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PE3IOME

M3BbpLUeHn ca u3cnenBaHus 3a pasfensHe Ha pyaata upes M3non3BaHe Ha pasnukata B MarHUTHWTE CBOWCTBA Ha MuHepanute. B nabopatopHu ycnosus ca
13CriefiBaHN BNUSHUETO Ha MarHUTHaTa UHOYKUWS W HAaNPEYHUs HAKMOH Ha PpaHL-u3oaMHaMU4eH cenapaTop. 3BbplueHn ca onuTh C pyaa, CMUiaHa pasnuyHo
Bpeme. Mpu YCTAHOBEHUTE ONTUMAMHU EAPUHY Ca W3BBPLUEHI OMUTY C MOMYMPOMULLNEHN CenapaTopu — MNOChK cenapaTtop [KOyHC U cenapaTop C KpbCTocaHu
NEHTW. YCTaHOBEHW Ca ONTUMAMNHUTE YCTOBMS Ha 06oraTsBaHe Ha XpOMUTHaTa CypoBUHA.

BBLBEAEHME

C pasuTMETO Ha oboraTUTENHWTE TEXHOMOrMM, paspa-
BoTkaTa Ha BTOpOCTENMeHHM ¥ GedHu Haxomuwa npupobuea
BCE MO-TONSIMO 3HauyeHue. Taka Hampumep, 3a fobuwea Ha
XPOMUT  MHTEpPEeC npeacTaBnaBar XpomCbabpXxaLlute
naTeput, Kkouto ce o06pa3yBaT OT M3BETPSHETO Ha
yntpabasuynm ckanm (Savvidis, S., Cargiotis, E., 1997.). Tosu
BMA CKanu MoraT Aa ce paspaboTsat 6e3 ocobeHo ronemu
pasxogu. OBoratumocTTa Ha nateputute e obnekyeHa OT
KOHCTaTUpaHUTe pasnukkM B CMMNAEMOCTTa UM MarHUTHUTE
CBOWICTBA Ha CbbpXalLMTE Ce B TSX MUHEpani.

Ha wuscreasaHe 6sxa MOMMOXKEHN  XPOMCbAbPXKALLM
nateput o1 OunmnmHute. Llenta 6e ga ce nposepu
Bb3MOXHOCTTa OT MPUIOXKEHWE HA MarHUTHU MeToau 3a
noflyyaBaHe Ha XpOMMUTEH KoHUeHTpaT. OCHOBaHWe 3a Tesu
nscrienBaHus [afoxa npedBapuTenHuTe MpoyysaHus Ha
MarHUTHUTE CBOWCTBA Ha CbAbpXalMte ce B pydata
MUHepan.

METOOWN U ATTAPATYPA

B enpute Knacu oT CMAEHWst MPOLYKT, KOUTO He Chabpxar
NMMOHMTOBM  arperatn, ce HabnwgaBaT — CbMbTCTBALLM
MWHEpanu, Kato MarHeTWT, CWNMKATHU MUHEpanu W [ap.
YCTaHOBEHO €, Ye TAXHUTE MarHWTHU CBOWCTBA Ca Pa3nuyHu
OT Te3n Ha xpomuta u buxa mornu ga 6bgat oboraTsiBaHu
ype3 MarHUTHO pasgensiHe.

l—lpea CENEeKTMBHO CMuIaHe cpacTHanuTe C XPOMUTHUTE
3bpHa Pa3NNUYHKU XUNHU MUHEpanu ce paskpmeart. Tean kouto
He morart Ja 6wvaart pasgeneHu, B noBe4eTo Criy4an ca CUMHO
MarHuTusnpaHu. 3a pa ce nonyyn BWCOKa CTENeH Ha

oboraTsiBaHe Ha XPOMUTHUS KOHLIEHTPAT, CpacTHamnuTe 3bpHa,
CbAbpXKallM Manbk MPOLEHT XpomuT, TpsibBa aa 6Gbaat
pasfeneHn Ypes MarHuTHU MeTON.

3a uenta Oe wu3non3BaH “®paHu-M30QMHAMUYEH cena-
patop”. 3a u3npobBaHe Ha MPUMOXMMOCTTA Ha pesynTaTute
OT pasfensHeTo B nomnyTexHuYecku mawab bsxa u3nonssaHm
“[xoyHc-cenapatop” n “CenapaTop ¢ KPbCTOCaHMW IEHT”.

Mpobute 6Gsixa wuacyweHn npu Temnepatypa 50°C.
Mapametpute Ha knacudmkatopa 6sxa  ycTaHOBEHM
npeaBapuUTenHo.

MbpBOTO pasgensHe Ha Matepuana Oe npoBedeHO npw
MariuTHa wHgykums 20 mT. o HaTaTek onuTute Osxa
MPOBEJEHN MPK NO-BUCOK MHTEH3UTET Ha MarHWUTHOTO Mone.
MarHuTHaTa uHayKuust 6e yBennuaBaHa Ha CTENeHw, KaTo ce
3anoyHa ot 20 mT n ce gocturHa go 120 mT (cpur. 1).

OBOrATABAHE HA XPOMUT YPE3 ®PAHLI-
N3OONHAMWYEH KNACUOUKATOP

MpepaBapuTenHU ONMTH 3a OTAENAHE HA MarHETUT

3a onutute 6e wum3nonseaHa knacata 100  um.
CbabpkaHueTo u ussnuyaHeTo Ha Cr,0; n FeO B MarHuTHaTa
CypoBMHa Ca B 3aBMCUMOCT OT MHAyKUmusTa. [pu marHuTHa
uHaykums 20 mT ce oTaenaT pepumarHUTHUTE, T.e. CUMHO
MarHuTusupaHuTe MuHepanu. CbabpkaHueto Ha FeO e
88,6% npu u3snuyaHe 0,1%. CbabpkaHUETO Ha XPOMMT Ce
CbCTOELLE HaW-Beye B Y4acTMETO Ha XPOMUTHU WOHM B
pelLeTkaTa Ha MarHeTMTa U Marnka 4acT cpacTHarn XpOMMT.

Mpu marHnTHa MHAYKuMa 40 mT (ur. 2) CbabpKaHNETO Ha
FeO Hamans Ha 68,3%, a ussnuyaHeto bewe 4,9%. ObpatHo
Ha TOBa, CbabpxaHneto Ha Cr,0; ce ysennun Ha 20,3%, a
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n3snuyaHeto my Ha 0,9%. B cnyyas ce kacae rnaBHO 3a CUIHO
MarHuTU3WpaHn MWHepanu, cpactHamm ¢ xpomuta. 3bpHaTa
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Queypa 1. Nssnuyane u ceObpxaHue Ha Cr,0; u FeO 8
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Queypa 2. N3snuyane u cedbpxaHue Ha Cr,0; u FeO 8
MazHUMHusi Npo0yKm @ 3asUcUMOCM OM anpeyHUsi HaK/oH Ha
Knacughukamopa npu MagHumHa uHoykyus 40 mT.

HamanseaHe Ha cbabpxaHueto Ha FeO, pecn.
yBENMYaBaHe Ha CbabpxaHueTo Ha Cr,0; ce Habntoaasa npu
nHgykums mexgy 60 u 80 mT. [pu ToBa He 6sxa
HabnpaBaHM  HecpacTHamM  PepUMarHUTHW  MUHEpani.
OT MeTanHOTO CbObpXaHWe Ha NPOAYKTUTE MOXe fa ce
pasbepe, ye BoraTuTe Ha Kensa30 cpacTHanu 3bpHa Tpsabea ga
6baaT pasgenenu kato ckaneH matepuan. Mpu Toa He morat
pa 6baat nsberHat MankoTo 3arybu Ha XpoMuT.

Mpu owe no-Bucoka MHOYKUMS cbabpxaHneto Ha Cr,O; B
MarHMTHWS NPOAYKT YyBCTUTENHO CE YBenn4aBa. Taka
Hanpumep, Npu MarHuTHa uHaykuus 120 mT cbabpkaHueTo
Ha Cr,0; e 38,3%, npu ussnuyae 1,7%, a CbabpkaHUETO Ha
Fe B cypoBuHata 6e 31,9%. CvotHowwenmeTo Cr/Fe e 1,06.

PA3NENAHE HA XPOMUTA YPE3 CYX MATHWTEH METO[

Mpu onutute 3a oboraTABaHe Ha XpOMMTa 4pe3 Cyxo
MarHuTHo pasgensHe 6sxa wu3nonssaHu knacute >100 T u
100-163 mp. Twi kato knacata 63-20 mp e cbCTaBeHa
noBeye OT NMMOHUTHM arperath, TS He Moxe Aa Obae
oboraTsBaHa 4pe3 MarHUTHO pasgensHe.

PasgensHeto Ha CypoBMHATa 4Ype3 MarHuteH MeTo
nNpoTMYa ABYCTENEHHO. I'IonyanaT Ce TpU NpoayKTa:
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Gueypa 3. M3enudaHe u cuobpxaHue Ha Cr,05u FeO8
MagHUMHUsi NPodyKm & 3a8LUCUMOCM OM HaNPEYHUS HaK/OH
Ha Knacugbukamopa hpu MagHumHa uHoykyusi 60 mT.

eanH Borat Ha Xens3o NPOAYKT; XPOMUTEH KOHLEHTpaT M
OTnagbK. MarHeTUTBT U CUITHO CPaCcTHanUTe C MarHeTUT 3bpHa
Bsxa pasgeneHu npu marHuTHa uHaykums 480 mT. Ha Tabn. 1
ca nokasaHu pesynTaTute oT ToBa pasaensHe.

[aHHuTe oT pasgensHeTo Ha knaca >100um ca nokasaxu B
Tabn. 2. C yBennyasaHe BPeMETO Ha CMUMaHe KONMYeCTBOTO
Ha GoraTns Ha Xensa3o NpodykT Hamansea oT 6,7 Ha 3,2%.



ChbleBpeMeHHO HamansiBa U n3enmyaHeTo Ha Cr,0; oT 3,6 Ha
1,6%. MeTanHute CbabpkaHus MOKas3BaT, 4Ye npyu Tesu
YCNOBUS HA CMUTAHE efHa YacT OT cpacTHanuTe C MarHeTuTa
XPOMUTHU 3bpHa He Osxa pasgeneHu. Taka Hanpumep npu
BpemMe Ha cmunade 20 min cbgbpxaHueto Ha Cr,0; B
xenesHns npogykt e 18,2%, npu wsenuyaHe 1,6%. Tosa
KONMYeCTBO XPOMUT TpsibBa Aa Gbae pasaeneHo OT XenesHus
KOHLeHTpaT. Ype3 pasgensHeTo Ha 6OoraTuAT Ha Xens3o
NPOLYKT W oTnagbka 6e MonyyeH XPOMUTHMS KOHLEHTPAT.
CypoBuHaTa, kosiTo be HacUTHsBaHa B MPOABITKEHWE Ha 5 min
“MalLe BWCOKO W3BMNMYaHe Ha XpoM B KOHueHTpaTta — 95,1%.
OboratsiBaHeto Ha Cr,0; ce yBenuum ot 31,5% Ha 37,4%, HO
no npuHumn He Oewe Bucoko. OcTaHanuTe B MaTepuana
MUMOHUTHW arperatn Osixa OTOENEHU [NaBHO 3aefdHO C
xpomuTa. Mpu ToBa CbabpxaHmeTo Ha FeO B koHUeHTpaTa be
MHOrO BUCOKO 29,4%.

Twit kaTo npu Bpeme Ha cmunaHe 10 min B knacata >100uT
MoYTW JWMCBAXa JMMOHMTHW arperati, CbAbPXAHWETO Ha
Cr,0; B KOHLEHTpaTa CUMHO Ce YBENUYM B CpaBHEHWe C
npoaykTa CMUnaH 3a no-mManko Bpeme. CbObpXaHWETO Ha
Cr,0; B KOHUeHTpaTa Bb3nu3awe Ha 42,9% npw n3snuyaHe
96,2%.

HNasnnyaH

Mpu yBenmnyasaHe BPEMETO Ha CMUMaHe pesynTats g
MarHuUTHOTO pasfensHe ce nogobpy ole noseve. Mou Bf

Ha cmuraHe 15 min cbabpxaHneto Ha Cr,O0; B KOHUEHT  Mapmsuan

6e 44,5% npu ussnuyaHe 96,8%. lNMpu cbabpxKaHue Ha
24,1% cwoTHowweHueTo Cr/Fe e 1,62. MeTanHuTe ChabpXaHus
nokaseaT, 4e efgHa 4acT OT TO3W KOHLEHTpaT BCe olle
CbAbpXa CpacHany ¢ KenesHuTe MUHepani XpOMUTHN 3bpHa.
EnHo yBenuyeHue Ha BpemeTo Ha cmunade Ha 20 Min gosefe
[0 HOBO YBENWYEHWE HA ChABPKAHWETO Ha xpoM. OT To3w
pesyntaT Moxe Aa Obde HanpaBeHO 3aKMYEHWETO, Ye Mpu
TE3U YCIOBMS HAa CMWNaHe CypoBMHATa He TpsibBa aa Obae
CMunaHa noseye oT 15 min, Tbit KaTo rongma Yact oT XpoMuTa
Le NpeMuHe BbB MHHATa Kraca.

Mpn wHaykums 480 mT manka yacT OT XpomuTa He ce
MarHuTusmpa, U no To3N Ha4nH NpemMmnHa B OTnadbka 3aedHo
CbC CKarnHUTe MUHepanu.

XUMUYHUST CbCTaB Ha TE3M XPOMMUTHM LUNMHENWU Onpeaens
TEXHUTE MaTHUTHU CBOMCTBa. CbabpkaHueto Ha FeO B
3bpHaTa Bapupawe Mmexgy 13,3 wn 16,5%, pokato

cbabpxateto Ha Mgo 6e mexay 14,3 u 17%.

Ta6n|/|u,a 1. TernosHo pasnpeneneHne n pasnpeaeneHne Ha Metana 3a fiateputHa XpoOMUTHa pyda Ha MarHuTHuTe

NPOAYKTU MK pa3niniHa MarHeTuaupaHoct (p>4.1)



Tosa nokasea, 4e (epomarHuTHute Fe* - itoHu ca
3aMecTeHn ¢ napamariuTHn Mg? iioHun. Tbil kaTo MarHuTHaTa
NPOHWLIAEMOCT Ha Te3W 3bpHa BbODLLE He ce pasnuyasa OT
KENA30 CbObPXKALLMTE CUNUKATHU MUHEpPanu, Te He MoraT fa
Obpar pasgeneHn upes MarHuteH metop. M3BnuyaHeTo Ha
Cr,0, B oTnagbka Bapupa mexay 1,3 u 1,7%.

KakTo nokassa Tabn. 3, pasnensHeTo Ha boratus Ha xensso
npoaykT 3a knacata ¢ eapuHa 100-63uT nokaszaBa Moyt
cbluata TeHAeHumMs, kakto M knacata >100ut. Tvi kato
MarHMTHOTO  pasfensHe Ha MpOAYKTUTE,  ChbAbpXKaL

NMMOHUTHK arperaTh 6e NpoBedeHO 3aedHO W C XPOMMT,
cbabpxaHneto Ha Cr,O; B KOHLEHTpaTa He JOCTUrHa BUCOKM
cronHocTu. C yBennyaBaHe BPEMETO Ha CMUIAHe Ce YBENYM
N coobpkanueto Ha Cr0; ot 31,1% Ha 38,2%. [Mopagu
ronsMoto cbabpxaHue Ha FeO, cvotHoweHueto Cr/Fe ce
npomensiwe mexay 0,86 u 1,29. Tasu knaca cregga pa 6bae
oboraTsiBaHa 4pe3 Apyrv COPTUPOBAYHU METOIM.



Brnnsinue Ha HanpeYHWsi HAKMOH Ha KnacudgukaTopa BbPXY
pesynTaTtuTte OT pa3gensiHeTo
Coobpkanmeto Ha Cr,O; B MarHWTHUS KOHLEHTpaT Ha
knacata >100uT He MOXe Aa AOCTUTHE CTOMHOCTUTE Ha
CbLUMS NPOJYKT, CAMO Ye U3BNeYeH OT MbpBUYHA pyaa. EagHa

4acT OT NaTepUTHUS KOHLEHTPAT Ce CbCTOM OT XPOMMTHU
3bpHa C HWUCKa CTOMHOCT Ha cboTHoweHneTo Cr/Fe. Tbin kaTo
TE3W 3bpHa Ce MarHUTU3MpaT Mo-NEecHoO OT Te3W, KOWTO He ca
cpacTHanm ¢ XpomuT, To Te TpsibBa Ja 6baaTt pasgeneHu, 3a
pa Moxe pa bOwbge gocturHato mo-gobpo oboraTtsiBaHe Ha
XPOMUTHUS KOHLIEHTpAT.

Cnopep cpacTBaHeTO 3bpHaTa Ce MarHUTM3uUpaT pasnnyHo,
Taka ye Te MmoraT fga ObgaT pasgeneHn uype3 CTeneH Ha
yBEnuyaBaHe Ha MarHuTHaTa uHaykums 6e3 obpasyBaHe Ha
arperati. Tbil KaTo B MPOMULLNIEHM YCMOBWS PasxoauTe 3a
MarHUTHO pa3fensiHe Ca MHOTO BWCOKM, HA MpaKkTiKa TO3M
Hau4WH Ha oboraTsiBaHe He Ce U3M0N3Ba 3a XPOMWT.

MarHuTHOTO pasgmensiHe TpsaOBa [a Obae NpoBeaeHo
ABYCTeneHHo. B mbpeusT eTan TpsibBa ga 6baar oTaeneHu
KENE3HUTe MUHEpanu W CpacTHanmUTE C TSX 3bpHA C HUCKO
cvoTHoleHue Cr/Fe. 3aToBa e Heobxoauma BUCOKA MHOYKLMS.
Upes CblLEBPEMEHHOTO YBENNYABAHE HA MarHUTHUS FPafueHT
Ha norneTo ce Habntofaea W yBenuyaBaHe Ha OENCTBUETO Ha
MarHuTHUTE cunu Mexay 3bpHata. ObpasysaT ce U MarHUTHU
arperati1, B KOWTO MOraT fia y4acTeaT 3bpHa, KOUTO ca crnabo
MarHuTuaupanu. B cnegcteue Ha ToBa knacudukatopa MOXe
pa 6bae 3agpbCeTeH oT 0bpasyBanuTe ce arperaTy.
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Tabnuua 2.PesynTatt OT MarHMTHOTO pasgensHe Ha knacata
c egpuHa >100um.

Queypa 4. Nssnuyare u cbObpxarue Ha Cr,0; u FeO 8
MagHUmHusi npodyKm @ 3a8ucuMoCm OM HanPeYHUs HaKmoH
Ha Knacughukamopa npu MagHumHa uHoykyus 80mT.

Upes HamansBaHe Ha  HanpeyHus  HaKNoH  Ha
Knacudmkatopa Hamansea M rpasuTauMoHHata cuna F.O,
[eiicTealla BbpXy 3bpHata. ToBa O3HayaBa  €aHO
OTHOCUTENHO yBenuyaBaHe Ha MarHuTHata cuna Fy. o Tosm
HauMH OT edHa cTpaHa ce mnoaTMcka oBpasyBaHeTo Ha
arperatu, a OT Jpyra cTpaHa ce nofoGpsiBa pasaenaHeTo Ha
MaTtepuana.

PasgenntenHoto noBedeHue Ha CyposuHaTa TpsbBa Aa
Hbae cbbniogaBaHo B 3aBUCUMOCT OT MarHUTHaTa MHAYKUMS 1
HaNPeYHWST HaKMOH. [MpKU ONUTUTE HAMPEYHWST HAKMOH Ha
knacudukatopa Gele npomeHsH Ha 5, 10 u 15°. Knacata ¢
egpvHa >100UT M cmnsHa B MpoabiikeHne Ha 15 min. be
noJazdeHa Ha MarHuTeH knacudukarop.

OtHayano onuTuTe Osixa NpoBeAeHU npu

MarHuTHa uHgykums 40 mT. Ha dur. 2 ca HaHeceHu
U3BNUYAHETO 1 CbabpxaHneTo Ha Cr,0; n FeO Ha MarHUTHUS
npoaykT. Mpn HanpeyeH HaKkMoH Ha Kknacudmkatopa 5° ce
OCbLLECTBM BUCOKO pasgensHe Ha MaTepuana, Cbabpxaly
FeO. Coabpxanneto Ha FeO B nonmyyeHust NpoAyKT Bb3nuaa
Ha 53,7% npn ussnuyare 31,3%, Kato CbABPXKAHWETO Ha
Cr,0; 6e 23,9% npw wussnuyaHe 8,3%. Tosu pesynTat oOT
pasgensHeTo Noka3sea, Ye Npu CPABHUTENTHO BIUCOKA CTENEH Ha
oboraTsiBaHe Ha XpPOMUTHWS KOHLEHTpaT ce Habnopasa M
Heu3bexHa BuUCoKa 3aryba Ha XpoMm.



Tabnuua 3. Pesyntatit OT MarHUTHOTO pasgensHe Ha knacata
c eapuHa100- 63 pm.

Upes yBenu4yaBaHe Ha HampeyHWSIT HaKMoH 3arybata Ha
XpOM Hamans.. HamansBaHeTo Ha u3BnuyaHeto Ha FeO Be
oLLe No-ronsiMo B CpaBHeHWE € TOBa Npu UHAyKUns 40 mT.

B cnenctee Ha MarHMTHOTO 0GpasyBaHe Ha arperatu
MarHuTHaTa MHAYKUWS TpsibBa ga 6bae orpaHideHa fo 80 mT.

Mpw HanpeyeH HaknoH 10° WM3BNUYEHETO HA XPOM PS3KO
cnagHa. ColueBpemeHHo u3BnuyaHeTo Ha FeO Bewwe 15,8%.

B crneppawute onutu matepuanbT Oele pasgensH npu
MarHuTHa uHgykums 60 mT. Ha cour. 3 ce Buxaa, Ye cnaboTo
nokayBaHe Ha MHAYKUWATA BOAW [O3HAYMTENHO yBENMYaBaHe
Ha MarHWTHaTa cuna, AeicTBalla BbpXy MUHEpanHUTE 3bpHa.
Mpy HanpeyeH HaknoH 5° cbabpxaHueTo Ha FeO Gelwe 41,7%



npu usenuyatxe 41,9%; coabpxanneto Ha Cr,0; Gewe 29,4%
npu u3snuyaue 17,6%.

ToBa nokasea, 4Ye C YyBENWYaBalata Ce MHOYKUuS
HaNpEeYHNAT HaKIOH Ha KnacudukaTopa okassa BCe MO-CUNHO
“TMsiHWe BbpXYy pesynTata OT pasgensHeto. pu HanpeuyeH

N3enu4aHe 100 150 .
Vsenuyane aKNOH pecn. Ce Mnomyynxa Mo-HUCKW CTOMHOCTM Ha
3BnnyaHeto Ha FeO wn Bucoko cbabpxaHne Ha FeO,
CnobpxaHue 0
bOTBETHO 53,8 1 56,5%.
CrObpxxaHue

Hai-Hakpas ©Osxa npOBEAEHW OMATM MPU  MarHWTHa
uHaykums 80 mT. Ha cur. 4 ca nokasaHu pesynratute oOT
pasfensHeTo Ha MarHUTHUS NpOLyKT. 1Py TO3M NHTEH3UTET Ha
noneto ce Habriogaea obpasyBaHe Ha MarHWTHU arperaTtyl.
To3u npouec AoBede A0 YBENMYEHO M3BMMYAHE HA XPOM B
MarHUTHUS NPOYKT. TMpK HanpeyeH HaknoH 5° cbabpxaHUeTo
Ha Cr,0; bewe 33,9%, a ussnuyaxeto 27,4%. Mpn HanpeyeH

HaknoH 10° usenuyaHeto Ha Cr,0; Gewe 10,2%, a Ha FeO
30,6%. B cpaBHeHne c gpyrute pesynTati, Kato Hanpumep
Tean npu uHAykumus 40 mT 1 HanpeyeH HaknoH 5°, ceralHuTe
pesynTaTi He ca TofkoBa Jobpu.

3a oboraTtsBaHe Ha XPOMWUTHUS KOHLIEHTpAT Ha ABa eTana
Oe nopazeH He mMarHuTeH Matepuan Ha ®paHL-M3oaMHaMuyeH
knacudpmkato. Mpm ToBa MarHuTHaTa MHAyKUMS Gewe 480 mT,
a HanpeyHusT HaknoH 15°. Pesyntatute oT pasfensaHeTo Ha
KOHLIEHTpaTa ca nokasaHu B Tabn. 4 KbM npunoxeHueto. Ypes
OTAENsHETO  Ha  CUIMKaTHWTE  CKalHW  MWHepanun,
MaTepuanmbT, YamTo BoraTu Ha Xensso 3bpHa bsxa oTaeneHu
npu MarHutHa uHoykums 40 mT, Bewe oboraTeH ¢ Marnka
3aryba Ha xpom. Cbabpxanueto Ha Cr,O; Ha KoHLEHTpaTa
Bapupalle mexay 44,5 n 47,1%, a nssnnyareTo mexay 96,8 u
90,2%.

Ta6nmua 4, .Pe3yﬂTaTVI OT MarHMTHOTO pa3genadHe 3a Knacata >100um Npu pasnuM4Ha MardHnTHa MHOYKUMA U pasnn4eH HanpevyeH HaknoH Ha

knacucukatopa

PasgensHeto Ha Ooratute Ha kens30 3bpHa  npw
nHaykums 60 mT 6e CbMbTCTBAHO C BUCOKO ChabpXaHWE Ha
XpOM B KOHUeHTpata. [lpu HanpeyeH HaknoH 5°
cbabpxaHneto my bewe 48,6 % npu ussnuyare 80,9%. Mpu
coabpkanne Ha FeO 20 % cwoTHoweHneto Cr/Fe Ha
KoHueHTpaTa Oewe 2,15. Toan pesyntar nokasea, 4e
CpacTHanuTE C XEene3Hn MUHepanu XpOMUTHU 3bpHa bsixa
MOYTW HAMbITHO pa3aeneHy.

Matepuanst, oT koiTo Osixa oTgeneHu Goratute Ha
XENA30 YacTuumM npu MarHuTHa uHaykuma 80 mT v HanpeyeH
HakmoH 5° rokasa MouTM CbLOTO ChabpxaHue Ha Cr0; B
KOHLieHTpaTa, kakto v npu 60 mT. Mpu ToBa M3BNMYaHETO Ha
XPOM YYBCTBUTENHO Hamans u Jocturia croinHoctTa 71,2%.
Mpu Tean napameTpu Ha pasgensHe 6oratute Ha XpoMm
3bpHa Bsixa 0TAEmNeHN, KaTo MarHUTeH Matepuan.

Pesyntatute oT pasgensHeTo mnokaseaT, Ye [BycTe-
NEHHOTO MarHNTHO pasaenaHe Boau A0 BUCOKO CbAbpXaHne
Ha Cr,O; B KoHueHTpaTa. [lpu ToBa MOXe pga Obae
HamaneHo 1 obpasyBaHeTo Ha arperaTti. 3a pasfensHe Ha
Boratute Ha xena3o vyactuum Tpsbea ga Obae u3nonssaHa
BBH3MOXHO Hall-Manka MarHUTHa UHOYKUWS.

OBOIATABAHE HA XPOMUT C MNJIOCHK
KNACUOUKATOP TWM IXKOYHC

3a  MpaKTMYECKOTO  MPUIIOKEHME HAa  MarHWUTHOTO
pasgensHe npu 0BOraTsBAaHETO Ha XPOMUT OT JlaTepuTHa
pyia TpsaGea fJa ce BMAAT pesynTatute OT OpaHy
N30AMHAMUYHWAT  KNmacudpukatop. 3a  paspensHeTo Ha
MUHEparHuTe CYPOBWHW MHOTO 4YecTO Ce W3Mon3sa Cyx



W3Bnuuane u CHABPIKAHAC HA

Knacudukatop CbC CUIHO none, Tvn [pKOyHC Ha dmpmaTta
Humboldt-Wedag. lopecnomeHaTTe egpuHu Ha matepuana
ONpesensT WMUpoYMHaTa Ha KaHanuTe Mexay npodunure Ha
nnockoctta (Wenz, Aufbereitungs-Technik, S. 142/149
(1973) —f) (1). CrobpxaHUeTo Ha TBBHPAO BELIECTBO B nynna
e 40 %. 3a pa 6wvpar pasgeneHu boratute Ha Xensi3o
MWHEpanHi YacTuuy Gele 13nNon3BaHa MarHUTHa MHAYKLMA,
Bapupatia mexay 0,10 n 0,25T. CkopocTTa Ha BbpTeHe Ha
poTopa Bb3nu3a Ha 3,4 m/min. MarHuTHaTa cypoBuHa ce
OBWKM BbPXy MOBBLPXHOCTTA Ha Mnioyata  MoCPeACcTBOM
OTMWBaHe C Bofa Mo HansraHe 4 bar. 3a Bceku onuT ce
usnonsea npoba okono 10 kg.Ha dwmr. 5 ca nokasaHu
CbObpXaHneTo n usenuyaHeto Ha Cr,0; n FeO. B To3m
WHTEPBaN Ha WHOYKUMATA MNpoTWYa pasgensHe Ha
MaTtepuana 6e3 3a4pbCTBaHE Ha kaHanuTe.

Ot kpuBuMTE MOXE Aa ce Buay, ye B obnactta 1,10-0,20T
npoTuya Hai-gobpo pasgensHe Ha boraTuTe Ha Xensiso
3bpHa. U3snuyareto Ha FeO Hapactea ot 15,5 Ha 34,6%,
kaTo u3BnuyaHeTto Ha CrO; cblo HapacTtBa oT 3,8 Ha
14,4%. B marHuTHaTa CypoBWHa, KOsTO Oelue pasgensiHa
npu nHaykumsa 0,20T ce Hammpaxa 1 cnabo MarHUTU3MpaHu
KENA30CHABPXALLM CUMWKATK KaTo eHcTatuT u Gorat Ha
KEns30 keapy. B 3oHaTa Ha pasgensiHe Tesu Neku CkanHu
MWHEpanM Ca 3aTBOPEHM B arfmomepaTn OT  CUITHO
MarHuTU3upanu xenesHu MuHepanu. B cnepcteue Ha ToBa
HamansBa cbabpxaHneto Ha FeO. lMpu wHaykuma 0,25T
nsenmyaHeto Ha Cr,0; B MarHuTHaTa CypoBWHA CWIHO
HapacTBa B cpaBHeHue ¢ u3snnyaHeTo Ha FeO. Mpu ToBa ce
3abensi3Ba, Ye npu Tasm MHOyKLUMs BoraTute Ha XpOM 3bpHa
Ce pas3fensT kaTo MarHUTeH MaTepuarn.
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Queypa 5. N3snuyare u cuObpxaHue Ha Cr,0; u FeO 8
MagHUMHUSI NpodyKm @ 3a8UCUMOCM Om MazHUmHama
UHOYKUUS NPU U3NOII38aHe Ha NIOChK Kracugukamop

23¢ 100
P2 | !
z M
© s M Ul
%2,0 :a:l %0 o—o a—a (r0,-ChpIBpiKaHue
S |5 o—eo s—a (r,0,-lI3BIHUaHE —
2 15|© 80
E k 0—ao Cr/FeCpoTHOLIEHNE
rﬁ i
© 1,a¢eﬂ7o |_o—o
& b & =0
5.2 ==
Vi B l / °
< B
ﬁ |
=

16t )
t:_JN :'// 1..,;—___—. e
15\ N 7
L

\ A7

127 10 . “\

o —
0.6 08 10 12 T Ak

MaruuTHa HHIYKIUs

Queypa 6. N3snuyaHe u cbObpxaHue Ha Cr,0; 8
magHumHus npodykm (M) u 8 HemazHumHusi npodykm (HM),
kakmo u cbomHoweHuemo Cr/Fe Ha MagHUMHUS POOYKM 8

3aBUCcUMOCM Om MazgHUMHama uHOYKUUs npu NIoCKust
Knacugpukamop mun [xoyHc

B cpaBHeHMe c pesynTatuTe, nonydeHu ¢ dpaHy
W30[MHAMUYEH KnacudukaTop, MOXe fOa Ce Hanpasu
W3BOMOBT, Ye Npu MarHuTHa WHaykuus 0,2T pasgeneHus
HeMarHuTeH maTtepuan e MoAxXofdll 3a Mo-HaTaTbYHOTO
oboraTsiBaHe Ha XpomuTa. [MonyyeHns Npu TakaBa MHAYKLNS
pesynTar e rokasaH B cnefHaTa Tabnuua

Mpo- o6 S;éuﬁ/poika W3Bnuyane [%)]

ayer | 4 Cr0; | FeO | Cr0; | FeO
M 19.2 28.2 40.5 14.4 34.6
HM 80.8 39.9 85.6 85.6 65.4
O6wo | 100.0 37.7 100.0 | 100.0 | 100.0

3a oboraTABaHETO  Ha  XPOMWUTHUS  KOHLEHTpam
MarHuTHaTa uHayKuns Bapupalle mexay 0,62 n 1,35T. baxa
MonmyyeHn Tpu MPOAYKTa: MarHWUTEH NpOAYKT(KOHLEHTpaT),
CpegHOMarHUTEH — MpOAYKT  (MEXOMHEH  MpOAyKT) W
HEMarHUTEH NPOAYKT (0Tnagbk).

Ha cur. 5 ca npeactaBeHn M3BnMYaHWATa M Chabpka-
HuaTa Ha Cr,O; Ha MarHWUTHWS! M HEMArHUTHWS MPOZYKT,
kakto u cboTHoweHneto Cr/Fe. Mpu nHaykuma 0,62T 6Ge
W3BrEYEHa CaMO Marka 4acT OT XpOMWUTa B KOHLEHTpaTa.
Coaobpxanneto Ha Cr,O; B KoHUeHTpaTa Gewe 43,3% npu
n3enmyaHe19,7%, kato TbK NPOLECHT MpoTeye C edHa



3HauMTErHO MO-BUCOKA MHOYKUMS B CPaBHEHWE C Tasu Ha
®paHy-13oanHamMnyHMa  Knacudumkatop. ToBa nokassa, Ye
Nnpw pasfensHeTo ¢ NNockbK KnacudukaTtop T1n [xoyHe npu
€fHa 1 Cblla MarHUTHa MHOYKUNA CbOTHOLLEHWETO Mexdy
rpaBuTalnoOHHaTa WM MarHutHata cuna € no-ronamo ot
CbLIOTO, HO npu OpaHL-M30AUMHAMUYHWS  KnacudukaTop,
Taka Ye begHUTe Ha Xens3o XPOMUTHU 3bpHa Ce M3Bnuyar
KaTo HEMarHWTHa U1 cpefHoMarHuTHa cypoBuHa. IMpu ToBa
cbabpxaHneto Ha Cr,O; Ha HemarHuTHaTa npoba Oele
37,8% npu n3snnuare 44,4%.

Mpu marHutHa nHaykums 0,80T u3BnMyaHeTo Ha XpoM H
KOHLieHTpaTa curHo ce yBenuum Ha 41,7%. CbabpxaHneTo
Ha Cr,O; B npobarta no HaTaTbk BeLle ¢ NO-HUCKa CTOMHOCT-
44,5%. Bce olle 3HauyuTeNHa YacT OT XPOMWTa OCTaHa B
oTnagbka.

Belue Heobxoauma Aa ce YBENUUYM MarHuTHaTa UHayKuus
3a [la MOXe [a Ce MarHuT13npa OcTaHanusa B MEXOUHHUAT
MPOAYKT 1 0TNambka GefeH Ha XKensa3o XPOMHT.

Hai-Bucokoto cbabpxaHue Ha CrO; B KOHUEHTpaTa ce
[ocTUrHa npw uHaykums 1,14T; To Bbanu3alue Ha 45,6% npu
nsermyaHe 63,4%. CvoTHowenneto Cr/Fe e 1,74. Manka
4acT OT KOHLEHTpaTa Ce CbCTOELIE OT XKEMNs30ChabpkaLm
CUIMKaTHM  CKalHM  MuHeparu, Taka Ye  Bbpeku
YYBCTBUTENHOTO yBenuyaBaHe Ha U3BNWYAHETO
CbObPXaHNETO Ha XPOMUT HE JOCTUTHA BUCOKM CTOMHOCTW.
" N0 HaTaTbYHOTO YBENWYABAHE HA MarHWTHaTa MHOYKUMS
£ 3 YBENNYM KakTo u3BnnyaHeTo Ha Cr,0; , Taka 1 y4acTneTo
£3 CuNMKaTHUTE CKalHW MUHEpanu B KOHLeHTpaTa. Taka
%anpwmep npu uHaykumsa 1,35T cuabpxaHneto Ha Cr,0; B
£)HueTpaTa bewwe 44,6%, kaTo W3BMMYAHETO HapacHa Ha

a
©3%.

JIMYaHE U

B HemarHuTtHaTa npoba usenuyaHeTo Ha Cr,0; umalue
2 Horo marka croiHocT 3,5%. ToBa nokasea, 4e B MNOCKUAT
=qacudukatop AN [DKOYHC 3a  KENs30ChAbPKALMTE
CUINUKATHW MUHEPanW € B Cna NoyTH CbLIOTO CbOTHOLLEHME
Ha CUIINTE KaKTO W 3a 6EAHUTE Ha XENs30 XPOMUTHM 3bpHa,
BbMPEKM, Ye MbpBATE  MMAT  MO-HUCKA  MarHuTHa
NPOHULLAEMOCT B CpPaBHEHWE C Ta3n Ha XxpomuTa. MpumymnHa
3a TOBa Ca pasnuk1Te B NAbTHOCTTA. JlowwmaTt pesynTat ot
pasfensHeTo Maxe Aa 6bae nogobpeH Ypes knacudukalms
Ha MaTepuana. 3a naTepUTHUTE XPOMWUTW MPUNOKEHWUST
METOZ HE € OT MKOHOMUYECKO 3HaYEHME.
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Marunutna HWHAOYKIIASA

Que. 7. M3enuvaHe u UDbUDbRANUE Hd LI \J3 U FeO Ha
MagHUMHus npoOme 8 3asucumMocm om MacHUmMHama
UHOyKL(UFI npu Knacud)UKamopa C KpbCmocaHu neHmu

C yBenuuaBaHe Ha MHOYKUMATA CE YBEMUYM U
n3snuyaHeTo Ha FeO ot 25,3 Ha 49,7%, a u3BnNMYaHeTo Ha
Cr,0; HapacTHa oT 6,6 Ha 30,3%.

C uwHaykums 0,2T ce uenewe MHoro Jobbp pesynTtar Ha
pasfensHe, Kouto Mmoxe ga Gbge monyyeH u ¢ ®paHu-
n3oauHamMuyHua  knacudmkato npu 60 mT W HanpeyeH
HaknoH 5°,

PesyntaTbT OT pa3gensHeTo € rnokasaH B crefpallata
Tabnuua:



Pa3gensHeTo Ha CkanHuTe MUHEpami OT HeMarHuTHWs
MPOAYKT B MbPBUS €Tan Ha MarHUTHOTO pasaensHe npoteye
npu MarHuTHa nHaykumus mexay 0,50 n 0,70T. Ha dour. 36 ca
NpeacTaBeHn CbabpkaHMeTo 1 u3BnnyaHeTo Ha Cr,O; Ha
KOHLIeHTpaTa 1 oTnagbka, kakto U cboTHowweHueTo Cr/Fe Ha
MarHUTHUS NPOAYKT B 3aBUCUMOCT OT MarHUTHaTa UHOYKLMS.

Huckoto cbabpxanne Ha CrO; B KoHUeHTpaTa — 44,6%,
koeTo Gelue nonyyeHo npu uHaykumus 0,5T nokasa, Ye egHa
yact oT 6oraTTe Ha XpPOM YacTWLM He e MarHuTU3Mpana v e
npeMuHana B oTnagbka kaTo HemMarHuTHa cyposuHa. C ToBa
n3enmyaHeTo Ha Cr,0; [JOCTUMHA CblUaTa HUCKA CTOMHOCT —
58,2%.
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Queypa 8. CvdbpxaHue u usenudare Ha Cr,0; 8
MazHUmHusi npodykm (M) u & HemazHumHus npodykm (HM),
Kakmo u ckomHoweHuemo Cr/Fe Ha MagHUMHUS npodyKkm &
3agucuMOCm om MaeHUMHama uHOYKUus 3a Knacughukamop
C KpbCmocaHu neHmu. HemaeHumuusi npodykm e pa3deneH

npu maegHumHa uHdykyus 0,2T.

OBOrATABAHE HA XPOMUT C KNACU®NKATOP C
KPCTOCAHU NEHTU

Mo HataTbk Ge HampaBeH ONMWT f[a Ce MpoBEepW, Aanu
pesyntatute  nonmyyeHu ¢ OpaHL-M30AMHAMUYHNST

knacucpukatop MoraT Aa 6bAaT NpeHeceH B MPOMMULLEHM
YCNOBWS 32 CyXO MarHWTHO pasgensHe. 3a onutute 6Ge
n3non3BaH  knacudukatop  C  KPBCTOCAHWM  MEHTW.
Knacudmkatopa paboTti npu cnegHnTe yCrnoBus:

MarHWTHa WHAYKLMS: 0,10-0,25T 1 0,50-0,70T
CKOPOCT Ha rnaBHaTa neHra: 0,367/sec
CKOpOCT Ha HanpeyHaTa neHta:  0,50m/sec
KONM4YecTBO Ha npobarta: 10kg

Ha cur. 8 ca nokasaHu CbabpaHUETO W M3BMMYAHETO HA
Cr,0; n FeO Ha MarHuTHWA npogykT. B cpaBHeHne c
pesynTatute, MOMYYEHU C MMOCKUAT Knacudukatop Tun
[DXOYHC NpuW TO3K KnacudgmkaTop ce AOCTUTHAa 3HAYUTESTHO
MO-BMCOKO M3BMMYAHE HO XPOM M XENs30 3a BCska efHa oT
WHAYKUMMTE. Tasn pasnika B M3BMMYAHETO MOKa3Ba, Ye npy
knacudukaTopa ¢ KpbCTOCAHM NIEHTU MarHUTHaTa cuna e no
3HauuTenHa OT Tasu NpM MNOCKWS  KnacudmkaTop Tun
IxoyHc. C ToBa B Cnyyas ce AocTurHa no-aobpo pasgensHe
Ha boraTuTe Ha Xens3o 3bpHa.

C yBenuyaBaHe Ha WHOYKUMSTA Ce yBenu4yasa W
CbObPXaHMETO Ha XPOM B MarHWTHWs KoHUEeHTpaT. [pu
nagykums 0,60T cvobpkaHueto Ha Cr.O; e 47,9% npu
nsermyaHe 72,8%, u cvotHowenue Cr/Fe 2,03, Mpu
nhaykums 0,65T Ge gocTurHata Haii-BUCOKOTO ChAbpXaHue
Ha XpOM B KOHUeHTpaTa-48,2% npu ussnuyaHe 76,3%. Mpwn
cvabpkaHne Ha FeO 20,3% cvotHoweHweto Cr/Fe B
koHueHTpata e 2,08. Mpu ToBa ce Habnogasa 3aryba Ha
Cr,0; o1 5,1%. Ta3u 3aryba moxe fa Obae HamaneHa upes
yBenuyeHne Ha uHaykuusata. [pu  uHaykums  0,70T
nsnuyaHeto Ha Cr,0; e 3,8%. Bobnpeku, ue
KENASOCHAbPXKALLMTE CUMMKATHU CKaHA  MUHepann ca
MarHuTU3Wpan U ca W3BMEYEHU KaTO MarHUTEH NPOAYKT,
cbabpxaHneto Ha Cr,O; B KOHUeHTpaTa Hamansa.
CroitHoctute ca 47,8% npu wn3snuyane 77,6%. lNpu ToBa
cbobpxaHueto Ha FeO cblo HamansBa, Taka ue
cboTHowenueto Cr/Fe octasa 2,08.

3AKIMKOYEHNE

M3B'prLIeHI/1Te n3cnenBaHMA nokasaxa, 4Ye pasnukata B
MarHUTHUTE CBOWCTBA Ha MWUHepannTe, KOUTO ce CbabpXKaT B
XpoMCbbpXallute nateputu morat Aa ce U3non3eat 3a
nony4yaBaHe Ha XPOMUTEH KOHLEHTPAT.

MSB'prueHI/ITe n3cnenBaHuna B na60paTopeH n
NnoJsTynpOMULLNEH BapnaHT NOTBbpAKXa TOBa.
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MAGNETIC SEPARATION OF CHROMIUM-CONTAINING LATERITES

Konstantinos Hristos Gudulas

Tecnological Education Institute

Tei Kozani, Hellas

ABSTRACT

Investigations on the separation of ore, utilizing the difference in magnetic properties of the minerals were performed. The influence of the magnetic.
induction and the cross slope of Franz-isodynamic separator were studied in a laboratory scale. Experiments with ore ground for different durations were
made. Experiments with semi-industrial separators - flat Jones separator and cross band separator were performed with the estimated optimal particle
sizes. The optimal conditions for mineral processing of chromite material were found.

INTRODUCTION

The exploitation of less-important and poor deposits_
attracts growing attention along the recent development.

of _mineral processing technologies. For example,

chromium-containing laterites, formed by weathering of
ultrabasic rocks, represent an interest in chromium
production (Savvidis, S., Cargiotis, E., 1997.). Exploitation
of this kind of rocks is cost-effective. The mineral _
processing ability of laterites is facilitated by the

differences established in the grindability and magnetic_
properties of the constituting minerals.

Chromium containing laterites from the Philippines
were _investigated, with the aim to check the opportunity
of application of magnetic methods in production of
chromite concentrate. Preliminary studies of magnetic_
properties of the minerals contained in the ore were the.
reasoning of the present studies.

METHODS AND EQUIPMENT

Concomitant minerals, such as magnetite, silicate
minerals, etc., have been found in the larger fractions of
the ground material, which do not contain limonite
aggregates. It has been established that their magnetic
properties differ from those of chromite and they could
be processed by magnetic separation.

Different vein minerals, accreted with the chromite
grains are uncovered by selective grinding. Those which
could not be separated, are, in most cases, strongly
magnetized. In order to achieve high degree of mineral
processing of the chromite concentrate, the accreted
grains containing low percentage of chromite, should be
separated by magnetic methods.

Franz-isodynamic separator was used for that purpose.
To estimate the feasibility of the separation results in
semi-industrial scale a “Jones separator” and a “cross
band separator” were used.

The samples were dried at a temperature of 50°C. The
parameters of the classifier were established preliminary.

The initial separation of the material was made in 20 mT
magnetic induction. Further experiments were made in higher
intensity of the magnetic field. The magnetic induction has
been increased on discrete levels, starting from 20 mT to the
uppermost level of 120 mT (fig 1).

MINERAL PROCESSING OF
CHROMITE IN FRANZ-
ISODYNAMIC CLASSIFIER

Preliminary experiments for magnetite separation

The fraction 100 um was used for these experiments.

The content and extraction of Cr,0;_and FeQO in the_

magnetic _material depend on induction. In 20 mT

magnetic _induction, the ferromagnetic, i.e. strongly
magnetized minerals, are being separated. The content of
FeO was 8.6%. in extraction rate 0.1%. The chromite_
content was represented mainly by incorporation of

chromite ions in magnetite lattice and small proportion of
accreted chromite.

In 40 mT magnetic induction (fig. 2), FeO content decreased
to 68.3%, while the extraction was 4.9%. Contrary to this,
Cr,0; content increased to 20.3% and its extraction to 0.9 %.
The grains were with magnetite or martitized magnetite.
Mainly, strongly magnetized minerals accreted to chromite are
being involved here.lt was found in the material accreted
together magnetite and martitized magnetite.

A decrease of FeO content, respectively an increase of
Cr,0; content, was observed in induction values between 60
and 80 mT. Yet, not accreted ferrimagnetic materials were not
observed. It can be inferred from the metallic content of the
products, that iron-rich accreted grains should be separated as
a rock material. Therby small chromite loss could not be
avoided.

FOOMLIHWK Ha MurHo-eeonoxkusi yHusepcumem “Ce. MeaH Puncku”, mom 44-45 (2002), ceumwk Il JOBUB U MPEPABOTKA HA MUHEPAJIHW CYPOBUHN
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Figure 1. Extraction and content of Cr,0; and Fe0 in the
magnetic product of Franz-isodynamic separator in terms of
magnetic induction
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Figure2.. Extraction and content of Cr,05 and FeO in the
magnetic product in terms of the cross slope of the classifier at
magnetic induction 40 mT

Cr,0; content in the magnetic product increases
significantly at more higher magnetic induction values. So, at
120 mT, Cr,O; content was 38.3%, with extraction 1.7%, and
Fe content in the raw material was 31.9%. Cr/Fe ratio was 1.06

CHROMITE SEPARATION BY DRY MAGNETIC METHOD

The fractions >100 pum and 100-163 mp were used in the
experiments of mineral processing of cbromite by the method
of dry magnetic separation. Because the fraction 63-20 mu
consists mainly of limonite aggregates, it could not be
processed by magnetic separation methods.

The separation of the raw material was implemented in two
stages. Three products were obtained:
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Figure 3. Extraction and content of Cr,0; and FeQ in the
magnetic product in terms of the cross slope of the classifier at
magnetic induction of 60 mT

iron rich product; chromite concentrate; and waste product.
The magnetite and the grains strongly accreted with magnetite
were separated at magnetic induction 480 mT. Table 1 shows
the results of this separation.

The data from the separation of fraction >100pm are shown
in Table 2. In increasing the time of grinding the amount of iron
rich product decreases from 6,7 to 3,2%. In the same time the
extraction of Cr,0; decreases from 3,6 to 1,6%. The metallic
contents show, that in these conditions part of the accreted
with magnetite chromite grains have not been separated. So,
for example, at milling time 20 min the content of Cr,O; in
metallic product was 18,2%, at extraction 1,6%. This amount
of chromite should be separated from the iron concentrate.
Thus the chromite concentrate was obtained, by separation of
the iron rich product from the waste product.

The raw material, which was milled for 5 min exhibited high
chromium extraction rate in the concentrate — 95,1%. The
mineral processing of Cr,0; got increased from 31,5% to
37,4%, but in general, stayed on a low level. The remaining
limonite aggregates in the material were removed mainly
together with the chromite. The content of FeO in the
concentrare, therefore, was very high -29,4%.

Since for 10 min grinding, limonite aggregates were almost
absent in the fraction >100pum, Cr,O; content in the
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concentrate greatly increased in comparison to the product
ground for less time. Cr,O; content in the concentrateB was
42,9%, at extraction rate 96,2%.

In increasing the milling time, the result of the magnetic
separation was further improved. In 15 min milling time Cr,O;
content in B the concentrate was 44,5% at extraction rate
96,8%. In 24,1% FeO content, the ratio Cr/Fe was 1,62. The
metallic contents show, that a part of this concentrate still
contains chromite grains accreted to the iron minerals. An
increase of the milling time to 20 min resulted in further

increase of chromium content. Based on this result, one can
conclude that for these milling conditions, the raw material
should not be milled for more than 15 min, since great part of
the chromite will go in the finer fraction.

In 480 mT induction, a small part of the chromite did not get
magnetized, thus went into the waste product, together with
the rock minerals. The chemical composition of these chromite
spynels determines their magnetic properties. The content of
FeO in the grains varied between 13,3 and 16,5%, while MgO
content was between 14,3 and 17%.

Table 1. Weight distribution and distribution of the metal for laterite chromite ore of the magnetic products in different

magnetization (p>4.1)
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This shows that the ferromagnetic Fe? ions, have been
replaced by paramagnetic Mg ions. Since the magnetic
permeability of these grains does not differ at all from iron
containing silicate minerals, they could not be separated by
magnetic method. The extraction of Cr,O; in the waste product
varied between 1.3 and 1.7%.

As it can be seen from Table 3 the separation of the iron
rich product for the fraction 100-63um showed almost the
same tendency as the fraction >100um. Since the magnetic
separation of the products containing limonite aggregates was
performed together with the chromite, Cr,O; content in the
concentrate did not reach high rates. In increasing the milling
time, the content of Cr,0; was increased from 31,1% to 38,2%.
Due to the high content of FeO, Cr/Fe ratio varied between
0.86 and 1.29. This fraction should be processed by other
sorting methods.

Influence of the cross slope of the classifier upon the
separation.

The content of Cr,O; in the magnetic concentrate of the
fraction >100ut could not reach the values of the same
product extracted from the primary ore. Part of the laterite
concentrate consists of chromite grains having low value of
Cr/Fe ratio. Since these grains get magnetized easier than
those which have not accreted to chromite, they should be
separated in order to achieve better mineral processing of
chromium concentrate.
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Figure 4. Extraction and content of Cr,O; in the magnetic
product in terms of cross slope of the classifier at magnetic
induction 80 mT

3
¥

Content and extraction of
=

wn

——

According to the accretion the grains magnetize to a
different degree, so they could be separated by increasing the
magnetic induction, without formation of aggregates. Since the
cost of magnetic separation in industrial scale is very high, this
way for mineral processing of chromite is not used in practical
cases.

Magnetic separation should be implemented in two stages.
In the first stage should be separated the iron minerals, as well
as the grains with low Cr/Fe ratio accreted to them. A high
induction is necessary for that purpose. An increase in the
magnetic field gradient leads to an increase of the magnetic
force action between the grains. Magnetic aggregates are
formed, in which could participate slightly magnetized grains.

Because of that, the classifier could chock with the
aggregates formed. If the cross slope of the classifier
decreases, the gravitational force F.O, acting upon the grains
decreases too. This means a relative increasing of the
magnetic force Fy. In this way, aggregate formation could be
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diminished, from one side, and the separation of the material is
improved, from the other side.

Table2. Results from the magnetic separation of the
fraction >100 um

The separation behavior of the raw material should be kept
in terms of magnetic induction and cross slope. The cross
slope of the classifier was changed to 5, 10 and 15 degrees.
The fraction sized >100um and milled for 15 minutes was
sent to a magnetic classifier.

The first experiments were performed at magnetic
induction 40 mT. Fig. 2 shows the extraction and the_
content of Cr,0,_and FeO of the magnetic product. At.
cross slope of 5’ it was achieved high level of separation
of FeO containing material. The content of FeO in the
product obtained, amounted a 53.7% at extraction rate_
31.3%; Cr,0; content was 23.9% at extraction rate 8.3%..
This separation result shows that, at relatively high_
degree of mineral processing of the chromium

concentrate, an inevitable, high loss of chromium is
observed.

Table 3. Results from the magnetic separation of the_
fraction 100- 63 um.
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Chromium loss was diminished by increasing the cross
slope. The decrease of FeO extraction was greater than that at
40 mT induction.

Due to magnetic aggregates formation however, magnetic
induction should be limited up to 80 mT.

Chromium extraction diminished sharply at cross slope of
10°% and FeO extraction rate was 15,8%.

In the next experiments the material was separated at 60 mT
magnetic induction. Fig 3 shows that the weak induction
increase leads to significant increase of the magnetic force
which acts upon mineral grains. In cross slope of 5° FeO
content was 41.7% in extraction rate 41.9%; Cr,O; content was
29.4% at extraction rate 17.6%.

This result implies that, in increasing the magnetic induction,
the cross slope of the classifier has more and more tangible
effect upon the separation results. At cross section of 10° and
15, the extraction rate of Feo was lower, and FeO content was
high: 53.8 and 56.5% respectively.

The final experiments were conducted at 80 mT magnetic
induction. Fig 4 shows the results from the separation of the
magnetic product. Magnetic aggregate formation occurred in
this field intensity. This process increased chromium extraction
in the magnetic product. Cr,O; content was 33.9% at cross
slope of 5°, while the extraction was 27,4%. At 10° cross slope,
the extraction of Cr,0O; was 10.2%, while the extraction of FeO
was 30.6%. These results were not so good, in comparison to
the other results, e.g. those at 40 mT induction and 5° cross
slope.

For two stage processing of the chromite concentrate, a
nonmagnetic material was transferred to the Franz -
isodynamic classificatory. In this case the magnetic induction
was 480 mT, and cross slope was 15°. The results from this
concentrate separation are shown on table 4. By separation of
the silicate rock minerals, the material, whose iron rich grains
were separated at 40 mT magnetic induction, was processed
with a small Cr loss. Concentrate Cr,0; content varied
between 44.5 and 47.1%, and the extraction rate between
96,8 and 90,2%.

Table 4. Results from the magnetic separation for the fraction >100 im, in different magnetic induction and

different cross slope of the classifier
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The separation of the iron rich grains at 60 mT induction was
accompanied with high Cr content in the concentrate. It
reached 48.6% at cross slope of 5°, at 80.9% extraction rate. In
20% FeO the Cr/Fe ratio of the concentrate was 2,15. This
shows that the accreted to iron minerals chromite grains were
separated almost completely.

The material from which the iron rich particles were
separated at 80 mT magnetic induction and 5° cross slope,
showed almost the same Cr,O; content in the B concentrate as
it was at 60 mT. And, chromium extraction decreased
significantly and reached 71.2% value. At these separation
parameters, the Cr rich grains were separated as magnetic
material.

The separation results show that the two stage magnetic
separation leads to high Cr,0s in the concentrate. Furthermore,
aggregate formation can be diminished. The least possible
magnetic induction should be used for separation of the iron
rich particles.

MINERAL PROCESSING OF CHROMITE BY FLAT
JONES TYPE CLASSIFIER

The results from the Franz isodynamic classifier should be
considered, thinking about practical application of magnetic
separation in mineral processing of chromite from laterite ore.
Dry Jones type classifier with strong field produced by
Humboldt-Wedag company is widely used for separation of
mineral raw materials. The above mentioned particle sizes of
the material determine the width of the channel between the
profiles of the plot. (Wenz, Aufbereitungs-Technik, S. 142/149
(1973) —f). The content of a solid substance in the pulp is 40
%. Magnetic induction varying between 0.10 and 0.25 T was
applied in order to separate the iron rich mineral particles. The
rotation speed of the rotor was 3.4 m/min. The magnetic
material was moved upon the plot's surface by washing with
water at 4 bar pressure. A sample of about 10 kg weight was
used for each experiment. Fig. 5 shows the content and
extraction rate of Cr,0; and FeO. In this induction range, the
material was separated without chocking of the channels.
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Figure 5. Extraction and content of Cr,O; and FeQ in the
magnetic product, in terms of magnetic induction for the case
of flat classifier.

It can be seen from the curves, that the separation of the
iron rich grains was best implemented in the range of 1.10 -
0.20 T. The extraction of FeO increased from 15.5 to 34.6%,
and the Cr,0; extraction also increased from 3,8 to 14.4 %.
Weakly magnetized iron containing silicates, such as enstatite
and iron rich quartz, were found in the magnetic material,
which was separated at 0.20T induction. In the separation
zone, these light rock materials were kept in agglomerates
consisting of strongly magnetized iron minerals. Due to this
circumstance, the content of FeO decreased. At 0.25 induction
rate, the extraction of Cr,O; in the magnetic material increased
strongly in comparison to the extraction of FeO. And, it was
observed that, at this induction rate, the chromium rich grains
separate like a magnetic material.

In comparison to the results obtained by Franz isodynamic
classifier, a concluson can be drawn, that, at 0.20T induction
rate, the separated nonmagnetic material is suitable for further
mineral processing of the chromite The result obtained at this
induction rate is shown on the table below:
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Figure 6. Extraction and content of Cr203 in the magnet
magnetic product (M) and the nonmagnetic product (NM), and
Cr/Fe ratio, in terms of magnetic induction for flat Jones type
classifier

For the mineral processing of the chromite concentrate the
magnetic induction values varied between 0.62 and 1.35T.
Three products were obtained: magnetic product (concentrate);
medium magnetic product (intermediate product); nonmagnetic
product (waste product). Fig 6 shows the extraction rates and
the contents of Cr203 of the magnetic and nonmagnetic
product, as well as the Cr/Fe ratio. At 0.62T induction rate, only
a small amount of the chromite in the concentrate was
extracted. The content of Cr,0; in the concentrate was 43.3%
at extraction rate of 19.7%, and the process ran with a
significantly higher induction, compared to that of the Franz
isodynamic classifier. This shows that in the process of
separation implemented with a flat Jones type classifier, with
the same magnetic induction, the ratio between the
gravitational and magnetic force is greater than the same ratio
in Franz isodynamic classifier, so the iron poor chromite grains
are extracted as nonmagnetic or medium magnetic raw
material. And, the content of Cr,O; in the nonmagnetic sample
was 37.8% at induction rate of 44.4%. In magnetic induction
0.80T, the extraction of chromium in the concentrate increased
sharply and reached a value of 41.7%. The Cr,O; content in
the sample, further, had a lower value of 44.5%. Still a
considerable part of the chromite stayed in the waste product.

It was necessary to increase the magnetic induction rate, in
order to magnetize the iron poor chromite, which has remained
in medium product and in the waste product. The highest
content of Cr,0; in the concentrate was achieved at 1.14T
induction; it reached 45.6% at extraction rate 63.4%. The Cr/Fe
ratio was 1.74. A small part of the concentrate consisted of iron
containing silicate rock materials, so despite the significant
increase of the extraction rate, the chromite content did not
reach high values. In further increase of the magnetic
induction, it was increased both the Cr,O; extraction and the
incorporation of silicate rock materials in the concentrate. So,
for example, at 1.35T induction, Cr,O; content in the

concentrate was 44.6%, and the extraction was increased to
68%.

In nonmagnetic sample the extraction of Cr,0; showed
very small value of 3.5%. This shows that in a flat Jones
type classifier, for the iron-containing silicate minerals is.
true almost the same relation between the forces, as in the
case of iron poor chromite grains , despite that the first
ones have lower magnetic permeability than that of the_
chromite. It is due to density differences. The poor

separation result could be improved by classification of.
the materials. For the laterite chromite as-applied method

is not economically viable.

In increasing the induction, the extraction rate of FeO was
increased from 25.3 to 49.7%, while the extraction rate of
Cr,0;was increased from 6.6 to 30.3%.

Induction rate of 0.2T targeted the achievement of very
good result, which could be obtained in Franz-

isodynamic classifier at 60mT induction and cross slope.
of 5°.

The separation result is shown on the table below.

The separation of the rock minerals from the

nonmagnetic product in the first stage of magnetic _
separation was performed at magnetic induction varying.
between 0.50 and 0.70 T. Fig 7 shows Cr,0; content and.
the extraction of the concentrate and the waste product,
as well as Cr/Fe ratio of the magnetic product in terms of
the magnetic induction.

The low content of Cr,0; in the concentrate —44.6%
which came at 0.5T induction showed that one part of the
chromium rich particles has not been magnetized and has

gone to the waste product as nonmagnetic material._
Thereby, the extraction of Cr,0; reached the same low_

value — 58.2%.

HNasnnyarne
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Figure 7. Extraction and content of Cr,0;and FeO of
magnetic product in terms of magnetic induction for cross
band classifier.
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Figure 8. Content and extraction of Cr,0; in magnetic_

roduct (M) and nonmagnetic product (NM), Cr/Fe ratio of

M in terms of induction for cross band separator. NV was _
separated at 0.2T magnetic induction
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MINERAL PROCESSING OF CHROMITE BY CROSS BAND
CLASSIFIER

Further, an attempt was made to check if the results
obtained by means of Franz-isodynamic classifier could be
transferred in an industrial scale in case of dry magnetic
separation. Cross band classifier was used for these
experiments. The classifier operated according to the following
specifications:

Magnetic induction: 0.10-0.25 and 0.50-0.70 T

Velocity of the main band: 0.36m/sec
Velocity of the cross band: 0.50m/sec
____ Sample amount: 10 kg

Fig 8 shows the content and the extraction rate of the

magnetic product. In comparison to the results obtained

by flat Jones type classifier, much more extraction rate of

Recommended for publication by Department
of Mineral Processing, Faculty of Mining Technology

Cr and Fe was achieved for each of the induction values.
This difference in the extraction shows that in the case of
cross band classifier the magnetic force is greater than.
that in flat Jones type classifier. Therefore, in this case
was achieved better separation of the iron rich grains. In
increasing the induction, the chromium content in the
magnetic concentrate was achieved. At 0.60T induction_
Cr,0; induction was 47.9% at extraction rate 72.8% and_
Cr/Fe ratio 2.03. At 0.65T induction it was achieved the.
most higher Cr content in the concentrate — 48.2% at
extraction rate 76.3%. At FeO content of 20.3%. Cr/Fe ratio
in the concentrate was 2.08. And there was a loss of Cr,0;
in_amount of 5.1%. This loss can be diminished by

induction increase. At 0.70T induction the extraction of
Cr,0; was 3.8%. Despite that iron-containing silicate

minerals were magnetized and have been extracted as
magnetic product, Cr,0; content in the concentrate

decreased. The values were 47.8% at extraction rate

77.6%. And, the content of FeO decreased too, so the ratio
stayed 2.08.

CONCLUSION

The investigations performed in this studies have shown that
the difference in the magnetic properties of the minerals which
are constituents of chromium containing laterites can be used
for production of chromite concentrate.

The investigations, performed in a laboratory and
semi-industrial scale have verified this.
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