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Pedepar:

1. luceprarifina po60Ta MprUCBAYE€Ha BCTAHOBJIEHHIO 3aKOHOMIpHOCTEN (hi3MKO-XiMiYHUX MPOIIECiB XiMiYHOTO
30arayeHHs iJIbMEHITOBUX KOHLeHTpaTiB CamoTkaHcbkoro pogosuila (IKCP) no cunretuynoro pyruiy (CP) npu
BUKOPUCTaHHI IPUPOIHOI Ta TEXHOTEHHOI CUDOBUHY 3 PEreHepallielo peareHTiB Ta MOIIYKY IJIAXiB yTui3anii
3aJ1i30BMICHUX CITOJIyK. Yepe3 He3HauHe 36aradyeHHs] CUPOBUHMY, BUCOKUI 3a/IMIIKOBUI BMICT TOMIIIOK, HU3bKU
BUXiJ, 3aJ1i3a Ta BUCOKi BUTPATH €JIeKTpOeHeprii BUILIaBATH TUTaHOBI maku (TiO2 80-85 %, FeO 5-7 %) 3
cunbHO3MiHeHux IKCP (TiO2 65-68 %, Fe203 26-28 %) He pauioHanbHO. IKCP 6inbil AOLiIBHO XiMiYHO
3b6arauysatu go CP (TiO2 292 %). Y BcTyni 06IpyHTOBAHO aKTyaJIbHICTb fUCEPTaLifHOI pO60TH, CPOPMYIbOBAHO
MeTy, 3a/1a4i, 00'€KT, IPeIMET i METOAM NOCJiIPKEHHS, BU3HAaY€HO HAyKOBY HOBU3HY Ta IPAKTUYHE 3HAYEHHS
OTPUMaHUX Pe3yJbTaTiB, 0COOMCTUI BHECOK 3700yBaya Ta anpobaliito pooboTu. Y nepuomy posaisi IpoBeieHo
aHaJli3 HayKOBO-TEXHIYHOI JliTepaTypu MO0 Nnepesar i HefloiKiB Biomux npouecis orpumanHs CP, crioco6is
pereHepallii peareHrTiB i yTuiizaii no6iuHux cnonyk ¢pepymy. [lokasaHo, mo cnosnyku Fe3+ niapuiyioTs BUITy4eHHS

ypaHy [py KUCJIOTHOMY BUJIYTOBYBaHHI ypaHOBUX pyZ. Ha 0CHOBI BUKOHaHOTO aHasizy 0OIpyHTOBaHO BU3HAUYEHI



3aJ1a4i Ta HANPSIMKU NOCIiIKEHD. Y APYrOMy PO31ijli OIIMCAaHO BUKOPUCTAaHI B IOCJ/IIPKEHHSIX MaTepiany, peareHTu
Ta PEYOBMHU, HABEJEHO METOMIU aHAJi3y BUXiIHOI CUDOBMHU, OTPUMAHUX PO34YMHIB Ta TBEPAUX MaTepiaiB.
OnucaHo yCTaHOBKY Ta METOLMKU ofepkaHHs CP, okucHeHHs po3unHiB Fe2+. BusnaueHnHs ¢pa3oBoro ckiany
CHAPOBMHU Ta NPOAYKTIB ii nepepodku. Y TpeTbOMy PO3iJi I0Ka3aHO Pe3yJIbTaTy IPOBEAEHUX AOCTiIKEHD
orpumaHHs CP 3 IKCP. JlocnigxeHno kap6orepmiune BigHoBieHHs IKCP npu 1050-12000 npoTsirom 4 rogu. I1pu
onTuManbHiil Temnepatypi 1200 o okenau gpepymy IKCP BinHOBm0Banu 1o Metany Ha 90 %. JocrinkeHo
BUJIYTOBYBaHHSI 3aJ1i3a i3 BijHOBIEHOTO i1bMeHITY (BI) 6-22 % pozunnamu H2SO4 npu 20-750. CrioyaTKy B3aeMOisl
BiZiOyBa€eThCS MWBUIKO 3 KIHETUYHUM KOHTPOJIEM IIPOLIECY 32 MEXaHI3MOM peakuii nepuioro nopsgaxky K? = -In(1-?) 3
ySIBHOIO eHeprieto akTupalii FakT=40,2-42,6 x>k /mosb. [licnsa BunydeHHs ~57 % ¢pepyMy, MexaHi3M IpoLecy
3MIHIOETBCS Ta BUIYTOBYBAHHS YIIOBiJIbHIOETHCS. [IpoBeieHO 1abopaToOpHE MOAEIOBAHHS ABOCTaliHOTO
IPOTUTEUINHOrO npouecy ogepxaHHs CP npu BunyrosyBanHi Bl rinposiisHoo Cysib(paTHOIO KUCIOTOIO BilXOL0M
Bupo6HULTBA NirmeHTHOro TiO2 (I'CKII) npotsirom 3 rog npu 750. [Ipo>kaproBaHHSIM NPOAYKTY BUTYTOBYBaHHS I1pU
800o orpumano CP (TiO2 292 %, FeO 2,6 %). losoBana nogayva Bl 1o3Bossie 3HU3NTH KUCJIOTHICTD Bigxony I'CKII no
3-5r/n1 H2SO4. ITicnsg kpucramnidanii FeSO4*7H20 opepskanuii pinbrpart € cnabokucaum pozunHoM FeSO4, mo
MicTUTh gomimky Al3+, Mg2+, Ti3+ Ta 22-24 mr/n Sc3+. BcTaHOBIEHO KiHEeTUYHI TapamMeTpy BUJIYyTOBYBaHHS 3ajliza
i3 BI pozunnamu Fe2(S04)3. [lo cTynens BuiydeHHs 8 % KiHeTUYHI KpUBi Y3TrOIKYIOThCS 3 aBTOKATAJIITUYHOIO
mogesmo Prout Tompkins kt=In(a/(1-a)) 3 ysiBHOIO eHeprieto aktuBauii Eakr=62,7 k[’ /mouib. [Tpu 6inpmux
BUJIYYEHHSX [IPOLeC IEPEXOIUTh 4O MOAEi cepH, o cTuckaeTbes kt=1-(1-a)l/3, 3 ysIBHO eHepriero aKTUBallil
Eakt=47,3 Ik /M0b. lOOaTKOBUM BUJIYYEHHSIM JOMIIIOK i3 0cany OKMCHIOBAJIbHOTO BUJIYTOBYBaHHS I1pu 650y 15 %
posunHi H2SO4 Ta npokaproBaHHIM 3anuiKy npu 800 o orpumano CP 3 BmicTom TiO2 292 %. Y razopifinHHOMY
peakTopi 3 MEXaHIYHUM AMCIIEPryBaHHSIM ra3y AOCJiIP)KEHO YMOBU pereHepallii po34MHiB OKMCHIOBAJIbHOTO
BUJIyroByBaHHs1. [Tpu noyarkosomy pH 1,1-1,5 Ta 600 3a 0,5-1,5 roz po3uun FeSO4 y npucytHocTi NO KisbKiCHO
OKHCHIOETHCSI IIPU aTMOCPEHOMY TUCKY KUCHeM. IIpu 1boMy, 6;113bK0 TpeTruHu Fe3+ popmMye ocaf KpuCTaIiyHOro
nobpe ¢inprpoBaHoro rigpokcocynbsdary (Fe4(OH)10S04). ITpoxkaproBanHsam nipu 7500 i3 ocany Fe4(OH)10SO4
ozepxaHo 99,4 % Fe20O3, npupaTHUN [J1s1 OTPMMAHHS MIIrMEHTIB YU 3aJ1i3a NPSIMOTO BilHOBJIEHHS. JJOCIIiIKEHO
karasnisoBaHe NO OKUCHEHHS CipyaHOKUCIuX po3unHiB FeSO4 kuchnem. IligBumenHs remneparypu 3 25 1o 40o
30i/blIIy€ MBUIKICTE OKUCHEHHS, YsIBHA eHepris akTusalii npouecy Eakr= 84.4 kJI)x/mosb. [Topsanok peakuii mo NO
1,48. OxucHeHHAM migxkucaenux cycrensiit FeSO4°7H20 orpumano 40 % pozuunu Fe2(SO4)3, siki ceprudikoBaHi
1711 BAKOPMCTAHHS Y SIKOCTi KOAryJISIHTIB y IPOLecax BOLOMATOTOBKY Ta OYMIIEHHS CTIYHUX BOJ. Y YETBEPTOMY
PO3iJIi LOCII>KEHO MPOLIEC ariTallitHOTO CipYaHOKUCJIOTHOTO BUJIYTOBYBAaHHS YPaHOBOI pyiu MiuypiHCBKOTO
poznosuila 3 fogaBaHHAM Fe3+ gk okucHUKa ypaHy B ckiazi okucHeHoi ['CKII. 3amimenns no 40 % H2504 Ha
okucHeHny I'CKII npu atMmochepHOMY TUCKY Ta Temreparypi 75°C mifBuilye BUIy4eHHs ypaHy 3 76 % no 88 %, ripu
Ts:Pig=1:1, BuTpari H2SO4 90 kr/T pynu ta BinHowmeHHi C(Fe3+)/C(Fe2+) > 1y ¢inbTpaTax BUTYyrOByBaHHSI.
JIBocTajiiiHe NPOTUTEYilHE BUIYrOBYBaHHSI MifIBUIIy€e BUTyYeHHs ypaHy Buie 90 %. Y ' SToMy pO3/iii onrcaHo
OCHOBHI cTafii Ta TexHosnoriyHi cxemn orpumanHs CP 3 IKCP 3 BunyroByBanHam Bl posunnamu I'CKIT a6o
Fe2(S0O4)3. Po3paxoBano matepianbauii 6anaHc nepepobku 1000 kr IKCP B CP 0KMCHIOBaJIbHUM BUJIYTOBYBaHHSIM.
[IpoBegeHi gocmimkeHHs na0Th 3Mory orpumaty CP 3 BMicToM TiO2 He meH1e 92 %, yTuiisyBaTé IPOMUCIIOBI

BiIXO[U Ta BUPILIUTU 33,34y KOPUCHOTO BUKOPUCTAaHHS [T0OIYHUX IPOJYKTIB pepymy.

2. The dissertation focuses on the physicochemical processes of chemical beneficiation of ilmenite concentrates
from the Samotkan deposit (ICSD) into synthetic rutile (SR) using natural and technogenic raw materials with
reagent regeneration and the utilization of iron-containing compounds. Due to the low beneficiation level, high
residual impurities, low iron yield, and high energy costs, smelting titanium slags (TiO2 80-85 %, FeO 5-7 %) from
highly altered ICSD (TiO2 65-68 %, Fe203 26-28 %) is inefficient. ICSD is more reasonably chemically beneficiated
into SR (TiO2 292 %). The introduction substantiates the relevance of the work, defines its aim, objectives, subject,
object, and research methods, and outlines scientific novelty, practical significance, personal contribution, and
approbation. Chapter 1 analyzes the literature on SR production processes, reagent regeneration, and utilization of
iron by-products. Fe3+ compounds are shown to enhance uranium extraction during acid leaching. Based on the
analysis, research tasks and directions were identified. Chapter 2 describes materials, reagents, analytical methods



for raw materials, solutions, and solids, as well as equipment for SR production, Fe2+ oxidation, and phase analysis.
Chapter 3 presents the results of obtaining SR from ICSD. Carbothermal reduction at 1050-1200o for 4 h reduced
ICSD iron oxides to metal by 90 % at 1200n. Iron leaching from reduced ilmenite (RI) with 6-22 % H2SO4 at 20-750
initially follows first-order kinetics Ko = -In(1-n), Eact=40.2-42.6 kJ /mol. After ~57 % Fe removal, the mechanism
changes and slows down. A two-stage counter-current process with hydrolyzed sulfate waste acid (HSWP) at 750
for 3 h followed by calcination at 800o yields SR (TiO2 292 %, FeO 2.6 %). Dosed RI feeding reduces HSWP acidity to
3-5 g/L H2S04. Crystallization of FeSO4+7H20 gives a weakly acidic FeSO4 solution with Al3+, Mg2+, Ti3+, and
22-24 mg/L Sc3+. Kinetics of Fe leaching from RI with Fe2(SO4)3 were established. Up to 8 % Fe extraction, the
process follows the Prout-Tompkins model kt=In(o/(1-n0)), Eact=62.7 kJ /mol. At higher extraction, it shifts to the
shrinking-core model kt=1-(1-0)1 /3, Eact=47.3 kJ /mol. Further impurity removal from the oxidative leaching
residue at 650 in 15 % H2SO4 and calcination at 8000 yield SR (TiO2 292 %). In a gas-liquid reactor, FeSO4 is oxidized
in the presence of NO at pH 1.1-1.5 and 600 within 0.5-1.5 h by atmospheric oxygen. About one-third of Fe3+
precipitates as crystalline Fe4(OH)10SO4, which upon calcination at 750n gives 99.4 % Fe203 suitable for pigments
or direct-reduced iron. NO-catalyzed oxidation of FeSO4 solutions shows increased rate from 25 to 40n (Eact=84.4
kJ /mol, reaction order in NO = 1.48). Acidified FeSO4+7H20 suspensions yield 40 % Fe2(S04)3 solutions certified as
water-treatment coagulants. Chapter 4 examines sulfuric acid leaching of Michurinsk uranium ore with Fe3+ from
oxidized HSWP. Replacing up to 40 % H2S04 with HSWP at 750 raises uranium recovery from 76 % to 88 % at
S:L=1:1, H2SO4 90 kg /t, Fe3+/Fe2+ >1. Two-stage counter-current leaching achieves >90 % recovery. Chapter 5
outlines technological schemes for producing SR from ICSD by leaching RI with HSWP or Fe2(SO4)3 and provides a
material balance for processing 1000 kg ICSD. The research enables SR (TiO2 =92 %) production, waste utilization,
and valuable use of iron by-products.
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