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cnemianpHicTIO 161 — XimiyHi TexHoJsorii Ta iHxkeHepis (16 — XimiuHa Ta
OloimxkeHepis). — HarioHanpbHUII TeXHIYHUH  YHIBEpCUTET «XapKiBCHKUN
MOJIITEXHIYHUHN THCTUTYT» MIiHICTEpCTBa OCBITH 1 HAyKU YKpainu, M. Xapkis, 2020.

PoGoty Bukonano Ha kadenpi TexHiuHoi enexktpoximii HarionaibHOrO
TEXHIYHOT'O YHIBEPCUTETY «XapKiBCHbKUHI MOJITEXHIYHUM 1IHCTUTYT» MiHicTepcTBa
OCBITH 1 HAyKH YKpaiHu.

06’ekmom  O0ocniodxceHHss € TPOLECH XIMIYHOTO 1 €JIEKTPOXIMIYHOTO
BUITy4eHHs BoJib(ppamy 3 niceBnociiapy WC-Co y pozunnax kucioT HaSO4 HNO3,
HCI ta 3 nomasannsam HF.

IIpeomemom Oocnidxcennsi € KIHETUYHI 3aKOHOMIPHOCTI Ta TEXHOJOTIYHI
napameTpu B3aemopii ncesaocmiasy WC-Co 3 pozunnamu H,SOs HNO; HCI 3
nogaBanHsm HF.

JucepraiiiiHe  TOCHIIKEHHA MPUCBAYEHO pO3poOLl  TEXHOJOTTYHUX
MOKa3HUKIB  BWJIYYeHHS  BoJbpaMy Ta  KOOQIbTYy TpU  KHCIOTHOMY
eJIEKTPOXIMIYHOMY BCKpUTTI mnceBaocmiasy WC-Co. LinmpoBUMH NOpOAyKTaMu
nepepodiieHHs €: Boabhpamy okcu (VI), Bosbdhpam MOPOIIKONOIIOHHH 13 33 JaHUM
IPaHYJIOMETPUYHUM CKJIAJ0M (2...3 MKM), KOOQJIBT €JIEKTPOXIMIYHO OCAIKCHUH.

VY BcTyIi 00TpyHTOBAHO aKTyallbHICTh AMCEpTallii, CPOpMYyIbOBAHO ii METY i
3aJa4l, BU3BHAYEHO 00’ €KT, IPEeAMET 1 METOU JOCIIIKeHHs. BUCBITIIEHO 11 HayKOBY
HOBU3HY Ta NPAKTUYHY LIHHICTb.

VY mepmomy po3ain gucepTamiitHoi poOOTH, KPUTUYHO TMPOAHATI30BAHO
METOJM OJep>KaHHS BoJbpaMy 3 TPUPOAHOI Ta BTOPUHHOI CHPOBHHHU.
OOrpyHTOBaHO, 1110 HAWOUIBIINIA NPAKTUYHUIA 1HTEPEC CTAHOBIISATH €IEKTPOXIMIUHI
METOJY Ta MpoaHaii3oBaHO (axoBi myOmikalii, SIKi MPUCBSIYEHI EIEKTPOXIMIYHUM
criocobam miepepoOJieHHsT BOIb()PAMBMICHOI CHUPOBHUHHU B EJIEKTPOJIITaX Pi3HOT

NPUPOJIM Ta 3a PI3HUX PEKHUMIB EIEKTPOJ3y. TakoX po3IISHYTO CIOCOOU



oJlep>kaHHS KOOanbTy 3 po3umHiB. Ha mijmcTaBi BUIICHABECHOTO BU3HAYCHI METa
JYcepTaliifHoi poOOTH 1 3aBAaHHS, K1 HEOOX1THO BUKOHATH JJIS 1i TOCATHEHHS.

VY npyromy po3aini aucepTariii HaBeJeHO MepeTiK peakTUBIB Ta MaTepialiB,
K1 OyJIO BUKOPHCTAHO IiJl YaC BUKOHAHHS JOCIIJ)KE€Hb, METOJUKH MPOBEJICHHS
EKCTIIEPUMEHTAIbHUX JOCHIIDKCHh Ta aHali3iB. EjekTpoxiMiuHI JOCIIKEHHS
aHonmHoi nosemiaku nceBaocmiapy WC-Co 3pilicHioBasm Ha moteHmioctati [PC-
Pro, y po3unnax kucinotr HCI, HNOj3, H2SO; 13 3acTocyBaHHSAM TPbOXEICKTPOIHOT
KoMipku. PoGounii enektpon — Opycku 3 nceBaocmiay WC-Co 3 mapameTpamu -
BHCOTa / MM, IOBXXKHHA 42 MM, TOBIIIMHA 5 MM Ta BMICTOM CKJIaJJOBUX KOMITOHCHTIB,
% wmac.: WC — 92; Co — 8. bpycok >KOpCcTKO KpINUIU Ha CTPYMOBIJIBOII, MiCIle
KpIIJIEHHS OOpOOJsUIM  AIENEKTPUKOM 3 METOI0 3aMo0iraHHs KOHTaKTy 3
SJIEKTPOIITOM. JIOTIOMIKHUM €JIEKTpOAOM OyJia THTAHOBA IJIACTHHA 3 TapaMeTpaMu
- BucoTa 10 mm, nosxkrna 10 MM, ToBIIMHA 1 MM, €JI€KTPOIOM MOPIBHSHHS CIIYTyBaB
HACUYEHUIN XJIOP-CPIOHUHM €NEeKTPOoa. XJIOp-CpiOHMI €NEeKTPOJd MiJABOJIMBCS 10
po0OoYOro eneKkTpoaa 3a JOMOMOTOI0 CKJISTHOTO Kitouy 3 kamitsipoM Jlyrina. Ha
YCTAHOBKax BH3HAYaJd MEX1 MOTEHLIATIB Ta TYCTUHU CTPYMIB, 3a SIKAX Ha
€JIEKTPO/I1 13 MCEeBAOCIUIaBY BiOYBAIOTHCS P13HI CYyMIILIEH1 €IEKTPOIHI TPOLIECH.

Y TperhoMy po3nii  AucepTallii BHUKOHAHO TEPMOJMHAMIUYHUM aHalli3
B3aeMoii Boib(dpamy 3 poszunHamu KucioT H,SOs4, HNO;, HCI. Bmepmie Oynm
pO3paxoBaHi OCHOBHI TEPMOJAMHAMIYHI XapaKTEePUCTUKH 1 BCTAHOBWJIM HACTYIIHE: -
peaxiiis B3aemoii Bosibppamy 3 pozunHamu kuciot H,SO4, HNO3; HCI moxknuBa
3aBkau (AF<0), BinmOyBaetrbcs 3 BuaiieHHsAM Termia (AH<O) Tta 30iibIIeHHSM
errporii (AS>0). Beenenns nenacusaropy a0 poszunny kucior HNO3z HCI cripusie
30UTBIIEHHIO BiJI'€MHOTO 3HaueHHs AF, mo Bkazye Ha 30UIbLIEHHS pPEaKLIHHOL
31aTHOCT1 CUCTEMHU.

VY yeTBepTOMY P03/l HABEICHO PE3YIBTATH HOCTIIKEHD aHOTHO1 MTOBEIHKH
Bosibppamy y ckiami ncesaocmiaBy WC-Co B posumuax kucior HNO;, HCI,
H,SO,4. BuBueno BruuB nenacuBatopy (HF) Ta BigHOBHHKaA (TeKcamiH) Ha aHOJHI
MpolleCH B 3a3HAUYEHUX PO3UYMHAX Ta JOCIIIMIN MOP(OJIOrito, €IeMEeHTHHH Ta

(dazoBuii cki1ag OTPUMAHUX OPOIIKIB.



3a TOCIKEHHSMH JTAHOTO PO3JLUTY OTPUMAHO TaKi pe3yJIbTaTH:

- METOJIaMH JIIHIHHOT Ta IUKIIYHOI BOJIbTAMIIEPOMETPIi BCTAHOBHWIIM, IO
CEJICKTUBHE PO3UMHEHHS KOOAIHTOBOI CKIIAJ0BOI TICEBOCIUIABY B JTOCIIIKYBaHHUX
pO3UMHAX BIAOYBa€ThCS IPH IMOTEHINanax, mo3uTuBHImuX 3a 0,2 B, kapOoH
BUJIAJISIETHCS 3 poO0YOro enexTpoia npu norenmuian > 0,8 B. Boasdpam npu nipomy
OKHUCHIOETBCS 110 BUIIOTo okcury WOs;

- BU3HAYCHO, 1110 Y CyIb(MaTHIN KUCIOTI 31 301IbIIIEHHAM ii KOHIIEHTpaIIii BiJl
1 10 5 Monb-IM™ IyCTHHA CTPYMy 3MEHINYEThCS, IO OB A3aHO 3 YTBOPEHHAM Ha
MOBEPXHI aHOJA CYIUIPHOTO ITOBEPXHEBOTO Iapy OKCHAY BOJb(Ppamy, sIKAA
MACUBY€E TTOBEPXHIO;

- eKCTIEPUMEHTAIBHAM IIJITXOM BCTAHOBWIIH, ITIO TIPH TOJaBaHHI O PO3YHHY
1 monb M= HySO; rekcaminy (CegHioN) 3 xonmenTpaniero 0,9 Monb am 3 mosxkHa
0JIOKyBaTH MpPOILIEC YTBOPEHHsI MACHBYIOYOi IUTIBKM Ta OJEP>KYyBaTHU MOPOIIKU
OKCHUJIB BOJb(paMy HHKYUX CTYIIEHIB OKHCIICHHS;

- OKa3aHo, 1110 Tpu po3unHeHi ncesaocmiaBy WC-Co y xmopuiHii KUCIOTI
30iNbIIEHHS KOHLEHTpawii Bix 1 10 5 Momb AM™ NpU3BOAMTE JO CIOBIILHEHHS
IIBUIKOCTI PO3YMHEHHS, TOMY IS pOOOTH IOIIIFHO BUKOPHUCTOBYBATH PO3YHH
XJIOPMAHOIT KHCIOTHU 3 KOHLIEHTPALIEIO 2,5 MOIb M,

- Ha MIACTaBl aHaji3y KIHETUYHMX JOCIHIJ)KEHb 3alPOIIOHOBAHO MEXaHI3M
posunnenns ncespocmiasy WC-Co y posuuni 2,5 monbs-am HCl Ta npu nonasansui
HF.

Y m’aroMy po3auli  JOCTIIUIM BaXKesll KEpyBaHHsS JUCIEPCHICTIO Ta
BU3HAYMIIA TEXHOJIOTTYHI MOKa3HUKH OJICP>KaHHS METAJIEBOTO MOPOIIKY BOJIb(Ppamy
3 10HHMX pO3IUIaBiB; OOIPYHTOBAHO TEXHOJOTIYHI TMOKA3HUKU OTPUMAaHHS
METaJeBOTO KOOAIBTY 3 BIAMpaIlbOBAaHUX EJIEKTPOJITIB. TakoXX 3amporoHOBAHO
croci®6 BUKOPUCTAHHS OTPUMAHHUX MOPOIIKIB METaJIEBOTO BOJb(PpaMy Ta BUIIOTO
OKCHUJTy BoOJIb(ppamy i1t MoaudiKallli apaMiIHOI TKAaHUHU 3 METOIO TiABUIICHHS 11
TEPMOCTINKOCTI.

B manomy po3mini oTpuMaHoO Taki pe3yJIbTaTH:
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- 3aMpOITOHOBAHO CKJIaJl HU3bKOTeMIieparypHoro ionHoro posmiaBy (NaCl-
KCI-CsBr-NaF), sikuii jae 3MOry 0JiepsKyBaTH MOPOIIOK METAJIeBOro BoJbhpamy
3aJJaHOTO TPAHYJIOMETPUYHOTO CKIIAAY;

- Mop(oJIOrIYHUI aHaii3 OTPUMAHOrO TMOPOIIKY I[I0Ka3aB, W0 MIpH
€JIEKTPOJIi3i 3 po3mIaBy 3 BHCOKMM BMictoM WO,F;* BombdpaM Buminsgerscs y
BUTJISIAL IPIOHOIMCIIEPCHOTO TOPOIIKY, a MPU €JIEKTPOJIi31l 3 PO3IIIaBy 3 BHCOKHM
BMicToM WOF? - KpyIIHOIMCIIEPCHOTO MOPOILKY;

- 3aIpOIOHOBAaHO cnoci0 Moau@ikamii apaMigHOI TKAHWHU IOPOLIKOM
BOJIb()pamMy Ta BUIIUM OKCHUAOM BoJb(ppamy. BcTaHOBWIM, IO TEPMOCTIMKICTH
MoaudikoBaHoi apamigHoi TkanuHU 3poctae 3 300 °C mo 900 °C, mpu BMICTI
METaJIeBOro Bob(paMy Ta BUILIOTO OKCUAY BoJib(ppamy BiamnoBiaHo 10% Mmac.

- 3alpONOHOBAHO METOJl OCAKEHHS KoOanbTy 3  BIAIPAllbOBAHUX
CJIEKTPOJITIB XJIOPUIHO-CYIb(aTHUM criocoOoM. BcecTanoBuIM, 10 TIpH MEepexo/Ii
BIJl XJIOPUJHHMX PO3YMHIB 10 CyJIb(AaTHUX KAaTOAHUN MaKCUMyM 3MINIY€TbCA B
00JacTh OUTBIII HETAaTUBHUX MOTEHINANIB, a 30UIbIIEHHS MePEHANIPYTH OCa[KEHHS
KOOaNbTy MpU NEPEXOl BiJl XJOPHUIHUX E€IEKTPOJIITIB JO XJIOPHUIHO - CYJIb(paTHUX

MOB’SI3aHO 3 3MILIEHHSAM KOHLEHTpaIlli 10HIB KOOANIbTY.

KitouoBi crnoBa: rmceBaociiaB, BoJibppaM, OKcua Bodbhpamy, KapOin
BOJb(paMy, KIHETHKa TMpolecy, JIHIHHA BOJbTAMIEPOMETPIsl, MOJSIpU3AIlis,

penTrenoda3oBuil 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,SO,,
HNO3, 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,SO4, 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 pum), 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 modes of

electrolysis are analyzed. Methods for obtaining cobalt from solutions are also
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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, HNO3, 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,SO,, HNOs, 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,SO,4, HNO3, HCl 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 HNO3, HCI, H,SO,4. 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.

According to the research of this section, the following results were obtained:
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- 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 WOs3;

- 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 (CsH12N) 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 - dm3;

- 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:

- 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,F,> tungsten is released in the form of fine
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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.



