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ABSTRACT

This article describes the processes of decomposition of magnesite waste in sulfuric acid, which is
formed during flotation enrichment of the Zinelbulak talc-magnesite deposit. As a result of the
research, the influence of concentration and temperature of the reaction medium on the
dissolution of magnesite in H,SO4 solution was investigated and melting degrees were determined.
Based on the data obtained, a mathematical model of the process was formed: the melting kinetics
were described by equations, and the parameters were calculated using regression analysis. The
modelling results were based on the rate at which magnesite melts, with a focus on acid
concentration and temperature factors. The value of the coefficient of determination of the
constructed mathematical model justified the fact that this model was 97.2% accurate. Based on
the reliability of the mathematical model, optimal conditions are determined through
experimental and model analysis. The optimum conditions are a temperature of T = 81.45 °C and
an acid concentration of C = 74.05%, resulting in a decomposition rate of Ymax = 93.57%. The results
of this work establish a scientific foundation for treating waste products containing magnesium
and producing products such as magnesium sulfate from them. Initially, the article describes the
composition of raw materials and experimental methods, then the mathematical model and the
results obtained are analysed, and conclusions and proposals are presented.
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Introduction

The Zinelbulak talc-magnesite deposit reserve is
the only major talc rock deposit in Central Asia with
an output of 200 million tonnes. Mining ore has a
complex composition containing 52% talc, 43%
carbonate minerals (mainly magnesite) and 5% iron
oxides [[1], [2], [3]]. Qualitative and quantitative
analyses showed that the main mineralogical
composition of ore consists of talc and magnesium
components, and the magnesium content is 31.7
wt%. It has also been found that such impurities as
serpentine, quartz, hematite, and magnetite are
found in this raw material [[1], [2]].

When talc concentrate is isolated from the talc-
magnesite raw material by gravitational or flotation
methods, a magnesite waste consisting mainly of
magnesite is formed. This magnifying waste can be

chemically processed into a valuable product. In
particular, when the magnesium is decomposed in
sulfuric acid, magnesium sulfate (MgSQ,) is formed,
a compound that is widely used in industry and
agriculture. Therefore, obtaining a variety of
products through the recycling of magnetic waste
can provide additional economic benefits as well as
reduce environmental problems.

Globally, it has been reported that by dissolving
magnesite waste in hydrochloric acid, the process
kinetics obeys the "pseudo-secondary" model and
the activation energy is 62.4 kJ/mol [4]. However,
there are also several general studies on the melting
kinetics of magnesite feedstock in acids and the
optimization of process parameters. Specifically, [5]
in their study, they set the reaction duration to 60
min with a solid-liquid part ratio of 1:20 at an acid
concentration of 2 M at a temperature of 65°C, as
optimal conditions for dissolving magnesite in H,SO4
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solution. The melting kinetics of magnesite in
sulfuric acid were studied by the process of
magnesium extraction in sulfuric acid on the
example of the mineral serpentinite. As a result of
the process, a magnesium release of 98.35% was
achieved. As a result, the authors found that high-
purity Mg(OH), and 4MgCOs:- Synthesis of
Mg(OH),-4H,0 obtained [6]. The influence of
indicators such as acid concentration, temperature,
mixing rate, and particle size as factors influencing
the efficiency of the magnetite acid refining process
was investigated, and conclusions about optimal
conditions were drawn [[7], [8], [9]].

According to the above-mentioned sources of
literature analysis, the process of decomposition of
magnesite waste formed by flotation enrichment of
talc-magnesite from the Zinelbulak mine using
sulfate, nitrate or hydrochloric acids and its
mathematical model have not been studied. In this
regard, this study investigated experimentally and
theoretically the process of disintegration of
magnite-sparing wastes by processing in H,SO,, the
main component of which is magnesite.

The purpose of the research is to define its

modeling of a process and determine the optimal
technological conditions for the complete process.
Experimental part

The object of the study was the magnesite-
containing waste generated during the flotation
beneficiation process of the Zinelbulak talc-
magnesite rock. The material composition of the
Zinelbulak talc-magnesite rock has been studied in
our previous research [2] using modern physico-
chemical methods. The magnesite-containing waste
sample formed during the flotation beneficiation of
this raw material was comprehensively analyzed
using an X-ray fluorescence spectrometer (Figure 1).

Based on the analyses, the chemical
composition of the raw material is presented in
Table 1.

The phase composition of this raw material was
analyzed using X-ray diffraction, and the results
were processed using the BGMN/Profex Rietveld
software package to determine the qualitative and
guantitative mineralogical composition of the
samples (Figure 2 and Table 2) [[10], [11], [12]].
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Figure 1 - Extended analysis of the magnesite-containing waste using an X-ray fluorescence spectrometer

Table 1 - Chemical composition of the magnesite precipitate obtained from the flotation process as determined by X-

ray fluorescence spectrometry

Tarkibdagi oksidlarning ulushi, %

SiO2 MgO Fe203 | Al1203 Cao

Cr203

MnO SOs3 NiO ZrO2 N20

39.15 39.46 5.93 2.42 2.78

0.14

1.62 1.34 1.56 1.78 3.82
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Figure 2 - X-ray diffraction pattern of the magnesite-containing waste

Table 2 - Mineralogical composition of the magnesite-containing waste sample

Mineral name Chemical formula Content in the waste, %
Magnesite MgCOs 53.70
Talc 3Mg0-4Si02-H20 27.20
Kemmererite 5Mg0-5Fe0-Al>(SiOs)3-H.0 10.01
Dolomite MgCO3-CaCOs3 7.75
Calcite CaCOs 1.34
Total 100

For conducting the research, a static chemical
solvent (liquid—solid leaching) method was used in
the laboratory. Dried to a constant mass were
weighed at an extraction of 5g from a sample with a
moderate particle size to —100um. Disintegration
processes were carried out with a solid-to-liquid
ratio of 5:100 (g/ml) with the sample measured in a
glass tube with a volume of 100 or 250 ml of sulfuric
acid solution. For preparation of the acid solution,
chemically clean high concentration H,SO4 was used,
and concentrations of 20-96% were prepared by
dilution.

Theoretically, in the process of the
decomposition of magnitous boar with sulfuric acid,
the following reactions have been observed:

MgCO; + H2S04=MgS0, + H,0 + CO;
CaMg(COs);, + 2H,504 + (n-2)H,0 = CaSO4-nH,0
+ MgS0,4 + 2C0O,

CaC03+H2504:CaSO4+H20+C02
2Mg(OH),-MgSi03-3S5i0,+2H,504=2MgS0, +
4H,0+ MgSiO3+3Si0;
Mg(OH)2-4MgFe02-FeO-Alz(SiO3)3+10HzSO4:5
MgS04+5FeS04+Al,(Si0s)3+11H,0

The amount of magnesium contained in talc-
magnesite raw materials and separated magnesite
porridges was determined according to the

requirements of State standart 19728.8-2001, and
the amount of calcium oxide was determined
according to the requirements of State standart
19728.7-2001 using volumetric complexometric
methods of titration with 0.05. normal Trilon-B
solution, chromium black-blue and fluorescein
indicators were used. The results were calculated
using the following calculation formulas (1 and 2)
([13], [14]].

VCV,100
Vom

(1)

Xca0 =

Here: V- Volume flow rate of trilon-B, cm3; C-
concentration of trilon-B, g/cm3; V- total volume of
solution, cm3; V,- volume of solution taken for
titration, cm3; m- amount of sample, g.

VCVy
V,m

x 100 — 0,719X,  (2)

XMgO =

Here: V- volumetric flow rate of Trilon-B used for
titration of calcium and magnesium content in the
control solution, cm3; C- concentration of Trilon-B,
g/cm3; V- total volume of solution, cm3; V- volume
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of solution taken for titration, cm3 m- amount of
sample, g; X;- mass fraction of calcium oxide, %.

During the analytical processes, a solution is
prepared according to the method specified in the
literature [15] for determining the general form of
P,Os in phosphate raw materials and magnesium
phosphate fertilizers. The filtered sample was
measured in a photo colourimeter at a wavelength
of A=440 and the results were calculated using the
following formula 3:

ax250x100
gXVx1000

(3)

CPZOS =

Here: a-the amount of P,0s found from the
calibration graph, mg; g - the amount of the analyzed
sample, g; V-solution volume, cm3

Calcium and magnesium oxides contained in
phosphate raw materials and magnesium phosphate
fertilizers were determined by titration with a Trilon-
B solution using the complexometric method
presented in the literature [[16], [17]]. To determine
the general form of P,Os for analysis, a fixed amount
of 250 cm? of a 0.05 N solution of trilon-B was taken
from the prepared solution and analyzed in the
presence of chromium black-blue. The results were
calculated using the following formulas (4 and 5).

ax0.0014x50x100

Ceao = gXVx50 ’ (4)

_ (b—a)Xx0.001x250X250%100

CMgO - gXVX50 ! (5)

Here: a-volume of Trilon-B used to determine
the amount of calcium, ml; B-the volume of Trilon-B
used to determine the amount of magnesium, ml; g
- amount of analyzed sample, g; V-Volume of
solution, cm?.

In order to determine the optimal conditions for
the sulfuric acid decomposition process of this
magnifying waste with a complex composition, a
qguadratic regression model with dependence on the
kkita independent variable C-acid concentration (%)
and T - process temperature (°C) was used to
predict.

In the creation of a mathematical model, the
mathematical model equation is expressed only
from a mathematical point of view, depending on
their quadratic, i.e. curved effect on the degree of
decay when the basic initial values, i.e. temperature

and concentration are 0, when the acid
concentration and process temperatures increase
by one unit value, depending on their quadratic, i.e.
curved effect:

Y=a+bC+cT+dC?+eCT + fT?

Where a, b, ¢, d, e, f are the coefficients
determined on the basis of experimental data.

To predict the maximum extent of the
disintegration process, the two main independent
variables are the concentration of acidity (%) and T
(°C) by solving all the maximum values and
conditions of the process temperature.

ay 0 ay 0
ac "’ aT

The model determines the coefficient of
determination depending on the total -T,;s and
residual =R ;. dispersions, i.e

RZ =1— Tdis
Rdes

The total and residual dispersions in the formula
are determined depending on the actual observed
value as well as the values predicted by the model.
In this case, the general dispersion Ty;s = X1 (v; —
$)? and residual dispersion Ry = 2 (y; —
§)?are determined from the dispersion formulas
[[18], [19]].

Results and Discussion

The prepared reaction mixture was carried out
in a digital tube heater with magnetic stirring brand
MS7-H550-Pro for 180 min at a temperature interval
of 10°C, temperature range 30-100°C (with
thermostat control +1 °C accuracy) and constant
stirring at 300 rpm. The resulting solid residue was
filtered, separated, washed and dried. The amount
of magnesium in the samples was determined by the
complexometric method (using EDTA).

The results obtained during the studies are
shown in Table 3 below, which shows that the
degree of decomposition of the magnetite ash
relative to MgO is due to a variation of 20-96%
concentration of kp acid (C%) and temperature of
30-100°C (T).

— 74 ——
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Table 3 - Degrees of decomposition of magnesite precipitate at different concentrations, absolute values, and

temperatures of H2SO04

Acid Degree of brocade of magnesite chips, %, kp = %;
concentration, 9Oym.
% 30°C 40°C 50°C 60°C 70°C 80°C 90°C 100°C
20 39.33 50.32 51.02 51.03 53.12 54.48 55.12 55.32
30 48.21 74.64 71.24 71.65 72.15 73.52 74.15 74.32
40 49.48 76.64 74.14 74.03 77.97 78.01 78.07 83.89
50 50.38 79.04 79.21 79.46 80.06 80.26 83.94 84.56
60 54.78 79.86 79.64 82.04 82.76 82.02 85.36 85.65
70 57.56 82.01 82.95 83.02 84.56 85.01 87.46 87.92
80 53.35 83.02 83.76 84.16 85.02 85.21 88.56 88.72
90 58.82 83.89 84.50 85.02 86.01 87.01 88.69 89.08
96 59.01 84.40 85.12 85.56 87.08 87.92 89.02 90.14

When the acid concentration was 20% in the
process, the rate of decomposition increased by 1.40
times compared to MgO water (kp), reaching from
39.33% to 55.32%. When the concentration was
30%, the decomposition rate was observed to
increase from 48.21% to 65.66% to 1.54 times, and
these dependencies increased to 1.69 and 1.68
times, respectively, at concentrations of 40% and
50% of sulfuric acid. It was found that in processes
where the acid concentration was increased from
60% to 96%, these values increased by 1.56 and 1.53
times, respectively. At all concentrations of acid, an
increase in decomposition at the temperature range
of 30-40°C was observed by 1.23 and 1.43 times, and
at the temperature range of 50-100°C, up to 1.08
times. Based on the research carried out, it was
found that the process is desirable to conduct the
process at high concentrations of acid, 80-96%, at a
temperature of 40°C.

In the studies, the maximum value was
determined at the boundary points, having the
concentration of acid (C) in the range of 20% < C <
96% and the process temperature ranges (T)
between 30°C < T £100°C.

Y=a+bC+cT+dC?+eCT + fT?

The coefficients a, b, ¢, d, e, and f in the
mathematical model were calculated using the
method of least squares and were determined to be
equal to a = -27.21; b = 0.6257; ¢ = 2.4094; d = -
0.0023; e = -0.0035 and f = -0.0132. Based on these
coefficients, the following equation was formed.

Y = —27.721 4+ 0.6257C + 2.4094T — 0.0023C?
—0.0035CT — 0.0132T?

The number of values of the kP — experimental
decomposition levels in Table 1 above is 9 on the
acid, concentration — 9 on C and temperature —8 on
T. So, in the calculations, it will be equal. On the basis
of this value, the levels of decay calculated according
to the model were determined by the formula Yn =
CT=9%x8=72

n
.1 1
Y=- Y) =— . = 80.299
nzl( ) 72><(578088) 80.29%
1=

The determination coefficient of this structure.
model — R? total —-Ty;s and residual — Ry.s was
determined depending on the dispersions.

p2 g Jais _ X 0i—9)* 36512
Raes 2ic (i — 9% 13067.93
= 0.972

The value of the coefficient of determination
indicated that this model was suitable for
experimental data with 97.2% accuracy. In the
graph shown in Figure 3 below, the experimental
values of the degree of decomposition were
compared with the values of the degree of
decomposition calculated according to the model.
The fact that all the points in the graph are located
close to it along the regression line once again
justified the accuracy of this model. R? = 0.972
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Figure 3 - Comparative comparison of model and experimental values

It has been proven that the model is suitable for
research to predict optimal conditions in terms of
acid concentration and process temperature
parameters.

Conclusion

Based on the above model equation, the optimal
conditions and conditions of acid concentration and

AY AY
temperature were deduced. i 0; i 0

AY
A 0.6257 — 2 x 0.0023C — 0.0035T

AY
AT 2.4094 — 2 x 0.0132T — 0.0035C

Calculations were performed by zeroing the
first-order derivatives. As a result of the calculations,
the decomposition rate is Ymax = 93.57% when the
temperature is T = 81.45°C and the concentration of
acidity required for the process is C=74.05%.

On the basis of the studies conducted, the model
created to determine the possibility of processing
magnesitic waste in sulfuric acid under optimal

conditions was found and proved to be theoretically
useful. This model has made it possible to use the
acid decomposition process efficiently and
efficiently in the studies because it operates at high
precision.
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KypambiHga marHesuT Kocnacbl 6ap KanablKTapAblH *KOFapbl
KOHLEHTPALMANbI KYKIPT KbIWKbI/IbIHAA biAblpaybl: SMNUPUKANIbIK MOAeNbaey

YK9He OHTalbl WapTTapAabl aHbIKTay

Atawes J.A.
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TYRIHAEME

Byn makanapa 3vHenbynak TaNbK-MarHe3uT KeH OpHbI LWKKi3aTbiH GaoTaumanbik 6aibiTy KesiHae
anblHaTbIH MarHesuT KanaplfbiHbIH, KYKIPT KbIWKbIAbIHAA blAblpay npouecTepi KapacTbipblifFaH.
3epTrey HaTMKeciHae MmarHesuTTiH  H,SOs  epiTiHAiciHae epyiHe  peakuuAnbik  opTa
KOHLEHTPaUMACbl MEH TemnepaTypacbiHblH, dCepi 3epTTenin, epy [Aapexenepi aHblKTanapl.
ANblHFaH MaNIMETTep Heri3iHAe NPOLECTIH, MaTeMaTUKaNblK MOAENI Kacanapl: epy KUHETUKACHI
TeHAeyNep apKblabl CUMNATTanbIN, NapameTpaepi perpeccuanslik Tangay KemerimeH ecentengi.
Mogenbaey HaTUKenepi MarHesuTTiH, epy XKbINAamMAbIFbl Heri3iHeH KbIWKbIN KOHLEHTPaLMACHI
MeH TemnepaTtypa ¢aKkTopnapbiHa Tayenni eKeHiH KepceTTi. KypbliFaH maTeMaTuKanblK
MoZenbAiH AeTepMuHauma KoabduumeHTiHiH R?=0,972 maHi 6yn mogenbaiH, 97,2% AsnaikneH
JKYMbIC ICTEWTIHIH aanengeni. MaTemaTuKanblK MOAENbAIH, ANAIMHIH, HerisiHge OHTaWAbI
wapTtrap Temnepatypa T=81,45°C }aHe KaKeTTi KbIWKbIA KoHUeHTpauuacel C=74,05% kesiHae
blAbIpay AeHreni Ymax=93,57% TeH 60naTbiHbl TaXKipubenik KaHe Mogenbaik Tangaynap apKbiibl
aHblKTanabl. byn 3epTTey HaTUKeNepi MarHesnT KypamMblHAAFbl KanAbIKTapabl KalTa eHAaey KaHe
onapAaH MarHuit cynbdaTbl CUAKTbI BHIMAEPAT any YLWiH FbINbIMU Heri3aepai KypyFa MyYMKiIHAIK
6epeai. Makanaga anfbiMeH LWMKI3aT Kypambl MEH 3KCNEPUMEHTTIK agicTep 6aaHAanbin, KeniH
MaTemaTUKanblK MOAE/b MEH afblHFaH HATUXKeNep TanAaHbin, KOPbITbIHABINAP MEH YCbIHbICTap
bepingi.

TyiiiH ce30ep: 3nHeNBYNAK KeHi; TaNbK-MarHe3uT Kanablfbl; MarHe3uT; KYKIPT KbIWKbINbIHAG epiTy;
MaTemMaTUKaNblK MOAENb; KNHETUKANbIK Tanaay; perpeccusanbik Tangay.
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Pa3nokeHne marHesuTcoaepKalinux oTX040B B BbICOKOKOHLEHTPUPOBAHHOM
CEepHOI KUCNOTe: SMNMPUYECcKoe MoaeNnpoBaHue u onpeaeneHune

ONTUMaA/IbHbIX YCIIOBMﬁ

ATawes 3.A.

YpeeHnuckuli 2ocydapcmeeHHbili yHUsepcumem umeHu Aby PalixoHa bepyHu, Y36ekucmaH

Noctynuna: 3 uroHA 2025
PeueHsnpoBaHue: 10 uroHA 2025
MpuHATa B Nneyvatb: 17 uroHA 2025

AHHOTALMUA

B [aHHOW cTaTbe paccMaTpPMBAOTCA MPOLECChl PA3/IOKEHUA MarHesuTCOAEPIKALLMX OTXOAOB,
obpasytowmxca npu GA0TaLMOHHOM 06OralLEHUN TalbK-MarHesuToBom pyabl 3uHenbynakckoro
MEeCTOPOXKAEHUA, B CEpPHOW Kucnote. B pesynbrate npoBeféHHbIX WMCCNEAOBAaHWIN U3yYeHO
BAWAHWE KOHLEHTPALMU peakUMOHHOM cpelbl U TemnepaTypbl Ha pacTBOpeHUMe MarHesuTa B
pactBope H,SO4, a TakKe onpeaeneHbl cTeneHn pactBopeHma. Ha ocHoBe NOyYeHHbIX AaHHbIX
6bina paspaboTaHa mMaTemaTMyeckas MoAenb Mpouecca: KMHeTMKa pacTBOPeHWA onucaHa
YPaBHEHUAMM, a MNapameTpbl PacCYUTaHbl C WUCMNO/b30BAHMEM PErpecCMOHHOr0 aHanAusa.
Pe3ynbTatbhl MOZENMPOBaHWUA MOKa3anMu, YTO CKOPOCTb PACTBOPEHWA MarHesuTa B OCHOBHOM
3aBUCUT OT HAKTOPOB KOHLEHTPaLMM KUCAOTbl U TemnepaTtypbl. KoadbduumeHT getepmuHaumm
NOCTPOEHHOM MaTemaTnyecko mogenu R?=0,972 noaTBepAmn/, 4TO TOYHOCTb MOAENN COCTaBAAeT
97,2%. Ha ocHoBe Q[OOCTOBEPHOCTM MaTemaTMYyecKOW Moaenu onpegeneHbl ONTUMasbHble
ycnosusa: npu Temnepatype T=81,45°C 1 KOHUeHTpauun Knucnotbl C=74,05% cTeneHb pasnoKeHus
coctaBnaeT Ymax=93,57%, 4TO YyCTaHOBNEHO Ha OCHOBE 3KCNEPMMEHTA/IbHbIX U MOAE/bHbIX
aHanu3oB. Pe3ynbTaTbl AaHHOM pPaboTbl 3aKNafblBAlOT Hay4yHble OCHOBbI ANA nepepaboTku
OTXOA0B, COAEPKALLUX MArHe3uT, U NMOYYeHNA N3 HUX TaKUX NPOAYKTOB, KaK cynbdaT marHus. B
CTaTbe CHayana M3N0MKEeHbl COCTaB CbipbA W 3KCMEPUMEHTa/bHble MeToAbl, 3aTeM NpuUBEAEH
aHaNM3 MATEeMATUYECKOM MOZENM W TMONYYEHHbIX Pe3y/nbTaToB, a TaKKe J[aHbl BbIBOAbI W
NpeasioKeHUs.
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UHdopmayus o6 asmopax:

Jokmop ¢unocopuu 8 obaacmu mexHU4ecKux Hayk, OoueHm hakysabmema Xumu4eckol
Amawes Inép Amawesuy mexHos02UU Yp2eHYCKo20 20Cy0apcmeeHHo020 yHusepcumema umeHu Aby PalixoHa bepyHu,
Ypeeny, ynuuya X. OaumxioHa, 14, 220100, Y3b6exkucmaH. Email: elyor.a@urdu.uz; ORCID ID:
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