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AHOTAIIA

Ocmanosea M.I1. EnexTpoxiMiuHe oOJiep>KaHHS BoJIb)paMy 3 BTOPUHHOI
cupoBuHH. — KBamidikaiiiiHa HaykoBa mparis Ha paBax pyKOIHUCY.

Hucepraliiss Ha 3100yTTS HAYKOBOTO CTYIEHS JoKTOopa (dijgocodii 3a
cnemianpHicTIO 161 — XimiyHi TexHoJsorii Ta iHxkeHepis (16 — XimiuHa Ta
OloimxkeHepis). — HarioHanpbHUII TeXHIYHUH  YHIBEpCUTET «XapKiBCHKUN
MOMITEXHIYHUN 1HCTUTYT» MiHICTepCTBAa OCBITM 1 HayKuW YKpaiHdh, M. XapKiB,
2021.

PoGoty Bukonano Ha kadenpi TexHiuHoi enexktpoximii HarioHaibHOTrO
TEXHIYHOTO YHIBEPCUTETY «XapKiBChbKUM MOJITEXHIYHUM 1HCTUTYT» MiHicTepcTBa
OCBITH 1 HAYKH YKpaiHu.

06 ’ekmom  00CniONHCeHHs € TIPOLIECH XIMIYHOTO 1 €JIEKTPOXIMIYHOTO
BUITy4eHHs BoJib(ppamy 3 niceBnociiapy WC-Co y pozunnHax kucioT HaSO4 HNO3,
HCI ta 3 nomasanusm HF.

IIpeomemom Oocnioxcennss € KIHETUYHI 3aKOHOMIPHOCTI Ta TEXHOJOTIYHI
napameTpu B3aemomii nceBaocmiasy WC-Co 3 pozunmnamu H,SO4 HNO3; HCI 3
nogaBanHsm HF.

HucepraiiiiHe  TOCHIPKEHHS  MPUCBAYEHO po3poOlll  TEXHOJOTIUHUX
MOKa3HUKIB  BWJIY4YEHHS  BoJb(paMy Ta  KOOaIbTy MpHU  KHUCIOTHOMY
eNeKTpoxXiMiyHOMY BCKpUTTI TiceBaocmiay WC-Co. IlinpoBuMH TpogyKTaMu
nepepodsieHast €: Bonbdpamy oxcun (VI), Bombhpam mopoikonogioHuN 13
3aJlaHUM TPaHyJOMETPUYHUM CKiIagoM (2...3 MKM), KOOQJIbT €JIEeKTPOXIMIYHO
OCa/KCHUM.

VY BeTyIl 00TpyHTOBAHO aKTyallbHICTh AMCEpTallii, CPOpMYIbOBAHO ii METY 1
3a/1a4i, BU3HAUYCHO OO’€KT, MpeaAMeT 1 METOAHM IOCHiIKeHHs. Bucsitieno ii
HAyKOBY HOBHM3HY Ta MPAaKTUYHY LIHHICTb.

VY mepmomy po3aiai AucepTaliiHOi poOOTH, KPUTHUYHO MPOAHATI30BAHO
METOJM OJep>KaHHS BoJib(paMy 3 TMPUPOAHOI Ta BTOPUHHOI CHPOBHHHU.
OOGrpyHTOBaHO, 1110 HANOUIBIINHN MPAKTUYHUN IHTEPEC CTAHOBJIATH CJICKTPOXIMIUHI

METOJM Ta MpOoaHaIi30BaHO (paxoBi myOJiKallli, ki MPUCBIYCHI CICKTPOXIMIYHUM



crocobaM TepepoOICHHST BOJIB(PAMBMICHOI CHPOBHHH B EJEKTPOJIITAX PI3HOT
OpUPOAM Ta 3a PI3HUX PEKUMIB €IEeKTpoizy. Takok po3riasHyTO crocodu
oJlep kaHHS KOOaIbTy 3 po3umHIB. Ha mijmcTaBi BUIIEHABEIEHOTO BH3HAYCHI MeTa
JYcepTaliitHol poOOTH 1 3aBAaHHS, K1 HEOOX1THO BUKOHATH JJIA i1 TOCATHEHHS.

VY npyromy po3auii aucepTalli HaBeJEHO MepeNiK peakTUBIB Ta MaTepialiB,
AKi OyJI0 BUKOPHCTAHO IIiJl YaC BUKOHAHHS JOCIIIKEHb, METOJIUKHN TPOBEICHHS
EKCTIICPUMEHTAIbHUX JOCHIPKeHh Ta aHali3iB. EjeKkTpoximMiuHI JOCHIIKCHHS
aHonmHoil mosemiaku niceBrocmuiapy WC-Co 3pilicHioBaimm Ha moteHmioctati [PC-
Pro, y poszunnax kucinor HCI, HNOj3, H,SO;, i3 3acTocyBaHHSM TPbOXEIEKTPOIHOT
koMipku. PoOounii enekrpon — Opycku 3 nceBgocmiaBy WC-Co 3 mapameTpamu -
BHCOTAa / MM, JOBXHHa 42 MM, TOBIIMHA 5 MM Ta BMICTOM CKJIQJOBHUX
koMrioHeHTiB, % wMac.: WC — 92; Co — 8. bpycok >KOpPCTKO KpimWwid Ha
CTPYMOBIABO/I1, MICIIE KPITJICHHS 00OpOOJISIIN AICICKTPUKOM 3 METOIO 3aro0iraHHs
KOHTAaKTy 3 €JIeKTPOITOM. JIOMIOMI>)KHUM €JIEKTPOOM OyJia TUTAaHOBA TUTACTHHA 3
napameTpamu - Bucotra 10 mwm, gomxuHa 10 MM, ToBmMHa 1 MM, eneKkTpoaoM
NOPIBHSHHS CJIYTyBaB HACHYEHW XJIOp-CpiOHMIA enekTpon. Xiop-cpiOHui
SJIICKTPO] TABOIUBCS 10 POOOUYOTO €JIEKTPOJIa 32 JTOTIOMOTOI0 CKJISTHOTO KITIOUY 3
kamuisspom Jlyrina. Ha ycraHoBkax BU3HAYanud MEXI IMOTEHIIANIB Ta TYCTUHU
CTPYMIB, 32 SIKMX Ha €JEKTPOJll 13 TCEBIOCIUIaBY B1IOYBAIOTHCS PI3HI CyMILIEHI
CJIEKTPOIHI TIPOIIECH.

Y TperhoMy poO3IUIl AUcCEpTallli BUKOHAHO TEPMOJMHAMIYHUNA aHai3
B3aeMoii Boib(dpamy 3 posurHamu KucioT H,SO4, HNO;, HCI. Bnepmie Oymm
pO3paxoBaHi OCHOBHI TEPMOJAMHAMIYHI XapaKTEPUCTUKH 1 BCTAHOBHIIA HACTYITHE: -
peaxiiis B3aemMoii Boab(ppamy 3 po3unHamu kuciot H,SO4 HNO3 HCI moximBa
3apxan (AF<0), BimOyBaeTbes 3 BuaiieHHsM Teruia (AH<0) Ta 30iibHICHHIM
errporii (AS>0). Beenenns nenacusaropy a0 po3unny kucior HNO3z HCI cripusie
30UIBIIEHHIO BiJI'€MHOTO 3HaueHHs AF, mo Bkazye Ha 30UIbLIEHHS pPEaKLIHHO1
3JIaTHOCTI CUCTEMH.

VY derBeproMy pO3IiIl HABEACHO pE3yJbTaTh AOCHIIHKEHb aHOIHOI

MOBeIIHKY BoJibpamy y ckiafdi ncepaocmiaBy WC-Co B pozunnax kucioT HNOs,



HCI, H,SO,4. BuBueno BB aemacuBaropy (HF) Ta BimHOBHWKA (TekcamiH) Ha
aHOJIHI MPOIECH B 3a3HAYCHHUX PO3YMHAX Ta JOCIIIUIN MOP(OIIOTiI0, €IeMEHTHUMI
Ta (ha30BUIl CKJIaJ OTPUMAHKX MTOPOIITKIB.

3a TOCHIIPKEHHSAMHU JTAHOTO PO3JLUTY OTPUMAHO TaKl pe3yJIbTaTu:

- METOJIaMH JIIHIHHOT Ta IUKIIYHOI BOJIbTAMIIEPOMETPIi BCTAHOBHIIM, IO
CEJICKTUBHE PO3UYMHEHHS KOOAIBTOBOI CKJIAJ0BOI MICEBAOCIUIABY B JOCIIIKYBaHUX
pO3uMHaX BIAOYBa€ThCS MPH IMOTEHINanax, mo3uTuBHImuX 3a 0,2 B, xapOoH
BUJIANISIETHCSL 3 poOoYoro enekrpoaa npu mnoreHuiam > 0,8 B. Bombdpam npu
IIbOMY OKHCHIOETHCS 70 BHIIOTO okcuay WOs;

- BU3HAYCHO, 1110 Y CyIb(aTHIN KUCIOTI 31 301IBIIICHHSAM 1i KOHIICHTpAIi BT
1 10 5 Monb-AM™ I'ycTHHA CTPYyMy 3MEHIIYEThCS, IO TIOB’I3aHO 3 YTBOPEHHAM Ha
MOBEPXHI aHOJa CYIUIBHOIO TOBEPXHEBOI'O Iapy OKCHIY BoJb(dpamy, gKuit
MACUBY€E TTOBEPXHIO;

- eKCIEPpUMCHTAIbHUM MUISXOM BCTAaHOBWJIM, IO TIPH JOJaBaHHI JI0
po3zunny 1 monb-am H,SO, rekcaminy (CgHioN) 3 kornentpauicro 0,9 mons a3
MOXHa OJIOKYBaTH TIPOIIEC YTBOPEHHS ITACHBYIOYOi IUTIBKM Ta OJEPKyBaTH
MOPOIIKM OKCUIB BOJIb()paMy HH>KUUX CTYIIE€HIB OKHCIICHHS;

- IOKa3aHo, 1110 TIpH po3unHeHi ncepaociuiapy WC-Co y xmopuiHii KUCIOTI
30UIbIICHHST KOHIeHTpalii Bix 1 10 5 MOJTB* JIM ™S MPU3BOAUTEL JI0 CIOBUIHLHEHHS
MIBUIKOCTI PO3YMHEHHS, TOMY Il POOOTH JOIJIBHO BHUKOPUCTOBYBATU PO3YUH
XJIOPUIHOT KMCJIOTH 3 KOHILIEHTpAIli€ro 2,5 MOJTb* M ™,

- Ha MIJICTaBl aHAII3y KIHETUYHUX JOCJIPKEHb 3alPOMIOHOBAHO MEXaHi3M
posurHenHs ncesgociiay WC-Co y posumni 2,5 momsam™ HCl ta npm
noxasanui HF.

Y m’stomy po3aunl AOCTIAMIA BaKelll KEpyBaHHS JUCIEPCHICTIO Ta
BU3HAYMJIA TEXHOJIOTIYHI TIOKAa3HUKWA OJIEPKaHHS  METaJeBOTO  IOPOIIKY
BoJb(paMy 3 10HHUX PO3IJIABIB;, OOIPYHTOBAHO TEXHOJOTTYHI TMOKA3HUKU
OTPUMAaHHS METaJeBOro KoOaabTy 3 BIAMPAILOBAHUX EJIEKTPOMITIB. Takox

3aIIPOITIOHOBAHO CII0cio BHUKOPHUCTAHHA OTPHUMAHHHX l'IOpOHIKiB MCTAJICBOI'O
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BOJIb(ppaMy Ta BHUILIOTO OKCHAY BoJb(ppamy aist Moaudikalii apaMiTHoi TKAHUHH 3
METOIO MIBUILECHHS 11 TEPMOCTIHKOCTI.

B nanomy po3zini oTpuMaHO Taki pe3yibTaTu:

- 3aMpOITOHOBAHO CKJIaJl HU3bKOTeMIIepaTypHoro ioHHoro posmiaBy (NaCl-
KCI-CsBr-NaF), sikuii jae 3MOry oJiepsKyBaTH MOPOIIOK METaJIeBOro BOJb(pamy
3aJJaHOTO TPaHyJIOMETPUYHOTO CKIIAIY;

- Mop(OoJIOrIYHUI aHali3 OTPUMAHOrO TMOPOIIKY I[IOKa3aB, M0 IIpH
€JIEKTPOII3i 3 po3mIaBy 3 BHCOKMM BMicTroM WO,F;* Bombdpam Buminsgerscs y
BUTJISA/II JPIOHOAUCTIIEPCHOTO TOPOIIKY, a TIPU €JIEKTPOJII31 3 PO3IIIABY 3 BUCOKUM
BMicToM WOF? - KpyIIHOMCIIEPCHOTO MOPOILKY;

- 3aIpOIOHOBAaHO crnoci0 Moau@ikanli apaMigHOI TKaHWHU IOPOIIKOM
BOJIb(ppaMy Ta BUIIMM OKCHAOM BOJb(ppamy. BcTaHoBuiM, 110 TEPMOCTIHKICTH
MoaudikoBaHoi apamigHoi TkanuHM 3poctae 3 300 °C mo 900 °C, mpu BMICTI
METaJIeBOro Bob(paMy Ta BUILIOTO OKCUAY BoJibpamy BiamnoBiaHo 10% Mmac.

- 3alpONOHOBAHO METOJl OCa/DKEHHS KOOAIbTy 3  BIAMPAIbOBAHUX
€JIEKTPOJIITIB XJIOPUIHO-CYJIb(AaTHUM criocoOoM. BcecTraHoBwiM, 10 MpU NEPEXo/ii
BIJl XJIOPUJHHMX PO3YMHIB 10 CyJIb(ATHUX KATOAHUN MAKCUMYM 3MILIYETHCS B
00JacTh OUTBIII HETAaTUBHUX MOTEHINANIB, a 30UIbIIEHHS MEPEHANIPYTH OCa[KEHHS
KOOaNbTy MpU NEPEXOl BiJl XJOPUIHUX E€JIEKTPOJIITIB JO XJIOPHUIHO - CYyJIb(paTHUX
MOB’SI3aHO 3 3MIIIICHHSAM KOHIIEHTpaIlil 10HIB KOOAIbTY.

KitouoBi crnoBa: rmceBaociiaB, BoJibppaM, Okcua Bodbhpamy, KapOin
BOJIb()pamMy, KIHETHKA MpOLECYy, JiHIHA BOJIbTAMIIEPOMETPIsl, MOJSIpU3AILis,

penTrenoda3oBuit aHami3, I0HHUHN PO3IJIaB, JUCTIEPCHICTh, PEIUKIIIHT, TEXHOJIOT .
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SUMMARY

Osmanova MP. Electrochemical production of tungsten from secondary raw
materials. - Qualifying scientific work on the rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 161 - Chemical technologies and engineering (16 -
Chemical and bioengineering). - National Technical University "Kharkiv
Polytechnic Institute” of the Ministry of Education and Science of Ukraine,
Kharkiv, 2020.

The work was performed at the Department of Technical Electrochemistry
of the National Technical University "Kharkiv Polytechnic Institute” of the
Ministry of Education and Science of Ukraine.

The object of research is the processes of chemical and electrochemical
extraction of tungsten from the pseudoalloy WC-Co in solutions of acids H,SOy,
HNOs3, HCI and with the addition of HF.

The subject of the study is the kinetic patterns and technological parameters
of the interaction of the pseudoalloy WC-Co with solutions of H,SO,4, HNO3, HCI
with the addition of HF.

The dissertation research is devoted to the development of technological
indicators of tungsten and cobalt extraction during acid electrochemical opening of
WC-Co pseudoalloy. The target products of processing are: tungsten oxide (VI),
tungsten powder with a given particle size distribution (2...3 um), cobalt
electrochemically precipitated.

The introduction substantiates the relevance of the dissertation, formulates
its purpose and objectives, defines the object, subject and research methods. Its
scientific novelty and practical value are highlighted.

In the first section of the dissertation, the methods of obtaining tungsten
from natural and secondary raw materials are critically analyzed. It is substantiated
that electrochemical methods are of the greatest practical interest and professional
publications devoted to electrochemical methods of processing of tungsten-

containing raw materials in electrolytes of different nature and under different
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modes of electrolysis are analyzed. Methods for obtaining cobalt from solutions
are also considered. Based on the above, the purpose of the dissertation and the
tasks that must be performed to achieve it.

The second section of the dissertation contains a list of reagents and
materials that were used during the research, methods of experimental research and
analysis. Electrochemical studies of the anodic behavior of the pseudoalloy WC-
Co were performed on the IRS-Pro potentiostat, in solutions of acids HCI, HNOs,
H,SO, using a three-electrode cell. Working electrode - bars made of pseudo-alloy
WC-Co with parameters - height 7 mm, length 42 mm, thickness 5 mm and content
of components,% wt .: WC - 92; Co - 8. The bar was rigidly fastened to the drain,
the place of attachment was treated with a dielectric to prevent contact with the
electrolyte. The auxiliary electrode was a titanium plate with parameters - height
10 mm, length 10 mm, thickness 1 mm, the reference electrode was a saturated
chlorine-silver electrode. The chlorine-silver electrode was fed to the working
electrode using a glass wrench with a Lugin capillary. The limits of potentials and
current densities at which various combined electrode processes take place on the
pseudoalloy electrode were determined at the installations.

In the third section of the dissertation the thermodynamic analysis of the
interaction of tungsten with solutions of acids H,SO4, HNO3, HCI is performed.
For the first time the basic thermodynamic characteristics were calculated and the
following was established: —reaction of interaction of tungsten with solutions of
acids H,SO4, HNOs, HCI is always possible (AF <0), occurs with heat release
(AH < 0) and increase in entropy (AS >0) . The introduction of a depulsifier to a
solution of HNO3, HCI acids increases the negative value of AF, which indicates an
increase in the reactivity of the system.

The fourth section presents the results of studies of the anodic behavior of
tungsten in the pseudo-alloy WC-Co in solutions of acids HNOs, HCI, H,SO4. The
influence of depasivator (HF) and reducing agent (hexamine) on anodic processes
in these solutions was studied and the morphology, elemental and phase

composition of the obtained powders were investigated.
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According to the research of this section, the following results were
obtained:

- by methods of linear and cyclic voltammetry found that the selective
dissolution of the cobalt component of the pseudoalloy in the investigated
solutions occurs at potentials greater than 0.2 V, carbon is removed from the
working electrode at a potential > 0.8 V. Tungsten is oxidized to WQOs;

- it was determined that in sulfuric acid with increasing concentration from 1
to 5 mol - dm™ the current density decreases, which is due to the formation on the
surface of the anode of a continuous surface layer of tungsten oxide, which
passivates the surface;

- experimentally found that by adding to a solution of 1 mol - dm-3 H,SO4
hexamine (CsHi2N) with a concentration of 0.9 mol - dm™ can block the formation
of a passivating film and obtain powders of tungsten oxides of lower oxidation
states;

- it is shown that when dissolving the pseudoalloy WC-Co in hydrochloric
acid, increasing the concentration from 1 to 5 mol - dm™ leads to a slowing of the
dissolution rate, so it is advisable to use a solution of hydrochloric acid with a
concentration of 2.5 mol - dm™;

- on the basis of the analysis of kinetic researches the mechanism of
dissolution of pseudoalloy WC-Co in a solution of 2,5 mol - dm® HCI and at
addition of HF is offered.

In the fifth section, the dispersion control levers were investigated and the
technological parameters of obtaining tungsten metal powder from ionic melts
were determined; the technological indicators of obtaining metallic cobalt from
spent electrolytes are substantiated. A method of using the obtained powders of
tungsten metal and higher tungsten oxide for modification of aramid fabric in order
to increase its heat resistance is also proposed.

The following results were obtained in this section:
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- the composition of low-temperature ionic melt (NaCl-KCI-CsBr-NaF) is
proposed, which makes it possible to obtain tungsten metal powder of a given
particle size distribution;

- morphological analysis of the obtained powder showed that in the
electrolysis of the melt with a high content of WO,F4> tungsten is released in the
form of fine powder, and in the electrolysis of the melt with a high content of
WOF¢? - coarse powder;

- a method of modifying aramid fabric with tungsten powder and higher
tungsten oxide is proposed. It was found that the heat resistance of the modified
aramid fabric increases from 300 °C to 900 °C, with a content of tungsten metal
and higher tungsten oxide, respectively, 10 %.

- a method of cobalt precipitation from spent electrolytes by chloride-sulfate
method is proposed. It was found that during the transition from chloride solutions
to sulfate, the cathode maximum shifts to the region of more negative potentials,
and the increase in cobalt deposition overvoltage during the transition from
chloride electrolytes to chloride sulfate is associated with a shift in cobalt ion
concentration.

Key words: pseudoalloy, tungsten, tungsten oxide, tungsten carbide, process
Kinetics, linear voltammetry, polarization, X-ray phase analysis, ion melt,

dispersion, recycling, technology.
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