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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.



bac penakTtoph

X.F.1., mpod., KP ¥FA akamemuri
M.K. KypbIHOB

Pemaxmusga anxkacs:

ArabexoB B.E. npod., akagemuk (beiopyc)
BaemoB A.b. nipod., akagemuk (Kazakcran)
BypkiTroaes M.M. ipod., akanemuk (Kazakcran)
BopotsinueB ML.A. mipod., akanemuk (Peceit)
I'azaaueB A.M. npo¢., akagemuk (Kazakcran)
KapmaramberoBa A.K. mpod. (Kazakcran), 6ac pen. operadoacapsl
Kopoobexona LK. npod., akagemuk (KpIiprpicTan)
Hrkynosa HI.C. npod. (Kazakcran)

ManTtamsia A.A. ipod., akageMuk (ApMeHus)
PaxumoB K.JI. mpod., akamemuk (Kazakcran)
Pyaux B. mpod., akanemuk (MosnoBa)

Crpeasnos E. mpod. (benopyc)

TeabTaes b.b. mpod., akamemuk (Kazakcran)
Tyaeyo B.U. nipod., akagemuk (Kazakcran)
®a3biioB C.J. pod., akanemuk (Kazakcran)
®ap3aaueB B. npod., akanemuk (O3ipOaiixan)
XamukoB /I.X. pod., akamemuk (Toxikcran)

«KP ¥T'A Xabapaapel. Xumus sK9He TEXHOJIOTHSI CEPUSICHI».

ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

Menmikrenyrn: «Ka3akcran PecryOnukachiHBIH YITTBIK FBUIBIM aKaJeMUSIChDy PecrmyOmuKanblK KOFaMIbIK
Oiprnecriri (AJMaTHI K. ).

Kazakcran PecryOrnmkachiHBIH AKIapar koHe KOFaMIIBIK JIaMy MUHHCTPIIriHIH Akrnapar komuretiaae 29.07.2020 k.
oepinren Ne KZ66VPY00025419 mep3iMIiik 6acbUTbIM TipKeYiHE KOWBLUTY Typasbl KYQJiK.

TakbIPBINTHIK 0aFbITBI: XUMUA HCIHE HCAHA MAMEPUATIOAD MEXHOTO0ZUACHL CATLACHIHOAZbL
oaceim 2ulvimMu 3epmmeynepoi Hcapuanay.

Mep3iMaimiri: )KbUTbIHA 6 PET.
Tupaxsr: 300 nana.

Penmakimsiasig Mekerskaiibr: 050010, Anmars! K., IlleBuenko ke, 28; 219, 220 0eir.; ten.: 272-13-19; 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© Kazakctan PecnyOnMKachIHBIH ¥JITTBIK FRIIBIM akajaeMusicel, 2021

Penaxuusubiy Mexemxkaipl: 050100, Anmatel K., Konaes k-ci, 142, «JI. B. CokonbCcKuil aThIHAAaFbl OTBIH, KaTaau3
KOHE EKTPpoxuMusi UHCTUTYTh» AK, ka0. 310, Ten. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz

TumorpadustHeH MekeHxaitsl: «ApyHa» XK, Anmatsr K., MypaTtbaesa kerr., 75.




'maBHBIH pemakToOp

I.X.H., ipod., akagemuk HAH PK
M.K. KypuHos

Pe)laKI_II/IOHHaH KOJTIECrusi:

Ara6exoB B.E. npod., akagemuk (benapycs)
BaemoB A.b. nipod., akagemuk (Kazaxcran)
Bypxur6aes M.M. npod., akagemuk (Kazaxcran)
BoporsinueB M.A. mipod., akanemuk (Poccust)
I'azanueB A.M. npo¢d., akanemuk (Kazaxcran)
Kapmaramb6eroBa A.K. mpod. (Kazaxcran), 3am. ri1. pen.
Kopoo6ekona LK. npod., akanemuk (Ksipreizcran)
Hrkynosa LI.C. nmpod. (Kazaxcran)

ManTamsia A.A. ipod., akageMuk (ApMeHus)
PaxumoB K.JI. mpod., akamemuk (Kazaxcran)

Pyaux B. mpod., akanemuk (MonoBa)

Crpeasnos E. npod. (benapycs)

TeabTaeB B.b. mpod., akamemuk (Kazaxcran)
Tyaeyo b.]. ipod., akanemuk (Kazaxcran)
®aspinoB C.J0. npod., akanemuk (Kazaxcran)
®ap3aaues B. npod., akanemuk (AzepOaiimxan)
Xaaukos J.X. mpod., akagemuk (TamKkukucTaH)

«H3Bectuss HAH PK. Cepusi XuMHUH ¥ TEXHOJIOTHID».

ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

CoOcTBeHHHK: Pecnybnukanckoe oOmmecTBeHHOe o0beanHeHne «HanmonansHas akagemMust Hayk PecryOmamku
Kazaxcram» (r. Anmarsr).

CBHUIETENBECTBO O ITIOCTAHOBKE Ha y4eT IMEpUOJMYECKOrO IedyaTHoro mifganus B Kommurere wH(popMmarmim
MunucrepctBa HHGOpMaUuu U oliiecTBeHHOro pa3Butusi Pecnyonuku Kazaxcran Ne KZ66VPY 00025419,
BbianHoe 29.07.2020 r.

TemaTH4eckasi HAPABJIEHHOCTb: HYOIUKAUUA NPUOPUMEMHBIX HAYYHBIX UCC/1€008AHUTL
6 001acmuU XUuMuu U MexXHON02Ull HOGbIX MAMEPUATIOB.

IlepuonudHoCTh: 6 pa3 B Tox.
Tupax: 300 sx3eMIIISIpOB.

Anpec penakmuu: 050010, r. Anmartsr, yi. [lleuenko, 28; koM. 219, 220; Ten. 272-13-19; 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© HauuonanbHast akagemust Hayk PecryOiuku Kazaxcran, 2021

Anpec pepakmuu: 050100, r. Anmartsl, yin. Kynaesa, 142, AO «MHcTuTyT TOIUIMBA, KaTanus3a U SIEKTPOXUMHU
M. J1.B. Cokonmsckoroy», kab. 310, Tem. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz

Anpec tTunorpadun: UIT «Apynay, T. Anmartsl, yi. Mypatbaesa, 75.




Editor in chief

doctor of chemistry, professor, academician of NAS RK
M.Zh. Zhurinov

Editorial board:

Agabekov V.Ye. prof., academician (Belarus)
Bayeshov A.B. prof., academician (Kazakhstan)
Burkitbayev M.M. prof., academician (Kazakhstan)
Vorotyntsev ML.A. prof., academician (Russia)
Gazaliyev A.M. prof., academician (Kazakhstan)
Zharmagambetova A.K. prof. (Kazakhstan), deputy editor in chief
Zhorobekova Sh.Zh. prof., academician (Kyrgyzstan)
Itkulova Sh.S. prof. (Kazakhstan)

Mantashyan A.A. prof., academician (Armenia)
Rakhimov K.D. prof., academician (Kazakhstan)
Rudik V. prof., academician (Moldova)

Streltsov Ye. prof. (Belarus)

Teltaev B.B. prof., akademik (Kazahstan)

Tuleuov B.I. prof., akademik (Kazahstan)

Fazylov S.D. prof., akademik (Kazahstan)

Farzaliyev V. prof., academician (Azerbaijan)
Khalikov D.Kh. prof., academician (Tadjikistan)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and
technology.

ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty).

The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ66VPY00025419,
issued 29.07.2020.

Thematic scope: publication of priority research in the field of chemistry and technology of new
materials

Periodicity: 6 times a year.
Circulation: 300 copies.

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19; 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© National Academy of Sciences of the Republic of Kazakhstan, 2021

Editorial address: JSC «D.V. Sokolsky institute of fuel, catalysis and electrochemistry», 142, Kunayev str., of. 310,
Almaty, 050100, tel. 291-62-80, fax 291-57-22, e-mail: orgcat@nursat.kz

Address of printing house: ST "Aruna", 75, Muratbayev str., Almaty.




ISSN 2224-5286 Series chemistry and technology. 2. 2021

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 2, Number 446 (2021), 29 — 35 https://doi.org/10.32014/2021.2518-1491.23

UDC 662.72:552
IRSTI 31.15.30

A. K. Torebekov, M. S. Kalmakhanova, B. K. Massalimova

Taraz regional University named after M.Kh. Dulaty, Taraz, Kazakhstan.
E-mail: turas2206@gmail.com, marjanseittovna@mail.ru, massalimoval5@mail.ru

DETERMINATION OF REM IN URANIUM ORES
OF THE SHU-SARYSU URANIUM-ORE PROVINCE BY INDUCTIVELY
COUPLED PLASMA ATOMIC EMISSION SPECTROMETRY

Abstract. This article discusses the features of the determination of elements in uranium ores of the Shusarysu
uranium-ore province by inductively coupled plasma atomic emission spectrometry in comparison with the ore
standard of Ore Research & Exploration (Australia). A multi-stage method of sample preparation for measurement is
considered. The existing and developed methods for determining the elemental composition of uranium ores are
focused, as a rule, on the determination of specific elements using regulated analysis procedures. However, during
routine analysis, we need to quickly and efficiently determine a larger list of elements available with one
instrumental method. Various methods are used to obtain multielement analysis, among which mass spectrometry
and inductively coupled plasma atomic emission analysis are most popular due to their high performance and low
detection limits. The listed methods work with solutions, therefore, it is necessary to pay great attention to sample
preparation and instrument calibration.

The invention relates to a method for preparing samples for the study of materials by determining their chemical
properties in a liquid state, for example, using inductively coupled plasma spectrometry. The method for preparing
silicate and carbonate rock samples for spectrometric analysis includes autoclave decomposition of samples in a
mixture of concentrated acids in a microwave oven at temperature and pressure and cooling the samples. Then carry
out the introduction of the internal standard and bringing to the standard volume.

Key words: uranium ore, internal standard, elemental analysis, [CP-NPP.

Introduction. The existing and developed methods for determining the elemental composition of
uranium ores are focused, as a rule, on the determination of specific elements using regulated analytical
procedures. However, during routine analysis, there is the need to quickly and qualitatively determine a
large list of elements available with only one instrumental method. Various methods are used to obtain
multielement analysis, among which mass spectrometry and inductively coupled plasma atomic emission
analysis are most popular due to their high performance and low detection limits [1-3]. The listed methods
work with solutions, therefore, it is necessary to pay great attention to sample preparation and to
instrument calibration.

Object of study. The ore used in the experiment is mined at an operating uranium mining enterprise.
It belongs to the exogenous bed-infiltration type of deposits of the Shu-Sarysu uranium-ore province,
suitable for mining by in-situ leaching [2]. The composition of the ore is on average represented by
70-90% of the mineral of quartz, feldspar and siliceous rocks, the content of accessory minerals not
exceeding 3%. The content of carbonates is higher than 2%. Uranium in the ore is represented by two
minerals - pitchblende and coffinite. The uranium content in the reservoir-infiltration deposits is tenths
and hundredths of a percent, rarely reaching 1% [4-6].

To compare the characteristics, the OREAS 120 uranium ore standard produced by Ore Research &
Exploration (Australia) was used. The source of the uranium ore is the Mantra Resourses Nyota Prospect
uranium deposit (Tanzania), which is an exogenous deposit, with a mineralization ranging from medium
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to very coarse-grained sandstones penetrated by graywackes and siltstones. The composition of
macrocomponents (matrix) is similar to the ore of the Kazakh deposit. The OREAS 120 uranium ore
standard is certified in the Register of GSI RK [7].

Research methods.The invention describes a method for preparing samples for the study of materials
by determining their chemical properties in the liquid state, for example, using inductively coupled plasma
spectrometry. The method for preparing silicate and carbonate rock samples for spectrometric analysis
includes autoclave decomposition of the samples in a mixture of concentrated acids in a microwave oven
at temperature and pressure and further cooling of the samples. Then the internal standard is introduced
and bring to the standard volume. The complete decomposition of the samples is carried out in 2 stages
[7-11].

In the first stage, a mixture of hydrofluoric, hydrochloric and nitric acids is used in a ratio of 1:3:1 -
1:4:1 for 45-50 minutes, and the cooling of the samples is carried out in a closed autoclave to a
temperature of 80-40 °C. In the second stage of decomposition, a mixture of concentrated hydrochloric,
nitric and dilute boric acids is used in a ratio of 1:1:10 - 1:1:12 for 10-15 minutes. The technical result
achieved in this case is the increase of the efficiency of preparation of rock samples while reducing the
labor intensity of work and increasing the purity of the final sample. As referred, the invention describes
methods for studying materials by determining their chemical properties in the liquid state, for example,
using inductively coupled plasma spectrometry (ICP-AES, ICP-MS). The aim of the invention is to
improve the efficiency of preparation of rock samples while reducing the complexity of work and
increasing the purity of the final sample[12]. This goal is achieved by the fact that the method of preparing
silicate and carbonate rock samples for spectrometric analysis, including autoclave decomposition of the
samples in a mixture of concentrated acids in a microwave oven at a temperature, cooling the samples,
introducing an internal standard, bringing it to a standard volume and the complete decomposition of
samples is carried out in 2 stages. In the first stage, a mixture of hydrofluoric, hydrochloric and nitric acids
is used in a ratio of 1:3:1 - 1:4:1 for 45-50 minutes and the cooling of the samples is carried out in a closed
autoclave to a temperature of 80-40 °C. In the second stage of decomposition, a mixture of hydrochloric,
nitric and boric acids is used in a ratio of 1:1:10 - 1:1:12 for 10-15 minutes.

Moreover, the decomposition of the samples is carried out in the microwave system MARS-5. The
pressure in the first stage of decomposition is maintained at 12-14 atm and in the second stage of
decomposition is equal to 5-7 atm. For the second stage of decomposition, boric acid with a concentration
of 4-4.5% is used. The temperature of the decomposition process is maintained in the range of 180-210°C
[13-16].

The use in the first stage of decomposition of a mixture of hydrofluoric, hydrochloric and nitric
concentrated acids in a ratio of 1:3:1 - 1:4:1 at a pressure of 12-14 atm for 45-50 minutes makes it possible
to almost completely transfer the sample into solution, transferring fluoride metals to chlorides. The acid
ratios were determined experimentally. When the ratio in the mixture of hydrofluoric, hydrochloric and
nitric acids is less than 1:3:1 and the time is less than 45 minutes, the sample does not completely
decompose. The minimum time is needed to achieve the specified parameters. In addition, such an amount
of hydrochloric acid is not quite enough to convert fluorides into chlorides, which is evident from the
presence of gray precipitates in some autoclaves [17].

The ratio of acids in the mixture of more than 1:4:1 is impractical, since at such ratio of acids the
fluorides of the sample completely pass into chlorides, which can be seen from the transparent solution for
carbonates and white crystalline precipitate for silicates.

Cooling autoclaves to a temperature higher than or equal to 85 °C leads to a loss of silicon. Cooling to
a temperature below or equal to 35 °C leads to the precipitation of insoluble fluorides of some metals.
Therefore, the samples are cooled with a closed autoclave to a temperature of 80-40 °C.

The use in the second stage of decomposition of a mixture of concentrated hydrochloric, nitric and
diluted boric acids in a ratio of 1:1:10 - 1:1:12 for 10-15 minutes and with exposure to microwave
radiation allows completely transferring the samples into a solution, further decomposing silicon-rich
samples and binding unreacted HF into a complex. The ratios of the components of acids in the mixture
and the time required for the complete decomposition of the samples were selected experimentally, the
data being shown in table 2.

The presence of boric acid in the acid mixture makes it possible to create conditions under which
subsequent addition of water does not form precipitated hydroxides of the elements. Thus, boric acid acts
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as a kind of buffer, i.e. inhibits the hydrolysis of some salts. The boric acid concentration was selected
experimentally.

When a saturated solution (6.5%) of boric acid is added, the results are good, but the solution has a
high density and subsequently clogs the capillary of the spectrometer. Therefore, the boric acid
concentration was selected in order to obtain the lowest density of the final sample without compromising
the achievement of the final goal - obtaining a transparent solution that is stable over time.

The decomposition of samples in the MARS-5 microwave system allows to carry out the entire
process from start to finish in one autoclave, reducing the laboriousness of sample preparation, eliminating
process losses and losses of volatile components, thus increasing the reliability of the results.

The temperature regime of the decomposition process is determined by the equipment used and by the
holding time. For 40-45 minutes of decomposition, the process temperature reaches 180-210 °C.

An example of a specific implementation of the method is described in the following.

Before analysis, the samples were dried at a temperature of 105 °C for at least 1 hour. Then a sample
of 0.1 g was weighed on an analytical balance from Mettler Toledo AX 204, with a graduation of 0.1 mg.
The weighed portion was quantitatively transferred into an autoclave and moistened with 0.25 mL of
deionized water obtained on an ultrapure water unit from Millipore, USA.

The first stage of decomposition was then carried out. For this purpose, concentrated, highly pure or
chemically pure acids were added to each autoclave, the purity of which was checked on the device before
operation [1]. All acid addition operations were carried out in a fume hood with automatic pipette
dispensers.

Hydrofluoric acid HF (d=1,15g/cm’) GOST 10484-78

Nitric acid HNOj; (d=1,42g/cm’) GOST 4461

Hydrochloric acidHCI (d=1,19¢/cm’) GOST 3118-77

1 mlHF + 1 mIHNO; + 4 mIHC1

The autoclaves were assembled, placed in a turret (a rotating table with slots for assembled
autoclaves) and in an oven (a MARS-5 microwave sample decomposition system (CEM Corporation,
USA). 14 autoclaves are placed in the turret simultaneously, one of which is a control autoclave with
control sensors temperature and pressure. The conditions for the first stage of decomposition were set as in
the following:

- power - 1200W with a full load of the furnace (14 autoclaves);

- pressure - 12-14 atm (190-200 psi, where 14 psi = 1 atm);

- temperature - 200-210 °C;

- decomposition time - 45-50 minutes (time to reach these parameters - 25 minutes; holding time with
these parameters - 20-25 minutes);

- cooling time to a temperature of 80-40 °C - 30 minutes.

Data on the results of the first stage of decomposition are summarized in table 1.

The turret with the autoclaves was removed from the oven, the autoclaves were disassembled and
acids were added for the second stage of decomposition: 1 mL HCl + 1 mL HNO; + 10 ml 4% H;BO;

Boric acid was prepared from chemically pure boric acid powder (40 g per 1 L of deionized water,
heated if necessary for better dissolution. The purity of the reagent was checked on the instrument). This
concentration is optimal for boric acid.

The autoclaves were reassembled, placed in the turret and in the oven. Conditions for the second stage
of decomposition were seta as in the following:

- power - 1200W with a full furnace load (14 autoclaves);

- pressure - 5-7 atm (70-100 psi, where 14 psi = 1 atm);

- temperature - 180-210 °C;

- decomposition time - 15-20 minutes (time to reach these parameters - 10 minutes, holding time with
these parameters - 5-10 minutes);

- cooling time to room temperature - 50 minutes.

The data with the results of decomposition in the second stage are summarized in table 2.

After cooling, the turret was removed from the oven, the autoclaves were disassembled, the resulting
solutions were poured into 25 mL volumetric flasks, the autoclaves and caps were rinsed with 5 mL of
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deionized water, and 2 mL of cadmium solution (250 ppm) was added to each flask, which was used as an

internal standard.

Table 1 - Data on stage I of decomposition

Concentrated acid ratios ng?;’ Sample decomposition result
Ne HF HCI HNO;
1 4 1 1 35 Not completely decomposed, dark precipitate lacks HCI
2 4 - 4 25 Not completely decomposed, dark precipitate lacks HCI1
3 4 - 3 35 Not completely decomposed, dark precipitate lacks HCI1
4 3,5 0,5 1,5 25 Not completely decomposed, dark precipitate lacks HC1
5 4 3 1 35 Not completely decomposed, not enough time
6 4 1 2 50 Bad, not enough HCI
7 2 2 1 35 Bad, dark precipitate lacks HCI
8 1 3 2 50 Almost complete decomposition, after one
9 1 3 1 35 Almost complete decomposition, not enough time
10 1 3 1 50 Complete decomposition
11 1 4 1 40 Almost complete decomposition, not enough time
12 1 4 1 50 Complete decomposition
13 0,5 4 1 35 Bad, dark sediment, not enough HF
14 0,5 4 1 50 Bad, dark sediment, not enough HF
15 0,5 3 2 50 Bad, dark sediment, not enough HF
16 0,5 3 1 Not decomposed
17 0,5 2,5 0,5 Not decomposed
Table 2 - Data on the II stage of decomposition
Ne Acid ratios Warming up MARS-5 Time, min Sample decomposition result
HCI HNO;
1 - - 4% H;BO 5 yes 15 The presence of a crystal, draft
2 1 - 15 no 15 The presence of a crystal, draft
3 1 - 15 yes 15 The presence of a crystal, draft
1 1 - yes 15 White flakes of sediment
9 1 1 5 yes 15 The presence of a crystal, draft
11 1 1 9,0 yes 15 Almost good, sediment on cooling
12 1 1 9,5 yes 15 Sediment after one
1 1 10 yes 15 Clear solution
13 1 1 11 yes 15 Clear solution
1 1 12 yes 15 Clear solution
3 1 - 12 yes 15 Presence of sediment
1 1 10 yes 20 Clear solution

The completely cooled samples were brought to the mark with deionized water. All solutions,
regardless the type of rock, turned out to be transparent, i.e. the rock completely passed into solution. The
samples were poured into containers made of chemically resistant plastic [5, 13]. It is impossible to store
solutions in glassware even for a short time, since there is an acidic "leaching" of silicon and boron, which
go into solution and fall out in the form of hardly soluble salts. The samples are then sent for analysis to an
IRIS DUO spectrometer from Thermo Elemental (USA).

The process of preparing samples from the rock, from weighing the sample to receiving a clear
solution for analysis takes 3-3.5 hours. In this case, the samples are not "burdened" with sodium, lithium
and retained silicon and, therefore, these elements can be determined.

Conclusion.

1. A method of preparing silicate and carbonate rock samples for spectrometric analysis, including
autoclave decomposition of samples in a mixture of concentrated acids in a microwave oven at
temperature and pressure, cooling the samples, introducing an internal standard and bringing them to a
standard volume, is characterized by a complete decomposition of samples carried out in 2 stages. In the

— 3) ——




ISSN 2224-5286 Series chemistry and technology. 2. 2021

first stage, a mixture of hydrofluoric, hydrochloric and nitric acids is used in a ratio of 1:3:1 - 1:4:1 for
45-50 minutes, the cooling of the samples being carried out in a closed autoclave to a temperature of
80-40 °C. In the second stage the decomposition use a mixture of concentrated hydrochloric, nitric and
diluted boric acids in a ratio of 1:1:10 - 1:1:12 for 10-15 minutes[14].

2. The method for preparing silicate and carbonate rock samples for spectrometric analysis according
to claim 1 is characterized by the fact that the autoclave decomposition of the samples is carried out in the
MARS-5 microwave system.

3. The method for preparing silicate and carbonate rock samples for spectrometric analysis according
to claims 1 or 2 is characterized by the fact that the pressure in the first stage of decomposition is
maintained at 12-14 atm.

4. The method for preparing silicate and carbonate rock samples for spectrometric analysis according
to claims 1 or 2 is characterized by the fact that the pressure in the second stage of decomposition is
maintained at 5-7 atm.

5. The method for preparing silicate and carbonate rock samples for spectrometric analysis according
to claim 1 is characterized by the fact that for the second stage of decomposition dilute boric acid with a
concentration of 4-4.5% is used [2].

6. The method for preparing silicate and carbonate rock samples for spectrometric analysis according
to claim 1 is characterized by the fact that the temperature of the decomposition process is maintained in
the range of 180-210 °C.

A. K. Topedexon, M.C. Kaiimaxanosa, b.K. MacannmoBa
M.X. dynatu ateiaaars! Tapa3 eHipiik yHuBepcurerti, Tapas, Kazakcran

ITY-CAPBICY YPAH-KEH NPOBUHIIUACBIHAATBI YPAH KEHAEPIHAEI'T
PPM UHJIYKTHUBTI BAHJIAHBICKAH IIJIA3SMAJIBIK
ATOMIBIK-OMUCCHUSUIBIK CIIEKTPOMETPUS OAICIMEH AHBIKTAY

AnHoTanusi. Makanana Illy-capeicy ypaH-KeH IPOBHHIMSCHIHIAFE YpaH KEHIACPIHIETI 3JeMEHTTepAl HHIYK-
TUBTI OalJIaHBICKAH IJIa3MalIbIK aTOMIBIK-SMHUCCHSUIBIK CIEKTPOMETPHS 9/1iICIMEH aHBIKTAy epPEeKIIeIIKTepl TalKblUIa-
Hazapl, Ore Research & Exploration (ABcTpains) KeH CTaHAAPTHIMEH CAJIBICTBIPFAH/IA, OJIIICYTe ChIHAMAHBI JalbIH-
JTAyIBIH KOII CaThUTBI 9/1ici KapaCTHIPBUIFaH.

YpaH KeH/epiHiH AJIEeMEHTTIK KYPaMblH aHBIKTayAbIH KOJIJaHBICTAaFbl JKOHE YKacAJIBIHBII JKaTKaH dicTeMenepi,
oleTTe, TaljIayJblH pEerjaMeHTTeNreH NpoLeaypalapblH MaijJanaHa OTHIPBIN, HAKTHl JJIEMEHTTEPIi aHBIKTayFa
OarpITTanFaH. Anaiina, pyTUHAI Tangay Ke3iHJe 3JIEMEHTTEPAiH YIKEH Ti3iMiH KO KeTiMi Oip acmanThIK omiclieH
JKBUIJIAM JKOHE caraybl aHbIKTay KaxkeT. Kem ayeMeHTTI Tanjay ajidy YLIH apachlHAa KOFapbl eHIMIUITIHIH JKoHE
AHBIKTayAblH TOMCH IJ_IeFiHiH apKacbiHAa KC€H TaHbIMAJIAbUIBIKKA W€ IJIa3MaMCH I/IH)IyKTI/lBTi 6al7[.]'laHblCKaH Macc-
CHEKTPOMETPHS JKOHE aTOMIBI-OMHUCCISUTBIK Talay Oap opTYpIIi omicTep KOJAAaHBUIAABL. ATAIFaH OliCTep epiTiHIi-
JIEpMEH JKYMBIC >Kacaii/ibl, JI€MeK, ChIHaMallapAbl JalblHAAay MEH KYPBUIFBIHBI KanuOplieyre YJIKeH Hazap aylapy
KaXeT.

Onepraldbic CYWBIK KYHAETrT XMMHUSUIBIK KacHETTEpiH aHBIKTAY apKbUIBI MaTepHanapibl 3epTTeyre ChlHaMa-
Jap/bl faiiblHaay SAiciHe jKaTajbl, MbICAJbl: MHAYKTHBTI OailylaHbICKaH Iu1a3Mackl 0ap CIIEeKTPOMETPHSHBI KOJJaHy.
CHIIMKATTHI J)KoHE KapOOHATTHI Tay JKbIHBICTAPBIH CIIEKTPOMETPHSIIBIK TaJIay YIIiH JAadbIHIAy 9/1iCi KOHLIEHTPAIHs-
JIAaHFaH KBIIIKBUT KOCHACBIHAAFBl ChIHAMAIApAbl TEMIepaTypa MEH KbICBIM Ke3iHIE MMKPOTOJKBIHIBI IMEIITe
ABTOKJIABTHI BIABIPATY bl )KSHE ChIHAMaJIap bl CAJIKbIHAATY bl KaMTHABL. CoslaH KeHiH 11IKi CTaHIapTThl EHri3y XKoHE
CTaHJIAPTTHI KOJIEMIE JKETKI3Y JKY3€re achIphLIa IbL.

Tyiiin ce3aep: ypaH pyIacsl, illlKi CTaHAAPT, dMeMeHTTiK Tanaay, UCIT-ADC.
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OIIPEJIEJIEHUE P3M B YPAHOBBIX PYJIAX IIIY-CAPBICYHCKOM
YPAHOBO-PYJHOM NPOBUHIIUU METOJIOM ATOMHO:BMI/ICCI/IOMHHOI?'I CHEKTPOMETPUU
C HHAYKTHUBHO-CBS3AHHOMU IIVIA3MOH

AnHoTtanusi. B cratbe 00CyK/IeHbI OCOOCHHOCTH OIPEZEICHUS DJIEMEHTOB B YypaHOBHIX pyaax llly-capsi-
CYHCKOH ypaHOBO-PYAHOW NMPOBHHIMHM METOIOM aTOMHO-3MHCCHOHHOH CIIEKTPOMETPUH C MHAYKTHBHO-CBSI3aHHON
IUIa3MOH B CpaBHEHMH cO craHmaptoM pyasl komnanun OreResearch&Exploration (ABctpanus), paccMOTpeH
MHOT'OCTaIMIHBIN c110c00 MPOOOIIOATOTOBKH P00 K M3MEPEHHIO.

CymiecTByromue U pa3padaTbiBaeMble METOJUKH OIPEIEIICHHS SJIEMEHTHOTO COCTaBa yPaHOBBIX Py OPHEHTH-
POBaHbI, KaK IPAaBUIIO, Ha ONPEICICHNE KOHKPETHBIX AJIEMEHTOB C HMCIOJIb30BaHUEM PErJIaMEHTHPOBAHHBIX IPOLIE-
nyp ananm3a. OQHAKO MPHU PYTHHHOM aHANM3e HAM HEOOXOIOMMO OBICTPO M KA4eCTBEHHO OIPENeTUTh OONBIIHi
MEPEUCHb JJIEMEHTOB MAOCTYIHBIM OJHMM HWHCTPYMEHTAIbHBIM METOAOM. ISl MOJMy4eHHs MHOTO3JIEMEHTHOIO
aHaJIM3a UCIIOJIB3YIOTCS PA3IMYHbIE METO/BI, CPEIN KOTOPHIX MACC-CHEKTPOMETPHS U aTOMHO-3MHUCCHOHHBIHM aHAIN3
C MHAYKTUBHO-CBA3aHHOHN IJIa3MOM MMEIOT HaHOOJIBIIYIO IOMYJISIPHOCTD, O1arofapst BRICOKOH IPOU3BOAUTEILHOCTH
W HU3KUM Hpenenam oOHapyxeHus. [lepeunciieHHble METO/BI pabOTAIOT C PACTBOPaMH, CJIEJOBATEIbHO, HEOOXO-
JIUMO YJICITUTh OOJIBIIIOC BHUMAHUE MPOOOIOIIOTOBKE MPOO U KAIIMOPOBKE Mprbopa.

Nzo0pereHne oTHOCUTCS K CIIOCO0Y MOArOTOBKH MPOO K MCCIICAOBAHUIO MAaTEPHAIOB ITyTEM ONpENeNICHHs MX
XMMHUYECKHX CBOMCTB B JKMJIKOM COCTOSIHUM, HallpHMeEp, C UCIIOJI30BaHUEM CIEKTPOMETPUH C MHIYKTHBHO-CBSI3aH-
HOH 1razmoil. Crioco0 MOATOTOBKM CHIIMKATHBIX M KapOOHATHBIX MPOO TOPHBIX MOPOJ JUIs CIEKTPOMETPUYECKOTO
aHaJIM3a BKIIOYAET aBTOKJIABHOE PA3JIOKEHHE NMPOO B CMECH KOHIICHTPUPOBAHHBIX KHCIOT B MHUKPOBOJIHOBOH I€Yn
IIpU TEMIIEpaType M AABICHUHM M OXJIaXIeHHE Mpo0. 3aTeM OCYyNIECTBIIIOT BBEACHHE BHYTPEHHETO CTaHAApTa U
JIOBEZICHHE /10 CTAHAAPTHOTO 00BEMA.

KiroueBble cjioBa: ypaHOBas pynaa, BHYTPEHHHI CTaHIAPT, dieMeHTHBIN aHann3, UCIT-ADC.
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