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Glasses from aerogels 
Part 2 The aerogel-glass transformation 
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Silica glasses are obtained by the densification of aerogels. The transformation of the material 
into a glass is followed by differential thermal analyis, thermo-gravimetric analysis, dilatometry 
and by the evolution of the structural, textural and mechanical properties of the material. The 
organic species and the hydroxyl groups are removed by oxidation and chlorination heat treat- 
ments in such a way as to avoid bloating and crystallization phenomena during sintering. Den- 
sification is obtained by heat treatment at a low temperature (1100 to 1300 ~ ,The densified 
aerogel shows physical properties identical to those of molten silica. Moreover, this material is 
very pure and its water content is low. The same process can be extrapolated to multicom- 
ponent glasses and composite materials. 

1. Introduct ion  
In Part 1 of this work [1], we have shown that different 
methods of hypercritical drying are available to syn- 
thesize silica aerogels. The main advantage of hyper- 
critical drying concerns the possibility of obtaining 
dry aerogels which could be transformed into a glass 
without grinding, compaction or other polluting 
treatments. However, silica aerogels are amorphous 
materials, extremely porous and brittle, containing 
organic and hydroxyl species either as structural or 
adsorbed groups. During the aerogel-glass conver- 
sion, the aerogel must retain its amorphous state. 
Thermal treatments will be necessary to eliminate the 
porosity and undesirable chemical species. 

The textural, structural characteristics and mech- 
anical properties are strongly dependent on the gel- 
ation parameters (pH, temperature, concentration, 
ageing and also on the hypercritical drying con- 
ditions). For example, the bulk density of aerogels 
can be as low as 0.015gcm -3 if the sample is pre- 
pared under basic conditions [2] and higher than 
0.5gcm -3 in acidic catalysis [3]. The mechanical 
properties can vary between 1 kPa and 1 Mpa for the 
tensile strength [4] and between 0.1 MPa and 1 GPa 
for the Young's modulus [1, 3]. Thus, to optimize the 
sequence of heat treatments leading to silica glass, 
the aerogel-glass transformation has been studied 
using a standard aerogel, This material is obtained 
by the hydrolysis (4tool H20 per tool TMOS) of a 
methanolic solution of tetramethoxysilane (3 volumes 
of TMOS with 2 volumes of methanol). The alcogel is 

TAB LE I Physical properties of the standard aerogel 

dried in an autoclave at 270~ and 18 MPa in the 
presence of an extra volume of methanol [1]. The 
main characteristics of this aerogel are listed in 
Table I. 

The aerogel-glass transformation will be followed 
by thermal analysis and by the evolution of the struc- 
tural, textural and mechanical properties of the 
material until a "glass-like material", showing physi- 
cal features identical to those of a conventional silica 
glass, is obtained. 

2. Thermal  analysis 
Differential thermal analysis (DTA), thermogravi- 
metric analysis (TGA) and dilatometric analysis (DA) 
cover the three temperature ranges related to the 
evolution of the aerogel (Fig. 1). In the first tempera- 
ture range (25 to 250 ~ C) the elimination of adsorbed 
species (H20 or organic compounds) is responsible for 
a low weight loss (---0.5%) and the observed endo- 
thermic DTA peak. The following exothermic events 
and the associated weight losses ( _  3 %) are due to the 
oxidation of the organic species (250 to 500 ~ C) which 
come from the esterification reaction occurring during 
the autoclave process. 

Between 500 and 1000~ the continuous weight 
loss is attributed to the condensation of the silanol 
groups leading to the formation of siloxane bonds. 
Sintering occurs in this temperature range; it is of a 
small extent between 500 and 600~ then increases 
rapidly around 1000~ The sintering mechanisms 
will be discussed later. 

Bulk density, Skeletal density, Pore volume, Specific surface Young's modulus, Flexural strength, Vickers hardness, 
Pb (g cm-3) p~ (gcm -3) P0(%) area, S(m 2 g-l) E (Pa) ~ (Pa) H v (kgmm -2) 

0.3 >1.85 85 400 1 • 108 5 • 105 -~1 
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3. S t r u c t u r a l  e v o l u t i o n  
The structural evolution of the material has been 
followed by near infrared spectroscopy, 4000 to 
10 000 c m -  l (Fig. 2). Thin slices of  the material (1 mm) 
are heat treated and studied by transmission spectro- 
scopy at 25 ~ C. The different absorption peaks and 
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Figure 2 Evo lu t i on  of  the near  inf rared  spec t rum of  the silica 
aerogel  A (25 ~ C), B (500 ~ C), C ( 1050 ~ C), D ( 1130 ~ C), E (1150 ~ C). 

Figure 1 Thermal analysis of the silica 
aerogeI (differential thermal analysis, 
thermogravimetric analysis, dilatometric 
analysis). 
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their attributions are listed in Table II. They are 
combinations and harmonics of  the fundamental 
vibration bands observed in the spectral range 1400 to 
4000cm l [5-7]. 

After heat treatment at 500 ~ C, the intensity of  the 
peaks attributed to the organic groups decreases. 
Simultaneously the spectrum shows an increase of  the 
intensity of  the silanol and adsorbed water bands. 
Those phenomena are due to the oxidation of the 
organic species (observed by T G A  and DTA) which 
transforms the hydrophobic untreated material into a 
hydrophylic one. Due to a steric effect, the organic 
species prevent the adsorption of water even if the 
structure shows the presence of silanol groups. The 
oxidation heat treatment replaces the organic groups 
by silanol bonds which are favourite sites for the 
adsorption of  atmospheric moisture during cooling. 
The appearance of a low peak aroun 6900 cm ~ may 
be due to a combination of the bands at 5230 and 
1640 cm-  t (H+O bending). 

At 1050~ we observed a decrease in the adsorbed 
water content. This lower water content is a conse- 
quence of the smaller specific surface area exhibited by 
the material heat treated at 1050 ~ C, as will be seen 
later. 

After heat treatment at 1130~ the spectrum is 
characteristic of  a material intermediate between t h e  
gel and the glass. Simultaneously, a peak situated at 
7350 cm-I  appears, which is due to the free silanols of  
a porous structure. The band located at 7250cm 
corresponds to the silanol usually found inside the 
glass structure. At 1150 ~ C the spectrum is identical to 
that of  a conventional silica glass. 

4.  T e x t u r a l  e v o l u t i o n  
The variation of the textural properties, specific sur- 
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Figure 3 Evolution of ( + )  the bulk density (Pb), (O) sketetal density 
(p~) and (e )  specific surface area (S) as a function of temperature. 

face area, S, bulk density, Pb, and skeletal density, p~, 
is shown in Fig. 3. The variation of the bulk density, 
Pb, can be directly related to the dilatometric results: 
no significant shrinkage is detected below 1000~ for 
short durations but the sintering becomes rapid in the 
temperature range 1000 to 1200 ~ C. 

A small increase in the specific surface area is 
observed after oxidation heat treatment. This effect 
has been attributed to an increase of the macroporosity 
[9]. In fact it is certainly due to a better accessibility of 
nitrogen molecules when the steric effect of the organic 
species present at the surface of  the material vanishes. 
It must be noted that the real specific surface area 
would be larger than that measured by N2 BET tech- 
niques. Small-angle neutron scattering has indicated a 
roughness of the particles in the length range 0.3 to 
0.8 nm [9] (with a surface fractal dimension close to 3). 
Specific surface area measured using a nitrogen adsorp- 
tion isotherm cannot include the surface developed 
into pores having a radius lower than 0.6 nm. 

The skeletal density (or matrix density) is measured 
by helium pycnometry. For untreated aerogel, the 
value is close to 1.85gcm -3 [10]. After heat treat- 

T A B  LE I I Absorption bands in the near infrared spectral range 

Wave number Intensity Assignments 

ments, p~ increases up to 2.2 g cm -3. This enhancement 
can also be attributed to the elimination of the steric 
effect of the organic species and to the smoothing of 
the roughness of the particles which occurs during 
heat treatment [9]. Moreover a slight increase in the 
skeletal density of aerogel was observed during this 
thermal treament. An identical phenomenon has been 
observed in silica xerogel and has been attributed to a 
structural relaxation [11]. 

It has been proposed [12, 13] that skeletal density 
could be as low as 0.5gcm -3. These values were 
deduced from small-angle X-ray scattering (SAXS) 
results and specific surface area measurements and 
assume that the gel matrix contains a large volume of 
closed micropores. Our direct measurements obtained 
using helium pycnometry show clearly that these 
assumptions are not valid. The matrix of aerogel is 
formed by a solid phase which is accessible by helium 
gas; therefore the porosity can be regarded as almost 
totally open. 

5. E v o l u t i o n  of  t h e  m e c h a n i c a l  
p r o p e r t i e s  

The mechanical properties such as Young's modulus 
(E), mechanical strength (a) and Vickers hardness 
(Hv) vary depending on the temperature. At low 
temperature, before the beginning of sintering, the 
mechanical properties are not readily modified. 
However, oxidation heat treatment at 500 ~ C increases 
the Young's modulus by a factor of two [3]. This 
increase in the stiffness is related to the formation of 
new siloxane bonds which replace the organic groups 
and increase the connectivity of the network. On 
the other hand, with the oxidation heat treatment, 
internal silanol groups may also condense to give rise 
to higher skeletal density. As a consequence the 
aerogel strengthens. 

In fact, the mechanical behaviour of the material is 
strongly influenced by its bulk density and is related to 
the sintering temperature range. Fig. 4 shows that E, 
a and Hv increase by a factor of l0 3 to 10 4 between the 
untreated aerogel and the totally densified material. 
Finally, the mechanical features of the totally den- 
sifted material are identical to those of conventional 
silica glass (Table III). 

It is noteworthy that evolution of the mechanical 
properties can be fitted with the following scaling laws 

E oc /9 3.3 

o oC p2.6 

n v oc p3.5 

4060 low 
4420 strong 
4540 low 
5230 strong 
5700-6000 broad, several peaks 
7140 strong 
7250 low 
7350 strong 

Stretching-bending combination modes of hydrogen-bonded silanol groups [5] 
Stretching-bending combination modes of C-H bond [7] 
Stretching-bending combination modes of free silanol groups [5, 6] 
Stretching-bending combination modes of molecular water [5, 6] 
Overtone and combination of asymmetric and symmetric mode of C -H  bond [7] 
Combination of stretching modes of Si-OH and H - O H  bonds 
Overtone of Si-OH stretching mode (glass structure) [6] 
Overtone of Si-OH stretching mode (gel structure) 
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Figure 4 Evolution of  the tensile strength (a), Young's modulus (E) 
and Vickers hardness (Hv) as a function of the bulk density of  the 
aerogel. 

and those exponents are not in agreement with the 
predictions of the classical models used to account for 
the mechanical properties of cellular materials or 
expanded foams [14]. On the other hand, it has been 
claimed that an analogy could exist between a gel 
network and a percolation cluster [16]. As a conse- 
quence, the evolution of mechanical properties of the 
gels would agree with the predictions of the perco- 
lation theory. 

In the case of aerogels, we have shown [3, 4] that a 
percolation theory is not easily applicable due to the 
absence of a physical parameter clearly related to the 
percolation probability. Moreover, a percolation clus- 
ter has a fractal dimension equal to 2.5 while aerogels 
show fractal dimensions in the range 1.8 to 2.4. This 
fractal structure disappears during sintering [2]. Thus 
the power law dependence of the mechanical proper- 
ties of aerogels is not related to its fractal structure 
and is certainly more complex than a straightforward 
percolation. 

6. S i n t e r i n g  m e c h a n i s m  
The identification of the sintering has been obtained 
by studying the shrinkage kinetics. In a previous work 
[16], in which the shrinkage was monitored in air and 
under isothermal conditions, we have shown that two 
kinds of mechanism are responsible for the sintering. 
At low temperature the sintering is due to a diffusional 
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Figure 5 Plot of p/p~ against K(t to). ( - - )  Fit of experimental 
sintering to the theoretical curve of the Seherer's model. (e) 
1005~ (D) 1050~ (zx) ll00~ (O) 1200~ (+) 1250~ 

process (500 to 700~ above 1000~ sintering is 
related to a viscous flow phenomenon with an acti- 
vation energy of 88 kcalmol -~. In the intermediate 
temperature range, both processes exist and overlap. 

The identification of  the viscous flow mechanism 
and the determination of its activation energy was 
obtained on the basis of Frenkel's model [17]. 
However, due to the approximations concerning its 
geometry, Frenkel's model is not expected to be 
applicable beyond the early stages of  sintering. 

To account for the sintering of amorphous materials 
in a large range of densification, Scherer [18] devel- 
oped another viscous flow model in which densif- 
ication results from shrinkage of a cubic array of 
cylinders. In this model a theoretical curve between 
the relative density and the reduced time K(t-to) is 
proposed (Fig. 5). t o is a fictitious time for which the 
relative density p/p~ would be equal to 0, and K is 
given by 

K = 7i 7,/ 

where l~ is the initial length of the cubic unit cell, p~ the 
theoretical density and A the initial density at t = 0. 
7 is the surface energy and r/ the viscosity. 

The large densification of the aerogel is compared 
with the cylinder model as follows. Samples are iso- 
thermally treated at different temperatures in the 
range 980 to 1250 ~ C. The bulk density is measured as 

T A B  L E 111 Physical properties of  the sintered aerogel 

Density, Relative index, Vickers hardness, Shear modulus, Bulk modulus, Young modulus, Flexural strength, 
Pb nd H , ( k g m m  ~) G ( N m  -2) K ( N m - - ' )  E ( N m  -~) ~ ( N m - - ' )  
(gcm -3) 

2.2 1.458 750 3.2 x 10 m 3.6 x 101~ 7.3 x 10 I~ 95 x 106 
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a function of time (Fig. 6a) and relative density is 
fitted to the theoretical curve. This procedure allows 
us to determine the reduced rime. If the model applies, 
the plots of the reduced time as a function of the real 
time should yield straight lines. The slopes are related 
to the viscosity at the temperature of interest. 

For the aerogel studied, the model works quite well 
(Figs 5 and 6b). The good quality of the fit to the 
model shows that the viscosity does not vary during 
sintering. Thus the hydroxyl content remains constant 
with time as observed from isothermal T G A measure- 
ments. The viscosities are calculated using the surface 
energy, 7, of the silica (280ergcm -2) and the li value 
is deduced from the initial relative density and the 
specific surface area, using the relationship of Scherer's 
model [19] 

P~ _.= 3rca21i - 8(2a3) '/2 

S = I (67r/i - 24(2a)f/'2~ 
ap---~ 3zc/i Z_ ~ J  

The calculated viscosities are then plotted in Fig. 7 
using an Arrhenius-type equation. Viscosity values are 
found close to those expected in such materials. The 
activation energy of 82 kcal tool- ~ agrees well with the 
previously obtained value (88 kcal mol -~) [16]. Onorato 
(see [19]) found similar kinetics for densification of 
aerogels. Moreover the value of viscosity was shown 
to be dependent on the nature of the atmosphere [19]. 
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In the case of vitreous silica, values ranging from 
120 to 170 kcalmol -~ were measured when the 
hydroxyl content varied between 1300 and 3p.p.m. 
Our result is in a good agreement with those men- 
tioned above if we consider the high hydroxyl content 
of our samples. Infrared spectroscopy measurements 
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Figure 7 Temperature dependence of viscosity on the Arrhenius 
plot. Q = 82 kcal moV L. 



performed on the band situated at 2.73/~m show the 
hydroxyl content of our sample ranges between 3000 
and 5000 p.p.m. 

It is surprising that the sintering of material having" 
such a complicated microstructure can be fitted with 
simple geometrical models. These results suggest that 
viscous sintering is relatively independent of the 
microstructure of the material as previously demon- 
strated [20]. Geometrical models can be used in so far 
as they account for the mean textural parameters 
(bulk density, mean pore size). The advantage of the 
cylinder model is that it is applicable over the whole 
range of relative density (up to 94%). 

7. Foaming and crystallization 
The material obtained after a controlled heat treat- 
ment above 1000 ~ C is dense, transparent and exhibits 
physical properties similar to those of molten silica. 
However, if this material is heated at temperatures 
higher than 1200 ~ C, undesirable phenomena, such as 
foaming and crystallization, occur. Scanning electron 
microscopy indicates that the foaming is initiated by 
the formation of spherical bubbles which appear first 
in the core of the material (Fig. 8a). Then the bubbles 
increase in size, and their shape is modified by the 
proximity of the neighbours (Fig. 8b). When the 
foaming proceeds, bubbles become interconnected 
forming a new closed porosity (Fig. 8c). Simultaneously 
with the foaming, the material crystallizes. The X-ray 

Figure 8 Scanning electron micrograph of sintered aerogel - 
foaming effect. 

pattern is characteristic of the cristobalite form of 
sio2 [21]. 

Both phenomena, foaming and crystallization, are 
consequences of the high OH content present in the 
densified material. The infrared analysis exhibits a 
higher OH concentration at the centre of the sample 
(Fig. 9). During heat treatment, the "skin" of the 
sample is densified before the core, then the internal 
hydroxyl species included within the pores cannot be 
removed. These OH are transformed into H20 vapour 
which migrates towards the centre of the material 
where it is trapped in the micropores. When the heat 
treatment proceeds at a higher temperature, the vis- 
cosity of the material decreases and the pressure of 
water inside the closed micropores increases leading to 
bloating. 

8. Dehydration of the material 
Several dehydration methods have been used to reduce 
the OH content. The dehydration treatment must be 
carried out before the closure of the pores of the  
material in such a way as to allow the internal OH to 
be removed. A common method is to increase the 
temperature slowly or to subject the material to a 
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Figure 9 Infrared spectra of the sintered aerogel. (a) Periphery of the 
sample, (b) centre of the sample. 
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preliminary isothermal heat treatment at a tempera- 
ture lower than the densification temperature. This 
procedure produces glass having a residual OH con- 
tent around 1200p.p.m. If the material is densified 
under vacuum, the OH content can be as low as 
600 p.p.m. 

A good method by which to dehydrate the aerogels 
is to perform a chlorination treatment at 500 ~ C using 
CC14 vapours mixed with an argon flux. The water 
content depends on the chlorination time. For times 
exceeding 2 h the residual water content is not detected 
(measured at 2.73 #m on 1 cm thick sample) and these 
silica glasses do not bloat or crystallize in the tem- 
perature range 1000 to 1500 ~ C. As a consequence of 
the dehydration, the viscosity of the material increases 
[22] and thus the temperature at which the material 
easily densities also increases (Table IV). It is worth 
noticing that this chlorination treatment is carried out 
at a very low temperature and for short durations. The 
sample is then heat treated under argon or helium gas 
to achieve the densification which occurs above 
1350~ Traces of oxygen in the gas and the high 
porosity of the aerogel are explanations offered to 
account for the fact that no chlorine reboil was 
observed at higher temperatures. 

Figure 10 shows the ultraviolet, near infrared and 
infrared spectra of such a glass indicating undetect- 
ably low levels of transition metal impurities and OH 
content. Recently, this process has been extrapolated 
to multicomponent glasses SiO2-B203 and SiO2-P205 
[23] or doped glasses with lanthanides [24]. 

9. The part ia l ly  densif ied aerogel 
(P D A )  - use of the aerogel porous 
s t ructure  as a host med ium 

The use of an open porosity of a glass to modify the 
nature of material has been previously applied to 
"Vycor" glass [25]. Xerogels are another matrix which 
allows nanocomposites [26], polymer glass composites 
[27], materials or dyes [28] and luminescence effect [29] 
to be obtained. However, the open porosity is well 
below that possible using aerogels. 

Figure 10 Optical transmission micrograph of the sin- 

tered aerogel in the wavelength range 0.2 to 5#m. 

In fact, a new kind of material has been developed 
in our laboratory from the aerogel-glass process. In 
this kind of material we use the totally open structure 
of the aerogel to allow migration of the liquid species 
throughout the whole volume of the gel. These liquid 
species may be, for example, salt in solution. Then, the 
liquid phase is eliminated, the porous composite 
(aerogel + salt) is fully densified giving rise to the 
synthesis of a multicomponent material. The porous 
structure of the aerogel is used as a volume host. 

If we try to fill the aerogel with a liquid such as 
water, capillary phenomena (identical to those occur- 
ring during drying) induce the fracture of the gel. The 
capillary forces act on the three phases, liquid-solid- 
air, pulling or pushing apart neighbouring particles. 

Due to the complexity of the aerogel texture, a 
detailed calculation of the local stresses during filling 
is difficult, but they are strongly dependent on the 
wetting angle, 0, the surface energy, 7, and the inverse 
of the pore size [30]. 

Thus, to avoid cracking during filling, two methods 
are proposed [31]. 

1. Use of a liquid having a low 7 value which will 
diminish the magnitude of these forces. 

2. Partial densification of the aerogel. 
The heat treatment has two effects: it increases the 
mechanical strength of the material and removes the 
smallest pores so as to decrease the effects of the 
capillary phenomena. 

A set of aerogels has been sintered to densities 
ranging from 0.3 to 1.2 and the materials were dipped 
in liquids having different 7 values (Table V). During 
the time required for filling the gel (about 3 to 15 min 
depending on the liquid), cracks appear or the material 
remains monolithic (Fig. 11). With this diagram, a 
compromise can be found for the densification heat 
treatment. The final density must avoid the formation 
of cracks but it is necessary to retain a sufficiently large 
porosity to allow the migration of the liquids through- 
out the whole volume of the PDA material. 

Table V gives the viscosity and the contact angles 
of the different liquids which are necessary parameters 

T A B  LE I V OH content of the sintered aerogel as a function of the dehydration treatment 

Dehydration treatment OH content (p.p.m) Densification temperature (~ 

Without 3500-5000 1150-1200 
Isothermal treatment 2600 1 ! 50-1200 

at 920 ~ C 
Under vacuum 600 1200 1250 
Chlorination treatment < 1 1300-1350 

2 h at 500 ~ C 
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for the choice of the filling liquid. The 0 values given 
in this table are the wetting angles measured on a 
flat surface of silica [32-34], the real contact angle 
can be different due to the roughness of the solid part 
of the surface [35]. The liquids often used are ethanol 
and water because of their properties (good solvents, 
wettability and low viscosities). Water is used for 
materials having a high density (Pb > 1 gcm -3) and 
ethanol when a large porosity is required (Pb in the 
range 0.5 to 1 gcm-3). It must be pointed out that the 
diagram in Fig. 11 cannot be applied for materials 
which have not been densified, even when they have 
the required bulk density. For example, aerogels 
issued from a solution highly concentrated in TMOS 
or hydrolysed in acidic conditions have bulk densities 
in the range 0.4 to 0.5gcm 3 [3]. However, these 
materials crack during the filling by liquids even when 
the liquids have a low ? value (ethanol, threthylamine 
or isopentane). Xerogels with bulk density close to 0.8 
to 1 g cm 3 cannot be filled by ethanol without crack- 
ing. These results are explained by the fact that 
untreated materials (aerogels and xerogels) contain a 

Densify the aerogel up 
to the required density 

Figure 11 Diagram showing monolithic (O) or (+)  cracked PDA 
as a function of the bulk density and the surface energy of liquids. 

small microporosity which weakens the solid part and 
which gives rise to capillary stresses larger than in the 
PDA material having the same bulk density. In those 
materials, ultramicropores are removed during the 
first stage of the sintering. Bulk density is a global 
evaluation of the pore volume but does not take into 
account the pore size distribution. The different steps 
of the PDA process are given in Fig. 12. 

Liquids as different as salts in solution, monomers, 
gelifying solution or eletrolytes, can be used for the 
synthesis of various kinds of composite materials. To 
date, doped silica glasses (Dy III, Er III, Mn III . . . .  ) 
have been investigated by migration of dissolved 
nitrates followed by a further densification [24]. 
Some of these glasses have been investigated for their 
magneto-optic properties [36]. The synthesis of gel- 
polymer, gel-gel, and gel-metal composites is in pro- 
gress [37]. 

10. Conclusion 
The synthesis of vitreous compounds from the sol-gel 
route has passed during the last decade from the field 

Salts in solution I I Electrolyte 

Removal of solvent I [ Polymerization ] I Gelation I I Remde '211~ 

Composite Composite 
Doped gel I gel-polymer [ Two-phase gel ] gel-metal 

Figure 12 The PDA process. 
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T A B L E  V Surface energy, wetting angle and viscosity values 
o f  liquids useful for the P DA process 

Liquid Surface energy Wetting angle Viscosity 
(erg cm-2)  (deg) (cP) 

Isopentan 13.7 
Ethyl ether 17.1 
Ethanol 22.3 
Carbon tetrachloride 26.9 

Benzene 28.9 
Chlorobenzene 33.6 
Aniline 42.9 
Formamide 58.2 
Water 72.06 

- 0.22 
- 0.23 
0 1.2 
0 [32] 0.97 

19 [33] 
28 [33] 0.65 

- 0.79 
82 [33] 4.4 

- 3.3 
7 10 [34] 1 

40 [35] 

of research technology. The major difficulty was 
obtaining bulk gels without cracks, which can be den- 
sifted by a simple heat treatment. Several methods 
permitting control of the capillary phenomena which 
cause the cracking are now available and lead to 
monolithic material [38-41]. However, these pro- 
cedures require long drying times and the results do 
not show a good reproducibility. 

Hypercritical drying allows the rapid preparation of 
bulk monolithic aerogels with 100% certainty. These 
aerogels can be easily transformed into dense silica 
glass by means of heat treatments, such as oxidation, 
dehydration and densification. The dense amorphous 
material exhibits physical properties similar to those 
of the conventional silica glass with a high level of 
purity. Furthermore, the possibility of adjusting the 
pore volume of the aerogels and of using this porosity 
as a means to refil the material, extends the potential- 
ity of the aerogel-glass process to a large range of 
products from doped silica glass to composites, as well 
as containers or dispersive media. 
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