Chemical Technology, Vol. 1 (32), 2026, pp. 18-25

https://doi.org/10.58805/ct.V.1(32)-4

INVESTIGATION OF THE POSSIBILITY OF PRODUCING LIQUID
GLASS BASED ON OPOKA FROM THE TASKALA DEPOSIT

A.F. Urazova'®, S.S. Satayeva1 = D.S. Nazarova'®, A.L Khatsrinov? , G.A. Otegenova1

Received: 26 June 2026
Accepted: 10 September 2026
Published: 30 September 2026
Citation: S.S. Satayeva, et al.

« INVESTIGATION OF THE
POSSIBILITY OF PRODUCING
LIQUID GLASS BASED ON
OPOKA FROM THE TASKALA

DEPOSIT ». Chemical Technology,

vol. 1, no. 32, Sept. 2026, doi:
https.//doi.org/10.58805/ct.V.1(32)
-4

License CC BY 4.0

! Zhangir khan West-Kazakhstan agrarian technical university, Uralsk, Kazakhstan

? Kazan National Research Technological University, Kazan, Russia

Corresponding author: sataeva_safura@mail.ru

This paper examines the feasibility of producing liquid glass using a natural
siliceous raw material - flake from the Taskala deposit, located in the West
Kazakhstan region of the Republic of Kazakhstan. Physicochemical analyses of
the source material were performed, determining its chemical and mineralogical
composition, silica content, and clay content. Chemical composition revealed a
SiO, content of 70-78%, which meets the raw material requirements for liquid
glass production. The process of alkaline treatment of opoka using 20% solutions
of sodium and potassium hydroxide has been studied. The temperature and time
parameters affecting the completeness of silica dissolution have been studied. It has
been established that at a temperature of 95-98 °C and a duration of 2-3 hours, the
best result is achieved in terms of the yield of liquid glass with a silicate module
within the regulatory limits when the raw material: alkali ratio is 1:2. Alkaline
treatment of flasks using 20% sodium and potassium hydroxide solutions was
studied. Temperature and time parameters influencing the completeness of silica
dissolution were examined. It was found that a temperature of 95-98°C and a
duration of 2-3 hours with a raw material: alkali ratio of 1:2 yielded the best liquid
glass with a silicate modulus within the specified limits. Thus, the opoka from the
Taskalinsky deposit can be effectively used as a raw material for the production of
liquid glass, which has been confirmed by laboratory tests and a feasibility study of
the process.

Keywords: liquid glass, opoka, siliceous raw materials, Taskalinskoye deposit,
silicon dioxide, silicate module, sodium hydroxide, potassium hydroxide, chemical
processing.

HNCCIIEAOBAHHUE BO3MOKHOCTH INOJTYYEHUSA KUJAKOT'O
CTEKJIA HA OCHOBE OITIOKH TACKAJIMHCKOTI'O
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B pabore paccMoTpeHa BO3MOXKHOCTH MONYYCHHS XHIKOTO CTEKJIa Ha OCHOBE
MIPUPOJHOTO KPEMHHCTOTO CBIPhSI - OMOKHM TacKaJIMHCKOTO MECTOPOXICHHS,
pacrionokeHHoro B 3amagHo-Kazaxcranckoi obmactn PecmyOnmukm Kasaxcras.
HccnenoBanbl (pU3NKO-XMMHUYECKHE aHATM3BI HCXOAHOTO MaTepHala: ONpeiesICHbI
XUMUYECKUI U MUHEPAJIOTHUECKUI COCTAB, COEPKaHNE KpEMHE3EMA U ITTMHUCTHIX
KOMIIOHEHTOB. XHMHUYECKHH cOCTaB Mokasan coxepxanue SiO, Ha yposae 70-78%,
YTO COOTBETCTBYET TPEOOBAHMAM K CHIPHIO AJISI MOTYUEHHUS JKUAKOTO CTEKIIA.
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Wzyden mporuecc menoyHoil o0paboTku omoku ¢ npuMeHeHreM 20%-HbIX pacTBOPOB TMAPOKCHIA HATpPHUS U
kamust. M3ydeHsl TeMmInepaTypHO-BpEMEHHBIE MapaMeTpsl, BIAMSIONINE Ha MOJIHOTY PacTBOPEHHs] KpeMHe3EMa.
YcraHoBneHO, uTo Npu Temmneparype 95-98 °C u npopomKUTeNnbHOCTH 2-3 Yaca B COOTHOIIEHUH ChIPhE: IENOUb =
1:2 gocTuraercs HaWTy4IIUi pe3ysabTaT O BBIXOAY JKUAKOTO CTEKJIA C CHIIMKAaTHBIM MOJYJIEM B Mpesienax HopMa-
TUBHBIX 3Ha4eHUH. TakuM o0pa3zoM, onoka TackaJIMHCKOTO MECTOPOKIEHHSI MOXET MCIIOIb30BaThCS B KAYECTBE
CBIPBS JUISI IIPOM3BOICTBA JKUJIKOTO CTEKJIA, YTO MOATBEPXKICHO J1a00paTOPHBIMH HCIIBITAHUSIMH M TEXHUKO-IKOHO-
MHUYECKIM 000CHOBaHHEM MpoLecca.

KaoueBble ciioBa: JKHUJIKOE CTCKJIO, OIIOKA, KPEMHHUCTOC CLIpLé, TackaauHCKOE MECTOPOKACHUEC, TUOKCU]
KpEeMHUA, CHIIMKATHBIN MOAYJIb, THAPOKCUI HATPHU, THAPOKCU KaJIHUA, XUMHWYCCKasA nepepa6OTKa.

TACKAJIA KEH OPHbI OIIOKACHI HET'I3IH/IE CYUBIK IIbIHBI AJTY MYMKIHJIITTH
3EPTTEY
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Kymricra Kazakcran PecmybmmkaceiaeiH bateic Kazakcran oOmipichiHma opHamackaH Tackaia K€H OpHBIHBIH
OTIOKACHI - TAOMFU KPEeMHHH IINKi3aThl HETi31HAE CYHBIK MIBIHBI aly MYMKIHZITT Kapaiasl. bactamkel marepuali-
IOBIH (DM3UKa-XUMISUTBIK Tallaynaphsl KYPTi3iiin, OHBIH XUMUSIIBIK KOHE MUHEPATOTHSIIBIK KYPaMbl, KPEeMHHH
JUOKCHU/II JKOHE ca3 Kypambl aHBIKTAIABl. XUMHSIBIK KypaMbl CYHBIK IIBIHBI ©HIIpiciHE KOMBUIATHIH MIMKi3aT
TananrtapelHa cail kenetin SiO, memmepiHig 70-78% exeHin kepcerti. Harpuii Men kanuii ruapokcuminiy 20%
epITIHALIEpiH KOJMAAaHA OTBHIPHIN, OMOKAaHBI CUITII eHAEy mporeci 3eprrenmi. KpemMHMHA IHOKCHIIHIH epyiHiH
TOJIBIKTBIFBIHA 9CEP €TETiH TEMIIepaTypa-yaKksIT HapameTpiepi 3eprrenai. 95-98 °C remmeparypazna sxoHe 2-3 carat
1IIiHAe MuKi3aT:cinTi = 1:2 KaThIHACKIHIa HOPMATHUBTIK MOHED IIETiHIe CUIIMKATTHI MO 0ap CYMBIK OHHEKTIH
HIBIFYBI OOWBIHINA CH JKAKChl HOTHIKEre KOJ JKETKI3iIeTiHI aHbIKTamabl. Ockbuiaiiima, Tackama KEH OPHBIHBIH
OTIOKACBIH CYWBIK LIBIHBI OHJIPY YIIIH MIKKI3aT PeTiH/e naiaananyra 001a/pl, 3epTXaHaIbIK CHIHAKTAPMEH JKOHE
NPOLIECTIH TEXHUKAIIBIK-OKOHOMHKAJIBIK HETi3/IeMECiMEH pacTaliajibl.

Tyiiin ce3mep: CyibIK IIBIHBI, OTIOKA, KPEMHHUH IMKi3aThl, Tackana KeH OpHBI, KPEMHHUIT TUOKCH1, CUIIMKATTHI
MOJ1YyJb, HATPHH TUAPOKCHI, KAIUI THAPOKCHUITI, XUMUSIIBIK OHIEY.

Introduction. Liquid glass is widely used in various contaminate alkaline silicate solutions and lead to the

industries due to its unique properties, including:
mechanical engineering (as a binder for making molds
and cores); pulp and paper industry (for impregnating
paper pulp and as an adhesive for containerboard
and corrugated boxes); chemical and petrochemical
industry (for the production of catalysts, white soot,
zeolites, silica sol, silica gel, synthetic detergents, and
oil cracking, etc.); construction materials industry (for
the production of concrete structures and products, for
the reinforcement of soils in the construction of roads,
airfield coatings, foundations, etc.); paint and varnish
industry (as a film-forming agent in the composition of
silicate paints and anti-corrosion primers).

Traditionally, quartz sand is used for its production,
but alternative sources of silica, such as opoka, are
of interest from a resource-saving perspective. One of
the main criteria for determining the suitability of this
raw material is its maximum content of amorphous
Si0; and its minimum content of impurities, which can

formation of insoluble residues [1-4].

The opoka of the Taskalinsky deposit is characterized
by a high content of amorphous silica, which makes it
a promising raw material for the production of liquid
glass.

The aim of this work is to obtain liquid glass from the
opoka of the Taskalinsky deposit in the West Kazakhstan
region and to determine the optimal conditions for its
production, as well as to analyze the compliance of
the resulting product with the requirements of GOST
13078-81.

The object of the study is the siliceous rock, the
opoka of the Taskalinsky deposit in the West Kazakhstan
region.

Materials and methods. At the initial stage of the
work, comprehensive studies were conducted to assess
the physical and mechanical properties and chemical
and mineralogical composition of the selected raw
material. The results obtained are presented below. The
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X-ray phase analysis was performed using a Clever C-31
X-ray fluorescence spectrometer, and the elemental
composition was determined using a CHNS-O ECS 80
elemental analyzer using the Dumas method.

Figure 1 shows an X-ray diffraction pattern of a
siliceous rock (opoka) sample obtained by X-ray phase
analysis. The measurements were performed in the 20
range from 3° to 30° using an X-ray diffractometer at a
voltage of 45 kV and a current of 30 mA, using CuKa
radiation (A = 1.5406 A).

40.0V, 600.0uA, F.Ges gunpa, A-Bosayx, 100s. / unitied 0.0kV, 0.0uA, F-Bes puneTpa, A., Os.
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Fig. 1 — X-ray diffraction pattern

Diffraction pattern shows intense diffraction peaks
in the 20 range of 5-9°, which corresponds to the
presence of amorphous and weakly crystalline silica,
primarily in the form of opal. Additionally, there are
less intense peaks in the 26 range of 19-23°, which are
characteristic of impurities such as quartz, clay minerals,

and possibly glauconite. The broad and faint peaks
indicate the presence of an amorphous phase, which is
typical for siltstones rich in amorphous silica. The opoka
of the Taskalinsky deposit was analyzed for its chemical
composition (Table).

Table 1 - Chemical composition of the Taskalinsky opoka deposit

Oxide content, wt %

SIOZ A1203 TIOZ CaO

MgO

Fe203 SO3 NaQO KZO

66,98-83,5 | 5,76-12,95 | 0,1-0,62 | 0,24-17,9

0,43-1,39

1,39-4,80 | 0,03-0,97 | 0,15-0,78 |1,13-2,85

Fig. 2 — Photo of the Taskalinsky deposit's opoka

According to the chemical analysis data (Table 1),
the sample meets the requirements for the following
indicators: silicon dioxide content is not less than 80%,
aluminum oxide is not more than 7%, and the iron oxide
content is within the permissible concentration limits.

Mineralogical composition of the Taskalinsky deposit
of the West Kazakhstan region is represented by opal
54-78%, clay minerals 15-22%, calcite up to 6%, quartz

4-7%, mica 2-4%, glauconite 2-3%, and organogenic
residues up to 12%.
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Textural and structural properties were studied for the
rock. The texture is layered. The structure is fine-grained
and pelitomorphic. The color is light yellow, and the
layers are orange. The red-orange layers are composed
of iron-containing compounds.

Results and discussion. The opoka was studied
using synchronous thermal analysis (TG). Study was
conducted using a synchronous thermal analyzer STA
6000. The shooting modes were as follows: temperature
range of 30-830°C, heating rate of 10°C/min, and the
medium was air. The thermal curve with the maximum

Weight, %

150
30

100 200 30

400

peaks (TG) is shown in Figure 3. In the temperature
range of 25-1500C, an endothermic effect with a
mass loss of 9.19% is observed due to the release of
hygroscopic water. Further, in the range of 150-350°C,
a mass loss of 0.64% is observed. This effect indicates
the gradual oxidation and combustion of the organic
component of the sample. The total mass change in the
range of 30-830°C is 11.83% mass.

Calcination temperature for the opoka was chosen to
be 3500C based on the thermogram (Figure 3).

500 600 00

Temperature (°C)

Fig. 3 — Thermogram of the opoka

Results of the mineralogical composition of the opoka
indicate its siliceous nature with a predominance of opal.
The presence of clay minerals, organogenic residues,
and minor impurities (calcite, quartz, glauconite, and
mica) indicates its sedimentary origin and confirms its
suitability for producing composite materials.

As part of the study, electrostatic separation was
used to enrich natural siliceous raw materials, such as
the Taskalinsky deposit of opoka. The material fraction
with a particle size of 0.63 mm was separated using the
ELKOR-1 electrostatic drum separator manufactured by
Mehanobr-Technika JSC.

72
70
68
66
64

62

Si content, %0 by weight

60 ‘

. 1 0|

Electrostatic separation is based on the different
ability of minerals to become electrically charged under
the influence of an external electric field. The method
allows for the effective separation of mixtures based on
their electrophysical properties. Conductive and weakly
conductive components (such as clay minerals, organic
matter, and weakly oxidized impurities) are deflected in
one direction, while dielectric materials like opal and
quartz exhibit a different trajectory and are collected in
a separate fraction.

Obtained data indicate the predominantly siliceous
composition of the studied material and confirm its
suitability as a raw material for producing liquid glass.

|

Separator cell

Fig. 4 — Results of electrostatic separation
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Results (Figure 4) show that the silicon content in
all separator cells is more than 50%, which makes it
impossible to separate the impurity compounds from the
silicon oxide.

of
mineral raw materials that determine their quality

Key physical and chemical characteristics
and technological suitability are: specific surface area
(at least 115-10° m?kg), nitrogen porosity (at least
0.200-107* m3/kg), and average pore diameter (in the

range of 7-10.5 nm), among other parameters.

Results of the analysis of the structural characteristics
of the studied opoka indicate that, according to the
classification of siliceous rocks, the opoka of the
Taskalinsky deposit belongs to the category of relatively
mesoporous materials. This is confirmed by the effective
pore diameter value of over 8 nm and the specific surface
area exceeding 118-10° m?/kg. Additionally, the benzene
pore volume (0.251-107* m*/kg) meets the established
technical requirements for this type of raw material.

As the of the
component, chemical composition, and adsorption-

can be seen from results
structural properties of the Taskalinsky deposit opoka,
the latter meets all the requirements for glass raw

materials.

To obtain liquid glass in laboratory conditions, the
Taskalinsky deposit opoka was used as a silicon-
containing raw material. The raw material was first
crushed to a fraction of 0.1-0.7 mm and then calcined at
a temperature of 350 °C for 2 hours to remove moisture
and organic impurities.

Based on the conducted patent research [5-10] and
the analysis of published materials [11-16], the authors
developed an approach to technological research of
opoka.

Experiment on the synthesis of liquid glass was
carried out using the alkaline decomposition method
of the Taskalinsky deposit. A 20% aqueous solution of
NaOH was used as a reagent, taken in a 1:1 mass ratio
to the raw material. The reaction mixture was heated
at 90°C for 2-3 hours with constant stirring. After the
dissolution process was completed, the product was

cooled and filtered to separate the insoluble residue. The
resulting silicate solution was concentrated to a density
of 1.31.4 g/cm® if necessary. The final product was
characterized by its silicon dioxide content, pH, density,
and silicate module (Si0,/Na,0).

Resulting product is a homogeneous transparent
solution with a silicate module of 3.1, suitable for use in
construction, foundry production, and other industries.

Chemical analysis showed that the ospock contains
75% amorphous silica, which meets the requirements
for the production of liquid glass. Pre-treatment with
heat increased the yield of the product. Optimal
processing parameters resulted in a liquid glass with a
module of 3.1, which meets the requirements of GOST
13078-81.

Conclusion. The opoka of the Taskalinsky deposit
in the West Kazakhstan region is a promising natural
raw material for the production of liquid glass due to
its high content of amorphous silicon dioxide, porosity,
adsorption capacity, and availability in the region. The
conducted studies of the chemical and mineralogical
composition have shown that this material meets the
requirements for siliceous raw materials used in the
production of silicate compositions.

The proposed processing technology includes
alkaline treatment of opoka with a 20% solution of
sodium hydroxide at a temperature of 95-98 °C for 2-3
hours in a ratio of raw material to alkali of 1:2. As
a result, a high yield of a product with the required
physical and chemical properties is achieved. The
resulting liquid glass meets the requirements of GOST
13078-81 in terms of SiO,, Na,O content, and silicate

module of 3.1.

Thus, the implementation of this technology allows
for the efficient use of local natural resources for the
production of liquid glass, reducing dependence on
imported raw materials and increasing the economic
profitability of production. Additionally, it contributes
to the development of the regional mineral resource base
and can be beneficial for enterprises in the construction,
chemical, and glass industries.
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