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precipitated silica, white The possibility of obtaining precipitated silicon dioxide from industrial
carbon black, silicate solution alkaline silicate solutions, formed during the regeneration of ion-
ion-exchange resins, micro- exchange resins contaminated with silicon compounds in uranium
mesoporous structure, specifi hydrometallurgy, has been investigated. SiO, precipitation was carried
surface area out using sulphuric acid, with the effects of precipitant concentration,

temperature, process duration, pH of the medium and drying
temperature evaluated. It was established that the optimal conditions for
obtaining the precipitate are: a 40% H,SO, solution, a precipitation
temperature of 25 °C, a process duration of 2 hours, pH 6-8 and
subsequent drying at 300 °C. Under these conditions, an amorphous,
highly dispersed silicon dioxide was obtained with a SiO, content of up
to 86.7% and a specific surface area of up to 357 m?/g. Based on low-
temperature nitrogen adsorption data and BET, BJH and NLDFT
calculations, the formation of a highly developed micro-mesoporous
structure was confirmed. The results obtained demonstrate the potential
for processing alkaline silicate solutions from the regeneration of ion-
exchange resins to produce a functional silica material and reduce the
volume of industrial waste.

INTRODUCTION

Silicon dioxide is a highly sought-after functional material used in the production of
rubbers, paints and varnishes, construction composites, sorbents and catalysts. One of the most
common methods of producing it is precipitation from silicate solutions using mineral acids (Pan
et al., 2022; Mujkanovic & Jovanovic, 2021; Mamfoumbi et al., 2024; Nazharova & Galimbekova,
2010; Salimzhanova et al., 2019). Both traditional silicate materials and various silicon-containing
industrial wastes can be used as raw materials for the production of SiO, (Cheng et al., 2019;
Bochevskaya et al., 2017; Kutishcheva et al., 2021; Karimova et al., 2024; Hamidu et al., 2025; Deng
et al., 2025; Shahbaz et al., 2023; Karlina et al., 2023).

Alkaline solutions formed during the regeneration of ion-exchange resins used in uranium
hydrometallurgy represent a promising source of silicon. During the operation of anion
exchangers, silicon compounds accumulate within the structure and on the surface of the sorbent,
impairing its process properties. During alkaline regeneration, some of the silicon-containing
compounds are released into solution in the form of silicate species, which allows such solutions
to be considered as a secondary raw material for the production of amorphous silicon dioxide.
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The formation of precipitated silica from silicate solutions is governed by the hydrolysis of
silicate species, the polycondensation of silicic acid, and the formation of a Si—-O-Si network. The
properties of the final product depend on the pH, temperature, acid concentration, duration of
the process and drying conditions (Matinfar & Nychka, 2023; Quang et al., 2012; Sazali et al., 2022;
Montini et al., 2023; Belton et al., 2012). Despite the existence of studies on the production of SiO,
from silicate solutions, the specific features of processing real industrial solutions used for the
regeneration of ion-exchange resins have not been sufficiently investigated. In view of this, the
aim of this study was to investigate the influence of process parameters on the precipitation of
amorphous silicon dioxide from industrial alkaline solutions used for the regeneration of ion-
exchange resins and to evaluate the physicochemical characteristics of the resulting material.

The scientific novelty of this work lies in a comprehensive investigation of the deposition
parameters of amorphous silicon dioxide from alkaline silicate solutions used in the regeneration
of ion-exchange resins in uranium hydrometallurgy, the identification of optimal process
conditions, and a comparison of the structural characteristics of the resulting material with those
described previously in the literature. For the first time, the production of a functional silica
material with a well-developed micro-mesoporous structure and a high specific surface area has
been demonstrated, indicating the potential for using industrial solutions as a source of
secondary raw materials.

MATERIALS AND METHODS

The starting material used was an alkaline silicate solution obtained following the
regeneration of macroporous anion exchangers contaminated with silicon compounds, using a
sodium hydroxide solution with a mass concentration of 50 g/dm?. The mass fraction of silicon in
the initial sorbent was 10.6%. Composition of the resulting silicate solution, g/dm?3: Na — 3.39; Si
- 43.19; Mg - 0.005; K — 0.004; Ca - 0.008; Fe — 0.003; Al —0.0001; Sb — 0.0005; Cu - 0.0003; Zn -
0.0001.

SiO, precipitation was carried out using sulphuric acid under constant stirring at 500 rpm.
The concentration of H,SO, was varied within the range 20-50 %, the process temperature from
25 to 50 °C, the precipitation duration from 1 to 3 hours, and the precipitation pH within the
ranges 6-8 and 9-10. The resulting precipitate was filtered, washed with distilled water and dried
at 105 °C and 300 °C. Repeated rinsing with distilled water was carried out using a volume at
least 10 times greater than the volume of the precipitate, whilst stirring. Rinsing was continued
until the electrical conductivity of the rinse water fell below 5 uS/ecm and the pH was close to
neutral (7 + 0.2), which ensured that the residual sodium content in the resulting material was
reduced to <0.4% NazO.

The chemical composition of the solutions and precipitates was determined using titri-
metric, spectrophotometric and spectrometric methods. The phase composition was determined
by X-ray diffraction on a DRON-4-07 diffractometer using CuKa radiation over a scan range of
20 = 10-80° with a step size of 0.02°. The porous structure was evaluated by low-temperature
nitrogen adsorption at 77 K on a Thermo Scientific SURFER (Italy) gas adsorption porosimeter.
The specific surface area was calculated using the BET (Brunauer—-Emmett-Teller) method in the
range P/P, = 0.05-0.30; mesopore volume using the BJH (Barrett—Joyner-Halenda) method, and
micropore volume using the NLDFT (Non-Local Density Functional Theory) method. The
experiments were carried out in triplicate; the error in the results did not exceed + 3 %.

Analysis of the raw materials and the final product for uranium and heavy metal content,
carried out for safety monitoring purposes using the ICP-MS method, showed that the metal
concentrations were below the limit of detection.
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RESULTS AND DISCUSSION

To investigate the effect of sulphuric acid concentration on the precipitation of amorphous
silicon dioxide, the alkaline solution—after the ion-exchange material had been purified of
silicon—was heated to 30 °C and, whilst being stirred continuously (500 rpm), acidified with a
solution of H,SO, of a specified concentration until the required pH was reached. The results are
presented in Table 1.

Table 1. Relationship between the characteristics of the SiO, precipitate
and changes in the process parameters of the precipitation process

Parameter Value SiO, concentration in SiO, SiO, content in
the filtrate, g/dm? recovery, % the residue, %
20 5,3 83,7 84,4
Concentration of 30 9,1 71,9 82,6
H,SO; precipitant, % 40 5,9 81,8 85,3
50 12,1 62,3 85,0
Precipitation pH 6-8 0,3 851 858
9-10 1,0 80,7 83,2
25 0,04 84,9 85,0
Temperature, °C 30 L3 81,5 84,8
40 1,5 81,1 85,0
50 0,8 78,4 80,4
1 1,4 72,1 75,3
Time, h 2 0,3 84,6 85,3
3 1,9 79,8 84,8
Note — compiled by the authors

The most favourable results were achieved using a 40 % H,SO; solution: the SiO, content
in the precipitate was 85.3 %, and the recovery rate was 81.8 %. Increasing the acid concentration
to 50 % led to a decrease in recovery to 62.3 %, which may be due to a change in gelation
conditions and the partial transfer of silicon into the filtrate. A 40 % H,SO4 concentration was
selected for further studies.

The concentration of the precipitant influences the rate of hydrolysis of silicate forms and
the polycondensation process, which determine the formation of the Si-O-Si gel network. At low
acid concentrations, hydrolysis is slowed down, leading to a less dense structure and a reduction
in specific surface area. High concentrations accelerate aggregation, causing the formation of
large particles and reducing porosity.

The temperature of the precipitation process affects the kinetics of precipitate formation.

It has been established (Sarawade et al., 2010) that an increase in process temperature
usually leads to an increase in the degree of aggregation, pore size and volume, and a decrease
in the specific surface area of the precipitate. The effect of temperature was investigated at a
H,SO, concentration of 40 %, a pH of 6-8, a process duration of 3 hours and a stirring speed of
500 rpm (Table 1).

The most favourable results were obtained at 25 °C, where maximum extraction and the lowest
residual SiO, concentration in the filtrate were observed. At this temperature, aggregation proceeds
more slowly, resulting in the formation of particles with a high specific surface area and a well-
developed porous structure. An increase in temperature from 25 to 50 °C reduced the SiO, recovery
from 84.9 % to 78.4 %, accelerated aggregation and coagulation, leading to an increase in pore size and
a decrease in specific surface area, which has a negative impact on the sorption properties.
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The effect of settling time was investigated at a temperature of 25 °C, a H,SO, concentration
of 40 %, a pH of 6-8 and a stirring speed of 500 rpm. The results are presented in Table 1.

The duration of precipitation determines the extent of gel formation, particle growth and
sediment aggregation. When the process time was increased to 2 h, SiO, recovery reached 84.6%,
and the SiO, content in the sediment was 85.3%. A duration of 2 hours has been selected as the
optimum for the process, during which a well-developed porous structure is formed. A further
increase in duration to 3 hours led to a decrease in recovery to 79.8 %, which may be due to the
coalescence of aggregates, particle overgrowth, changes in the structure of the precipitate and a
deterioration in its properties.

The pH of the medium controls the distribution of silicate forms and the charge stability of
the particles. The optimum pH range was 6-8. Under these conditions, the residual concentration
of Si0; in the filtrate was lower than at pH 9-10, whilst the recovery reached 85.1 % (Table 1).
This indicates more complete precipitation of silicon dioxide in the slightly acidic and near-
neutral regions. At high pH, the solubility of the particles increases and the yield of precipitate

decreases.

Thus, the optimal combination of parameters — an acid concentration of 40 %, a
temperature of 25 °C, a reaction time of 2 hours, and a pH of 6-8 — ensures the formation of
amorphous, highly dispersed silicon dioxide, comparable in quality to the best commercial
samples.

The content of impurity components in the precipitates varied within the following ranges,
mass %: Fe;Os — 0.01-0.02; Na,O - 2.9-3.7; SO, - 0.76-3.15; CaO - 0.25-0.39; losses on ignition —
7.8-17.6.

Table 2 and Figure 1 present the results of the chemical analysis of the precipitated silica
sample, whilst the results of the phase analysis are shown in Figure 2.

Table 2. Results of the chemical analysis of a precipitated silica sample, % by mass

Spectrum ©) Na Si S Conclusion
1 58,38 0,97 40,38 0,27 100,00
2 59,00 0,80 39,82 0,38 100,00
3 58,34 1,05 40,14 0,47 100,00
Average value 58,37 0,94 40,11 0,37 100,00

Note — compiled by the authors

Figure 1. Spectral image of the chemical analysis results.
Note — compiled by the authors



4 9)|reansacrions on
-117 - =7 ) | |mnteriaLs strucTuRE
AND PROPERTIES
Chemical analysis data show that oxygen and silicon predominate in the composition of
the precipitate, which is consistent with the siliceous nature of the material. The low sodium and
sulphur content indicates that the sediment has been effectively washed to remove soluble
impurities. According to X-ray phase analysis, a broad diffuse halo is observed in the

diffractogram in the region of 20 = 20-25°, which indicates a predominantly amorphous structure
of silicon dioxide.

Vol. 1, Issue 3, September 2026.

The porous structure of the sample obtained was investigated using low-temperature
nitrogen adsorption at 77 K, with data processed using the BET, BJH and NLDFT methods.
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Figure 2. Diffractogram of a sample of precipitated silicon dioxide
Note — compiled by the authors

Analysis of the pore distribution using the NLDFT method (Figures 3 and 4a) revealed the
presence of a pronounced microporous component with a main peak at a radius of approximately
0.6-0.7 nm.
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Figure 3. Pore volume distribution calculated using the NLDFT method

Note — compiled by the authors
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Figure 4. Calculation of the pore distribution of the sample obtained
Note — compiled by the authors

In addition, a distribution in the 1-3 nm range is observed, associated with transitional
pores and inter-aggregate voids. This distribution pattern indicates a disordered porous structure
formed by the aggregation of primary amorphous SiO, nanoparticles.

The BJH method (Figure 4b) confirmed the presence of a mesoporous component,
attributable primarily to interparticle and interaggregate voids.

The average pore radius is approximately 3.0 nm, the hydraulic radius is approximately
2.88 nm, and the cumulative pore volume is 0.5147 cm?/g. The specific surface area of the sample,
calculated using the BET method, is 357 m?/g. The high specific surface area is attributable to the
well-developed pore structure and the high degree of dispersion of the material.

The shape of the nitrogen adsorption and desorption isotherms (Figure 5) also confirms
the presence of a mixed micro-mesoporous structure.

Vaas / cmig™

08
0

plp .

a b

a — adsorption isotherm; b — desorption isotherm

04 0.6

0.0 0.2

00 02 04 06 08 L0
Relative pressure, pip"

Figure 5. Adsorption—desorption isotherms for nitrogen in the sample
under investigation at 77 K

Note — compiled by the authors

A comparison of the properties of the synthesised silicon dioxide with those of commercial
functional silicas [Pan et al., 2022; Karimova et al., 2024; Hamidu et al., 2025; Deng et al., 2025]
shows that, in terms of specific surface area (200-360 m?/g [Karimova et al., 2024; Hamidu et al.,
2025]) and micro-mesopore structure, the material obtained is most similar to highly dispersed

amorphous silicas.
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The sharp increase in adsorption at low relative pressures indicates a contribution from

microporosity, whilst the further increase in adsorbate volume at medium and high p/p, values
is associated with the filling of mesopores and interparticle voids.

Thus, the resulting material is characterised by an amorphous structure, a high specific
surface area and a well-developed micro-mesoporous system. In terms of specific surface area, it
is comparable to highly dispersed silica materials; however, in terms of its method of preparation,
it belongs to the category of precipitated silicon dioxide.

The drying temperature influences the compositional make-up and degree of dehydration
of the resulting precipitate. Precipitates obtained at pH 6-8 were dried at 105 and 300 °C in a
muffle furnace for one hour. The results are presented in Table 3.

Table 3. Composition of silicon dioxide precipitates

Content in the sediment, %

Drying t ture, °C 1
fymng temperature Si0: | Fex0s | Na:O | SO | CaO poses on
ignition
105 821 | 001 | 03 | 041 | 033 9.1
300 867 | 002 | 04 | 024 | 031 8,2

Note — compiled by the authors

Raising the drying temperature to 300 °C increases the SiO, content from 82.1 to 86.7 % and
reduces the loss on ignition. This is due to the removal of physically bound water and partial
surface dehydration. Consequently, drying at 300 °C yields a precipitate with a higher SiO,
concentration and stable physicochemical properties.

CONCLUSIONS

This study demonstrates the possibility of producing amorphous, highly dispersed silicon
dioxide from industrial alkaline silicate solutions generated during the regeneration of ion-
exchange resins in uranium hydrometallurgy.

The optimal precipitation conditions are: H,SO4 concentration — 40 %, temperature — 25 °C,
process duration — 2 hours, pH — 6-8. Under these conditions, SiO; recovery reaches up to 85.1 %,
and the SiO; content in the precipitate after drying at 300 °C is 86.7 %.

The resulting material has an amorphous structure, a specific surface area of 357 m?/g and
a mixed micro-mesoporous system. This confirms the potential for using industrial alkaline
solutions as a secondary raw material for the production of silica materials.

CONFLICT OF INTEREST: The authors declare no conflict of interest.

FUNDING: This research was funded by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan (grant No. BR28713471). “’Development of
methods to improve uranium recovery from uranium-containing solutions by effectively
reducing the content of silicon compounds”.

DATA AVAILABILITY STATEMENT: The original materials presented in the study are
included in the article; further requests may be directed to the corresponding author

REFERENCES
Belton D.J.,, Deschaume O., & Perry C.C. (2012). An overview of the fundamentals of the

chemistry of silica with relevance to biosilicification and technological advances. The FEBS
Journal, 279, 10, 1710-1720. https://doi.org/10.1111/j.1742-4658.2012.08531 .


https://doi.org/10.1111/j.1742-4658.2012.08531.x

& Nlreansacnons on
) | |maTeRIALS sTRUCTURE -120 -
AND PROPERTIES Vol. 1, Issue 3, September 2026.

Cheng, Q., Xu, C., Huang, W., Ma, C,, Fan, G,, Yan, |, Jian, Z.,, Zhang, Y., & Song, G. (2019).
Preparing high purity white carbon black from rice husk. Food Science & Nutrition, 8, 1,
575-583. https://doi.org/10.1002/fsn3.1345.

Deng, J., Luo, D., Rong, K., Gao, Z, Chen, ]., Zhao, K. & Yu, Zh. (2025). A green route for producing
high-purity  nano-SiO, from  silicon-containing  waste. = Green  Chemistry.
https://doi.org/10.1039/D5GC01344E.

Hamidu, 1., Afotey, B., Kwakye-Awuah, B., & Anang, D.A. (2025). Synthesis of silica and silicon
from rice husk feedstock: A review. Heliyon. https://doi.org/10.1016/j.heliyon.2025.e42491.

Karlina, A.L, Karlina, Y.I., & Gladkikh, V.A. (2023). Analysis of experience in the use of micro-
and nanoadditives from silicon production waste in concrete technologies. Minerals, 13,
1525. https://doi.org/10.3390/min13121525.

Mamfoumbi C., Roger K., & Meireles M. (2024). Filtering the unfilterable: tuning the
mesostructure of precipitating silica gels to improve the filterability of acidic lixiviation
slurries. Chemical Engineering Journal. https://hal.science/hal-04750063v1.

Matinfar, M., & Nychka, J.A. (2023). A review of sodium silicate solutions: Structure, gelation,
and  syneresis. =~ Advances in  Colloid and Interface  Science,  322.
https://doi.org/10.1016/j.cis.2023.103036.

Montini, D., Cara, C., D’ Arienzo, M., Di Credico, B., & others. (2023). Recent Advances on Porous
Siliceous Materials Derived from Waste. Materials, 16(16), 5578.
https://doi.org/10.3390/mal6165578.

Mujkanovi¢ A., & Jovanovic M. (2021). Synthesis of precipitated silica from sodium silicate
solution by carbonation method. Periodicals of Engineering and Natural Sciences.
https://doi.org/10.21533/pen.v9.i2.785.

Pan, X, Li, S, Li, Y., Guo, P, & Zhao, X. (2022). Resource, characteristic, purification and
application of quartz: a review. Minerals Engineering. Vol. 186. 107743.
https://doi.org/10.1016/j.mineng.2022.107743.

Quang D.V,, Kim J.-K,, Park J.-K., Park S.-H., Elineema G., Sarawade P.B., & Kim H.T. (2012).
Effect of the gelation on the properties of precipitated silica powder produced by acidizing
sodium silicate solution at the pilot scale. Chemical Engineering Journal, 209, 531-536.
https://doi.org/10.1016/j.cej.2012.08.028.

Sarawade, P., Hilonga, A., Kim, ]J., Kim, H.T. (2010). Influence of aging conditions on textural
properties of water-glass-based silica aerogels prepared at ambient pressure. Korean Jour-
nal of Chemical Engineering, 27, 4, 1301-1309. https://doi.org/10.1007/s11814-010-0173-z.

Sazali, R.A., Sorbie K., Boak, 1.S., & AL Badri, N.Sh. (2022). Silicate Scaling Formation: Impact of
pH in high-temperature reservoir and its characterization study. Bulletin of chemical
reaction engineering and catalysis, 17(3), 661-682.
https://doi.org/10.9767/bcrec.17.3.15290.661-682.

Shahbaz, A., Ayaz, M., Khalid, U.B., & Liaqat, L. (2023). Sustainable synthesis of silica
nanoparticles from agricultural waste and its utilization in modern technology. Energy
Sources Part A. https://doi.org/10.1080/15567036.2023.2180552.

Bouesckast, E. I, Kapmmruna, 3. b., Capreaosa, 3. A., u Abumesa, 3. C. (2017). OcaxaeHue
aMOpQHOro AMOKCHMAA KPeMHUS U3 CUAMKATHBIX PacTBOPOB, IIOAYYEHHBIX IIOCAE
IepepabOTKM MUHEpPaAbHOV BHICOKOKPEMHICTON pyAbl. BecTHUK Haykm 1 obpaszoBaHus,
12(36), 1, 18-23. https://cyberleninka.ru/article/n/osazhdenie-amorfnogo-dioksida-krem-
niya-iz-silikatnyh-rastvorov-poluchennyh-posle-pererabotki-mineralnoy-vysokokremni-
stoy-rudy // Bochevskaya, E. G., Karshigina, Z. B., Sargelova, E. A., i Abisheva, Z. S. (2017).
Osazhdenie amorfnogo dioksida kremniya iz silikatnykh rastvorov, poluchennykh posle
pererabotki mineral'noy vysokokremnistoy rudy [Precipitation of amorphous silicon
dioxide from silicate solutions obtained after processing high-silica mineral ore]. Vestnik


https://doi.org/10.1002/fsn3.1345
https://doi.org/10.1039/D5GC01344E
https://doi.org/10.1016/j.heliyon.2025.e42491
https://doi.org/10.3390/min13121525
https://hal.science/hal-04750063v1
https://doi.org/10.1016/j.cis.2023.103036
https://doi.org/10.3390/ma16165578
https://doi.org/10.21533/pen.v9.i2.785
https://doi.org/10.1016/j.mineng.2022.107743
https://doi.org/10.1016/j.cej.2012.08.028
https://doi.org/10.1007/s11814-010-0173-z
https://doi.org/10.9767/bcrec.17.3.15290.661-682
https://doi.org/10.1080/15567036.2023.2180552
https://cyberleninka.ru/article/n/osazhdenie-amorfnogo-dioksida-kremniya-iz-silikatnyh-rastvorov-poluchennyh-posle-pererabotki-mineralnoy-vysokokremnistoy-rudy
https://cyberleninka.ru/article/n/osazhdenie-amorfnogo-dioksida-kremniya-iz-silikatnyh-rastvorov-poluchennyh-posle-pererabotki-mineralnoy-vysokokremnistoy-rudy
https://cyberleninka.ru/article/n/osazhdenie-amorfnogo-dioksida-kremniya-iz-silikatnyh-rastvorov-poluchennyh-posle-pererabotki-mineralnoy-vysokokremnistoy-rudy

I CENTRAL ASIAN
1 21 == TRANSACTIONS O
B - MATERIALS STRUCTURE
Vol. 1, Issue 3, September 2026. ATERIALS STRL

nauki i obrazovaniya, 12(36), 1, 18-23. https://cyberleninka.ru/article/n/osazhdenie-

amorfnogo-dioksida-kremniya-iz-silikatnyh-rastvorov-poluchennyh-posle-pererabotki-
mineralnoy-vysokokremnistoy-rudy

Kapmnmosa, /. M., Makamesa, I'. K., Karipaaanos, E. T., u Xapuenxo, E. M. (2024). Tepmoxumnu-
geckoe oOoralleHye OTBaAbHBIX MeAHBIX XBOCTOB C IoAydeHMeM 0Oeaoil ca>ku. BecTHmk
yausepcureta [llakapuma. Cepnst Texundeckne Hayky, 1(2(14)), 453—461. https://doi.org/-
10.53360/2788-7995-2024-2(14)-55 // Karimova, L. M., Makasheva, G. K., Kairalapov, E. T.,
i Kharchenko, E. M. (2024). Termokhimicheskoe obogashchenie otvalnykh mednykh
khvostov s polucheniem beloy sazhi [Thermochemical beneficiation of waste copper
tailings to produce white carbon black]. Vestnik universiteta Shakarima. Seriya
tekhnicheskie nauki, 1(2(14)), 453—461. https://doi.org/10.53360/2788-7995-2024-2(14)-55

Kyrtumesa, E. C., Ycoarsuesa, U. O., u Ilepeaepun, IO. B. (2021). CrtocoOp! m0Ay4YeHMsT BBICOKO-
AVICIIEPCHOTO AUOKCUAA KpeMmHus. IloasyHosckmit BectHmk. https://cyberleninka.ru/-
article/n/sposoby-polucheniya-vysokodispersnogo-dioksida-kremniya // Kutishcheva, E.
S., Usoltseva, I. O., i Perederin, Yu. V. (2021). Sposoby polucheniya vysokodispersnogo
dioksida kremniya [Methods for producing highly dispersed silicon dioxide].
Polzunovskiy vestnik. https://cyberleninka.ru/article/n/sposoby-polucheniya-
vysokodispersnogo-dioksida-kremniya

Haxxaposa, /. H., u I'aaumGexosa, J. V. (2010). Iloaydenne Mukpodactury «0eaoil caxkm» U3
KICABIX  304ell.  Bectnmk ~ KasaHCKOro  TeXHOAOTMYECKOTO  YHUBEpCUTeETaA.
https://cyberleninka.ru/article/n/poluchenie-mikrochastits-beloy-sazhi-iz-kislyh-zoley  //
Nazharova, L. N., i Galimbekova, D. L. (2010). Poluchenie mikrochastits «beloy sazhi» iz
kislykh zoley [Production of “white carbon black” microparticles from acidic sols]. Vestnik
Kazanskogo  tekhnologicheskogo  universiteta.  https://cyberleninka.ru/article/n/-
poluchenie-mikrochastits-beloy-sazhi-iz-kislyh-zoley

Caanmekanosa, M. H., Ycoas1iesa, 1. O., u Ilepeaepus, IO. B. (2019). IToayueHne BbICOKOUMCTOTO
AVIOKCHAA KPeMHIS U3 JKMAKOIO cTeKAa. XuMMsA U XxuMmdeckas TexHoaorns B XXI seke:
Marepnaasl XX MeXXayHapogHOV Hay4HO-TIPaKTMYECKOi KOH(epeHIUN MMeHU
npogeccopa . Il. Kyaesa cryseHToB M MoaoabIx ydueHbIX. Tomck: TITY, 109-110.
http://earchive.tpu.ru/handle/11683/55386 // Salimzhanova, M. N., Usoltseva, 1. O., i
Perederin, Yu. V. (2019). Poluchenie vysokochistogo dioksida kremniya iz zhidkogo stekla
[Production of high-purity silicon dioxide from water glass]. Khimiya i khimicheskaya
tekhnologiya v XXI veke: materialy XX Mezhdunarodnoy nauchno-prakticheskoy
konferentsii imeni professora L. P. Kuleva studentov i molodykh uchenykh. Tomsk: TPU,
109-110. http://earchive.tpu.ru/handle/11683/55386

Information about authors

Kenzhetayev Zhiger Smadievich — PhD, Kazakh-British
Technical University, Almaty, Kazakhstan.

e-mail: kzhiger@yahoo.com

ORCID: https://orcid.org/0000-0003-2009-6655



https://cyberleninka.ru/article/n/osazhdenie-amorfnogo-dioksida-kremniya-iz-silikatnyh-rastvorov-poluchennyh-posle-pererabotki-mineralnoy-vysokokremnistoy-rudy
https://cyberleninka.ru/article/n/osazhdenie-amorfnogo-dioksida-kremniya-iz-silikatnyh-rastvorov-poluchennyh-posle-pererabotki-mineralnoy-vysokokremnistoy-rudy
https://cyberleninka.ru/article/n/osazhdenie-amorfnogo-dioksida-kremniya-iz-silikatnyh-rastvorov-poluchennyh-posle-pererabotki-mineralnoy-vysokokremnistoy-rudy
https://doi.org/10.53360/2788-7995-2024-2(14)-55
https://doi.org/10.53360/2788-7995-2024-2(14)-55
https://doi.org/10.53360/2788-7995-2024-2(14)-55
https://cyberleninka.ru/article/n/sposoby-polucheniya-vysokodispersnogo-dioksida-kremniya
https://cyberleninka.ru/article/n/sposoby-polucheniya-vysokodispersnogo-dioksida-kremniya
https://cyberleninka.ru/article/n/sposoby-polucheniya-vysokodispersnogo-dioksida-kremniya
https://cyberleninka.ru/article/n/sposoby-polucheniya-vysokodispersnogo-dioksida-kremniya
https://cyberleninka.ru/article/n/poluchenie-mikrochastits-beloy-sazhi-iz-kislyh-zoley
https://cyberleninka.ru/article/n/poluchenie-mikrochastits-beloy-sazhi-iz-kislyh-zoley
https://cyberleninka.ru/article/n/poluchenie-mikrochastits-beloy-sazhi-iz-kislyh-zoley
http://earchive.tpu.ru/handle/11683/55386
http://earchive.tpu.ru/handle/11683/55386
https://orcid.org/0000-0003-2009-6655

@

CENTRAL ASIAN
TRANSACTIONS ON
MATERIALS STRUCTURE
AND PROPERTIES

-122 -
Vol. 1, Issue 3, September 2026.

Kylyshkanov Manarbek Kalymovich — Doctor of Physical and
Mathematical Sciences, Professor, Kazakh-British Technical
University, Almaty, Kazakhstan.

e-mail: kylyshkanov@mail.ru,

ORCID: https://orcid.org/0000-0002-8304-7124

Kopbayeva Mariya Petrovna — Candidate’s (PhD) degree in
Chemical sciences, Kazakh-British Technical University,
Almaty, Kazakhstan.

e-mail: natalya.kopbayeva@mail.ru

Altaibayev Bagdat Tolbasuly — PhD, Kazakh-British Technical
University, Almaty, Kazakhstan.

e-mail: bagdataltai9%@gmail.com

ORCID: https://orcid.org/0000-0002-7405-6854

Zakiryanov Temirlan Talgatovich — PhD student, Kazakh-
British Technical University, Almaty, Kazakhstan.

e-mail: temirlan.zak@gmail.com

ORCID: https://orcid.org/0009-0006-6957-8099



mailto:kylyshkanov@mail.ru
https://orcid.org/0000-0002-8304-7124
mailto:natalya.kopbayeva@mail.ru
mailto:bagdataltai9@gmail.com
https://orcid.org/0000-0002-7405-6854
mailto:temirlan.zak@gmail.com
https://orcid.org/0009-0006-6957-8099

