ISSN 2518-170X (Online),

KA3AKCTAH PECITYBJIIMKACHI
YJITTBIK FbIUILIM AKAJIEMUACHI

Satbayev University

ISSN 2224-5278 (Print)

XABAPJJAPDI

NU3BECTUA

NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES
PECITYBJIMKU KASAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University

SERIES

Satbayev University

OF GEOLOGY AND TECHNICAL SCIENCES

6 (450)
NOVEMBER - DECEMBER 2021

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
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 geology and technical sciences in the Emerging Sources Citation
Index demonstrates our dedication to providing the most relevant and influential content of geology
and engineering sciences to our community.

KasakcmaH Pecniybniukacekl ¥rimmbik fbinbivM akademusicbl «KP YFA Xabapnapel. [eonoesusi xeHe
MexXHUKarbIK fbifibiMOap cepusiCbl» fbibIMU XypHarnbiHbiH Web of Science-miHq xaHanaHraH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeriyee KabbinndaHraHbiH xabaprnalosl. byn
uHdekcmery 6apbicbiHOa Clarivate Analytics komnaHusicbkl XypHandbl odaH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday maceneciH kapacmbipyda. Webof Science sepmmeywinep, aemoprnap, bacrnawbinap MeH
Mekemernepae KOHmeHm mepeHdiei MeH canacbiH ycbiHadbl. KP YFA Xabapnapel. [eonoaus xeHe
mexHuKarbiK fbifibiMOap cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK
YWiH eH e3ekmi xoHe 6ederidi 2eorioeusi XoHe MexXHUKasbIK fblibiMdap 6olbiHWa KOHMEHMKe
a0arnObifbiMbI30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «M3eecmus HAH PK. Cepusi 2eornoauu u mexHU4ecKux
Hayk» 6bi1 npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoU eepcuu
Web of Science. CodepxaHue 8 amom uHOeKkcupogaHuu Haxodumcs 8 cmaduu paccMOmpeHUs
komnaHuel Clarivate Analytics 0nsi OanbHelwezo npuHsmus XypHarna 6 the Science Citation Index
Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of
Science npednazaem kadecmeo u enybuHy KoHmeHma Ons uccriedosamerieli, asmopos,
usdamened u y4pexdeHul. BkrovyeHue Nseecmuss HAH PK. Cepusi eeonoz2uu U mexHU4ecKux
Hayk 8 Emerging Sources Citation Index demoHcmpupyem Hawy rpusepxeHHocmb K Hauboree
akmyarsnbHOMYy U 6/1UsimesIlbHOMY KOHMEeHMYy 10 2e0/102uU U MEXHUYECKUM Haykam Ors Hawezo
coobujecmea.



bac pegakrop
KYPBIHOB Mypar KypbIHYJbI, XUMHUS FHUIBIMIAPBIHBIH JOKTOpBL, Tpodeccop, KP
YFA axamemuri, Kazakcram PecnyOmukacel ¥ITTHIK FhUIBIM akageMusiCBIHBIH mpesuneHTi, AK
«/1.B. CokonbCckuii aThIHIAFBl OTHIH, KaTaJH3 JKOHE JIEKTPOXUMUS MHCTHUTYTHIHBIH» 0ac IUPEKTOPHI
(Ammarsl, Kazakcran) H = 4

PepakuusiibIk ajika:

IOBCAMETOB Moauic Kyabicyabl (6ac penakropablH OpbIHOACapbl), TE€OJOTUS-MHHEPATIOTHS
FBUTBIMJIAPBIHBIH  TOKTOPBI, mpodeccop, KP ¥YFA akamemwri, «Y.M. AxwmencadunHa aTbIHIAFBI
THJIPOTEOJIOTHSI )KOHE T€0IKOJIOTUSI MHCTUTYTHIHBIHY TupekTopbl (Anmarel, Kazakcran) H =2

KOJITAEB TIepoii Koaraiiyiabl (0ac pemakTopAblH OpbIHOAcapbl), TEOJIOTHS-MUHEPAJIOTHs
FBUIBIMIAPBIHBIH JOKTOPHI, podeccop, K.M. CarnaeB arbiHIarbl re0JOrHs FHUIBIMAAPHI UHCTUTYTHI-
HBIH qupekTopsl (Anmarsel, Kazakcran) H=2

CHOY [umen, Ph.D, kaysimpacteipburan mnpogeccop, HeOpacka yHusepcureTiHiy Cy FhUIBIMAAPHI
3epTxaHacbiHbIH AupekTopsl (Hebpacka mrarer, AKLL) H = 32

3EJIBTMAH Peiimap, Ph.D, taburu Tapux wmypaxaibiHslH JKep Typanbl FbUIBIMAAD
OeniMiHIE METPOJNIOTHS >KOHE Taiiansl Ka3bamap KEH OpbIHAApbl CajachlHAAFBl 3epTTeyIepIiH
xerekuici (Jlonnon, Aurmus) H = 37

MAH®UJIOB Muxana bopucoBu4, TeXHUKA  FBUIBIMAAPBIHBIH  JOKTOpPH, HaHcu
yHHuBepcuTeTiHiH npodeccopsl (Hancu, @panums) H=15

INEH IMun, Ph.D, KpiTaii reoorusuiblk KOFAMBIHBIH Tay TEOJIOTHSIChI KOMHUTETI JUPEKTOPBIHBIH
opbIHOacapbl, AMEpUKAH/IBIK SKOHOMHMKAJIBIK T€0J0rTap KaybIMAacThIFbIHBIH MyLieci (ITexkun, Kpitait)
H=25

OUIIEP Axceab, Ph.D, [lpesneH TEeXHHKAIbIK YHHUBEPCUTETIHIH KaybIMAACTBHIPBUIFAH
npodeccopsl (pesnen, bepnun) H = 6

KOHTOPOBHUY Aunexceii OMMJIbEBHY, T'€OJIOTUS-MUHEPATIOrUs FBUIBIMIAPBIHBIH JOKTOPBI,
npodeccop, PFA akanemuri, A.A. Tpodpumyka aTbiHIaFrbl MyHaii-ra3 T€OJOTHACHI XKOHE Teodu3uka
nactutyThl (HoBocubupcek, Peceit) H =19

ABCAJIBIKOB bBaxpiTr Hapukfaiiyjbl, TeXHUKa FBUIBIMIAPBIHBIH OKTOPBI, Mpodeccop,
KP YFA xoppecnionaent-mymeci, A.b. bekTypoB arblHIarbl XUMHS FBUIBIMIAPbl HWHCTHUTYTHI
(Anmarel, Kazakcran) H =15

ATABEKOB Baagumup ExokoBHY, XWMHS FbUIBIMIAPBIHBIH JOKTOpHI, bemapycs ¥FA
akanemuri, JKaHa marepuangap XUMHSICHI WHCTUTYTBIHBIH KYpMeETTi nupektopsl (Munck, benapycs)
H=13

KATAJIMH Credan, Ph.D, Jlpe3neH TeXHUKAIBIK YHUBEPCHUTETIHIH KaybIMIACTHIPHUIFAH
npodeccopsl ([Apesnen, bepmn) H = 20

CEUTMYPATOBA  Jueonopa IOcynmoBHa, reoJOTHA-MUHEPAJIOTUSI  FBUIBIMIAPBIHBIH
nokropsl, mpodeccop, KP ¥ A koppecnornent-mymieci, K.W. Carmnaes arbraarsi [ €010THs FEUTBIMIAPHI
WHCTHUTYTHI 3epTXaHaCBhIHBIH MeHrepytrici (Anmarsr, Kazakcran) H=11

CAYBIHTAEB 7Kanaii, Ph.D, xayeiMmacteipputraH mpodeccop, HaszapOaeB yHHBepcuTeTi
(Hyp-Cynran, Kazakcran) H= 11

®PATTUHMU Ilaosno, Ph.D, bukokk Mwunan yHHBEpCHTETI KaybIMAACTBIPBUIFaH IMpodeccopsl
(Munan, Utamust) H = 28

«KP YT A Xaoapaapsbl. ['eosiorust skoHe TEXHUKAJBIK FHLIBIMIAP CEPUACHD».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Menmikreymri: «Kazakctan PecmyOniKkachIHBIH ¥ ITTHIK FRUTBIM akageMusiceDy PKb (Ammars! k.).
Kazakcran PecnyOnukachlHBIH AKMapar >XoHe KOFaMIBIK JaMy MHHHCTPIITIHIH AKmapar KOMHTETIHIE
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achlIBIM TipKeYiHEe KOWBLTY TYpasbl KyoliK.
TaxpIpBINITEIK OAFBITHI: TEONOTHS, MYHAll >KOHE Ta3fbl OHJACYNIH XHMHUSJIBIK TEXHOJOTHSUIAPHI, MYHAi
XUMHSICBI, METAJIIAP/IbI ATy JKOHE OJapAbIH KOCHIHABUIAPBIHBIH TEXHOJIOTHSCHI.

Mep3iMIimTiri: )KBUTBIHA 6 PET.

Tupaxsr: 300 mana.

Penaxiusanaeig MmekeH-xaiel: 050010, Anmartsl K., [1leBuenko keur., 28, 219 6e., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOnukachiHbIH Y ITTHIK FBUIBIM akaeMusicol, 2021

TunorpadusHeiH MekeH-xaibl: «ApyHa» XK, Anmarsl K., Mypar6aes ker., 75.

3



I'naBHbIil penaxkTop
ZKYPUHOB Mypar KypuHOBUY, [JOKTOp XHUMHUECKHX HayK, Mpodeccop, akKaaeMuk
HAH PK, npesunent HamuonanpHol akagemun Hayk PecnyOnukn Kasaxcran, reHepasbHbIHM
mupektop AO  «MHerutyr TomiMBa, Karaimza M snekrpoxumun  uM.  J.B.  Cokonbckoro»
(Anmarsl, Kazaxcran) H=4

PepakumonHasi KoJLIerus:

ABCAMETOB Mamuc KyabicoBuY, (3aMECTUTENb IIABHOTO PEIAKTOpa), JOKTOP TeO0JI0ro-
MUHEpPAIOTHYECKUX Hayk, npodeccop, akagemuk HAH PK, mupextop UuctutyTa ruaporeonsoruu u
reoskosoruu uM. Y.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

KOJITAEB Tepoii KoaraeBuu, (3aMecTUTENIh DJIABHOTO PEIAKTOpa), JOKTOpP Te0Joro-
MHUHEPAJIOTMYECKUX Hayk, rnpodeccop, aupextop MucturyTa reonornyeckux Hayk um. K.M.Carmaesa
(Anmarsl, Kazaxcran) H=2

CHOY Ipuuen, Ph.D, acconuupoBanHblii npodeccop, nupektop Jlaboparopum BOAHBIX HaykK
yauBepcuteta Hebpacku (mrat HeGpacka, CILIA) H = 32

3EJIBTMAH Peiimap, Ph.D, pyxoBoguTens wuccienoBaHuii B 0OOJACTH METPOJIOTHMH U
MECTOpPOXKACHUN TOJEe3HbIX HcKonmaemblx B Otaene Hayk o 3emiie My3esi €CTECTBEHHOM HCTOpUU
(Jlonnon, Aurnus) H =37

IMAH®HWNJIOB Muxauna bopucoBny, 10KTOp TEXHUYECKUX HayK, podeccop YuuBepcurera Hancu
(Hancu, ®pannus) H=15

INEH Iun, Ph.D, 3amecturtens nupexropa Komurera mo ropHoit reosnorun Kwuraiickoro
re0JIOTMYECKOro  o0IiecTBa, wWieH AMEpPUKAHCKOM  accoUManmuy  SKOHOMMYECKHX  T'eO0JOroB
(ITexun, Kurait) H = 25

OUIIEP Axceab, acconmupoBanHblii mpodeccop, Ph.D, texnuueckuii yHuBepcurer JlpesncH
(Idpesnen, bepnun) H= 6

KOHTOPOBHY Aunexceil IMuIbeBUY, TOKTOP Ie0JI0ro-MHUHEPATOIHYECKUX HaykK, Ipodeccop,
akagemuk PAH, MuctuTyT HedTerazoBoit reomoruu u reodpmsuku mm. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H =19

ABCAJIBIKOB Baxeir Hapuk6aeBu4, IOKTOp TEXHUYECKHMX HayK, mpodeccop, dICH-
koppecnionsienT HAH PK, Unctutyt xumnyeckux Hayk uMm. A.b. bextypoBa (Anmarel, Kazaxcran)
H=5

ATABEKOB Baagumup EHokoBMY, JIOKTOp XMMHYECKHMX Hayk, akajgeMuk HAH benapycu,
nmoueTHbIi nupekrop MHctutyTa XumMun HOBbIX MarepuanoB (Munck, benapycs) H =13

KATAJIMH Credgan, Ph.D, accomumpoBanHblii npodeccop, TexHHYECKHN YHUBEPCUTET
(Apesnen, bepman) H = 20

CEUTMYPATOBA Daeonopa KOcynoBHa, JOKTOp T€0JI0T0-MUHEPAJIOTHIECKUX HayK, mpodeccop,
qieH-koppecriornenT HAH PK, 3aBenmyrommas maGoparopum WMHCTHTYTa TEOJOTHYECKHX HAyK
mM. K.W. CarmaeBa (Anmarel, Kazaxcran) H=11

CAT'MHTAEB ‘Kamnaii, Ph.D, accomumpoBansbsiii mpodeccop, HazapbaeB yHHBepcHUTET
(Hypcynran, Kazaxcran) H= 11

®PATTUHU IMaoso, Ph.D, accounupoBannslii npogeccop, Munanckuii yHuBepcuter bBHkokk
(Munan, Utammst) H = 28

«H3Bectust HAH PK. Cepusi reojioruu 1 TeXHHYECKHUX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CobcrBennuk: Pecriybnukanckoe o0miecTBeHHoe o0bennnenne « HarronanpHas akagemMus Hayk PecriyGnuku
Kazaxcran» (1. Anmartsr).

CBUETENLCTBO O MOCTaHOBKE Ha YUYET MEPHOJUYECKOro IMedaTHoro u3nanus B Komurere mHbopmanmu
MunucTepcTBa nHGOpMaNuK 1 o01ecTBeHHOTo pa3BuThs Pecryonuku Kazaxcran Ne KZ39VPY 00025420,
Beganuoe 29.07.2020 r.

Temarudeckasi HalpaBlICHHOCTb: TEOJIOTHS, XUMHUYECKHE TEXHOJOTHH IepepaboTKH HepTH W Trasa,
HePTEXUMUSI, TEXHOIOTUU M3BICYCHHUSI METAIJIOB U UX COCJICHEHHIA.

[lepuonnyHOCTh: 6 pa3 B ro.

Tupax: 300 3x3eMIUIAPOB.

Anpec penakuuu: 050010, r. Anmatsr, yi. llleBuenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HammonanwHast akanemus Hayk PecrryOmmku Kaszaxcran, 2021

Anpec tunorpadun: U1 «ApyHay, I. Anmarsl, yin. Myparbaesa, 75.

4



Editor in chief
ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK,
president of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC
“Institute of fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan)
H=4

Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
hydrogeology and hydrophysics (Almaty, Kazakhstan) H = 2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev
(Almaty, Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

Zeltman Reymar, Ph.D, head of research department in petrology and mineral deposits in the
Earth sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany)
H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences,
professor, academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS
(Novosibirsk, Russia) H= 19

ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, corresponding
member of NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5

AGABEKOY Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H=13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences,
professor, corresponding member of NAS RK, head of the laboratory of the Institute of geological
sciences named after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28

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

ISSN 2518-170X (Online),

ISSN 2224-5278 (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. KZ39VPY 00025420,
issued 29.07.2020.

Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies for
extracting metals and their connections.

Periodicity: 6 times a year.

Circulation: 300 copies.

Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19

http://www.geolog-technical kz/index.php/en/

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

Address of printing house: ST «Arunay», 75, Muratbayev str, Almaty.

5



NEWS ofthe Academy of Sciences of the Republic of Kazakhstan

NEWS

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 6, Number 450 (2021), 46-52 https://doi.org/10.32014/2021.2518-170X.118

UDC 66.022:53.097
Begalinov A., Shautenov M., Medeuov Ch., Almenov T., Bektur B.

Satbayev University, Almaty, Kazakhstan.
E-mail: bekturbek@bk.ru

MECHANOCHEMICAL ACTIVATION OFTHE PROCESSING OF GOLD-BEARING SULFIDE
RAW MATERIALS

Abstract. The mechanochemical activation of the gold-bearingflotation concentrate with the addition
of copper sulfate in the grinding process has been studied. It has been established that as a result of the
mechanical activation, gold is partially leached due to sulfur content in the source raw material, which acts as
a leaching agent. At the stage of grinding and extraction of gold into solution was 48%.

Mechanical processing is one of the most important operations in mineral processing technology. Ore
processing must be organized in such a way as to ensure the mineral liberation with optimal grinding of the
ore. This process largely determines both the completeness of the extraction of minerals and elements from
rocks, and the kinetics of various heterogeneous processes involving solid substances in a finely dispersed
state.

Attempts to use the process of mechanical activation to increase the efficiency of mineral raw materials
have been made for a long time. Specialized and generalizing works have shown that with an increase in
dispersion leading to an increase in the substance activity, it is possible to intensify many technological
processes: ore liberation, leaching of individual components from minerals, complete extraction of valuable
elements from refractory ores and concentrates.

Mechanical activation, to some extent, leads to a change in the structural and physicochemical properties
of minerals, especially surface ones. The research has ensured a fairly complete list of physicochemical
changes in mineral matter and the transformation of materials during dispersion.

An analysis of works on the mechanochemistry of minerals shows the variety and complexity of the
physicochemical processes during mechanical activation, and leads to the conclusion that the reactivity of
minerals is determined both by a change in the fine crystal structure and an increase in the surface, and by
solid-phase reactions, i.e. the processes accompanying mechanical processing.

Key words: gold-bearing raw materials, gold, flotation concentrate, grinding, mechanochemical pro-
cessing, sedimentary test, leaching, sulfite-thiosulphate leaching, solution, cake, reduction-oxidation potential.

Introduction.

The technology of hydrometallurgical processing of gold-bearing sulfide raw materials includes two
processingstages. At the first stage of the process, the raw material is oxidized andsulfur, iron and arsenic
are converted into elements with a higher degree of oxidation. This is associated with the destruction of
gold-retaining matrices of minerals (pyrite, arsenopyrite) and ensures more favorable conditions for the
access of reagents to the particles of gold leached from the raw material. The success of the second stage of
processing of raw materials, directly associated with the conversion of gold into solution, mainly depends
on the oxidation rate of the raw material. If a sulfite-thiosulfate composition is used as a reagent for gold
dissolving, this condition is slightly specific, different from other reagents. This is related to the fact that in
this case sulfur is present as the main element in the rock-forming sulfidic minerals and reagent.Moreover, as
was indicated in our previous publications [1-3], sulfur in combination
with hydrothermal water are the “culprits” of gold deposits formation. Sulfur and water that inthe
natural environment form various oxygen-free and, in the presence of air, oxygen chemical compounds
(hydrosulfides, sulfides, thiosulfates, etc.), in some cases became gold solvents, in others, in combination
with gold, transformed into an insoluble state. Thus, on its way from the subsoil to the earth’s surface, gold
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in compounds with sulfur, depending on the ph and Eh of the medium, was subjected to repeated dissolution
and precipitation. These natural processes prove that it is possible to use sulfur, which is present in sulfide
raw materials, partially or completely as a reagent in the technology of gold recovery in the processes of its
dissolution and precipitation from solutions.

Materials and methods. In previous studies, the subject of our research was the autoclave oxidation
processes of sulfide raw materials. The so-called redox process takes placeat high temperature (250-300°C)
and pressure (16-20 atmg), in a nitric acid medium in the presence of pure oxygen. The process requires high
capital and operating costs. Gold is recovered from the solid residue by means of leaching using cyanide
solutions.Sulfur in the autoclave is oxidized to a maximum 6-valent state and is completely disposed of in
the form of ballast sulfate compounds. The analogous so-called nitrox or arsenic processes differ from the
previous process in that they take place without pressure in ordinary conditions and in the atmospheric air.
However, in this case, due to the lack of oxidizing potential, sulfide sulfur is oxidized only to an intermediate
phase - the elemental state, which is the reason for low gold recovery atthe subsequent cyanidation of the
solid residue, because elemental sulfur deposited on the surface of gold particles makes it difficult for the
solvent to reach them. Within the frameworks of our works on this topic, dueto the use of an alkaline medium
in the autoclave instead of an acidic one, it was possible to carry out this process in a milder mode (5
atmg instead of 20; 100-120°C instead of 250-300). The negative influence of the partially elemental sulfur
formed in this process was avoided due to the use of sodium sulfite with a small addition of thiosulfate as
the reagent for leaching of the solid residue. The interaction of sodium sulfite with elemental sulfur results
inthe formation of sodium thiosulfate, and thereby in the removal of the sulfur film from solid particles and
simultaneous regeneration of the main reagent for gold leaching. Thus, in addition to solving an important
technological problem, it was possible to makea part of the sulfur from the source sulfide raw material a
useful element instead of the ballast product. In general, with approximately comparable parameters of gold
recovery using the cyanide process, in this case, there is an additional effect of reducing the environmental
load and economic costs.

Experimental. We continued working on the topic. The first stage of the autoclave oxidation process of
sulfide raw materials was replaced with a simpler version of the mechanochemical processing carried out by
means of finer grinding of the source sulfide material. Publications on the mechanochemical conditioning of
sulfide raw materials before gold leaching are well systematized in [4]. The initial stage of pyrite oxidation is
the formation of ferrous sulfate and elemental sulfur:

FeS, + 20, = FeS0, + S (1)

At the same time, it is well known from popular manuals on general chemistry [5] that elemental sulfur
easily interacts with alkalis and forms the whole range of oxygen and oxygen-free sulfur compounds:

35 + 6NaOH = 2Na,S + Na,S05 + 3H,0 )
S+ Na2503 = Na25203 (3)
Na,S + H,0 = NaHS + NaOH (4)

These reactions prove the possibility of formation of sodium thiosulfate and hydrosulfide compounds
during the grinding of raw materials in an alkaline medium and the high probability of formation of water-
soluble gold complexes with the mentioned sulfur anions, as evidenced by many publications. It is suffice to
cite one of them [3], which seems to be the most interesting in connection with the fact that the mentioned
processes are considered more extensively and are used by the authors as the evidence for their theory related
to the formation of hydrothermal gold deposits using these processes.

According to this theory, during the formation of hydrothermal solutions at deep horizons in the negligible
presence of oxygen and low ORP, gold was most likely present in solutions in the form of a hydrosulfide
complex (AuS-). With the rise of solutions to the surface and the ORP increase, this complex was destroyed
resulting in the separation of gold, which is commonly called early or high-temperature gold. At the same
time, favorable conditions were created for the formation of the thiosulfate sulfur compound and the
corresponding water-soluble thiosulfate gold complex. Subsequent more profound changes in the Eh-ph
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values of the medium lead to another destruction of this complex resulting in the formation of a gold deposit.
The diagrams taken from the cited article and shown in Figures 1, 2, 3 are in good agreement with the author’s
conclusions and give a complete picture of the zones of stable existence of soluble gold compounds in the
Eh-ph coordinates and the dependence of these compounds’ activity in water on the ORP value. These data
provide good guidance for planning and evaluating the results of current and future technological research
on this topic.

For technological research, we used a 2.3-liter KazNITU laboratory ball mill. The research method
involves grinding the concentrate in an alkaline medium in the presence of atmospheric oxygen as an
oxidizer. Due to the absence of continuous air supply in the mill design, the mill must be stopped during the
grinding process for periodical supply of fresh air through the loading chute.

The flotation concentrate for the study was obtained from Akbakaysky mining and processing plant. The
concentrate has the following parameters: particle size: 0.074 mm, Au content: 15.5 g/t, As: 0.058%, S:
22.6%. Each 300 g of the initial sample of the concentrate loaded into the mill was added with 600 ml of
caustic solution with a concentration of 143 g/L. Also, steel balls are loaded at a 1:10 ratio of the concentrate
weight.The grinding was performedfor 60 minutes. Themill was stopped every 2 minutes for air supply. The
measuredphvalues of the medium equaled 9.0-9.5. At that, the ORP varied within Ehvalues from -0.176 to
-0.186V. Table 1 contains the results of sedimentation analysis of the source and ground products.

Table 1 — Sedimentation analysis

Values with regard to the source product (concentrate)
um gram %
+74 14.16 14.67

74-40 18.55 19.22
40-20 18.48 19.14
20-10 31.78 32.92
10-0 13.56 14.05
Total 96.53 100.0

Values of the sedimentation analysis after the grinding
um gram %
+74 21.58 25.63

74-40 1.2 1.43
40-20 14.18 16.88
20-10 17.95 21.37
10-0 29.1 34.63
Total 84.01 100.0

As follows from the Table, in the ground product there is a sharp increase in the 10 um fraction (from
14.05 to 34.63%) and +74 um fraction (from 14.67 to 25.63%).

These, at first glance, contradicting results have an adequate scientific explanation. According to the
existing concepts [7, 8], mechanochemical activation of products is characterized by three stages of the
process. While at the first stage there is practically no interaction between the ground particles, at the second
stage the interaction begins to increment and is manifested in their aggregation due to Van der Waals forces.
At the third stage, this process stops and gives way to the formation of chemical bonds between the particles.
Based on these concepts, the +74 pum fraction, obtained as a result of grinding, was classified as the aggregated
thinner class. So, it can be assumed that the overall increase in the content of the material with a fineness over
10 pum in the final product amounted to over 60%.

During the grinding in line with the above-mentioned mechanisms, gold was partially leached using
reagents formed from its own sulfur. As a result, the mass content of gold in the final ground product
significantly decreased from 15.5 g/t to 13 g/t, which corresponds to about 16% gold recovery rate into the
solution right at this stage.

It is well known that adding cupric ions to the process of gold dissolution accelerates the process due
to gold oxidation. Therefore, an experiment was further conducted with the addition of copper sulfate in
the grinding process of sulfide concentrate (at a rate of 1 g/Lin terms of copper), while maintaining all the
previous parameters of grinding. It resulted in the decrease in the gold content in the ground product to 8.3
g/t, i.e. the gold recovery rate into the solution at the grinding stage increased from 16 to almost 48%. A 100
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g sample weight of the obtained ground product after separation of the liquid phase was subjected to sulfite-
thiosulfate leaching in a 2-liter magnetic mixer in the following mode:

-Solid to liquid ratio is 1:10;

- Sodium sulfite content in the solution is 100 g/L;

- Sodium thiosulfate content in the solution is 50 g/L;

- Copper content in the solution is 1g/L;

- pHof the medium is 9-9.5,Eh varies from +0.034 to+0.084V;

- Leaching time is 4 hours.

For chemical analysis of theobtained leachate, a 240FS AA Agilent atomic absorption spectrometer was
used, a C933 ionomer was used for measuring ph and Eh.
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Figurel - Stability ratios between some gold compounds in water at 25°C and I atm.

The amount of dissolved chloride components is 10" mol/L, and the amount of dissolved sulfur is 10!
mol/L (according to Garrels).

Cake tests after leaching showed that its gold content was 6.1 g/t, i.e. additional gold recovery rate into the
solution at this stage was about 27%.

Parameters of gold recovery into the solution with such simple instrumentation could be considered
acceptable, however some negative factors associated with this method diminish the advantages of the
technology. The ph and Eh measurements during the experiments showed that gold leaching is mainly done
in line with the hydrosulfide option, and the zone of stable existence of the soluble hydrosulfide complex of
gold in our case is approximately in zone “A” in Figure 2.

As Figure 2 shows, the range of gold existence in such a compound is characterized by a relatively narrow
range of Eh values of the medium. It is difficult to maintain the parameters of real technological processes
in this range. And taking into account that these processes take place mainly on the surface of the earth, the
situation is complicated by the inevitable contact of productive solutions with atmospheric oxygen, which, in
turn, can lead to uncontrolled deposition and loss of gold between the treatment stages.
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Figure2 -Stability ratios between some gold compounds in water at 25°C and 1 atm with due account for
the equilibrium activity of thiosulfate ions. The amount of dissolved sulfur is 10" mol/L and the amount of
dissolved chloride components is 10" mol/L.
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Indeed, the calculations done by the authors of work [3] and presented graphically in Figure 3 show that
the range of existence of water-soluble hydrosulfide gold complex is limited by narrow Eh values from -0.470
to -0.170V, which especially stand in contrast with the parameters of the thiosulfate compound, where such a
zone is much wider and ranges from -0.170 to + 0.760V.

Apprehensions regarding the foregoing risks at the implementation of the hydrosulfide method of gold
recovery were confirmed as a result of another experiment. With the purpose of increasing the dissolution of
sulfide and elemental sulfur according to reactions 1-3, the experiment was performed with a higher dosage
of alkali (ph above 11). It was expected that the process of formation of the hydrosulfide gold complex will
continue more intensively and proceed in the direction indicated in Figure 2withthe arrow towards point
“B”. However, the result turned out to be negative with a significant decrease in the gold dissolution. Most
likely, the ORP parameters of the medium went beyond the range of existence of the soluble hydrosulfide
gold complex. Another reason for the failure could also be a sharp reduction in the formation of a complexing
hydrosulfide anion as a result of the reversal of the sodium sulfide hydrolysis [8] due to the creation of a
considerable excess of alkali in the solution.

H20 stable |

Logarhythmic activity value AuS’, Au(S,0s),>, AuCl,, g-ion/L

Eh, V

Figure3 -Dependence of the activity (concentration) of some gold compounds in water on the value of
the oxidation-reduction potential at 25°C and 1 atm., ph = 8.0. The amount of dissolved sulfur is 10" mol/L.

Results and discussion.

Obviously, the practical creation of more favorable conditions for technological processes requires
a transition to another zone - the zone of stable formation of the thiosulfate gold complex. According to
calculations, this area in Figure 3 is located at ph = 8, for example, in a wider Eh range from -0.170 to +0.760.
True, transiting into this area with the use of atmospheric oxygen as an oxidizer requires pressure, and in
normal conditions even stronger oxidizer will be required. For this purpose, for example, chlorine can be used
as a reagent, which in its active and ionic forms can act bothas an effective oxidizing and complexing agent in
a water-soluble gold compound (Figure 1). In addition, the chlorine production in anactive sodium chloride
water solution using the electrochemical method is a relatively simple task.

Conclusion. The mechanochemical activation by means of grinding a factory sulfide gold-bearing
concentrate in the alkaline medium has been studied. The process was done using the 2.3-liter laboratory mill
at 1:2 solid to liquid ratio and steel balls at the ratio of 1:10 to the concentrate weight. During 30 minutes of
the grinding time, the -10 um class solid material increased from 14 to 60%. At the measured parameters of
the ground medium (ph=8-9 and Eh varies from —0.18 to —0.19V), approximately 16% of gold was recovered
into the liquid phase of the mill. With the addition of up to 1 g/L of cupric ions to the grinding process, the
recovery into the liquid phase increased up to 48%.

It was established that the conversion of gold into solution during the grinding process is explained by the
formation of a water-soluble hydrosulfide gold complex (AuS).

The remainder of the solid ground product was leached with a sulfite-thiosulfate reagent at 1:10 solid to
liquid ratio, the content of sodium sulfite was 100g/L, sodium thiosulfate 50 g/L, copper 1 g/L, at ph = 9-9.5
and process time was 4 hours. A continuous supply of air into the reaction medium ensured maintaining the
Eh value of the medium during leaching at a level of +0.030 to + 0.080V. As a result, about 27% of gold was
additionally recovered into the solution.

The results of the performed study were deeply analyzed. It is shown that the practical application of the
obtained data in the technology of gold recovery is associated with certain risks due to the relatively narrow
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range of sustainable existence in the conditions of mechanochemical activation of the raw materials of the
hydrosulfide gold complex.

Further work will be directed at the optimization of processes at both stages of the developed technology.
First of all, at the stage of mechanochemical activation of raw materials the work will be aimed at the increase
in the oxidizing potential of the medium for converting gold in solution into a more stable compound. To
this end, various methods of influencing the reaction medium, including electrochemical ones, will be tested.

Beranunos 9., llloyrenoB M.P., Meneyos U.K., 9imenos T.M., bextyp b.K.

CornaeB ynusepcureti, Anmarsl, Kazakcras.
E-mail: bekturbek@bk.ru

KYPAMBIHJA AJITBIHBI BAP CYJIb®UATI HIUKIZATTBI OHAEY ITPOLUECIH
MEXAHOXUMMUAJIBIK BEJICEHIIPY

AHHOTanus. ¥cakray Inporecine MbIC Cyab(aTbiH KOCa OTBIPBII, KYpaMbIH/Ia alThIH 0ap (oTamsIIbiK
KOHIIGHTPATThl MEXaHOXMMHSJIBIK aKTUBTEHIIpY OOMBIHIIA 3epTTeyiep JKyprisuimi. MexaHOoaKkTHBAIHs
HOTIDKECIHJIe OacTarlkpl MUKi3aTTa ©31H/IK KYKipT ece0iHeH alIThIHHBIH illiHapa MmaiMalaHybl KYpei, ol
nraiimanayIsl peareHT pesiiH aTkapaibl. ¥ HTaKTay caThIChIH/Ia aJIThIHABI epiTiHAire aiHanapIpy 48% Kypasl.

Onyey — naiinansl Kazdajgapabl eHJASY TEXHOJIOTHSCHIHIAFbI MaHbI3IbI olnepanusiapabiy Oipi. Kennai
JaiblHIAy —KEHJI OHTAMJIBl ycakTay Ke3lHIe MHUHEpaIJaplblH allbLTyblH KaMTaMachl3 eTEeTiHACH eTim
YHBIMAACTBIPBUTYBI THIC. Bysl mpomecc HerisiHeH Tay >KbIHBICTAPbIHAH MHHEpAJIapMEH JJICMEHTTEep/i
QITyJIBIH TOJIBIKTBIFBIH, COHJIali-aK KaTThl 3aTTapIblH KaThICYBIMEH XKYKa JUCIIEPCTIK Yiine OoIaThiH apTypii
TeTepPOreHIi MPOLECTEeP/IiH KWHETUKACHIH aHBIKTANIbI.

MuHepanabl I[UKI3aTTBIH THIMIUNCIH —apTThIpy VIIH MEXaHUKANbIK aKTHUBTCHIIPY MPOLECiH
KOJIJIJaHy OpeKeTTepi OyphIHHAH Oenriii. ApHaWbl JKOHE JKajlblIaMa KYMBICTAp 3aTThIH OCJICEHAUTITIHIH
apTybIHA OKEJIETIH IUCIICPCHSHBIH KOFapbUIaybIMEH KONTEreH TEXHOJIOTHSUIBIK IPOIEeCTep/Al KYIIeHTyre
OOJIaTBIHBIFBIH KOPCETE/Ii: KeH/II ally, MUHEePaJIIbl IUKI3aTTaH JKEKEIeTeH KOMIIOHEHTTEP1 CIITUICHAIPY,
TYPAKThl KCHAEPMEH KOHLIEHTPATTAapAaH KYH/IbI 3JIEMEHTTEp/ ainy T.0.

Tyiiinai ce3mep: KypamblHIa aiuThIHBI 0ap IIMKI3aT, anTbiH, (IOTAIMSIBIK KOHIIGHTPAT, YCAaKTay,
MEXaHOXUMHSUIBIK OHJCY, CEIMMEHTALVSUIBIK Taijay, LIaiimainay, Cyab(QUT-THOCYIb(ATTHI IaiiMaay,
epIiTiHi, TOTHIFY-TOTBIKCBI3IAHY QJICYETI.

Beranuunos A., lllayrenoB M.P., Meneyos U.K., Anmenos T.M., Bextyp B.K."

Yuusepcuter CarnaeBa, AnMatsl, Kasaxcran.
E-mail: bekturbek@bk.ru

MEXAHOXUMHNYECKOE AKTUBUPOBAHUE ITPOLECCA INIEPEPABOTKH
30JIOTOCOJAEPKALIEIO CYJIb®UIHOI'O ChIPbs

AnHoTtanus. [IpoBeneHsl HccieOBaHUA MO MEXaHOXMMHMUYECKOMY AKTHBHUPOBAHHUIO (IIOTALMOHHOTO
30JI0TO COAEPIKAIIECro KOHIIEHTpaTa ¢ J00aBICHHEM B MPOLECC H3MENIBYCHUSI MEIHOTO KyIopoca.
YcraHOBIEHO, UTO B pe3ylibTaTe MEXaHOAKTHBALUK ITPOUCXOIUT YACTUYHOE BBIIIEIAYUBAHUE 30J10Ta 3aCUET
COOCTBEHHOM cepbl B HCXOIAHOM CHIPbE, KOTOPast BBIMOIHSET POJIb BBIIIEIauMBaoNero pearenta. Ha craanu
W3MENBICHUS U3BJICUCHHE 30J10Ta B PACTBOP cocTaBmio 48%.

Mexannueckasi 00pab0oTKa OTHOCHUTCS K YHMCIYy BaKHEHWIIMX OIEpauuid B TEXHOJIOTMH 00paboTKH
MOJIE3HBIX HCKOTIaeMbIX. PynomnonroroBka g0mkHa ObITH OPraHU30BaHHA TAKMM 00pa3oM, 4ToO0bl 00eCeynTh
pacKpbITHE MUHEPAJIOB IIPH ONTHMAJIBHOM HU3MENBICHUH PyAbl. DTOT MPOLECC BO MHOTOM OMNPEAECISIET, KaK
MOJHOTY U3BJICUECHUSI MUHEPAJIOB U SJIEMEHTOB U3TOPHBIX MOPOJ, TAK U KHHETHKY Pa3IMYHbIX [E€TEPOrCHHBIX
MPOLIECCOB, MPOTEKAIOIINX C YYaCTHEM TBEP/BIX BELIECTB B TOHKOAUCIICPCHOM COCTOSIHUH.

[lompITKM WMCHONB30BAaTh MPOLECC MEXAHMYECKOM aKTUBaLMK JAJsl TOBBIMICHUS 3()(EKTUBHOCTH
MHUHEPAJIBHOTO CBIPbs, W3BECTHBI AaBHO. CrenuaibHBIMA M 0000LIaomMMK padoTaMK MOKa3aHO, YTO
C TIOBBILICHUEM JHUCIIEPCHOCTH, NMPHUBOAALICH K BO3PACTaHMIO AKTUBHOCTH BEIIECTBA, MPEICTABISIETCS
BO3MOJKHBIM WHTEHCH(HULIUPOBATE MHOTHE TEXHOJIOIMYECKHE MPOLECCHI: BCKPBITHE PY[, BBIICIAYNBAHHUE
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OT/ICIIbHBIX KOMIIOHEHTOB U3MHHEPAIHLHOTO CHIPbhS, /10 U3BJICUCHHE IICHHBIX SJIEMEHTOB M 3yMOPHBIX Py U
KOHIICHTPATOB.

MexaHnueckoe akTUBUPOBAaHKE B OOJIbIIIEH MIIM MEHBIIEH cTeNeH! IPUBOIUT K MN3MEHEHHIO CTPYKTYPHBIX
u (1)I/I3I/IKO-XI/IMI/I‘ICCKI/IX CBOMCTB MHHEPAJIOB, 0COOEHHO IMOBCPXHOCTHBIX. HpOBeI[eHHLIe K HacCTodgleMy
BpPEMEHH HCCIEIOBAHUS TIO3BOJISIIOT COCTAaBUTh JIOCTATOYHO TIOJNHBIA IepevyeHb (DU3NKO-XUMHUECKUX
M3MEHEHU I MUHEPaILHOTO BENIeCTBA M TPaHC(POPMAIMK MATEPUATIOB MTPU JUCTICPTUPOBAHUH.

AHanu3 pabdoT MO MEXaHOXMMHUW MUHEPAJIOB TOKa3bIBAET MHOTOTPAHHOCTh W CJIOXKHOCTh (DHU3HUKO-
XUMHYECKUX TPOIIECCOB, BO3HUKAIOIIUX PU MEXaHUYECKOM aKTUBAIINH, ¥ TIO3BOJISICT IPUUTH K 3aKJITFOYCHUTO
0 TOM, YTO CTEICHb PEAKIIMOHHONH CIOCOOHOCTH MHUHEPAIOB ONPEACIACTCS KaK M3MECHEHHEM TOHKOU
KPUCTAJUIMYECKON CTPYKTYpbl M YBEIMYEHHUEM IIOBEPXHOCTH, TAaK M NPOLECCAMH, CONPOBOXKIAIOLIMMU
MEXaHHYECKYI0 00paboTKy — TBEpIO(Pa3HBIMHU PEAKITUIMHU.

KioueBble cjioBa: 30J0TOCOJCPIKAIIEE CHIPhE, 30JI0TO, (GIOTAIMOHHBIA KOHIIEHTPAT, U3MEIBUCHHE,
MEeXaHOXMUMHUYeCcKas 00paboTKa, CeAMMEHTAIMOHHBIA aHaIH3, BBIIICIAYUBAHKE, CYIb(QUT-THOCYIh(ATHOES
BbIIICIa4YMBaHusd, paCTBOP, KCK, OKHCJINTEILHO-BOCCTAaHOBUTEILHBIN IIoTCHIHUAJI.
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