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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.

Kaszaxcman Pecnyonukacer ¥immuolx 2oiivim akademusicol « KP YA Xabapnapwr. ['eonocus
JHCOHE MEXHUKANBIK RbLILIMOAD CepusiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinoa Clarivate Analytics komnanusicol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEPUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03exmi dcoue
6e0endi eeonocus JHcoHe MEXHUKATBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMus
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednrazaem xawecmeo u 2nyOumHy
KoHmenma Oisi  uccieoogameinell, demopos, uzoameneti u yuypedcoenuil. Brnouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCmb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV 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

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
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

ZHOLTAEYV 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

AGABEKOYV 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
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E.B. Abikak*, B.K. Kenzhaliev

Satbayev University, Institute of Metallurgy and Ore Benefication JSC,
Almaty, Kazakhstan.
E-mail: abikak.erkezhan(@mail.ru

DEVELOPMENT OF AN INTEGRATED TECHNOLOGY
INTENDED TO PROCESS PYRITE SLAG USING
CHEMICAL PRE-ACTIVATION

Abstract. The existing methods intended to process pyrite slag require
improvement. The novelty of the technology used in this work is the preliminary
chemical pyrite slag activation in a sodium bicarbonate solution. It was found
that changes of phase composition occur as a result of pyrite slag activation:
disappeared phases of trinatrium phosphate of zinc oxide hydrate and dolomite;
the amount of sodium thiophosphate; the amount of albite and of natrozharosite
phase decreased; the phase of magnesium, calcium silicate and sodium
thiophosphate appeared. After activation, the content of the iron-containing
phases also increases. Changes of phase composition of pyrite slag are connected
with interaction reactions of sodium hydrocarbonate with trisodium phosphate
zinc oxide hydrate, natrozharosite and with dolomite with formation of sodium
thiophosphate, calcium silicate and magnesium aluminosilicate. At leaching of
pyrite cinders after preliminary activation in 15% H,SO, solution extraction in
solution, wt. % was obtained: CuO 76.8; ZnO 75.9 and Fe O, 26.0. Without
chemical activation the degree of extraction of non-ferrous metals in sulphuric
acid solution is lower by 15 — 20%. As a result of the stage neutralization of
the leaching solution of pyrite slag at pH 9.7 the neutralization precipitate -
concentrate of non-ferrous metals, wt. % was obtained: CuO 6.4; ZnO 12.55.
Concentrate yield was 1.5% of the initial mass of pyrite slag. Smelting of
leaching cakes of pyrite slag produced crude iron with chemical composition, wt
%:91.13 Fe; 3.99 Si; i/r P; 2.57 C; 0.81 Mn; 0.025 S.

Key words: pyrite slag, chemical activation, phase composition, non-ferrous
metals, leaching, concentrate, blooming cast iron.
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E.b. Abukak*, b.K. Ken:kanuen

Satbayev University, «MeTamtyprus >koHe KeH 0aiibITy HHCTHTYTh AK,
Anmarel, Kazakcras.
E-mail: abikak.erkezhan@mail.ru

AJIBIH AJIA XUMUSUIBIK BEJICEHIIPY MEH MTAPUATTI
KYHNIKTEPAI OHJEVAIH KEMEHII TEXHOJIOTHSICHIH
93IPIEY

AnHoTauus. [IuputTi KyHikTepai eHaey KOJJaHBICTAFbl dICTEPAl KETijl-
nipyai kaxer ereni. JKyMbICTa MaiJaniaHbUIFaH TEXHOJIOTHSHBIH >KaHAIBIFBI
— HATPUH TUAPOKAPOOHATHIHBIH EPITIHAICIHAETT MUPHUTTI KYHIKTEpre ajbIH-
aya XUMHUSITBIK OeJICeHIIpy/Ii Kyprizy OosbIn TadblIaabl. bencenaipymain HOTH-
xeciae ¢azanblK Kypama e3repicTep OOJaThIHBI aHBIKTAJBI: YITHATPUII
(dochaTel MBIPBIIT THIPAT OKCUII MEH JOJOMHUT (ha3anapsl KOFaIbl; HATPHIA
trodocdarsl hazachiHBIH CAHBI APTTHI; AJTLOUT KOHE HATPOKAPO3UT (Da3achIHBIH
CaHbI a3ai/ibl; MATHUN AJIFOMOCWIMKATBIHBIH, KaJIbLIUKA CUJIMKAThI )KOHE HATPUHN
tuodocdar pazanapsl naitaa 6omasl. [luputti KyiikrepaiH (hazaablk KypaMbIHBIH
e3repyl HaTpUil THAPOKapOOHATHIHBIH YIIHATPHII (GochaTsl MBIPBIIT OKCHII
THIPAT KOHE, HATPOXKAPO3UT HATPUil THOGMOCHATHIH, KaIbIM CUIMKATHI MEH
MarHui ajJrOMOCHJIMKATBIHBIH Taia OOJaThiH JTOJIOMUTIIEH €33apa dPEKETTecy
peakuusIapbIHBIH KYpyIMeH OailinmaHpicThl. Tuimai skarmaiina 15% H,SO,
epiTiHAICIHAe THPUT KYHIKTEPIiH ImaiimManay Ke3iHJe epiTiHAire eTyi ajbIHIb,
canm. %: CuO 76.8; Zn0O 75.9 xaone Fe,0, 26.0. XuMusIbIK OICEHIIPYIiH KYKipT
KBIIIKBUIBI €PITIHIIITe TYCTI MeTanaapabl ainy aopexeci 15-20 % temen. [Mupur
KYHIKTepiH maimanay epiTiHIICiH CTaIusUIBIK OeHTapanTaHbIpy HOTHKECIH e
pH 9,7 xe3inge TycTi MeTanmap KOHIEHTpPAThl anbiHIbL, canMm. %: CuO 6.4;
Zn0 12,55. KoHIIEHTpaT WIBIFBIMBI TUPUT KYHIKTEpPiHIH OacTanKbl CaaMarbIHbIH
1,5%-b11 Kypanel. [luput ky#ikTepai cinTici3neHaipy KeHiH OaJKpITy Ke3iHe
XUMUSIIBIK KypaMbl 0ap MOWBIH TYPIHIET1 MIOHBIH anbIHIbL, canM. %: 91,13 Fe;
3.99 Si; u/o P; 2,57 C; 0,81 Mn; 0,025 S.

Tyiiin ce3aep: NUPUTTI KYHiKTEp, XUMUSUIIBIK OesiceHaipy, (pa3anbiK Kypam,
TYCTI MeTajiap, maiManay, KOHIIEHTPAT, OUBIH.
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E.b. Abukak*, b.K. Ken:xxaauen

Satbayev University, AO UHCTUTYT MeTaUTypruul ¥ 0OOTaICHUS,
Anmarel, Kazaxcran.
E-mail: abikak.erkezhan(@mail.ru

PABPABOTKA KOMILUIEKCHOM TEXHOJIOT MM TEPEPABOTKHA
IMAPUTHBIX OTAPKOB C ITPEJABAPUTEJIBHOM XUMHUYECKOM
AKTUBALIMEN

AnHoranus. CyliecTBylonye crnocoObl nepepaboTKu MUPUTHBIX OTapKOB
TpeOyIOT COBEpIICHCTBOBaHUS. HOBU3HON TEXHOJOTHH, HCIOIB30BAaHHOW B
pabote, SBISETCS TPOBEACHUE TNPEABAPUTEIHHON XUMHUYECKOW aKTUBAIIUU
NUPUTHBIX OTapKOB B PAcTBOpPE TUApoKapOoHaTa HaTpus. YCTaHOBIEHO, YTO
B pe3yJbTare aKTUBALMU IMPOUCXOASAT U3MEHEHHs (a30BOr0 COCTaBa: MCUE3NH
(a3el TpuHaTpUil Gocdara NMUHKA OKCHIa THAPATA U JOJOMHTA; YBEIMUUIOCH
konuuecTBo (a3pl THOdOc]ara HATPHs; YMEHBIIWIOCH KOJIMYECTBO (pa3bl
anpOUTa U HATPOKAPO3UTA; MOSIBUIIACH (ha3a alFOMOCUIIMKATa MarHUsl, CUJIMKATa
Kajplug U THOpochara Harpus. V3meHeHus (a3oBOro cocraBa MHPUTHBIX
OTapKOB CBSI3aHBI C MPOTCKAHWEM PEAKIMi B3aUMOJICUCTBUS TUApOKapOOHaTa
HaTpusi C TpuUHATpU (ocdar MUHK OKCHUI THUAPATOM, HATPOKAPOIUTOM H
C JI0JIOMUTOM ¢ oOOpa3oBaHueM Tuodocdara HaTpus, CHIMKATa KalbLusi U
ajmroMocuiaukara MarHus. llpu BelllenaunBaHUM NMHUPUTHBIX OrapkoB B 15%
pactBope H2SO4 nonydyeno uzsnedeHue B pactBop, mac. %: CuO 76,8; ZnO
75,9 u Fe 0, 26,0. be3s Xumu4ecKkoi akTUBAIMK CTETIEHb MU3BJICYEHUS LIBETHBIX
METAJIJIOB B CEPHOKUCIIBIN pacTBOp HUXKE Ha 15 —20%. B pe3ynsrare cranuitHon
HEWTpaJIu3allM¥ PacTBOPA BBINIEIAYMBAHUS NUPUTHBIX orapkos mpu pH 9,7
MOJTYY€H - KOHIIEHTPAT LBETHBIX METAITOB, Mac. %: CuO 6,4; ZnO 12,55. Beixon
KOHIIeHTpara cocTaBui 1,5% OT MCXOIHOM Macchl MUPHUTHBIX orapkoB. [lpu
TJIaBKE KEKa BBIMIEIAYMBAHMS MUPUTHBIX OTApPKOB MOMYYeH KPUYHBIN UyTyH C
XAMHYECKUM cocTaBoM, Macc %: 91,13 Fe; 3.99 Si; u/o P; 2,57 C; 0,81 Mn;
0,025 S.

KiroueBblie cji0Ba: TUPUTHBIC OTapKH, XUMHYECKas aKTUBAIUs, (a30BBIHA
COCTaB, IIBETHBIC METAJUIbI, BBIICIIAYNBAHNE, KOHIICHTPAT, KPHYHBIA IYTYH.

Introduction. Since the last century the main method of sulphuric acid
production has been roasting of pyrite concentrate (Chernyshev A.K., et all
2014). Pyrite is an iron mineral of sulphide class that often contains admixtures
of gold, cobalt, copper and other non-ferrous metals. The pyrite slag, formed after
roasting, is deposited that creates a real hazard of water and air pollution; at the
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same time, they are a valuable source of ferrous, non-ferrous and noble metals
that is not used until now due to the lack of economically viable technologies.
In this regard, the development of an efficient, integrated technology for the
processing of pyrite slag is relevant.

Pyritic slag is equivalent to good iron ores in terms of iron content (50-60%),
but its use for smelting cast iron is hindered by the presence of non-ferrous metals
and sulphur in it. Therefore, the processing flowchart should ensure a sufficiently
complete extraction of non-ferrous metals and obtain a product suitable for blast
furnace smelting.

The main method intended to process pyrite slag, introduced in a number
of countries, is chlorinating or sulphatizing roasting followed by leaching of
non-ferrous metal compounds (Beregovsky V.., et all 1973; Giintner, J.,
Hammerschmidt, J., 2012; Zabereshs 1.1., 1967)

The method (Beregovsky V.1, etall, 1973) provides low-temperature (550-600
°C) chlorinating roasting of slag with table salt (or calcium chloride) introduced
at Duisburg Plant in Germany. But the necessity of leaching of excessively large
volumes of chlorinated slag for the extraction of non-ferrous metals is one of the
drawbacks reducing its practical importance.

In Finland and Zambia, the initial concentrate is subjected to sulphate
or dissolution roasting followed by hydrometallurgical processing of the
slag (Giintner, J., Hammerschmidt, J., 2012). The process developed by the
“Outokumpu” company includes melting of pyrite concentrates in a neutral
atmosphere with sublimation of sulphur to produce a troilite matte, removal of
slag, granulation of the matte in water and its oxidation roasting. The method
allows to obtain a product containing up to 67% of iron, but does not provide for
the extraction of non-ferrous and noble metals (Zabereshs I.1., 1967).

In more recent developments, the method involving heating of the cake and
its smelting in the presence of reducing agent and flux mixtures, consisting of
Ca0 and Al,O, - containing materials, and the processing of resulting iron-based
alloy with solid oxidizing agents, containing calcium sulfate (Patent 2172788
RU, 2001), in some cases SiO, are used as a flux (Patent 2394924 RU). The
disadvantage of the methods is the low extraction of noble metals.

All the described methods are pyrometallurgical and are energy intensive.
Recently great attention is given to hydrometallurgical methods intended to
process of pyrite slag that require improvement for complete utilization with
extraction of useful components - nonferrous, noble metals and iron.

The method (Patent 2623948 RU, 2017) includes preliminary four-stage
leaching of nonferrous metals with water and sulphuric acid solution followed
by leaching of noble metals with hydrochloric acid thiocarbamide solution.
The method allows separation of blister copper, iron oxide pigment, zinc oxide
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into separate products and extraction of noble metals from thiocarbamide
hydrochloride solution.

The disadvantages of the method are the low extraction of iron and noble
metals from the slag, as well as the contamination of obtained iron oxide pigments
with impurities of non-ferrous metals.

The method of deep processing of pyrite slag including leaching of non-
ferrous metals by bacterial complex is known (Patent 2397260 RU, 2013).
Disadvantages of this method are long duration of bacterial leaching and
complexity of cultivation process of acidophilic thionic bacteria.

In the conducted studies for the complex processing of pyrite slag the method of
preliminary chemical activation of mineral raw materials was used that promotes
the disintegration and phase changes (Patent 32333 KZ, 2017; Gladyshev S.V.,
Kenzhaliev B.K., et all 2018; Abdulvaliev R.A., et all 2021; Dyusenova S.B., et
all 2019). The method consists in thermal processing with a solution of sodium
hydrogen carbonate. Due to conditions of chemical activation modification of
hard-to-recover phases and disclosure of mineral structure due to separation of
non-metallic materials takes place.

In researches optimum conditions of preliminary chemical activation
corresponding to features of mineral structure of pyrite slag have been determined.
Positive effect of activation is confirmed by results of non-ferrous metals leaching
from pyrite slag in sulphuric acid solution. The optimum leaching regime was
established.

Research materials and methods. The source material for the study was
a significant sample of pyrite slag from the sulphuric acid production of the
Tselinny Mining and Chemical Plant in the Republic of Kazakhstan.

X-ray fluorescence, chemical and X-ray phase analyses were used in the work.

X-ray fluorescence analysis was performed on Venus 200 spectrometer with
wave dispersion (PA Nalyical B.V., Holland).

Chemical analysis of samples was performed on an optical emission
spectrometer with inductively coupled plasma (Optima 8300 DV, Perkinelmer,
Waltham, MA, USA). The random error component is 2.0%.

X-ray phase analysis was performed using a D8 Advance (Bruker, Billerica,
Massachusetts, USA) with Cu KA radiation obtained at 40 kV and 40 mA.
Processing of diffraction patterns and calculation of interplanar distances were
performed using EVA software, while phase identification was performed using
the search/comparison program and the PDF-2 powder diffraction database.

Thermal analysis was performed using a Jupiter STA 449 F3 simultaneous
thermal analysis device. Before heating, the furnace space was pumped out
(achievable vacuum level ~ 92%) and then purged with inert gas for 5 minutes.
The heating was performed at a rate of 100 C/min in an atmosphere of highly
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purified argon. The total volume of incoming gas was maintained between 100
and 110 ml/min. Results obtained with the STA 449 F3 Jupiter were analyzed
using the NETZSCHProteus software.

Microphotographs were taken using a JEOL low vacuum scanning electron
microscope with thermal emission cathode (LaB6) JSM-6610LV equipped with
a system of energy dispersion (ED) microanalysis, a system of wave dispersion
microanalysis, a system of backscattered electron diffraction analysis, a reflected
electron detector, an Everhart-Thornley secondary electron detector and a
secondary electron detector for low vacuum mode.

Maossbauer spectroscopy was performed on a Mdssbauer spectrometer - SM
2201. The source was cobalt 57 in a rhodium matrix, activity 100 mCi. Spectra
were analyzed on PC by the method of “least squares”. Values of isomeric shifts
(Is) are given relative to -Fe.Temperature of spectra taking - 293 K. Imaging
mode “at light”.

Analysis of ICS was obtained on FT-IR spectrometer “Avatar 370CsI” in the
spectral range 4000-300 cm-1 from the tablets prepared by pressing 2 mg of
sample and 200 mg of KBr. The spectrum of KBr was taken as a comparison
spectrum. Experiment set-up: Transmission E.S.P.

Chemical pyrite slag activation was performed in a solution containing 40
to 120 g/dm’ NaHCO, at L:S=2-10.0 and a temperature of 90-2300, using a
thermostatically controlled unit with 4 autoclaves rotating through the head and
a working volume of 250 cm?®.

The activation time ranged from 30 to 300 minutes. The maximum sodium
hydrogen carbonate content of 120 g/dm?® in the solution was chosen taking into
account its solubility limit.

Results and discussion. As a result of sieve analysis of samples of pyrite slag
it was found that in the class +2.5 mm the content of useful components - noble
metals, non-ferrous metals and iron is much lower (table 1).

Table 1 - Chemical composition of classes of pyrite slag

Composition, Grain size class, mm

% +2.5 -2.5+1.0 | -1.0+0.25 | -0.25+0.1 | -0.1+0.056 | -0.056
Na,0 2.44 1.43 1.19 0.959 0.75 0.71
MgO 3.29 0.65 0.67 0.483 0.41 0.39
ALO, 10.96 6.92 6.37 4.163 3.11 3.03
SiO, 39.73 27.09 25.18 16.13 11.89 11.44
PO, 0.26 1.26 1.1 0.956 0.84 0.82
SO, 0.51 7.33 8.1 7.725 6.35 6.1
CaO 9.72 2.84 2.62 1.949 1.41 1.2
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TiO, 1.26 0.42 0.37 0.25 0.178 0.16
Fe O, 7.63 41.63 45.63 60.94 70.187 71.16
CuO 0.02 0.2 0.22 0.26 0.261 0.28
ZnO 0.04 0.4 0.4 0.61 0.604 0.66
As,O, 0.06 0.19 0.25 0.26 0.258 0.26
SeO, 0.003 0.51 1.01 0.57 0.23 0.19
BaO 0.186 2.07 2.33 2.81 2.866 3.01
HgO - 0.09 0.19 0.14 0.055 0.04
PbO 0.005 0.15 0.17 0.2 0.185 0.21
TLII 22.266 6.29 3.61 1.237 0.146 0.08
Au, g/t 0.021 1.58 2.68 2.69 2.24 2.88
Ag, g/t 0.1 11.2 16.2 19.3 21.4 223
Yield, % 31.0 6.2 5.5 20.8 34.3 2.2

Magnetic separation determined that the class + 2.5 mm is not a magnetic
fraction, and the class - 2.5 mm + 0 is a highly magnetic fraction, it was separated
at the magnetic field strength of 200 - 400 oersted.

Chemical composition of the magnetic fraction of pyrite slag of size class -
2.5 mm + 0 wt.%: Na,O 1.4; MgO 0.74; AL,O, 5.69; Si0, 23.22; P,O, 1.1; SO,
6.24; C10.01; K,0 0.44; CaO 2.52; TiO, 0.32; Fe,0,52.84; CuO 0.25; ZnO 0.53;
As,0, 0.24; SeO, 0.3; BaO 2.4; HgO 0. 08; PbO 0.16; p.p. 1.82; noble metal
content, g/t: Au 2.69; Ag 19.3.

The phase composition of the magnetic fraction of pyrite slag is presented,
wt. %: maghemite 24.1, hematite 18.1, quartz 17.2, albite 10.2, trisodium
phosphate zinc oxide hydrate 9.5, sodium aluminosilicate 6.7, barium ferrite 4.7,
natrozharosite 4.2, sodium thiorphosphate 2.8 and dolomite 2.5 (Figure 1).

Figure 1. X-ray phase analysis of the magnetic fraction of pyrite slag of grain
size class - 2.5 mm + 0
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Chemical composition of the nonmagnetic fraction of pyrite slag of grain size
class - - +2.5 mm wt.%: Na,O 2.44; MgO 0.3.29; Al,O, 10.96; SiO, 39.73; PO,
0.26; SO, 0.51; C1'0.01; K,O 0.8; CaO 2.72; TiO, 1.26; Fe 0, 7.63; CuO 0.02;
Zn0 0.04; As 0, 0.06; SeO, 0.003; BaO 0.186; PbO 0.005; other prod. 23.076;
noble metal content, g/t: Au 0.021; Ag 0.1.

The phase composition of the non-magnetic fraction of pyrite slag is presented,
wt. %: magnemite 2.1; hematite 1.4; quartz 29.9; albite 18.2; dolomite 18.2;
calcite 17.3; clinochlorite 7.7; muscovite 3.5; and gibbsite 1.4.

14 my/mg/min

Tempersture,

Figure 2. Thermogram of pyrite slag before activation

According to thermal analysis a peak at 334.4°C (Figure 2) reflects the
oxidation of divalent iron in fine-dispersed magnetite.

Exothermic peaks (334.4°C, 421°C, 548.3°C) are associated with oxidation
and decomposition of residual sulfides. Among them, arsenopyrite, chalcopyrite,
realgar (AsS) and elemental sulfur.

Combination of endothermic effects with extremums at 361,7°C, 503,2°C
, inflection at 7640°C and exothermic effect with the peak at 421°C on the
DTA curve reflects the presence of hydrolomite (50% hydromagnesite + 50%
calcite). The decomposition of calcite in this sample is in the region of minimum
development at 746.2°C on the DTA curve. Combination of endothermic effects
with extremums at 147.2°C, 158.3°C and 279.8°C on the DTA curve and inflection
at 7640°C on the DTA curve is connected to display of metasideronatrite
Na Fe’[SO,](OH)1,5H,0 decomposition. Weak endothermic effect with
extremum at 557.7°C on the DTA curve is a reflection of quartz inversion. The
combination of endothermic effect with extremum at 503.2°C, kink at 764°C and
exothermic effect with the peak at 548.3°C on the DTA curve presumably may be
connected with occurrence of natrozharosite: NaFe,” [SO,],(OH),.
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Figure 3. Thermogram of pyrite slag after activation

An increase in the number of effects as well as a shift in the temperature of
individual peaks was observed at the dDTA after chemical activation (Figure
3) compared with the dDTA of the original sample. Thus, the oxidation peak
of divalent iron in magnetite has shifted towards lower temperatures. The
endothermic effect with the extremum at 503.2°C in the DTA of the initial sample
in the considered sample appeared at 489.80°C. The inflection at 764°C turned
into a full endothermic effect with extremum at 750°C.

The exothermic effect with a peak at 322.90°C may reflect the first stage
of oxidation of divalent iron in magnetite. The second stage of oxidation of
divalent iron in magnetite was also revealed in this sample. This is an exothermic
effect with a peak at 764°C. As in the original sample, exothermic effects in
the temperature range of 300 - 700°C can be associated with oxidation and
decomposition of residual sulfides, as well as oxidation of elemental sulfur.

The 682.4°C peak may reflect oxidation of pyrrhotite by residual oxygen. At
700 - 950°C, carbonates such as magnesite, calcite and ankerite can decompose.
The weak endothermic effect with extremum at 800.5°C on the dTAm curve
may be a reflection of a polymorphic transformation of barium carbonate. The
presence of hydrololomite in the superposition is not excluded. Combination
of endothermic effects with extremums at 489.8°C, 750°C is manifestation of
jarosite decomposition, carphosiderite — Fe **[SO,] (OH).2H,0. An impurity
of metasideronatrite Na Fe**[SO,],(OH)1,5H,0 (160°C, 275.8°C, 750°C) may
also be present in the superposition. Weak endothermic effect with extremum at
557.7°C on the dDTA curve may be a reflection of quartz inversion.

By infrared spectroscopy an increase of CaCO, carbonate phase (peaks 1419,
880 cm! in the original sample (Moenke H., 1962) and peaks 1794, 1431, 876,
713 cm! in the sample after activation) was determined in pyrite slag.
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Figure 4. Infrared spectrum of pyrite slag: a - before activation;
b - after activation

Mineralogical analysis of pyrite slag was performed in combination with
scanning electron microscopy and X-ray microanalysis.

As a result of the analysis of magnetic fraction of initial pyrite slag was
found: native iron (Figure 5), iron oxide (Figure 6), chalcopyrite (Figure 7),
galena (Figure 8), quartz (Figure 9), pyrite (Figure 10), plagioclase (Figure 11),
potassium barium feldspar K(AISi,0,) — Ba(ALSi,0,) (figure 12), barite (figure
13), forsterite (figure 14), chromospinelide (figure 15), and sphalerite ZnS (figure
16).

Tos ¥ 0

Figure 5. Native iron, x 1100 Figure 6 .Iron oxide, x 1400
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Figure 17. Apatite, x 1500

Analysis has shown that in the initial sample of pyrite slag
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Process Time : T3
Live time 60,00 sec.
Real Time 68,48 sec
DeadTime %
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XXXX C

iron minerals,

pyrite, titanomagnetite and others are often connected with non-metallic material
that causes difficulties in processing during extraction of nonferrous, noble

metals and iron.

By results of the electron-microscopic analysis of a magnetic fraction of
pyrite slag after chemical activation in optimum conditions are found: iron oxide
(figure 18), sphalerite (figure 19), barite (figure 20), native iron (figure 21), tin -

bismuth (figure 22), gallite - bismuth (figure 23).
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Figure 23. Gallite - bismuth, x 1,800

The microphotographs of the slag after chemical activation show that grains
of ore minerals are more free from non-metallic minerals (feldspar, plagioclase,
forsterite, chromitespinelide).

X-ray phase analysis of samples of pyrite slag after chemical activation in a
solution of sodium hydrogen carbonate depending on temperature (90 — 230°C),
duration (30 — 300 minutes), L:S ratio (2+10: 1) and NaHCO, concentration
(40-120 g/dm®) showed that what is in optimal conditions the maximum changes
in the phase and chemical composition of cinders occur at temperature 120°C,
duration 30 - 60 min, ratio L:S=4:1 and concentration of NaHCO, solution 60 g/
dm’.

As aresult of chemical activation of pyrite slag under optimal conditions, there
were changes in the phase composition: the phases of zinc phosphate trisodium
hydrate and dolomite disappeared; the amount of sodium thiophosphate phase
increased; the amount of albite and natroharosite phases decreased; the phase
of magnesium aluminosilicate, calcium silicate, carbonate and ferrite of sodium
appeared.

In these conditions the chemical composition of pyrite slag after activation
under optimum conditions is presented by wt. %: Na, O 1.59; MgO 0.73; ALO,
5.63; Si0, 22.3; P,0O, 0.59; SO, 3.45; C10.01; K,0 0.43; CaO 2.64; TiO, 0.31;
Fe,0, 51.89; CuO 0.24; ZnO 0.52; As,0, 0.16; SeO, 0.25; BaO 2.32; HgO 0.09;
PbO 0.16; other prod. 6.69.
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After activation, the content of P,O, SO, and As,O, in pyrite slag decreased by
46.36%, 44.31% and 33.3%, respectively.

The phase composition of pyrite cinder samples after chemical activation
under optimal conditions is shown in Table 2 and in the Figure 24.

Table 2 - Phase composition of pyrite slag samples after chemical activation
under optimum conditions

Name Composition, %
Magemite Fe,O, 28.4
Hematite Fe,O, 21.8
Quartz SiO, 14.7
Albite Na(AlSi,O,) 8.7
Trinatrium phosphate zinc oxide hydrate Na,Zn,O(PO,)3(H,0), -
Sodium aluminosilicate NaAlSi,O, 6.0
Barium ferrite BaFe,O, 6.2
Natrozharosite (Na, .(H,0), ,,)Fe,(SO,),(OH), 4.3
Sodium thiophosphate Na,P_S, 5.7
Dolomite CaMg(CO,), -
Magnesium aluminosilicate (MgALSi,O, ), ¢ 2.5
Calcium silicate CaSiO, 1.7
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Figure 24. X-ray of pyrite slag after chemical activation under optimum
conditions
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Changes in the phase composition of pyrite slag during chemical activation
can be attributed to the course interaction reactions with sodium bicarbonate:

2NaAl Si, O ,+2NaHCO,+3MgO—3A1 MgO,Si,+2Na, AG -1911.37 kJ/mol
CO,+H,0

2Na,Zn,0(PO,),(H,0) + 2NaHCO, — 3Na,P O, + AG -1778.23 kJ/mol
8Zn(OH), + Na,CO, + CO,+5H,0

CaMg(CO,),+ 2NaHCO, + SiO2 — CaSiO3 +MgCO, + AG -38.7022 kJ/mol
Na,CO,+2CO,+H,0

2BaO + 2NAHCO3 -2 BaCO3 + Nazo + H20 AG -161.003 kJ/mol

2Ba0 + 2NaHCO, , Fe20, — BaFe ,0 , + Na,CO, + AG -188.837 kJ/mol
BaCO,+H,0

The influence of preliminary chemical pyrite slag activation on extraction
of non-ferrous metals and iron during leaching in sulphuric acid solutions was
studied.

Leaching of pyrite slag after activation was performed in H,SO, solutions
containing 5-20% at temperature 60°C and duration of 30 minutes (Figure 25).

80 1

70 -
60
50 - 2+
N C
5'1\7 40 - Zn
£ 30
S 20
E Fe3+
+ 10 -
e
H 0 T T T T 1
0 5 10 15 20 25

%, H,S0,

Figure 25. Extraction of non-ferrous metals and iron from pyrite stubs into
solution of H,SO,

According to the data obtained, optimum is the use of sulphuric acid solution
with concentration of 15% H,SO, for leaching. Under these conditions the
extraction into sulphuric acid solution was, %: %: Cu®* 76.8; Zn>*75.9 and Fe**
26.0.

To compare the results obtained, pyrite stubs were leached without activation,
and the degree of extraction of non-ferrous metals into a sulfuric acid solution
was 15-20% lower.
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To obtain non-ferrous metals concentrate the sulphuric acid leaching solution
was neutralized with potash in several stages (Table 3).

Table 3 - Chemical composition of neutralisation deposits as a function

of solution pH
Composition, % pH
3.7 5.46 9.7
KO 0.11 0.08 13.8
MgO - - 1.2
ALO, 0.12 3.0 7.5
Si0, 0.12 1.2 2.9
PO, 25.27 3.5 0.02
SO, 8.3 11.08 15.9
Fe O, 53.37 19.3 3.8
CuO - 0.04 6.4
ZnO - 0.01 12.54
As O, 3.08 0.39 -
SeO, 0.1 0.01 -

Neutralisation to pH 3.7 was performed to deposit trivalent iron from the
solution. Under these conditions phosphorus, arsenic and selenium partly settled
out of solution together with iron.

At pH 5.46 iron, phosphorus and arsenic remnants were separated into a
neutralisation deposit from the solution.

Neutralisation to pH 9.7 was performed taking into account the pH of complete
precipitation of zinc and copper. As a result, the concentrate of non-ferrous
metals with content, wt. % was received: CuO 6.4; ZnO 12.55. The concentrate
yield was 8.5% of the total amount of neutralization deposits or 1.5% of the
initial mass of pyrite slag. The yield of neutralization residue at pH 5.46 was
2.1%, at pH 9.7 — 14.2%.

From the obtained results it follows, that neutralization for separation of
Fe,O,, P,O, and As O, impurities and for production of concentrate of non-
ferrous metals should be performed in two stages up to pH 5.46 and 9.7.

For complex processing of pyrite slag, cast iron was obtained from iron-
containing cakes leaching pyrite slag in sulphuric acid solution.

Smelting of cast iron was performed based on obtaining metallic iron in the
form of blooming cast iron.

The quality of the bloom depends on the composition of the slag produced.
For good quality, slags containing 50 — 60% SiO,, 10 — 20% ALO, 3 and 15 —
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25% CaO+MgO are needed, so 20% CaO is added to the charge. The required
AL O, and SiO, content in the charge is sufficient.

The charge for smelting cast iron consisted of cake, calcium oxide and 10%
anthracite as a reducing agent.

The charge was briquetted before smelting. Smelting was performed in
graphite crucibles in a muffle furnace at 1350°C for 2 hours.

After magnetic separation the unmetallized slag and cast iron in the form of
blooming metal with a particle size of 1 - 3 mm were obtained. (Figure 26).

Figure 26. Cast iron

Conclusion. The phase composition has changed during chemical pyrite slag
activation in a solution of sodium bicarbonate at temperature 120°C: zinc oxide
phosphate hydrate and dolomite phases disappeared; sodium thiophosphate phase
increased; albite and natrojarosite phase decreased; magnesium aluminosilicate
phase appeared; calcium silicate and sodium thiophosphate phase;

At leaching of pyrite slag in 15% H,SO, solution extraction in solution, wt.%
was received: CuO 76.8; ZnO 75.9 and Fe,O, 26.0 that is 15 —20% higher than
the recovery without activation.

Staged neutralization of the leaching solution of pyrite slag at pH 9.7 resulted
in non-ferrous metal concentrate, wt. %: CuO 6.4; ZnO 12.55.

The method of reduction smelting obtained nodular cast iron.
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