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1. HaykoBe 0OGI'pyHTYBaHHsI, JOCJiIPKEHHS i po3p0o06Ka eJIeKTPOMETAYyPriliHOro Npoluecy ogep>kaHHs pepodocdopy
i MinHO-(ochopuUCTOi JIiraTypu 3 BITYN3HIHOTO POCHOPUTY

2. Scientific basis, research and development of electrometallurgical process of ferrophosphorus and copper-
phosphorus master-alloy smelting using domestic phosphorites

Pedepar:

1. Incepranis npucBsyeHa o6I PyHTYBAHHIO, LOCIIIPKEHHIO i pO3po061ii HACKPI3HOI eJ1IEKTPOMETAyPriliHO]
TeXHOJIOrii BUpo6HULTBA pepodocdopy i MigHO-PocdopucToi iraTypu 3 BAKOPUCTAHHSIM BiTYU3HSHOTO
dochopury. [IpoeseHo anani3 iHpOpMaLiiHOTO pecypcy JaHUX IIPO PEe3yJIbTaTH IPOMHUCIIOBOTO OCBOEHHS Ta
BUPOOHUILITBA jleroBaHuXx pochopom craneit Ha BAT "UMK", BAT "HJIMK", BAT "CeBepcTanp" pi3HOTO
(PYHKLiOHAJIBHOTO MPU3HAYEHHS (CTasli aBTOMATHI, CTaji 6y[1iBeJIbHOrO COPTAMEHTY, CTaJli MiJIBULIEHO]
KOPO3iMHOCTINKOCTI Ta iH.). BUKOHaHO KOMII'IOTepHE MOJeJII0BaHHS TePMOIMHAMIYHOI piBHOBAaru TeMriepaTypHoO-
KOHIIeHTpaLiiiHuX obsacTeit crabinbHOCTI dpa3 cucremu Fe-P-C 3 Bukopucranusam nakera nporpam THERMOCALC
Bepcii R, inTerpoBanux 3 6asor gannx THERMOCALC R - SSOL2. [To6ynoBaHa noBepxH4 Jiksigyc cucremu Fe-P-C,
KOHLIEHTPALiliHi 110J1s1, BU3HAY€H] HOHBApiaHTHI pPiBHOBaXXHI (pa3y BIIMBY HocPOpPy Ha PO3YMHHICTD BYTJIELIO.

BusnaueHo BB Gpocpopy Ha pO3YMHHICTD BYTIJIEL0 B MOJI€JIbHUX PO3IlyIaBax MoTpiitHoi cuctemu Fe-P-C (mo 16%



P), noBeneHo, 10 3i 36iblIeHHSIM BMicTy (ocdOpy PO3YMHHICTD BYIJIELIO B PO3IIJIaBaX 3MEHIIYEThCS. Yeplue
MeTOJlaMU eJIeKTPOHHOI Mikpockomnii Ta PCMA pociimpkeHa MinepasbHa CcTpyKTypa pochopuToBoi pyau, BU3HAYEHO
XiMiYHUH cKJaf MiHepasbHOI pocdaTHOiI pe4OBUHU, OO PYHTOBAHO, 1110 OCTAHHS IIpe/icTaB/leHa MiHepaloM
($TOPKapOOHTiIPOKCUIANATUTOM, €KCIIEPUMEHTAJILHO OCiIKeHi nepeTBopeHHs pocdoputy metogamu IITA i
TTM, npoananizoBaHi BusiBieHi edpexTu. [JocmimKeHo 3MiHN KPUCTAJIOCTPYKTYPHUX NIapameTpiB ¢pocdaTHOro
MiHepaJty B 3aJ1€XKHOCT] Bifl TeMIIepaTypu 0OpOOKM PEeHTTeHOCTPYKTYPHUM MeTOLIOM. JlocikeHi MiHepabHi
pizHOBUIHOCTI POCPOPUTOBOI Py[Y MarHiTHUM i p10TalliiHUM 36araueHHsIM, po3p00JIeHi IPUHIMIIOB] [10JI0>KEHHS
MarHiTo-¢dnoTaniiiHoi TexHoorii 36arayeHHs] MaJOKOMUIITYBaTChbKOiI (pocdopruToBoi pyy, OTPUMAaHO KOHIIEHTPAT 3
[IOKa3HUKaMU: BUXiL KOHLEHTpaTy - 41,7%, BMicT KopucHOro KoMmnoHeHTy (P205) - 27,2%, BuIy4eHHS KOPUCHOTO
KOMITOHEHTY - 70,45%. BUKOHaHO TepMOAMHAMIYHUI aHali3 IIpolecy BigHOBIEeHHS pocdopy 3 pocdaTHOro
MiHepaJly ByIJIelleM B IPUCYTHOCTI 3aii3a (Mifi). [IpoBefieHi eKciepuMeHTU 3 OpUKeTyBaHHs cyMmili gpochopury,
BYIJIELI0, YaByHHOI CTPY>XKH. Bunnasieno pepodocdop (8-10% P) B enexrponeyi ICT-0,06 3 rpadiToBUM TUTTIEM.
JocnimxeHo MikpocTpykTypy dpepodocdopy. [IpoaHanizoBaHi ekosoriuHi ymosu Bumiasku pepodocdopy B
¢depocnnaBHUX NyroBUX eJIeKTpoIeyax, a TakoX BiporifHe BUKopuctanHs pepodocdopy s JeryBaHHs cTali i
YaBYHY.

2. The thesis is focused on research and development of electrometallurgy technology of ferroalloys such as
ferrophosphorus and copper-phosphorus-master alloy smelting using domestic phosphorites. Computer
simulation of phase equilibria in the Fe-P-C system was carried out with ThermoCalc R software and SSOL2
thermodynamic database.Mineral structure of the phosphorite ore and its composition were analysed with
electron microscopy and EPMA. Thermodynamic analysis of the phosphorite reduction by carbon in the presence
of iron(copper) was carried out. Experiments were included briqueting of phosphorite, carbon and cast iron chips.
Ferrophosphorus (8-10% P) smelting was made in the IST-0.06 furnace with carbon lining. The microstructure of
the ferrophosphorus was analyzed (iron phosphide 12.3%, Si 0.94%, Fe 86.67%, alpha2 phase (identical to the Fe-Si
system)). The environmental conditions of ferrophosphorus smelting in ferroalloys electric arc furnaces as well as
ferrophosphorus use for steel and cast iron alloying were analysed.
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