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bstract

he present paper concerns the mechanical characterization of calcium aluminate cement and sand tapes prepared by tape casting, including
ltrasonic measurements of Young’s modulus at high temperature and evaluation of four point flexural behavior after heat treatments in the range
f 20–1400 ◦C. It is shown that dehydration strongly affects mechanical properties in the 400–900 ◦C range, but that treatments at temperatures
igher than 1200 ◦C increase both Young’s modulus and strength. By correlation with thermal and X-ray diffraction analyses, the evolutions of
hermomechanical properties have been related to phase and microstructural changes when heating the material after hydration: conversion of

ydrates and dehydration at low temperature, then, crystallization of C–A and C–A–S phases and finally sintering at the highest temperatures. In a
ast part, it is shown that the reinforcement by glass fibres enhances the mechanical properties, in particular in the temperature range of dehydration,
nd gives to the material a non-brittle behavior.

2006 Published by Elsevier Ltd.
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. Introduction

Calcium aluminate cements (CAC’s) are a variety of cementi-
ious materials. They are made of aluminum and calcium oxides.
hese cements are known to resist aggressive environments such
s acid or bacterial attacks, they can withstand high temperatures
nd they present resistance to abrasion and impact when mixed
ith appropriate aggregates. CAC’s are also used in a large range
f formulated mixes together with Portland cements, with a form
f calcium sulphate or with both; these products usually find
pplications in the building industry.1 The aim of the present
ork is an attempt to demonstrate the possibility of extending
AC’s out of their traditional uses, in particular to process a low
ost matrix for new thermostructural composites. In this respect,
e have used a processing method classically used for ceramics,
amely tape casting.
The paper starts with a short presentation of the tape-casting
rocess and the environmental interest in applying it to the man-
facture of cement-based tapes. In a wish to manufacture tapes

∗ Corresponding author. Tel.: +33 5 5545 2204; fax: +33 5 5579 0998.
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ith a reduced quantity of CAC’s, slurries containing increas-
ng quantities of sand have been cast and tested, in order to
elect the composition with the most satisfactory mechanical
trength. Then, the behavior at high temperature of such a mate-
ial has been evaluated, by performing ultrasonic measurements
f Young’s modulus on this specific composition, between room
emperature and 1400 ◦C. Plausible chemical phenomena are
roposed in order to interpret the variations of Young’s modulus
s a function of temperature. Finally, an example of applica-
ion of this method to manufacture unidirectional composites
einforced by glass fibers is reported.

. Experimental procedure

.1. Tape-casting process and raw materials

Tape casting is a process which is used for the preparation
f ceramic thick films with a thickness that ranges between 100

nd 500 �m. It has been long applied in the domain of technical
eramics.2 Some examples of applications are the manufacture
f substrates made of alumina or aluminum nitride for elec-
ronic applications, or the preparation of composite materials
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Fig. 1. Principle of the casting device used for processing cement–sand tapes.

or mechanical uses at high temperatures.3 The slurry is a com-
lex mixture, in a specific order, of powder, solvent, usually
on-aqueous, dispersant, binder and plasticizer. Upon comple-
ion of mixing steps, a considerable quantity of either entrapped
ir or solvent vapor bubbles is usually present. De-airing is then
ecessary since bubbles in cast tapes act as initiation sites for
racks. The slurry is then cast on a surface to obtain a film. The
ollowing stage is de-binding to remove most organic compo-
ents. It is usually done through a heat treatment at a moderate
emperature (300–600 ◦C). The final step is sintering at high tem-
erature in order to densify the tape. Compared to the case of
echnical ceramics, tape casting of cement-based compositions
istinguishes itself by the following characteristics:4

(i) there is no need to use an organic solvent to prepare the
slurry, it is replaced by water which also acts as a binder
through the formation of hydrates;

ii) hardening of cement-based tapes occurs at room tempera-
ture. No heat treatment at high temperature is required to
sinter the material, in contrast to the situation for ceramic
tapes made of technical ceramics. Therefore, compared to
the manufacture of thick films of technical ceramics, tape-
casting process applied to cementitious material is advanta-
geous from the environmental point of view and is energy
saving.

The process used for the fabrication of cement–sand tapes is
escribed elsewhere.5 The casting device is schematically pre-
ented in Fig. 1.

The calcium aluminate cement used in the present study is
ecar 71 from Lafarge Aluminates. It mainly consists of calcium
luminate, CaO·Al2O3 (noted CA)1 and calcium dialuminate
aO·2Al2O3 (noted CA2).1 Its particle size ranges between
.1 and 100 �m with an average particle size of 12 �m. The
and comes from Fontainebleau (France). It is mostly silica
99.6 wt.%) and the particle size is between 10 and 100 �m with

n average value of 70 �m.

The preparation of the slurry follows the steps reported in
ig. 2. The sequence of additions is critical. The dispersant has

o be added before the binder and plasticizers to prevent com-

1 In the following, CaO, Al2O3, SiO2 and H2O are noted according to cemen-
itous terminology C, A, S and H.

o

V

o
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etitive adsorption. The initial adsorption of the plasticizers and
inder on the particle surfaces prevents the dispersant from being
ubsequently adsorbed, thereby decreasing its effectiveness.5

he fractional volume of each constituent in the slurry mixture
sand, cement, dispersant, plasticizer, water) has been adjusted
n order to obtain the best compromise between good cast-
ng properties (rheofluidizing behavior), and the optimization
f the hydration process leading to satisfactory mechanical
roperties.

After casting, the tapes are immerged into water, using a spe-
ific procedure in order to achieve hydration of the cementitious
ix. Two temperatures of water, 20 and 70 ◦C, leading to differ-

nt hydration rates have been tested. After complete hydration
96 h at 20 ◦C and 12 h at 70 ◦C), the tapes of 10 cm in width and
bout 1.5 mm in thickness, can be machined into parallelepi-
edic samples for mechanical characterization.

.2. Characterization methods

.2.1. Ultrasonic measurements
Ultrasonic measurement as a function of temperature is a

ethod which has been applied to investigate the behavior of
efractory materials.6 Among the different modes which can
e used to propagate ultrasonic waves in solids, the “long bar”
ode is well suited for performing velocity measurements at

igh temperature. The velocity of longitudinal waves in the long
ar mode, VLBM, is related to the macroscopic Young’s modulus,
, of the propagation media through the relation:

LBM =
(

E

ρ

)1/2

(1)

here ρ is the density of the material.
The experimental setup used in the present study is presented

n Fig. 3 and detailed elsewhere.7 A transducer sends ultrasonic
aves through an alumina waveguide. The dimensions of the
arallelepipedic sample (length, L = 120 mm; lateral dimension,
= 5 mm and thickness, e = thickness of the tape) are optimized

y taking into account the section of the waveguide and the
hickness of the cast tape. The sample is glued on the waveguide
ith a high-temperature adhesive. The condition for propagation

n the “long bar” mode is D/λ ≤ 0.2, where λ is the wavelength.
n our case, it corresponds to the propagation of ultrasonic waves
t frequencies lower than 500 kHz.

The sample is introduced in a furnace (heating ramp:
◦C min−1; maximum temperature reached in the present study:
400 ◦C; cooling ramp: 5 ◦C min−1). The determination of ultra-
onic velocity consists in measuring the round-trip time, τ,
etween two successive echoes in the sample, by an automatic
ignal processing system, USANALYS, made at the laboratory.7

At room temperature, the ultrasonic velocity, VLBM0, is
btained from relation (2):
LBM0 = 2L0

τ0
(2)

Therefore, Young’s modulus at room temperature, E0, is
btained by combining Eqs. (1) and (2).
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Fig. 2. Procedure for the preparation of tape casting suspensions.
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bh2 (5)
Fig. 3. Principle of the experimental setup for ultras

At temperature T, the ultrasonic velocity VLBM(T) is given
y:

LBM(T ) = 2L(T )

τ(T )
(3)

here L(T) and τ(T) are the values at temperature T of L and τ,
espectively.

Eqs. (1) and (3) show that ultrasonic measurements can be
sed to follow the variations of E with temperature. When
he length and the mass of the sample change during heating,
ecause of thermal expansion and eventual chemical reactions,
orrections have to be made from dilatometric and thermogravi-
etric experiments. Therefore, the relative variations of E at a

iven temperature can be written as:

E(T )

E0
=

(τ0

τ

)2
(

1 − �L(T )

L0

) (
1 + �m(T )

m0

)
(4)

here the suffix 0 is related to the values at room temperature,
m(T)/m0 and �L(T)/L0 are the variations, between room tem-

erature and T, of mass and length, respectively.
The accuracy of measurement of τ is better than 0.5%.7

herefore, taking into account the experimental errors on mea-
urements of density and length of the cement tapes samples, E

as determined with an accuracy of about 2%. Nevertheless, rel-

tive variations of Young’s modulus versus temperature can be
ollowed by using Eq. (4) with a sensitivity better than 0.1%, pro-
ided the relative variations of length and mass are considered.
elocity measurements as a function of temperature.

.2.2. Flexural behavior measurements
For mechanical testing, we used an apparatus from J. J. Instru-

ents S. A. (reference M30K), with a cell of 100 N, equipped
ith a four points bending test system (Fig. 4). The parallelepi-
edic specimen is resting on two simple supports separated by a
istance u. A load is applied at two points, distant of v, symmet-
ical compared to the middle of the sample. Given the section
× h of the specimen (h is fixed by the thickness of the tape),

he applied load, Fa, we can calculate the stress, σ, on the face
n tension as follows:
Fig. 4. Principle of measurement of four points bending tests.
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ples confirm that between room temperature and 175 ◦C, CAH10
decomposes through an endothermal reaction (Fig. 8a). The loss
802 J. Soro et al. / Journal of the Europe

By plotting σ versus the displacement, d, of the transverse
ar of the testing machine, the mechanical behavior in flexion
an be obtained.

The value of σ corresponding to the rupture of the sample
ives the strength σR. For each sample, at least five measure-
ents are carried out and data presented here correspond to

verage values of σR.

.2.3. Thermal analyses
For thermal analyses, the heating ramp was 5 ◦C/min to

400 ◦C and the cooling ramp was 5 ◦C/min. Variations of
ample length with temperature were recorded by dilatometry
apparatus: Adamel Lhomargy, DI 24). Mass variations and dif-
erential thermal analysis (DTA) were recorded on 100 mg of
roduct (apparatus: Setaram Setsys 24); the reference powder
as an alumina from Prolabo (purity >98%).

.2.4. X-rays diffraction (XRD)
XRD was carried out at room temperature with an INEL

urved Position Sensitive (CPS-120) diffractometer apparatus.
rior to XRD, each sample was heated at a given tempera-

ure between room temperature and 1400 ◦C (heating ramp:
◦C/min, 30 min at the maximum temperature, cooling ramp:
◦C/min).

. Results and discussion

.1. Characteristics of a tape made of cement and sand

Fig. 5 presents flexural strength measurements as a func-
ion of the sand content ratio, Msand/(Mcement + Msand), for tapes
ydrated in water at 20 and 70 ◦C. Taking into consideration
he error bars for each measurement, it shows that the strength
ncreases up to about 25%, and decreases after 30%, both for
ydration at 20 and 70 ◦C. Considering the cement–sand mix as
composite, this can be explained by the reinforcement of the
ement matrix by sand particles which limits microcracking of
he matrix during hydration. This effect is less efficient when
he cement ratio drops to a critical value which is not sufficient
o allow the formation of hydrates for a good bonding between

ig. 5. Flexural strength measurements, σR, for tapes with increasing sand con-
ent, hydrated in water at two temperatures 20 and 70 ◦C.

o
l

F
w

ig. 6. SEM observation of a polished section of a hydrated tape with a 29%
and ratio.

articles. In the following, taking into account this, and also, that
o significant increase of strength is observed between the two
emperatures, results will be presented for compositions with a
and ratio equal to 29%, hydrated at 20 ◦C. Fig. 6 shows a SEM
icture of a polished section of a tape of this composition. A
egular distribution of the sand grains into the cement matrix
ith few microcracks is observed.
Fig. 7 shows ultrasonic measurements as a function of tem-

erature for this selected composition. Distinctive zones can be
dentified when heating (zones 1–5) and then cooling (zone 6).

Zone 1 (room temperature to 175 ◦C): Young’s modulus goes
own from 24.5 to 19 GPa when the temperature rises to 125 ◦C.
etween 125 and 175 ◦C, E increases to 21 GPa.

Phenomena occurring in this temperature range are well doc-
mented in the literature. Nonnet et al.8 studied the elastic prop-
rties of refractory castables containing some aluminous cement
s the binding phase. They proposed the following events: the
ecrease of modulus is associated with the conversion of CAH10
reactions 1 and 2, Table 1). DTA measurements on these sam-
f mechanical characteristics is only transient since the modu-
us increases again when T > 125 ◦C because of the hydration

ig. 7. Variations of Young’s modulus as a function of temperature for a tape
ith a sand ratio of 29%, hydrated into water at 20 ◦C.
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Table 1
Summary of different possible chemical reactions

Reactions Number

3CAH10 → C3AH6 + 2AH3 + 18H 1
2CAH10 → C2AH8 + AH3 + 9H 2
3CA + 12H → C3AH6 + 2AH3 3
3C2AH8 → 2C3AH6 + AH3 + 9H 4
AH3 → A + 3H 5
7C3AH6 → C12A7(H) + 9CH + 32H 6
CA + A → CA2 7

Fig. 8. DTA measurements of tapes with 29% of sand content hydrated into
water at 20 ◦C and 70 ◦C. Peaks identification: (1) dehydration of CAH10; (2)
d
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ehydration of C2AH8; (3) dehydration of AH3; (4) dehydration of C3H6; (5)
ransformation of �-quartz into �-quartz; (6) crystallization of CA; (7) crystal-
ization of CAS2 and C2AS.

f remaining anhydrous CA (reaction 3, Table 1) with water
roduced from reactions 1 and 2.

Zone 2 (175–400 ◦C): the modulus decreases to 11 GPa.
This decrease corresponds to successive events. Between 175

nd about 275 ◦C, we assume that C2AH8 decomposes through
eaction 4 (Table 1) to give C3AH6 and AH3. C2AH8 can origi-
ate from two sources: (i) it is already in the set samples. XRD
pectra indicate the presence of crystalline C2AH8 in these spec-
mens (Table 2); (ii) it comes from the conversion of CAH10 in

one 1 (reaction 2, Table 1).

Around 275 ◦C and above, DTA results show an endothermal
eak. This could possibly be explained by the decomposition
f AH3 and C3AH6 formed during reactions 1–4. In order to

t
C

a

able 2
ercentages of intensities of the most intensive diffraction peaks of the different crysta

20 ◦C 300 ◦C 400 ◦C 500 ◦C 600 ◦C 700 ◦C 800

AH10 3.76 0 0 0 0 0 0

2AH8 1.18 0 0 0 0 0 0

3AH6 0.90 7.79 3.32 0 0 0 0
H3 1.38 1.66 0.84 0 0 0 0

12A7 0 0 0 2.67 1.47 1.92 2.7
A 10.75 7.77 7.89 11.74 8.84 7.29 7.5
A2 9.89 7.89 5.90 10.71 8.68 7.96 7.5

2.49 1.87 2.28 3.06 4.42 3.17 1.7
iO2 69.64 74.90 79.77 71.83 76.58 79.66 80.4

2AS 0 0 0 0 0 0 0
AS2 0 0 0 0 0 0 0
ramic Society 26 (2006) 3799–3807 3803

heck this point, DTA measurements were carried out on sam-
les left to set at 70 ◦C, i.e. at a temperature where C3AH6 forms
Fig. 8a). Two distinctive endothermal peaks exist between
00 and 400 ◦C, which are associated to the decomposition
f AH3 and C3AH6 according to reactions 5 and 6 (Table 1),
espectively.9

These dehydration mechanisms are accompanied by micro-
racking and porosity formation which explain the decrease of
lastic properties.

Zone 3 (400–900 ◦C): Young’s modulus presents little vari-
tion, except around 573 ◦C due to the endothermal transfor-
ation of �-quartz into �-quartz as shown on the DTA curve

Fig. 8).
In this range, few structural changes occur: CH coming from

eaction 6 dehydrates at 450 ◦C.9 Moreover, XRD data (Table 2)
how that crystalline C12A7 is present in samples heated between
00 and 900 ◦C. During this step, relatively low and constant
alues of E are measured, of the order of 10 GPa and the tapes
xhibit, as usual for materials with hydraulic binders, after dehy-
ration, very weak mechanical properties.

Zone 4 (900–1200 ◦C): E starts increasing when T goes from
00 to 950 ◦C and remains around 11–12 GPa afterwards.

As it is known in literature,6 crystallization phenomena gen-
rally involve increases of elastic properties, because atomic
onds are stiffer in crystals than in amorphous structures. The
ncrease of E in zone 4, is associated with the crystallization of
A as evidenced by the exothermal peak that starts at 900 ◦C.
hough no quantitative dosage of the different crystalline phases
as been done, Table 2 shows that the relative peak intensity
ssociated to CA is greater in samples heated at 1000 ◦C than
t lower temperatures. If we assume, in a first approximation,
hat, for a given crystalline phase, the relative intensity of the
iffraction peaks is proportional to its quantity, the more CA is
resent in the material, the greater is the modulus.

From 1100 ◦C, there is a slight increase in E. It can be due
o the reaction between CA and A originating from reaction 7
Table 1) to give CA2, which is stiffer than CA.8 Actually, at
200 ◦C, we can notice a decrease (respectively increase) of

he most intensive diffraction peak relative to CA (respectively,
A2).

Zone 5 (1200–1400 ◦C): E first decreases between 11.5
nd 6 GPa when the temperature increases between 1200 and

lline phases present in a tape with 29% of sand content, after thermal treatments

◦C 900 ◦C 1000 ◦C 1200 ◦C 1300 ◦C 1350 ◦C 1400 ◦C

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

5 3.22 0 0 0 0 0
2 7.88 19.59 18.73 19.02 3.95 9.58
3 6.94 13.04 17.79 24.17 11.49 21.95
6 1.70 2.16 1.45 1.59 3.51 22.34
4 80.25 65.21 56.68 43.86 56.61 7.2

0 0 3.12 6.74 11.11 8.49
0 0 2.23 4.62 13.33 29.74
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fractional volume ranging from 1.4 to 15%. It was found that
ig. 9. (a) Ternary phase diagram between SiO2, CaO and Al2O3. (b) Pseudo-
inary phase diagram deduced from (a).

280 ◦C. Thereafter, E goes up to 9 GPa at T = 1365 ◦C and drops
o 6 GPa when T approaches 1400 ◦C.

For interpretation, one has to refer to the ternary phase dia-
ram between CaO, Al2O3 and SiO2 (Fig. 9a). There are two
utectic points at 1170 and 1265 ◦C, respectively. The drop of
between 1200 and 1280 ◦C is attributed to the formation of

iquid phases which increases the visco-elastic character. The
seudo-binary diagram between CA and S (Fig. 9b) shows that
olid phases, namely anorthite, CAS2, gehlenite, C2AS, and alu-
ina can form: XRD on samples heated at 1350 ◦C provides

vidence for the presence of these crystalline phases. Therefore,
he formation of these crystalline phases causes the increase in
. Beyond 1359 ◦C, Fig. 9b indicates the formation of a liquid
hase and the consequence is a drop in E.
Zone 6 (1400 ◦C down to room temperature): during sam-
le cooling, E goes up and reaches maximum values of 29 GPa
round 900 ◦C.

1
t
m

ramic Society 26 (2006) 3799–3807

DTA curve upon cooling shows an exothermal peak that starts
t 1359 ◦C (Fig. 8). On cooling, the liquid phase transforms into
ifferent crystalline phases with high elastic properties: XRD
pectra on a sample heated at 1400 ◦C and cooled down to room
emperature give evidence for the presence of these different
hases (CAS2, C2AS). Moreover, crack healing by liquid phases
t high temperature increases the stiffness of the material when
ooling. Lastly, the drop of E on cooling between 900 ◦C and
oom temperature can be explained by microcracking because of
hermal expansion mismatch. The micrograph and EDS analyses
f a polished section of a tape treated at 1400 ◦C (Fig. 10) show
he microstructure with sintered crystallized phases (responsible
f the increase of elastic properties at high temperature) and
he presence of cracks (which involve the decrease of E when
ooling).

Fig. 11 gives the results of measurements of flexural strength
t 20 ◦C for samples previously heated at different tempera-
ures. As expected, it decreases when the materials have been
ehydrated and remains minimal between 400 and 1200 ◦C. In
greement with results of elastic measurements, it increases once
he sample is heated above the temperature where the material
ecomes stiffer and reaches values around 30–32 MPa.

.2. Application to the fabrication of composites reinforced
ith glass fibres

In order to demonstrate the potentiality of tape casting to elab-
rate composites with cementitious matrices, this section reports
esults obtained in tapes reinforced with long glass fibers (Vetro-
ex, from Saint-Gobain). These fibers were chosen because of
heir low cost and their good resistance to the alkaline elements
f the cements: they were found to be well suited to make
omposites working at low temperature (inferior to the glass
ransition temperature of 650 ◦C). Before their use, fibres were
hemically desized.

The process procedure is detailed elsewhere.5 In particular,
he rheology of the suspension has to be adjusted, in order
o present a Newtonian behaviour to easily impregnate the
bre strands, while remaining sufficiently plastic to preserve a
omogeneous and regular thickness after casting. Unidirectional
ono-layers (called prepregs) were fabricated by casting a first
atrix layer. Then, a layer of fibres was superimposed, tightened

etween two combs, before casting of a second layer of matrix
ith the same thickness as the first one. After 1 h of hydraulic

etting in the open air on the support, the prepreg was hydrated
y immersion in water at 20 ◦C during 96 h, which helps hydra-
ion and material consolidation. The tape is then cut into square
0 × 10 cm2 sheets which can be piled up and cemented to each
ther by a thin film of the same slurry as the one used for tape
asting, in order to obtain, after hydration, 1D or 2D 0◦/90◦/0◦
tratified composites.

Fig. 12 gives a schematic representation of a prepreg. By
hanging the inter-tows distance, it is possible to obtain fibre
1% leads to the best compromise between a good infiltra-
ion of the matrix into tows and a good mechanical reinforce-

ent. A SEM picture of a polished section of a hydrated
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tion o
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Fig. 10. SEM observation of polished sec
repreg with 11% fractional volume of glass fibre is given in
ig. 13.

Fig. 14 shows the result of four points bending tests per-
ormed on a sample of cement–sand composition alone and on

ig. 11. Flexural strength measured at room temperature as a function of tem-
erature of thermal treatment, for tapes with 29% of sand content, hydrated into
ater at 20 ◦C.

a
h
i
p
o
l
n

f a tape after heat treatment at 1400 ◦C.

prepreg with the same matrix composition, respectively, after
ydration. The effect of the reinforcement of material by fibres
s quite obvious: not only the four points bending resistance of
repreg increases by approximately a factor 3 compared to that

f the matrix, but also the mechanical behavior curve exhibits a
arge non-linear section, which is typical of a ceramic-ceramic
on-brittle composite.10

Fig. 12. Schematic representation of a prepreg section.



3806 J. Soro et al. / Journal of the European Ceramic Society 26 (2006) 3799–3807

howing the infiltration of the cement–sand matrix into a glass fibre tow.

h
i
m

F
t

F
w

Fig. 13. SEM picture of a polished section of an hydrated prepreg s
The study of the behavior of composites versus temperature
as been limited up to 600 ◦C, which corresponds to the max-
mum temperature of use of the fiber. Variations of Young’s

odulus in a 1D composite, made of two prepregs, are presented

ig. 14. Flexural behavior at 20 ◦C of a cement–sand tape and of a prepreg with
he same matrix composition.

ig. 15. Young’s modulus evolutions vs. T in a cement–sand tape and in a prepreg
ith the same matrix composition.
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ig. 16. Flexural strength measured at 20 ◦C vs. the temperature treatment for
cement–sand tape and for a prepreg with the same matrix composition.

n Fig. 15 and compared to the result obtained in the same con-
itions for the cement–sand matrix (Fig. 7). The effects of struc-
ural transformations in the cementitious matrix, as described
bove in zone 1, zone 2 and the beginning of zone 3, are also
bserved in the prepreg, but the modulus remains higher (about
0%) for the composite because of the presence of fibres.

The decrease of mechanical properties after dehydration is
onfirmed by the decrease of the measured strength at 20 ◦C
fter heat treatments up to 600 ◦C (Fig. 16). Nevertheless, it is
mportant to note the strong effect of the fibre reinforcement:
hough, after heating at 400 ◦C, the strength of the matrix drops
o a very low value (<5 MPa), the strength for a prepreg is main-
ained at more than 25 MPa after the same treatment.

. Conclusion
Microstructural evolutions of alumina cement–silica sand
ayers processed by tape casting have been investigated by ultra-
onic high temperature measurements between room tempera-
ure and 1400 ◦C. The different mechanisms responsible of the
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ain mechanical property variations have been identified: dehy-
ration, crystallization of CA, CA2, CAS2 and C2AS, formation
f liquid phases, sintering. It is demonstrated that such layers can
e used as matrix to process low cost composite plates by tape
asting. An example of reinforcement of a layer by glass fibres
s reported, which shows that the mechanical behavior becomes
on-brittle and that the flexural strength is strongly increased
y the fibres. These results are now to be used to process com-
osite plates with high temperature fibres for thermostructural
pplications.
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