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Abstract

The evolution of the texture of a silica aerogel during sintering is studied by
thermoporometry. During the first stages of the densification the macroporous
volume drops strongly while the mesoporous volume seems to be constant. This
behavior is in contradiction with sintering models which predict that the sintering
rate is faster for bodies with smaller particles or pores. In fact the analysis of the
micropore size distribution shows that the sintering of the mesopores is
responsible for macropore decrease.

1. INTRODUCTION

A bulk piece of silica glass can be easily obtained by a simple heat treatment of a
monolithic aerogel [1]. Sintering occurs as the temperature is increased. At low
temperature a small extended shrinkage appears which is induced by a polycondensation
reaction [2]. For temperatures above 950°C, viscous flow is efficient and allows the
aerogel to be fully densified in a very short duration of time. It is obvious that this
macroscopic behavior originates from the textural evolution of the aerogel with
temperature. For materials exhibiting a large pore size distribution, sintering by viscous
flow must act firstly from small size pores [3].

In fact, adsorption-desorption experiments performed on silica aerogels showed
that the macropores sinter first and pores of low dimension are not affected in their size
at the onset of sintering [4,5].

This very surprising effect was recently confirmed using small angle scattering
techniques [6,7]. A coarsening of pores or a bloating process was assumed to account
for the observed phenomenum.

Recently [8] it was proposed that the sintering of the low size pores can drag the
macropores and as a consequence induce a decrease in the macropores size.

The present paper deals with the pore variation of aerogels during sintering. The
study is performed with thermoporometric measurement which allows the whole range of
porosity to be investigated as far as the relative density of the material is known [9].
Moreover, according to IUPAC classification [10], the mesopore size distribution may be
calculated.

2 . EXPERIMENTAL

The silica aerogel, precursor of the densified materials, has been synthesized by a
two steps procedure : the formation of a humid gel by hydrolysis and polycondensation
reactions of tetramethoxysilane under neutral conditions, followed by the extraction of
the liquid above its critical point. The experimental details have been already descrébed in
a previous paper [11]. The bulk density of the initial aerogel is 0.18 g/cm>. The
densification is obtained by a set of heat treatments in the temperature range 800-
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1000°C, leading to porous materials with buik density from 0.18 to 0.84 g/cm3. The
bulk density, d, is determined by §veighting samples with well defined dimensions.
The total porosity, Vp (mm*/g), can be expressed by a simple relationship :

Vp = 1/dy - 1/dg
In that relation dg is the density of the matter, taken equal t0 2.2 [12]).

Vp = I Vpj where Vpj is the porous volume corresponding
i

to a family of pores. Then :

Vp = Vpeso + Vmacro + Vmicro
The different pore size ranges are defined as :

micropores 0-1 nm
mesopores 1-40 nm
macropores > 40 nm

The mesoporous characteristics (pore size, pore volume and pore size distribution)
were measured by thermoporometry. Thermaporometry is a thermal method that analyzes
the conditions of solidification of a condensate which saturates the porous material [13].
The microporous volume can also be deduced from thermoporometry data [14].

3 . RESULTS

In a previous study [9] we have shown that during the supercritical drying process,
the microporous texture present in alcogel disappears and no micropores are detected in
aerogels. This result is confirmed in this study.
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Table 1 gives the evolution of Vmeso and Vmacro during the densification. Rmgx
corresponds to the position of the maximum of the mesopore size distribution (Figure 1
and Figure 2) on the pore radius scale.

TABLE 1

density Rmax Vmeso Vmacro
g/cm3 nm mm3/g mm3/g
0.18 15.3 2940 2110
0.21 18.7 2880 1430
0.22 20.2 3060 1030
0.28 25.3 3040 o
0.29 25.3 3000 ¢}
0.43 21.0 1930 (0}
0.69 14.9 990 0
0.84 14.6 750 0

4 . DISCUSSION

The different results must be correlated to follow the textural evolution as a
function of temperature.

Figure 3 shows the change of the porous volumes as a function of aerogel density.
It appears that the volume of macropores decreases as the density increases. However
the mesoporous volume remains constant up to a density close to 0.3 where the
macropores disappear.

Because macropores decrease in size, they enter the mesoporous domain. In other
words, macropores, in their decrease, contribute partially to the mesoporous voiume.
However, the fact that the mesoporous volume is constant indicates also that a part of
the initial mesopores have disappeared as the sintering proceeds. That contribution of
initial macropores to mesopores is confirmed by the change of Ry3x. Figure 4 shows that
in the first instants of sintering Ry gx increases because of the additional volume coming
from large pore size. When macropores are totally absent or transformed into mesopores,
further sintering induces then a decrease of the mesopore size.
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Figure 3 : Mesopore volume and macropore volume evolution during sintering.
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Figure 4 : Rpax evolution during sintering

5 . CONCLUSION

At the beginning of sintering the pore volume of silica aerogels evolves in a manner
which is not expected. The mesoporous volume remains constant while Rpax increases.
The size of the macropores decreases and thus macropores become mesopores. -

A likely explanation is that during heat treatment the smallest pores sinter first, as
it is predicted by the viscous flow sintering models [3]. Simuitaneously, this local
densification induces the shrinkage of the macropores.

The unexpected behavior of the macropores may play a very important role on
permeability properties. The ability of partially densified aerogels to be impregnated by
active molecules will be dependent on the residual macropores.
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