N

N
N

HAL

open science

The solvothermal synthesis of a new class of materials

Patrice Reig, Gérard Demazeau, Roger Naslain

» To cite this version:

Patrice Reig, Gérard Demazeau, Roger Naslain. The solvothermal synthesis of a new class of materials:
The phyllosiloxides. W. A. Trzeciakowski. High-Pressure science and technology, World Scientific,

pp.278-280, 1996, 981-02-2547-4. hal-04214310

HAL Id: hal-04214310
https://hal.science/hal-04214310

Submitted on 21 Sep 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04214310
https://hal.archives-ouvertes.fr

THE SOLVOTHERMAL SYNTHESIS OF A NEW CLASS OF MATERIALS :
THE PHYLLOSILOXIDES
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33608 PESSAC Cedex (France)

R. NASLAIN
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ABSTRACT
The thermal subility of natural phyllosilicates is srongly limited by the presence of hydroxyl groups (OH) in the lattice (20H — 0% - D).
On the basis of the structure of mica-phlogopite {KMg(Si3ANO) o(OH);) and using cationic substitutions on both Oh and Td sites a new

composition can be set up : K(Mngl)Si,:On

Using combined two steps-proa=s - (i) an all alkoxide sol-gel conversion and (ii) a solvothermal treatment (in supercritical conditions of the
residual solvent SO S P < 100 MPa : 700 S T < 800°C : 48 St < 72 h) - this new layered oxide was prepared and characterized
This axis of research open a route to a fiew class of layered oxides isostuctural of phyllosilicates and called : PHYLLOSILOXIDES.

1. Introduction ’

In a composite material with a ceramic (or a vitrcous)
matrix (CMC or CMV), an interphase is used for
controlling the fiber-matrix bonding. The role of such
an interphase is : (i) to act as a fuse in order to deflect
the propagation of the microcracks in the matrix from
perpendicularly to the fibers (mode I) to parallely to
the fibers (mode IT) when the composite is loaded
along the fiber axis, (ii) to allow enough load transfer
from the matrix to the fiber, (iii) to rclease pan of the
residual stresses due to'proccsjng and (iv) to act as a
diffusion barrier. .

From the present state of knowledge, compliant
materials with a layered crystal structure or a layered
microstructure have been shown to be the best
interphase materials [1].

The choice of the interphase material depends on
three main criteria :

-the first is structural. a lavered structure or
microstructurc being perfored.

-a good resistance to oxidation in particular for
composites used in oxidizing atmospheres,

- a high thermal stability. :
Through the first criteria, three types of materials can
be selected : pyracarbon (PyC), boron nitride with
turbostratic structures (hex-BN) and phyllosilicates.
Table I gives a comparison of the main properties of
these three materials with a view to their use as
interphase in CMC's.

It appears that none of these materials fulfilled
perfectly all the required properties. ’
The resistance to oxidation cannot be improved very
significantly for graphite and BN. Consequently the
objective of our research-work was to improve the
thermal stability of phyllosilicates. Such a challenge
required to eliminate the hydroxyl groups {2).

The substitution of F* for OH" has been tested and
fluoro-micas (which exist in nature) have been
tentatively used as interphase in CMV [3].

TABLE | - Some propenties required for internhase use in CMCs.

Material
PC hex-BN Phyllosilicates
Criteria
Cleavage (fuse function) Yes Yes Yes
Resistance 10 oxidation No limited Yes
High thermal stability Yes Yes No
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We have developed another route involving the
anionic substitution OH"—O? in order to prcpare
new lavered oxides. Such a route required in parallel
cationic substitutions. e.g. M2*—M>3* into the (T) or
(O) layers of the phyllosilicate lattice. The
corresponding oxides. free of hydroxyl groups. has
been called the "phyllosiloxides”.

2. Preparation of the "phyliosiloxide” derived
from mica-phlogopite

Mica-phlogopite has been selected as starting model.
With a general formula [KMgJ(SiJAl)Ow(OH)le,
where Mg?* are located in octahedral sites (O). Al**
and Si** being in the tetrahedral ones (T,).
The selected compensated ionic and cationic
substitutions according to the following equations :
20H" - 20
Mg?* — AB* (O, sites)
AB* > Si* (T sites)
lead to the theoretical formula : KMg, AlSi,0,,.

The first step was an all alkoxide sol-gel process in
order to achieve a great homogeneity of the final
product. The starting compounds were Si(OC,Hj),,
Al(OC, Hy);. Mg(OC,Hy), and KOCH,. The sol-gei
transformation was induced by a thermal treatment at
150°C during I hour.

All the conventional thermal treatment tested as
second step for transforming the resulting gel to a
layered oxide have led to three dimensional materials
as MgSiO,, Mg,SiO, and Al,SiO, [4]. Consequently,
we have developed a solvothermal treatment of the
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gel issued from the first step. A solvothermal
treatment can be described as a chemical reaction into
a solvent in supercritical conditions using high
temperatures and high pressures condition [5]. This
type of process. using the specific physico-chemical
properties of the solvents in supercritical conditions
can help the synthesis of materials [6].

In our case. the solvent was the givcol monocthyl
ether usced in the first step and adsorbed on the
resulting gel. The experimental conditions were 50 <
P <100 MPa, 700 < T < 800°C. 48 <t < 72h.

3. Physico-chemical characterizations of the
phyllesiloxide K(Mg,ADSi,0,,

3.1 X-ray diffraction

The X-ray pattern is isotypic of the mica-phlogopite
used as starting model. A HR-TEM image starting
underlines the lavered structure of this ncw oxide.

3.2 SEM characterization of the microcristallites

SEM images were used to determine the average size
(close to | pm) and the morphology (hexagonal
platelets) of the phyllosiloxide microcristallites.

3.3 L.R. spectroscopy

The domain of investigation was limited to 400-
3800 cm!. The powder samples were in suspension
in nujol or mixed with KBr. The observed IR-
spectrum is.given on the figure.
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Figure - IR spectrum of the KMgyAlSi 4O 5 "phyllosiloxide”,
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The absence of adsorption bands in the 3500-
3800 cm™! domain corresponding to the vibration of
elongation v(OH") or in that auributed to the OH-
deformation 3(OH'), y(OH-) (600-900 cm™!) [7]
confirms clearly the absence of hydroxyl groups in the
mica-phlogopite lattice and thus the preparation of a
new layered oxide : the phyllosiloxide.

3.4 Thermal swbility of the KAg,iiSi, 0,
phvllosiloxide

XRD experiments have been performed between 25
and 1000°C. No change (after an isothermal-plateau
of 1 hour) is observed between 25 and 800°C. Beyond
900°C, the intensity of the (002) diffraction line
decreases. The phyllosiloxide tends to become
amorphous at a temperature close to 950°C. At
1000°C  tridimensional structures (i.e. Si0,,
Mg,Si0;...) resulting from a thermal decomposition
are observed. Consequently, it appears cleariy that the
KMg,AlSi,0,, phyllosiloxide is thermally more
stable (T = 950°C) than the corresponding mica-
phlogopite (500-700°C).

4. Conclusions

On the basis of the phyliosilicate lattices, in particular
the mica-phlogopite ones, and using associated
anionic and cationic substitutions, the preparation of
a new class of layered oxides : the phyliosiloxides can
be possible through a high pressure solvothermal
process [6]. '

Acknowledgements

This work has been supported by the French Ministry
of Research and Universities (M.R.E.S.) (through a
grant to P.R) and by S.EP. The authors are
undebted to A. Guette from L.C.T.S. for his
assistance in HT-XRD and M. Chambon, from
CUMEMSE, for his assistance in the HR-TEM
analysis.

References

[1] R Naslain, Composite Intcrfaces, 1, 253
(1993).

[2) P. Pascal, "Nouveau Trité de Chimie
Minérale : le silicium", Tome VIII, Ed. Masson
et Cie (1965).

[3] GH. Beall, S.B. Dawes and K. Chyung, US
Patent n® 366,234 (1990).

[4] P. Reig, Thesis University Bordeaux I n°® 1226
(1995).

[5] Th Dubois and G. Demazeau, Materials
Letters, 19, 38 (1994).

[6] G. Demazeau, Proceedings of the First
International Conference on Soivothermal
Reactions, Takamatsu (Japan), Ed. High
Pressure Technology Research Committee of
Shikoku , 52, 1 (1994).

[71 V.C. Farmer, I.D. Russel, J.L. Ahlrichs and B.
Velde, Bull. Gp. Fr. Argiles, 19, 5 (1967).



