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$hopMyBaHHS MarHiTOCIPUMHSTANBUX 3aJ1i30BMiCHUX KOMIIOHEHTIB OKCUIHUX PO3ILJIaBiB

2. Improvement of recycling processes of metallurgical slag based on investigation of the formation of magnetic
iron-containing compounds from oxide melts

Pedepar:

1. lucepTaiiio IpuCcBIYEHO NMTAHHAM YTUIIi3allii MeTalypriiHUX MJIaKiB Ha OCHOBI JOCIIIIKEHHS 3aKOHOMIPDHOCTEN
(hopMyBaHHS MarHiTOCIIPUMHSTIANBUX 3aJ1i30BMiCHUX KOMIIOHEHTIB B OKCUIHUX PO3ILJIaBaX. Y po60Ti 06 PyHTOBAHO
palioHasbHUI CIOCI6 MigrOTOBKYU CTaJleNIaBUJIbHUX IIJIaKiB 10 CEJIEKTUBHOI YTUIIi3allii, o 1ossirae y nepeBoii
OKCHUJIiB 3aJ1i3a 3 HEMArHiTHOi (P)OPMHU B MarHiTHy (MarHeTUT /PepuUT) IIJISIXOM IX JTOOKUCIIEHHS 3 IOJAJIbIIOI0
MAarHiTHOIO cemnapauieto. MartiTHa ckyiazoBa Mo>ke OyTH BUKOPUCTaHa IIpY MiATOTOBL 3aJ1i30pygHUX MaTepiaiB
L7151 JOMEHHO] IJIaBKHY (arsiomepar abo OKaTHUIl), a HeMarHiTHa YaCTHUHA - B Oy/1iBeJIbHil TPOMUCIIOBOCTI. Ha oCHOBI
TepPMOJVMHAMIYHUX PO3PaxXyHKIB i3 3aCTOCYBaHHSIM ITPOrpaMHOro nakety FactSage 6.1 1 eKCllepuMEHTaIbHOTO
IOCJIiIPKEHHS KiIHETUKY ITPOLIECY OKMCJIEHHS PO3IJIaBJIEHUX CUHTETUYHUX LIJIAKiB METOaMU

TEPMOTPaBIMETPUYHOIO aHaJIi3y Ta BUCOKOTEMIIEPATYPHOTIO JIa3€PHOTO CKaHYBAHHS BCTAHOBJIEH] PalliOHAJbHI



YMOBH, 10 HEOOXigHi 1151 POpMYyBaHHS MAarHeTUTy i (pepruTy MapraHilo IpYU OKUCJIEHH] PO3IIaBIE€HUX IJIaKiB
cucteM FeO-Ca0O-Si02-MnO ta FeO-CaO-SiO2. BussieHi 3aKOHOMiIPHOCTI BiIKpUBAIOTh IJISIX CTBOPEHHS PECYPCO
€Hepro36epiraroyrx TEXHOJIOTIH, NOJINIIYIOUNX €KOJIOTiYHY 00CTaHOBKY. [IpakThyHe 3acTOCyBaHHS
3aIIPONIOHOBAHOrO CIIOCOOY MOJKJIMBE He JIuIle IIPY IepepoodLi HOBOYTBOPEHOTO, ajie i BilBaJIbHOTO LJIAKY.
36inbIeHHs 06'eMiB yTuizalii MeTaayprifiHux MmaKiB JO3BOJNATh 3a0WAIUTH IPUPOJIHI peCypCH, 3MEHIINTb 1101
IJIAKOBUX CXOBUIL, 3HU3UTDb 3a0pyIHEHHS JOBKIJIIS. 3alIpONIOHOBAHUI CIIOCI6 IepepoOKH IIJIaKiB HEe BUMAarae
3HAYHUX KalliTaJoBKJIaJeHb i MOXe OyTH peasi3oBaHUil B paMKax iCHYI040i iHppacTpyKTypy epepoOKu BiIXOLiB.
I[Tpu nepepo6ui 1T mnaxy Moxanso Burydutu ~0,2-0,25T MarHeTury, o ekBiBasieHTHO ~0,5T 3a71i3Hoi pyau.
OuikyBaHMI CyMapHUl €EKOHOMIYHUI e(eKT Bif BIIPOBAI’)KEHHS MOKe CKJIACTU 6J113bKO0 120 rpH /T LIJIaKy, 0
nepepoosgeTbes. EKCcriepuMeHTalbHUM IJISIXOM BCTAHOBJIEHA IIPUHLIMIIOBA MOKJIMBICTE (POPMYBAaHHS HAHODEPUTY
MapraHIo i3 CTPYKTYPOIO LWIIiHEI B pO3IUIABJIEHUX METAyPrifHUX IJIaKax, 0 MIiCTATh OKCUIHM 3aji3a Ta
MapraHIo, IUISIXOM iX OKHCJIEHHS B aTMOc(epi NOBITps. EKCiepuMeHTalIbHUM IUISIXOM 6YyJI0 BCTAaHOBJIEHO, IO IIPU
JIOOKUCJIEHHI CUHTETUYHOTO 1JIAKy 3 OCHOBHICTIO 2,0 pO3Mip OTPUMAHOro GepuTy MapraHio J0OcsAras 25,5 HM.
MeTomoM X0JI0gHOrO MOZEII0BAHHS [10Ka3aHO NIPUHLMIIOBY MOKJIMBICTb BUJTYYEHHS KPUCTAIYHMAX YaCTOK
MAarHeTUTY 3 PiOKUX CTaJIEIJIaBUJIbHUX LJIAKIB IIif i€l0 BUIITOBXYIOYOI €JIEKTPOMArHiTHOI CUJINA B CXPELIEHNX

€JIEKTPUYHOMY i MarHiTHOMY IOJISIX.

2. The dissertation is devoted to problems of utilization /recycling of metallurgical slag based on studies of the
formation of magnetic iron-containing phases from oxide melts. An approach to utilize steelmaking slag
constituents based on a transformation of non-magnetic iron-based phases to magnetic iron-bearing compounds
of magnetite and /or spinel-type ferrites (manganese ferrite) by an oxidation technique has been proposed by the
current author. This approach is practically effective, ecological and economical as will be explained below. In this
technique, air is used to produce an oxidizing atmosphere. This allows selective recovery of iron-bearing and non-
iron-bearing slag constituents for the specific industrial purposes. From the technological point of view, a pre-
treated slag is processed by applying a magnetic field where iron oxides, transformed to a magnetic form, are
separated for a further utilization. Magnetic products may be used as components for a sintering mixture or for
pelletizing iron ores. The remaining portion of the slag (non-magnetic) can be purposefully used for various
applications such as a production of cement binder. During the study, the optimal conditions to facilitate the
formations of magnetite and manganese ferrite were determined based on thermodynamic calculations performed
by using FactSage 6.1 and experimental results from kinetic studies of FeO-oxidation in synthetic molten slags
(FeO-Ca0-SiO02-MnO and FeO-CaO-SiO2). The kinetic studies were conducted by combining advantages of
Confocal Scanning Laser Microscopy (CSLM) and a Thermogravimetric technique. The present oxidation method
can be practically applied to slags which are produced in the industry as well as to slags which are dumped in
landfill. The utilization of metallurgical slags will allow saving natural resources, decrease the use of slag dump
sites, and reduce contamination of environment. The current method of slag oxidation does not require a
considerable capital investment as it can be integrated into the existing wastes utilization technologies. It is
possible to extract approximately 0.2-0.25 t of magnetite from 1t of slag, which is equivalent to about 0.5 t of
medium grade iron ore. The expected total economic impact may reach 120 UAN /t of slag. Furthermore, it was
experimentally shown the possibility of the formation of nanosized manganese ferrite in the spinel form from the
MnO- and FeO-containing slags during oxidation in air. It was experimentally shown that obtained manganese
ferrite from the oxidation of the slag with basicity equal to 2.0 was determined to be approximately 25.5 nm in size.
In addition, a potential way of separating magnetite particles from liquid slags under electromagnetic buoyancy
force in crossed electric and magnetic fields, was investigated by cold model studies.
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