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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.
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ELEMENTAL ANALYSIS OF LOCAL AND FOREIGN
RAW MATERIALS FOR THE PRODUCTION
OF TRIMANGANESE TETRAOXIDE PIGMENT

Abstract. In the course of continuation of scientific research in the development of Kazakhstani technology for
the production of trimanganese tetraoxide pigment, there have been proposed new methods of analysis which make it
possible to investigate new nanostructural materials sourced from local deposits. The results obtained are of practical
importance and serve as the foundation for developing new technologically advanced domestic production of a
competitive product that is in demand both on the national and international markets. The available methods are not
able to highlight the particularity and diversity of Kazakhstani manganese ores due to the uneven distribution of
manganese minerals and host (waste) rock, the quantitative ratio of rock-forming components and their variation
instability. Methods of energy-dispersive analysis of manganese ores from Kazakhstani Zhaksylyk and Bogach
deposits have been put forward, electronic micrographs, spectrograms of samples, diagrams of normalized
distribution of elements on the surface of samples have been obtained and a comparative analysis with raw analogue
samples of some foreign manufacturers has been performed.

Key words: hausmannite, pigment, manganese ore, nanopowders, electronic microscopy, energy-dispersive
analysis.

Introduction. The main direction of The Strategic Development Plan of the Republic of Kazakhstan
is creation of an export-oriented [1] economy with high added value. The export orientation results from
the need to expand target markets for the growing volume of goods and services and to integrate into
global value chains. Export-oriented industrialization will give the opportunity to bring new Kazakhstani
goods to foreign markets, including high-tech processed goods.

These include trimanganese tetraoxide used for volumetric coloring of ceramic products made of
white and red burnt clay in the production of light brown, yellow-brown, brown, dark brown bricks and
ceramic tiles, as a combined pigment for painting, both in bulk and as a surface decorative finish [2-4].
The distinction of high quality manganese pigments is high manganese content, uniformity, low dusting
and stable quality as well as the ability to form stable suspensions [5]. The outlined technological qualities
of the proposed product determine a high demand for this pigment having a very strong effect on the
average market value of the product.

For manufacturing the trimanganese tetraoxide product, it is planned to use raw materials mined in
Zhaksylyk and Bogach deposits (Kazakhstan) [6-9], which will have a positive effect on the domestic
economy of the country, and this production is also included in the list of approved state programs for
industrial and innovative development and import substitution "Made in Kazakhstan". The development of
national technology is necessary so that it is fully suitable for the use of raw materials mined in the
territory of the Republic of Kazakhstan [10]. In addition, the developed technology will allow creating a
scientific and technical groundwork for the production of finished products that meet the demand not only

—— ) ——
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in Kazakhstan, but abroad as well.

In the present work there has been performed physicochemical analysis of samples of raw materials
from manganese ore deposits Zhaksylyk and Bogach; electronic micrographs, spectrograms of the
samples, diagrams of normalized distribution of elements on the surface of samples have been obtained
and a comparative analysis with raw samples produced in Georgia and India has been carried out.

Materials and methods. For conducting the research, there were prepared 4 samples of raw materials
for the production of trimanganese tetraoxide: 1) manganese ore of the Bogach deposit (Kazakhstan);
2) manganese ore of the Zhaksylyk deposit (Kazakhstan); 3) manganese ore produced in Georgia;
4) manganese ore produced by Raigarh Ridmakatra Ind., India.

Samples of manganese ore from the Bogach and Zhaksylyk deposits were presented in the form of
broken fragments of rock (lumpy form). The initial crushing to granules of 1-5 mm was carried out on a
jaw crusher “DSH 100x200”. Further grinding was performed for 8 hours on a laboratory ball mill
“MSHL-1”.

The study by electronic microscopy was conducted at the Engineering Laboratory of the Eurasian
National University named after L.N.Gumilyov on a Hitachi TM3030 scanning electronic microscope
with a Bruker XFlash MIN SVE microanalysis system at an average voltage of 15kV. Elemental analysis
was carried out by the method of energy-dispersive analysis by taking at least 7 spectra from each sample
to obtain an average normalized value. The data on the content of elements are given in weight percent.

Results. Figure 1 shows micrographs of the investigated samples No.1-4 at resolution x1000. The
analysis of micrographs reveals that dispersive capacity of samples 1, 2 and 4 is similar to each other and
ranges from one to several tens of microns. At the same time, the dispersive capacity of sample of raw
materials produced in Georgia (sample 3) is higher and larger aggregates reach up to 10 microns. It is
obvious that in this sample enlarged aggregates arise due to the agglomeration of smaller particles.

D83 x1.0k

TM30304931 1116 16:15 A

100 pm

2020/11/16 15:13 A D83 x1.0k 100 um

D84 x1.0k 100 pum

c d
Figure 1 - Electronic micrographs (x1000) of the samples: a) manganese ore from the Bogach deposit;
b) manganese ore from the Zhaksylyk deposit; ¢) manganese ore from Georgia; d) manganese ore from India

The microanalysis system made it possible to analyze the elemental composition of the samples by
the energy-dispersive analysis method.
Tables 1-4 present the findings of the elemental analysis of the investigated samples.
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Table 1 — Findings of the elemental analysis of manganese ore samples from the Bogach deposit

Point Content of elements wt.% Total
C O Mn Ca Si Na Al Mg K Fe Cu
1 36,2 40,04 17,75 2,13 1,26 | 0,67 0,69 0,52 0,73 0 0 100
2 10,75 33,55 40,56 4,78 6,53 0 0,98 0,99 1,87 0 0 100
3 5,54 32,55 47,21 7,18 3,26 | 0,28 0,95 0,98 2,05 0 0 100
4 7,57 36,48 36,34 6,54 6,56 1,71 2,38 0,9 1,53 0 0 100
5 3,5 25,36 51,63 11,28 4,78 | 0,09 1,22 0,35 1,79 0 0 100
6 5,55 29,03 50,58 9,41 2,01 0,79 0,94 0,18 1,51 0 0 100
7 3,11 16,76 68,48 4,13 1,39 | 0,16 1,46 0,48 4,03 0 0 100
8 13,21 42,22 33,56 5,47 2,27 | 043 0,44 1,09 1,31 0 0 100
Average | 10,68 32 43,26 6,36 3,51 0,52 1,13 0,69 1,85 0 0 100
Table 2 — Findings of the elemental analysis of manganese ore samples from the Zhaksylyk deposit
Point Content of elements wt.% Total
C [6) Mn Ca Si Na Al Mg K Fe Cu
1 42,38 41,72 7,58 0 4,92 0 1,23 0 0,32 1,85 0 100
2 22,86 47,48 7,99 0 16,93 0 1,52 0 0,39 2,84 0 100
3 3,87 5,14 58,14 0 8,85 0 8,79 0 3,48 11,73 0 100
4 40,37 37,11 11,39 0 5,55 0 1,74 0 0,59 3,25 0 100
5 36,4 45,09 7,94 0 6,46 0 1,54 0 0,29 2,28 0 100
6 18,5 41,75 22,32 0 9,41 0 3,29 0 1,03 3,7 0 100
7 2,02 6,38 37,33 0 21,49 0 17,8 0 2,35 12,63 0 100
Cpennee 23,77 32,1 21,81 0 10,52 0 5,13 0 1,21 5,47 0 100
Table 3 — Findings of the elemental analysis of manganese ore samples from Georgia
Point Content of elements wt.% Total
C O Mn Ca Si Na Al Mg K Fe Cu
1 2,82 29,52 65,22 0 1,28 0 1,16 0 0 0 0 100
2 2,76 34,9 58,25 0 2,61 0 1,49 0 0 0 0 100
3 2,35 19,33 75,17 0 1,13 0 2,02 0 0 0 0 100
4 2,1 29,43 64,56 0 1,79 0 2,12 0 0 0 0 100
5 2,62 26,41 64,96 0 3,12 0 2,89 0 0 0 0 100
6 2,2 31,74 49,06 0 15,71 0 1,28 0 0 0 0 100
7 3,74 35,36 58,35 0 1,61 0 0,94 0 0 0 0 100
8 2,97 36,94 20,06 0 39,57 0 0,45 0 0 0 0 100
9 2,81 28,37 66,2 0 1,39 0 1,23 0 0 0 0 100
Cpennee 2,71 30,22 57,98 0 7,58 0 1,51 0 0 0 0 100
Table 4 — Findings of the elemental analysis of manganese ore samples from India
Point Content of elements wt.% Total
C 0 Mn Ca Si Na Al Mg K Fe Cu
1 3,63 48,48 16,08 0 13,1 2,73 12,4 0 0,56 1,93 1,09 100
2 0,82 10,35 60,67 0 4,69 0,46 9,63 0 1,46 7,66 4,26 100
3 3,93 45,09 36,55 0 2,92 0,63 4,62 0 0,67 4,01 1,58 100
4 0 14,64 32,93 0 9,56 041 10,53 0 0,65 27,17 4,12 100
5 10,35 43,47 28,73 0 5,5 0,6 6,44 0 0,64 2,37 1,89 100
6 1,94 25,95 40,3 0 21,25 0,24 4,18 0 0,67 3,91 1,55 100
7 3,46 32,9 35,38 0 10,62 0,54 7,12 0 0,65 6,33 2,99 100
Cpennee 3,45 31,55 35,81 0 9,66 0,8 7,85 0 0,76 7,63 2,5 100

According to the elemental analysis data, it is seen that in terms of manganese content, the ore of the
Bogach deposit ranks second after raw materials of Georgian origin and contains about 43,26% of
manganese. At the same, the iron content in the same ore is not significant. The best results regarding the
manganese content were revealed in the ore from Georgia, where the manganese content reached 57.95%.
The lowest manganese content in the ore of the Zhaksylyk deposit is 21.81% which confirms the data of

the technical literature that manganese ores in Kazakhstan are rather poor.
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Figure 2 presents typical diagrams of the concentration distribution of atoms of elements in the
investigated samples.
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Figure 2 - Normalized distribution of the content of atoms of elements (at. %) in the samples: a) manganese ore from the Bogach
deposit; b) manganese ore from the Zhaksylyk deposit; ¢) manganese ore from Georgia; d) manganese ore from India

Figure 3 present the micrographs with mapping of the distribution of elements on the focused surface
of the sample. In all samples there are inclusions of dense crystallites containing silicon. These formations
may belong to waste rock particles.

In all micrographs, these formations look like dense monolithic particles with a size of 20-30 microns.
In all samples manganese gives a more a less dense background, which indicates a sufficiently high or
average content of it in the composition of the raw ore.

The analysis of the obtained micrographs of the samples under study revealed that the dispersive
capacity of ore samples from the Bogach deposit (sample 1), Zhaksylyk deposit (sample 2) and the ones
produced in India (sample 4) is similar to each other and ranges from one to several tens of microns. At
the same time, the dispersive capacity of sample of raw materials produced in Georgia (sample 3) is
higher, the enlarged aggregates reach sizes up to 10 microns due to the agglomeration of smaller particles.

Micrographs with mapping of the distribution of elements on the focused surface of the sample
provide the opportunity to study highly relief surfaces and obtain information not only about the state of
the surface layer but also allows adjusting the image of sub-layers.

Thus, in all investigated samples 1-4 there are inclusions of dense crystallites containing silicon as the
main rock-forming component representing dense monolithic conglomerates with a size of 20-30 microns.
It should be highlighted that in all samples manganese gives a more or less dense background which
corresponds to a high or average content of it in the composition of the raw ore. In particular cases it
depends on the source of origin, sample preparation, degree of grinding, moisture content, etc.

On the basis of the obtained elemental analysis data, it was found that in terms of manganese content,
the ore of the Bogach deposit ranks second after the raw materials of Georgian origin (Mn 57.98 wt.%)
and contains about 43.06 wt.% while the iron content in the same ore is reduced to zero. The lowest
content of manganese mineral is found in the poor oxidized ore of the Zhaksylyk deposit which comprises
about 22.00 wt. % due to the presence and influence of silicates, alumina, lime and magnesia as well as
due to its mineralogical features, it is represented by oxide forms of manganese and iron (5.47 wt.%) and
as a result has a dark brown color. Regarding the sample of manganese ore of Indian origin, it should be
noted that the maximum manganese content at a single point reaches about 60.00 wt. %. However, when
the indicator is averaged over seven repetitions, its amount is almost halved and comprises 35.81 wt. %
due to the influence of the host (waste) Rock and oxide compounds. In addition, there was found a
significant, in comparison with the rest of the samples, iron content up to 7.63 wt. %.
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Figure 3 - Micrographs with mapping of the distribution of elements on the focused surface of the samples:
a) manganese ore from the Bogach deposit; b) manganese ore from the Zhaksylyk deposit;
¢) manganese ore from Georgia; d) manganese ore from India

Conclusion. The findings obtained do not contradict and are in good agreement with the literature
data regarding the fact that Kazakhstani raw materials are classified as medium and low in terms of the
manganese mineral content.

Taking into account the quantitative characteristics of the content of manganese, iron, silicon,
aluminum, oxygen as well as other trace elements, obtained by the energy dispersive method, in the light
of the investigated samples, it should be highlighted that the given study considered mineral raw materials
which have virtually uncontrollable average elemental composition. A different picture may appear in the
study of technological samples, concentrates or finished products where the influence of the host rock is
minimized.
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The identity and homogeneity of the morphology of the surface and sub-layers of the samples, their
nanoscale characteristics during electronic scanning provide a basis for differentiating the samples
according to their component composition, depending on the source of origin.

Based on the totality of the obtained data and results of the analysis, it can be concluded that samples
of Kazakhstani raw materials are promising materials and can be used in various processes of
technological processing of manganese raw materials, in particular, they provide unlimited prospects for
the further synthesis of powder pigments based on trimanganese tetraoxide.

Funding. The given study was carried out within the framework of a project funded by the Science
Committee of the Ministry of Education and Science of the Republic of Kazakhstan (Grant No.
AP08956244).
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JLH. I'ymunes arbinaarel Eypasus yntTeik yHuBepcuteti, Hypeyiran kanacel, Kasakcran;
[oBnazap meIaroruKabiK yuuBepcureTi, [loBnanap kanacel, Kazakcran

TPUMAPI'AHEIl TETPAKCHUJ BOAT'bIIIBI OHAIPICI YINIH ) KEPT'TJIIKTI
KOHE HIETEJAIK IIUKI3ZATTBI DJIEMEHTTIK TAJLJAY

AnnHoranus. Tpumapranen 0osty eHmipyaiH Ka3akcTaHablK TEXHOJIOTHSICHIH d3ipJiey CallaChIHAAFbl FhIIBIMU-
3epTTey I3/ICHICTEPIH KAJIFACThIPY IIEHOEpiH/Ie TEeTPAOKCHI OTAHABIK KE€H OPbIHAAPBIHBIH K31 OOJbIN TaOblIaThIH
JKaHAa HAHOKYPBUIBIMJIBIK MaTepHaliapbl 3epTTeyre MYMKIHAIK OepeTiH Tajjay/blH jKaHa 9JICTepi YCBHIHBUIIBL.
AJIBIHFaH HOTWDKENEP KOJIaHOalbl MOHIEe M€, COHBIMEH KaTap 1IIKi )K9HE ChIPTKbI HAaphIKTa CYpaHbICKa caii 0acekere
KaOlmeTTi OHIMHIH jkaHa TEXHOJOTWSIIBIK OTAHIBIK OHIIpiCiH KypyFa ceberm Oomanmel. Komma OGap omictemenep
MapraHel] MHHEPaJIapBIHBIH JKOHE CHIMBIMIIBI (60C) KBIHBICTAPABIH OipKemKi OemiHOeyiHe, JKBIHBIC KYpayIIbl KOMIIO-
HEHTTEep/iH CaHIBIK KaThIHACHIHA JKOHE OJapIblH BapHaLMsUIBIK e3reprimririne OaiimaHbicTsl KazakcTaHabIK
Maprasel KeHAepiHiH epeKIIeNiri MeH allyaH TYpJILTriH KamTyFa Kabinercis. Kasakcranapik JXKakcputblK sxoHe borayu
KEH OpBIHAAPbIHBIH MapraHel] KEHAEPIH OJHEepProAMCIEPCHSUIBIK Talay oMICTEePl YCBIHBUIAbI, AJIEKTPOHIBIK
MukpodoTorpadusiap, yiriep creKkTporpaMMaliapbl, YITiIepleri JeMEeHTTep aTOMIApbIHbIH KYpaMblH HOpMa-
JaHraH Oelly Jamarpammaiapbl, YITUIepaiH OeTiHle SJeMEHTTepAiH TapallyblH KapTara Tycipy MHKpodoTorpa-
busimapbl aJIbIHABL, COHAAN-aK KeWOip ImeTeNiK OHAIPYIIJIepAiH YKcac MIMKI3aT yJTijepiMeH CajbICThIPMallbl
TNy OPBIHAIIIBIL.

Tyiiin ce3mep: XaycMaHHUT, IMTMEHT, MapraHell Ke€Hi, HAHOYHTaKTap, JIEKTPOHIBIK MHUKPOCKOIIHS, SHEPTHUs
JIICTIEPCHUSACHIH TAJIAAY.
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3JEMEHTHBIN AHAJIU3 MECTHOI'O Y 3APYBEKHOI'O ChIPbS
JJIAA ITPOU3BOACTBA KPACUTEJIA TPUMAPI'AHIIA TETPAOKCHU L

AnHOTanusi. B paMkax NpOJO/DKEHHS HAYYHO-HCCIIEI0BATEIbCKUX W3BICKAHUM B 00JacTH pa3paboTKu
Ka3aXxCTAaHCKOM TEXHOJIOTUHU MMPOU3BOACTBA KPACUTECIIA TpUMapraHia TETpaOKCHUJ IMPCAJIOKEHbI HOBBLIC METOAbI
aHaJK3a, MO3BOJIIONINE HCCIIE0BAaTh HOBBIE HAHOCTPYKTYPHBIC MAarTepHalibl, MCTOUYHHKOM KOTOPBIX SIBIISIFOTCS
OTEYECTBEHHbIE MECTOPOXKieH s, [1oTyueHHbIe Pe3y/IbTaThl UMEIOT MPUKIIATHOEC 3HAYCHUE U CIYXKAT (DYHIaMEHTOM
JUIs. TIOCTPOEHHSI HOBOTO TEXHOJIOTHYHOTO OTEYECTBEHHOI'O IPOM3BOJCTBA KOHKYPEHTHOCIIOCOOHOIO MPOJIYKTa,
BOCTPEOOBAHHOTO HAa BHYTPEHHEM W BHEITHEM PHIHKE. VIMEIOIIHecs: METOIMKH HE CIIOCOOHBI OXBATHTE CIICITH(UKY H
pasHooOpasuWe Ka3aXCTaHCKMX MapraHIeBBIX pyl, OOYCIOBICHHYIO HEPaBHOMEPHOCTBIO — PACIIPEICIICHUS
MapraHIeBBIX MHHEPAIOB W BMEIIAIOMIEH (ITyCTOM) MOPOIbI, KOJTUIECCTBEHHBIM COOTHOIIEHHEM ITOPOI000Pa3yIONIHX
KOMIIOHEHTOB U HUX BapHaHHOHHOﬁ U3MECHYUBOCTBHO. Hpeﬂnomemﬂ MECTOABI SHEProAUCIICPCHOHHOTO aHalInu3a
MAapraHIeBbIX Py Ka3aXxCTAHCKAX MeCTOpOKAeHH JKakchibik M Borad, momydeHsl 371eKTpOHHBIE MHKpOdOTOrpa-
(un, crieKTporpaMMBI 06Pa3IoB, AUArPAMMBI HOPMATH30BAHHOTO PACTIPEICIICHUS COCPKAHHMS aTOMOB 3JIEMCHTOB B
oOpasiax, MUKpodoTorpaduu KapTUPOBAHHs PACHPEACICHUS 3JCMEHTOB Ha IMOBEPXHOCTH O0pasIoB, a TaKKe
BBIMOJIHEH CPABHUTENIbHBIN aHAJIN3 C CHIPHEBBIMHU 00pa3aMu-aHaJIOraMi HEKOTOPBIX 3apyOSIKHBIX MPOU3BOAUTEIICH.

KaioueBble c10Ba: XayCMaHHHT, [TUTMEHT, MapraHiieBas py/a, HAHOIOPOIUKH, SJIEKTPOHHAS MHUKPOCKOIHS,
JHEPrOUCIIEPCUOHHBIN aHAITU3.
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