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ABSTRACT

Introduction. Currently, barium sulfate is actively used in various industries, including paper manufacturing, construction, paints
and coatings, rubber, chemical, metallurgical, and electrical engineering industries, as well as in agriculture and medicine. Literature
analysis has shown that the composition and properties of barium sulfate depend on its deposit. Different processing technologies
have been developed for barium sulfate, including methods for producing materials for a wide range of applications. Particular
attention is given to creating radiation-resistant and radiation-shielding materials, including radiation-resistant concretes and cera-
mics. Methods and materials. In Kyrgyz Republic, there are more than 40 barium sulfate deposits. Among them, the "Arsy" deposit
stands out particularly, with sufficient reserves. The chemical composition of barium sulfate from the "Arsy" deposit was analyzed
using atomic emission spectrometry, X-ray fluorescence method, and silicate chemical analysis. The analysis results showed that the
chemical composition of barium sulfate includes barium sulfate (BaSO,) at about 89-91%. The remaining components are impurities:
calcium (Ca) — 8-8.4%, silicon dioxide (SiO,) — 1.6-1.8%, aluminum oxide (Al,O;) — 0.1-0.13%, and iron oxide (Fe,05) — 0.15-0.25%.
Micro-silica is a fine-dispersed powder consisting of silicon dioxide (SiO,) particles ranging from 0.1 to 0.3 micrometers in size. Its SiO,
content is approximately 85-98%. It also contains impurities: aluminum oxide (Al,Os) - 0.2-0.8%, iron oxide (Fe,0s) — 0.1-0.5%, and
calcium oxide (CaO) - about 0.5%. The chemical composition of bentonite from the Abshir deposit is characterized by the follow-
ing component contents: silicon dioxide (SiO,) — 65.84%, aluminum oxide (Al,Os) — 14.8%, iron oxide (Fe,0s) — 4.35%, calcium oxide
(Ca0) - 2.85%, magnesium oxide (MgO) — 1.76%, loss on ignition (LOI) - 2.72%, and other impurities — 7.68%. For processing barium
sulfate powder, a hydrocavitator was used, which ensures effective treatment of liquid media through a combination of cavitational
and mechanical effects. Results. To develop the technology and optimize the composition and properties of the ceramic composite,
bentonite clay, finely ground barium sulfate, and micro-silica were used as raw materials. The experiment was conducted based
on a four-factor plan B4. Regression equations describing the dependence of the material’s density, water absorption, strength,
and shrinkage on the varying levels of the factors were constructed from the levels of factor variation and the experimental data
obtained. Corresponding nomograms reflecting the influence of the studied factors within the experimental plan were developed
based on these equations. Optimal parameters ensuring high strength of the ceramic composite were identified: barium sulfate
content of about 20-25%, micro-silica content of approximately 5%, firing temperature around 850 °C, and heat treatment duration
of 30-45 minutes. Subsequently, the barium sulfate powder was processed using a hydrocavitator, after which the technological
modes and physical-technical characteristics of the powder after cavitation treatment were determined. The composition and prop-
erties of the barium sulfate powder were analyzed using X-ray diffractometry, performed on an AL-27MINI diffractometer within
the 26 range of 10° to 70°. Fourier-IR spectra were recorded on an IRSpirit-T spectrometer equipped with a QATR-S accessory, within
the range of 400-4000 cm™". Conclusion. Optimization of the composition and properties of the ceramic composite based on the
analysis of mathematical models indicates that it is advisable to use barium sulfate powder in an amount of about 20-30% and
micro-silica up to 10%, at a firing temperature of 850-900 °C and a heat treatment duration of 30-45 minutes. Such a composition
allows achieving high strength and water resistance of the material. After cavitation treatment, barium sulfate powder changes its
chemical activity and can be used in the composite in an amount up to 20% by mass relative to the bentonite. Adding more than
20% of barium sulfate powder causes intense chemical reactions due to the presence of sulfur, leading to the destruction of the
material’s structure. Therefore, it is recommended to limit the barium sulfate content to a maximum of 20% to avoid undesirable
effects, including explosive or destructive processes within the ceramic composite structure.\

KEYWORDS: barium sulfate, barite, micro-silica, silicon dioxide (SiO,), bentonite, hydrocavitator, optimization, nomogram, ceramic
composite
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AHHOTALMA

BBepeHue. B HacTosLlee Bpema 6apuT akTVBHO MCMOMb3yeTcA B Pa3fIMYHbIX OTPAC/AX HAPOLHOrO XO3AMNCTBA, B TOM uncie B Oy-
MaXHOW, CTPOUTENIbHOW, NaKOKPAaCOYHOW, PE3NHOBOW, XMMNYECKON, MeTanyprnyeckomn n SNeKTPOTEXHNYECKOWN MPOMbILLAIEHHO-
CTW, @ TaKXKe B CENIbCKOM X03ACTBe 1 MefuuuHe. JInTepaTypHbIi aHanm3 rnokasas, YTo CoCTaB U CBONCTBaA 6apuTa 3aBUCAT OT ero
MecTopoxzaeHus. [1na nepepaboTku 6aprTa pas3paboTaHbl pasnnyHble TEXHONOMK, B TOM YMCe METOAbI MOyYeHUsa MaTepranos
ANnA pazHoob6pasHbix obnacTel nprMmeHeHns. Ocoboe BHUMaHMe yaenseTcsa CO3AaHNI0 pajnaLioHHO-CTONKNX U paanaLMOHHO-3a-
LUTHbIX MaTepranoB, BKNoYas paamnaLroHHO-CTONKNe 6eToHbI 1 KepamuKy. MeTogbl m maTepuanbl. B Koiproizckoli Pecny6nuvke
HacuuTbiBaeTcs 6onee 40 mecTopoxaeHuin 6apuTa. Cpean HUX 0COBEHHO BblAeNnAeTcA MecTopoXKaeHre «ApCbl», 3anacbl KOTOPOro
HaXoAATCA B AOCTaTOYHOM O6beme. XMMMYEeCKUin cocTaB 6aputa MecTopoxaeHunsa «Apcbl» Obl1 UCCeAoBaH C UCMONb30BaHMEM
AaTOMHO-3MVCCUOHHOIO CNEKTPanbHOro aHanu3a, peHTreHodnyopecLeHTHOro MeToAa U CUSIMKAaTHOMO XMMUYEeCKOro aHanum3a.
Pe3ynbTaTbl aHanM3a nokasanu, YTo XMMUYeCKUin coctas 6apuTta BKoyaeT cynbdat 6apusa (BaSO,) B konnyectse okono 89-91%.
OcTanbHble KOMMOHEHTbI NpeAcTaBeHbl NpuMecaMn: Kanbuumiia (Ca) — 8-8,4%, anokcmg kpemuusa (Si0O,) — 1,6-1,8%, okcna antoMmHUA
(Al,O3) — 0,1-0,13%, okcup xenesa (Fe,0;) — 0,15-0,25%. MuKpoKpeMHe3eM NpefCcTaBnaeT co60 TOHKOANCMEPCHbIV MOPOLLIOK, CO-
CTOALLMI N3 YacTuL, arnoKkcmaa kpemuusa (Si0,) pasmepom ot 0,1 go 0,3 mukpometpa. CogepxaHnme SiO, coctaBnaeT okono 85-98%.
B ero cocTaBe Takxe NpuCyTCTBYIOT Nprmeck: okcmg antomuHua (Al,0s) — 0,2-0,8%, okenp »xenesa (Fe,0s) — 0,1-0,5%, okcug Kanbums
(Ca0) - okono 0,5%. Xrummueckmin coctaB 6eHTOHMTa ABLLMPCKOro MECTOPOXKAEHWA XapaKTepu3yeTcsa CeayoLWnum CoaepKaHnem
KOMMOHEHTOB: Anokcna Kpemuus (Si0,) — 65,84%, okcng antommHus (Al,0s) — 14,8%, okeunpa xenesa (Fe,0s) — 4,35%, okcua Kanbuumsa
(Ca0) - 2,85%, okeng marHua (MgO) - 1,76%, noTepu npu npokanusaHum (n.n.n.) - 2,72%, npoune npumecu - 7,68%. [ina nepepa-
60TKM 6apUTOBOrO NOPOLLKa OblN NPYMEHEH rMAPOKaBUTaTOP, 0becneunBaoWmin 3GPeKTUBHYI0 06pabOTKY XUAKNX Cpeq 3a cueT
COYeTaHUA KaBUTALIMOHHOMO 1 MEXaHNYeCKoro Bo3aeincTaua. Pesynbratbl. [1na pa3paboTKy TEXHOMOrMN 1 ONTUMU3aLMN COCTaBa
1 CBOWCTB KEPaMUYECKOro KOMMO3MTa B KaUeCTBe CblPbeBbIX KOMMOHEHTOB GblI UCMOSIb30BaHbl GEHTOHUTOBASA MVHA, TOHKO-
N3MeNbYEHHbIN 6apUT U MUKPOKPEMHe3eM. DKCNepPUMEHT NPOBOAUICSA Mo YeTbipexdakTopHoMy nnaHy B4. Ha ocHoBe ypoBHeii
BapbMpoBaHUA GAaKTOPOB U NOYYEHHbIX SKCNePUMEHTaNbHbIX AaHHbIX GblIM MOCTPOEHbI YPaBHEHUSA perpeccum, onncbiBaioLme
3aBUCMOCTb MAOTHOCTM, BOLOMOIOLWEHUSA, MPOYHOCTUN 1 YCafKN MaTeprana. B cooTBeTCTBUM C 3TVMM YpaBHEHUAMM Oblnn pas-
paboTaHbl HOMOTrPamMMbl, OTParkaloLme BAAHME UcCieayeMblx GaKTOPOB B paMKax KCNepuUMeHTaNibHOro nnaHa. boinu onpepe-
NeHbl ONTMMasbHble NapameTpbl, obecrneyrBatoLLMe BbICOKYIO MPOYHOCTb KEpaMUYeCcKoro KOMMo3unTa: cofepxaHme 6aputoBoro
nopoLuKka — okoso 20-25%, MUKpOKpeMHe3eMa — 0Komo 5%, TemnepaTtypa obxura — nprbnnsmtensHo 850 °C, NpofoXKMTENbHOCTb
TepmoobpaboTky — 30-45 MuHyT. [lanee 6aprTOBbIVi NOPOLLOK Obl NepepaboTaH C MCMONIb30BaHNEM FMpPOKaBMTaToOPa, Nocsne
yero 6blIM onpeneneHbl TEXHONOrMYecKre PexKUmMbl N GU3NKO-TEXHNYECKME XapaKTEPUCTUKM NMOPOLLKa NOC/e KaBUTaLUOHHOM
06paboTKK. CocTaB 1 CBOMCTBaA OAPUTOBOrO NMOPOLLKa ObIfN NCCIefoBaHbl C NCMONIb30BaHNEM PeHTreHoANPAKTOMETPUYECKOTO
aHanu3a, BbiNosIHeHHOro Ha andpaktomeTpe AL-27MINI B aranasoHe 26 ot 10° go 70°. Qypbe-UK cnekTpbl pernctpuposanmcb
Ha cnekTpomeTpe IRSpirit-T, ocHaweHHOM npuctaBkon QATR-S, B ananasoHe 400-4000 cm™'. 3aknioyeHue. OnTummsaLuma co-
CTaBa U CBOWCTB KepaMMyeCKoro KOMMo3uTa Ha OCHOBe aHann3a MaTeMaTUYecKx Mofeneli yKkasblBaeT Ha LienlecoobpasHoCTb
MCMonb30BaHUA 6apUTOBOrO NOPOLLKa B Konmyectse okono 20-30% 1 MUKpOoKpeMHesema — fo 10%, npu Temnepatype obxura
850-900 °C n AnnTenbHOCTU TepMOO6paboTKy 30-45 MUHYT. Takol cocTaB No3BoOJIAET AOCTUYb BbICOKMX MOKasaTene NpoYHOCTH
1 BOAOCTONKOCTM MaTepurana. [llocne KaBUTaLMOHHON 06paboTKy 6apnTOBbIN MOPOLLOK U3MEHAET CBOK XUMMUYECKYIO aKTUBHOCTb
1 JOMNYyCKaeTca K MCMOoMb30BaHMIO B COCTaBe KOMMNO3MTa B KonuyecTse Ao 20% no Macce OT MacCbl 6eHTOHMTA.

http://nanobuild.ru 716 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-1100-3237
https://orcid.org/0009-0007-1602-652X
https://orcid.org/0009-0006-7785-6861
https://orcid.org/0000-0001-5850-2861
https://orcid.org/0000-0001-9477-4944

2025; 17 (6):
715-732

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

No. 100

Nanobm

[Job6asneHune 6onee 20% 6apNTOBOro NMOPOLLKA Bbi3bIBAET MHTEHCUBHbIE XMUYECKME peakLmm, 00yCNIoBAEHHbIe MPUCYTCTBUEM
Cepbl, UTO NPYBOANT K Pa3pyLIEHUNIO CTPYKTYpPbl MaTepurana. B cBA3u C 3TM peKoMeHAYEeTCs OrPaHNUYUTL KONMYECTBO 6apuToBON
no6aBKmM ypoBHeM 0 20%, UTobbl n3bexaTtb HexxenaTtesbHbIx 3GdeKToB, BKOYan B3PbIBHbIE UKW Pa3pyLLUMTENbHblE NPOLIEeCChl
B CTPYKTYpe KepammuecKoro Komnosmra.
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KJTIOYEBbBIE CJIOBA: 6apuT, cynbdat 6apus, MUKpoKpeMHe3eM, AnoKkcnaa KpemHus (SiO,), 6eHTOHWT, rmapoKaBmuTaTop, onTyMm-
3aUus, HOMOTPaMMa, KePaMUYECKN KOMNO3NT

ana UUTUPOBAHUA:
Anpapanuves XK.K., KanHazapos A.T.,, Pawwupa kbi3bl b., Myrayesa W.H., CynyHb6ek yyny A. OnTrMr3aumna coctaBa 1 CBOWNCTB Kepa-
MMYECKOro KOMNo3nTa Ha OCHoBe HapuTa 1 6eHTOHUTA. HaHomexHomo2uu 8 cmpoumesnscmee. 2025;17(6):715-732. https://doi.

org/10.15828/2075-8545-2025-17-6-715-732. - EDN: SQPEGQ.

INTRODUCTION

Currently, barium is actively used across various sectors
of the national economy: as a weighting agent in drilling
fluids, as well as in the paper, construction, paint and
varnish, rubber, chemical, metallurgical, electrical en-
gineering industries, agriculture, medicine (for radiation
protection), pyrotechnics, and other fields.

According to reference [1], a study was conducted on
the current state and trends in the development of the
barium raw materials market, as well as an evaluation of
the prospects for restarting barite extraction in the Re-
public of Komi. Information was provided on resources,
reserves, deposits, barite production volumes in various
countries, import-export operations, and prices. It was
shown that barite consumption for many years has been
primarily associated with drilling exploratory and produc-
tion wells for oil and gas. At the same time, the use of
barite in chemical, paint and coating, rubber technical,
and other industries is increasing.

In reference [2], the crystalline powders of barite and
rutile were ground in a laboratory ball mill in different gas
environments—air, nitrogen, and helium. A sharp increase
in the formation of fine-grained submicron barite powd er
particles was noted in the helium environment compared
to air and nitrogen.

The system of two immiscible liquids was experi-
mentally tested as a nanocrystal generator, exemplified
by the synthesis of barium sulfate nanocrystals through
contact of precursor solutions in different phases: phase
1 — (H,0 + tetrahydrofuran), phase 2 — (H,0) [3].

In [4], it was established that modifying cement with
nano- and/or micro-sized hydrosilicates of barium pro-
motes an increase in the content of various calcium hy-
drosilicates within the cement stone structure, as well
as a reduction in portlandite and calcium hydrosulfate
aluminates.

Based on an analysis of the chemical-mineralogical
and fractional composition, as well as the physico-chem-
ical characteristics of bentonite clay from the North Jam-
saisky deposit (Karakalpakstan), the possibility of its use

in the production of ceramic thermal insulation materials
of various types was confirmed [5].

Drawing from examples of cavitation technology ap-
plications to intensify hydromechanical and mass transfer
processes, as well as to induce substance destruction, it
is concluded that cavitation significantly enhances many
chemical-technological processes in liquid media [6—8].

In the work [9], the dispersing process of chalk in
vertical bead mills with additional influences, such as
hydrodynamic cavitation and ultrasound, was examined.
The results of experimental studies on grinding efficiency
using different methods are presented.

In reference [10], information about the current state
of development and production of nanolayers, nano-
coatings, nanomembranes, nanotubes, nanorods, and
nanowires in global practice and in Russia is provided.

Using cerium oxide in the raw mix contributes to in-
creasing the melting point and chemical stability of the re-
sulting ceramic material [11]. Adding boric acid promotes
the formation of a glassy phase during firing and reduces
the temperature of liquid-phase sintering of ceramics. The
joint application of cerium oxide and boric acid provides
a self-glazing effect on the surface of products, as well as
vitrification of ceramic particles.

In the article [12], a technology for producing new
radiation-shielding ceramic materials based on high-alu-
mina binder and additive—bismuth oxide—is presented,
which ensures high physicomechanical and radiation-
protective properties.

According to the article in refrence [13], the possibili-
ties of using barite (BaSO,) for developing new composite
materials are considered. It is shown that the introduction
of silicon dioxide (SiO,) contributes to obtaining materials
with improved operational properties.

In the work [14], porous ceramics based on a-Al O,
were obtained using the zone densification effect during
the sintering of powder blanks made from highly dispersed
combustion products of chippy particles of aluminum
powder PAP-2 in an air environment.

The consumption of barite is expanding, which is
associated with the introduction of barium-containing
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ceramics with improved physical and technical properties
into production, as well as with the growth of the needs
of nuclear energy, since barite is the most accessible and
inexpensive component for protective installations and
structures.

METHODS AND MATERIALS

In the Kyrgyz Republic, more than 40 barite deposits
have been identified. Three of them are located in the
Chuy Region, nine in Naryn, two in Osh, and one in
Batken Region. Among them, the Arsy deposit stands out,
where barite reserves in the polymetallic ore zone with
a content of 10—15% (category C2) amount to 122.8 thou-
sand tons. The total ore reserves at this deposit are esti-
mated at 1,124 thousand tons.**

The chemical composition of the barite from the Arsy
deposit was studied using atomic emission spectrometry,
X-ray fluorescence analysis, and silicate chemical analy-
sis. The X-ray diffraction analysis was performed on an
AL-27MINI diffractometer in the 26 range from 10° to
70°. The scan rate was 4°/min with a step size of 0.04°.
The operating voltage and current were 30 kV and 10 mA,
respectively. Fourier-IR spectra were recorded using an
IRSpirit-T spectrometer equipped with a QATR-S attach-
ment, in the range of 400—4000 cm~'. Background cor-
rection was performed before each recording to eliminate
atmospheric distortions.

The chemical composition of barite from the Arsy
deposit in Kyrgyzstan is presented in Table 1.

Chemical analysis showed that the barite from the Arsy
deposit, compared to other deposits, has a high content
of the main component and a slightly different impurity
composition (see Table 1). The main mineral is barium
sulfate (BaSO,)—a compound of barium and sulfur.

Fig. 1. Barite from the Arsy deposit

Micro-silica is a fine dispersed powder composed of
silicon dioxide (SiO,) particles measuring from 0.1 to
0.3 micrometers. The main chemical composition of the
micro-silica is provided in Table 2.

The granulometric composition of bentonite clay from
the Abshyr deposit is presented in Table 3 (in %).

The main chemical composition properties of the
bentonite from the Abshyr deposit are presented in
Table 4.

For the development and optimization of ceramic
composite materials, bentonite clay was used as the main
raw material, and barite and micro-silica as modifying
additives. The aim of the experiment was to determine
the optimal combination of component composition and
heat treatment parameters that ensure the best physico-
mechanical properties: density, compressive strength,
water absorption, and volumetric shrinkage.

Table 1. Chemical Composition of Barite from the Arsy Deposit

Barite from the Arsy Deposit

Chemical elements, mg/kg x10™"

Determination methods: Ba Ca SiO, AlLO, Fe,O,
Atomic Emission Spectral Analysis 90 8 1.8 0.1 0.2
X-ray Fluorescence Analysis XLZT-960 91 8.4 1.6 0.13 0.15

Table 2. Composition of Micro-silica

No. Item Chemical formula Composition, %
1 Silicon dioxide Si0,Si0_2Si0 85-98
2 Aluminum oxide AlLO, AlLO_3Al0, 0.2-0.8
3 Iron oxide Fe,0,Fe,0,Fe,0, 0.1-0.5
4 Calcium oxide Ca0Ca0Ca0 0.5
http://nanobuild.ru 718 info@nanobuild.ru
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Table 3. Granulometric composition of bentonite raw material

Deposit name

Fraction composition %, size, mm

. 0.005-0.01 0.01-0.05 0.05-0.1 0.1-0.25 0.25-0.5 0.5-1.0
Abshyr bentonite clay
38.60 22.65 5.59 18.25 5.65 8.85
Table 4. Chemical composition of the bentonite from the Abshyr deposit
. Other Loss on
Sio, AlLO, Fe O, CaO MgO e i Total
65.84 14.8 4.35 2.85 1.76 7.68 2.72 96.32

Sample molding was carried out in molds measuring
20%20%5 cm. Drying was performed at a temperature
of 100—105 °C for 2 hours, after which the samples were
subjected to heat treatment at temperatures ranging from
800 to 900 °C for 10—45 minutes. The composition op-
timization was conducted using experimental-statistical
modeling methods based on a four-factor experimental
plan (Plan B,), where the following factors were varied:

X, — barite content, %

X, — micro-silica content, %

X, — heat treatment temperature, “C

X, — heat treatment duration, minutes

Target functions (responses) selected were:

Y, — density, g/cm?

1
Y, — water absorption, %

Yj — compressive strength after firing, MPa

Y, — volumetric shrinkage, %

The hydro cavitator is designed for treating liquid and
semi-liquid media using hydrodynamic cavitation and
mechanical impact [8].

Thus, the hydro cavitator ensures effective processing
of liquid media through the combination of cavitation and
mechanical effects.

RESULTS AND DISCUSSION

The barite ore was initially crushed using a crusher to
a crumb-like state (see Fig. 2). The crushed crumb was
then ground in a ball mill for 45 minutes (see Fig. 3). The

Fig. 2. Barite crumb

resulting barite powder was sieved through a mesh with
a cell size of 0.23 mm.

The powder we obtained (see Fig. 3) was used as a fill-
er, with a granulometric composition determined by our
sieve analysis (see Table 5):

The particle size distribution of the powders was de-
termined using the sieve method. The specific density of
the powder was 8.9 g/cm?, and the ratio of the maximum
particle size to the minimum particle size was 600:1.

A 4-factor experiment was conducted according to
the B4 plan (see Table 6). The four formulation factors
varied were:

— baryte, %;

X2 — microcrystalline silica, %;

X3 — heat treatment temperature, °C;

X4 — heat treatment duration, minutes;

All other components included bentonite.

The levels of variation for the four factors are present-
ed in Table 7. The parameters used for optimization were:

— density, kg/m?;

Y2 — water absorption, %;

Y3 — compressive strength, MPa;

Y4 — volumetric shrinkage, %.

Based on the levels of factor variation (Table 7) and
the experimental results according to the plan (Table §),
regression equations were obtained for the density, water
absorption, strength, and shrinkage of the material. Us-
ing these equations, nomograms corresponding to the
experimental plan were constructed.

Fig. 3. Ground barite powder
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Table 5. Granulometric composition of the barite powder

Nanob%

Average size of powder,

Ratio of barite powder

d micrometer gramms percentage
Less than 50 10.6 1.53
75 20.0 19.88
150 25.0 24.85
257 25.0 24.85
457 20.0 19.88

Table 6. Levels of factor variation

Value of factors
Factor levels X, - barit, X, - microcrystalline X, - heat treatment X, - heat treatment
% silica, % temperature, °C duration, minutes
-1 10 0 800 15
0 20 5 850 30
1 30 10 900 45
Table 7. Plan and experimental results
nz:e":::i::e Natural variables Experiment results
No. . . X, - ignition L Yoo . Y,-water | Y2~ COmpres-
X, | x, | x |x X, - ol/oarlt, X, .}mlc‘;o- tempera- Xt“_ |gn|t.|on vzll.mli(etrlc Y, - denssuy, abzsorbabil- sive strt.eng.t_h
o silica, % ture, °C ime, min. S| rn:/ age, g/amy ity, % (tai:(f,tne)r :\?I:Ia
() r
1 + + + + 30 10 900 45 35 1.59 10.95 2.25
2 + + + - 30 10 900 15 28 145 10.16 1.75
3 + + - + 30 10 800 45 34 1.6 11.28 0.57
4 + + - - 30 10 800 15 37 1.67 10.46 0.51
5 + - + + 30 0 900 45 31 1.53 11.98 1.37
6 + - + - 30 0 900 15 36 1.67 10.54 0.39
7 + - - + 30 0 800 45 33 1.62 10.50 0.62
8 + - - - 10 10 900 45 37 1.53 10.46 1.22
9 . + + + 10 10 900 15 35 1.55 0.85 043
10 - + + - 10 10 800 45 36 1.46 10.38 1.0
1 - + - + 10 10 800 15 41 1.6 9.66 0.37
12 - + - - 10 0 900 45 37 1.65 10.00 0.39
13 - - + + 10 0 900 15 35 1.59 10.52 0.72
14 - - + - 10 0 900 15 34 1.57 10.50 0.50
15 - - - + 10 0 800 45 35 1.61 11.54 0.82
16 | - - - - 10 0 800 15 38 1.71 10.62 0.78
17 | + 0 0 0 30 5 850 30 26 1.44 11.42 0.87
18 | - 0 0 0 10 5 850 30 33 1.46 10.53 2.25
19| 0 + 0 0 20 10 850 30 44 1.56 9.22 2.26
20| 0 - 0 0 20 0 850 30 35 1.35 10.80 0.25
21 0 0 + 0 20 5 900 30 25 1.26 9.87 0.256
22 0 0 - 0 20 5 800 30 39 1.49 10.20 0.37
23 0 0 0 + 20 5 850 45 38 1.45 9.90 1.75
24 0 0 0 . 30 5 850 15 34 1.45 10.12 0.50
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The mathematical model describing the dependence
of density is presented as follows:

Y,(p) =1.536 + 0.015 x X, x X,. (1)

The model is considered adequate, with the Fisher
criterion value F, = 1.182, which is less than 1. It has been
established that the most significant influence on density
comes from the interaction between temperature and heat
treatment duration. This interaction (x,x,) is the only
significant factor; other factors and quadratic interactions
did not show statistically significant effects.

Thus, the sample density increases with simultaneous
increases in temperature and firing time. This is related
to more dense sintering of the material during intensive
heat treatment.

Therefore, to increase the material’s density, it is rec-
ommended to use the maximum values of temperature
and firing time within the studied range.

The nomograms of ceramic composite density at nine
points in the factor space along the X3 and X4 axes are
shown in Fig. 4.

Based on the levels of factor variation (Table 7) and
the experimental results according to the plan (Table 8),
regression equations were obtained for the density, water
absorption, strength, and shrinkage of the material. Us-
ing these equations, nomograms corresponding to the
experimental plan were constructed.

The mathematical model describing the dependence
of density is presented as follows:

Y, (p) = 1.536 + 0.015 X x, X x,. 2)

The model is deemed adequate, with the Fishers cri-
terion value F, = 1.182 < I.

It has been established that the greatest influence on
density is exerted by the interaction between temperature
and heat treatment duration. This interaction (x,x,) is the
only significant factor; other factors and quadratic inter-
actions did not demonstrate statistically significant effects.

Thus, the density of the samples increases when both
the temperature and the firing time are raised simultane-
ously. This is related to a denser material sintering process
during intense heat treatment.

Therefore, to increase the material’s density, it is rec-
ommended to use the maximum values of temperature
and firing time within the studied range.

The nomograms of the ceramic composite’s density
at nine points in the factor space along the X, and X, axes
are shown in Figure 4.

The equation of the mathematical model character-
izing water absorption is as follows:

Y, =10.18 + 0.31x1 — 0.54x12 + 0.27x1x4 —
—0.07x3x4. 3)

The model is deemed adequate (F, = 1.279 < 1).

The model indicates that the water absorption of the
material decreases with an increase in the content of
micro-silica and temperature, and also depends on the
interaction of these factors.

The most significant influences are: the barite content
(x,) and its quadratic effect (x); the interaction between
barite and the thermal treatment time (x, x,); and, to
a lesser extent, the interaction between temperature and
thermal treatment time (X, x,).

As the amount of barite increases, the water absorp-
tion of the ceramic composite initially rises, then decreas-
es, which is confirmed by the negative quadratic effect
(x,> <0). Increasing the time and temperature of thermal
treatment contributes to reducing water absorption.

Nomograms of the water absorption of the ceramic
composite at nine points of the factor space (x, and x,)
are shown in Figure 5.

The optimal result is achieved at a moderate barite
content (about 20%) and increased firing time.

The mathematical model of the compressive strength
(Y,) of the ceramic composite is represented by the fol-
lowing equation:

Y, = 116 + 0.13x1 + 0.47x12 + 0.13x1x2 +
+ 0.16x1x3 + 0.16x2 + 0.25x2x3 + 0.17x3 —
—0.78x32 + 0.1x3x4 + 0.1x4. 4)

The model is considered inadequate (F_calculated
> F_critical; F, = 9.414 > 1), indicating the need for cor-
rection or additional experimentation.

The compressive strength of the ceramic composite
increases with the growth of barite content, micro-silica,
and firing temperature. However, excessively high temper-
atures combined with prolonged exposure have a negative
impact on the material’s strength characteristics.

Nomograms of the ceramic composite’s strength at
nine points in the factor space along the X3 and X4 axes
are shown in Figure 6.

Analysis of the influencing factors revealed the fol-
lowing:

* Main factors: x, (barite), x, (micro-silica), x, (tem-
perature), x, (thermal treatment duration);

* Quadratic effect of temperature (x,): negative —
indicating a decrease in strength at excessively high tem-
peratures;

* Significant interactions: x X, and X,X,.

The highest strength of the ceramic composite is
achieved at moderate barite and micro-silica content, as
well as a firing temperature of around 850 °C. Increasing
the temperature to 900 °C leads to structural degradation
of the material and a reduction in strength, which is con-
firmed by the negative coefficient value for x,2. Conversely,
a longer firing time has a positive influence on the strength
characteristics.
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Fig. 4. Nomograms of the ceramic composite’s density Y, = f(x,, x,) at nine points in the factor space along axes x;

and x,
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Fig. 5. Nomograms of water absorption for the ceramic composite Y, = f(x,, x,) at nine points within the factor space

of x; and x4
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Fig. 6. Nomograms of the compressive strength of the ceramic composite Y, = f(x,, x,) at nine points within the
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Shrinkage after drying
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Fig. 7. Nomograms of shrinking of the ceramic composite depending on composition and technological factors

http://nanobuild.ru 725 info@nanobuild.ru



http://nanobuild.ru/ru_RU/

2025; 17 (6):
715-732

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

No. 100

Nanobm

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES

Recommended parameters to ensure high strength
are: Barite content: approximately 20—25%; Micro-
silica content: approximately 5%; Firing temperature:
around 850 °C; Thermal treatment time: approximately
30—45 minutes.

Based on experimental data, a mathematical model
describing volumetric shrinkage (Lo) was developed:

Y,=33.98 — 1.5x1 —4.43x12 — 2.0x3 +
+5.57x22 + 1.13x2x4 + 0.5x,. 5)

The model is deemed inadequate (F, = 2.647>1),
indicating the need for refinement or additional experi-
mentation.

A nomogram of ceramic composite shrinkage based
on equation (3) was constructed, depending on composi-
tion and technological factors (see Figure 7).

It was established that the volumetric shrinkage de-
creases with increasing barite content and decreasing fir-
ing temperature.

Analysis of influencing factors found: Barite content
(x,) and its quadratic effect (x,?) exert the greatest influ-
ence — as barite increases, shrinkage decreases.

Firing temperature (x,) also contributes to reducing
volumetric shrinkage.

Micro-silica (x,?), on the other hand, increases shrink-
age when increased.

Significant interactions include: x, « x, (micro-silica x
time), x, «x, (temperature X time) — particularly at longer
thermal treatment durations.

Thus, increasing barite content and firing tempera-
ture in the ceramic composite helps reduce volumetric
shrinkage. Conversely, high micro-silica content, espe-
cially combined with prolonged firing times, leads to in-
creased shrinkage.

It was also established that factor interactions (par-
ticularly between micro-silica and firing time) have a sub-
stantial effect on volumetric shrinkage.

Minimum shrinkage of the ceramic composite is
achieved with: Barite > 25%; Micro-silica (MS) < 5%;
Firing temperature > 850 °C; Firing time > 30 minutes.

In the cavitator, 30 liters of water were poured, then
6 kg of finely ground barite powder was added (see Fig-
ure 4). The device was turned on and operated for 2 hours,
after which it was turned off. After the hydro-cavitational
treatment process, the barite powder was extracted from
the water using a filter with a mesh size of 100 microm-
eters, made from woven material. The technological re-
gimes of the cavitator and the content of barite powder
are given in Table 8. From the table, it is evident that after
cavitation, the finely ground powder constituted 32.78%,
while the remaining 67.22% was in the water.

After cavitation treatment, the barite powder begins
to bind between its particles, allowing the resulting mass
to be molded. At the same time, the barite suspension
acquires a faint odor reminiscent of hydrogen sulfide.
This effect is explained by the partial decomposition of
the barite, releasing barium and sulfur compounds. The
obtained barite powder after cavitation was formed into
a cube measuring 4x4x4 cm.

Table 9 shows that the resulting powder has high
density, low shrinkage and sufficient strength to provide
a binding effect.

The IR spectrum of barite powder after cavitation
treatment indicates changes in its composition and struc-
ture (see Fig. 9).

For further investigation, X-ray diffraction analysis
of barite before and after hydro-cavitation treatment was
conducted (see Figs. 10 and 11).

A comparison of the X-ray diffraction patterns of
barite powder before and after treatment with a hydro-
cavitator shows that after treatment, the particle size
decreases to the nanoscale, and the reflection intensi-
ties increase, indicating an improvement in the condi-
tions for binding interactions in the ceramic composite.
In further research, the elemental composition of the

Table 8. Technological regimes and barite powder content after cavitation

Mixture composition Tecghnological characteristics Powder composition
No. . Treatment Heating Solid mass in the Re.st of fractlons,
Water, | Barite, g . . tempera- Pressure, Pa remained in the water
time, min form of powder .
ture, °C medium
1 30 6000 120 35 10 4900 1100

Table 9. The physical and technical characteristics of the barite powder formed into a cube

Cube volume, Shrinkage q 5 Compressive strength
No. (IR cm? after drying, % LTS HLEHT (after ignition), kPa
1 108.45 52.20 13 2070 2.8
2 136.56 594 1.0 2290 2.94
3 128 57.6 4 2220 29
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Fig. 8. Barite samples after cavitation
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Fig. 9. IR spectrum of barite powder after hydro-cavitation treatment
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Fig. 10. X-ray diffraction pattern of barite powder before cavitation treatment
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Fig. 11. X-ray diffraction pattern of barite powder after hydro-cavitation treatment
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barite powder after cavitation treatment was deter-
mined. The results of this analysis are presented in

Figure 12.

As observed from Figure 12, the research results con-
firm changes in the elemental composition of the barite
powder after cavitation treatment.

Nanobuli

Barite (Ba) accounts for 52.2%, sulfur oxide (SO,) —
29.2%, and silicon dioxide (SiO,) — 8.09%. The remain-
ing components are present in small quantities.

Furthermore, ceramic composites were obtained
based on the barite powder after cavitation treatment and

bentonite (see Table 10).

Sample name
File name
Application
Date
Analyzed by
Counts
Comment

Analyzed result

2 proba
2 proba
Umumiy.

2025/ 8/15 15:

1

No. Component Result

1 MgO 0.367
2 Al203 1.03
3 Si02 8.09
4 SO3 29.2
5 Ca0O 1.01
6 Sc¢203 0.0712
7 TiO2 0.560
8 V205 0.809
9 MnO 0.296
10 Fe203 0.349
11 CuO 0.0232
12 Zn0 0.0743
13 SrO 1.00
14 Zr02 1.91
15 Sn0O2 0.0519
16 TeO2 0.0312
17 BaO 52.2
18 Nd203 1.19
19 Sm203 0.290
20 Eu203 1.38

17

Unit

mass%
mass%o
mass%
mass%
mass%
mass%o
mass%
mass%
mass%
mass%
mass%
mass%o
mass%
mass%o
mass%
mass%
mass%
mass%
mass%
mass%

Stat, Err.
0.0281
0.0146
0.0207
0.0190
0.0093
0.0058
0.0333
0.0157
0.0072
0.0058
0.0007
0.0010
0.0020
0.0047
0.0012
0.0013

0.442
0.0571
0.0084
0.0175

LLD
0.0736
0.0229
0.0104
0.0189
0.0105
0.0165
0.0990
0.0448
0.0192
0.0140
0.0008
0.0006
0.0025
0.0025
0.0020
0.0030
0.0739

0.156
0.0100
0.0343

LLQ
0.221
0.0687
0.0311
0.0568
0.0314
0.0494
0.297
0.134
0.0576
0.0420
0.0025
0.0019
0.0074
0.0075
0.0059

0.0089
0.222

0.469
0.0299
0.103
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Fig. 12. Elemental analysis of barite powder after hydro-cavitation treatment
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Table 10. Ceramic composite based on bentonite and barite powder after cavitation treatment

Nanobm

Mixture composition, %

Technological characteristics

Physical - technical

characteristics
No- Bentonite Barite Ignition Time of thermal | Density after Compressive
temperature | treatment, min | ignition, g/cm?® | strength, kPa
1 90 10 800 30 1.43 21.574
2 80 20 800 30 1.70 11.767
3 50 50 800 30 Destroyed Destroyed

It was established that increasing the content of barite
powder above 20% in the ceramic composite leads to
its destruction due to vigorous chemical reactions (see

Figure 13).

This is associated with an increase in temperature dur-
ing firing, which, in turn, is caused by the decomposition
of sulfur oxide present in the barite powder.

The resulting ceramic composite, manufactured us-
ing a semi-dry pressing method, confirms that when the
barite powder content exceeds 20%, the structure of the

composite begins to degrade (see Table 11 and Figure 14).

The ceramic composite samples are presented in Fig-

ures 15 and 16.

Table 11. Ceramic composite obtained by semi-dry pressing method

Fig. 14. Breakdown of the ceramic composite obtained
by semi-dry pressing

Mixture composition, % Technological characteristics A te.ch.nlcal
characteristics
No. g cng g 3 o
Benton- ) Vollas- Pressing Ignition Ignition Der.mt'y. af- | Compressive
ite Barite tonite pressure, tempera- time. min ter ignition, strength,
MPa ture, °C ! g/cm? MPa
1 80 10 10 0.75 800 30 2100 80.62
2 60 20 20 0.75 800 30 2300 114.37
(destroyed)
53.75
3 5 30 20 0.75 800 30 2380 (destroyed)
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Fig. 15. Ceramic composite: bentonite — 90%,
cavitation-treated barite powder - 10% (firing
temperature - 800 °C, firing time — 30 minutes)

CONCLUSION

The chemical composition of the main raw materials
used for the production of ceramic composites was stud-
ied: barite (Artsy deposit), micro-silica, and bentonite
clay (Absheransk deposit).

Optimization of the composition and properties of
the ceramic composite based on experimental-statistical
models confirmed the advisability of using 20—30% bar-
ite and up to 10% micro-silica at a firing temperature of
850—900 °C and a heat treatment duration of 30—45 min-
utes. This specified composition and technological regime
ensure the production of a composite with high strength
and water resistance indicators.
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