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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 Pecnyonuxacer ¥immoix evlivim akademusicol « KP ¥F'A Xabapnapuol. 'eonozus scane
MEXHUKATILIK bLILIMOAP Cepusichbly &bliblMu dcypHanvinvly Web of Science-miy orcayananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee Kabvli0aH2anblH xXabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooaw api the Science
Citation Index Expanded, the Social Sciences Citation Index occone the Arts & Humanities
Citation Index-xe Kabwi10ay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici Men canacvld ycviHaovl. KP
¥I'A Xabapnapul. I'eonocus sxcane mexHukaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 6i30iy K02aMOACMbIK YULiH eH 63eKmi Jcate Dedenoi 2eo0eusl HCaHe MEXHUKANbIK
EbLILIMOAP OOUBIHUA KOHMEHMKE A0aAN0bIEbIMbI30bL DI0Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepusi ceonoeuu u mexHu14eckux
HayK» ObL1 npuHsam 0151 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennoti epcuu
Web of Science. CoOepacanue 8 5mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvneuuezo npunamus sxcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgeo u 2enyoumy KoHmemwma O ucciedogameiel, asmopos,
uzoameneu u yupescoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuieckux
Hayk 6 Emerging Sources Citation Index oemoncmpupyem Hauty npusepiceHHOCmb K Haubonee
AKMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102UU U MEeXHUYeCKUM HAyKam OJisl Hauile2o
coobwecmaa.



Bbac pexakrop

KYPBIHOB Mypat KypbiHy/bl, XUMHs FBUIBIMIAAPBIHBIH JTOKTOpHL, mpodeccop, KP ¥FTA
akamemuri, Kazakcran PecmyOnmkacekl ¥YnTTeik FeutbiM akaneMusichiHBIH Tpe3uneHTi, AK «/1.B.
COKONBbCKHUI aThIHIAFBl OTBHIH, KaTAIN3 KOHE 3JICKTPOXUMMSI HHCTUTYTBIHBIHY 0ac AMPEKTOpPbI (AMarsl,
Kazakcran) H = 4

PenaxkunuaablK alKa:

ABCAJIBIKOB BbaxbiT Hapuk6aiiyiibl, TeXHHUKa FEUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop, KP ¥FA
JKayanTsl XaTIIBICH], A.b. BeKTypoB aThIHAAFBI XUMHUSI FHUTBIMIAPBI MHCTUTYTH (AnmaThl, Kazakctan) H=
5

I9BCAMETOB Moauaic Kyabicyabl (6ac pegakTopnablH oOpbIHOAcaphl), Te€0JIOrHs-MHUHEpaTOrus
FBUIBIMIAPBIHBIH  JOKTOPBI, mnpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFbI
THIPOTEOJIOTHS KOHE F€OIKOJIOTHsI HHCTUTYTBIHBIR» TUpeKTophl (AnMatsl, Kazakcran) H = 2

KOJITAEB Tepoii Koaraiiyasl (0ac pemakTopablH OpbIHOAcapbl), TI'€OJIOTHs-MHUHEPAIOTHS
FBUIBIMIAPBIHBIH 1OKTOPHI, nipodeccop, K.M. CarnaeB ThIHOAFbl Te0JI0THs FHUIBIMAAPHl HHCTUTYTHIHBIH
nupekTopsl (Amvatel, Kazakcran) H=2

CHOY Ipumen, Ph.D, xayeiMuacteipbutFad nmpodeccop, Hebpacka yauBepeurteTiHiH Cy FBUTBIMIAPEI
3epTxaHachIiHbIH qupekTops! (Hebopacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburn tapux mypaxalbiHbIH JKep Typaisl FeUIBIMAAp OeiiMiHe
NETPOJIOTHSI KOHE Taijanbsl Kaz0amap KEeH OpbIHIApbl callaChIHIAFbl 3EepTTEYJIep/iH IKETeKIIici
(JIonnon, Aurnus) H =37

MMAH®WJIOB Muxani bopucoBu4, TeXHHKa FRUTBIMIAPBIHBIH JOKTOPBI, HaHCH yHUBEpCHTETIHIH
npodeccopsl (Haucu, ®pannus) H=15

HIEH ITun, Ph.D, KpiTali Te0I0rdsTbIK KOFAMBIHBIH Tay T€0JOTHSCH KOMUTETI JUPEKTOPBIHBIH OPBIH-
Oacapbsl, AMEpUKaH/IBIK YKOHOMHKAJBIK Te0JIorTap KaybIMIacTHIFBIHBIH MyTieci (Ilekun, Kprrait) H = 25

OUIHIEP Axcean, Ph.D, [Ipe3neH TeXHUKaIBIK YHUBEPCUTETIHIH KaybIMIACTHIPBUTFAH MPO(ECcCCopsI
(Apesnen, bepmun) H = 6

KOHTOPOBHUY Anekceii IMHIbEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIAFbl MYHal-Ta3 TEOJIOTHSICHI KOHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

ATABEKOB Buaaaumup EHoxoBuY, XUMUS FEUIBIMAAPBIHBIH TOKTOPEI, benapycs ¥FA akanemuri,
JKana maTepuaniap XuMUsICbl HHCTUTYTHIHBIH KYpMeTTi nupextopsl (Munck, benapycs) H = 13

KATAJIMH Credan, Ph.D, [Ipe3nen TeXHUKANBIK yHUBEPCUTETIHIH KaybIMIAACTBHIPbUIFAaH
npodeccopst (pesnen, bepnun) H = 20

CEUTMYPATOBA Dieonopa IOcynmoBHa, TeoorHs-MHHEPATOTHs FHUIBIMAAPBIHBIH JIOKTOPEI,
npodeccop, KP ¥FA xoppecnonment-mymreci, K.M. CarmaeB arbiHmarsl |eoflorust FHUIBIMIAPHI
WHCTUTYTHI 3€pTXaHaCBIHBIH MeHrepytrici (Anmatsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
Cyiran, Kazakcran) H =11

®PATTUHMH ITaouio, Ph.D, bukokk Musian yHUBEPCUTETI KaybIMIACTHIPBUIFaH Mpodeccopbl
(Munan, Uramus) H =28

«KP ¥T'A Xa0apaapsl. ['eos10rus :x9He TEXHUKAJIBIK FhLIBIMIAP CEPUICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecrryOnukachlHBIH ¥ ATTHIK FRUTBIM akageMusickl»y PKB (Anmartsr K.).
Kazakcran PecmyOmukachiHBIH AKMapar >kKoHe KOFaMIIBIK JaMy MHHHCTPIITIHIH AKmapat
xomuretiaae 29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achUTBIM TipKeyiHe KOHBLUTY
Typaibl KyaJliK. TaKbIPBINTHIK OaFBITHI: 2€0.102Usl, MYHAU JHCIHe 2a30bl OHOeYOIH XUMUSLIbIK
MEXHOA02USLNAPBL, MYHAT XUMUACHL, MEMALOAPObL ALY HCIHE OAAPObIH KOCLIHObLIAPIHBIY MEXHONOUSLCDL.
Mep3iMaiTiri: )KbUTBIHA 6 PET.
Tupaxst: 300 gana.
Penaxmmsaeie Meker-xkaier: 050010, Anmvartsr K., [lleBuenko ker., 28, 219 6eir., Ten.: 272-13-19 http://
www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

TunorpadustHeIH MekeH-Kaitbl: «ApyHa» XK, Anvars! k., Mypar6aes kerr., 75.
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHYECKUX HaYyK, Ipodeccop, akagemuk HAH PK,
npe3naeHT HammonansHo# akagemun Hayk PecniyOonuku KasaxcraH, renepanbhelid aupekrop AO
«MHCTUTYT TOTUMBA, KaTanu3a u anekTpoxumuu uM. J[.B. Cokxonbckoro» (Anmatsl, Kazaxcran) H = 4
PenakuumoHHass KoOJJerHs:
ABCAJIBIKOB BaxwpiT Hapuk6aeBu4, TOKTOp TEXHHYECKHUX HaAyK, Mpodeccop, OTBETCTBEHHBIH
cexperapp HAH PK, Uncturyr xumudecknx nayk um. A.b. bekrypoBa (Anmarsl, Kazaxcran) H = §
ABCAMETOB Manuc KyabicoBud, (3aMECTUTEINb TJIABHOTO PEAAKTOPA), TOKTOP TCOJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTyTa THAPOrE€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmatel, Kazaxcran) H =2
JKOJITAEB I'epoii KosaraeBu4, (3aMeCcTUTENb TVIABHOTO PEIAaKTOPa), TOKTOP T€OJIOTOMHHEPATIO-TH
YecKuX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii npodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeJoBaHU B 00JaCTH METPOJIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jloumon, Anrnms) H =
37
IMAH®NJIOB Muxani BopucoBud, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH IMMun, Ph.D, 3amectutens paupekropa Komwmrtera mo ropHoii reonmorum Kwuraiickoro
T€0JIOTHYECKOTr0 00IECTBa, YIeH AMEPHKaHCKOHM acconuanny 3koHoMuueckux reosyioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconuupoBaHHbI Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Auiekceii DMHIbeBHY, JOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonmoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19
ATABEKOB Buaaaumup EnokoBHM4Y, 10KTOp XuMuyeckux Hayk, akagemuk HAH Bbenapycu,
MTOYETHBIN nupekTop MHCTUTYTa XUMUK HOBBIX MaTepraioB (Munck, benapycs) H = 13
KATAJIUH Credan, Ph.D, accommnpoBanusiii mpodeccop, Texunuecknit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp Ieo0ro-MHHEpaIornieckux HayK, npodeccop,
uynen-koppecnonaeHT HAH PK, 3aBenyromas nabopatopun MuctuTyTa reojorndeckux Hayk um. K.
CarmaeBa (Anmatel, Kazaxcran) H=11
CATI'HHTAEB Kanaii, Ph.D, acconmmupoBanusiii mpodeccop, Hazapbaer yausepcurer (Hypceynran,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28

«H3Bectuss HAH PK. Cepus reoioruu u TeXHHYeCKMX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcTBenHuk: Pecrybnukanckoe odmecTBeHHOe 00benuHenue «HarmonansHast akaaeMust HayK
Pecny6nuku Kazaxcran» (T. AJIMarsl).
CBHIETENBCTBO O MOCTAHOBKE HA y4eT MEpUOAMYECKOro neyarHoro m3nanus B Komutere mudopmannu
Munucrepctsa nHGopManuu u o01iecTBeHHOTo pa3BuTHs Pecryonmku Kazaxcran Ne KZ39VPY 00025420,
BeiganHoe 29.07.2020 r.
Temaruueckasi HaIpPaBIEHHOCTb: 2€0102Us, XUMUYECKUe MeXHONo2UY nepepabomku Hedpmu u 2asa,
Hegmexumus, mexHoN0SUY U3GeHEeHUSI MEMANN08 U UX COeOeHEeHU].
IlepuonngyHOCTE: 6 pa3 B rof.
Tupax: 300 3K3eMIIIIpOB.
Anpec penakiuu: 050010, . Anmarsl, yi. llleByenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

Anpec tunorpaguu: UIT «Apynay», . Anmartsl, yin. MypaTOaeBa,
75. 4



Editorial chief
ZHURINOY 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:

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
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

PANFILOYV 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

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, 2023
Address of printing house: ST «Arunay, 75, Muratbayev str, Almaty.
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© S.V. Gladyshev, K.Sh. Akhmetova, L.M. Imangalieva*, A.K. Kasymzhanova, N.K. Akhmadieva,
2023
Satbayev University, JSC Institute of Metallurgy and Ore Benefication, Almaty, Kazakhstan.
E-mail address: leila.imangalieva@mail.ru

STUDY OF PURIFICATION OF COPPER ELECTROREFINING SOLUTION BY FLOW
CENTRIFUGATION

Gladyshev Sergey Vladilenovich — Candidate of Technical Sciences. Leading researcher of the Laboratory of Alumina
and Aluminum. Satbayev University. JSC "Institute of Metallurgy and Enrichment, Almaty, Kazakhstan. Development of the
theoretical and experimental part

E-mail: gladyshev.sergey55@mail.ru, https://orcid.org/0000-0002-4939-7323;

Akhmetova Kuralai Shegenovna — Candidate of Technical Sciences. leading researcher at the Laboratory of Alumina and
Aluminum. Development of the theoretical part

E-mail: kuralai-1950@mail.ru. https://orcid.org/0000-0003-2410-670X;

Imangalieva Leila Manarbekovna — junior researcher. Satbayev University. JSC Institute of Metallurgy and Ore
Benefication, experimental research, Almaty, Kazakhstan.

E-mail: leila.imangalieva@mail.ru. https://orcid.org/0000-0002-0159-9970;

Kasymzhanova Asiya Kudaibergenovna — junior researcher. Satbayev University. JSC Institute of Metallurgy and Ore
Benefication, experimental research, Almaty, Kazakhstan.

E-mail: asya.8181@mail.ru. https://orcid.org/0000-0001-5427-6035;

Akhmadieva Nazym Kanatovna — researcher. Satbayev University. JSC Institute of Metallurgy and Ore Benefication,
experimental research, Almaty, Kazakhstan,

E-mail: naz-ank@inbox.ru. https://orcid.org/0000-0001-5427-6035.

Abstract. Studies of purification of a copper electrodeposition solution by flow and decanter
centrifugation with separation of a concentrated solution are carried out. The principle possibility purification
of the solutionis shown. The aim of research is to improve electrolyte purification technology and selective
separation of non-ferrous metals - copper, nickel and zinc at regeneration and full utilization of copper
electrolyte, that will increase productivity and profitability of operating enterprise producing cathode copper
and get new, demanded and highly liquid goods of high value. The dependence of difference, density, viscosity,
content and volume ratio of upper and lower drains on frequency of rotation of flow centrifuge separator is
determined. The denser and more concentrated solution in content of sulfuric acid and non-ferrous metals is
emitted into upper plum of centrifuge. Its quantity and composition depend on frequency of rotation of the
separator of the centrifuge. At a separator speed of 12,000 rpm and 15,000 rpm, the difference in the individual
element content of the solution was up to 10 %. The use of flow centrifugation to separate the concentrated
part will make it possible to reduce the volume of solution sent to evaporation for recycling in production when
obtaining cathode copper. Evaporation of the sulphuric acid solution is an energy consuming and time
consuming operation, on which the profitability of the entire production depends.

Keywords: waste copper clectrolyte, zinc sublimates, flow centrifugation, viscosity, density,
neutralization, precipitation, decanter centrifuge

Funding: This research was funded by the Ministry of Science and Higher Education of the Republic
of Kazakhstan (Grant No. AP09259315) and with a financial contribution from the private partner under a
joint activity agreement with the National Centre for High Technology and Energy Saving LLP.

© C.B. I'naapimes, K.I11. AxmeroBa, JI.M. UmanranueBa*, A.K. Kacbim:kanosa, H.K. AxmaaueBa,
2023
Satbayev University, «MeTamryprus skoHe KeH 0aibiTy nHCUTYThD» AK, Anmatsl, Kasakcran.
E-mail: leila.imangalieva@mail.ru

AFBIHABI HEHTPU® YT AJIAY 9AICIMEH MbBICTBI SJIEKTPOPA®UHAEY EPITIHAICIH
TA3SAPTYbI 3BEPTTEY
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Iaagpimes Cepreii BaaamineHoBHY — TeXHMKA FbUIBIMAAPBIHBIH KaHAWAATHL. AJIOMUHHHA JKOHE Ca3TONBIPAK
3epTXaHAChIHBIH KETEKIIi FhUIBIMH Kbi3MeTkepi. CatbaeB yHuBepcuteTi. "Metamtyprust xoHe 0aibiTy HHCTUTYTH" AK, Teopusiibik
JKOHE IKCIIEPUMEHTTIK OemiMai a3ipiey, Anmarsl, Kazakcran

E-mail: gladyshev.sergey55@mail.ru. https://orcid.org/0000-0002-4939-7323;

AxmertoBa Kypanaii IllereHKbI3bI — TEXHHKA FUIBIMAAPBIHBIH KaHIUJAThl. ATIOMHHHH jKOHE Ca3TOMBIPAK 3ePTXaHACHIHBIH
JKETEKIIl FRUIBIMH KbI3MeTKepi. CorOaeB yHHBepcuTeTi. "Metamnyprus skone OaibiTy HHCTHTYTH" AK, TeopHsiblk Gemimui a3iprey,
Anmatsl

E-mail: kuralai-1950@mail.ru. https://orcid.org/0000-0003-2410-670X;

HNmanranueBa Jleiisia Manap6eKKbI3bl — Killli FpuUIbIMH KbI3MeTKep. CorbaeB yHHBepCHTETI. "MeTamtyprust xoHe 6aibITy
uHetutyThl" AK, sKcriepuMeHTTiK 3epTTeyiep. AnMarel, Anmatsl, Kazakcran

E-mail: leila.imangalieva@mail.ru. https://orcid.org/0000-0002-0159-9970;

Kaceim:kanoBa Ocusi KyaaiibepreHkbi3pl — kinni reutbiMu Kbi3meTkep. CorbaeB yHuBepcuteTi." Mertamnyprust sxoHe
GaitbiTy nHCTHTYTH "' AK, 3KCniepuMeHTTiK 3epTTeynep, Anmarsl, Kazakcran

E-mail: asya.8181@mail.ru. https://orcid.org/0000-0001-5427-6035;

Axmaauesa Hazeim KanaTKbI3BI — FRUTBIME KbI3MeTKep. CoTOaeB yHuBepcHTeTi. "MeTauryprus xoHe 0aibITy HHCTHTYTHI"
AK, sKcTiepuMeHTTIK 3epTTeynep, AnMarsl, Kazakcran

E-mail: naz-ank@inbox.ru. https://orcid.org/0000-0001-5427-6035.

AnHoTtanusi. KoHTieHTpanusianrad epiTiHIiHI 06JTyMEeH aFbIH]IBI J)KOHE JEKaHTEPITIK IeHTpudyranay
OmiCIMEH MBIC DIIEKTPO TYHIBIPY EPITIHAICIH Ta3apTy OoWBIHINIA 3epTTeyiep Kyprizunmi. EpiTiamini
Ta3apTyIOblH HETi3ri MYMKiHAIN KepceTinreH. 3eprrey yiniH Kaszakcranmarbsl TycTi MeTalgaplbiH
cerabIKTapbiH oHmelTiH "Kactuar" JXKILC Mbic 6anmkpITy 3ayBITBIHBIH HaigalaHBUIFaH JICKTPOJIHUTI JKOHE
KYpaMbIHIa MBIPBIIT Oap OHEPKOCINTIK ©HIMI MHaimanaHbUIAbl. TaKBIPBINITBIH ©3CKTUTIr alHaTBIMIAFhI
AIIEKTPOJIUTTI Ta3apTy TEXHOJOTHACHIH KETUIIIPyMEH OaiIaHbICTBI TYCTI METAJUI CHIHBIKTAPBIH KaiiTa eHaey
OHIIPICIHIH THIMAIIITIH apTTHIPY KAKETTIMIrIMEH aHbIKTaNIalbl. 3epTTeyliH MaKCaThI-3JICKTPOIUTTI Ta3apTy
TEXHOJIOTHSICHIH JKETIIAIPY KOHE MBIC JIEKTPOJIMTIH pEereHepanusuiay sKoHe TOJIBIK KoZIere jkapaTy KesiHzae
TYCTI MeTalap/bl — MbIC, HUKEIh )KOHE MBIPBIIITHI CENIEKTHUBTI 06Ty, OYJI KATOATHI MBIC IIILIFApy OOWBIHIIA
KYMBIC 1CTEN TYpPFaH KOCIMOPBIHHBIH OHIMALIIIT MEH PeHTa0ebIUIIrH apTTEIPYFa JKoHE JKOFapbl KYHBI Oap
KaHa, CYpaHBICKa W€ JXOHE KOFapbl OTIMJI Tayapiapiabl alyra MyMKIiHIIK Oepeni. JKymbIcTa anram pet
AIIEKTPOJIUTTIH KOHIEHTpAIMsUIaHFaH cyib(ar OeiriH 0exy yIIiH aFbIHIbI IEHTpUQYTaIay diCiH KOIJaHy
MYMKIHJIT1 3epTTeneTin 6oxansl. JKoraprbl )KoHE TOMEHI1 aFrbIHAAPABIH THIFBI3IBIFBIHBIH, TYTKBIPJIBIFBIHBIH,
Ma3MYHBl MEH KOJIEMIEpiHiH arblHABIK LeHTpudyra OenrimTiH aiHaNy XHUUITiHE KaTbIHACHI aHBIKTAJIBL.
HentpudyranblH KOFapFbl arbI3ybIHAA KYKIPT KBIIIKBUIBI MEH TYCTI MeTajmapiblH Kypambl OOMbIHIIA
HEFYPJIBIM ThHIFBI3, KOHLCHTPAaLUsUIAHFAH epiTiHAi OejiHeni, OHBIH Mejmepi MeH Kypambl LeHTpudyra
OerimTiH aifHaTY kuiNiriHe 6ainanpIcThl. benrimTin aitrany swuiniri 12000 aita/mus sxone 15000 aifn / MuH
OoiFaH Ke3lle EpITIHIIHIH KEKe SJIEMEHTTEpPiHIH KYpaMbIHIArbl aiplpMambUiblk 10 % neitin Ooibl.
Konnenrpanusuianran 0emiKTi 06y YIIiH aFbIHIBI IEHTpU(Yralayabl KOJJaHy OHIIpiCTe KoAere x,apaTy
YIIiH OyJaHIbIpyFa KaTOATHI MBIC ally Ke3iH/Ie KiOepiieTiH epiTiHIiHIH KeJIeMiH a3aiiTyFa MYMKIHIIIK Oepefi.
KyKipT KbIIIKBUTBIHBIH €PiTIHAICIH OyJIaHABIPY SHEPTUSHBI KAXKET €TETiH XKOHE Y3aK )KYMBIC OOJIBII TaObIIa IbI,
ofaH OYKiJI @HAIpICTIH peHTA0CIIbIiIIr OaliIaHbICTHI.

Tyiiin ce3iep: KalIbIKTarbl MBIC DIEKTPOJIUTI, aFbIHABI HEHTPU(YyTANay, TYTKBIPIBIK, THIFBI3IBIK,
OeliTapanTaHIBIPy, TYHIBIPY, IEKAHTEPITIK HEHTpUPyTa
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AnHoTanus. [IpoBeneHBl HCCIEAOBAHMS OYMCTKH PACTBOPA 3JIEKTPOOCAKIACHUS MEOU METOIOM
MPOTOYHOTO U JICKAHTEPHOTO HEHTPU(PYTUPOBAHHS C OT/ICICHAEM KOHIIEHTPHPOBAHHOTO pacTBopa. [lokazana
MPUHIUITHABHAS BO3MOXHOCTh OYHCTKH pacTBopa. [lms ucciieoBaHWME HCIONB30BaH OTPaOOTaHHBIN
AIEKTPOIUT U LUUHKCOACPKAIIUI IpoMIpoaykT MeaemnasuiabHoro 3aBojaa TOO «Kactunry B Kazaxcrane,
nepepadaThIBAIOIIETO JIOM IIBETHBIX METAIOB. AKMYaibHOCMb MmMeMbl OIPENeNseTcs HEe0OXOTUMOCTHIO
MOBBIIICHAS 3()PEKTUBHOCTH TIPOM3BOJICTBA TMepepabOTKU JioMa I[BETHBIX METaNIOB, CBS3aHHOW C
COBEpIICHCTBOBAHMEM TEXHOJIOTUM OYHCTKH OOOpPOTHOTO 3neKkTponuTa. [lenv uccredosamuti. —
COBEPIICHCTBOBAHNE TEXHOJOTUHA OYHUCTKH DJIEKTPOJIUTA M CEIICKTHBHOE BBIACIICHUE I[BETHBIX METANIOB —
MeJTH, HUKEJSI ¥ ITMHKA TIPY PETeHEPAIliH | TTOJTHON YTHIIH3AITHHN JICKTPOJIUTA MEIH, YTO TIO3BOJIUT TIOBBICUTH
MPOU3BOAUTEIBLHOCTh U PEHTA0CIHLHOCTh JEHCTBYIONIEr0 MPEANPUSATHS 1O BBINTYCKY KaTOMHOW Menu W
MOJIyYUTh HOBBIE, BOCTPeOOBaHHBIE W BHICOKOJIMKBHUIIHBIE TOBAphl MOBBIIICHHOW CTOMMOCTH. B pabote
BIIEpPBBIC OyIeT MCCieI0OBaHa BO3MOKHOCTD IPUMEHEHHUS JJIs OTACICHHUS KOHIICHTPUPOBAHHOH CyJb(haTHOU
YacTH DIIEKTPOJUTA Crocoba MPOTOYHOTO IeHTpUdyrupoBaHus. OmnpeeneHa 3aBUCUMOCTh Pa3HHUIIBI,
TUIOTHOCTH, BSI3KOCTH, COJEP)KAaHWUS W OTHOIIEHUS OOBEMOB BEPXHErO W HIDKHETO CIMBOB OT YacTOTHI
BpallleHUs pa3e/uTelIs IPOTOYHOM 1IeHTpUu(yru. B BepxXHUit CIUB IICHTPU(YTH BhIACIICTCS 00JIee IIIOTHBIMH,
KOHIICHTPUPOBAHHBIN PACTBOP IO COACPKAHUIO CEPHOM KHUCIOTHI U IBETHBIX METAJIJIOB, KOJTUIECTBO U COCTaB
KOTOPOTO 3aBHCHUT OT YaCTOTHI BpalleHus paznenutens neHtpudyru. [lpun qactore BpameHus pas3aennuTens
12 000 06/muu u 15 000 006/MHH pa3HHUIIA B COACPKAHUN OTACIBHBIX 3JIEMEHTOB pacTBOpa cocraBuia 10 10
%. Ucnonp30BaHUE MPOTOYHOTO HCHTPU(PYTUPOBAHUS JIJIS OTACICHUS KOHIICHTPUPOBAHHOM YaCTH ITO3BOJIHT
COKPATHUTH B IPOU3BOJICTBE 00HEM PACTBOPA OTIIPABIIIEMOTO IPH ITOJTYISHUH KaTOIHOW MeI Ha BEITIAPKY JJIS
yTUIM3auuu. Belllapka CEpHOKHUCIIOro pacTBOPA SIBISIETCSI SHEPTO3aTPATHON U IPOAOJIKUTEIBHON Onepaluei,
OT KOTOpOI 3aBUCUT peHTa0eIbHOCTh BCETO MPOM3BOCTBA.

KuroueBble ciioBa: OTpaOOTaHHBIN AIIEKTPOIUT MEIH, MPOTOYHOE IEHTPU(PYTHPOBAHHE, BA3KOCTD,
TUIOTHOCTh, HEUTPATU3aIHs, OCOKICHHE, TeKaHTEepHAs IIEHTPUdyTra

Introduction

Problems in the technology of non-ferrous scrap processing at the stage of electrorefined copper
production are the accumulation of undesirable impurities of nickel, zinc and others in the recycled electrolyte,
which deteriorate the grade of the copper cathode produced. Part of the electrolyte from the saleable baths is
periodically removed from the electrolysis cycle and recycled. The productivity of the plant and its profitability
depend on the efficiency of the electrolyte cleaning operation, therefore it is important to carry out research to
improve the existing technology.

Different approaches have been proposed for the extraction of heavy metal cations from recycled
electrolyte: extraction, sorption, membrane and combined approaches based on sorption and electrochemical
methods (Dyussenova et al., 2018; Dyussenova et al., 2019; Kenzhaliev et al., 2017).

In the production of refined copper from minerals, most plants use a two-stage solution processing
scheme — evaporation and crystallization of the electrolyte to produce copper sulfate and extraction of residual
copper from the evaporated solution by electroextraction. After extraction of copper from solution, nickel is
extracted as a sulphuric salt by evaporation, crystallisation and subsequent refining (Hoffmann et al., 2004;
Junior et al., 2019; Krishnan et al., 2021; Kasikov et al., 2010). The method does not allow for sufficiently
selective isolation of non-ferrous metals present in the solution.

There is a known method for processing copper electrolyte selected for regeneration to produce copper
and nickel vitriol. In which, by triple neutralization of excess acidity with copper powder in the presence of
oxygen, evaporation in a vacuum — evaporation unit, cooling with crystallization, separation of crystals from
the mother liquor by centrifugation, copper sulfate is obtained. Cathode copper contaminated with arsenic and
antimony and nickel solution are obtained from the mother liquor by electrolysis with insoluble lead — silver
electrodes, which is sent for evaporation, cooling with crystallization and separation of nickel vitriol crystals
from the filtrate (Gonzalez de las Torres et al., 2021).

The reasons hindering the achievement of the mentioned technical result when using the known
method include the fact that in the known method the electrolyte cleaning scheme is rather cumbersome, the
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consumption of copper powder is high, undesirable micro impurities are distributed between copper and nickel
vitriol, worsening the grade, and the electricity consumption is also high.

The method of copper electrolyte purification in which by neutralization of residual acid to 60 kg/m3,
precipitation with barite concentrate, separation of precipitate from electrolyte by filtration, solution returned
to copper electrolysis cycle and arsenic precipitate subjected to further treatment with sodium sulfate and
sodium sulfide mixture is known (Patent SU 1643632. Golikov et al., 1991; Patent 4,157,946. Hyvérinen et
al., 1979). In the method, only arsenic is purified, while other impurities are not removed from the copper
electrolysis cycle.

In the conducted studies for the purification of spent copper electrolyte, the possibility of using flow
and decanter centrifugation methods has been investigated.

The relevance of the topic is determined by the need to increase the efficiency of the production of
non-ferrous scrap processing associated with the improvement of the technology of purification of recycled
electrolyte.

The purpose of the research is to improve the technology of electrolyte purification and the selective
isolation of non-ferrous metals — copper, nickel and zinc during the regeneration and complete utilization of
the copper electrolyte, which will increase the productivity and profitability of the existing enterprise for the
production of cathode copper and obtain new, in-demand and highly liquid goods of increased value.

Materials and methods of research

X-ray fluorescence analysis of the chemical composition was performed on a Venus 200 wave
dispersion spectrometer (Panalyical B.V., Holland). Chemical analysis was performed using an Optima 2000
DV inductively coupled plasma optical emission spectrometer Optima (Perkin Elmer, USA). Semi-quantitative
X-ray phase analysis was performed on a D8 Advance diffractometer Advance (BRUKER) using copper Cu-
Ko radiation at an accelerating voltage of 36 kV and a current of 25 mA. The speed of rotation of the flow
centrifuge separator was determined using an [0-30 tachometer, with an accuracy of £2 %. The density of the
solutions was determined using a standard set of densimeters. The viscosity of the solutions was measured
using a glass capillary viscometer VPZh-2 with a capillary diameter of d=0.56 mm.

The kinematic viscosity of solutions was calculated by the formula:

V =g/9.807x t xK

where, K is the viscometer constant equal to 0.03186 mm?/s?;

V — kinematic viscosity, mm?/ s.

g is the acceleration of gravity at the measurement point, m/sec?

7 is the liquid expiration time in seconds, s.

When calculating the kinematic viscosity of solutions, the average value of the liquid outflow time
obtained as a result of 5 measurements was used.

Results and their discussion.

For the research, the spent electrolyte of the copper smelter of Casting LLP in Kazakhstan, which
processes non-ferrous metal scrap, was used.

Chemical composition of spent electrolyte, wt. g /dm3: Cu 67.14; Ni 36.41; Fe 11.43; Zn 10.96; SO4
125.9; N 4.1; As; 0.03; Bi 0.002; Na 2.6; Pb 0.014; Sb 0.05; Si 0.047; Sn 0.0.

The method of flow-through centrifugation of spent electrolyte was tested using standardized
equipment "Motor Sich-500" with fixed adjustment of centrifugation modes.

Flow-through centrifuge are also used for fast processing of large volumes of liquid. Centrifugation
occurs in continuous or semi-continuous operation modes (Izatt et al., 2015).

Flow centrifuges can be used for both sedimentation (precipitation) of the target product and separation
of two liquid fractions of different densities (Jamaal et al., 2015; Plath 1994; Schafflinger 1990).

According to the passport data, the maximum speed of rotation of the separator of the flow centrifuge
"Motor Sich-500" is 8000.0 revolutions per minute.

To increase the speed of rotation of the separator, the centrifuge was upgraded at mi. For this purpose,
the DSK-250 engine was replaced with a more high-speed and powerful DC-066 engine with a power of 660
W, which allows maximum rotation speed up to 25 000.0 rpm.

The speed of rotation of the separator rotor depends on the voltage. To establish the dependence of the
speed of rotation of the separator of the flow centrifuge on the applied voltage, the speed of rotation was
calibrated (Table 1).

Table 1-Dependence of the speed of rotation of the separator of the flow centrifuge on the voltage

| Voltage, V | Revolutions, rpm |
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100.0 8 000.0
125.0 10 000.0
150.0 12 000.0
175.0 15 000.0
200.0 17 000.0
220.0 17 000.0

Purification of the circulating copper electrolyte by flow centrifugation was performed at separator
rotation frequencies from 8000.0 rpm to 15000.0 rpm. The extreme magnification caused the centrifuge to
vibrate violently.
During the tests, the output volumes of the upper and lower drains, the metal content, the density and
viscosity of the obtained solutions were determined.
The results of flow centrifugation of waste copper electrolyte are shown in Table 2.

Table 2-Flow centrifugation of waste copper electrolyte during flow centrifugation

Separator Volume Solution composition, g /dm? g;)s ,;’13 l%%
rotation, Name Cu Ni Zn

P dm’ | % LS g/dm? ,,é% g/dm? %A)’ g/dm? %A)’ g/dm? %A)’
LN P P S YR R TR Y
R TN o e Py v ey Tl P A
By AT YT Y B YR TN YR Py KT
oo [Vt |83 T80T o 8007 60 ] [0 [0

A\ content difference, %.
p* - density of the solution, kg /m?;

p* - density difference, %.

The variability of the difference in the solution content, density and ratio of the volumes of the upper and lower drains of the flow

1
A L%

7 -
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centrifuge separator from the rotation speed is shown in Figures 1-3.
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Figure 1-Dependence of the difference in the content of solutions in the upper and lower drains on the speed of rotation of the
separator of the flow centrifuge
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Figure 2-Dependence of the ratio of the volumes of the upper and lower drains on the rotation speed of the separator of the flow
centrifuge
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Figure 3—Dependence of the difference in the density of the upper and lower drains on the speed of rotation of the separator of the
flow centrifuge

The dependence of the difference in viscosities and solutions (A V) of the upper and lower drains on
the speed of rotation of the separator of the flow centrifuge is determined (Table 3 and Figure 4).

Table 3-Viscosity of solutions depending on the speed of rotation of the separator of the flow centrifuge

Rotation speed, rpm Name T, average, S V, mm?/ s
8 000.0 Upper drain 119.62 3.816
Lower drain 117.1 3.737
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10 000.0 Upper drain 119.62 3.816
Lower drain 116.64 3.721

12 000.0 Upper drain 123.63 3.943
Lower drain 121.12 3.864

15 000.0 Upper drain 119.62 3.816
Lower drain 116.61 3.72
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Figure 4-Dependence of the difference in the viscosity of the upper and lower drains on the speed of rotation of the separator of the
flow centrifuge

Studies have shown that:

— a solution with a higher density is released into the upper drain. The difference in the density of
solutions of the upper and lower drains is from 0.1 % to 0.333 %;

— a solution with a higher viscosity is released into the upper drain. The difference in the viscosity
values of the solutions of the upper and lower drains is from 2.1 % to 2.6 %.

As the speed of rotation of the flow centrifuge separator increases:

— the difference in the content of solutions of the upper and lower drains increases. When the speed of
rotation of the separator of the flow centrifuge was 12 000.0 and 15 000.0 rpm, for sulfur it was 8.4 % and
10.6 %; for copper it was 10.19 % and 10.2 %; for nickel it was 8.01 % and 7.38 %; and for zinc it was 5.71
% and 5.95 %, respectively;

— the difference in the volume of the upper and lower drains increases from 1: 3 at 8 000.0 rpm to 1:
11 at 15 000.0 rpm.

Selective isolation of nickel and copper-containing products from the sediments of neutralization of
waste copper electrolyte by decanter centrifugation has been studied.

Precipitationkand neutralization from spent copper electrolyte were obtained by step neutralization
using zinc sublimates at the first stage.

Zinc sublimates are formed at a non-ferrous metal scrap processing plant in the process of fire refining
of copper as a result of oxidation of excess zinc in anodic copper to the required standards, by purging the
melts with compressed air and capturing them from the exhaust gases on bag filters.

Chemical analysis of zinc sublimates, wt. %: F 0.97; Al,Os 0.15; SiO; 0.82; P,Os 0.15; SO; 4.0; Cl
11.64; K»0 0.93; Ca0 0.36; Fe203 0.29; NiO 0.05; CuO 7.86; ZnO 39.46; Br 0.19; MoO; 0.1; CdO 0.23; SnO;
7.16; WOs3 0.36; PbO 19.4; Bi»Os 0.04; other products (0.p.) 5.84.

X-ray phase analysis of zinc sublimates is shown in Figure 5.
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| Matlockite, syn PoCIF 43,1%
| Copper Sulfate Hydroxide Hydrate Cu5(S04)2(OH)6:5H20 20,0%
| copper bis{chlorate{V})) | Copper Chlorate Cu(CIO4)2 10,3%
| dizinc stannate | Zinc Tin Oxide Zn2(Sn04) 9,8%
Moolooite, syn C2Cu04:xH20 4 4%
| Lead Acetate Hydroxide Hydrate C4H8Pb206:H20 3, 8%
| p-C204 Zn | Zinc Oxalate C204Zn 3, 2%
| Fedotovite K2Cu3+20(S04)3 2.8%
0-Zn CI2 | Zinc Chloride ZnCI2 2.6%
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Figure 5—X-ray phase analysis of zinc sublimates

The first stage of neutralization of the spent copper electrolyte was carried out to a pH of 4.7 at L:S=5:
1, a temperature of 20°C and a stirring time of 3 hours.

As a result of neutralization, a black precipitate of the composition, wt. %: F 0.44; Na,O 0.71; Al,Os
1.56; SiO; 4.08; P,Os 0.41; SO3 11.12; C1 0.72; K20 0.19; CaO 0.85; Fe,03 5.48; NiO 0.15; CuO 2.97; ZnO
4.8; Br 0.09; MoO; 0.23; CdO 0.08; SnO; 6.19; WOs 0.29; PbO 16.97; Bi,03 0.09; 0.p. 4.7.

Sediment separation was carried out on OS-6MC decanter centrifuge at a rotor rotation speed of
2 500.0 rpm. The centrifuge provides separation into fractions of inhomogeneous liquid systems with a density
of 2 g/sm’ under the influence of centrifugal forces.

X-ray phase analysis of the first stage of neutralization sediment is shown in Figure 6.

| Anglesite, syn Pb{SO4) 836%

. } | dizic stannate | Zinc Tin Ovide Zn2(Sn04) 8,7%

= i | Cassiterite, syn Sn024,7%

g | Copper Siicon Cu0.83510.17 19%

o k L Pythotte 3T, syn Fe7S8 1%
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Figure 6-X-rayphase analysis of the sediment of the first stage of neutralization of spent copper electrolyte
The second stage was neutralized and potash was applied to pH 9.92. As a result, a sediment of the
composition, wt. %: NiO 8.89; CuO 23.91; ZnO 13.4; o.p. 53.80.
During centrifugation, the sediment of the second stage of neutralization was divided into two parts -
the lower part is blue and the upper part is light green.
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Chemical composition of the lower part of the sediment, wt. %: CuO 51.88; ZnO 3.4; NiO 0.89; o.p.

43.83.
Chemical composition of the upper part of the sediment, wt. %: NiO 29.26; ZnO 44.09; CuO 0.34;
0.p. 26.31.
X-ray phase analysis of the lower part of the neutralization sludge is shown in Figure 7.
g
| Posnjakite Cu4(SO4)(OH)6(H20) 62,3%
g i | Atacamite Cu2CI(OH)3 23,6%
g | Herbertsmithite Cu3Zn(OH)6CI2 14,1%
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Figure 7-X-ray phase analysis of the lower part of the neutralization sludge

The lower part of the precipitate can be considered as a copper-containing concentrate and used a in

the preparation of a copper electrofining solution.

Counts

X-ray phase analysis of the upper part of the neutralization sludge is shown in Figure 8.
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The upper part of the sediment can be considered as a nickel-zinc-containing product and used to
product selective nickel and zinc concentrates after alkaline treatment.

To determine the regularity of neutralization sludge separation during decanter centrifugation, physical
and chemical characteristics (viscosity and density) of copper, nickel, and zinc sulfuric acid solutions were
determined (Table 4).

Synthetic solutions ¢ containing 20 g/dm? of non-ferrous metals (CuO, NiO, and ZnO) and 50 g/dm?
H,SO4 were used for the studies H>SOs4.

Table 4—Viscosity of non-ferrous metal solutions

Name of solutions T, medium, s V, mm?%/s
Copper 42.63 1.357
Nickel 42.51 1.353.353

Zinc 42.345 1.348

The density of the solutions was determined using a set of densimeters.
Physical and chemical characteristics of sulfuric acid solutions of non-ferrous metals are given in Table 5.

Table 5—Physical and chemical characteristics of sulfuric acid solutions of non-ferrous metals

Name of solution Content g /dm? p- V.
CuO NiO Zn0O g/sm’ mm? s
Copper 20 1.050 1.357
Nickel 20 1.051 1.353
Zinc 20 1.050 1.348

From the obtained results of physical and chemical characteristics of sulfuric acid solutions of non-
ferrous metals, it follows that solutions with the same density have different viscosities.

The separation of neutralization sediments during decanter centrifugation can be explained by the
difference in the speed of movement of hydrated non-ferrous metal molecules, which is related to the viscosity
of solutions.

Conclusions

Purification of waste copper electrolyte is possible by flow centrifugation. In the upper drain of the
centrifuge separator, a denser, more concentrated solution is released in terms of the content of sulfur and non-
ferrous metals, the quantity and quality of which depends on the speed of rotation. At a rotation speed of
12 000.0 rpm and 15 000.0 rpm, the difference in the content of individual elements of the solution was up to
10 %.

As a result of decanter centrifugation and stepwise neutralization of spent copper electrolyte, selective
separation of nickel and copper-containing products was obtained. It is determined that the selective separation
of non-ferrous metal neutralization sediments during decanter centrifugation is related to the viscosity of
solutions.
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