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1. MinepanbHO-cUpOBUHHA 6a3a YKpaiHu BKJIOYaE L[iHHI TOKIany TUTAHOBUX PV, SIKi 30KpemMa IpeJiCTaBJeHi
KOHTHMHEHTAJIbBHUMU PO3CUIIaMU iJIbMEHITY, 0 OCTaHHIMM POKaMH aKTUBHO PO3POOJISIOThCS. 3HAa4HA YaCTHHA
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MIKPOCKOIIii 3 pEHTT€HOCIIEKTPAJIbHUM €JIEMEHTHMM MiKpPOaHasi3oM Ta BCTaHOBJIEHO, 110 JOCIIIKEHa pyAa Mae
VHIKasZIbHUH CKJIa[, IKAH Bipi3HseE ii Bif BCiX iHIIMX, 1O BilOMi B HAYKOBO-TEXHIYHIl jiTepaTypi. Tomy Ay naHoi
PYIY HEOOXiTHO BU3HAYMTU ONTHMAaJILHUM CIIOCIO NepepoOKy 11711 MAaKCUMaJIbHOTO BUXOy ITPOAYKTIB I1€pEPOOKHU.
Anasi3 HayKOBO-TEXHIUHOI JIiTepaTypu N10Ka3aB, 10 4O OCHOBHUX CIIOCOOIB IEPEPOOKH i/IbMEHITY HaIE€XaTh
KUCJIOTHI, 30KpeMa XJIOpUIHUI Ta CyIbdaTHUH. AJle KO>KeH 3 LIUX CII0Cc06iB MOAUIKYyETHCS Ta ONITUMIZYETHCS
BiITIOBiHO [10 CKJIaAy BUXiHOI CHPOBUHU /1J151 MAaKCUMaJIbHOI e(PeKTUBHOCTI I1epepooku. KpiM 0CHOBHUX CIIOCO0iB,
IKi BUKOPHACTOBYIOTHCSI IIPOTSITOM TPUBAJIOTO Yacy i BIPOBAPKEHI B IPOMUCIIOBUX MacCIITabax, OCTaHHIMU pOKaMu
6iybIle PO3BMBAIOTLCS HANPSIMKU aJIbTEPHATUBHUX CIIOCO0IB IEPEPOOKHU, TaKi K JIy’)KHE BUITYTOBYBaHHS,
BUJIYTOBYBaHHS CJIa0KUMU KUCJIOTaMU, TaKUMU K opTodocdaTHa, IMMOHHA, OKcaaTHA. Bubip criocoby nepepobku
iTbMEHITY 3aJ1e>KUTh Bif 6araTbox GakTopiB, cepe SKUX XiMiuHMII Ta MiHEpaJIOTiuHUil CKJIa], CHPOBUHHY, rayysi
BMKOPKCTaHHS yTBOPEHUX NIPOLYKTIB, €KOJIOTi4YHI Ta €KOHOMIYHi aClleKTH BUPpOOHNYOro npouecy. Haykoso-
TEXHi4Ha JliTepaTypa, gKa OyJia OlpalbOBaHa B paMKax IPOBEJEHHS AUCEPTALINHOIO AOCiIKEHHS J03BOJIsIE
CTBEPJKyBaTH Te, 110 HAa JaHWUI MOMEHT PO3BUTKY HayKU B rajlysi nepepobky TUTaHBMICHOI CUPOBUHU
HEJIOCTAaTHbO BUBUYEHMMHU 3aJIMIIAIOTHCS CIOCIO Ta YMOBH, 1110 CTOCYIOThCS 1IbMEHITOBOI pyiy IpIIaHChKOro
ponosuia. ToMy BU3HAU€HHS CIIOCOOY NepepoOKY Ta ONTUMAJIbHUX YMOB XiMiKO-T€XHOJIOTIYHOTO ITPOLieCy
nepepoOKU iJIbMEHITY JaHOTO POLOBULIA € aKTyaJIbHUM 3aBIaHHSM, BUPILIEHHS SIKOTO CTBOPUTH II€PeIyMOBU JJIS
PO3BUTKY IPOMHUCJIOBOCTI B JaHOMY perioHi. lucepraliiiina po60oTa NpUCBsYeHa AOCHiI)KEHHIO IIPOLieCcy IepepodKu
iTbMEHITOBOI'O KOHLIEHTPATY [pIIaHChKOrO POAOBUIIA AIbTEPHATUBHUM CIIOCOOOM JIy>KHOTO BUJIYyTOBYBaHHS,
BCTAHOBJIEHHIO ONTUMAJIbHMX YMOB JJAHOTO MPOLECY, BU3BHAYEHHIO MOXJINBOCTEN 3aCTOCYBAHHS OLE€PKaHOro
KiHII€BOTO Ta MPOMDKHUX IIPOJYKTIB, 10 YTBOPIOIOTLCS B PE3YJIbTATi XiMiYHOI B3a€MOJ il MiHEpPAJIbHOI CHDOBUHU Ta
Kaulifl rigpokcugy. [11st Toro, mo6 AOCSTHYTA METY, 110 [1I0CTaBJIeHa B AaHill poboTi, He0OXiHO OyJ10 BUKOHATHU Py,
3aBIAHb : JOCJIIUTY XiMIYHNN Ta MiHEPAJIOTiYHUI CKJIaf, 3pasKiB JIbMEHITY IpIIaHCHKOTO POLOBUILA; HOCTIIATH
BILJIMB Pi3HUX (AKTOPIB Ha MPOLIEC JIY’KHOTO BUJIYTOBYBAHHS, a CaMe pO3Mipy YaCTUHOK MiHepajibHOI CHPOBUHY,
KIJIBKICHOTO CIiBBiTHOLIEHHS MK BUXITHUMU KOMIIOHEHTaMHU, 3MiHM TEMIIEPATYPHOTO Ta YACOBOTO PEKUMIB, JIJISI
TOTO 100 ONTHUMI3yBaTH NPOLEC ePEePOOKY IIbMEHITY; BUBHAUNTH KiHETMYHI Ta TEPMOJAVHAMIUHI IapaMeTpu
IIPOBEJIEHHS MTPOLIECY JIY>KHOTO BUJIYTOBYBAHHS 1IbMEHITY, BUBHAYUTHA YMOBU [IPOBEICHHS IIPOLIECY I1epepOoOKU
iTbMEHITY CITOCOOOM JIY>KHOTO BUJIYTOBYBaHHSI Ta PO3POOUTH TEXHOJIOTIYHY CXeMY; BUSHAUUTU MOXJIUBI cpepu
BMKOPHMCTAHHSI KiHIIEBUX Ta IPOMDKHMX IPOJYKTIB IIPOLIECY JIY>)KHOTO BUJIyTOBYBaHHSI iJIbMEHITy. B pesysbTarti
[IPOBEIEHNX TEPMOAMHAMIYHNUX PO3PaxyHKIB 3a peaKLisMU, L0 MPOTIKAIOTh IIif] 4aC MPOLECIB JIY’KHOTO
BUJIYTOBYBAaHH4 iJIbMEHITY KaJjlifl Ta HATPil TifpPOKCUIOM, BIIepIIe BCTAHOBJIEHO, 110 YTBOPEHHS KaJlill TUTAHATY €
€HEPreTUYHO BUTIIHIIINM Hi’K YTBOPEHHS HATPill TUTAHATY, 110 TAKOX IiATBEPIKEHO EKCIIEPUMEHTAJIBHO. 32
pe3yJbTaTaMu IPOBEIEHUX €KCIIEPMMEHTAJIBHUX NOCIiIKEHb, IO CIIPSIMOBaHI HAa BU3HAYEHHS BIUIMBY Pi3HUX
(aKTOpiB Ha NPOLIEC JIY)KHOTO BUJIYTOBYBAHHS i/IbMEHITy BCTAHOBJIEHO, 1J0 MAaKCUMAJIbHOTO 3HAYEHHSI CTYIIiHb
BuiydeHHs TuTany(IV) mocsraerbcs py BUKOPUCTaHHI MiHEpaIbHOI CUPOBUHU 3 CepeiHiM JiaMeTPOM YaCTHUHOK <
71 mxM. Jlanuit GakTop [OCHIIKEHO 32 MOJIBHOTO CIiBBiTHOMIEHHS MiXK BUXiTHUMU KOMIIOHeHTamu 1:2 3a
temnepatypu 453 K npotsirom 3 roguH. Kpim Toro, Takoxx eKCiepuMeHTaIbHO BCTAHOBJIEHO, IO 7151 3pa3KiB
i7IBMEHITY IpIIaHChbKOro pofoBuIIA ONTUMAJIBHUM MOJIbHUM CIIiBBiJHOIIEHHSM MK BUXiIHMMU KOMIIOHEHTaMU B
PeaKllisix JIy>KHOTO BUJIyTOBYBaHHS € 1:2. 361/1bleHHs KiZIbKOCTI JIYTy y BUXiZHIl cyMili o MOJIBHOTO
CHiBBigHOLIEHH 1:6 NMigBuUINye CTyNiHb BUMy4eHHs TUTaHY(IV) mo 90 %, ane 3HayHa KiJbKiCTb KaJill rilpoKcuLy
3aJIMIIAETHCA MMiCIIA PeaKLii y BUIJIALI HE3a4iIHOTO PeareHTy, TaKOXK YCKIAAHIOETHCS IIPOL,EC OYUCTKU YTBOPEHOTO
IIPOJYKTY. BCTaHOBJIEHO, 1110 ONITUMAJILHUM Yac B3aeMOii MixK BUXiTHMMY KOMIIOHEHTaMU (i7IbMEHIT, KaJii
TripoKCUL) CTAHOBUTD 3 FOJMHY, CaMe 33 TaKOTO YaCOBOT'O IIPOMDKKY [OCSTaeTbCs MaKCUMaJIbHUAM CTYIIiHb

BuitydeHHs TuTaH(IV). [Toganbiie HarpiBaHHS peakUifHOI CyMillli He 36iblye BUXif,

2. Ukrainian mineral resource base includes valuable titanium ore deposits, including continental ilmenite deposits,
which have been actively developed in recent years. A significant portion of ilmenite ore is mined in our country
and belongs to the Irshansk deposit. lmenite ore is an important natural resource and has significant potential for
use in various industries. The development of mining and processing of this ore can contribute to the economic
growth and development of the region. The samples of ilmenite from Irshansk deposit have been studied by



scanning electron microscopy with X-ray elemental microanalysis and it has been found that the studied ore has a
unique composition that distinguishes it from all others known in the scientific and technical literature. Therefore,
it is necessary to determine the optimal processing method for this ore to maximize the yield of processing
products. An analysis of the scientific and technical literature has shown that the main methods of processing
ilmenite include acid, including chloride and sulfate. However, each of these methods is modified and optimized
according to the composition of the feedstock to maximize processing efficiency. In addition to the main methods
that have been used for a long time and implemented on an industrial scale, alternative processing methods, such
as alkaline leaching, leaching with weak acids such as orthophosphate, citric, and oxalic, have been developing in
recent years. The choice of processing method for ilmenite depends on many factors, including the chemical and
mineralogical composition of the raw material, the applications for the products, and the environmental and
economic aspects of the production process. The scientific and technical literature has reviewed in the framework
of this dissertation study suggests that at the current stage of development of science in the field of processing
titanium-containing raw materials, the method and conditions related to the irmenite ore of the Irshansk deposit
remain insufficiently studied. Therefore, determining the processing method and optimal conditions for the
chemical and technological process of processing ilmenite from this deposit is an urgent task, the solution of
which will create the preconditions for the development of industry in this region. The thesis is devoted to the
study of the process of processing ilmenite concentrate from the Irshansk deposit by an alternative alkaline
leaching method, establishing the optimal conditions for this process, determining the possibilities of using the
final and intermediate products obtained as a result of the chemical interaction of mineral raw materials and
potassium hydroxide. In order to achieve the goal set in this work, it is necessary to fulfill a number of tasks: - to
investigate the chemical and mineralogical composition of samples of ilmenite from Irshansk deposit; - to study
the influence of various factors on the process of alkaline leaching, namely the size of particles of mineral raw
materials, the quantitative ratio between the initial components, changes in temperature and time regimes in
order to optimize the process of processing ilmenite; - to determine the kinetic and thermodynamic parameters of
the process of alkaline leaching of ilmenite; - to determine the optimal conditions for the process of processing
ilmenite by alkaline leaching and to develop a technological scheme. The thermodynamic calculations of the
reactions during the alkaline leaching of ilmenite with potassium and sodium hydroxide revealed for the first time
that the formation of potassium titanate is more energy efficient than the formation of sodium titanate, which has
been also confirmed experimentally. According to the results of experimental studies aimed at determining the
influence of various factors on the process of alkaline leaching of ilmenite, it has been found that the maximum
value of the degree of titanium(IV) extraction is achieved when using mineral raw materials with an average
particle diameter of < 71 um. This factor has investigated at a molar ratio of 1:2 between the starting components at
a temperature of 453 K for 3 hours. In addition, it has also been experimentally established that for samples of
ilmenite from the Irshansk deposit, the optimal molar ratio between the starting components in alkaline leaching
reactions is 1:2. An increase in the amount of alkali in the initial mixture to a molar ratio of 1:6 increases the degree
of titanium(IV) recovery to 90 %, but a significant amount of potassium hydroxide remains after the reaction as an
unused reagent, and the process of purification of the resulting product is also complicated. It has been found that
the optimal time of interaction between the initial components (ilmenite, potassium hydroxide) is 3 hours, which is
the time interval at which the maximum degree of titanium(IV) extraction is achieved.
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¢ Xomiok, O.B.; [Iucapenko, C.B.; Kamincekuii, O.M.; lenuctox, P.O. TexHosorist BU#oO6yBaHHS Ta 30araueHHs
inbmeHiTy. [lepcniekTuBM xiMii B cydacHOMy CBiTi. 36ipHUK Marepiaris Il InTepHeT-KOHPepeH1Lii Mosoaux
BuYeHUX, JKuromup, Jlucronapg, 23, 2022; c. 23-24.

¢ [Iucapenko, C.; Yurupuseup, O.; Kamincekuit, O.; lenuciok, P. @otokartaniTuiHa gecTpyKLis
METUJIEHOBOTOCHHBOTO [TOBEPXHEIO KaJlill TUTAHATY. AKTyaJIbHi NPpO6JIeMU XiMii Ta XiMigHOI TEXHOJIOTI],
36ipHuK MmartepiazniB | MixkHapoHOi HayKoBO-TIpakTUYHOI KoHpepenuii, Kui, Jluctonan 30, 2022; c. 121-122.

¢ Baumuk, M.O.; Jenuciox, P.O.; [Tucapenko, C.B. Po3mipHuii edexT npu BumydeHHi Kajill TUTaHaty. XiMivHi
Kapasinceki untanss, Tesu pomnosigeit XV BceykpaiHcbkoi HAyKoBOi KOH(epeHLii CTyIeHTiB Ta acIipaHTiB,
XapkiB, KBiTens 24-26, 2023; c. 164-165.

¢ Xomiok, O.B.; lenuciok, P.O.; Kamincekuit, O.M.; [lucapenko, C.B. OTpuMaHHS TUTAHATIB i3 36araueHoro
iZIBMEHITY. AKTyaJIbHi 3a/1ad4i XiMmii: gocrimkenHd Ta nepcnexktusy, Tesn gonosigen VII Bceykpaincekoi

HaykoBoi KoHdepeHnuii, Kutomup, Ksitens 19, 2023; c. 147.
HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis: TexHOmOri]

ComniasibHO-€KOHOMIYHA CIIPSIMOBAHICTb: CTBOPEHHS PUHLMIIOBO HOBOI MPO/YKIi (MaTepiatis,

TEXHOJIOTI! TOMIO) AJ11 3a0€3MeYEHHS eKCIIOPTHOTrO NOTEHIialy Ta 3aMillleHHIO iIMIIOPTY

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'SI30K 3 HAaYyKOBHMH TeMaMH: 01220002273

VI. BizoMocTi Npo HayKOBOT0 KEPiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im's I10o-6aThKOBI:
1. Yurupunenp OsieHa EnyapaiBHa

2. Olena Chyhyrynets

KBasigikamis: n. 1. n., npodecop, 05.17.14

InenTudikarop ORCID ID: 0000-0002-6191-7096

JoparkoBa iHpopmauist: ;https://www.scopus.com/authid/detail.uri?authorld=6504737988

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHu#t TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJITEXHIYHMI IHCTUTYT iMeHi Irops CikopcpKoro”
Kopg 3a €IPIIOY: 02070921
Micue3HaxoaKeHHS: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma ByracHOCTI: Jlepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta pELl€eH3€HTIiB
OdiuiiiHi OIOHEHTH
BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. Hikonenko Mukosa BacuiboBuy

2. Mykola V. Nikolenko
KBasigikamis: n. x. 1., npodecop, 02.00.11
I,ILeHTPI(biKaTOP ORCID ID: 0000-0001-9289-2680

JopaTrkoBa inpopmanist:
;https: / /www.scopus.com /authid /detail.uri?authorld=7003988167;https: / /scholar.google.com.ua /citations?user
=LJOcNh8AAAAJ&hl=ua;http:/ /orcid.org /0000-0001-9289-2680

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [lepskaBHUII BULIMIL HABYAIbHUIL 3aKy1az "YKPAiHChKUIL

Ilep>KaBHUM XiMIKO-TEXHOJIOTIYHMI YHIBEPCUTET"

Kopg 3a €IPIIOY: 02070758

Micue3Haxoa KeHHs: npocr. [arapina, 6yx. 8, Jlninpo, JIHinpoBckKuii p-H., 49005, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Cyxaupkuii IOpiit BikropoBruy

2. Yurii Sukhatskyi

KBasigikamis: . 1. 1., 05.17.08

InenTudikarop ORCID ID: 0000-0002-9453-3144

JopaTrkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHUINYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBCbKA MOMTiTEXHIKA"
Koz 3a EZIPTIOY: 02071010

MicueSHaxo,T.pKeHHH: ByJ. CrenaHa BaHgepy, 6yz. 12, JIbBiB, 79013, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR:



CeKTop HayKH: YHIBEpCUTETCHKUI

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. IBanenko IpuHa MukosaiBHa

2. Iryna Ivanenko

KBasidikamis: k. x. ., gou., 01.04.18
Imentudikarop ORCID ID: 0000-0002-6885- 366
JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Toncronanosa Haranig MuxaiiiiBHa

2. Natalia Tolstopalova

KBasigikamis: . . 1., gou., 05.17.01
ImentTudikarop ORCID ID: 0000-0002-7240-5344
JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHmil yHiBepcuTteT Ykpainu "KuiBchKuit

noJliTexXHiyHMi iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicbkuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi

BaacHe IlpizBume Im'a ITo-6aTbKOBi CokosbebKuit I'eopriit Bosopumnposuy

TOJIOBH paju



BaacHe IlpizBume Im's I10-6aTbKOBI Cokosbcpkuii 'eopriit Bonmogumnposuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiILIIOBi,ILaJIbHI/II';I 3a HiILI‘OTOBKy HHCHpeHKO Cuixana BacuniBHa

00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




