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1. MiHepanbHO-CMPOBMHHA 6a3a YKpaiHM BKJIIOYa€ LiHHI [I0KIaAd TUTAHOBUX PY/I, SKi 30KpeMa MpeJiCTaBIeHi
KOHTUMHEHTAJIbHMMHU PO3CUIIAMU iJIbMEHITY, 110 OCTaHHIMU POKaMU aKTUBHO PO3POOJISIOTHCS. 3HaYHa YaCTUHA
iTbMEHITOBOI PyAy BUAOOYBAETbCS HA TEPUTOPIi HAllIOi KpaiHy, HaJlesKUTh 10 IpmaHCchKOro posoBUIa. IimbMeHiTOBa
Pylia € BOKJIMBAM IIPUPOLHUM PECYPCOM Ta Ma€ 3HAYHUI NOTEHIiasl AJ1s1 BUKOPUCTAHHS B Pi3HUX rajy3sx
IIPOMUCJIOBOCTI. PO3BUTOK BUOGYTKY i 06POOKY Iji€]l pyay MO>Ke CIIPUSITY €eKOHOMIYHOMY 3POCTaHHIO Ta PO3BUTKY
perioHy. 3pa3Ku iJIbMEHITY [pIIaHCBKOro pOLOBHUIIA LOCIIKEHO 32 SOIIOMOTOI0 METOy CKaHYI0YO0i €JIEKTPOHHO]
MIKPOCKOIIii 3 PEHTT€HOCIIEKTPAJIbBHUM €JIEMEHTHMM MiKPOaHasi3oM Ta BCTaHOBJIEHO, 110 JOCJIIKEHA pyAa Mae
YHIKaJIbHUM CKJIaJ, IKUM Bifipi3Hse 1i BiJ BCiX iHIMMX, 10 BifOMi B HAyKOBO-TEXHI4HIN JiTeparypi. ToMy 1iist gaHoi

PYIY HEOOXiTHO BU3HAYUTH ONTHMAaJILHUM CIIOCIO NepepoOKH 1111 MAaKCUMaJIbHOTO BUXOY ITPOAYKTIB I1epepOoOKHy.



AHasi3 HayKOBO-TEXHIYHOI JIiTepaTypu OKa3as., 110 4O OCHOBHUX CIIOCOOIB IepepobKy iIbMEHITY HaIeXXaTb
KUCJIOTHI, 30KpeMa XJIOpUHUI Ta CyIbdaTHUM. AJle KO>KeH 3 LIUX CI10Cc06iB MOAUQIKyETHCS Ta ONITUMIZYETHCS
BiITIOBiIHO [10 CKJIaAy BUXiIHOI CUPOBUHHU [1J11 MaKCMMaJlbHOI €(PeKTUBHOCTI Ilepepooku. KpiM 0CHOBHUX CIIOCOOiB,
SIKi BUKOPUACTOBYIOTLCSI IPOTSITOM TPUBAJIOrO 4acy i BIPOBAIPKEHI B IPOMUCIIOBUX MACIITa0ax, OCTaHHIMU POKaMU
GiypIe PO3BMBAIOTHCS HANPSIMKY aJIbTEPHATUBHUX CIIOCO0IB IepepOOKH, TaKi SIK JIy>KHE BUTyTOBYBaHHS,
BUJIYTOBYBaHHS CJIa0KUMU KUCJIOTaMU, TAKUMU sIK opTodocdaTHa, IMMOHHA, OKcalaTHA. Bubip ciocoby nepepobku
iTbMEHITY 3aJ1eKUTh BiJ 6araTbox (PaKkTopiB, cepel IKUX XiMiuHMI Ta MiHEpaJIOTiYHUI CKJIaJ, CHPOBUHH, rayysi
BMKOPHMCTAHHS YTBOPEHUX NIPOLYKTIB, €KOJIOTi4YHI Ta €KOHOMIYHi aClIEKTH BUPOOHNYOro npouecy. Haykoso-
TexHiYHa JliTepaTypa, ska 6ysia orpalbOBaHa B paMKaX IIPOBEAEHHS OUCePTaLifHOTrO NOCiIP)KeHHS LO3BOJISIE
CTBEPJKyBaTH Te, IO HAa JaHWUI MOMEHT PO3BUTKY HayKU B rajly3i iepepooKy TUTAaHBMICHOI CUPOBUHU
HEJIOCTAaTHbO BUBUYEHMMHU 3aJIMMIAIOTHCS CIIOCIO Ta YMOBH, 10 CTOCYIOThCS 1IBMEHITOBOI pyiy IpIIaHChKOro
poposulia. ToMy BU3HAUY€HHSI CIIOCOOY IIepepOOKY Ta ONTHMAIbHUX YMOB XiMiKO-TE€XHOJIOT{YHOTO IIPOLIECY
nepepoOKU iJIbMEHITY JaHOTO POJOBUILIA € aKTyaJIbHUM 3aBJaHHSM, BUPIlIEHHS SIKOTO CTBOPUTD I1€PeIyMOBU JJIs
PO3BUTKY IPOMHUCJIOBOCTI B JaHOMY perioHi. Jlucepraniliina po60oTa IpUCBsY€Ha AOCHIIPKEHHIO IPOLieCy IEPEPOOKU
i7IbMEHITOBOTO KOHLEHTPATY [pIIaHChKOro poJoOBUIIA albTEPHATUBHUM CIIOCOOOM JIY’)KHOTO BUJIYTOBYBaHHS,
BCTAHOBJIEHHIO ONTUMAJIbHUX YMOB JAHOTO MIPOLECY, BUBHAUYEHHIO MOXKJIMBOCTEN 3aCTOCYBaHHS OAEPKAHOTO
KiHII€BOTO Ta IPOMDKHUX IIPOIYKTIB, 110 YTBOPIOIOTLCS B PE3YJIbTATI XiMiYHOI B3a€MOJ il MiHEpPAJILHOI CUDOBUHU Ta
Kaulifl rigpokcupy. [1Jist Toro, o6 QOCSITHYTA METY, 110 [1I0CTaBJIeHa B AaHill poboTi, HE0OXigHO OyJ10 BUKOHATH P,
3aBJaHb : JOCJIAUTHY XiMIYHMI Ta MiHEepaJIOriYyHUM CKJIaJ, 3pa3KiB i/IbMEHITY IpIIaHCBKOTrO pOLOBUILA; NOCIIIUTH
BILJIMB Pi3HUX (AKTOPIB Ha MPOLEC JIY)KHOT'O BUJIYyTOBYBaHHS, a CAaMe PO3Mipy YaCTHHOK MiHepajibHOI CUPOBHUHH,
KUJIBKICHOTO CIIiBBiTHOLIEHHS MK BUXiTHUMU KOMIIOHEHTaMU, 3MiHM TEMIIEPATYPHOTO Ta YACOBOT'O PEKUMIB, JIJIS1
TOTO 106 ONTUMIi3yBaTH IIPOLIEC [1ePEPOOKY 1IbMEHITY; BUBHAYUTU KiHETYHI Ta TEPMOJMHAMIUHI apameTpu
IIPOBEJEHHSI [IPOLeCy JIY’KHOTO BUJIYTOBYBaHHS i/IbMEHITY, BU3HAUUTU YMOBU [IPOBEI€HHS IIPOLECy [1epepooKy
iTbMEHITY CITIOCOOOM JIY>KHOTO BUJIYTOBYBaHHSI Ta PO3POOUTH TEXHOJIOTIYHY CXEMY; BUSHAUUTU MOXJIUBI cpepu
BMKOPHMCTAHHSI KiHIIEBMX Ta IPOMDKHMX NPOJYKTiB IIPOLIECY JIY>)KHOTO BUJIyTOBYBaHHSI iJIbMEHITy. B pesysbTarti
[IPOBEIEHNX TEPMOAVHAMIYHUX PO3PaxyHKIB 3a peaKLisMU, 10 MPOTIKAIOTh ITif] 4aC MPOLECIB JIY>KHOTO
BUJIYTOBYBAaHH4 iJIbMEHITY KaJliil Ta HATPil TifPOKCHUIOM, BIIeplle BCTAHOBJIEHO, 11O YTBOPEHHS KaJlill TUTAHATY €
€HepreTMYHO BUTIIHIIIMM HDK YTBOPEHHS HATpPill TUTAHATY, 10 TAKOX MiITBEPIPKEHO €KCIIEPUMEHTAIbHO. 32
pe3yJbTaTaMU MIPOBEIEHNUX €KCIIEPUMEHTANbHUX AOCHII>KEHD, IO CIIPSIMOBaHi Ha BU3HAY€HHS BIUIUBY Pi3HUX
(axTOpiB Ha NPOLEC JIy>)KHOTO BUJIIYyTOBYBAaHHS i7IbMEHITy BCTAHOBJIEHO, [0 MaKCUMAaJIbHOI'O 3HAYEHHS CTYIIiHb
BUy4eHHs TuTaHy(IV) mocsraerbcs py BUKOPUCTaHHI MiHEpaIbHOI CUPOBMHU 3 CEpeiHIM JjiaMeTPOM YaCTHUHOK <
71 MxM. lanuii GpakTop JOCTIIKEHO 32 MOJIBHOTO CIiBBiTHOIIEHHS MK BUXiTHUMU KOMIIOHEeHTamu 1:2 3a
temnepatypu 453 K npotsarom 3 roguH. Kpim TOro, TakoX eKCriepruMeHTaIbHO BCTAHOBJIEHO, 110 /17151 3Pa3KiB
i7IBMEHITY IpIIaHChbKOro pogoBuIIa ONTUMAJIBHUM MOJIbHUM CIIiBBiJHOIIEHHSM MK BUXiITHMMY KOMIIOHEHTaMU B
peaxlisix JIy>)KHOrO BUJIyTOBYBaHHS € 1:2. 36ibIIE€HH KiJIbKOCTI JIYTy y BUXiJHIf CyMmilli 10 MOJIbHOTO
CHiBBiJHOWIEHH 1:6 NMifgBuUIye CTyNiHb BUMy4eHHs TUTaHY(IV) mo 90 %, ane 3HayHa KiJIbKiCTb KaJIil riIpoKCUuIy
3a7IMIIAETHCA MMiCIs PeaKlii y BUIJIAL HE3a4isTHOTO PeareHTy, TaKOXK YCKIAAHIOETHCS IIPOLEC OYUCTKU YTBOPEHOTO
IIPOAYKTY. BCTaHOBJIEHO, 1110 ONITUMAJILHUM Yac B3aeMOii MixK BUXiIHMMY KOMIIOHEHTaMU (i7IbMEHIT, Kasii
ripOKCUI) CTAHOBUTD 3 TOIMHU, CaMe 33 TaKOTO YaCOBOT'O IIPOMDKKY OCITaeTbC MAaKCUMAJIBHUAN CTYIIiHb

BusydeHHs TuTaH(IV). [lomanpine HarpiBaHHS peakuiiiHoi cymilli He 36iblIye 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. Ilmenite 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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HayKoBoi KoH$epeHnuii, )Xutomup, Ksitens 19, 2023; c. 147.
HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis: TexHOOri]

Coria;ibHO-€KOHOMIYHA CIIPSIMOBAHICTb: CTBOPEHHS PUHLMIIOBO HOBOI NPO/AYKIi (MaTepiais,

TEXHOJIOTI! TOIIO) A4J11 3a0€3MeYEHHS eKCIIOPTHOTrO OTEHIialy Ta 3aMillleHHIO iIMIIOPTY

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBaakeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'S130K 3 HAaYKOBHMH TeMaMH: 01220002273

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTAaHTA)

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Yurupunenp OsneHa EnyapaiBHa
2. Olena Chyhyrynets

KBasigikamis: n. 1. u., 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 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHM iHCTUTYT iMeHi Iropst Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yz. 37, Kuis, 03056, Ykpaina
dopma ByracHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiniiiHi OIOHEeHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Hikonenko Mukosa BacuiboBuy

2. Mykola V. Nikolenko
KBasigikamis: g. x. u., npodecop, 02.00.11
I,ILeHTPI(l)iKaTOP ORCID ID: 0000-0001-9289-2680

JoparkoBa inpopmamnist:
;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 HABYAJIbHUIL 3aKyIaz "YKPAiHChKUIL

Ilep>KaBHUM XiMIKO-TEXHOJIOTIYHUI YHIBEPCUTET"

Kopg 3a €IPIIOY: 02070758

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

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Cyxaupkuii IOpiit BikropoBruy

2. Yurii Sukhatskyi

KBasigikanis: . . 1., 05.17.08

Imentudikarop ORCID ID: 0000-0002-9453-3144

JoparkoBa indpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBIBCbKA OIITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesﬂaxo,q)l(eHHﬂ: ByJ. CrenaHa Bangepuy, 6yz. 12, JIbBis, 79013, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. IBaneHko IprHa MukosaiBHa

2. Iryna Ivanenko



KBasigikamis: k. x. u., mou., 01.04.18
InenTudikarop ORCID ID: 0000-0002-6885- 366
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHuit TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJITEXHIYHMI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kog 3a €IPIIOY: 02070921

Micue3HaxoKeHHS: npocnekT bepecreiicokuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. TonctronanoBa HaTasnisg MuxaniaiBHa

2. Natalia Tolstopalova

KBasigikamis: . . u., gou,., 05.17.01
InenTudikarop ORCID ID: 0000-0002-7240-5344
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHuit TexHiuyHuil yHiBepeuteT Ykpainn "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops CikopcpKoro”

Kog 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi

BsiacHe I'Ipianme IMm's [To-6aTBLKOBI Coxkousbcbkuii ['eopriii Botogumuposuy
roJIOBH pagu

Biiacue IlpisBuie Im's ITo-6aThKOBI Coxkonbcbkuil I'eopriit BonogumMuposud
rOJIOBYIOYOTO Ha 3aciJaHHi

BigmoBizasbHUI 32 IIi,Z[I‘OTOBKy [ncapenko CHixkaHa BacuniBHa

00JIIKOBHX JOKYMEHTIB

Peectparop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




