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An original interferometric technique for investigating the inilence of humidity on change in linear
dimensions of porous silica glasses is developed. The linear dimensions ofa specimen are shown to
change as a result of competition in the system of compressive capillary forces and expansion forces
arising from the swelling of the residual silica gel present in pores. The possibility of selective
inhibition of the capillary squeezing forces or the silica gel expansion forces by the pre-treatment of
a porous material by a hydrophobized composition (hexamethyldisilazane — HMDS) or by
annealing of carbon impregnated inside of pores is shown experimentally.

1. Introduction

A number of our previous papers [1], [2] are devoted to practical application of
porous glasses. The porous glasses were obtained by etching of a sodium borate
phase from two-phase sodium borosilicate glasses [3] —{5]. The impregnation inside
of pores of the various substances promotes further expansion of practical ap-
plication potential ofthe specified material. Such a treatment essentially changes the
properties of the material, and besides it can be utilized as a research technique for
porous glasses. In work [6], the possibility of making optical filters of varying
absorption edges by impregnation of carbon into porous glass is shown. Papers [7]
and [8] are devoted to further investigation of the influence of impregnated carbon
on the properties of porous glasses, in particular, to research on a change in
photoluminescence spectra and formation of silicon nanoclusters inside pores after
annealing the introduced carbon. The fundamental role the above clusters play in the
explanation of photoluminescent properties is emphasised in work [9], in which the
comparison of changes in photoluminescence spectra of porous glasses and porous
silicon subjected to such carbon treatment is carried out in practice.
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The annealing of the impregnated carbon influences on the pore size distribution
[10]. This allows us to assume that influence of this treatment on the porous sample
linear dimensions dependence on humidity must exist. Such dependences were
compared with the similar temperature dependence [11]. The last one is much feeble,
and so we neglected it. At the same time the humidity dependence is very sensitive to
peculiarities of two-phase glass manufacturing and to post-treatments [12], This
allows us to consider the above measurements as a method of studying the porous
glasses structural properties. In works [13], [14] it is also emphasized that the
carbon treatment influences not only changes in the photoluminescence spectra of
porous glass, but also the dependence of the specific elongation of porous glass on
humidity, which confirms the urgency of research undertaken in the present work.

2. Experimental

A set-up consisting of a Michelson interferometer was utilized to study elongation of
porous glasses. It included a movable mirror located in the chamber with controlled
humidity [9]. Specimens that had received the carbon treatment as well as those
hydrophobized in the HMDS were measured using this set-up. The He-Ne laser with
the wavelength 633 nm was used as a source of radiation. The humidity changed in
ranges from 10% up to 95%. The technique yields direct results and its advantage is
rather high precision (0.001%). Besides, it allows us not only to detect general failure of
the porous glasses behaviour upon change of humidity, but also to separate the
contributions of competing capillary forces and forces connected with the bloating

Fig. 1. Pore-size distribution spectra for four types of porous glasses: a — specimen A, b— specimen B,
¢ — specimen C, d — specimen D.
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of a high-dispersed secondary silica gel. The main deficiency of the method is
duration of measurements, which can continue from ten hours up to several days
depending on dominant pore size (till the equilibrium between the atmosphere inside
the chamber and the pressure of water vapour inside the sample will have been
stabilized). Besides, it is impossible to take measurements when humidity exceeds
95%, as the fogging of the chamber results in a laser beam scattering and
disappearance of a fringe pattern.

For research purposes, four types of porous specimens (A, B, C, D) were
fabricated from two-phase sodium borosilicate glasses, differing in temperature of
phase separation (490 °C for A and B types of glasses, 650 °C for C and D types of
glasses) as well as in after-treatment in KOH for removal of high-disperesed
secondary silica gel. The B and D types of samples were obtained from glasses types
of A and Cjust by such an after-treatment The pore-size distribution spectra (Fig. 1)
for all 4 types of glasses and also the specific porosity values were obtained by the
adsorption-desorption method [2].

3. Results and discussion

Figure 1 shows that the phase separation process at 650 °C results in the formation
of larger pores. A comparison of the pore-size distribution spectra for the A and B or
C and D types of specimens shows that the removal of high-dispersed secondary
silica gel leads to magnification of the pore sizes.

Fig. 2. Specific elongation of A-type of specimens as a function of humidity: a — adsorption curve
of initial sample, b — desorption curve of initial sample, c — adsorption curve after HMDS treatment,
d — desorption curve after HMDS treatment
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Figure 2 presents the adsorption-desorption curves of the specific elongation
dependence on the humidity for A-type porous glass samples. A smoothly varying
increase of the sample linear dimensions is observed upon the bloating of the
high-dispersed secondary silica gel on the surface of pores during adsorption of
water vapour (curve a). The strong and prompt downsizing of a sample at humidity
ranging from 85% up to 95% is explained by the occurrence of the capillary
squeezing forces in the small sized pores orifice. The final expansion can be
explained by redistribution of water inside the pores, in particular, by the intrinsic
capillary effects. This proves to be true also by visual inspection: during
humidification the diffuse-transparent sample becomes white and opaque at first,
and then it becomes practically transparent upon the achievement of immersion
filling at 95% dampness. All changes are repeated in reverse order at desorption
(curve b). The curves ¢ and d correspond to similar dependences of the same sample
after its treatment by the hydrophobized solution HMDS. It is necessary to pay
attention to sharp diminution of sample hygroscopicity that is explained by the
increased water-repellent property, which almost completely excluded the meniscus
formation. The dependence changes for the opposite one. This indicates prevalence
of capillary forces in an initial A-type specimen. Although the expansion over
bloating of the high-dispersed secondary silica gel essentially decreases, it does not
completely disappear.

Fig. 3. Same as in Fig 4, but for B-type of specimens.

The initial B-type sample behaves differently (Fig. 3). The pores that are bigger in
size do not provide now any appreciable capillary squeezing forces, but there is still
sufficient amount of secondary silica gel, therefore the forces of tension become
dominant The absence of competing squeezing forces leads to a destruction
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of a sample, which is confirmed by non-reproductivity of its initial sizes upon
termination of an adsorption-desorption cycle. The treatment by HMDS leads to the
same effect as in the case of sample A

The C-type samples (Fig. 4) and, especially, D-type ones (Fig. 5) reveal an absence
of capillary squeezing forces and considerably smaller sensitivity to moisture, which,
apparently, may be explained by significantly lower content of the secondary silica
gel in them.

The carbon treatment effect on the specific elongation dependence humidity was
pronounced mostly for A-type specimens. This is supposed to be due to the greatest
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Fig. 6. Specific elongation of A-type of specimens after carbon treatment as a function of humidity:
a — adsorption curve, b — desorption curve.

content of the secondary silica gel and the prevalence of the small-size pores. The
carbon annealing leaded to the almost complete disappearance of the squeezing
forces and to the increase of the sample wetting ability (Fig. 6). We explain this
behaviour by the formation of silica particles that lead to the increase of the porous
glass active interior surface with the pronounced hydrophilic.

4. Conclusions

The results of researches demonstrate that the proposed technique is efficient in the
studies of porous glasses that underwent different post-fabrication treatments.
Procedures which allow us to change porous glass absorption were developed. We
can increase the interior surface and water absorption by creating silicon clusters
inside the pores and to suppress absorption by HMDS treatment
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