
39

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

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

© Mykola Plemyannikov, Natali³a Zhdan³uk, 2025

                          This article is an open access article distributed under the terms and conditions of the Creative
                           Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

UDC 666.1.016.1(045)

Mykola Plemyannikov, Natali³a Zhdan³uk

HYDROTHERMAL TREATMENT OF THE CHARGE USING HIGH-SILICA RAW
MATERIALS IN GLASS PRODUCTION

National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine

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, SiO2, 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 1500C

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 Na2O. Thermal analysis of the ordinary charge showed that dehydration reactions

last up to 2000C, whereas for the hydrothermal charge dehydration occurs up to 5000C.

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 5000C

and reaches its maximum at 5400C, which corresponds to the dehydration of kaolin and

is 400C higher compared to the similar effect in the hydrothermal charge. In the ordinary

charge, the following exothermic effects are observed at 6100C, 6500C, 8300C, and 9400C,

which are associated with silicate formation. In contrast, for the hydrothermal charge,

only two corresponding exothermic effects are recorded at 5800C and 8800C. 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 10000C, and at 12000C all

diffraction peaks disappear, indicating a fully glassy state. In the ordinary charge, even at

12000C, 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 200–2500C.
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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
SiO2 into silicate glass. Such materials can be low-
grade sands or high-silica rocks [1–4]. Researchers
also pay much attention to unconventional methods

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% SiO2

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 SiO2 into
glass has been little studied.

Ukraine has large deposits of high-silica rocks
[10]. Leaching of SiO2 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 SiO2 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
(Na2CO3), as well as natural raw materials: tripoli
from the Nemiia deposit (Vinnytsia region), sand
from Novoselivka deposit (Kharkiv region), chalk from

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 1500C, and the processing
time was 10 hours. The content of sodium hydroxide
in the mixture for hydrothermal treatment was 25%
in terms of Na2O.

The resulting product, colloidal alkaline solutions
and suspensions of unreacted particles, was subjected
to drying in an oven at 1200C. 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 5000C. 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 8000C. 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
100C/min to 10000C in an air atmosphere. The weight
of the samples was 1500 mg. Al2O3 was taken as a
reference substance. A platinum crucible was used in
the experiments. The sensitivity was 50 mg and
250 µV 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 1200C.
The conventional charge was used without drying.

The X-ray phase analysis (XRD) of the obtained
samples was performed on a DRON 3M diffractometer
(CuKα 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 200C, as well as charges heated

Table 1

Chemical composition of container glass

Oxide SiO2 Na2O CaO MgO Al2O3 

Oxide 

content in 

glass, % 

71.5 15.3 8.3 1.9 3.0 
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to 600, 800, 1000, and 12000C 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

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 10000C. The conventional charge
undergoes a significant mass loss when heated to
2000C. 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 2000C, the TG curve
stabilizes somewhat up to 5000C, but there is a slight
constant mass loss. By 5000C, the total mass loss is
about 0.5%.

When heated above 5000C, the ordinary charge
again loses significant weight, the rate of which
increases to 6000C. In this temperature range, the
charge loses more than 2%. This is primarily due to
dehydration of kaolinite:

Al2O3⋅2SiO2⋅2H2O=Al2O3⋅2SiO2+2H2O

After the mass loss rate decreases to 7000C, it
increases rapidly again and reaches a maximum at
9000C.

The maximum losses in this temperature range
(9000C) correspond to the following reaction:

CaCO3+SiO2=CaSiO3+CO2

Table 2

Chemical composition of charge components

Chemical composition of glass, % 

Charge components 
SiO2 Na2O CaO MgO Al2O3 Fe2O3 

Mass 

loss on 

ignition, 

% 

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 – 77.5 – – – – 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 

Table 3

Formulation for hydrothermal charge

Charge components Component content, % 

tripoli 74.514 

sodium hydroxide 16.821 

chalk 1.707 

dolomite 6.164 

kaolin 0.794 

total 100.000 

Table 4

Comparison of the specified and calculated composition of glass for hydrothermal charge
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When the temperature reaches 10000C, 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 2000C is significantly higher
than in the previous case. This can be interpreted as
the result of silica dehydration due to desorption of
physically (25–1500C) and chemically bound water
(150–3000C). This stage persists up to significantly
higher temperatures (up to 5000C). 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]: (SiO2)1–5.5x(SiO5/2H)4.5x (SiO3H2)x. This
formula describes the chemical composition of
dehydrated silica up to 8000C [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 9000C. 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

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 1200C. 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 5000C
and reaches a maximum at 5400C; it is caused by the
dehydration of kaolin. A similar effect is observed for
the hydrothermal charge sample, which begins at
4600C and reaches a maximum at 5000C. That is, it
is shifted by 400C to the low-temperature region
compared to the ordinary charge. For the ordinary
charge, the following thermal effects (exo-effects) are
observed at temperatures: 6100C, 6500C, 8300C, and
9400C. They are caused by the formation of various
silicates. For the hydrothermal charge sample, we
observe only two corresponding exo-effects at
temperatures of 5800C and 8800C. 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
10000C is almost amorphous, and at 12000C all reflexes

Table 5

Formulation for conventional charge

Table 6

Comparison of the given and calculated glass composition 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 

Component of glass SiO2 Na2O CaO MgO Al2O3 Fe2O3 

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 
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are absent, which indicates a 100% glassy state. It can
be predicted that the amorphization of this charge
ended around 11000C. In the ordinary charge, even
at 12000C, 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 6000C, 8000C,
10000C, and 12000C has significant differences in the
temperature intervals of the silicate and glass formation
stages (Fig. 5). Thus, at a temperature of 6000C, 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 8000C,
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

sintered product.
At a temperature of 10000C, 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 12000C, 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 2000C 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 200–2500Ñ 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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Fig. 3. XRD patterns of raw materials and ordinary charge

Fig. 4. XRD patterns of raw materials and hydrothermal charge



45

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

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

Fig. 5. Glassmaking kinetics of ordinary and hydrothermal charge

4. Movsisyan M.S., Gevorkyan A.C., Grigoryan O.V.

Issledovanie protsessov avtoklavnogorastvoreniya kvartsevogo peska

i vysokokremnezemistoi porody – tripola fokinskogo

mestorozhdeniya // Arm. Khim. Zh. – 1989. – Vol.42. –

No. 2. – P.77-82.

5. Surprisingly highly reactive silica that dissolves rapidly in

dilute alkali (NaOH) solution even at ambient temperatures

(25°C) / Rao B., Dai H., Gao L., Xie H., Gao G., Peng K.,

et al. // J. Clean Prod. – 2022. – Vol.341. – Art. No. 130779.

6. Pfeiffer T., Enke D., Roggendorf H. Hydrothermal

dissolution of technical grade vitreous silica in NaOH solutions

to liquid water glasses with higher SiO2:Na2O ratios // Chemie

Ingenieur Technik. – 2021. – Vol.93. – P.473-481.

7. Innovatsiini tekhnolohii u vyrobnytstvi spetsialnoho ta

pobutovoho skla / Plemiannikov M.M., Yatsenko A.P.,

Pylypenko I.V., Kornilovych B.Yu. – Kyiv: KPI im. Igorya

Sikorskogo, 2018.

8. Plemyannikov M.M., Zhdaniuk N.V. Novi sklopodibni

materialy i metody yikh syntezu. Khimiia sklopodibnykh

materialiv. – Kyiv: KPI im. Ihoria Sikorskoho, 2024.

9. Plemyannikov M.M., Zhdaniuk N.V. Fizychna khimiya

tugoplavkyh nemetalevyh i silikatnykh materialiv. – Kyiv: KPI

KPI im. Ihoria Sikorskoho, Politekhnika, 2022.

10. Crundwell F.K. On the mechanism of the dissolution

of quartz and silica in aqueous solutions // ACS Omega. – 2017.

– Vol.2. – No. 3. – P.1116-1127.

11. Zaitsev V.N. Kompleksoutvorenniya khimichno

modyfikovanykh kremnezemiv: otrymannia, vlastyvosti ta khimiya

poverkhni. Kharkiv: Folio, 1997.

12. Brindley G.W., Brown G. Crystal structures of clay

minerals and their X-ray identification. – London: Mineralogical

Society of Great Britain and Ireland, 1980.

Received 18.04.2025



46

Mykola Plemyannikov, Natali³a Zhdan³uk

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

Ã²ÄÐÎÒÅÐÌÀËÜÍÀ ÎÁÐÎÁÊÀ ØÈÕÒÈ ²Ç
ÂÈÊÎÐÈÑÒÀÍÍßÌ ÂÈÑÎÊÎÊÐÅÌÍÅÇÅÌÈÑÒÎ¯
ÑÈÐÎÂÈÍÈ ÏÐÈ ÂÈÐÎÁÍÈÖÒÂ² ÑÊËÀ

Ì.Ì. Ïëåìÿíí³êîâ, Í.Â. Æäàíþê

Ó ðîáîò³ îá´ðóíòîâàíà ìîæëèâ³ñòü ðîçøèðåííÿ ñè-
ðîâèííî¿ áàçè ñêëÿíîãî âèðîáíèöòâà çà ðàõóíîê âèêî-
ðèñòàííÿ âèñîêîêðåìíåçåìèñòî¿ ñèðîâèíè – òðåïåëó. Ñóòü
äîñë³äæåííÿ ïîëÿãàº â òîìó, ùî ââåäåííÿ îñíîâíîãî
êîìïîíåíòó ñêëà SiO2 â³äáóâàºòüñÿ çà ðàõóíîê àìîðôíîãî
êðåìíåçåìó, ùî ì³ñòèòüñÿ ó òðåïåë³. Øèõòó ãîòóâàëè ã³äðî-
òåðìàëüíèì ñïîñîáîì. Àâòîêëàâíå îáðîáëåííÿ â³äïàëåíî¿
ñóì³ø³ çä³éñíþâàëè çà òåìïåðàòóðè 1500Ñ ïðîòÿãîì 10 ãî-
äèí ïðè òèñêó 0,5 ÌÏà ç âèêîðèñòàííÿì NaOH. Âì³ñò
íàòð³é ã³äðîêñèäó ó ñóì³ø³ äëÿ ã³äðîòåðìàëüíî¿ îáðîáêè ó
ïåðåðàõóíêó íà Na2O ñêëàäàâ 25%. Òåðì³÷íèé àíàë³ç òðà-
äèö³éíî¿ øèõòè ïîêàçàâ, ùî ðåàêö³¿ äåã³äðàòàö³¿ òðèâàþòü
äî 2000Ñ, òîä³ ÿê äëÿ ã³äðîòåðìàëüíî¿ øèõòè äåã³äðàòàö³ÿ
â³äáóâàºòüñÿ äî 5000Ñ, ùî ïîÿñíþºòüñÿ âèä³ëåííÿì õ³ì³÷íî
çâ’ÿçàíî¿ âîäè ñèëîêñàíîâèõ, ñèëàíîëüíèõ ³ ñèëàíä³îëü-
íèõ ãðóï. Äëÿ òðàäèö³éíî¿ øèõòè íàñòóïíèé åíäîåôåêò
ïî÷èíàºòüñÿ ïðè 5000Ñ ³ äîñÿãàº ìàêñèìóìó ïðè 5400Ñ,
ùî îáóìîâëåíèé äåã³äðàòàö³ºþ êàîë³íó òà íà 400Ñ âèùå ó
ïîð³âíÿíí³ ç àíàëîã³÷íèìè åíäîåôåêòîì ã³äðîòåðìàëüíî¿
øèõòè. Äëÿ òðàäèö³éíî¿ øèõòè íàñòóïí³ åêçîåôåêòè
ñïîñòåð³ãàþòüñÿ ïðè òåìïåðàòóðàõ: 6100Ñ, 6500Ñ, 8300Ñ,
9400Ñ. Âîíè îáóìîâëåí³ óòâîðåííÿì ñèë³êàò³â. Â³äïîâ³äí³
åêçîåôåêòè äëÿ çðàçêà ã³äðîòåðìàëüíî¿ øèõòè ñïîñòåð³ãà-
þòüñÿ ëèøå äâà ïðè òåìïåðàòóðàõ 5800Ñ ³ 8800Ñ. ²íø³
åêçîåôåêòè â³äáóâàþòüñÿ çà íèæ÷èõ òåìïåðàòóð òà íàêëà-
äàþòüñÿ íà âèðàæåíèé åíäîåôåêò äåã³äðàòàö³¿ âîäè ñèëîê-
ñàíîâèõ ãðóï. Äàí³ ðåíòãåíîôàçîâîãî àíàë³çó ï³äòâåðäæó-
þòü, ùî ã³äðîòåðìàëüíà øèõòà çà òåìïåðàòóðè 10000Ñ
ïðàêòè÷íî àìîðô³çîâàíà, à ïðè 12000Ñ âñ³ ðåôëåêñè â³äñóòí³,
ùî ñâ³ä÷èòü ïðî ñòîâ³äñîòêîâèé ñêëîâèäíèé ñòàí. Ó òðà-
äèö³éí³é øèõò³ íàâ³òü çà òåìïåðàòóðè 12000Ñ ñïîñòåð³ãà-
þòüñÿ ï³êè, ùî â³äïîâ³äàþòü êðèñòàë³÷íîìó êðåìíåçåìó.
Â³çóàëüíå ñïîñòåðåæåííÿ ñòàä³é ñêëîâàð³ííÿ ïîêàçàëî, ùî
òåðìîîáðîáêà ã³äðîòåðìàëüíî¿ òà òðàäèö³éíî¿ øèõò ìàº
ñóòòºâ³ ð³çíèö³ òåìïåðàòóðíèõ ³íòåðâàë³â ñòàä³é ñèë³êàòî- ³
ñêëîóòâîðåííÿ. Âèêîðèñòàííÿ ã³äðîòåðìàëüíî¿ øèõòè
äîçâîëÿº çíèçèòè òåìïåðàòóðó âàð³ííÿ ñêëà íà 200–2500Ñ.

Êëþ÷îâ³ ñëîâà: ã³äðîòåðìàëüíà øèõòà, òðåïåë, ñêëî,
òåðì³÷íèé àíàë³ç; ðåíòãåíîôàçîâèé àíàë³ç.
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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, SiO2, 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 1500C 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 Na2O. Thermal analysis
of the ordinary charge showed that dehydration reactions last up
to 2000C, whereas for the hydrothermal charge dehydration occurs
up to 5000C. 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 5000C and reaches
its maximum at 5400C, which corresponds to the dehydration of
kaolin and is 400C higher compared to the similar effect in the
hydrothermal charge. In the ordinary charge, the following
exothermic effects are observed at 6100C, 6500C, 8300C, and
9400C, which are associated with silicate formation. In contrast,
for the hydrothermal charge, only two corresponding exothermic
effects are recorded at 5800C and 8800C. 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 10000C, and at 12000C all diffraction
peaks disappear, indicating a fully glassy state. In the ordinary
charge, even at 12000C, 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 200–2500C.

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