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The paper substantiates the possibility of expanding the raw material base of glass
production through the use of high-silica raw materials, specifically tripoli. The essence
of the study lies in the fact that the main glass-forming component, SiO,, is introduced
at the expense of amorphous silica contained in tripoli. The charge was prepared using a
hydrothermal method. Autoclave treatment of the fired mixture was carried out at 150°C
for 10 hours under a pressure of 0.5 MPa in the presence of NaOH. The content of
sodium hydroxide in the mixture for hydrothermal treatment was 25% calculated in
terms of Na,O. Thermal analysis of the ordinary charge showed that dehydration reactions
last up to 200°C, whereas for the hydrothermal charge dehydration occurs up to 500°C.
This is explained by the release of chemically bound water from siloxane, silanol, and
silandiol groups. For the ordinary charge, the next endothermic effect begins at 500°C
and reaches its maximum at 540°C, which corresponds to the dehydration of kaolin and
is 40°C higher compared to the similar effect in the hydrothermal charge. In the ordinary
charge, the following exothermic effects are observed at 610°C, 650°C, 830°C, and 940°C,
which are associated with silicate formation. In contrast, for the hydrothermal charge,
only two corresponding exothermic effects are recorded at 580°C and 880°C. Other
exothermic effects occur at lower temperatures and overlap with the pronounced
endothermic effect of water release from siloxane groups. XRD data confirm that the
hydrothermal charge becomes almost completely amorphous at 1000°C, and at 1200°C all
diffraction peaks disappear, indicating a fully glassy state. In the ordinary charge, even at
1200°C, peaks corresponding to crystalline silica remain. Visual observation of the stages
of glass formation revealed significant differences in the temperature intervals of silicate
and glass formation between the hydrothermal and ordinary charges. The use of a
hydrothermal charge allows the glass melting temperature to be reduced by 200—250°C.
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Introduction

Given that the reserves of high-quality quartz
sands required for glassmaking are limited, there is a
need to find alternative raw materials for introducing
SiO, into silicate glass. Such materials can be low-
grade sands or high-silica rocks [1—4]. Researchers
also pay much attention to unconventional methods
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of glass charge preparation [4—6]. These include the
precipitation method, hydrothermal charge production,
and chemically activated charge production [7]. The
charge produced in this way has a number of
advantages: high homogeneity, increased reactivity and
low-temperature melting [1,8]. They are produced
using alkali-silicate solutions or liquid glass [5,6]. At
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present, natural quartz sand containing 98—99% SiO,
and a minimum amount of impurities is mainly used
as a raw material for the production of alkaline-silicate
solution by the hydrothermal method [9]. The use of
high-silica rocks for the introduction of SiO, into
glass has been little studied.

Ukraine has large deposits of high-silica rocks
[10]. Leaching of SiO, from the tripoli by the
hydrothermal alkaline processing yields alkali metal
silicates. Further, these solutions can be used to produce
a complex glass charge by co-precipitation, which
will ensure homogeneity and a significant reduction
in the glass melting temperature [4].

The purpose of this paper was to study the
processes of leaching SiO, from the tripoli and
fabricate the charge by the hydrothermal method. In
addition, we compared the samples prepared from the
hydrothermal charge in terms of heat treatment,
structure and thermal properties with those prepared
from the traditional charge.

The object of experimental research was the phase
transformations and kinetics of glasses based on the
amorphous high-silica rock, the tripoli.

Given that the processes that occur during the
hydrothermal method of rock-based charge preparation
are poorly understood, it is important to study the
physicochemical transformations that occur during
the heating of hydrothermal and conventional charges.

Experimental

The charge for glass production was prepared
using two methods: hydrothermal and conventional.
The composition of the charge was selected so that
the welded glass corresponded to conventional
container glass in terms of its composition [7]. The
chemical composition of the resulting glasses
corresponds to the average composition of container
glass (Table 1).

Kaolin, chalk and dolomite are used for both
charges. The sodium-silicate component of the
traditional charge is provided by sand and soda, while
the hydrothermal charge is provided by tripoli and
sodium hydroxide. The chemicals used for glassmaking
are sodium hydroxide (NaOH) and sodium carbonate
(Na,CO,), as well as natural raw materials: tripoli
from the Nemiia deposit (Vinnytsia region), sand
from Novoselivka deposit (Kharkiv region), chalk from

Table 1
Chemical composition of container glass
Oxide SIOZ NaZO CaO MgO A1203
Oxide
content in 71.5 15.3 8.3 1.9 3.0
glass, %

Zdolbuniv deposit (Rivne region), dolomite from
Zavadivka deposit (Ternopil region), and kaolin from
Hlukhivske deposit (Vinnytsia region).

To calculate the chemical composition of the
blends, we took into account the composition of raw
materials (Table 2).

The conventional charge was prepared by
grinding and sieving the raw materials. The fraction
with a size of no more than 0.5 mm was used in the
experiments.

To prepare the hydrothermal charge, the above
two preparatory operations are supplemented by
hydrothermal autoclave treatment of raw materials.
After mixing, the hydrothermal charge was processed
in a laboratory autoclave. The charge was mixed with
water in a 1:1 ratio. The pressure was 0.5 MPa, the
processing temperature was 150°C, and the processing
time was 10 hours. The content of sodium hydroxide
in the mixture for hydrothermal treatment was 25%
in terms of Na,O.

The resulting product, colloidal alkaline solutions
and suspensions of unreacted particles, was subjected
to drying in an oven at 120°C. However, even without
hygroscopic moisture, the charge still contains a large
amount of chemically bound water [6]. Laboratory
experiments have confirmed that the resulting
hydrothermal charge based on tripoli is capable of
swelling when heated up to 500°C. The dehydration
and decarbonization of the hydrothermal charge were
also confirmed by the results of thermal analysis.
Therefore, the pre-dried hydrothermal charge was
subjected to additional thermal treatment: firing in a
muffle furnace at a temperature of 800°C. The charge
treated in this way was solid with a glassy phase
content due to the melting of low-temperature eutectics.

Thermal studies of the charge samples were
carried out using Derivatograph Q-1500 (Hungary) of
the Paulik-Paulik-Erdey system. The samples were
analyzed in a dynamic mode at a heating rate of
10°C/min to 1000°C in an air atmosphere. The weight
of the samples was 1500 mg. Al,O; was taken as a
reference substance. A platinum crucible was used in
the experiments. The sensitivity was 50 mg and
250 uV on the TH scale and on the DTA scale,
respectively. For the thermogravimetric analysis, a
hydrothermal charge was used, which had undergone
preliminary dehydration at a temperature of 120°C.
The conventional charge was used without drying.

The X-ray phase analysis (XRD) of the obtained
samples was performed on a DRON 3M diffractometer
(CuK,, radiation, U=30 kV). The identification of
phases was carried out using the ICDD card index.
The samples were taken from a conventional and a
hydrothermal charge at 20°C, as well as charges heated
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Table 2
Chemical composition of charge components
Chemical composition of glass, % Mass
loss on
Charge components Lo
SIO2 NaQO CaO MgO A1203 F6203 lgnijlon’
0
tripoli 82 0.2 5.7 0.5 3 2 6.6
sand 97.7 0.2 0.56 0.12 0.56 0.2 0.66
soda — 58.5 — — — 41.5
sodium hydroxide — 71.5 — — — — 22.5
chalk 0.95 — 54.65 0.07 0.5 0.1 43.73
dolomite 2.1 — 31.9 20.5 0.5 0.35 44.65
kaolin 46.5 — 0.8 — 39.1 0.4 13.2

to 600, 800, 1000, and 1200°C and kept at each
temperature for 1 hour.

The morphology of the prepared materials was
analyzed visually and by microphotography.

Results and discussion

Both chemical reagents and natural raw materials
were used to prepare the charge. Taking into account
the composition of the raw materials, a formulation
of hydrothermal blends was developed to produce glass
of a given composition (Table 3).

Given that the raw materials contained some
components that were not part of the glass matrix,
the calculated composition differs slightly from the
specified one. However, this deviation is insignificant
(Table 4) and cannot affect the final result.

The formulation for the conventional charge
was calculated taking into account all raw materials
(Table 5).

Since the raw materials contain some
components that were not part of the glass matrix,
the calculated composition slightly differs from the

Table 3
Formulation for hydrothermal charge

given one. However, this deviation is insignificant
and cannot significantly affect the final result
(Table 6).

Figure 1 shows the curves of relative mass loss
(TGA) of hydrothermal and conventional charges
when heated to 1000°C. The conventional charge
undergoes a significant mass loss when heated to
200°C. This is due to the fact that it was not subjected
to preliminary drying, and this moisture loss is
explained by the release of adsorption moisture. In
this case, 4—5% is lost, which corresponds to the
natural moisture content of the air-dry charge. With
an increase in temperature above 200°C, the TG curve
stabilizes somewhat up to 500°C, but there is a slight
constant mass loss. By 500°C, the total mass loss is
about 0.5%.

When heated above 500°C, the ordinary charge
again loses significant weight, the rate of which
increases to 600°C. In this temperature range, the
charge loses more than 2%. This is primarily due to
dehydration of kaolinite:

A1203'2Si02’2H20:A1203’2SiOz+2H20

Charge components Component content, % After the mass loss rate decreases to 700°C, it
tripoli 74.514 increases rapidly again and reaches a maximum at
sodium hydroxide 16.821 900°C.
chalk 1.707 The maximum losses in this temperature range
dolomite 6.164 (900°C) correspond to the following reaction:
kaolin 0.794
total 100.000 CaCO;+Si0,=CaSiO,;+CO,
Table 4
Comparison of the specified and calculated composition of glass for hydrothermal charge
Component of glass Si0, Na,O CaO MgO Al O, Fe,04
Given, % 71.50 15.30 8.30 1.90 3.00 -
By calculation, % 70.26 15.04 8.16 1.87 2.95 1.73
Imbalance, % -1.24 -0.26 -0.14 -0.03 -0.05 1.73
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When the temperature reaches 1000°C, all
dehydration and decarbonization reactions are
completed [9].

The dynamics of mass loss with a hydrothermal
charge is significantly different from the mass loss
with a traditional charge. Thus, the initial mass loss
(=7%) at a temperature of 200°C is significantly higher
than in the previous case. This can be interpreted as
the result of silica dehydration due to desorption of
physically (25—150°C) and chemically bound water
(150—300°C). This stage persists up to significantly
higher temperatures (up to 500°C). This is undoubtedly
due to the presence of siloxane, silanol, and silandiol
groups in the hydrothermal charge of chemically
bound water [10]. Literature data from spectroscopic
analyses and studies of the chemical properties of
silica at different temperatures describe its general
formula, which takes into account the presence of
these groups and describes the relationship between
them [50]: (SiO,),-55(SiOs,H)4sc (SiO3H,),. This
formula describes the chemical composition of
dehydrated silica up to 800°C [11]. In this temperature
range, the formation of silicates with the release of
carbon dioxide shall also be present. Thus, in this
temperature range, we obtain the superposition of exo-
and endo-effects of carbonate decomposition and
dehydration of the charge components. Subsequently,
the rate of mass loss of the sample gradually decreases
and practically stops at a temperature of 900°C. The
decrease in the rate of mass loss at the final stage of
heat treatment and its practical cessation indicates
that the main processes of silicate formation in the
hydrothermal charge occurred at significantly lower
temperatures. This confirms the higher reactivity of
the hydrothermal charge compared to the ordinary

Table 5
Formulation for conventional charge
Charge components Component content, %
sand 57.681
soda 21.404
chalk 7.619
dolomite 7.291
kaolin 5.320
total 100.000

one [10].

Figure 2 shows the results of differential thermal
analysis (DTA) of the samples. In both cases,
pronounced end-effects are observed, the maximum
of which corresponds to a temperature of 120°C. For
the ordinary charge, this is the evaporation of
adsorption water, for the hydrothermal charge, it is
the evaporation of adsorption water, to which is added
an intense end-effect of water release from siloxane
groups [11].

For the ordinary charge, the following thermal
effect (end effect) begins at a temperature of 500°C
and reaches a maximum at 540°C; it is caused by the
dehydration of kaolin. A similar effect is observed for
the hydrothermal charge sample, which begins at
460°C and reaches a maximum at 500°C. That is, it
is shifted by 40°C to the low-temperature region
compared to the ordinary charge. For the ordinary
charge, the following thermal effects (exo-effects) are
observed at temperatures: 610°C, 650°C, 830°C, and
940°C. They are caused by the formation of various
silicates. For the hydrothermal charge sample, we
observe only two corresponding exo-effects at
temperatures of 580°C and 880°C. This is due to the
fact that the other exo-effects occurred at lower
temperatures. They are superimposed on the
pronounced end-effect of water dehydration.

Thus, the results of the differential thermal
analysis of the charges indicate that phase
transformations in the hydrothermal charge occur and
end at significantly lower temperatures than in the
ordinary charge.

X-ray phase analysis was performed for samples
of ordinary (Fig. 3) and hydrothermal (Fig. 4) charges
heated to a certain set temperature. This made it
possible to trace their transformation during the heat
treatment process. For the hydrothermal charge, its
diffractogram before heat treatment is also shown.

The XRD data confirm that tripoli exhibits a
high degree of amorphousness, unlike quartz sand. In
the hydrothermal charge, the rate of all reactions is
much higher, as evidenced by the decrease in reflexes
at lower temperatures compared to the ordinary charge.
Thus, the hydrothermal charge at a temperature of
1000°C is almost amorphous, and at 1200°C all reflexes

Table 6

Comparison of the given and calculated glass composition for conventional charge

Component of glass SiO, Na,O CaO MgO Al,O4 Fe, O3
Given, % 71.50 15.30 8.30 1.90 3.00 -

By calculation, % 71.35 15.27 8.28 1.90 2.99 0.21

Imbalance, % —-0.15 —0.03 —0.02 0.00 —-0.01 0.21

Mykola Plemyannikov, Nataliia Zhdaniuk



ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2025, No. 5, pp. 39-47 43

are absent, which indicates a 100% glassy state. It can
be predicted that the amorphization of this charge
ended around 1100°C. In the ordinary charge, even
at 1200°C, diffraction peaks corresponding to crystalline
silica are observed [3,12].

Visual observation of the stages of glass formation
showed that the heat treatment of hydrothermal and
ordinary charges at temperatures of 600°C, 800°C,
1000°C, and 1200°C has significant differences in the
temperature intervals of the silicate and glass formation
stages (Fig. 5). Thus, at a temperature of 600°C, the
hydrothermal charge is represented by a sintered
product, which indicates the appearance of a liquid
phase caused by the melting of eutectics. At the same
time, no changes have occurred in the ordinary charge.
When the hydrothermal charge is heated to 800°C,
its active melting with rapid gas release can be observed.
This is evidenced by large cavities from gas bubbles.
The ordinary charge at this temperature is a partially
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Fig. 2. Differential thermal analysis of charges

sintered product.

At a temperature of 1000°C, a glassy phase has
already formed from the hydrothermal charge. The
clarification process is nearing its completion. For
the ordinary charge, we observe active melting with
rapid gas emission. This is evidenced by large gas
bubble cavities in the melt. At 1200°C, the hydrothermal
charge is practically welded, with only residual «gnats»
observed. For the ordinary charge, we observe the
partial appearance of a vitreous phase with a large
amount of foam in the surface layers and significant
bubbles.

Thus, visual observations indicate that when using
a hydrothermal charge, all stages of silicate and glass
formation are approximately 200°C ahead of those
for an ordinary charge.

Conclusions

The studies confirmed the advantages of using a
hydrothermal charge with tripoli compared to an
ordinary charge for the production of container glass.
The hydrothermal method applied for making the
charge using the high-silica mineral tripoli allows us
to achieve a number of technological advantages.
Specifically, these are the use of local mineral raw
materials and reduced emissions of dusty components
of the charge during preparation, transportation and
loading into the glass furnace. Such a charge is
characterized by high homogeneity. In addition, the
use of this method allows reducing the glass melting
temperature by 200—250°C compared to ordinary
melting. In addition, the hydrothermal charge can be
compacted and produced in the form of granules,
briquettes or pressings, which will significantly improve
the environmental friendliness of the glassmaking
process.
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T'TAPOTEPMAJIbHA OBPOBKA HINXTU 13 .
BUKOPUCTAHHAM BUCOKOKPEMHE3EMUCTOI
CUPOBUHU TIPU BUPOBHUIITBI CKJIA

M.M. Ilremannixos, H.B. 2Koanrox

Y po6oti 00rpyHTOBaHA MOXKJIMBICTH PO3LIMPEHHSI CU-
POBMHHOI 0a3M CKJSHOTO BUPOOHUIITBA 32 PAaxXyHOK BUKO-
PUCTaHHSI BUCOKOKPEMHE3eMUCTOI cupoBuHU — Tperneny. CyTb
NOCJIIKEHHSI TIOJISITA€ B TOMY, IO BBEACHHS OCHOBHOTIO
KoMTIOHeHTy ckia SiO, BimOyBaeTbcs 3a paxyHOK aMOp(hHOTO
KpeMHe3eMy, 110 MiCTUTbCS y Tpenei. [IIuxTy roryBaiu rigpo-
TepMaJIbHUM CITOCOOOM. ABTOKJIaBHE OOpOOJICHHS BimmaieHol
cymimi 3aiiicHioBaau 3a temmeparypu 150°C mpotsirom 10 ro-
muH nipu tucky 0,5 MIla 3 BukopuctanHsM NaOH. Bwmict
HATPiil TIAPOKCUAY Yy CYMIllli IJis TiIpoTepMaslbHOI 0OpOOKM y
nepepaxyHky Ha Na,O ckimanaB 25%. TepmiuHuii aHaji3 Tpa-
IUIIAHOI IMXTU ITOKa3aB, 10 peakiil JeriapaTalii TpUBaIOTh
no 200°C, Tomi K g TigpoTepMaibHOI IMMXTH [ETigpaTallis
BinOyBaeTbes 10 500°C, 110 MMOSICHIOETHCS BUALICHHIM XiMiYHO
3B’513aHOI BOIU CUJIOKCAHOBUX, CWJIAHOJBHUX 1 CUJIAHIiOJb-
HUX rpyn. g TpaguuUiiiHOI IMMXTH HACTYIHUN eHIoe(heKT
nounHaetbes npu 500°C i gocsirae makcumymy mpu 540°C,
110 00yMOBJIEHMI1 AerimpaTaiieio kaomiHy ta Ha 40°C Buie y
MOPIiBHSIHHI 3 aHAJOTIYHUMM €HI0e(MEKTOM TigpOoTepMabHOL
WUXTU. a1 TpaaAMLidHOI IIMXTH HACTYIHI e€K30e(heKTH
crocTepirarotecs mpu temmeparypax: 610°C, 650°C, 830°C,
940°C. BoHu 0OyMOBJIEHI yTBOPEHHSIM CUJIiKaTiB. BinmosimHi
eKk30eeKTH I 3pa3Ka TiIpoTepMaibHOI IIMXTU CIIOCTepira-
oThed nuiie aBa npu temmeparypax 580°C i 880°C. Immui
ek30edeKTH BiIOYBalOThCS 3a HUXYMX TeMIlepaTyp Ta Hak/a-
JAIOThCSI HA BUpaXXCHMI eHmoedeKT AeTiaparailii BOOU CUIOK-
caHoBMX rpyn. JlaHi peHTreHo(})a30BOro aHami3y MiATBEPIKY-
I0Th, 1110 TizpoTepMajbHa Iuxta 3a temnepatypu 1000°C
npakTudHO amopdizoBana, a rmpu 1200°C Bci pediekcu BincyTHi,
110 CBiMYUTH MPO CTOBIICOTKOBMII CKJIOBUIHMI CTaH. Y Tpa-
OULIHINA wmxTi HaBiTh 3a Temmneparypu 1200°C crocrepira-
IOThCS TMiKM, 1110 BIiAMOBiZAIOTh KPUCTATIYHOMY KPEMHE3eMY.
BisyanbHe criocTepeXeHHsT CTaliii CKJIOBapiHHS I0Ka3ajio, IO
TepMOOOpPOOKA TiAPOTEPMAIIbHOI Ta TPaIMLIAHOI IIUXT Ma€
CYTTEBI Pi3HULI TeMIIepaTypHUX IHTepBaJliB CTamdiii CUJIiKaTO- i
CKJIOyTBOpPEHHS. BUKOpUCTAHHS TiApOTepMalbHOI LIUXTU
JIO3BOJISIE 3HM3UTU TeMIlepaTypy BapiHHs ckia Ha 200—250°C.

KimouoBi cioBa: rimporepmasibHa 1IMXTa, TPETes, CKIIO,
TepMIUHUI aHai3; peHTreHo(a30BUii aHai3.
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The paper substantiates the possibility of expanding the
raw material base of glass production through the use of high-
silica raw materials, specifically tripoli. The essence of the study
lies in the fact that the main glass-forming component, SiO,, is
introduced at the expense of amorphous silica contained in tripoli.
The charge was prepared using a hydrothermal method. Autoclave
treatment of the fired mixture was carried out at 150°C for 10
hours under a pressure of 0.5 MPa in the presence of NaOH.
The content of sodium hydroxide in the mixture for hydrothermal
treatment was 25% calculated in terms of Na,O. Thermal analysis
of the ordinary charge showed that dehydration reactions last up
to 200°C, whereas for the hydrothermal charge dehydration occurs
up to 500°C. This is explained by the release of chemically bound
water from siloxane, silanol, and silandiol groups. For the ordinary
charge, the next endothermic effect begins at 500°C and reaches
its maximum at 540°C, which corresponds to the dehydration of
kaolin and is 40°C higher compared to the similar effect in the
hydrothermal charge. In the ordinary charge, the following
exothermic effects are observed at 610°C, 650°C, 830°C, and
940°C, which are associated with silicate formation. In contrast,
for the hydrothermal charge, only two corresponding exothermic
effects are recorded at 580°C and 880°C. Other exothermic effects
occur at lower temperatures and overlap with the pronounced
endothermic effect of water release from siloxane groups. XRD
data confirm that the hydrothermal charge becomes almost
completely amorphous at 1000°C, and at 1200°C all diffraction
peaks disappear, indicating a fully glassy state. In the ordinary
charge, even at 1200°C, peaks corresponding to crystalline silica
remain. Visual observation of the stages of glass formation revealed
significant differences in the temperature intervals of silicate and
glass formation between the hydrothermal and ordinary charges.
The use of a hydrothermal charge allows the glass melting
temperature to be reduced by 200—250°C.

Keywords: hydrothermal charge; tripoli; glass; thermal
analysis; XRD.

REFERENCES

1. Owoeye SS, Abegunde SM, Oji B. Effects of process
variable on synthesis and characterization of amorphous silica
nanoparticles using sodium silicate solutions as precursor by sol—
gel method. Nano-Struct Nano-Objects. 2021; 25: 100625.
doi: 10.1016/j.nan0s0.2020.100625.

2. Febriana E, Mayangsari W, Yudanto SD, Sulistiyono E,
Handayani M, Firdiyono F, et al. Novel method for minimizing
reactant in the synthesis of sodium silicate solution from mixed-
phase quartz-amorphous SiO,. Case Stud Chem Environ Eng.
2024; 9: 100656. doi: 10.1016/j.cscee.2024.100656.

3. Reka AA, Durmishi B, Jashari A, Pavlovski B,
Buxhaku N, Durmishi A. Physical-chemical and mineralogical-
petrographic examinations of trepel from Republic of Macedonia.
Int J Innov Stud Sci Eng Technol. 2016; 2(1): 13-17.

Mykola Plemyannikov, Nataliia Zhdaniuk



ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2025, No. 5, pp. 39-47 47

4. Movsisyan MS, Gevorkyan AC, Grigoryan OV.
Issledovanie protsessov avtoklavnogorastvoreniya kvartsevogo peska
i vysokokremnezemistoi porody — tripola fokinskogo
mestorozhdeniya [Study of the processes of autoclave dissolution
of quartz sand and high-siliceous rock — tripole of the Fokinsky
deposit]. Armyanski Khimicheskii Zhurnal, 1989; 42(2): 77-82.
(in Russian).

5. Rao B, Dai H, Gao L, Xie H, Gao G, Peng K, et al.
Surprisingly highly reactive silica that dissolves rapidly in
dilute alkali (NaOH) solution even at ambient temperatures
(25°C). J Clean  Prod. 2022; 341: 130779.
doi: 10.1016/j.jclepro.2022.130779.

6. Pfeiffer T, Enke D, Roggendorf H. Hydrothermal
dissolution of technical grade vitreous silica in NaOH
solutions to liquid water glasses with higher SiO,:Na,O
ratios. Chemie Ingenieur Technik. 2021; 93: 473-481.
doi: 10.1002/cite.202000107.

7. Plemiannikov MM, Yatsenko AP, Pylypenko IV,
Kornilovych BYu. [Innovatsiini tekhnolohii u vyrobnytstvi
spetsialnoho ta pobutovoho skla | Technological innovations in the
production of special and consumer glass]. Kyiv: KPI im. Igorya
Sikorskogo; 2018. (in Ukrainian).

8. Plemyannikov MM, Zhdaniuk NV. Novi sklopodibni
materialy i metody yikh syntezu. Khimiia sklopodibnykh materialiv
[New glassy materials and methods of their synthesis. Chemistry
of glassy materials]. Kyiv: KPI im. Ihoria Sikorskoho; 2024.
(in Ukrainian).

9. Plemyannikov MM, Zhdaniuk NV. Fizychna khimiya
tugoplavkyh nemetalevyh i silikatnykh materialiv [ Physical chemistry
of refractory non-metallic and silicate materials]. Kyiv: KPI KPI
im. Ihoria Sikorskoho, Politekhnika; 2022. (in Ukrainian).

10. Crundwell FK. On the mechanism of the dissolution
of quartz and silica in aqueous solutions. ACS Omega. 2017;
2(3), 1116-1127. doi: 10.1021/acsomega.7b00019.

11. Zaitsev VN. Kompleksoutvorenniya khimichno
modyfikovanykh kremnezemiv: otrymannia, viastyvosti ta khimiya
poverkhni [Complex formation of chemically modified silicas:
preparation, properties and surface chemistry]. Kharkiv: Folio;
1997. (in Ukrainian).

12. Brindley GW, Brown G. Crystal structures of
clay minerals and their X-ray identification. London:
Mineralogical Society of Great Britain and Ireland; 1980.
doi: 10.1180/mono-5.

Hydrothermal treatment of the charge using high-silica raw materials in glass production





