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Abstract. A comprehensive analysis of samples of calcium-containing mineral raw materials from
deposits in Russia (Bryansk), Kazakhstan (Beineu, Shetpe, Zhanakorgan), and Uzbekistan (Fergana) was
carried out to assess their suitability as precursors of calcium oxide used in technologies for the
remediation of oil-contaminated soils. The study employed methods of X-ray phase analysis (XRD),
elemental analysis, and infrared spectroscopy (FTIR). By the XRD method, the phase composition of the
samples was established and their semi-quantitative evaluation was performed. Based on the obtained
data, the samples were classified into three groups: 1) calcium oxide—hydroxide (Bryansk, Beineu,
Fergana), characterized by a high content of CaO (76.1-92.5%) and Ca(OH). (7.5-19.0%); 2) calcium
hydroxide (Zhanakorgan), representing almost pure Ca(OH)2 (99.6%); 3) carbonate (Shetpe), consisting of
calcite CaCOs (>98%). FTIR results confirmed the presence of the identified phases. Elemental analysis
showed high purity of most samples in terms of calcium (>52% CaO in normalized form). The sample
from Bryansk contains an increased amount of silica (SiOz = 4%). Technological recommendations for the
use of the raw materials are proposed. The Beineu-1 and Beineu-2 samples, containing 92.5% and 81.0%
Ca0, respectively, were identified as the most promising raw materials for the energy-efficient production
of active CaO.
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KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XYPHAJI KA3AXCTAHA

Introduction

This work is devoted to the analysis of raw material sources of calcium-
containing materials used for the production of calcium oxide, which is applied in
technologies for the remediation of oil-contaminated soils. Calcium oxide (CaO,
quicklime) is a highly reactive reagent widely used in metallurgy, construction,
the chemical industry, and environmental applications [1, 2]. In particular, in
remediation technologies for oil-contaminated soils, CaO is used for the
stabilization of hydrocarbons, adjustment of the pH of the medium, and
immobilization of heavy metals [3, 4]. The efficiency of these processes directly
depends on the reactivity of CaO, which is determined by its purity, particle size
(dispersion), and structure. These characteristics, in turn, are defined by the
composition of the initial mineral raw materials and the conditions of their
processing. Despite the abundance of deposits of carbonate and other calcium-
containing rocks, their composition can vary significantly depending on
geological conditions. The presence of associated phases (calcium hydroxide,
dolomite, silicate and clay minerals) and chemical impurities (compounds of Mg,
Fe, Si, and Al) significantly affects both the technology of calcium oxide
production and its final properties [5-9]. Therefore, systematic research and
comparative evaluation of the component composition of raw materials from
various sources represent a relevant scientific and practical task.

Samples from Bryansk (Russian Federation), as well as from deposits in
Kazakhstan (Beineu, Shetpe, Zhanakorgan) and Uzbekistan (Fergana), were
investigated. The main research method is semi-quantitative X-ray phase analysis
(XRD), supplemented by the results of elemental analysis and IR spectroscopy.

The aim of the work is to determine the component composition of the
studied samples and to classify them based on the obtained data for further use in
industrial purposes:

Bryansk, Russian Federation (sample 1)
Beineu, quarry 1 (sample 2)

Beineu, quarry 2 (sample 3)

Shetpe, quarry 1 (sample 4)

Shetpe, quarry 2 (sample 5)
Zhanakorgan (sample 6)

Fergana, Uzbekistan (sample 7)

Noak~wnE

Experimental part

Sampling and sample preparation were carried out in accordance with
methods [10, 11].

1. X-ray phase analysis was carried out according to the standard method
[12] using a powder diffractometer DW-XRD-27mini (Cuk, radiation, voltage —
40 kV, current — 40 mA, graphite monochromator). Scanning was performed in
0—20 mode in the angular range of 26 from 5° to 120°.

2. The analysis of the content of major elements (Ca, Mg, Fe, Al, Si, K,
Na, Ba, Mn in oxide forms) in solid samples was carried out using an inductively
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coupled plasma atomic emission spectrometer (ICP-OES) Thermo Scientific
iCAP PRO XP Duo (Germany), in accordance with the measurement
methodology for solid objects.

3. IR spectra were recorded on a Fourier spectrometer Nicolet 5700 in the
range of 4004000 cm™. The spectra were recorded using OMNIC software.
Samples were prepared in the form of pellets with KBr. Before analysis, the
samples were dried at 110°C to remove adsorbed moisture.

Results and discussion
Figures 1-7 show the X-ray diffraction patterns of the studied samples. Table
1 presents the data on their component composition.
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Figure 1 — X-ray diffraction pattern of sample 1
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Figure 2 — X-ray diffraction pattern of sample 2

Figure 3 — X-ray diffraction pattern of sample 3
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Figure 4 — X-ray diffraction pattern of sample 4
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Figure 5 — X-ray diffraction pattern of sample 5
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Figure 6 — X-ray diffraction pattern of sample 6
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Figure 7 — X-ray diffraction pattern of sample 7
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Table 1 — Data of semi-quantitative analysis by X-ray phase analysis (XRD) of the studied samples, %

Sample ID Ca0 Ca(OH): Magnesian calcite* CaCOs
1. Bryansk, RF 78.8 16.9 - 4.3
2.Beineu, quarry 1 925 7.5 - -
3. Beineu, quarry 2 81.0 19.0 - -
4. Shetpe, quarry 1 - - 99.9 0.1
5. Shetpe, quarry 2 - - 98.7 13
6. Zhanakorgan 0.4 99.6 - -
7. Fergana, Uzbekistan 76.1 19.1 15 3.3

* Mgo,03Ca0,97(CO3)

Based on the analysis of the component composition of calcium-containing
samples from various deposits in Russia, Kazakhstan, and Uzbekistan, three main
groups can be identified:

1. Calcium oxide-hydroxide group. This group includes samples
containing calcium oxide and calcium hydroxide (samples 1-3 and 7). It should
be noted that samples 1 and 7 also contain carbonates and are generally similar in
composition. In samples 2 and 3 (Beineu, quarries 1 and 2, respectively), only
calcium oxide and calcium hydroxide are observed. At the same time, sample 2
shows the highest relative content of calcium oxide.

2. Calcium hydroxide group. The sample from Zhanakorgan is
characterized by an exclusively high content of calcium hydroxide (Ca(OH). —
99.6%).

3. Calcite group. The samples from Shetpe (quarries 1 and 2) consist
entirely of calcite.

Table 2 presents the data on the elemental composition of the selected major
elements (normalized compositions). Normalized compositions allow you to
compare the relative content of elements to each other in different samples. The
content of the remaining elements is below the limits of their detection.

Table 2 — Elemental analysis of selected elements in oxide form, %

Sample ID AlO3 BaO CaO Fe.03 K20 MgO MnO Na:O | SO.* SiO;

1 | Bryansk RF 112100 | 00071 | 7038 122 | 0676 | 0.207 | 0.0457 | 0496 | 0481 | 4.04

, gjé?f;l <0.014 | 00017 | 772 | 0124 | 0585 | 0.087 | 0.00230 | 0.247 | 1.43 | 0.0863
Beineu,

s | quarry 2 <0.014 | 0.0039 | 803 | 0.126 | 0997 | 0362 | 0.00322 | 0.430 | 161 | <07
Shetpe,

4 | quany1 <0.014 | 0.0009 | 66.0 | 0.260 | 0.973 | 0.0263 | 00255 | 0.468 | 1.13 | 0.245

5 ESS:E;Z <0.014 | 0.0009 | 524 | 0204 | 0592 | 0.0425 | 00287 | 0.291 | 0500 | 0.222

6 | Zhanakorgan 0.36 0.007 66.4 0.12 0.035 0.65 0.013 <0.02 <0.4 2.2

Fergana,
Uzt?ekistan <0.014 | 0.0012 67.2 0.0403 | 0.650 0.294 0.00354 | 0.251 2.73 <0.5
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Figure 8 shows the IR spectra of the studied samples. Table 3 presents the
positions of the absorption bands in their IR spectra.
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Figure 8 - IR spectra of the studied samples

Table 3— Absorption frequencies of the studied samples

Sample ID
Bryansk, | Beineu, Beineu, Shetpe, Shetpe, Zhanakorgan Fergana,
RF quarry 1 quarry 2 quarry 1 quarry 2 Uzbekistan
Wavenumbers, cm'
3642.7 3643.1 3639.3 - - 3642.0 3643.4
3439.1 33034 3299.8 - 3448.5 3441.0 -

- - - 2981.2 2971.0 - -

- - - 2873.0 2873.3 - -

- 25215 - 2514.3 25145 - -

- 1789.2 - 1798.0 1798.1 - 1786.2
1630.7 1652.1 1654.0 - - 1633.9 1624.7
1480.0 1475.1 1480.3 - - 1491.7 1476.0

- - - 1434.4 1434.0

- - - - - 1377.3 1380.9

- - 1214.0 - - - -

- - 1137.0 - - - 1076.9
997.7 - - - - - -
918.5 - - - - - -
874.5 858.3 858.0 874.6 875.3 - 858.8

- 716.0 712.6 712.8 - 719.0

- - 665.3 - - - -

- - 429.7 - - - -

In samples 1-3 and 6-7, narrow and intense absorption bands in the 3640—
3650 cm™! region are observed, corresponding to the stretching vibrations of
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hydroxyl groups. These bands indicate the presence of free or weakly bonded OH
groups, characteristic of pure calcium hydroxide (Ca(OH):), and suggest the
absence of hydrogen bonding. Deformation vibrations of OH groups are also
present in the same samples (around 1640 cm™).

The absorption bands observed in the 3000-3450 cm™ region are attributed
to O—H bonds associated with groups participating in hydrogen bonding. For the
Shetpe quarry samples (4 and 5), absorption bands in the 2870-2980 ¢cm™ region
are observed, which are characteristic of hydrocarbons, i.e., indicating the
presence of organic impurities. In addition, the spectra of the Shetpe samples (4
and 5) are dominated by intense carbonate-ion bands: the asymmetric stretching
vibration vs in the 14201460 cm™ region, as well as deformation out-of-plane v
(~870 cm™) and in-plane v4 (~710 cm™) vibrations.

The IR spectroscopy data are actually fully consistent with the conclusions
of XRD regarding the component composition:

- Bryansk (1): The IR spectrum shows the presence of OH groups
(moderate), COs*>~ (weak), and water. XRD confirms a mixed composition with a
predominance of CaO.

- Beineu-1 (2) and Beineu-2 (3): The IR spectra exhibit strong OH group
bands, while COs?~ bands are weak or absent.

- Shetpe-1 (4) and Shetpe-2 (5): The IR spectra are characterized by
absorption bands of carbonate groups. XRD confirms an almost pure calcite
composition.

- Zhanakorgan (6): The IR spectrum shows intense OH group bands
characteristic of calcium hydroxide, with no COs?~ group bands detected.

- Fergana (7): The IR spectrum, similar to that of Bryansk, shows the
presence of OH groups (moderate), carbonate groups (moderate), and water,
confirming the XRD data indicating a mixed composition containing CaO,
Ca(OH)a, and calcite.

Technological aspects (recommendations) of raw material utilization

The performed analysis made it possible to classify the investigated calcium-
containing deposits according to their component composition and to determine
their suitability for the production of calcium oxide.

1. Raw materials of the Calcium oxide-hydroxide group are the most
preferable for obtaining highly active CaO. Samples Beineu-1 and Beineu-2 are
particularly notable, requiring minimal energy input for activation
(dehydroxylation at ~500-600 °C). Samples Bryansk and Fergana are also
promising; however, the presence of impurities (SiO2, Fe.Os, Mg) requires control
of their influence on the process and the properties of the final product.

2. Raw materials of the calcium hydroxide group (Zhanakorgan) are easily
converted to CaO under low-temperature calcination. The key risk is a high
tendency toward recarbonation during storage, which necessitates airtight
packaging.
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3. Raw materials of the carbonate group (Shetpe) represent a classical but
the most energy-intensive feedstock for lime production, requiring high-
temperature decarbonation (850-1000 °C).

Overall, the results of the study provide valuable information for selecting
optimal raw materials and developing technological regimes for calcium oxide
production for various industrial applications, including the treatment of oil-
contaminated soils. Further research may include determining the purity of the
obtained CaO and its reactivity.

Conclusion

1. A comparative study of calcium-containing mineral raw materials from
seven deposits was carried out using a combination of methods (XRD, IR
spectroscopy, and elemental analysis). Fundamental differences in their phase
composition were established.

2. A classification of the raw materials into three groups was proposed:
calcium oxide—hydroxide, calcium hydroxide, and carbonate groups.

3. The most promising raw material for the energy-efficient production of
highly active calcium oxide is limestone from the Beineu deposit (Quarry 1 and
Quarry 2), which is characterized by the highest CaO contents (92.5% and 81.0%,
respectively) and the lowest concentrations of inert impurities.

4. The raw material from the Zhanakorgan deposit (almost pure Ca(OH).)
requires low-temperature treatment but special storage conditions.

5. The sample from Bryansk, despite its high CaO content, contains
significant amounts of SiO. and Fe.Os, which must be taken into account when
developing its processing technology.

6. The obtained results provide a scientific basis for selecting optimal raw
materials and thermal activation regimes for the production of calcium oxide for
environmental remediation technologies.
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Conflict of interests: The authors declare that there are no conflicts of interests between the authors
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KAJIbLUIAKYPAM/IbI BIPKATAP KEH OPBIH/IAPBIHBIH KOMIIOHEHTTIK KYPAMbIH
AHBIKTAY 7KOHE OJIAPJbI MANJATIAHY BOMBIHIIIA TEXHOJIOTUSLIBIK
YCBIHBICTAP

A.A. Ecnendemos, E.A. Tycynkanues', JK.H. Kaiinapoaesa', 9.2K. baiizax’,
3.K. Maiimexoe?, A.2K. Abiopos*

! A.b. bexmypoe amvlHOA2bl XUMUALLIK SbLALIMOAP UHCmumymul, Aaimamel, Kasaxcman
2 U. Pasakos amvinoasl Kvipeviz memaexemmik mexHuxanwix ynuseepcumeni, biwkex, Kvipevizcman

TyﬁinneMe. M¥HaﬁMeH JlacTaHFaH TOIbIpaKTapAbl pEMeAnannsaiIay TEXHOJIOrusjlapbiHaa KOJJaHblJIaTbIH

KaJbIMi  OKCHIIHIH NpPEKypcopiapbl  peTiHAe  KalbIUHKypaMIsl  MHHEPAIABIK  IIHKI3aTTBHIH
JKapaMIbpUTBIFBIH Oaranay MakcateiHaa Peceit (bpsaek), Kasakcran (beitaey, lllerne, XKanakopraH) sxoHe
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O36ekcran (DepraHa) KeH OpBIHIAPBIHBIH YITUIEpiHEe KELIeHAI 3epTTey Kypriziiai. 3eprrey omicrepi
perinze pertrendasansik Tangay (POA), sneMeHTTIK Tannay sxoHe HHGPaKb3bLI Dyphe-CIEKTPOCKOIHSL
KogaHeUIael. POA omici apKeUIbl YITUIEpAiH JOMHUHAHTTHL (Da3aliblK Kypambl aHBIKTAJBIM, KapThLIai
caHIbIK Oaranay >Kyprisiiii. AJbIHFAH HOTIIKEJEp Heri3iHae yiriiep yur Tonka ikreiami: 1) Kanbimii-
okcua-ruapoxcuarik ton (bpsiuck, Beitney, ®eprana), CaO memepi 76.1-92.5% sxone Ca(OH): 7.5—
19.0% xypaiitein yaritep; 2) kansumid-rugpoxcuarik ton (JKanakopran), ic xkysinme tasa Ca(OH):
(99,6%); 3) xapbonarteik Ton (Lllerne), Herizinen kanpiurren CaCOs (>98%) Typartein yiritep. UK-
CIIEKTPOCKOIHSI HOTHXKENEPl aHBIKTaIFaH (a3anapiabl pacTabl. JNEMEHTTIK Talfay yiAriiepaid O0ackiM
Oeuririnie KalbLUIIIH XKOFapbl Ta3albIFbIH KopceTTi (>95% CaO, nopmananran). bpsuck yuricinge SiO:
MOJILICPIHIH JKOFapbhl ©KeHi aHbIKTaIAbl (~4%). 3epTTey HOTHKeJepi Heri3iHae WIMKIi3aTThl THIMII
naiifanany OOMBIHIIA TEXHOJIOTHSUIBIK YCHIHBIMAAp Oepinai. DHeprusl TUIMALIIrT TYPFBICHIHAH OeNCeHl
CaO ainy yuin beitney-1 xone beiiney-2 ynrinepi (cotikecinme 92.5 xone 81.0 % CaO) eH nepcreKTUBTI
JIeTT TAHBLI/IBL.

Tyiiinai ce3mep: KambIMHAKYpaMIbl IIMKi3aT, KaJdbLUi OKCHIl, peHTreHodasansik Tammay, WK-
CIHEKTPOCKOIHS, DIIEMEHTTIK TaJljIay, XKIKTey, MyHalMeH JIacTaHFaH TONbIpaKTap

Ecnenbemos Acvinboex Anumoexoguu O00KMOP XUMUUECKUX HAVK

Tycynkanuee Epcun Aouemoguu KaHoOuoam mexHuueckux HayK

Kaunapoaesa Kanus Hypoexkosna Mmazucmp

Baiizax Ocen Kenickpizot Mmazucmp

Maiimexos 3apavik Kanaposuu MEXHUKA bLILIMOAPbIHbIY OOKMOPbL, Npogdeccop
Ab1opoe Apman JKymabaesuu PhD-0oxmopanm

ONPEJEJEHUE KOMIIOHEHTHOI'O COCTABA PSIIA KAJIBLUA
COJEPXKAIINX MECTOPOXJIEHUU U TEXHOJIOT'HMYECKHE PEKOMEHJAIIMU
IO UX UCITIOJIb30OBAHUIO

A.A. Ecnenbemos, E.A. Tycynkanues', JK.H. Kaiinapoaesa', 9.2K. baiizax’,
3.K. Maiimexoe?, A.2K. Abiopos*

Y40 Uncmumym xumuueckux nayk umenu A.5. Bexkmypoea, Anmamu, Kaszaxcman
2Kuipevizckuil 2ocyoapemeennviii mexuuueckuti ynueepcumem um. M. Pazaxosa, Buwikex, Kvipevizcman

AnnoTtanus. [TpoBeicH KOMIUIEKCHBII aHAIN3 00pa3LoB KalbIUHCOaepKAIETOMHHEPAIBHOTO ChIPbS U3
mectropoxnaeanii Poccun (Bpsiaek), Kasaxcrama (beitney, lllerne, Janmakopran) m VY30ekucrana
(deprana) sl OLEHKH MX MPUTOAHOCTH B KaueCTBE NMPEKYPCOPOB OKCHAA KAaIIBIIUS, UCIOJIb3yEMOTO B
TEXHOJIOTHSIX ~ peMeiualyd  He(Te3arpsA3HeHHbIX TIPyHTOB. B paboTe NpHMEHEHbl METOBI
pentrenodasoBoro (PPA), smemenTHOoro aHammsa u uHGpakpacHoii crnekrpockonuu (UK-Dypee).
Meronom POA ycranosieH (a3oBblii cOCTaB 0Opa3IOB U BBIIOJHEHA MX MOJYKOJIMYECTBEHHAs OIICHKA.
Ha ocHOBe monmy4eHHBIX JaHHBIX MPEIOKeHa KiIacCupuKaims o0pasoB Ha TP TPYHIEL: 1) KalbIUEBO-
okcungHo-ruapokcuanas (bpsuck, beitney, ®eprana), xapakrepusyrolmasics BRICOKUM cozepxanueMm CaO
(76.1-92.5%) u Ca(OH): (7.5-19.0%); 2) kambumeBo-ruapokcuaHas (JKamakoran), mpeactaBisiFOLIas
coboit mpaktuueckn uncTeiii Ca(OH): (99.6%); 3) xapGonarnas (Illerme), cocTosias W3 KalbIUTa
CaCO; (>98%). Mannble MK-crieKTpocKonmuM TNOATBEPAWIM HAIUYMe HACHTU(GUIMPOBAHHBIX (as3.
DNIeMEHTHBIN aHaJIHM3 MOKa3ajl BBICOKYIO YHCTOTY OOJBIIMHCTBAa 00pasioB mo kamsuuio (>95% CaO B
HOpMHpPOBaHHOM BHze). O6pasen 3 BpsiHCKa CONEPKUT MOBBIICHHOE KONMMYEcTBO KpeMHesema (SiO2 =
4%). IlpemnoxeHbl TEXHOJOTMYECKHE pPEKOMEHAAIMM IO HCIONB30BaHUIO ChIpbsi. Hambonee
MEPCIEKTUBHBIM JUTs dHeproddekTuBHOro nonyyenus: aktusHoro CaO mpusnan oOpasipl beithey-1 u
Beitney-2 (92.5 n 81.0 % CaO CcOOTBETCTBEHHO).
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KmoueBble cjioBa: Kainbluiicoiepikalnee Cblpbe, OKCHJ Kanblus, peHrreHodasosbii anamus, MK-
CIIEKTPOCKOIINS, SIEMEHTHBII aHaIN3, KIaccu(uKaIus, HedTe3arps3HeHHbIC TPYHTHI

Ecnenoemos Acvlnoex Anumoexosuu XUMUSL 2bLILIMOAPBIHBIH OOKMOPbL

Tycynkanues Epcun Aouemosuu XUMUSL 2bLTLIMOAPBIHBIY KAHOUOAMm bl
Kaunapoaesa ’Kanus Hypoexosna mazucmp

Baiizax Ocen Kenickpizot mazucmp

Maiimexoé 3apavik Kanaposuu TEXHUKA bLILIMOAPbIHbIY OOKMOPYL, npogheccop
Ab1opos Apman Kymabaesuu PhD-0oxkmopanm
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