) 

The species involved are listed in Table I together with 
the origin of the thermodynamic values adopted. Data 
were mainly drawn from the Scientific Group Ther- 
modata Europe (SGTE) databank 1-20] and from 
Barin's compilation [21]. Data on SixC r species were 
drawn from Gurvich et al. [22]. Because of the high 
temperatures considered, no liquid compounds ( H 2 0  , 

H/O2 and organic CxHyOz) were considered in the 

TABLE I Species considered in the thermodynamic calculations and the origin of their thermodynamic description 

No. Species Ref. No. Species Ref. 

1 C-diamond 23 27 C2H4-gas 20 
2 C-graphite 23 28 C2H40-gas 20 
3 Si-diamond 23 29 C2H4Oz~gas 20 
4 Si-liquid 23 30 C2H6-gas 20 
5 SiC-hexagonal, liquid 22 31 C2H60-gas 20 
6 SiC-cubic 22 32 C3-gas 21 
7 SiO2-Lquartz 20 33 H-gas 21 
8 SiO2-Hquartz 20 34 HO-gas 20 
9 SiOz-tridymite 20 35 HO/-gas 20 
10 SiOz-cristobalite 20 36 Hz-gas 23 
11 SiOz-liquid 20 37 H20-gas 20 
12 SiEH6-solid 20 38 H2Oz-gas 20 
13 C-gas 21 39 O-gas 21 
14 CH-gas 20 40 O2-gas 23 
15 CHO-gas 20 41 O3-gas 21 
16 CH2-gas 20 42 Si-gas 21 
17 CH20-gas 20 43 SiC-gas 22 
18 CHzO2-gas 20 44 Sill-gas 20 
19 CHa-gas 20 45 SiO-gas 21 
20 CH~-gas 20 46 SiC z-gas 22 
21 CH40-gas 21 47 SiH4-gas 20 
22 CO-gas 21 48 SiOz-gas 22 
23 CO2-gas 21 49 Si/-gas 21 
24 C2-gas 21 50 SizC-gas 22 
25 CzH-gas 20 51 SizH6-gas 20 
26 CEH2-gas 20 52 Si3-gas 21 

53 Ar-gas 23 
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calculations. The gas phase was assumed to be ideal. 
The data for each phase of each chemical element 
considered (Si, C, O, H) were incorporated in the cal- 
culations of G-Hser as a function of temperature, equi- 
valent to Equation 2. G-Hs, ~ is the Gibbs energy 
relative to the enthalpy of the "standard element 
reference", i.e. the reference phase of the element at 
298.15 K. The data adopted for this function are from 
Dinsdale's compilation [23]. 

There are no thermodynamic data for amorphous 
SiCxOy solid solutions, although there is strong evi- 
dence in the literature for the existence of such species 
(an oxycarbide network structure with carbon atoms 
occupying oxygen sites [24]) in ceramic fibres 
[1, 4, 5, 25], as well as at the SiC-SiC 2 interface of 
oxidized silicon carbide [26 28], or in the fibrous 
product obtained by condensation of gaseous species 
SiC(g) and CO(g) at 1200-1400 ~ [29]. The thermo- 
chemical properties of silicon carbide fibres [12] and 
of silicon oxycarbide black glass [30] were studied by 
multiple Knudsen cell mass spectrometry, both by 
comparison with SiC + SiC 2 + C mixed powder. 
The measured pressures of the main gaseous species 
SiC and CO were observed to be much lower for each 
sample than the calculated equilibrium pressures. 
Moreover, althoug]h the measured pressures of SiC 
and CO gaseous species were slightly higher above the 
black glass and the SiC fibre, the experimental behavi- 
ou.r was similar to that of the SiC + SiC 2 + C mixed 
powder. Therefore the SiCxOr solid solution can be 
considered as a mixture of SiC + SiC 2 + C in the 
simulation. This assumption does not allow simu- 
lation of the overall changes of the fibre during the 
transition period of degradation. Nevertheless, it is 
expected to have little influence on the calculated 
degradation temperature and on the fibre and gas 
phase composition above it, since there is no con- 
tinuum left at the end of the degradation process. 

In order to differentiate the chemical environments 
in the core and at the skin of the fibre, the quantity of 
Ar considered in the calculations was changed. In- 
deed, the volume of micropores which can exist in the 
core of the as-received material or can be created after 
the first heat treatments and, consequently, the quant- 
ity of Ar which is in contact with the condensed 
matter, is much less important than at the surface of 
the fibre. The constant kp for the chemical equilibrium 
between condensed and gaseous species can be written 
in both cases as 

/ lq e ; \  
k p  = ( P  . . . . .  d . . . .  d )(.pr, gas ~ (3) 

r, condensed r, gas 

where ~, p and n are the activity, partial pressure and 
number of moles, respectively. The subscripts r and pr 
refer to the reactants and the products respectively. 
Since there are no solution phases considered in the 
calculation. ~ ..... d = ~p ..... d = i. The partial pressure 
for each gaseous species can be written 

/I 

P = Ptot 2ngas  - Ptot 
nAr "~ 2 nj Jr- 2 nl 

pr ,  gas  r, oas 

where Ptot is the total pressure. Following these as- 
sumptions, Equation 3 becomes 

kp = Ptot Znj - Zn, (p~, g a ~ }  

At+ Z nj+ Zn,' ' j  
pr,  gas r, gas r, gas  

(4) 

Since Kp is constant for a given temperature, it must 
have the same value when the same condensed species 
are present for two different values of nat. In order to 
satisfy this condition the system (nj,nz) must take two 
different sets of values, so the difference in the amounts 
of Ar in the vicinity of the condensed matter in the 
core and at the skin of the fibre is expected to influence 
the chemical equilibrium in each case. Based on the 
above, a very low (10 -4 g-atom) and a comparable 
(1 g-atom) quantity of Ar were considered in the calcu- 
lations together with the 1 g-atom of reactants in 
order to simulate the core and the skin environments 
of the fibre. 

3. Calculat ions 
Calculations were performed for simulation of the two 
extreme steps of the degradation of the fibre, as de- 
fined by Le Coustumer et al. [1]. In each case three 
compositions were considered corresponding to the 
continuum, the continuum plus the free carbon net- 
work, and the whole fibre. The amount of the re- 
actants was always normalized to 1 g-atom. Table II 
summarizes the quantities of Si, C, O, H and Ar used 
in each calculation. 

3.1. H y d r o g e n  release 
The evolution of hydrogen-containing gaseous species 
with temperature is presented in Fig. 1, for the con- 
tinuum plus carbon network part (Fig. la) and for the 
entire fibre (Fig. lb). It appears that in both cases and 
for the temperatures investigated, the total amount of 
the available hydrogen is found in the gas phase. H= is 
the most important hydrogen-containing species pro- 
duced, especially above 1000 K, in agreement with 
mass spectrometric investigations [1, 12]. Methane is 
also expected to be produced, but at three to four 

TABLE II Quantities (g-atom) of reactants normalized to unity 
and of Ar, used in the different kinds of calculation; the first and 
second numbers in each pair (except for Ar) correspond to calcu- 
lations where hydrogen was considered and not considered, respect- 
ively, while the first and second numbers in the Ar column corres- 
pond to calculations simulating the behaviour in the core and at the 
skin of the fibre, respectively 

Material Quantity (g-atom) 

Si C O H Ar 

Fibre 0.379/ 0.436/ 0.148/ 0,037/ 10 -4,1 
0.392 0.451 0.157 0 

Continuum + C 0,258/ 0,372/ 0.297/ 0,073/ 10 -4, 1 
0,278 0.403 0,319 0 

Continuum -/0.333 -/0.283 -/0.383 - /0 10 -4, 1 
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Figure 1 Calculated hydrogen loss of the fibre, showing hydrogen- 
containing gaseous by-products as a function of temperature: (a) 
decomposition of the continuum plus free carbon parts in contact 
with l0 -r molAr, (b) decomposition of the entire fibre in contact 
with 1 molAr. 

orders of magnitude less than hydrogen at 1523 K 
which is the reported maximum temperature for dehy- 
drogenation of the fibre. Other species, especially H, 
H 2 0  and C2H2,  a re  produced at high temperatures 
but still in very low quantities compared to H 2. The 
quantities of the other-than-H 2 species for a given 
temperature are more important in Fig. la because of 
the lower ratio of the initial hydrogen to the oxygen 
and free carbon in the reactants. 

From the complete departure of hydrogen in the gas 
phase at any temperature and from the continuous 
shape of the curves of gaseous species in Fig. 1, it 
appears that the results obtained do not reproduce the 
release of hydrogen from the free carbon network as 
previously reported [1]. This conclusion is compatible 
with TEM observations indicating that the release of 
hydrogen is more the result of an evolution of the 
organization of carbon, with an edge-to-edge associ- 
ation of individual and random basic structural units 
(BSUs) [31], performed on the depends of the C-H 
bonds, rather than the consequence of an abrupt 
modification of the chemical equilibrium at the corres- 
ponding temperature. 
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3.2. Fibre degradation 
Hydrogen-containing species were not considered in 
the following calculations, since as previously re- 
ported [1, 12] there is almost no hydrogen left at the 
beginning of the main degradation step of the fibre. 

Fig. 2 present the evolution with temperature of the 
fibre in contact with 1 mol At, for the condensed 
species (Fig. 2a) and for the gaseous species (Fig. 2b). 
From Fig. 2a it appears that the fibre remains stable 
up to 1400 K. Above this temperature the carbon 
content decreases slowly. At 1580 K there is an abrupt 
change in composition: free carbon is totally con- 
sumed, while there is a considerable increase in SiC. 
This event corresponds to the final step of the thermal 
degradation of the fibre, which was observed to occur 
at 1773 K. 

The evolution of SiO 2 follows qualitatively that of 
carbon until 1600 K, where it reaches a new plateau 
for approximately 200 K. Then, at 1800 K SiO2 is also 
totally consumed. It is, however, rather difficult to 
deduce from this sequence, in this as well as in the 
following cases, the existence and the behaviour of 
SiO 2. This species behaves as an "oxygen container" 
and, together with part of SiC and C it replaces in 
calculations the experimentally determined SiOxCy 
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Figure 2 Thermal evolution of the fibre, showing (a) condensed and 
(b) gaseous by-products in contact with 1 molAr as a function of 
treatment temperature. 



solid solution. Consequently, its presence and evolu- 
tion with temperature is simply representative of the 
quantity of oxygen available within the fibre. The 
decrease of SiO2 at 1600 K indicates oxygen release, 
while the final composition of the fibre is represented 
by the calculated results above 1800 K. 

From Fig. 2b it appears that CO is the main gas 
product below 1600 K. SiO and very little CO2 also 
exist, the three of them increasing with temperature. 
Their evolution follows that of the condensed species. 
Indeed, at 1600 K, due to the complete consumption 
of free carbon, the increase of CO and COz is stopped, 
while SiO is not affected up to 1800 K where, due to 
complete consumption of the condensed oxygen-con- 
taining species, it reaches a plateau. Silicon-containing 
gaseous species with Si predominant appear at higher 
temperatures in relatively low quantities. 

Fig. 3 shows the evolution of the condensed species 
with temperature in the same conditions as in Fig. 2, 
for an initial composition corresponding to the con- 
tinuum alone. Again at about 1600 K the available 
"free" carbon is totally consumed while SiC increases. 
The oxygen content decreases and it finally becomes 
nil at higher temperature. From a comparison of 
Figs 2a and 3 and from the evolution of the gas phase 
which is, in this case, qualitatively the same as in 
Fig. 2b, it appears that the behaviour of the fibre 
above presented is due to evolution of the continuum. 

Fig. 4 presents the evolution with temperature of 
the fibre in contact with 10 . 4  mol Ar, for the conden- 
sed species (Fig. 4a) and for the gaseous species 
(Fig. 4b). The general shapes of the two figures are 
equivalent to Fig. 2a and b, respectively, with two 
main differences: the shape of the curves is now flatter 
and more abrupt, and the degradation temperature is 
shifted to 1785 K, to be compared to the experi- 
mentally determined upper limit of the degradation 
temperature of 1773 K. 

Fig. 5 shows the evolution of the condensed species 
with temperature, under the same conditions as in 
Fig. 4, for an initial composition corresponding to the 
continuum alone. Once more the curves are flatter and 
changes are more abrupt than in Fig. 3. From the 
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Figure 4 Thermal evolution of the fibre, showing (a) condensed and 
(b) gaseous by-products in contact with 10-4 mol Ar as a function of 
treatment temperature. 
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Figure 5 Thermal evolution of the continuum part of the fibre, 
showing condensed products in contact with 10 -4molAr  as a 
function of treatment temperature. 

comparison of Figs 5 and 4a it clearly appears that the 
behaviour of the whole fibre is controlled by degrada- 
tion of the continuum itself. 

Temperature (K) 

Figure 3 Thermal evolution of the continuum part of the fibre, 
showing condensed products in contact with 1 mol Ar as a function 
of treatment temperature. 

3.3. Which quantity of Ar is closer to the 
experimental conditions? 

The calculated transition in the composition of the 
condensed and gaseous species as a function of tern- 
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perature illustrates the thermal degradation of the 
fibre. However, the temperature which corresponds to 
this phenomenon depends on the dilution of the re- 
actants, i.e. the Ar flow or the available volume above 
the fibre: it increases from 1580 K for 1 g-atom Ar per 
g-atom to 1785 K for 10 -~ g-atom Ar per g-atom. In 
order to verify if the above selected dilutions and, 
consequently, the corresponding degradation temp- 
eratures, are single points, i.e. if they are characteristic 
of a particular situation concerning the thermal treat- 
ment of the material, the relationship between these 
two parameters is established and illustrated in Fig. 6. 
It appears that the degradation temperature does not 
depend on the dilution of the reactants up to approx- 
imately 10 .2 g-atom Ar per g-atom. For higher dilu- 
tion it decreases linearly with the logarithm of the 
quantity of Ar. 

Following this diagram and for a given total pre- 
ssure, there is a limit value above which the higher the 
inert gas flow or the higher the available volume 
above the fibre, the lower the temperature where the 
final step of its thermal degradation occurs. Calcu- 
lations made with 1 g-atom Ar per g-atom lead to 
results which have no general value and, since it is not 
possible to establish precisely the quantity of Ar in 
contact with the fibre, they also may not correspond 
to the experimental conditions at the skin of the fibre. 
A way to resolve this problem would be to determine 
by mass spectrometric measurements the production 
rate of, for example, CO in the experimental condi- 
tions studied, and then calculate the quantity of Ar 
which yields the same quantity of CO in the thermo- 
dynamic simulation. However, attention must be paid 
in this kind of experiment to the important kinetic 
limitations, extensively developed in earlier work 
[12, 19, 30]. 

In contrast to the previous remarks, it appears from 
Fig. 6 that calculations made with 10 .4 g-atom Ar 
per g-atom are situated in a domain where chemical 
equilibrium does not depend on dilution of the gas 
phase. They have a more general value and can repres- 
ent the situation in the core of the fibre. Since in the 
intermediate degradation step reported by Le Cous- 
turner et al. [1] the skin thickness represents 1/30th of 
the mean radius of the fibre, it can be admitted that the 
major part of the material is found in a "core" environ- 
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ment and that the calculations made with 10 -4 g- 
atom Ar represent better its global behaviour. This 
suggestion is supported by the close fit for the degra- 
dation temperature between the calculated value 
(1785 K) and the experimentally determined value of 
1773 K. Additionally, the calculated CO partial pre- 
ssure above the degradation temperature is almost 
equal to 1 atm, in agreement with the a priori  as- 
sumption of Yamaguchi 1-13] on the atmosphere 
within a Si, C and O containing refractory. Indeed, the 
SiO2-SiC-C equilibrium point for Pco = 1 atm was 
calculated by yamaguchi [-13] and also by 
Gulbransen and Jansson [,14] to be at 1800 K. 

3.4 Weight loss and oxygen content 
Fig. 7 presents the weight loss of the fibre as deter- 
mined thermogravimetrically, compared with thermo- 
dynamic calculations made with 10 -4 g-atom Ar 
per g-atom. Both curves present a marked weight loss 
in the same temperature range of 1700-1850 K, in 

Temperature (~ 

, 400  1 oo 
5 I 

0 - -  ~ 1 Calculated - 
{ -5 
~ ~ -10 Experimental ~ 

-15 - 
.r: 
._m -20 - 

-25 - 

-30 7 / / /  I I 
1000 1600 1800 2000 

Temperature (K) 

Figure 7 Thermal evolution of the fibre, showing weight loss as a 
function of treatment temperature. Calculated (for 10 -4 molAr) 
and experimental thermogravimetric curves. 

18 0._7/ / /  

1 6 : _ .  

14 t 

~12  
e-  

glO 
>1 

o 8 

6 

4 - - 7 / / /  i 
400 1200 

Temperature (~ 

1000 1200 1400 1600 
I I I I 

".L 
I I I 

1400 1600 1800 

Temperature(K) 

2000  

Figure 8 Oxygen content of the fibre as a function of treatment 
temperature: (@) experimental [1] and ( ) calcu- 
lated results. 



agreement with the determined degradation temper- 
ature. The experimentally determined slope is 
smoother than the calculated one. The experimentally 
determined weight loss begins about 70 K earlier and 
it reaches a final wdue of 25%, 10% more than the 
calculated value. This misfit can support the pre- 
viously mentioned suggestion that a minor part of the 
fibre, i.e. its external envelope, is exposed to more 
severe degradation conditions than the conditions 
adopted for calculation of the theoretical thermo- 
gravimetric curve. 

Fig. 8 presents the oxygen content of the fibre as a 
function of treatment temperature. The points are 
experimental results from Le Coustumer et al. [13 and 
are compared with the calculated results of this work. 
Although there is a systematic misfit of about 1%, the 
agreement between the two sets of results is excellent. 

3.5. Reaction mechanisms 
The predominant reaction in the temperature range 
where condensed C, SiO2 and SiC coexist is 

3C(~) + Si02(s) ~- SiC(~) + 2CO(g) (5) 

Reaction 5 fits well the evolution of the quantities of 
the condensed phases relative to each other. Indeed, 
under the same conditions as in Fig. 4, at the temper- 
ature of total free carbon consumption (1785 K), 
Reaction 5 leads to 0.0327 g-atom SiO 2 and 0.3593 g- 
a tom SiC. These quantities as well as the resulting 
weight loss are identical within 0.1% with the corres- 
ponding calculated values. 

In the temperature range between consumption of 
the free carbon and that of SiO2, the reaction which 
best fits the calculated results is 

SiC(~) + 2Si02(s) ,~- 3SiO(g)+ CO(g) (6) 

The calculated results confirm the proposed global 
endogenous oxidation mechanism which is represen- 
ted by Equation 1. Indeed, the ratio of CO to SiO in 
Equation 1 is 2.3 compared to 2.2 in Fig. 4b at high 
temperatures, i.e. when all the oxygen available is 
completely consumed. At lower temperatures, i.e. 
when there is still oxygen left in the condensed phases, 
this ratio is calculated to be two orders of magnitude 
higher. This result is in disagreement with mass spec- 
trometric measurements of CO and SiO above the 
fibre [12], showing at the same range of temperature a 
CO/SiO ratio slightly higher than unity. The misfit 
can be due to control of the degradation by kinetic 
factors as already developed [12], but additionally to 
the assumption made in calculations of completely 
crystallized condensed phases. This point was dis- 
cussed by Luthra [16], who considered the amorph- 
ous state as a supercooled liquid and calculated the 
activities of the constituents from the estimated tem- 
peratures and entropies of melting and from the activ- 
ities in the solid state. The gas phase composition 
obtained has a lower CO content relative to SiO, 
compared to calculations where the activities of the 
condensed species were considered equal tO unity. 

4. Conclusions 
The thermal degradation of the Nicalon fibre NLM- 
202 was theoretically investigated by performing ther- 
mochemical calculations in the S i -C-O-H chemical 
system and was compared with recently published 
experimental results. The environments in the core 
and at the skin of the fibre were differentiated by 
adopting different inert gas dilutions of the reactants. 
It was confirmed that the hydrogen loss characterizing 
the first degradation step is due to rearrangement of 
the free carbon network rather than to chemical 
events. The main step of the observed degradation 
mechanism was successfully simulated in terms of the 
temperature, oxygen content and weight loss of the 
material. The proposed endogenous oxidation mech- 
anism of the fibre was globally verified. 

The coherence between the calculated and experi- 
mental results indicates that thermodynamic simu- 
lation can be used as a basis for modelling the thermal 
and/or chemical behaviour of ceramic materials at 
elevated temperatures. The elaboration of complete 
and accurate thermodynamic data is necessary for the 
improvement of this approach. However, the simul- 
taneous consideration of appropriate kinetic and dif- 
fusional parameters is often necessary in order to 
improve the reliability of the model and to allow, 
when associated with nanotexture characterization, 
for an understanding of the reaction mechanisms and 
finally for the manufacture of materials with predic- 
table properties. 
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