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Abstract

The physico-chemical stability of a commercial 3D SiC;/SiC composite provided with an outer CVD SiC protective
layer was studied after exposure to flowing helium with 0.1% H, at 800°C in contact with lithium silicate and lithium
titanate. Exposure tests were carried out for 216, 1000 and 10000 h in an especially designed loop. The mechanical
characteristics of the SiCr/SiC composite in contact with LisSiO, were almost unaffected by the exposure, while those in
contact with Li, TiO; were slightly worsened. SiC coating transformation was clearly detected on samples exposed to
both lithium silicate and titanate. © 2001 Elsevier Science B.V. All rights reserved.

1. Introduction

Ceramic matrix composites (CMC) are under exten-
sive development in order to be used as high tempera-
ture structural materials. Among them, SiC fibre-matrix
ceramic composites (SiCy/SiC composites) are interest-
ing for fusion reactors because of their good mechanical
properties at high temperatures, low chemical sputter-
ing, high oxygen gettering and low activation at short
and medium terms. Therefore, their use was proposed
for some conceptual fusion reactor studies [1-3] as a
blanket structural material using both liquid and solid
breeders. To verify the physico-chemical and mechanical
stability as well as the presence, if any, of corrosion
phenomena of commercial SiC;/SiC composites, expo-
sure tests were carried out in the presence of lithium
orthosilicate (Li;SiO4) and lithium titanate (Li,TiOs)
breeder pebbles under fusion relevant conditions up to a
significant exposure time. Li;SiO4 was chosen because it
is the reference breeder material for the European heli-
um cooled pebble bed blanket concept (HCPB) of
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DEMO reactor and Li,TiO; because it is considered to
represent the most promising alternative.

Compatibility studies of SiC;/SiC with lithium orth-
osilicate under fusion relevant conditions had already
been reported [4] though only for a limited exposure time;
furthermore, little is known about the compatibility with
lithium titanate. The present paper describes the expo-
sure experiments carried out for 216, 1000 and 10 000 h,
and reports the results of the subsequent physico-chem-
ical and mechanical characterisation of SiC¢/SiC.

2. Experimental
2.1. Materials

2.1.1. SiCs/SiC composite

SEP Division of SNECMA (Bordeaux, France)
produced the used SiC;/SiC composite material com-
mercially named CERASEP® N-31. The material was
obtained by the SEP chemical vapour infiltration pro-
cess of 3D Nicalon CG™ fibre preforms (Guipex®
texture). Nicalon fibre is a Si-O-C compound contain-
ing about 12% of oxygen. To increase the composite
toughness, a 0.2 pm pyrolitic carbon interlayer at fibre—
matrix interface was provided. The experimental
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Table 1
Main properties of SEP SiC;/SiC composites

Property Temperature (°C) CERASEP® N2-1 (2D) CERASEP® N3-1 (3D)

Density 20 2.5gcm™ >2.4 g cm™

Porosity 20 10% (10 £2)%

Fibre content - 40% 40%

Tensile strength (in plane) 20 285 MPa (300 +20) MPa

Tensile strain (in plane) 20 0.75 (0.8 £0.25)%

Young’s modulus (in plane) 20 200 GPa (200 £ 20) GPa

Trans-laminar shear strength 20 200 MPa (200 £ 20) MPa

Inter-laminar shear strength 20 - 44 MPa

Thermal conductivity (in plane) 1000 I5Wm' K™ I5Wm!' K™

Thermal conductivity (through 20 9Wm ' K! (13+£2) Wm' K!

the thickness) 800 58 Wm' K 76 Wm' K
1000 57Wm™ K™ 75Wm' K™

Thermal expansion coefficient 20 40 x 100 K! 40 % 1070 K!

(in plane)

Thermal expansion coefficient 20 2.5%x107¢ K™ -

(through the thickness)

samples were cut from large pieces into 50 x 10 x 3 mm? Table 2

bars and then subjected to a final uniform SiC coating
(about 100 um thick) by chemical vapour deposition in
order to protect the bare fibres ends and fibre-coating—
matrix interfaces. The general characteristics of the
SiCr/SiC material reported in Table 1 were taken from
[5] and from information supplied afterwards.

Large variations in geometrical and physical prop-
erties of the as-received samples were observed. Since
these large variations could mask the change of prop-
erties when considering the average values, non-de-
structive characterisations were performed on each
individual sample before and after exposure. They in-
cluded geometrical dimensions, mass variation, longi-
tudinal and torsional dynamic moduli of elasticity (by
the longitudinal and torsional fundamental resonant
frequency method). Finally, the total defects population
was estimated by calculating the damping constant fol-
lowing the Zener bandwidth method [6]. The values with
their standard deviation and the variation ranges de-
termined on the total amount of the as-received speci-
mens are reported in Table 2. It can be seen that, in some
cases, the variation ranges are broader than 2 sigma.

SEM observations on an as-received specimen are
shown in Figs. 1(a) and (b). At a lower magnification
(200x), it is clearly possible to distinguish between the
outer fibre bundles and the SiC coated on the composite
surface. At higher magnification, the microstructure of
the SiC coating evidences several well-developed crystals
with sharp straight edges.

2.1.2. Characteristics of LiySiOy
The LiySiO, solid breeder pebbles used in the ex-
periments were developed by Forschungzentrum Kar-

Main physico-chemical characteristics of CERASEP N31
specimens

Value Min-max
Width (mm) 9.87 +0.03 9.81-9.95
Thickness (mm) 3.03+£0.07 2.93-3.20
Length (mm) 49.79 + 0.04 49.72-49.90
Weight (mg) 3700 £ 100 3500-4000
Density (g cm™) 2.48 +0.03 2.42-2.53
Eiong (GPa) 238 +7 222-251
Giors (GP2) 91+£5 80-100
Damping constant 16 +£2 13-24
Q' x 10°)

Isruhe (FZK, Germany) [7] and industrially produced by
Glaswerke Schott (Germany) by using the melt spray
technique. The pebbles had an average diameter of 0.55
mm and contained 5% of SiO, and about 2% of TeO,.
The main physico-chemical characteristics and the
chemical impurities concentrations have been reported
elsewhere [7,8]. Moreover, the phases present have been
identified as LiySiO4, Li,SiO3 and Li, TeO; [9].

2.1.3. Characteristics of Li;TiO;3

The general characteristics of Li, TiO; pebbles to be
used in a reactor blanket were not yet defined at the
beginning of the tests; therefore, only baseline, me-
chanical and thermal properties were drawn [10]. The
Li,TiO; solid breeder pebbles, available at the beginning
of the tests, were produced in laboratory by ENEA
starting from a commercial powder of Li,TiO;+
0.8% TiO, manufactured by STREM (purity 97.5%).
The pebbles were obtained by plasticising the powder
with a hydroalcoholic solution of Methocel A4, by
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Fig. 1. SiC;/SiC composite as-received: (a) 200x; (b) 5000x.

forming granules through a 2 mm screen and spheroi-
dising them by simple tumbling in a planetary mill. Fi-
nally, the granules were sintered at 1300°C for 2 h. Some
physico-chemical characteristics are shown in Table 3.

2.2. Experimental loop

The SiC;/SiC specimens were exposed to flowing
helium (0.1 1 min~') added with 0.1% hydrogen at 800°C
for 216, 1000 and 10000 h in contact with Li, TiO; and
Li;SiO4 pebbles. These experimental conditions were
chosen in order to simulate as closely as possible a
blanket operating under the conditions reported in the

Table 3
Physical and chemical characteristics of lithium metatitanate
(Li,TiOs)

o pebbles (mm) 0.5-2.0

Density (g cm™3) 1.22 (60% TD)*
Main phase Li, TiO;

Total impurity (%) 2.58

Al (%) 1.70

Zr (%) 0.70

Na (0 o) 0.05

Mg (%) 0.07

K (%) 0.06

Others ppm level

4TD, theoretical density; impurity level by nuclear activation
analysis.

ARIES-1 project [1], deviced with the use of SiC;/SiC
composites as structural material.

For the exposure experiments, six completely welded
test chambers made of Inconel 600 were used. A sche-
matic view of one of them is shown in Fig. 2. The test
chambers were divided into three zones, separated by
gas-permeable porous Inconel walls (Poral). The helium
gas flowing from the bottom of the chamber through the
lower porous separator, was diffused through the
breeder bed and the SiC;/SiC specimens placed at its
core, and then went out through the upper porous sep-
arator and the upper zone of the chamber, where blank
specimens were also placed in order to evaluate the
stability of the material that was not in direct contact
with the breeder materials.

The test chambers (three of them filled with Li, TiOs
and three with LiySiO, pebbles beds) were placed in an

Fig. 2. A schematic view of the exposure test chambers.
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oven, connected to the gas line (pressure =1 bar) and
then flushed with the above-mentioned gas which con-
tained 20-30 vppm of water vapour before heating up to
the test temperature.

3. Results and discussion

The as-received as well as the exposed specimens were
characterised regarding the mechanical and physico-
chemical point of view in order to evaluate the material
stability and the presence, if any, of corrosion phe-
nomena as well as their importance. The following
characteristics were considered:

(a) Mechanical properties, using the three-point bend-

ing test at room temperature, 400°C and 800°C, on

10 specimens for each condition for statistic evalua-

tion.

(b) Static and dynamic elastic properties.

(c) Scanning electron microscopy (SEM) and X-ray

diffraction (XRD).

(d) Surface analysis.

The as-received samples were characterised at RT,
400°C and 800°C and their data were considered as
reference ones. Only one blank and two immersed
specimens were selected to follow points b, ¢ and d.

3.1. Exposure in lithium silicate pebble beds

The immersed SiC;/SiC samples with masses of
about 34 g showed increasing weight in time, as re-
ported in Table 4. It was also observed that the density
did not significantly change until up to 1000 h of ex-
posure, while a maximum weight increase of 2.5% was
detected after 10000 h. SEM examination of samples
after 216 h evidenced a finer structure and a smoother
aspect of the surface with respect to the original one.
After 1000 h, the samples surface showed drastic mor-
phological changes: large spherical protuberances with a
diameter of 50 pm and more were detected; the original
SiC coating appeared completely hidden (Fig. 3) by a

Table 4

cracked scale which tended to grow and coarsen after
10000 h. The cross-section of an immersed specimen
exposed for 10000 h is shown in Fig. 4. Practically no
changes were detected in the core of the specimen. The
outer SiC coating was still present although with a
slightly reduced thickness (ranging from 80 to 100 pum).
The heavily cracked and scarcely adherent surface scale
was observed all over the sample and presented an al-
most constant thickness of about 30 pm. The surface
scale, already present and identified as Li,SiO3; by XRD
analysis after 216 h, tended to grow markedly with ex-
posure time as evaluated by semiquantitative XRD
analysis.

Blank samples showed a very slight increasing
weight in time, as reported in Table 4. However, SEM
examinations showed a change in the morphological
aspect of the SiC coating even after 216 h of exposure.
In fact, the sharp straight edges of the SiC crystals
observed in as-received material were no longer present
in these specimens, indicating a starting transformation
process (Fig. 5). After 1000 h, the surface appeared
drastically changed due to a partial filling of the space
between the bundles, that tends to mask the cloth tex-
ture morphology of the original surface. Moreover, the
scale formed appeared cracked (Fig. 6). After 10000 h,
the surface appeared vitrified and much more coars-
ened. XRD analyses evidenced only the silica phase
and SiC after 1000 h while Li,SiO; and Li,Si,Os in
addition to silica were formed on specimens exposed for
10000 h.

3.1.1. Mechanical properties

Concerning the elastic properties and the damping
constant, no significant changes were observed until up
to 1000 h of exposure, in spite of the drastic morpho-
logical changes above described. Only a small worsening
of the dynamic Young’s modulus (3.9% and 6.6%) and
of the torsional modulus (11.9% and 7.3%) was detected
after 10000 h. Moreover, the damping constant varia-
tions (84% and 92.2%) were not sufficiently high to be
considered significant.

Weight and density variation of blank and immersed specimens in LiySiOy4

Specimen Exposure time (h) Weight variation (mg) Weight variation (%) Density variation (%)
A 216 +6.6 +0.17 n.s.?

B 216 +8.3 +0.23 n.s.

C 1000 +19.0 +0.52 n.s.

D 1000 +22.3 +0.60 n.s.

E 10000 +80.3 +2.55 +1.6

F 10000 +145.7 +4.17 +2.5

Blank A 216 +1.9 +0.06 n.s.

Blank B 1000 +4.2 +0.11 n.s.

Blank C 10000 +9.4 +0.25 n.s.

“n.s., not significant.



A. La Barbera et al. | Journal of Nuclear Materials 294 (2001) 223-231 227

—

Fig. 3. SiC;/SiC composite after 1000 h of exposure in LiySiOy4
pebble beds, 200x.

Fig. 4. SEM cross-section of SiC;/SiC composite after 10000 h
of exposure in Li;SiOy4.

The samples after 1000 h exposure were tested at
400°C and 800°C, and those after 10000 h only at
800°C. The three-point flexural test results are plotted
versus temperature as mean values of 6-10 specimens in
Fig. 7(a) (Young’s modulus) and Fig. 7(b) (flexural
strength). Limited variations were detected. In particu-
lar, the flexural strength at 800°C showed a small
worsening for samples immersed for 1000 h (just out of
the error range) and a worsening of about 25% for
samples after 10000 h of exposure. On the contrary,
Young’s modulus resulted to be practically unaffected.
No significant changes in the elastic properties of blank
specimens were observed.

Fig. 5. Blank sample of SiC;/SiC composite after 216 h over
LiySiOy.

Fig. 6. Blank sample of SiC;/SiC composite after 1000 h of
exposure over LiySiOy4, 5000x.

3.1.2. Chemical behaviour

The data relative to the maximum weight change (per
unit area) of blank and immersed samples and their
squared values estimated on different specimens versus
time are shown in Figs. 8(a) and (b). The reaction ki-
netics study performed by means of weight changes per
unit area should be canonically followed on a single
specimen, but it was not possible in our case due to the
experimental setup. The use of maximum values
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Fig. 7. Mechanical characteristics of SiC;/SiC composite after
exposure in LiySiO4 and Li,TiOs;: (a) Young’s modulus;
(b) flexural strength.

(detected on different specimens) can be considered as a
conservative approach from an engineering point of
view that some considerations can be drawn in any case.
Fig. 8(a) shows that the immersed samples after the
initial 216 h followed practically a linear weight increase
in time, which indicates the existence of a non-protective
mechanism controlled by the experimental conditions
only (temperature, gas composition, reacting species,
etc.) and not by reaction products. Blank samples
showed a parabolic weight increase up to 1000 h (Fig.
8(b)), which means that a protective mechanism is op-
erating [11]; subsequently, a different kinetics, with an
even lower rate, was observed.

With the aim to state a prediction about the corro-
sion behaviour of the composite, it is necessary to try to
understand the mechanism that is operating. On the
grounds of the thermochemical and thermodynamic
data stored in the JANAF tables [12], Barin [13] and
other recently published data [9,14,15], some conclu-
sions can be drawn, even if further experimental work
will have to be performed to understand the global
mechanism.

Kleykamp proved that o-SiC does not react with
Li4SiO4 until up to 1000°C in static argon, whilst in the
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Fig. 8. Weight change (a) and squared weight change (b) of
SiCy/SiC composite after exposure in LiySiO4 and Li, TiOs.

presence of SiO, a solid state reaction starts at 760°C
that completely transforms SiC to Li,SiO; when tem-
perature is risen up to 1000°C [15]. In the experimental
conditions under study, the outer layer of composite tiles
is just SiC and only a very thin layer of SiO,, that is not
detectable by XRD technique, could eventually be pre-
sent. Then, no reactions between SiC and LiySiO4
should be observed unless silica may be formed in situ
during the process. Really, two reactions that are re-
sponsible for water production are operating in the
system. The first one involves the phase Li,TeO; that is
present as a consequence of 2% TeO, addition to the
pebble [9]. In fact, at low oxygen partial pressure, TeO,
evaporates from Li,TeO; and decomposes to Te and O5.
Oxygen, then, produces water reacting with hydrogen.
Reaction (1) summarises decomposition and water
production. A separate test, performed at our labora-
tory, on the same pebbles at 800°C in He+0.1% H,
confirmed these reactions since a mirror of metallic tel-
lurium was observed in the cold zone downstream the
pebbles bed. Moreover, water was collected and quan-
titatively determined [8], whilst no oxygen was detected.

TeO,(g) + 2H,(g) = Te(g) + 2H,0(g) (1)

SiC + 3H,0(g) = SiO, + CO(g) + 3H,(g) (2)
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Si0, + LiySiO, = 2Li,SiO; (3)

SiO; + Li,SiO; = Li,Si,0s. (4)

The second reaction is the reduction of metallic im-
purities that was quantified and was, for convenience,
expressed as LigSiO,_, where x = 0.04 [16]. So, de-
pending on the reduction kinetics, water can be inter-
nally produced for 1000 h. The produced water vapour
together with the amount already present in the purging
gas promotes SiC oxidation to SiO, following reaction
(2). Silica, then, is readily converted into Li,SiO; fol-
lowing reaction (3) when in direct contact with pebbles.
The presence of Li,SiO; on blank samples, that were not
in contact with the pebble bed, may be explained since,
gaseous Li and LiOH have been detected over LiySiOy4 in
hydrogen atmosphere using Knudsen diffusion mass
spectroscopy performed by Yamawaki et al. [17] in a
temperature range from 900°C to 1450°C. Then silica,
not in contact with LisSiOy, can be joined by such vol-
atile species and transformed to Li,SiOs;. Finally, the
silicate Li,Si,Os is justified by reaction (4).

Summarising, the driving force of the entire corro-
sion process is the water production. The kinetic
mechanism is linear and not protective but its rate is
very slow (about 30 pm of SiC coating transformed
after 10000 h) so that the mechanical properties of the
composite were practically only slightly affected after
10000 h.

3.2. Exposure in lithium titanate pebble beds

Immersed samples continuously increased their
weight with exposure time (Table 5). The weight increase
of specimens after 10000 h was a bit underestimated
since several titanate pebbles remained strongly attached
to the sample surfaces, and were detached together with
some superficial scale, thus producing large geometrical
imperfections. The density did not significantly change
until up to 1000 h and was underestimated after 10 000 h
due to the above-mentioned imperfections.

Table 5

SEM observations evidenced a scale that covered a
small percentage of the composite surface after 216 h
(Fig. 9) and practically the whole surface after 1000 h. In
the latter case, the presence of spherical deposits of di-
ameters ranging from few pm up to 200 um was de-
tected. The specimen texture was almost completely
hidden. Fig. 10 shows a very porous surface with white
non-conductive spherical deposits and the presence of a
cracked thick scale. After 10000 h the surface appeared
completely vitrified and different morphologies were
detected on opposite sides of the immersed specimens.
On one side, a layer of an almost constant 60-70 um
thickness of the original SiC coating was still present
and was covered by a heavily cracked scale about 30 pum
thick. On the other side, as can be seen in Fig. 11, the
original CVD SiC layer appeared to be completely
transformed, it was full of voids with some cracks
crossing its entire thickness. The SiC fibres after 10 000 h
are no longer protected and thus exposed to the reacting
environment.

A very little amount of Li,SiO; phase was evidenced
by XRD analysis on samples after 216 h. Silica and
Li,Si,05 were also detected in increasing amounts on
specimens exposed for longer periods. Only Li,SiO; and
TiO, phases but no TiC phase were observed on pebbles
even after 10000 h. Blank samples were practically un-
changed until up to 1000 h, and after 10000 h exposure
only very slight or no variations of weight, density and
elastic properties were observed. A smoothing of the
original surface of the CVD SiC crystal morphology was
observed after 1000 h but no other phases than SiC were
detected. After 10000 h a thick cracked scale of silica
was identified by XRD.

3.2.1. Mechanical properties

No changes in the elastic properties were detected
after 216 h of exposure. On the contrary, their worsening
in time was observed. The dynamic Young modulus was
3% and 8.5% lower after 1000 and 10 000 h, respectively,
while the dynamic torsional modulus is worsened by
4-7% and 17%. Even the damping constant changed by
about 500-600% after 1000 h and by more than 700%

Weight and density variation of blank and immersed specimens in Li, TiOs

Specimen Exposure time (h) Weight variation (mg) Weight variation (%) Density variation (%)
A 216 +2.5 +0.07 n.s.?

B 216 +2.2 +0.06 n.s.

C 1000 +20.7 +0.55 n.s.

D 1000 +39.8 +1.07 n.s.

E 10000 +130.7 +3.50 -5.6

F 10000 +167.7 +4.74 -3.7

Blank A 216 -0.1 <=0.01 n.s.

Blank B 1000 -0.6 —-0.02 n.s.

Blank C 10000 +4.2 +0.11 n.s.

“n.s., not significant.
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Fig. 9. SiC;/SiC composite after 216 h of exposure in Li, TiO;,
500/2000% .

Fig. 10. SiC;/SiC composite after 1000 h of exposure in
LizTiOg, 200x.

after 10000 h, thus indicating a defect population in-
crease.

Finally, Fig. 7 shows a summary of the mechanical
data obtained by the three-point flexural test. In the
upper side, the static Young’s modulus after 10000 h of
exposure appeared to decrease by 30.8% at 800°C, whilst
no significant changes were present after 1000 h. Simi-
larly, the flexural strength was unchanged after 1000 h

Fig. 11. SEM cross-section of SiC;/SiC composite after 10 000
h of exposure in Li,TiOs.

and was reduced by 26% after 10000 h with respect to
samples in the as-received conditions.

3.2.2. Chemical behaviour

Data relative to the weight change per unit area of
blank and immersed samples, and their squared values
against time, are shown in Fig. 8 for samples exposed in
contact with lithium titanate. Both blank and immersed
samples show two different reaction kinetics.

In the case of immersed samples, a change of the
corrosion rate was observed between 216 and 1000 h
showing a kinetic law higher than quadratic. Initially the
rate was lower than that was observed in the silicate
pebbles bed, then, the two rates became similar. In any
case, no protective mechanism was operating, as con-
firmed by the consumption of the CVD SiC protective
layer previously observed (Fig. 11).

Concerning the blank samples no clear kinetic laws
were noted. A weight decrease until up to 1000 h and a
successive weight increase was observed probably fol-
lowing a linear kinetic law. The initial weight decrease
and the XRD analysis could be explained only if active
oxidation of SiC was operating, but to confirm this
hypothesis, it is necessary to perform further work. Af-
ter 1000 h, a sufficiently oxidising gas phase went in
contact with the blank sample to produce silica phase on
its surface, as it is suggested by the positive weight
change observed. No lithium compounds were detected
on the blank sample, so indicating a lower volatility with
respect to the system containing LigSiOy,.

The mechanism of SiC oxidation for immersed
samples could include the reaction SiC+ Li,TiO; =
TiC + Li,SiO3 that is energetically favoured (AG =
—84.5 kI mol~! at 800°C), but no TiC was detected in all
the composite specimens and pebbles after their use in
the test. So, even in the system with Li,TiOs, water
formation must be the first step of the entire mechanism
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L12T103 +)CH2(g) = L12T103_,( +XH20(g) (5)

SiO; + Li, TiO; = Li,SiO; + TiO,. (6)

Li,TiO; reduction, as reported in reaction (5), is the only
possible way to produce water. Then, silica formed fol-
lowing reaction (2) can be transformed by Li, TiO; into
Li,Si0; following reaction (6), as it was observed in our
laboratory experiments, where quartz containers reacted
with Li,TiO; at 800°C in He + 0.1% H, flow. Anyway,
considering the pebble amount in a cell, their reduction
kinetics and the gas flux, water production should be
exhausted in less than 216 h, though this was not ob-
served in the experiment. The amount of Li,TiO; as an
oxygen supplier, is not sufficient to justify the SiC oxi-
dation after 216 h; it must therefore be concluded that
after the operations to disconnect the first cell, air con-
tamination took place in the loop with cells containing
Li,TiOs. An indirect confirmation was obtained through
the chemical reduction degree of the pebbles after ex-
posure. The chemical reduction degree after 216 h was
about twice the ones after 1000 and 10000 h.

4. Conclusions

SiC-coated SiC;/SiC composite samples were ex-
posed to LisSiO, and Li,TiO; pebble beds in fusion
relevant conditions for 216, 1000 and 10000 h.

Elastic and mechanical characteristics were measured
both on as-received samples and after exposure, in order
to determine, if any, their variations.

For samples exposed to LiySiO,4 after 10000 h, no
changes in the dynamic Young’s modulus and a light
worsening of the dynamic torsional modulus were ob-
served, whilst the flexural strength showed a worsening
of about 25%. In the experimental conditions the
transformation of the SiC coating was not a protective
one. However, a significant fraction of the original SiC
coating was still present after 10000 h. Only about 30
pm layer was transformed into Li,SiO;, and the fibres
were not yet exposed to the environment. Thus, a long
lifetime can be foreseen for such a kind of composite
depending on the SiC coating thickness.

Concerning samples exposed to Li,TiO;, a very low
weight increase was observed on samples up to 1000 h
and practically no variations of elastic and mechanical
properties were observed. On the contrary, after 10000 h
a sharp change of weight increase was surprisingly no-
ticed with the SiC coating that appeared totally trans-

formed and the SiC fibres were exposed to the
environment. Elastic and mechanical properties ap-
peared degraded. Samples relative to 10000 h exposure
were likely affected by an accidental air contamination;
therefore, the disappointing long term behaviour of the
material could have been markedly affected and possibly
entirely due to that air contamination.
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