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PE3IOME

W3cneaBaHu ca MarHUTHUTE CBOWCTBA HA XPOMCHAbPXALW NnaTepuTit oT GununuHuTe 1 Haxopuie BypuHoc, Mopums. C naGopatopeH ®paHu-u3oavHAMUYEH-
MarHuTU3aTop ca W3CMeaBaHn MarHWTHUTE CBOWCTBA Ha ChAbpXALWTe Ce B PyAaTa OCHOBHM MUHEpanu: XPOMUT M MIUMOHWT. /3nonssanu ca andepeHumaneH
TEpMOaHanu3, Mpu pasnuyHa Temnepatypa W PasnuiHa MarHuTHa WHOYKUWS, KaKTO W WH(pauepBeHa MMKPOCKOMNS, MPU pasiiyHa ObiKMHA HA BbIHATA.
Cnektpockonusata Ha MbocGayep € 13non3saHa 3a yCTaHOBABaHE CLOTHOLIEHUETO HA Pa3NYHUTE DOPMU Ha KEenasoTo B MuHepanuTe. MokasaHa e pasnuyHaTa

MarHuTHa NpoHULaemMocCT Ha CbAbpXalluTe ce B np06aTa MUHepanu.

KOHCTaTMpaHaTa pasnnka B MarHUTHUTE CBOWCTBA Ha XpoMmCbAbpXalluTe MUHEpanu 1 NUMOHMTA NOKa3eaT, 4Ye pyaata MOXe fda ce oboraTsiBa C MarHuTHM
cenapaTopu, C NOAX0AALLO HanpexXeHe Ha MarHUTHOTO none, cnef CeNnekTMBHO CMUNaHe, 3a MeXaHU4HO pasfendHe Ha MuHepanuTe.

BBLBEAEHME

V/3BbplUeHUTe [0 Cera TeonoXKM U MUHEPANOXKM
NpoyyYBaHWsl NOKa3gaT, Ye HammpalmTte ce Ha dununuHuTe
naTepuTiA, Nopaau ronemuTe UM 3anacu, 6uxa Gunu oT ronsiMo
3HayeHne 3a Obgeworo pgobusaHe Ha xpom  (1-5).
ObBoratsiBaHETO Ha TO3M BMA pyAa Ype3 oboraTuTenHn MeToam
€ 3aTpygHeHo, Mnopagn  TaAXHaTa  CreuuduyHOCT — KaTo
CYPOBWHA, NOPagM CMOXHLS WM  MUHepaneH CbCTaB.
OGoraTMocTTa Ha naTepuTUTe 3aBUCK NPean BCUYKO OT
YCTaHOBSIBaHE Ha PasnuunsTa B XUMUYECKUTE U (PU3NYECKM
XapaKTepUCTUKM Ha HaMUpaLLWUTe Ce B TAX MUHepanu. [onsmo
3HaYeHWe UMa PasnMYNeTo B MarHUTHIUTE UM CBOMCTBA.

[lo TO31 MOMEHT HsIMA MHOFO W3CMEefBaHUs 3a MarHUTHa
cenapauus Ha NaTepuTeH XpoM, Tbii kaTo TpsibBa Aa 6bae
MpoyyYeHa 3aBUCUMOCTTA MEXZY MarHWTHUTE CBOWMCTBA U
CTpoexa Ha MUHepanuTe, CbOTBETHO XUMUYHUAT UM CbCTaB U
noseAeHneTo UM B MarHUTHO none.

B HacToswata pabota ca M3noxeHu pesyntatute OT
n3cnefBaHusaTa Ha MarHUTHUTE CBOWCTBA Ha ChAbpXKaLLuTe ce
B NaTepuTUTE MUHEpanu, a MomyvyeHuTe pesyntaty morat aa
Ce W3Mon3Bat 3a MarHUTHoO oboraTsiBaHe Ha pyaara.

METOLVKN 1 ANAPATYPA

3a u3crefBaHe Ha MarHUTHUTE CBOWCTBA Ha pyaaTa €
W3nonseaH naGopatopeH dpaHL-M30AMHAMUYEH-
MarHuTusaTop. MayyeHn ca MarHutHata MpoHMLAseMocT Ha
MUHepanuTe, CbabpXally ce B pyaata. Ypes audepeHuuaneH
TepMOaHanu3 ca aHanuaupaHu NUMOHUTOBM  arperaty,

MOMyYeHN NpW pasnMyHa MarHWTHA MHAyKums. WsyyeH e u
TAXHWSAT MH(DpayYepBeH CnekTbP. MpunokeHa e cnekTpockonus
Ha Mbocbayep, 3a f1a Ce yCcTaHoBM CbOTHOLIEHWeTO Fe* /Fe*
B XXEMNe3HUTE MUHepany
WHcTanaums, nanon3saHa npu onuTuTe

Cxema Ha v3non3saHWs npu ONUTMTE anapat e nokasaH Ha
dur. 1. B cnyyas ce kacae 3a nabopatopeH ®paHu-
W30QMHAMUYEH-MarHMTA3aTop, MpU  KOWTO  MarHuTHaTa
WHAYKUMS MOxe Aa Bbae onpepensHa 6es HuBa O 2 Tecnu
(T). Toi e n3non3saH 3a NPoy4BaHe Ha MarHUTHUTE CBOWCTBA
Ha MuHepanuTe. PasgensHeTto Ce  OCblUecTBSBa BbB
BMOpMpaLL ynei, Ha KOMTO AbITKMHATA U HANPEYHOTO CeveHne
Ca YCTaHOBEHW npedBapuTenHo. B copTupawms ynen
[eiicTBaT [Be CMMM: MarHuMTHaTa Ccuna W cunata Ha rpa-
BUTauus. Ha ¢ur. 1 e npeactaBeHo cxeMaTUYHO YTPOWMCTBOTO
Ha anapara.

Queypa 1. [pedcmassiHe Ha cunume, delicmeawyu 6
Knacugpukamopa



MarHuTtHaTa cuna FMQ 3a yacTudka ¢ Maca m M MarHuTHa
npoHuuaemocT X= k/Qgq gercTBa HamansBalo no ocTa Ha
ynes v ce n3passsa 4pes cregHata opmyna:

FM = Ho.X.m.H grad H, [N], (1
KbaeTo m - Maca [kg]; H — cuna Ha noneTo [A m™].

ChbLyeBpeMeHHo fieiicTBa 1 cunata Ha TpueHe F'g :
F'g =m.g.sinG, [N] (2)

KbOETO § — rpaBUTALMOHHA KOHCTaHTa, g = 9,81 [m.s?); O -
BT HA HAKMOHa Ha yres.

3a paBHOBECMETO Ha CUKTE € B Cuna:

Fu=Fg
1

- gsing
A aan

(3)

C nomoLLTa Ha Ta3su opMyna e Bb3MOXHO Aa ce onpeaenu
MarHuTHaTa  MPOHMLAEMOCT Ha  MWHEpanHuTe  3bpHa.
HanpeuHuat HakmoH e © = 15°, a HagmbxHuaT - ¢ = 30°. 3a
onutute G m3nonssaHa cyposuHa ¢ egpuHa 100 — 200 m.
OnpenensiHeTo Ha MUHepanuTe, KaTo MarHUTHW CTaBa Ypes
MWKPOCKOMNCKI HabntofeHms.

MarHuTHu cBOMCTBA Ha MUHepaniTe : :
Mazrumna npoHuyaemocm Ha no-eaxHume mu 7, 1

Korato noctaBuMm efgHa—“acTuua—B—Marki one,
€NeMEHTapHUTE MarHWTM BbB BELLECTBOTO Beyraia CE
HaMarHuTBaT Mof AEiCTBMETO Ha TWIMTE Ha BBHLUHOTO Nofe.
EQHO BBHLWHO MarHUTHO More AeNCTBa Ha NOCTABEHUTE B HEMO
BELLeCTBa C pa3nuyHa cuna H v NponopunoHanHo MarHuTu-
3upaHe M. ToBa MarHuTU3NpaHe ce HEVAVIPE, KaTo MHAYLUM-
paH MarHMTEH MOMEHT Ha eguHuua obem. KoHcraHTtaTa Ha
NPOMNOPLMOHANHOCT Ce Oonpedens, Kato MarHuMTHa MpOHM-
LiaemMocT, 1 y4acTsa B crniegHata opmyna:

M = K.po.H, 4)
KbOETO Liy € UHAYKLMOHHA KOHCTaHTA (L = 77 107 V's/Am).

BennunHata k moxe fa ce onpegenn kato napameTbp,
Xapaktepusnpall, MarHUTHUTe CBOMCTBA Ha BellecTeaTa. 3a
pa3nnyHnTE BeELlecTBa T4 3aBUCK OT CunaTa Ha NoToka Unu ot
chnata Ha noneTo. VlapaaﬂBa Ce CbC cneaHata 3aBUCMMOCT:

He = 14K ()

Criopeq rorieMuHaTa Ha MarHuTHaTa MpOHMLAEMOCT Be-
llecTBaTa Ce [OENsT Ha [uaMmarHuti, napamarHutn u
(epomarHuTy. lpu copTMpaHe B MarHTHO nore ce 13nonsea
pasnukata B MPOHNLLAEMOCTTa.

MarHuTHaTa NPOHMLIAEMOCT Ha MuHepanuTe Tpsbea fa
Obae ocpefHeHa, 3a [a MOXe Ja NOBMMSe pellaBalo Ha
MarHuTHaTa cuna Ha noneto. Mo Teau pesynTaTi ce onpeaenst

Hail-noaxoAsiiaTa cuna Ha MarHUTHOTO Mone 3a pasfensHe
Ha XPOMWUTA OT XUIHUTE MUHEpaM.

PE3YNTATN OT N3MEPBAHUATA

Ha dour. 2. e npeacTaseHa ocpeaHeHaTa MarHuTHa npoHu-
L|aeMOCT Ha Mo-BaxHMTe MuHepann. [poHWLAeMocTTa Ha
MarHeTTa e B rpaHuumte 1.280.000 o 25.990.10° m/kg.
MPOHMLIAEMOCTTA HA YACTUYHO MArHUTU3NPAHTE MarHETUTI 1
4aCTUYHO MAPTUTU3MPATATE 3bPHA € B ChLLNTE rPaHNLM.

[lokaTo MrneHus XeneseH rboTUT M NENUEOKPUTa ca [MaBHy
CbCTaBHM YacTV Ha NIMMOHUTA U COTBETHO UMAT criabonapa-
MarHuTHO MOBEAEHWE U Marka NPOHULAEMOCT, IMMOHUTOBUTE
arperaty OT MaTepuTHW ydacTbUM ce kornebasT B ronemu
rpaHULM 1 UMaT OTHOCUTENHO BMCOKa NpoHuLaemoct. OT Toea
MOXE [a Ce HanpaBu 3aKMK4YEHWEeTOo, Y€ B  CUIHO
MarHuTM3MpaHuTe  NUMOHWTHW  arperatm  Mma  HanmnuyHu
(hepoMarHnTHM 1 DEPUMArHUTHU  BeLIeCTBA. XEMaTUTLT
npuUTeXaBa CPaBHUTEMHO BUCOKA MarHUTHa MPOHMLAEMOCT B
CpaBHeHWe ¢ XxpomuTa. CpacTHanuTe C XemaTuTa XpPOMMUTHM
3bpHa MMaT Marko MO-BMCOKA MAarHUTWU3MPaHOCT, TSXHOTO
pasfenHo NoBeAEeHWE Ha KnacuukaTopa e MHOTO CXOLHO.

Miepan MartuTHa nporuuaemoct X[ 10°m3kg]
10000 1000 100 10

MarHeTut . 25990 \
NumoHnT 6530
Wnmerut 3220 1620
Xematut 2980 104
Xpomut 1740 93
EHcratut 106 38
CepneHTuH — 102 26

Quaypa 2. Obwa MazHUMHa NPoHUYaeMocm Ha no-
BaXHUMeE MUHepanu.

MnMeHnTOBMTE 3bpHA MMAaT MarHuUTHa NPOHULAEMOCT,
konebaella ce B ronemu rpaHuuu. Ts 3aBUCKM OT CbObp-
XaHueTo Ha Fe;04 n Fe,0;. Cunukatite ¢ Manko cbabpaHue
Ha Xens30 KaKBUTO ca eHcTaTUTa W CeprieHTMHa Mmat no-
Manka NPOHMLAEMOCT B CPaBHEHWe C NapaMarHUTHUTE
OKCUAM; CbObPXKAHWNETO Ha Xens3o B Te3n Npobu e no-manko
ot 10 %.

Tbi KATO XKUMHUTE MUHEPArW, KAaKBUTO ca rMbCUTa N MOHT-
MOPWUMOHUTA, WMAT Mo-Marka MNPOHULAeMOCT OT ApyruTe
MWUHEpann U Te He Cb3gaBaT npobremMu B npoueca Ha
pasgensiHe.

MarHuTHaTa MpOHMLAEMOCT Ha CyndUAOHM HUKENOBM
MUHepanu, pyTWn M BapuaHTX Ha kBapL 6sxa MHOrO psAKo
pasrnexaaHu.



MarHuTHM cBOWCTBaA Ha XpOMMUTa

CMeceHusT KpucTan Ha xpomuTa, nopgobHO Ha MarHeTuTa
NPYHALNEXW KbM Tpynata Ha (epuMarHuTHUTE BeLLEeCTBa.
TakvBa (pepuMarHUTHW MUHEpanu nokas3saTr (hepoMarHUTHO
noBedeHne 4pe3 edHo cnabo CMOHTaHHO MarHUTU3MpaHe.
XpOMUTBT CbAbpkKa MOBeYe PasnuyHW AOHW, KOWTO ca Unu
XMMWYECKM  Pa3NNYHK, UMW MUMaT  DM3NYECKN  PasnnYHK
KpucTanHu pelueTkn. Tosu BMA pelleTka e NpeAcTaBeHa B
nepcnaktuea Ha ¢ur. 3. WnuHenHata cTpykTypa obpasysa
MbTHa Kybudecka copma oT O? — WOHW, Ha YMKTO
OKTaedpWuHW W TeTpaejpuyHn Mecta uMa  npuienHanm
kaTWoHW. Ypes KpucCTanu3auMOHHaTa pa3nuka Pas’nuyHmn
MeTasnH1 NOHW pasMecTBaT MecTata CH, Taka Ye npu XpomuTa
Cca Bb3MOXHM MHOXECTBO CYB6CTUTYMPani KpucTanu.

B enHa enemeHTapHa kneTka Ha xpomuTa yvacTeat 32
KACNOPOZHM 1 24 meTanHW atoMa. Ha eauH eguHuyeH Bb3en
ce nonarat 16 TpuUBaneHTHW MeTanHu oHu, kato Cr**, AP u
Fe* Ha [Be pasnuuHu MecTa. 8 atoma ca TeTpaegpudHn TN
A, a octaHanute 8 aToma, kato Fe, Mn u Mg ca ot Tun B.
Ounonute Ha Tean 16 TpuMBANEHTHW WOHM KOMMEHcupaTt
pasnpeneneHMeTo UM B KpucTana. 8 [ABYBamneHTHU WOHa,
kakeuto ca Fe*, Mn? n Mg* ce HamupaT Ha oCTaHanuTe
mMecTa TMn B u ponpuHacaT 3a MarHWTU3MpaHeTo Ha
XPOMUTHUTE  WnuHenn. EQHO  TakoBa  HacoyBaHe Ha
MarHUTHUST MOMEHT B TBbPAMTE BELLECTBA Ce OMpeaens, kato
aHTUEPOMarHeTU3bM.

CROHTaHHUST MOMEHT Ha Xpomuta caM MOXe fa ce onuile
OT [ABYBANEHTHUTE MeTalnHu VIoHN. AHTmnapanenHo nogpe-
JEHUTe MeTanHn aToMu MnokaseaT Nno npasniio nNapamarHUTHO
noBeJeHne B MarHWTHO none.

Bb3 ocHoBa Ha Teau TEOPETUYHU HabnoaeHNs1 MarHUTHUTE
CBOMCTBA Ha Xpomuta ce konebasT B 3aBMCUMOCT OT
MUHEpPanHna CTPoexX U XMMNUYHNA CbCTaB.
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Queypa 3. lNepcnekmueHa npedcmasa Ha WNUHeHa
cmpykmypa.

MWKPOCKONCKOTO MpOyYBaHE NOKa3Ba, Ye XPOMUTHUTE 3bpHa
YecTO MbTW Ca CpacTHaMM C XUMHU MUHepanu. Tbit kaTo
KWMHUTE MUWHepanuM B MOBEYETO CRyyau WMaT BUCOKO
CbAbpkKaHMe Ha Xens3o, MoraT fa okaxaT BINSHUE BbpXy
MarHUTHUTE CBOWCTBA Ha XPOMUTHUTE 3bpHa. Pasnpepe-
NEHNETO Ha MacaTa Ha HsIKOW MUHEepanu Npu MarHUTU3VpaHe
€ B 3aBMCMMOCT OT MarHWTHata uHaykuws. M3nonssaHuTte
NaTepPUTHN 1 MbPBUYHA XPOMUTHM Pyau NpOW3nM3aT oT ea-
HaKBW Haxopuwa. TeXHWUTE KOHLEHTPATW OT TeXKM MUHepany

Bsixa oboratsBaHM 4pe3 copTupaHe B knacudmkatop. [pw
pa3aensaHeTo B Knacudukatopa HanpeuHUsT HaknoH Ge 15°, a
HapmbxHuaT 30°. Tabn. 1 nokassa, ye HabrioaasaHuTe nare-
PUTHM XPOMMTM Ca MO-CUIHO MarHUTU3UPaHW B CPaBHEHME C
mbpBuyHUTE pyau. [pu marHuTHa wHaykums oT 240 mT
MarHeTU3MpaHeTo Ha nateputHata pyga e okono 33,1 %,
[O0KaTO Ha MbpBUYHUTE XpoMmuTK e camo 4,4 %. MbpBryHaTa
pyda ce pasfenst MarHuTHO Hai-Beye B rpaHuuara 320 — 480
mT.

PasnuyHuTe MarHMTU3WpaHW y4acTbUW Ha naTepuTHUTE
xpomutu (p> 4,19 glem® ) 6saxa aHanuanpaH XumMnyHo (tabn.
2 1 3). Okasa ce, Ye HapacTBaljaTa MarHUTHA MHOYKUMS Ha
FeO 3HauutenHo cnaga, Aokato CbabpxaHusTa Ha Cry0s,
Al,O3 1 MgO ce yBynuyasar. pu marHuTHa MHOYKUMS 480 mT
CbObpXalluTe Kens3o CUnMKaTW Ce pasfendar, Taka ue
cbabpxaHueTo Ha Cr,0; Hamansea.

Tabuuna 1.MarauTHO pasjeneH IbPBUYEH M JIATCPUTEH
XpOMHUT, JIUMOHUTOBHU arperatu u CHJIMKATHU B
3aBHUCHUMOCT OT MarHuTHaTa MHAYKOHA

100 100 100 100

Or pesyntatute ce yCTaHOBABa, Y€ naTteputHaTa Maca Ha
CJ'IGGOMaFHVITVBVIpaHM XpoMUT € CcpacTHamna CbC CUINHO
MarHuTu3npaHu MUHeparu, KakBuTo ca Hanpumep MarHeTuT 1
MarxumnuT N gpyru Henos3HaT MuHepanu, KOUTo He morat Ada



Obaat naeHTMdMLMpaHu Noa MUKpockon. 3a a ce YCTaHoBM
BMMSHWETO HA XMMWYECKMSi CbCTaB BBPXY MarHUTHUTE
CBOWCTBA Ha XpomuTa 6sxa NPOBEAEHN XUMUYHM ONUTU C KbCK
WHAYKUMOHHM uHTepBanu oT 15 mT. C yBenuyasawara ce
MarHuTHa WHOYKUMS Hamansea cbAbpxaHueto Ha FeO kato
Lano, Jokato CbabpkaHueto Ha MgO ce ysenuyaea. [pu
TOBa CbAbpKaHMeoT Ha okcuan kato Cr,O; n Al,O; cunHo ce
konebae BbB BCMYKM knach. ToBa O3HayaBa, uYe Te3u
napamaTHUTHU KOMMOHEHTU Ha BELLECTBOTO Camo0 B Manka
CTeneH AOMPWHACAT 33 MarHUTHWUA MOMEHT, Taka Ye TAXHOTO
BASIHWE BbPXY MarHUTU3NPaHETO HE € 3HAYNTENHO.

V13BECTHO €, 4Ye CMOHTAHHWST MarHUTEH MOMEHT Ha aToMUTE
e 3aBucum oT Oposi Ha_enektponute B 3 d u 4 f cnoese.
MaHraHbT, KONTO MOXe fa uMa B d cnos 4 unu 5 enekTpoHa
MOXe  peWWTENHO f[a  [OonpuHece  3a  LANOCTHOTO
MarHuTuaupaHe. Tbid kaTo CbabpkaHueto Ha MnO e mHoro
Manko BbB BCUYKW krnacu u ce konebae mexay 0,06 n 0,1 %

MarHMTHWST MOMEHT Ha MaHraHa He € OT 3HauyeHue 3a
USANOCTHOTO MarHuTu3MpaHe Ha xpomuta. lpu xenssoto 4
enekTpoHa B d Cros ca peluaBally 3a MarHUTHUS MOMEHT. Ha
LUANOCTHOTO MarHUTU3NpaHe He OKa3BaTt BNNAHUE U eNeMEeHTU
KaTo TUTaHa.

MarHuTHM cBOICTBA Ha IMMOHMTOBUTE arperaTu

lMoBeYeTO MUHEPANOXKM NPOY4BaHUs Ha 0boraTsaBaHeTo Ha
NPUPOJEH Kene3eH OKCWA, Pecr. Xenes3eH Xuapookcua, ca
HanmpaBeHM C NOMOLTA HA PEHTTEHOB aHammM3 U
pudbepeHumnaneH TepmoaHanua (OTA). Te nokassar, ye B
pygata ce CbObpxaT MOYTM BCUYKM Jocera nosHatu
KpucTanorpagCkm KENEe3HOOKUCH U Kene3HOXWUAPOOKUCHM
muHepanu. Cpewat ce gopu okenan 6e3 OH rpyna (a - Fe,O;)
Xematut 1 Marxemut (y - Fe;0s), KakTo 1 oKCuam, Cbabpxallm
OH rpyna, kaksuto ca reoTtut (0 - FeOOH) 1 nenmgokput (y -
FeOOH ). OcTaHanata Yact Ha okcuauTe € peHreHoamopHa.

Ta6nv|ua 2. TernosHo pasnpenenenne 1 pasnpeaeneHne Ha Metana 3a nateputHa XpoOMUTHa pyaa Ha MarHuTHuTe

MPOAYKTV MPK pasfiniHa MarHeTuaupaHocT (p>4.1)



Tabnuua 3. XuMuyeH CbCTaB Ha NaTepUTHUS XPOMUT 3a OTAENHUTE MarHUTHU NPOZYKTU



Ycrnosusita Ha obpasyBaHe Ha pypata, Kato Hampumep
KnumaT, CTOMHOCTM Ha Eh v pH, mbpBuyHK ckanm ca daktopy,
OT KOWTO 3aBWCK BMOAQ Ha Bpb3KaTa B XKeNesHuTe OoKcuawu,
pecn. Xwapookcwuau. [TaBHO CbCTaBEHUTE OT  KEenesH
XUAPOOKCMAM NUMOHUTOBM arperat B nateputHaTta pyaa,
KaKBWTO Ca rMokasaHW Ha cur. 2 gokaseat konebaelja ce B
ronemu rpaHnuLmM MarHuTHa NPOHULLAEMOCT B MarHUTHOTO More.
ToBa 3aTpyAHsiIBa MPUMOXEHWETO Ha MarHUTU3MpaHeTo npu
oboraTsBaHeTo Ha XpPOMUT OT NaTEPUTHU MOYBM.

B numoHuTOBMTE arperaT MoraT Aa ObaaT OTKPUTM
pasnuyHu MeTanu. [MbpBo Ge aHanNMaupaH XUMUYECKUST
CbCTaB Ha PasfiyHO MarHUTU3MPaHUTE NIMMOHUTHW arperaTi.
bsxa onpegenenn cbabpxanusaTa Ha Fe, Cr, Mn, Ni u Co,
KOMTO BNUSISIT BbPXY MarHUTU3MpaHETO Ha arperatute (Tabn.
4).

He moxe fa 6bae foka3aHo, Ye ChbLUeCTBYBa BPb3ka Mexay
MarHUTU3MPaHETO M CbIbPXaHWETO Ha HUKEN U KobanT, KoSTO
Ou posena A0 chepomarHUTHM CBOWCTBA HA BelUecTBaTa.
CbabpxaHneTo Ha Huken ce konebae mexay 0,3 u 0,6 %, a
CbabpXaHueTo Ha kobant - mexay 0,02 v 0,05 %.

Pa3nnyHOTO CbAbpkKaHWe Ha XpOM M MaHraH He oka3Ba
BRMSIHWE BbPXY OBLLMS MAarHUTEH MOMEHT. ChabpXaHNETO Ha
XpoM ce npomeHs B rpanuunte mexgy 0,8 u 1,2 %, a
CbabpxaHneTo Ha MaHraH mexay 0,2 n 0,4 %.

CobliecTByBa 3aBUCHMOCT MEXOY MarHUTU3MPAHETO M
CbObpXaHneTo Ha xens3o. C yeenuyaBsallata ce MarHWTHa
WHOYKUMS Ha pa3densHe ChabpXaHWeTo Ha Xensso Hamanssa
oT 574 Ha 39,2 %. ToBa pokasBa, 4Ye B CUMHO
MarHuTU3WpaHUTE NIMMOHWTOBM arperat e Bb3MOXHO [a ce
CbObpXaT XenesHu MuHepanu. TakuBa ca MarHeTuta u
MarxumuTa. B cunHO marHuTM3MpaHuTe arperatil, KouTo ca
pasgeneHu Npu MarHuTHa MHAYKUmMs Bapupalla mexay 80-95 u
160-175 mT, MarHeTUTbT He MOXe fa ce onpedenu
MWKPOCKOMCKM.

CypoBuHarta ©Oe TmpoydyeHa © 33  MarxvMHUT.
Bb3HMKBaHETO Ha MarHeTHM3bM MOXe Ja  ObJe
BCJICZICTBHE HAa OKCHJAIMs Ha MAarHWTH, HarpsiBaHE Ha
JIETUAOKPUTH WU JIPYTH KEIE3HU TPUOKCHIH, KAaKbBTO
€ TbOTUTHT. BCHUKM Te3n HaUMHKU HAa BH3HUKBaHE MOTaT
Ja Obmar HaOmMIOmaBaHW B TNpHpojara. ThiA Karo
MarxuMHUTBHT [OKa3Ba €K30TEPMHYHA pEaKUus IpH
mudepennmanaus Tepmo ananus (ATA), To3n MuHepan
6e3 mpobaemu Moke na ObAe pa3iuyeH OT OCTAaHAIHTE
JKEJIE3HU MUHEpAIIH.

Tabnuua 4 XuMn4eckn CbCTaB Ha JIMMOHMTOBUTE
arperaTu npu pasnnM4yH1TEe MarHuH1 NPoayKTy

MarH. Coabpxkanve, %
UHAYKUMS Mn Ni
mT Cr Fe Co

80-95 0.9 574 0.2 0.5 0.04
160-175 1.2 53.8 0.2 0.6 0.03
240-255 1.1 51.2 0.3 0.3 0.05
320-335 1.0 47.7 0.2 0.6 0.02
400-415 0.8 45.4 0.4 0.4 0.04
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OudepeHumaneH TepmoaHanus
Temnepatypa °C

Queypa 4. [ludepeHyuaneH mepmoaHanus Ha pasnudHume
JIUMOHUMOBU aepeaamu, pa3deneHu npu pasnuyHa MacHUmHa
UHOYKUUSI.

3a ToBa Npoy4BaHe 6e W3MON3BaH XMMWYECKN aHanuanpaH
matepuan. Ha cur. 4 ca nokasaHu KpuBWUTE, MOSTY4EHU NpU
[TA. Okasa ce, Ye B H/CKOTeMMNepaTypHaTa 0b51acT Bb3HMKBAT
[Ba PasnM4YHM eHmoTepMUdYHM Mnka — mpu 90°C u 340°C.
MbpBMAT nokasBa OTAENsHETO Ha abcopbumoHHa Boga, a
BTOPUAT - 06pa3yBaHeTo Ha kpucTanHa Boga v obpasyBaHeTo
Ha XWOPOKCUMHM T[pynM B TbOTUTA, KaKTO U TAXHOTO
npeepbliaHe B xematut. Cnopen [aliT ek3oTepmuyHaTa
peakuMss Ha Marxumuta npoTM4a MpW  CTeneH  Ha
Kouctanmsaums  Mexgy 350 u 600°C. OuvaksaHata
€K30TEPMUYHA peakuusi He Ce Mokasa B Tasn TemmepaTypHa
obnact. Tasn peakumst He Oe ycTaHOBEHa W B MO-BUCOKM
TEMMEpaTypHU MHTEPBanW.

3a no-HaTaTbILHO Mpoy4YBaHe MuHepanuTe 6e MpuUnoxeHa
WHpayepBeHa cnekTpockorms. [lpu ToBa Ge w3nonasaH
CbLUMST MaTepuarn, koito 6e usnonseaH 1 3a [ITA. BbB Bcska
efHa OT MoKa3aHWTe KpuBM MOXe [fa Obge HamepeHa
UHppayepaeHa abcopbums Ha rbOTUT U NenuaokpuT (cur. 5).
XapakTepHusT Bpol Ha BbAHUTE Ha rboTTa — 0Kono 904 u
803 cm' e TouHO onpedeneHa BbB BesAka npoba. Mpu AbMkuHa
Ha BbnHata okono 1028 cm' cbulectByBa cnaba
MHepayepBeHa abcopbLys, KOSTO € TUNMYHA 3a NenuaoKpUTa.
B cnekTpuTe He MoraT Aa Ce pasno3HasT XapaKTepHNTE JINHUK
Ha WH(pavepBeHa abcopbuus Ha MarHeTMTa W MarxumuTa.
OcobeHocT Ha kpuBnTe 3-5 ca Manko OCTpUTE BbPXOBE MeXay
3700 n 3400 cm” . Mpu uyectota Ha BbrHata 1600 cm™
abcopbuusta He Moxe Aa 6bae onpegeneHa egHO3HAYHO, Thit
kaTo B Tasu obnact ce abcopbupat pasnuyHM XWMAPOKCUAHM
MWUHepanw.
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Queypa 5. MHppayepseH cnekmbp Ha pasnuyHUme
JIUMOHUMOBU agpe2amu, pa30esieHu Npu pasnuyHa MagHumHa
UHOYKYUSI.

Ot pesyntatute, nonyyenn npu ATA u uHdpadepseHns
aHanu3 ce okasea, Ye NMMOHUTOBUTE arperaTii ca CbCTbBEHM
[NI@BHO OT bOTHT.

B kpaitHa cmeTka Oe npunoxeHa CMEKTPOCKOMWS Ha
MbocGayep, 3a Aa ce ycTaHoBM CbOTHOLeHWeTo Fe?/ Fe* B
Kenesnute MuHepani. Mpu U3MEHEHMe Ha CKopoCTTa Ha Y -
W3TOYHMKa BCska npoba Mokasa pasmUyHO U3OMETPUYHO
OTKIOHEHWe M pasnuyHa apcopbums Ha mbuenumeto. Lect
NUHUAHWS  CNEeKTBbP, KOMTO € HeobxoaMm 3a OleHka Ha
cboTHoweHneTo Fe?/ Fe* He Moxe aa 6bae HabniogasaH 1
Mo TO3M HaYMH TO3M CMEKTPOCKOMCKA METOL B Cryuasi He e
MOAXOASILL 32 ONpefeNsiHe Ha MUHEparnTe.
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3AKMIOYEHNE
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® 480-4%5 mT V3BbpLUEHUTE M3CNeABaHNA HA MarHUTHUTE CBOWCTBA Ha
XPOMCBABPXKALLY NaTepUTH, Ype3 13roN3BaHe Ha ChBPEMEHHH
1 eheKTUBHM METOANKM NOKa3a, Ye ChLIECTBYBa pasnuuve B

/\ .
/V MarHuTHuTe CBOMUCTBA Ha XpomMuTa W APYrMAT OCHOBEH

@ 400 - 415 mT MuHepan — NMMOHUTA.
|~

| Mpu nogxogsawa marHuTHa uHaykums, 320 — 480 mT 6w
Y S MOITI0 a ce Nony4m Jobpo pasgensHe Ha ABaTa MUHepana.
® 320 -335 mT OtaeneHnsT XpOMMTOB npogykt fgoctura Hag 40 %
/\ W cbabpxanue Ha Cr,0s, npu cbabpxanue Ha FeO okono 17 %.
B 240 -255 mT Tesu pesynTaTi mMoraT fa cnyxar kato 0asa 3a nscrneasaxus,

LensLy Nofly4aBaHETO Ha XPOMMTOB KOHLIEHTpaT.
~ -
/ @ 160 - 175 mT NNTEPATYPA
T Friedrich, G.Unveroffentl. Bericht Aachen (1979)
/ Friedrich, G. Erznietall 33(1980), S. 414/420 u. a.
@ 80- 95 mT Schellman, W. Bulletin du BGRM Sect. lll, (1981)
Friedrich G. Tagungsbericht Bd. | Athen, S. 257/277 u. a.
(1981)
Hovorka, D., Sawvidis, S., 1997. Serpentinites in the Ophiolite

complexes of the Vourinos and Kamvounia Mts. (Nortern

4000 3000 2000 1600 1200 800 400 Greece), Geologica Carpathica, 48, 18-26.
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MAGNETIC PROPERTIES OF CHROMIUM-CONTAINING LATERITES

Konstantinos Hristos Gudulas

Tecnological Education Institute

Tei Kozani, Hellas

ABSTRACT

Magnetic properties of chromium-containing laterites from the Philippines and Vourinos deposit, Greece, were investigated. Magnetic properties of the main minerals
in the ore, chromite and limonite, were investigated by means of laboratory Franz — isodynamic magnetizer. Differential thermoanalysis at different temperaturesand
magnetic induction was used, as well as infrared spectroscopy at different wavelengths. Moessbauer spectroscopy was used for determination the ratio of different
iron forms in the minerals. The different magnetic permeability of the different minerals in the sample is shown.

The established difference in the magnetic properties of chromium-containing minerals and limonite shows that the ore can be processed by magnetic separators for
mechanical separation of the minerals; in suitable magnetic field strength, after selective grinding.

INTRODUCTION

Geological and mineralogical investigations implemented
so far have shown that Philippine’s laterites, due to their large
reserves would be of great importance for the future chromium
production (1-5). However, the processing of this kind of ore by
mineral processing methods is complicated due to their
peculiariies and complex mineral composition. Laterite
processability depends mainly on the establishment of the
differences in physical and chemical characteristics of the
constituted minerals. The difference in the magnetic properties
has a great significance.

So far, there are not many investigations on magnetic
separation of laterite chromium, because it should be studied
the dependence between the magnetic properties and the
structure of the minerals; respectively their chemical
composition and their behavior in magnetic field

The present study shows the results from the
investigations of the magnetic properties of laterite minerals.
These results could be useful in magnetic processing of the
ore.

METHODS AND EQUIPMENT

To investigate the magnetic properties of the ore a
laboratory Franz-isodynamic magnetizer was used. Magnetic
permeability of the ore minerals was investigated. The limonite
aggregates, obtained atdifferent magnetic induction, were
analyzed by means of differential thermoanalysis. Their
infrared spectrum was studied too. Moessbauer spectroscopy
was applied for the estimation of Fe? /Fe*  ratio in iron
minerals

Equipment used in the experiments

Fig.1 shows the equipment used. This is a laboratory Franz-
isodynamic-magnetizer, in which the magnetic induction can
be determined without levels up to 2 tesla (T). It is used for an
investigation of the magnetic properties of the minerals. The
separation is performed in a vibrating channel which the length
and cross-section have been established preliminary.

Figure 1. Presentation of the forces acting in the classifier

Two forces act in the sorting channel: magnetic force and
gravitational force. The magnetic force Fm for a particle with a
mass m and magnetic permeability

X= k/Qq acts decreasingly upon the axis of the channel.

It can be expressed by the formula:

Fm = po.x.m.H grad H, IN], )]

Where m is the mass [kg]. H is the field strength,
[Am].

Simultaneously acts the friction force Fg:

Flg =m.g.sing, [N] (2)
Where g is gravitational constant, g = 9,81 [m.s?; 6 - is the
angle of the slope of the channel.

In the case of equilibrium of the forces it is fulfilled:
Fu=Fg
1

- gsinf
and K S Grad

(3)

By this formula one can determine magnetic permeability of
the mineral grains. Transverse slope 8 = 15°, while longitudinal
¢ = 30° The initial size of the raw materials was 100 - 200
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pum. The determination of the materials as magnetic ones was
made by microscopic observations.

Magnetic properties of the minerals

Magnetic permeability of the most important minerals

If we place a particle in a magnetic field, the elementary
magnets in the substance get magnetized due to the action of
the external magnetic field. External magnetic field acts upon
the substances placed in it with different force H and
proportional magnetization M.

This magnetization can be defined as induced magnetic
moment per unit volume. Proportionality constant is
determined as magnetic permeability and participates in the
formula:

M = K.Ho.H, (4)
where 14, is induction constant (14 = 77 107 Vs/Am).

The quantity k can be defined as a parameter characterizing
the magnetic properties of the substances. For different
substances it depends on the flux density or the field strength.
It can be expressed in terms of:

He = T4 ()

Depending on the value of the magnetic permeability the
substances can be classified as diamagnetic, paramagnetic
and ferromagnetic. It is the difference in the permeability which
is used in the process of sorting in magnetic field.

The magnetic permeability of the minerals should be
averaged in order to influence crucially the magnetic force of
the field. The most suitable magnetic field force for separation
of chromite from the vein minerals can be determined on the
basis of these results.

MEASUREMENT RESULTS

Fig. 2 displays average magnetic permeability of the major
minerals. Magnetite permeability varies within 1.280.000 go
25.990.10° mkg. The permeability of partially magnetized
magnetites and partially martitized grains is within the same
limits.

While needle-shaped ferric goetite and lepidocrite are the
main constituents of limonite, showing thus weak paramagnetic
behavior and low permeability, the limonite aggregates from
laterite areas vary widely and possess relatively high
permeability. It can be concluded thereby, that, there are
ferromagnetic and ferrimagnetic substances in strongly
magnetized limonite aggregates. Hematite possesses relatively
high magnetic permeability in comparison to chromite.
Accreted to hematite chromite grains have slightly higher
magnetization and their separation behavior during
classification is very alike.

. Magnetic permeability X[ 10°m?/kg]
Mineral
10 000 1000 100 10
Magnetite  |——-25990 : :
Limonite 6530 74 |

FOOMLIHWK Ha MuHHo-eeonoxkus yuusepcumem “Cg. MeaH Puncku’, mom 44-4.

llmenite 3220 1620
Chematite 2980 104
Chromite 1740 93
Enstatite 106 38
Serpentine 102 26

Figure 2. Total magnetic permeability of major minerals

Magnetic permeability of ilmenite grains varies widely. It
depends on the content of Fe;0, and Fe,0;.

The silicates with less iron content such as enstatite and
serpentine have lower permeability compared to paramagnetic
oxides; iron content in these samples is less than 10 %.

Because vein minerals, such as gypsite and montmorilonite,
possess lower permeability than the other minerals, they also
do not initiate problems in the process of separation.

Magnetic permeabilility of sulphidic nickel-base minerals,
rutile and forms of quartz have been very rarely reviewed.

Magnetic properties of chromite
Chromite mingled crystal, like magnetite, is categorized as
ferrimagnetic substance.

Feromagnetic behavior of such ferrimagnetic minerals is
exhibited by weak spontaneous magnetization. Chromite
contains in larger extent different ions, which are either
chemically different or have physically different crystal lattices.
Such kind of lattice is presented on fig. 3. The spinel structure
forms a dense cubic cell of O? ions in whose octaedric and
thetraedric sites adhere cations. Different metallic ions
interchange their places due to crystallization difference, so
chromite allows the existence of many substituted crystals.

Thirty two oxygen and 24 metallic atoms participate in one
elementary chromite cell. For one single junction it is allowed
16 trivalent ions, as Cr**, AP* and Fe * in two different places.
Eight atoms are tetraedric of type A, and the remaining eight
atoms, such as Fe, Mn and Mg are of type B. The dipoles of
these 16 trivalent ions compensate their distribution in the
crystal. Eight divalent ions, such as Fe*, Mn?* and Mg?* occupy
the remaining sites of B type and they contribute for the
magnetization of chromite spinels. Such orientation of
magnetic  moment in  solids is determined as
antiferromagnetism.

The spontaneous magnetic moment of chromite can be
described by its own from the divalent metallic ions. As a rule,
metallic atoms ordered in antiparallel way exhibit paramagnetic
behavior in magnetic field.

Based on these theoretical observations, magnetic
properties of chromite vary depending on the mineral structure
and the chemical composition.

% Position A
(tetraedric)

® Position B
(Octaedric)
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Figure 3. Perspective drawing of spinel structure

Microscopic study shows that chromite grains are
frequently accreted with vein minerals. Because the vein
mineral in most of the cases have high iron content, they can
influence the magnetic properties of chromite grains. Mass
distribution of some minerals in magnetization depends on the
magnetic induction. As-used laterite and primary chromite ores
originate from alike deposits. Their heavy mineral concentrates
were processed by sorting in classifier. During the separation,
the cross slope of the classifier was 15° and longitudinal slope
30° Table 1 shows that the observed laterite chromites are
more strongly magnetized in comparison to the primary ores.
In magnetic induction of 240 mT the magnetization of the
laterite ore is around 33.11 %, while the magnetization of the
primary chromites is only 4.4 %. The primary ore is
magnetically separated mainly in the 329-480 mT limit.

Table 1. Magnetically separated rudimentary and laterite
chromite, limonite aggregates and silicates, depending
on magnetic induction

Weight part,%
Magnetic Primary ) Limonite 3
induction, mT | chromite Laterite aggregate Silicate
chromite s S
80 0.2 13.5 25 -
80-160 0.6 124 17.6 -
160-240 3.6 7.2 29.3 -
240-320 54 19.6 33.7 -
320-400 59.8 40.1 15.6 -
400-480 29.1 6.7 1.2 0.2
480 1.3 0.5 0.1 99.8
100 100 100 100

The different magnetized areas of the laterite chromites
(p> 4,19 g/lcm®) were analyzed chemically (table 2 and 3). It
was found that the increasing magnetic induction of FeO
decreases significantly, while the contents of Cr,0;, Al,0; and
MgO increase. In magnetic induction of 480 mT, iron-
containing silicates separate, thus Cr.,O; content decrease.

It is found from the results that the laterite mass of weakly
magnetized chromites has accreted to strongly magnetized
minerals, such as magnetite, maghemite and other unknown
minerals, which could not be identified by means of
microscope. In order to determine the influence of the chemical
composition upon magnetic properties of chromite, chemical
experiments with short induction intervals of 15 mT were
conducted. In increasing magnetic induction FeO content
decreases in general,while MgO content increases.
Furthermore, oxide content, such as Cr,0; and Al,Os, varies
widely in all classes. This means that these paramagnetic

components of the substance contribute in a low degree to the
magnetic moment, therefore, their influence upon
magnetization is not significant.

It is known that the spontaneous atomic magnetic moment
depends on the number of electrons in 3d and 4f layers.
Manganese which might have 4 or 5 electrones in its d layer
could contribute crucially for the overall magnetization. Since
MnO content is very low in all classes, varying between 0.06
and 0.1 %, manganese magnetic moment is irrelevant to the
overall magnetization of chromite. Four electrons in d layer in
iron are crucial for the magnetic moment. Elements like
titanium do not influence the overall magnetization.

Magnetic properties of the limonite aggregates

Most of the mineralogical studies upon mineral processing
of natural iron oxide, respectively iron hydroxide have been
made by means of x-ray diffraction analysis, and differential
thermoanalasysis (DTA). They show, that the ore contains
almost all, so far known crystallographic, iron oxide-base and
iron hydroxide-base minerals. There are even oxides without
OH-group (a - Fe,0s), hematite, and maghemite ( y - Fe,0s) as
well as oxides which contain OH-group, such as goetite (o -
FeOOH) and_lepidocrite (y - FeOOH). The remaining part of
the oxides is x-ray amorphous.

The conditions of ore formation, such as climate, Eh
and Ph values, primary rocks, are factors, on which
depend the type of bond in iron oxides, respectively
hydroxides. The limonite aggregates shown on fig. 2,
consisting mainly of iron hydroxides, exhibit widely
varying magnetic permeability in magnetic field.. This
hinders the application of magnetization in mineral
processing of chromite from laterite soils.

Different metals could be found in the limonite aggregates.
At first, it was analyzed the chemical composition of limonite
aggregates, magnetized in a different degree. The contents of
Fe, Cr, Mn, Ni and Co, which influence the magnetization of
the aggregates were measured (table 4).

It could not be proved, that there is a connection between
the magnetization, and Ni and Co content which would lead to
ferromagnetic properties of the substances. Ni content varies
between 0.3 and 0.6 %, while Co content between 0.02 and
0.05 %.

The different content of chromium and manganese does
not affect the overall magnetic moment. Cr content varies
between 0.8 and 1.2%, while Mn content between 0.2 and 0.4
%.

There is dependence between magnetization and iron
content. In increasing magnetic induction of separation, iron
content decreases from 57.4 to 39.2 %. This shows possible
presence of iron minerals (magnetite, maghemite) in strongly
magnetized limonite aggregates. In strongly magnetized
aggregates, separated in magnetic induction varying between
80-95 and 160-175 mT, magnetite could not be identified by
means of microscope.

Table 2. Weight distribution and distribution of the metal for laterite chromite ore of the magnetic products in
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different magnetization (p>4.1)

Table 3. Chemical composition of laterite chromite for specific magnetic products
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Table 4 Chemical composition of the limonite aggregates in
different magnetic products

The raw material was investigated for maghemite also. The
creation of magnetism can be attributed to oxidation of
magnets, heating of lepidocrites or other iron trioxides, such as
goetite. All these ways of creation could be observed in the
nature. Since maghemite shows exothermic reaction in
differential thermoanalysis (DTA), this mineral can be easily
distinguished from the other iron minerals.

Differential thermoanalysis
Temperature, °C

Figure 4. Differential thermoanalysis of different limonite
aggregates, separated at different magnetic induction

Chemically analyzed material was used for this study. Fig.
4 shows DTA curves. It was found that two different
endothermic peaks occur in the low temperature region - at
90° C and at 340°C. The first one expresses the release of
absorption water, while the second one - the formation of
crystalline water and OH-groups in goetite, as well as their
transformation to hematite. According to Geit, the exothermic
reaction of maghemite occurs in degree of crystallization
between 350 and 600°C. The expected exothermic reaction
was not found in this temperature interval. This reaction was
not observed in higher temperature intervals too.

Infrared spectroscopy was applied to study further the
minerals (fig 5). For that purpose, the same material which
has been used for DTA, was used. In each of the curves,
shown in Fig. 5, one can found infrared absorption of goetite
and lepidocrite (fig. 5). The characteristic wave number of
goetite — around 904 and 803 cm is measured precisely in
each sample. At around 1028 cm-1 wavelength, there is weak
infrared absorption, typical for lepidocrite. The characteristic
lines of infrared absorption of magnetite and maghemite can
not be traced in these spectra. Peculiarity of curves 3-5 are the
slightly sharp peaks between 3700 and 3400 cm™. In wave
frequency 1600 cm” the absorption could not be
unambiguously determined, because different hydroxide
minerals are absorbed in this region.

T2 3 4 5 6 7 8 9 1010
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Figure 5. Infrared spectra of different limonite aggregates,
separated in different magnetic induction

The results of DTA and infrared analysis show, that the
limonite aggregates consists mainly of goetite.

Finally a Moessbauer spectroscopy was applied, to
measure Fe?/Fe ratio in the iron minerals. In changing the y -
source speed, each sample showed different isometric
deviation and different radiation adsorption. The six lines
spectrum, necessary for estimation of Fe?/Fe** ratio could not
be observed, meaning that this spectroscopy method is not
suitable for determination of minerals in this case.

CONCLUSIONS

The present studies of magnetic properties of chromium-
containing laterites, incorporating modern and effective
methods, show that there is a difference in magnetic properties
of chromite and the other basic mineral - limonite.

In suitable magnetic induction, within 320-480 mT, a good
separation of these two minerals could be achieved.

The chromite product obtained reaches over 40 % Cr,0;
content, at FeO content around 17 %. These results could be
a base for future research aimed at obtaining a chromite
concentrate.
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