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ONTUMI3ZALIA NPOIECIB MEXAHOAKTHUBAIIIL 3A TOIIOMOI'OIO AHAJII3Y KPU-
BUX PO3MNOJLIY YACTUHOK IMMOPOIIKY 3A iX PO3MIPAMU

B pobomi noxazani pesyrvmamu OOCAIONCEHHA OUCNEPCHOCME 2eMAMUMOBMICHO20 PYOHO20
mamepiany 6 3anedcHocmi 6i0 cmyneuro noopibHenus. [ emamumoga pyoa, OCHOSHUMU (DA308UMU
cknaoosumu sxoi € okcuou SiO; i Fe,Os, niooasanace mexanoaxmusayii 6 eiopayitinomy mauni. Teo-
pemuyHe ONUCAHHSA KPUBUX PO3NOOLLY GIOHOCHOI KITbKOCMI YACMUHOK 3d iX pOo3Mipamu 00380UNL0
BUSHAYUMU ONMUMATILHI PENHCUMU MEXAHOOOPOOKU (Ty0p. =70 200.), Wo cnpusroms Kpauwjomy po3K-
puUmmio MiHepauis i noOaIbULOMY 8i00OKPEMAEHHIO 3Ai306MICHOI CKIA0080I 8I0 K8APY)Y.

Knwuogi cnosa: cemamumosmicnuii Mmamepian, MexaHoaxmueayis, OUCNepCHiCMb.

The results of the study of the dispersion of hematite-containing ore material, depending on
the degree of grinding, are shown in the paper. Hematite ore, the main phase components of which are
Si0; and Fe,;0; oxides, were mechanically activated in a vibration mill. The theoretical description of
the distribution curves of the relative number of particles in their sizes allowed to determine the
optimal modes of machining (1=70h.), which facilitate better disclosure of minerals and the
subsequent separation of the iron-containing component of quartz.

Keywords: hematite-containing material, mechanoactivation, dispersion.

IMocTanoBka npo6Jemu

[lonpiObHeHHs pyIHOTO MaTepially € HeBiJl’€MHUM €TaroM MiArOTOBKH PyaU JIO0 TpOIeciB 30a-
Ta4CHHsI Ta OYUITIICHHS BiJl IycToi mopoau. Bimomo, 1mo MexaHooOpoOka, OKpiM 301LIBITICHHS AUCTIEPC-
HOCTI TOPOIIKY, TaKOX BIUTUBAE Ha (Di3MKO-XIMiUHI BJIACTHBOCTI OTpUMaHOro Matepiany. Tomy 3a
JOTIOMOTOI0 MEXaHOAKTHBAIlil MOKHA HE JIUILE KOHTPOIIOBATH PO3MIp YaCTHHOK, ajie i JOCsATaTH Ie-
BHUX IIJIEH.

Tak, I aKTyaJlbHOTO Ha CHOTOJHILIHINA JIeHb CIIOCO0Y 0E30MEHHOTO OTPHMAaHHS YHCTOTO
3aji3a 3 3aJi30pyIHOI CHPOBUHH BAXKIIMBUMH € MPOLECH PO3KPHUTTS MiHEPATiB MiJ yac MOAPiOHEHHs
(po3kox MaTepiay B3ZOBXK IUIONIMH 3pOCTaHHS Pi3HUX (ha30BUX CKIIAJIOBHX) Ta 301LIBIICHHS ITOBEPX-
HEBOI TUTOIII YacTOK, HeoOXiHE I KPaIIoro MPOTiKaHHS BiTHOBITIOBATHLHUX PEAKITiH.

AHaJIi3 OCTAHHIX JOCTiMKeHb Ta MyOJiKamii

3rigHo 3 JiTepaTypHUMHU AaHUMH MEXaHOAKTHBALIIO 4acTO BUKOPHCTOBYIOTH 3 METOIO IPHC-
KOpEeHHS XiMiYHMX TporieciB [1, 2], a B ocTaHHI# 9ac, SK METOX BHPIMICHHS €KOJIOTIYHOI MpoOJeMHu,
NOB’513aHOT 3 HAKOIMYECHHSIM BiIXOJIB METaypriiHOr0 BUpOOHHIITBA |3, 4].

DopmyTIOBAaHHS METH JOCTITKEHHS

Tomy, MeTor0 JaHO1 poOOTH € AOCTIAKEHHS Ta MPOTHO3YBAaHHS BIUIMBY MEXaHOAKTHBALii Ha
nepeOir BigHOBIOBaILHUX TpolieciB Fe,0; — FesOy.

Bukiaa ocHOBHOro Martepiany

Hns mocmimxenp Oymna obpana KpuBopispka remMatnToBa pyna, OCHOBHUMHU (pa30BHMH CKIIAI0-
BuMH 5K0i € SiO; 1 Fe,O;. 3amizopynHuii Matepian miamaBaid MOAPiOHEHHIO y BiOpariiffHoMy MIIHHI.
JocnipkeHHs IUCTIEPCHOCTI OTPUMaHUX TOPOIIKIB IPOBOJMIINCS 13 3aCTOCYBaHHAM Mikpockormy MBC-
2. Jlns BUMIipY PO3MipiB YaCTHHOK MOPOIIKY Ta BU3HAYCHHS HAWOLIBII BipOTiTHOTO 3HAYECHHS JIiHIHHOT
XapaKTEPUCTUKH IS 3arajbHOI KITBKOCTI YaCTHHOK 3a (DOTO3HIMKaMH BUKOPHCTOBYBAJIM METOJ CiIHUX,
SKUH Hal9acTille 3HaXOJUTh 3aCTOCYBaHHS MPU MPOBEICHHI KITBKICHUX METanorpaiqHuX JOCIiIKEHb.
3aranbpHa KiIBKICTh YaCTHHOK MPH AOCIIIKEHHI KOXKHOTO TOPOILKY, PO3MIpH SKUX BU3HAYAINCH, CKJIa-
nae N =1500. Taka KijbKiCTh BUMIpiB I0O3BOJISIE BBAKATH OTPUMAaHI pe3ybTaTH CEPEAHbOCTATUCTHYHU-
MU IS BCi€l KUTPKOCTI YaCTHHOK TTOPOIIIKY.
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Ha puc. 1 HaBeneHi oTpuMaHi KpHUBiI pO3MOIUTY BiTHOCHOI KiJTBKOCTI YACTHHOK PYIHOTO ITO-
POIIIKY Pi3HOTO CTYIEHIO MOAPIOHEHHS B BiOpaIlifHOMY MIIMHI 3a iX pO3MipOM, 3TiAHO 3 SKUM BHUXiTHA
reMaTUTOBa pyjaa SBISE COOOK TOJIAMCICPCHUI TOPOIIOK, CEpPEeIHid PO3Mip SKOIro JIOPIBHIOE
~ 20 MKM.
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Puc. 1. Po3nogin BiTHOCHOT KUTEKOCTI YaCTHHOK ITOPOIIKY TéMaTUTOBMICHOTO MaTepiay 3a ix
po3MipaMy B BUXiJHOMY CTaHi (@) Ta miciist noApiOHeHHs B BiOpaniiinomy mumHi: 0) 10ro., B) 40rog.,
r) 70ron.

Boxe micas 10ron. moapiOHEHHsI 3a1i30pyIHOTO MOPOIIKY B BiOpaIiiiHoMy MinHI rpadik pos-
nontiny N/Ny(d) mae 4iTkO BHUpaKCHUH MaKCHUMYyM, IO BiJIIIOBia€ HAWOUIBII HMOBIPHOMY PO3MIpy
YaCTUHOK, siIKuil craHOBUTH 10MkM. Ilpy momanmpimomy moapiOHEHHI reMaTUTOBMICHOTO Marepiamy
30UTBITY€E€THCS MOHOAMCIICPCHICTE TTOPOIIKY Ta 3MEHIIYETHCS CEPENHIM po3Mip HOTro JacTHHOK. Tak,
micnst moapiOHeHHsT npoTtsaroM 40 roa. TpeTs YacTHHA TOPOIIMHOK Mae po3Mip 4 MKM, 30ibIICHHS
yacy nozpiOHeHHs 10 70 roa. mpu3BOJAE [0 3MEHIIECHHS PO3MIpPY MaiiKe MOJOBHHH 3 YCiX YaCTHHOK
0 2 MKM.

BpaxoByroun oTpriMaHi po3no/iii YaCTHHOK 3a iX po3Mipamu MO>kHa OOyayBaTH rpadik 3a-
JISKHOCTI CepeTHBOr0 PO3Mipy HOPOIMIMHOK ITeMaTUTOBOI pyId B 3aJI€KHOCTI Bij yacy MoApiOHEHHS B
BiOpaniiiHoMy MunHI (puc. 2).

Jlyis onTuMi3anii eHeprii akTHBaIlii Ta 4acy moapiOHeHHs OyJiM MPOBEACHI TCOPETUYHI pO3pa-
XYHKH KpHUBUX posmoninry. Bimomo, mo QyHKIiS po3moAidy 4acTHHOK B OLTBLIOCTI BHIIAJKAaX Mae
OJIMH MaKCUMYM aCUMETPUYHOI (POPMU 3 KPYTUM CHAJIOM Y OiK APIOHMX YaCTUHOK 1 MOJOTHM — Yy OiK
BenWKHX. [IpUKiTamm MaTeMaTHIHOTO OITUCAHHS KPUBUX PO3IIOALUTY HaBeAeHi B [5].

ACHMETpPUYHI KPHBI PO3MOJITY B 3arajbHOMY BHITAAKY 331al0THCS PIBHSIHHSM:

dN -F (X_Xmin)(Xmax -X)

ax X max — X min

=F(X),

ne F(X) — norapudmivHO HOpMaibHA (YHKIS; X — PO3Mip YaCTHHOK, IO 3MIHIOETHCS B MeEXKax
Xmin <X< Xmax-
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Puc. 2. 3anexHICTh CepeHBOTO PO3MIPy YACTHHOK IOPOIIKY TeMAaTHTOBMICHOTO MaTrepiary
BiJl yacy moapiOHEeHHSI.

Jlane piBHSAHHS HOCHTH Ha3BYy HE1JI€ALHOTO JIOTapU(MITHO-HOPMAIILHOTO 3aKOHY Ta CKIIaTHE
y 3acTocyBaHHI. Ha mpakTuili acTime BUKOPHCTOBYIOTH MU(epeHIiaNbHe PIBHIHHS PO3IOALTY, SKE
3aJa€ThCSI BUPA30M:

F(X)=AX" exp(-aX ),

e A — KOHCTaHTa HOPMHUPOBKH, a CTYIiHb M 3alUCYIOTh Y BUTIISNL m = my + n. [lapamerpu my, a, p
BU3HAYAIOTh TOCTPOTY MAaKCUMYMY 1 CTYIMiHb aCUMETPUYHOCTI KPUBOI, 7 — I[JIe Yucyio. TakuMm 4u-
HOM, JIJIS1 PO3MOILTY KiTPKOCTI YaCTUHOK 3a 1X po3Mipamu F(X) = dN/dX m = m, (n = 0), ais po3noti-
Jy TIOBEPXHEBOI IUIol 4YacTUHOK F(X) =dS/dX m =my+ 2, mis posmoauty 3a 00 eMaMu
FX) =dV/dXm=my + 3.

B poboti excnepuMeHTanpHO OTpPUMaHi JaHi OyJaM MaTeMaTWYHO OIMCaHi 3a JOMOMOTOI0
nporpamu Wolfram Mathematica.

Sx BuaHO 3 rpadiky (puc. 3, a) Ha monepenHii cranii moApiOHEHHS 10 CKIIaay TMOPOIIKY BXO-
JUTH JIBa HAMOLIbII IMOBIpHI po3Mipu YacTok: 6MkM Ta 20 MxM. KpwBi, 1110 BiIOBiIAalOTH TBOM Mak-
ciMyMaMm, MOHa OITUCATH HACTYITHHMH MaTeMATUIHUMH 3aJICKHOCTSIMU:

Fi(X)=52,05X "1 exp(=10,62X %74,
F>(X)=0,001(X —10)"%! exp(-2,84(x —10)%¢7.

[epmuii MakcUMyM BiJIOBia€ KBapLUTaM, SKi MAlOTh BUCOKY KpHUCTAJIOTpadivuHy aHI30TpO-
mito, a TaKoXX MiJBHILEHY KPUXKICThb. Jpyruii MakcuMyM BinnoBigae MmMOApiOHEHHIO CUMETPHYHHX
MminepaiiB Fe,O;.

Uepes 10rom. moapioHeHHS (pHC. 3, 0) CIOCTEPITAEThCS YTBOPEHHS OJHOTO MAaKCUMyMYy, ajie
OTPUMaHHMH PO3MOALI MOTAaHO MiAAETHCS MATEMAaTHYHOMY OMUCAHHIO. 31 30UIBIICHHSIM Yacy moapio-
HEHHsSI KpHBa po3mojiny (puc. 3, B) HaONMMKAEThCA 10 3arajlbHOTO BUIIAAY ['aycCcOBCHKOT KpUBOT Ta,
SK TTOKa3yIOTh PO3PAXyHKH, MICIA MOAPIOHEHHS TeMaTUTOBMICHOTO MaTepialy B BiOpamiifHOMY MITHHI
npotsiroM 70 rof. (puc. 3, T) eKCHEPUMEHTAILHO OTPUMaHI JIaHi MOBHICTIO 3aJ0BOJIbHSIOTH PIBHIHHS:

F(X)=182X>% exp(-1,85X%%).
BucHOBKY Ta nepcneKTHBH MOJATBIINX JT0CTIIKEHD

1. Ha modaTkoBuX CTamisx MOJpiOHEHHS BHUXIJHOTO MaTepially KpuBa PO3IMOIITY Ma€ IBa XapakTep-
HAX MaKCUMyMH, IO BiAITOBIZAIOTh HMOBIPHUM po3MipaM (a30BHUX CKIAIOBUX: 6 MKM 1l SiO, i
20 mxm 1 Fe,Os.

2. OTpuMmaHHs BHACTIJIOK MOAPIOHEHHS Yy BiOpariitHoMy MiIHHI TpoTsaroM 70 To. MOHOAUCIIEPCHOTO
nopowky: F(X)=182X 314 exp(—185X 0’92) JI03BOJISIE TIOKPAIIUTH CeNapaliio micis nepeBeieH-
HSl TEMAaTUTY B MarHiTHUN CTaH.
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3.

3a OMOMOTOI0 TEOPETHYHOTO OIMHUCAHHS EKCIIEPUMEHTAJIbHUX KpuBUX posnoniny F(X) = dN/dX
MIPOBOJUTHCS NMPOTHO3YBAaHHs PO3IOIUTY MOBEpXHEBOi Mol yactok F(X) =dS/dX, a 3Hauuth i
IIBUIKOCTI TIPOTiKaHHS BiIHOBIIOBAIBHHUX PEAKITIH.
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Puc. 3. TeopeTnyne onucaHHs PO3NOALTY BIITHOCHOI KiIBKOCTI YACTUHOK MOPOLIKY TeMaTHTO-

BMICHOTO MaTepiajy 3a iX po3MipaMu B BUXiTHOMY CTaHi (a) Ta micis mojapiOHEeHHsS B BiOpatiitHOMy
miuHi: 0) 10 rox., B) 40 rox., T) 70 rog.
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OPTIMIZATION OF MECHANOACTIVATION PROCESSES BY ANALYSIS OF
THE CURVES OF DISTRIBUTION FOR POWDER PARTICLES BY THEIR SIZES
Brekharya G.P., Bondar N.P.

Abstract

Authors of article a study was conducted on predicting the effect of mechanoactivation on the
occurrence of regenerative processes Fe,O; — Fe;0,. It is known that the grinding of materials leads
to an increase in powder dispersion, but most recently mechanical processing is used to activate physi-
cal and chemical processes.

To date, there is a topical way of obtaining pure iron from iron-ore raw materials without a
dossier. At the same time, important processes are the disclosure of minerals during shredding and
increasing the surface area of particles necessary for a better flow of restorative reactions.

For research was selected hematite ore, the main phase components of which are SiO, and
Fe,O;. The iron ore was subjected to milling in a vibrating mill. Based on the results of measurements
of the particle size of the powder, were constructed graphs of the distribution of the relative number of
particles by their size. The use of the program Wolfram Mathematica allowed mathematically to de-
scribe the experimentally constructed graphs. It is known that reducing reactions occur faster with an
increase in the surface area of powder particles, but there are problems when measuring this value.
Therefore, it is advisable to use the analytical method of the transition from the dependence in dN/dX
to the equation dS/dX. In this case, the differential equation of distribution is different in terms of
power.

The analysis of the obtained curves showed that in the initial stages of shredding the source
material, the distribution curve has two characteristic maxima corresponding to the probable dimen-
sions of the phase components: 6 um for SiO, and 20 pm for Fe,O;. The optimum mono-disperse
powder was obtained as a result of milling in a vibrating mill for 70 h. This allows for improved sepa-
ration after the transfer of hematite into a magnetic state.
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