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Abstract—The research of the hydrolytic polycondensation kinetics of tetraethoxysilane (TEOS) is required
in order to understand the sol-gel synthesis processes and identify the factors determining the direction of
these processes. An extensive analysis of these problems permits us to predict appropriate ways for the syn-
thesis of new substances with the predetermined properties. Studying the kinetics of the polycondensation of
TEOS above the gel point will allow solving problems of the gels’ strength and the gels’ degree of structuring
and thus optimizing the conditions of the further processing materials for the production of the final synthesis
products. In this paper the results of the research on the structuring kinetics of the silica in the modeled aque-
ous-alcoholic solutions of TEOS, including boron-containing solutions, before and after the gel point at var-
ious molar ratios of H2O : SiO2 and pH values of 2.0 and 6.0 by the differential kinetic spectrophotometry are
presented. The kinetic scheme developed by the authors and the mathematical tool allow determining the
degree of the direction of the process of silica polycondensation. The data obtained on the model systems
were applied to the description of the silica structuring process in the acid solutions resulting from the treat-
ment of the single-phased sodium borosilicate glass. The obtained results will form the base for the interpre-
tation of the experimental data on the kinetics of the silica structuring contained in the unstable phase of the
two-phased alkali-borosilicate glass during the leaching process; i.e., it will allow predicting the dissolution
rate, forms of existance, gelation time, strata formation time and, as a consequence, the formation of some
porous structure of the resulting porous glass.
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INTRODUCTION

Classical concepts of the process of the hydrolytic
polycondensation of alkoxysilanes, including tetrae-
thoxysilane (TEOS), and the methods used for inves-
tigating various stages of this process expounded in
Brinker’s and Scherer’s monograph [1].

The research methods for the state of silica in the
solutions can be divided on the structural (physical),
the classic analytic, and the physico-chemical (kinetic)
methods.

The structural research methods (29Si-NMR [2–13];
PMR [13, 14–16]; IR-spectroscopy [17], including
with the Fourier conversion [18]; gas and gas-liquid
chromatography [10, 14, 19–23]); small-angle X-ray
scattering (SAXS) [24, 27]) allow defining associates
of silica with a large molecular weight, as well as deter-
mining the stereoisomers and the functional groups
(OH−, OR−, CH3O−, etc.) connected to the silicon–
oxygen tetrahedrons.

A specific feature of the nuclear magnetic reso-
nance is the absence of the requirement for the sam-
ple’s purity. Research can be done on the liquid solu-
tions as well as the solids. The method permits identi-
fying a wide range of the molecular forms of silica
beginning with the monomer [10, 12, 13, 25] and cal-
culating the gelation time on the change in the quan-
tity of water in the reaction system [26]. As well as all
the enumerated further instrumental research meth-
ods, NMR requires complex instrumentation and is
characterized by a sufficiently large value of the rela-
tive standard deviation of 2–10%.

The application of the small-angle X-ray scattering
is limited by the systems with an inhomogeneous struc-
ture. It allows estimating the dependence between the
scattering angle and the radiation intensity that permits
defining the inhomogeneous elements with a larger
mass than a trimer’s. From the concentration of each
oligomer at any moment in time we can obtain informa-
tion not only on the rate and the polycondensation
mechanism but also data for forecasting the character-
419
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istics of the obtained material [27]. The results obtained
by this method are of special value for planning the con-
dition of the organic and non-organic synthesis for both
scientific and industrial purposes.

Gas chromatography (GC) is characterized by a
high velocity, possibility of determining impurities and
studying small quantities (from 0.01 to 50 μL of the
liquid). It was shown that it was possible to divide the
contributions of oligomeries that are different by mass
and isomery in the application of research on the poly-
condensation process and the silica structuring using
the capillary gas chromatography [19].

Raman scattering allows defining the polymer’s
structure according to the number of bonds whose
number is proportional to the particle size [28]. The
method is applied in the spectral range where there is
no noticeable absorption by the sample. There is a
laborious sample preparation process that includes
separation of the liquid phase from the suspended
solid as the latter enhances scattering. Solids are stud-
ied by a surface-reflected laser beam. In both cases the
perfect impurity removal is necessary. Despite the
technological difficulties, the main advantage of
Raman spectroscopy is the possibility to observe the
growth of polymer particles both before and after the
gelation point.

The kinetic parameters of the f luidity variation of
the system are defined using acoustic and rheological
methods [29, 30]. There are papers on the kinetics of
structuring silicon alkoxides by dynamic light scatter-
ing [31–33], the photochemical technique [34], and
high-temperature calorimetry [35].

The classic analytical methods allow determining
only the total content of silica in the sample. Indepen-
dent of the final method of determining silica (gravi-
metric, photometric, titrimetric, or spectral), the pre-
liminary procedures of sample preparation must be
performed. They involve reducing and dissolving the
particles, transforming the silica into the monomeric
form, and separating or masking the interfering com-
ponents and, in some cases, the preliminary concen-
tration [36–38].

The kinetic variants of methods for determining
silica in the form of β-silicon-molybdenum hetero-
poly acid (HPA) using spectrophotometry method can
conventionally attribute to the physic-chemical
(kinetic) methods. The created variants allow identify-
ing the monomers, dimers, trimers, olygomers (more
complex low-molecular associates), and polymers
(high-molecular forms) [39–41]; calculating the rate
constants of hydrolysis and complexing [39, 42]; and
dividing nominally polymer silicic acids into α, β, and
γ-forms [43].

In this paper we reviewed the physicochemical base
of our elaborated differential kinetic spectrophotome-
try for condensing systems based on TEOS. The
obtained results were used to study the kinetics of
structuring silica during the leaching process (by the
GLASS
acid treatment) of single-phase alkali-borosilicate
(ABS) glass of 16.8Na2O · 39.0B2O3 · 44.2SiO2 (mol %),
which corresponds to the composition of the unstable
phase of two-phased ABS glass. The obtained results
were used to study the process of gelation of “second-
ary silica” the in the porous glass pore space during the
leaching process of the two-phase ABS glass of
7.6Na2O · 20.4B2O3 · 71.9SiO2 · 0.1Al2O3 (mol %).

Physicochemical principles of the differential
kinetic (DK) spectrophotometry of condensing sys-
tems. DK-spectrophotometry is based on the classic
absorption spectroscopy, which in contrast to the
structural methods of analysis is fairly simple both
instrumentally and experimentally. Currently the
application of the method is well known in the anal-
ysis of food samples [44] and pesticides [45], in phar-
macology [46, 47], and in determining different
rhutenium associates [48], as well as the quantitative
content of chemical analogs in two-component mix-
tures without prior separation [49, 50].

The fundamental distinction of our elaborated
modification of DK-spectrophotometry from the
techniques mentioned above is that the method is
applied to analyze dynamical systems—hydroalco-
holic TEOS solutions in which the hydrolytic poly-
condensation is taking place. Our method is based on
the classic indicator reaction of silica in the form of a
saturated complex of silicomolibdic heteropolyanion
(HPA) of Keggin’s structure (molybdate method):

(1)

Silicomolibdic heteropolyanion (HPA) solutions are
colored bright yellow and they remain in place when
crystallization occurs. The complex may subsist in two
isomeric forms: the cis-isomer is named the α-form and
the trans-isomer is named the β-form [52–55].

The β-form irreversibly transforms into the α-form
in the solutions [56]. The process of isomeric transfor-
mation can be slowed by the introduction of a 10-fold
excess of the molybdate containing reagent (usually it
is molybdic acid, H2MoO4, or its ammonium and
sodium salts, (NH4)2MoO4 and Na2MoO4, respec-
tively), creating a pH of 1.0 to 2.5 and by isolation the
reaction vessel from light. The time required for the
half-reaction for the isomeric transition reaction
under these conditions is about 25 hours [38].

The extinction coefficient of the β-form is more than
double the corresponding value for the α-form [52].
Since the time stability of the β-form in the solutions is
sufficient for the spectrophotometric measurement,
usually the time stability is used as the analytical form for
determining the silica.

The kinetics of the silicon-molybdenum HPA were
studied by photocalorimetry in the 1950s [57] and later
by others [40]. The reaction of the monosilicic acid
and the oligomeric forms of the silicic acids i.e. asso-
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INVESTIGATION OF HYDROLYTIC POLYCONDENSATION IN SYSTEMS 421
ciates having more than one silicon atom in the sili-
con-oxygen chain and capable of depolymerization
with the molybdate reagent is spent entirely [53, 58],
which ensures the fixation of all low-molecular forms
of the hydrolyzed silicon alkoxide in the compound
named above. The possibility of the direct formation
of HPA from the silicic acid gel [59] allows applying
the molybdate reaction in studying the hydrolytic
polycondensation of the alkoxides [60–63].

Based on the literature, we can conclude that for-
mation of the β-form of silicomolibdic HPA from the
silicon alkoxides, as well as TEOS, is possible only
after the hydrolysis reaction has run its course. In this
case the equation of the complexing reaction is

(2)

From the kinetic point of view, this process may be
considered as the consecutive reaction of the pseudo-
first order since the experiment was performed with an
excess of the ammonium molybdate in the concentra-
tion range where the rate of the reaction does not
depend on the reagent containing molybdate [61, 62].

The performed studies had shown that DK-spec-
trophotometry allows identifying the following molec-
ular forms (associates) of silica, formed during the
hydrolytic polycondensation of TEOS:

(1) Non-hydrated forms (R) are associates con-
taining Si−O−R bonds (R is alkyl). Since the kinetics
of this bond rupture do not depend on the size of the
associate, the non-hydrated forms are assumed to be
monomer molecules of alkoxysilane. This means that
the structural unit reacting with molybdate accepts the
Si−O−R bond; the quantity of these bonds is referred
to one silicon atom. The consideration of the monomer
molecule allows constructing balanced equations and
determining the quantitative relationships between
associates in silicon gram atom units. In other words
that the dissociation energy in the silicon–oxygen tet-
rahedron does not depend on the substituents in the
other three positions. Consequently, the average field
approximation is accepted: the considered molecular
forms are interpreted as averaged. This means, for
example, that four particles Si(OH)3(OR) can be
equivalently presented as three particles Si(OH)4 and
one particle Si(OR)4.

The selection of these forms is related to the possi-
bility of the direct estimation of their impact to the
total kinetics process. Taking this into consideration,
these forms are interpreted as molecular forms of the
corresponding silicic acids.

(2) The low-molecular forms include monomers
(M), dimers (D), and trimers (Tr). The separation of
these forms is associated with the possibility of directly
evaluating their contribution to the kinetics of the
“molybdate” reaction. With allowance made for the

−

−
−

2 5 4 4 2 4

2 8 2 7 6

2 5 4

Si(OC H ) (OH) + 12(NH ) MoO
+ (8 )H O = H [Si(Mo O ) ]
+ (4 )C H OH + 24NH OH.

x x

x
x

GLASS PHYSICS AND CHEMISTRY  Vol. 45  No. 6  
above mentioned, these forms are treated as molecular
forms of the corresponding silicic acids.

(3) The macromolecular weakly structured forms,
olygomers (Ol), are associates which degenerate under
the influence of ammonium molybdate with the for-
mation of the silicomolybdic HPA.

(4) Macromolecular strongly structured forms,
polymers (P), are associates which does not degener-
ate under the influence of the molybdate reagent with
the formation of the silicomolybdic HPA.

For the qualitative analysis of the kinetics of the
β-silicomolybdic HPA formation, we propose a
kinetic scheme based on the fact that molybdate ions
interact only with the monomer form (i.e., Si−OH
bonds) and adding a reagent consisting of molybdate
entirely suppresses all processes of the association of
the silica molecular forms and that the interaction
time of silica associates with molybdate is roughly pro-
portional to the size of the associates [55, 57]; thus, the
formation of β-silicomolybdic HPA is possible only
through the intermediate formation of monomers, the
Si(OH)4 particles; the remaining particles must be
transformed into the monomer form for the possibility
of the molybdate reaction. Thus, the kinetic form of
the entire process may be presented as the multistep
reaction involving the steps of the hydrolysis of non-
hydrated forms, the dissociation of weakly structured
associates, and the interaction of molybdate ions with
the Si−OH bonds:

where β is the β-silicomolybdic acid and the values
noted under the arrows are the rate constants of the
corresponding steps. Based on the above points, it is
clear that these values are the kinetically averaged
characteristics.

During the preliminary experiments, we calculated
the rate constants for the reaction of the β-silicomo-
lybdic HPA formation in the solutions containing
non-polymerized TEOS and determined the kinetic
coefficient for the hydrolysis [42]. The obtained value
for TEOS kM = 2.77 min–1 coincides with the value
2.6 min–1 obtained in [39] and kH = 1.00 min–1 at
рН 1 coincides with the value from [1]. Based on the
Levenberg–Marquardt algorithm the mathematical
method of experimental data processing that we have
elaborated is explained in detail in [64].

The proposed kinetic scheme was validated by
comparing the data on the distribution of the molecu-
lar forms of silica during the hydrolytic polycondensa-
tion of TEOS with the results of capillary gas chroma-
tography under similar conditions [19].
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EXPERIMENTAL TECHNIQUE

First, 1.2 mL of 4 M HCl solution are collected in
a 50 mL calibrated f lask, after that 2 mL of 10%
ammonium molybdate (NH4)2MoO4 and 1 mL of
ethyl alcohol are added; then the distilled water is
added to the mid-point of the volume. After that the
obtained solution is mixed thoroughly in order to
avoid a concentration gradient appearing. Volume (or
weight) aliquot of a studied solution containing not
more than 4.46 × 10–4 mol/mL of silica is added to the
obtained reaction mixture and the starting time of the
complex formation is recorded. After that the solution
is mixed and increased to the mark by distilled water.
After remixing the solution we perform the photomet-
ric measurements in a 1cm quartz cell using the
UNICO 2800 spectrophotometer with a temperature-
controlled Peltier cell at wavelength λ = 390 nm rela-
tive to the mix of reagents as the blank reagent. The
change in the transmission density is measured at 30 sec
intervals until the limiting optical density, which
remains at a constant value for at least two hours, which
is enough for performing the spectrophotometric
experiment and is in a good agreement with the stability
time of inorganic solutions containing silicomolybdic
HPA. The set of data points obtained in this way (min-
imum of 10) is sufficient for the construction of the
kinetic curves based on the experimental data and
required calculations. Using the mix of reagents as a
blank solution allows reducing the possibility of an error
variable related to the purity of the reagents used and
offsets the background absorption of the reagent con-
taining molybdate. The spectrophotometric measure-
ment error is 0.2%, which fits into the error interval of
the technique used [65]. The pH values were recorded
using a рН-meter Sartorius PP-15.

RESULTS AND DISCUSSION

Again note that the associates’ stability is consid-
ered only in relation to the “molybdate” reaction.

Kinetics of the Hydrolytic Polycondensation 
in Hydroalcoholic TEOS Solutions 
Before and After the Gelation Point

The pH of media and the H2O : Si molar ratio are
considered as variable characteristics of the process
during the study of the kinetics of the hydrolytic poly-
condensation of TEOS before and after the gel point
by the molybdate method. The process was performed
at pH 2.0 and 6.0 (the values correspond to the maxi-
mum and minimum gel time in acidic media for sili-
con alkoxides) at molar ratio of H2O : Si = 4, 6, 13.
Using the hydrochloric acid when performing the
acid-catalyzed hydrolysis is due to the fact that it is one
of the widely accepted catalytic materials and its den-
sity in the solution is close to the density of the other
GLASS
components of the reaction mixture in contrast to
other acids (for example, H2SO4).

The initial stages of the process are studied for two
hours; and after the gelation point, the process is stud-
ied for 10 days.

Comparing the data obtained at various pH values
shows that the inversion of the complexing rate at the
pH varying from 2.0 (catalyzed polycondensation) to
6.0 (non-catalyzed polycondensation) is observed in
all cases. With the catalyzed polycondensation reac-
tion, the complexing rate is reduced, which means that
the catalyzed polycondensation runs with the stepwise
growth of the associates’ size. For noncatalyzed poly-
condensation (рН 6.0), the situation is the opposite:
after rapid polycondensation for 5 minutes, the weakly
structured silica is transformed into finer associates
during the studied time frame. This is due to the
increasing role of the reverse reactions, hydrolysis and
alcoholysis, which prevents the growth of the polymer
chain and leads to the decay of associates and the
appearance of less stable formations.

In the case of the catalyzed condensation of TEOS,
the growth of the associates is slower the higher the
dilution. This is due to the reduction in the concentra-
tion of TEOS; therefore, the hydrolysis and condensa-
tion rates slow down, which contributes to the appear-
ance of the counter reactions even within the condi-
tions of the acid catalysis. In the case of uncatalyzed
polycondensation, the molar ratio of H2O : Si did not
significantly affect the speed of the process. In the case
of noncatalyzed polycondensation (pH 6.0) the poly-
mer formation (up to 20%) is observed only in TEOS
solutions at a stoichiometric ratio of Si : H2O = 1 : 4.
A negligible (1–2%) formation of polymers is found in
TEOS solutions at Si : H2O = 1:6. At Si : H2O = 1 : 13
no polymers are formed in the studied time interval. A
noticeable formation of stable associates in TEOS begins
in 45 min after hydrolytic polycondensation starts. In the
case of catalyzed polycondensation (pH 2.0), stable
growth of the number of polymers is observed. The
stronger the dilution the greater the growth.

The decrease in the molybdate reaction rate is
related to the growth of stability relative to the reaction
conditions of the gel network and the addition of low-
molecular associates to the gel network that is
observed in all the studied model systems after the gel
point at pH 6.0 in all dilutions. The presence of mono-
mers and dimers of silica proves the validity of the con-
clusion of the classical Flory–Stockmayer theory on
the possibility of the presence of low-molecular silica
associates in condensing systems after the gel point [66].
At the same time, the low-molecular forms or even
unstable olygomers of silica was not observed in the
studied systems.
 PHYSICS AND CHEMISTRY  Vol. 45  No. 6  2019
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Fig. 1. The fractions of the molecular forms of silica at the
moment of interaction between glass powder and a solu-
tion. The composition of single-phase glass is (mol %):
16.8Na2O ⋅ 39.0B2O3 ⋅ 44.2SiO2. Solution of 0.1 M HCl;
temperature 26°С; S/V, cm–1, rate of stirring, 400 rpm.
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Kinetics of Hydrolytic Polycondensation 
in Boron-Containing Aqueous-Alcoholic Solutions

of TEOS before and after the Gelation Point
The addition of boric acid in the standard TEOS

solution does not affect the kinetics of the “molyb-
date” reaction [42]. It allows us to investigate the
impact of borate ions on the kinetics of the condensa-
tion by directly comparing the kinetic data on solu-
tions with boron acid additions and without them.

The experimental data show that the addition of
boric acid inhibits the “molybdate” reaction at pH 6.8
and catalyzes this reaction at pH 2.0. At pH 6.0 the
reaction rate thus increases in the following order of
values of B : Si–0.25 and 0.5 for H2O : Si = 4 : 0. For
ratios of H2O : Si = 6 and 13, the maximum inhibition
of the molybdate reaction occurs at B : Si = 0.25. At
pH 2.0 the effect is the opposite. This may be due to
the fact that during the increase of the boron concentra-
tion and reduction of the pH the boron coordination
relative to oxygen varies from 3 to 4. The increase of the
boron content in the system leads to the formation of
stable low-molecular associates containing B—O—Si
bonds. This results in the distension of the silicon-
oxygen network of the gel with the formation of weakly
structured oligomer forms.

The calculations show that the addition of boric
acid results in a decrease in the proportion of mono-
mers with an increase in the proportion of oligomers.
It confirms the formation of stable low-molecular
borosilicate associates with the following distension of
the gel matrix and the formation of weakly structured
oligomer forms. Thus, the formation and growth of the
gel with a growth of the boron content is accompanied
by restructuring. An increase of the boron coordina-
tion leads to a change in the stability of borosilicate
associates and the appearance of structures containing
=B—O—B= bonds.

The discovered dependences open up space for the
application of the proposed method to study borosili-
cate systems based on the division of the fractions
impacts of silicon and boron.

Studying the Silica Structuring Process 
in the Acidic Solutions Obtained in the Treatment 

of Single-Phased Sodium Borosilicate Glass
The research objects were powders of single-phase

sodium borosilicate glass with a stoichiometric com-
position (calculated as analyzed mol %) of 16.8Na2O ·
39.0B2O3 · 44.2SiO2. A powder glass fraction with
average particle size of 0.515 mm was obtained by pass-
ing through sieves of 0.63 and 0.4 mm. The glass was
processed in 0.1 М HCl at 26°C with forced stirring
(400 rpm). The initial relation between the surface
area of the glass and solution volume S/V was 1 cm–1

when using the powder quantity of 1.0159 g of glass per
50 mL of the treating solution. The extraction kinetics
of the glass components into the solution were studied
GLASS PHYSICS AND CHEMISTRY  Vol. 45  No. 6  
for 1 hour. For estimation of the reproducibility of the
obtained results, three replicated experiments were
performed for each time period of acid treatment of
the sodium borosilicate glass powder [41].

In the time range t ~ 15–20 min, silica continues to
transform into a solution and is accompanied by the
rearrangement by the molecular forms of the silica
contained in the digested solution for a fraction of
0.515 mm (Fig. 1).

It was found that the monomer and oligomer forms
of silica are the main products of the interaction of
sodium borosilicate glass and a 0.1 M HCl solution.
The relation discovered (in the long-term treatment of
glass in an acid solution) between the formation of the
structure of silica and the continuous increase in the
pH of the solution is in accordance with the classic the-
ory of the condensing SiO2 polymerization in the stud-
ied pH range. The calculations performed in the kinetic
model allow obtaining information on the actual frac-
tions of the molecular forms of silica at the given
moment in time.

Based on the results presented in Fig. 1, it is seen
that in the time range from 15 to 50 min the relation of
the molecular forms of silica remains unchanged.
After that the proportion of the oligomer molecular
forms begins to increase with minimization of the con-
tent of the other forms, which corresponds to the
experimental data presented in Fig. 2. This can be
explained by the system reaching the state when the
precipitation process of the secondary silica begins.

At the second stage, the aging of the solutions
obtained in the acid treatment of the powders of sin-
gle-phased sodium borosilicate glass was studied using
the example of an 0.815-mm fraction. The selection of
this fraction is explained by the possibility of covering
2019
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Fig. 2. The quantity of silica  in the treated solution

as a function of leaching time t (min): total quantity of sil-

ica (1), quantity of weakly structured silica (2).
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Fig. 3. The dependence of the reaction time of β-silicomo-
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a broader range of values of S/V, which is an important
characteristic of the leaching process. Measurements
were performed starting from the end of the acid treat-
ment process and after defined periods of time until
achieving a balance in the solutions hereinafter
referred to as structured.

Its presence was determined by the consistency of
the weakly structured silica content in the studied
solutions. As a result, the dependence of τi, of the time

of the reaction’s occurrence for the formation of β-sil-
GLASS
icomolybdic HPA (where i is the number of days since
the beginning of the solution’s existence as a separate
system) on the aging of the solution was found (Fig. 3).

The presence of these facts is explained by the
polymerization processes (2)–(4) occurring in the
solutions:

Polymerization into separated particles with the
formation of the siloxane bonds [1]:

(3)

Polymerization of the boric anhydride hydrates
occurring through the formation of an orthoborate ion:

(4)

Formation of boron-silica associates:

(5)

The result of these processes is the formation of sil-
ica associates incapable of depolymerization. The time
required for the structural equilibrium is ~15 days. The
structural equilibrium of the studied solutions lasts for
at least six months, which corresponds with the data
on 0.1 M HCl solutions with silica and does not
depend on S/V. Note the time dependence of the
occurrence of the β-silicomolybdic HPA formation
reaction at S/V = 0.3 (Fig. 3). In contrast to other rela-
tion of S/V, in this case, the monotonic reduction of the
time of the formation of the complex is observed, which
implies the formation of polymer forms of silica without
the interconversion of its weakly associated forms.

The calculation of the silica monomer fraction
contained in solutions after the acid treatment of the
0.815 mm fraction showed that all the structured silica
is in the monomer form.

CONCLUSIONS

Studying the kinetics of the structuring of silica in
hydroalcoholic TEOS solutions before and after the
gelation point, including boron-containing solutions,
by DK-spectrophotometry revealed that in all the
investigated systems the degree of the hydrolytic poly-
condensation’s direction can be predicted by the results
obtained in the first two hours after the process starts.
This allows accelerating the time of the selection of the
optimal conditions for the synthesis of materials with
the predetermined complex of properties. Apart from
the applied relevance, the calculated kinetic parameters
of the reactions occurring are of interest in the sphere of
phenomenological chemical kinetics. Also the limita-
tion of the elaborated DK-spectrophotometry tech-
nique caused by the time stability of the β-form of the
silicomolybdic HPA was found.

The performed kinetic studies on the solutions
obtained by the acid treatment of single-phase ABS
glass showed that they are dynamic systems in which the
structuring process of silica were observed. This process

≡ + ≡ → ≡ ≡ + 2Si–OH HO–Si Si–O–Si H O.
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fully corresponds to the classical theory of the inorganic
silica polymerization in acidic solutions [67].

The described kinetic method for determining the
degree of silica structuring transformed from the
model single-phase ABS glass into the treated solution
allows investigating the behavior of the silica con-
tained in the unstable phase of two-phase ABS glass
during the leaching process, i.e., predicting its dissolu-
tion rate, form, gelation time, strata formation time,
and thus the formation of the porous structure of the
obtained PG (porous glass). Such a prediction is nec-
essary to determine the physico-chemical features of
the leaching process of two-phase ABS glass for opti-
mizing the synthesis conditions for PG with the pre-
determined structure parameters caused by gelation of
the secondary silica. The obtained data can be used to
describe the leaching process and to determine the
strata formation mechanism.
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