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ABSTRACT

mmﬂ»bu thin films deposited on pyrex supportsby dip-coating techni-
que and poWders have been prepared by the sol-gel route from sols con-
taining a mixture of tetraisopropyl orthotitanate, iso propanol, barium
acetate and glacial acetic acid. The thickness of the films is propor-
tional to the first power of the withdrawal speed. Gelled so0ls have been
dried hypercritically and by natural evaporation, Films and powders have
been characterized by X-ray diffraction during their heat treatment.Tetra-
gonal mewOm structure is observed for T > 600°C.

INTROBUCTION

The deposition of thin films on glass, ceramic and metal substrates
is one of the most important application of the sol-gel process.The dip-
coating technique consists in dipping a clean substrate im an organome -

_ tallicsolution and lifting it at a constant speed. During this process thin
liquid films stick on the two faces of the substrate; they hydrolyse ra-
pidly with the air humidity and polycondensate. After drying,these layers
| are usually porous but can be easily densified at relatively low tempera-
ture. Their thickness dependson the lifting speed (v), the sol viscosity

(n) , density (d) and surface tension (0 ) and the temperature of
the heat treatment.
After a certain time, the sols usually transform into a humid gel

which can be dried by natural evaporation (xerogel) or by hypercritical
solvent evacuation (aerogel). After subsequent heat treatment these po-
rous materials can be either densified into a monolithic product or trans-
form into crystalline powders which can be later processed to obtain ce-
ramics of well characterized properties.

In this paper we present results concerning the preparation of wmﬂwcu
thin films and powders by the sol-gel route and their characterization by an
optical technique, X-ray diffraction and optical microscopy.

RESULTS ANP DISCUSSION

Sols have been prepared by diluting 2,7ml of tetraisopropyl ortho -
titanate in 47ml of isopropanol under strong agitation at room tempera -
ture during 30 minutes. Then 2.38g of barium acetate with mole ratio
[Ba] ¢ [Ti] = 1 diluted in 6ml of water is added slowly under conti-
nuous stirring. In order to avoid precipitation and to maintain a stable
viscosity for a certain time we also added a few drops of acetylacetone
| and acetic acid . The sol was kept then under vigorous stirring for two

more hours.

Thin films of optical quality can be deposited with a lifting speed
of 6 to 20mm/min if the viscosity is kept between 2.5 and 4.0 cp. The po-
rous films can be densified by heating in air at 600°C for 5 min. The
films are homogeneous and transparent with an index of refraction n=2.10+
0.05 at 550nm in agreement with Yanovskaya [1 ] (the literature gives &
value of 2.4 for BaTiO3 single crystals). Their n:unw=mmm varies linearly
with the speed. The process can be repeated several times in onamm to
increase the thickness of the layers {Figure 1).For BaTiOj concentration
larger than 20g/1the dense films are no longer homogeneous and cracks are
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Figure I - Variation of thickness of the layer
as a function of the number of coating v=10mm /
min, n = 3.1 cp.

Figure 2 - SEM micrograph of a BaTiO4 thin film
deposited on a pyrex support after 600°C  heat
treatment; the bar on the lower right side corres-
ponds to 13om.
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observed .

Figure 2 is a scanning electron microscope micrograph of a typical
wnﬂwou thin film densified at 600°C. Its grain structure is quite Fine and
regular without cracksand defects The films are highly adherent ¢o the
glass support. When deposited on a teflon substrate they are easily remaved
and their structure ean therefore be studied by X-ray diffraction as a
function of the temperature of the heat treatment. Up to 550°C the films
are totally amorphous; they crystallize already around 600°C 1{nto a tetra-
gonal mmamOu structure (figure 3).
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Figure 3 - X-ray diffraction of thin £ilm sol-gel mnﬂmou heat
treated at 600°C. The back-ground at low angle is partly due to
the support. The arrows indicate the position of X-ray liges
ol tetragonal mhﬂwou.
These sols gel typically after a few days and transform into white

opaque humid gel; they can be dried either by hypereritical solvent evapora-
tion in an autoclave under 2B0°C and 200 bar with the formation of white

needles (Figure 4) or by normal evaporation at room temperature (xerogel )

with the formation of structureless white powder.

HmmEMm 4 = White needles obtained after hyper-
critical solvent evaporation measured with ap
optical microscope.
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The crystalline structure of these needles is shown in figure 5 measured
just after the hypercritical solvent evaporation and after a heat treatment
in air at 600°C during 10 minutes.
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Figure 5 - X-ray diffraction of the mmamcu needles measurad :
a) after the hypercritical solvent evaporation b) after a
heat treatment in air at 600°C during 10 minutes.The arrows
indicate the formation of X-ray linesof BaTiOj, barium aceta-
te and hydrated barium acetate.
In the first case (a) the needles appear partly amorphous with a

superposition of X-ray lines which are attributed to barium acetate (BA)
and to hydrated barium acetate (HBA). The rest of the lines are  still
unknown. After a 10 min 600°C heat treatment the £ilms crystallize in a
tetragonal umHmOu structure (b). The same structure has been obtained for
the white powder”heat treated at the same temperature.

In conclusion we showed that it is possible to prepare thin films and
powder of mma»ou from the sol gel route using a mixture of Ti alkoxide and
Ba acetate. MeaSurements of the dielectric properties are underway.
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