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EFFECT OF THE METHOD OF PREPARATION ON THE TEXTURE OF TiO,-SiO, GELS
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The chemical reactivity of Ti(OBu"), was modilied through the addition of acetic acid to obtain sonogels of the Ti0,-SiO,
system by ultrasonic treatment of the alkoxide-water mixture. The characteristics of the resulting gels were compared with
those of similar standard gels prepared in alcoholic solution. The influence of composition and method of preparation on the
gels was studied. The results of density and BET measurements, thermal analysis and IR spectroscopy indicate that ultrasound

drastically affects the texlure.

1. Introduction

Glasses of the TiO,-Si0O, system show a high
thermal stability, a very low thermal expansion
and a high refractive index which make them
suitable for the fabrication of devices such as
telescope mirrors and thin coatings for spacecrafts,
Nevertheless, the difficulties in their preparation
(high melting temperatures, phase separation) and
the limjted range of compositions accessible by
quenching methods have rendered interesting their
preparation at low temperature by sol-gel tech-
niques.

For preparation of homogeneous multicompo-
nent gels, comparable hydrolysis and polycon-
densation rates of precursor alkoxides are re-
quired. Unfortunately, titanium alkoxides hydro-
lyse much more quickly than those of silicon which
implies that a non-random number of Ti-O-Ti
bonds will form to the detriment of Ti—-O-Si
bonds, giving rise to a microheterogeneous gel.

One of the methods proposed to favour the
formation of a random network is based on the
fact that acetic acid reacts chemically with tetra-
butylorthotitanate (TBOT), leading to a new pre-
cursor with a lower functionality and therefore a
lower gelation rate [1].

On the other hand, ultrasound can be applied

to promote a faster hydrolysis of TEOS in a
solventless mixture with water [2]. The combined
effect of both actions allows for the preparation of
homogeneous multicomponent gels with interest-
ing properties characteristic of sonogels. It is the
purpose of this work to evaluate the influence of
ultrasounds on the texture on the gels.

2. Experimental
2.1. Preparation of samples

The hydrolysis of tetraethoxysilane (TEQS) was
obtained by subjecting a mixture of TEOS and 4
mol H,0/mol TEOS to ultrasonic radiation as
described in ref. [3]. The pH of the hydrolysis
water was adjusted to 2 by the addition of 12N
HCI. The resulting solutions were cooled to 0°C
and then appropriate amounts of a mixture
TBOT-AcOH-nBuOH were added under vigor-
ous stirring to obtain sonogels of molar composi-
tions xTiO,~(1 —x)Si0, (x=1, 5, 10), desig-
nated as Sx, with the following experimental con-
ditions:

[Ti] = 1.0 mol/1, [AcOH]/[Ti] = 5.5,
[BuOH]/[Ti] = 3.5.
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The homogeneus liquids were kept in hermetic 800
containers at 50°C until gelation. The gelling
times varied from 40 min for S10 to 90 min for S1. 700
The corresponding classic gels (Cx) were ob-

tained in the presence of 50 vol.% ethanol. All 600 X TEJ
gelling times for those preparations were several % o
days. 5"500 5

Monolithic pieces of aerogel were obtained after ©
autoclave treatment under hypercritical conditions l’oos\
{p =190 bar and T =300°C).
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2.2 Characterisation e 5 10
(X=°Ti0,)

The gels were chemically analysed for Ti and Si Fig. 1. (——) Specific surface §”+1 m’/g and (———)
content apparent density 4, of both sono- (X) and classic (@) series;

. . the lines serve as an eye guide only.
The apparent density of aerogels was obtained e g

by mercury volumetry, and their specific surfaces

were estimated, using nitrogen adsorption, by the 3.2. Density and specific surface
Brunauer-Emmett—Teller method (BET).
Systemalic thermal analytical studies were made In fig. 1 one can observe the apparent densities

by differential thermal analysis (DTA), thermal d, and specific surfaces S’ of aerogels Sx and Cx.
gravimetric analysis (TGA) and dilatometry and
crystallisation in these heat treated samples was
controlled using X-ray diffraction. 250F y_
Infrared spectra are obtained from thin slices
of hypercritically dried gels submitted to various
heat treatments.
These results were compared to those of both 200
classic-(CO0) and sono- (S0) pure silica aerogels.
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3. Results and discussion 150}
3.1, Chemical analysis
The results shown in table 1 show that hyper-

critical drying does not modify the final TiO,
amount in either of the samples.

100}

Sonogels

50r ----=+ Classic gels
Table 1
TiO, content (%) after hypereritical drying (error +0.05)
Nominal Sonogels Classic \
X gels : : «3 [l‘ é
1.00 0.15 028 Fig. 2. Adsorption of N; on the Cx (— — —) and Sx(——)
ggg 133)(1) 13'10 aerogels, expressed as the adsorbed volume versus the statisti-
10. | X

cal thickness ¢ of the film.
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It can be seen that sonogels are approximately
twice as dense as classic gels and have specific
surfaces that are approximately 50% larger.

The inclusion of Ti in the SiO, network mod-
ifies the aerogel texture to an extent that depends
on the mode of preparation and the amount of
TiO,. While the specific surface of each of the
classic gels is almost 25% smaller than that of CO0,
the surfaces of Sx are greater than that of SO and
depend on x, reaching a maximum at x = 5. This
result seems to indicate that the textural modifica-
tion induced by the inclusion of Ti consists, in
both cases, of an increase in the pore size. Thus, in
sonogels, with small pores size (whether due to the
solventless reaction or to a result of the action of
ultrasounds) [4,5], S’ increases up to a certain
value so that an increase in the pore size implies a
decrease in the number of pores. This situation is
already present in C1 and so no noticeable varia-
tions in the specific surface are observed for a
higher x.
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Fig. 3. DTA recordings for §i0,~TiO, (

The adsorption data analysis by the zmethod
[6] (fig. 2) reveals that no appreciable microporos-
ity is present in these aerogels.

3.3. Thermal analysis

Figure 3 shows the DTA traces for both series
of gels. The mass of the specimens used was
10.0 + 0.2 mg and they were heated at a rate of
15°C/min. The diagrams show an endothermic
peak at about 70°C, which broadens and in-
creases with x, corresponding to desorption
processes. An opposite evolution of the ex-
othermic peak, appearing about 270°C due to
oxidation of organic groups, is observed for the Sx
series but not for the Cx series.

The mass of the specimens used for TGA ex-
periments was 20.0 + 0.1 mg and the heating rate
5°C/min. The results are presented in fig. 4 in
differential form for easier comparison with DTA
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Fig. 4. Differential TGA curves for (— — —) classic gels and
( ) sonogels.

curves. The relative weight losses can be assigned
as follows,

(1) 50-220°C evaporation of residual alcohol
and water traces which remain adsorbed after
drying.

(2) 220-300° C oxidation of non-reacted —-OR
groups or those introduced by resterification.

{3) 300-1000° C condensation of residual ~-OH
groups.

In the sonogels the contribution of the ad-
sorbed compounds becomes more important as
the percentage of TiO, increases. In the case of
Cx, Ap/p, values are strongly determined by the
weight loss in the first interval because of large
pores. These pores allow an important quantity of
water to be adscorbed, except in the case of many
organic radicals remaining inside, which is likely
to be the case when x = 10.

Above 300°C mixed gels have a behaviour
similar to that of pure silica except that the slope
rises slightly between 450 and 600°C, with de-
creasing x.

The total weight loss of sonogels changes with
x as S’ changes. This behaviour is also observed
in Cx for weight losses at temperatures above
220°C as shown in fig. 5. When pores with 20-25
A radius comprise most of the porous volume (as
is the case for sonogels as shown by N,-adsorption
porosimetry [7]), this volume may be filled by the
residue so that an increase in size allows for
retention of a larger amount of residue. This re-
tention does not occur in classic gels which have a
wider pore size distribution [7].

Linear shrinkage measurements were carried
out on monolithic specimens (9.5 + 0.4 mm long)
with an accuracy of +0.5 X 1077 mm. The shrin-
kages are represented in fig. 6 together with those
of TGA. These indicate that weight losses due to

Fig. 5. Weight loss of sono- ( X) and classic (O) gels versus the molar composition x; (a) 50-1000° C, (b) 220-1000° C (sensibility:
0.1 mg).
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Fig. 6. Linear shrinkage and weight loss measured at 5°C/min
for ( ) sono- and (— — —) classic gels: (a) x=10Q,
by x=5,{c) x=1.

structural changes only occur at temperatures
above 500°C. _

It can be noticed that there is a tendency (more
pronounced for small values of x) for sonogels to
densify at lower temperatures than classic ones.
This result is in agreement with the above men-
tioned porous features, since gels with larger pores
must be more difficult to densify. Sintering tem-
peratures increase with the percentage of TiO,.

The sonogels have a positive thermal expansion
coefficient below 500 ° C which may be the result
of the action exerted on small pores by trapped
chemicals. In fact, this coefficient reaches its max-
imum for S5 which shows a large desorption and
the highest surface/volume ratio.

X-ray diffraction analysis of these samples
heated at 1000°C shows that crystallisation of
small anatase particles occurs,

3.4. Infrared transmission

The IR spectra of C10 and S10 in the range
1400—4000 cm ™" were recorded with an IR spec-
trometer Perkin—Elmer 571 on thin slices of
aproximately the same effective thickness, with an
error of +0.1 mm.

Figure 7 shows the spectra of aerogels before
and after different heat treatments at tempera-
tures selected in correspondance with the promi-
nent features of thermal analysis. The heating rate
between these temperatures was 15°/min. The
main absorption peaks of interest in this region
are attributed as follows:

(A) 3300-3760 cm~!: molecular H,0 and ~OH

groups.

(B) 2840-3000 cm™!: aliphatic ~CH,- and

-CH, groups.

(C) 1870 cm™!: vibration of SiO, network.

(D) 1640 cm ™! vibrations due to SiO, network

and molecular water,

TRANSMITTANCE
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Fig. 7. Infrared spectra of C10 (— — —) and S10 ( )

aerogels submitted to heat treatment at temperatures indicated.



M. Ramirez-del-Solar et al. / Effect of preparation method on TiO,~SiO, gels 89

The absence of characteristic bands of acetate
ligands around 1500 cm ™! indicates that acetate is
removed during hypercritical drying.

The more significant features of the evolution
of bands with temperature can be summarized as
follows.

(1) 50-180°C: displacement of the first band
(A) to lower wavelengths and the decrease of the
peak intensity of the 1640 cm ™~ band which indi-
cates a reduction in hydrogen-bonded water con-
tent.

(2) 180-300°C: decrease in the intensity of the
peaks of the organic groups together with the
widening of the A-band and sharpening of the
B-band reveals that the combustion of —~OR groups
occurs in this range.

(3) At temperatures above 750°C, there re-
mains a significant amount of SiO-H bonded
groups in sonogels which is greater than in classic
ones as is indicated by the peak at 3750 cm ™! and
its associated shoulder.

On the other hand, the SiO, bands decrease
and disappear at lower temperatures for S10. This
fact points to the possibility that the x(TiQ,)-
Y(8Si0,) glass structure is formed at high tempera-
tures and clearly differs from that of pure silica
glass. Since the SiO, bands are present at low
temperatures, it seems that at temperatures below
T50°C the structure, which is strongly condi-
tioned by the surface effects [5), is similar to that
of pure silica.

4. Conclusions

A comparison between mixed xTiQ,~
(1 —x)Si0, aerogels prepared by hydrolysis of
alkoxides in alcoholic solution with the corre-
sponding sonogels indicates that the silica gel tex-
ture is very much affected by the addition of TiO,.

This modification, which depends on the prepara-
tion mode and the amount of titanium, seems to
lie in an enlargement of pores. Although neither
sono- nor classic gels present microporosity, their
textures behave in an opposite way with the TiQ,
content due to the important differences in their
average pore sizes.

The sintering temperature increases with x,
being always lower in Sx than in their classic
counterparts, especially in case of a small Ti con-
tent.

Untreated gels have a structure similar to that
of pure silica gels. The glass network begins to be
formed at a lower temperature in Sx than in Cx,
differing from that of pure silica glass.

The preparation mode does not influence the
quantity of TiO, retained after drying.

This work has been supported in Spain by the
project PB86,/0225 of the CICYT.
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