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BIMUAHWE HA TONKOBWUA TOBAP HA MENTHULIATA U BPOA HA OBOPOTUTE
BbPXY CENEKTUBHOTO HACUTHABAHE NPU OBOIrATABAHETO HA
XPOMUTOCBABPXKALLK NOYBU OT BYPUHOCKUA OTONTUTOB KOMIIEKC,
3ANAOHA MAKEQOHUA - MbPLNA

Kapruotuc E. lFogynac K. Xapxuasryctuc T.  Baranuc K. MaHonuaguc O.
TeXHOMOMYEH MHCTUTYT ~ TeXHoMornyeH TeXHOMOoMYeH MHCTUTYT — TeXHOMorYeH TexHomnornyeH
Kasana UHCTUTYT 3anagHa MakegoHus WHCTUTYT WHCTUTYT
Mbpums 3anagHa MakegoHus Mbpups 3anagHa Makepgonnss  3anagHa MakegoHus
Mbpums Mbpuus Mbpums
PE3IOME

/3BeTpsiBaHETO Ha yNTpabasnyHu ckanu KaTo NepuaoTMTH U LyHUTH, KaKTO W NMPON3XOXAALLUTE OT TSX CEPrEHTUHM € A0BENO [0 HaboraTsBaHe Ha LeHHW MeTanu
BbB BypuHockus komnnekc. B onpegenenn 3oHW, KbAeTo ce HabniogaBa U3BETPSAN NaTepuTeH Croit Hukena u kobanTa morat Aa 6baat abconoTHo HaboraTeww,
[0KaTO XKEens30To U XPOMOBUTE LUMMHENN UMaT OTHOCUTENHO HaboraTsiBaHe. MUHEpanoXkoTo NMpoyYBaHe Ypes3 PEHTTEHOB M MUKPOCKOMCKM aHanns, KakTo U 4pe3
MMKPOCOHAMPaHe Nnokasa, Ye No-BaXHUTe U3BETPUTENHU NPOLYKTU Ca CbCTABEHM OT XENE3eHXUAPOKCH NIMMOHUT U TEXKM MUHEPANM KaTo XPOMMUT M MarHeTuT. 3a aa
morat Aa 6baar OTAENeHN XPOMUTHUTE 3bPHA, CPACTHaNM C TBbPANUTE NIMMOHUTHU arperati oT noysuTe TpsbBa Te fa ObaaTt npeaBapuTENHO HacUTHEHW. 3a uenTa
npobuTe ce CMUNAT CenekTMBHO B TOMKOBa MenHuLa. Cries MHOrOBPOHM ONUTK Ca ONpeaeneHu CresHUTe ONTUManHUTe NapaMeTpy Ha CMUNAHETO: TOMKOB TOBap
Ha menHuuata 40 obemuu % n obopotit 30 % Ny Jobpute pesynTaT OT CMUNAHETO Ca AOCTUrHATA MpU TOMKOB TOBAp Ha MernHMLaTa OT CTOMaHEeHW TOMKM C
AnameTbp cbotBeTHO 16, 12, 10, 8 m 3 mm. OntumanHoTo Bpeme Ha cmunaxe e 15 min, kaTo B T03n cryyan elue AOCTUTHATO CbabpxaHue Ha Cr.0sB knacata ¢

egpuHa > 100 um 38 %, 3arybata Ha xpom e 13% B knacata ¢ efpuHa <20 ym
Knro4oBM gyMu: CenekTMBHO HaCUTHsBaHe, 0GOPOTU Ha MenHuLaTa, XpoMuT

BBbBEOEHME
leonoxka pamka

BypuHockuaT mMacuB ce Hamupa B CeBepHaTa rpbuKa
npoBuHUMa 3anagHa MakegoHus. Tol e oT Tuna “cynep-
cybaykumoHHa 3oHa” (SSZ) otormt (Beccaluva et al., 1984,
Pearce et al. 1984). MHoro oT Teau OTONMUTU CbObpXaT
KOHLIEHTPaLMW Ha XPOMMTHA pyAa, MPEACTaBAsBaLLM HayyeH
nHTepec. ETo 3awo SSZ otonuTtuTe OT TO3W paloH morat fa
ObAaT NpUYKCreHn KbM CBETOBHUTE XPOMWTHM 3amack. Bb3
OCHOBa Ha TO3K (hakT MaTepuambT OT BypuHockus Mmacus
MacuB € MHOrO MoAXofsly 3a M3CNeABaHWS CrpsMO MHOrO-
06pasneTo Ha pPyAHOrEHETUYHI, MarHUTHU 1 TEKTOHCKM NpoLie-
cu. BypuHockusiT mMacuB e paspeneH Ha CesepeH, HOxeH u
3anapgeH BypuHoc. MacuBbT ce CbCTOM OT  LSNOCTHO
3aBbpLUEHO pyaHo TAno. Abnrata 12 km otonuTtHa Xuna Ha
BypuHOC Ce CbCTOM OT TEKTOHCKM y4aCTbK, BEpOSITHO OT
MaTepuan Ha ropHaTa MaHTusl, KOMTO Ce e u3gurHan no Bpeme
Ha 0bpa3yBaHETO Ha HOBa 3€MHa KOpa; MarMeH y4yacTbk,
obpasyBaH OT Marma no Bpeme Ha MpOLECH Ha KOMynaTuBHA
KpUCTanu3aumoHHa audepeHymnaums. XpOMUTHATE Haxoauwia
BbB BypuHOC Ca pa3nonoxeHu rmaBHO BbB BbTPELUHOCTTA Ha
3eMHaTa MaHTWsl. Bbnpeku TOBa HAKOM OT XPOMUTHUTE
HaxoauLLa ca pasronoXeHu B JyHUTU HA MarMeHaTa CekLms.

BypuHockuaT macus, pasnonoxeH Ha nnowy ot 400 km? e
OTZEneH OT ronemMnst MMHAOC U ONONUTITE YPE3 CEaNMEHTH
0T Me3orbHkn (Smith, 1979). B rnaBHata 30Ha Ha Tesu
CEOMMEHTM Ce MOosBABAT OUONMTHW CKamu, Kato 3a Te3u
OTONUTU € YCTaHOBeHa Cbluyata 0bAyKUMOHHA nocoka. ETo
3alo Te Ce pasrnexpaar kato kookeaHcku (Smith & Moores,
1974; Smith, 1979). Hakpas BypuHoc e obayuupan no speme
Ha lopHa KOpa u [lonHa Kpepa npe3 metamopdosvpaHi,
[ONHOIOPCKM kapboHaTM M TepckM OTnaraHus Ha 3anagHus
Opsar Ha MenaroHckust macue (Moores, 1969). Smith (1979),
Nazlor & Harlie (1976) u Rassios et al. (1983) TBbpAAT, Ye
Ta3u Nocoka Ha 06aykums e npemuHana B SSW.

CepneHTUHU3ALMOHHUTE N U3BETPUTENHUTE MPOLIECH Ha
BypuHockute otonutM ca npoyyenn ot Sawvidis (1996),
Sawvidis & Hovorka (1996) n Savvidis et al. (1997, 2001a,
2001b, 2001c) n Hovorka et al. (1997).

NMOCTAHOBKA HA EKCMEPUMEHTA
CeneKkTMBHO HaCUTHABaHe
lonsiMa yacT oT o0e3lnaMeHnsl MaTepuan ce CbCTou OT
NUMOHUTHKU arperaTh. B TsX ydyacTBaT W TEXKM MUHEpanm,

KaKBMTO Ca MarHeTUTa M XpomuTa. 3a a ce AOCTUrHE BMCOKO
M3BMMYaHe Ha XpoMMT Tom Tpsibea fa Obae paskpuT. 3a ToBa



Oelwwe HeobxoauMmMo Ja ObaaT HACUTHEHW CEMEeKTUBHO MUMO-
HWUTHUTE arperatu.

KakTo nokassat MUKpOCKOMCKUTE Npoy4BaHns Ha Hovorka et
al. (1996) xpomMuUTHUTE 3bpHa 4ecTo MbTU Bsixa cpacTHanm c
OKCMOHO Kensi3o, Taka 4Ye He Moxe fa 6Obge nomyveH
CTOMHOCTEH XPOMWTEH KOHLEHTpaT 4pes3 copTupaHe Mo
MITbTHOCT, KakBaTo 0BUKHOBEHHO Ce M3non3ea 3a oboratsBaHe
Ha mbpBUYHK pyou. CoobpkaHueto Ha CroO3 B KOHLUEHTpa-
TUTE Ha NaTEPUTHUTE XPOMMTOBM pyau, AOOWMTM B MPOMMBHA
Maca 3a pyfaa, Bb3nnsa Ha okono 41 % npu cvoTHoleHue Cr —
Fe 1,4. CoobpxaHneto Ha CroO3 Ha KoHUeHTpaTa, fobuT oT
MbpPBUYHATE XPOMOBM pyAaM OT cbliata obract, 4ueTo
cboTHowweHne Cr-Fe 6e no-BuCOKO OT TOBA Ha XPOMOBUTE
LUNWUHENK, Bb3nu3a Ha okono 50 % npu cvoTHowweHue 2,3 (Oh,
1984; Korn, 1970). EaHo nobpo oboraTsiBaHe Ha naTepuUTHM
XPOMOBM pyau Ype3 MeToauTe Ha oboratsiBaHe € Bb3MOXHO
camo ToraBa, korato Npeau TOBa MMa pasdensHe Ha
cpacTHanuTe 3bpHa. Tbil KaTo cpacTHanUTe C XpOMUTa 30HU
“MaT BUCOKO CbabpkaHue Ha FeO u 3HaunTenHo no-marka
TBBPLOCT OT Ta3u Ha XPOMUTA, Bb3MOXHO € Ype3 CENEeKTUBHO
HaCMTHsIBaHe Ja ce Nony4m no-gobbp XPOMUTEH MPOAYKT.

Mpn u3bopa Ha KoHUenuus 3a uacnegsaHe 6e m3bpaH
npeanoxexuns ot J. S. Oh (1985) meTop.

BrnusiHve Ha napameTpuTe Ha CMUIAHETO

Bb3 ocHoBa Ha no-ocobeHnTe CBOVCTBA Ha BellecTBaTta 3a
CENEKTUBHOTO HaCUTHsIBaHe belle |/|36paHa TOMNKOBa MENHULA.
3a OnTUMUPaHe YCroBusaTa Ha CMWaHe Osixa nposeneHn
OnuTK, CBbN3aHN C NPOMAHA Ha Pa3nU4YHUTE NapameTpun Ha
CMUINaHETO.

lNapameTpu Ha MenHuuara:

BbHLWweH auameTsp: 189 mm
BuTpelleH guameTsp: 175 mm
ObmxkiHa Ha MenHuuata: 269 mm
Obem Ha menHuuara: 6470 ml

Bb3 OCHOBa Ha TEOPETWYHM W NUTepaTypHU [daHHM Oe
n3BpaHa MenHuLUa ¢ rnaaka obnuloBka.

OuameTbp, mmTernoBHO CLOTHOWEHKE, %16
12
10
8
630
23
19
16
12
BnusHue Ha OGposi Ha obopoTuTe M TOMKOBWUSI TOBap Ha
mMenHuuara

XpomuTbT € yynnue npu obpaboTka, Taka ye Tpsibea Aa ce
n3berHe yOapHoTO JeicTBIe Ha TomnkuTe B MenHuuata. Mopa-
OV Tasu npuumHa TpsibBa MHoro gobpe ga ce onpegenst
0b6opoTUTe Ha MenHuLaTa M CTeMeHTa M Ha 3ambiBaHe C
Menewm Tena. Bb3 ocHOBa Ha CTOMHOCTUTE, MOMYyYeHU Mpu
onutute bsxa onpedenexn ontumanHuTe obnactu Ha obopo-

TUTE W CTEMEHTa Ha 3amb/iBaHe Ha MenHuuaTta ¢ TOMKOB TO-
Bap. Tean cTorHoCTH ca: 6poit Ha obopTute Mexay 20 n 40 %
OT Nipur W CTEMEH Ha 3ambfiBaHe Ha MeNHMLATa ¢ TOMKOB TO-
Bap, Bapupalla mexay 30 n 50 %. 3a ga moxe aa ce obxsaHe
W KUHEeTMKaTa Ha HacTHsBaHeTo 6sixa u3bpaHa M pasnuyHu
NPOABIMKATENHOCTA Ha BPEMETO Ha cmunaHe mexay 5 u 20
min. Pe3yntaTbT OT HacuUTHABaHeTO Be TakbB, Ye NonyYeHnsT
npogykt aa Gbae npecat npe3 cuta 100, 63 u 20um,
yeTUpuTE MOMyYeHM knacu Osxa XMMWUYECKM aHanuaupam.
Pesyntatute ca nokasaHn B TabnuyeH sua. Okasa ce, ye 6pos
Ha 060pOTUTE OKa3Ba MO MPWHLMM MO-CUNHO BMMUSIHUE BbPXY
pesynTaTuTe OTKONMKOTO CTEMeHTa Ha 3ambfiBaHe Ha
MenHWuata C Menewm Tema. ToBa  JokasBa, ue
CENMMKTMBHOCTTa HAa HACWTHABAHETO Ha MaTepuana ce
noBnusisa cnabo OT pasnuyHUTE CUMM Ha yaap, 3aBuceLy OT
Ta3n CTENEH Ha 3ambiiBaHe.

Belue ycTaHOBEHO, Ye 3a YacTULUTe C eApuHa No-ronemu ot
100um ce HabnopaBa yBenuyeHo oboraTsBaHe Ha XpomuTa
npu 6poin 06opoT 30 % OT Nur 1 CbLLO Taka cnab cnag B
n3Bnuyareto Ha Cr20s. Mpm ole no-Bucok 6poit Ha 0bopoTK-
7€ — 40 % OT nypur NPOLIECa Ha ObOraTABaHe Ce BOLLM, [OKATO
W3BNNYaHETO ce yckopu. ToBa nokasa, Ye npu To3u Gpoit Ha
060pOTUTE CEMNEKTMBHOTO AEWCTBME Ha MENeLmUTe TOMKM
felle HamaneHo YyBCTBUTENHO.

[Mpu Han-chmHHaTa Knaca < 20 um B cpaBHeHuWe C Knacata >
100 um pesyntatute 6sxa CneAHUTE: CbObPXAHUETO W W3-
Bnn4aHeTo Ha Crp03 ce yBenuun 0cobeHo curHo npu Bpoi Ha
obopotute 30 % nypur. YcTaHOBEHO Belle CbLuo, Ye 3a Aa ce
nomnyyu fo6bp pesynTar OT CMATAHETO BPEMETO Ha CMUNTaHE
He TpsibBa ga 6bae noeeye ot 15 min. Ha durypn 1 - 4 ca
NpeacTaBeHy  De3viTaTuTe OT CMUIIAHETO MpU MPOABLITKM-
TenHoe S8 S82382850°E

Kakto nokassa ¢ourypa 1 npu Gpoit Ha obopotute 20 % ot
Nur CTENEHTA HA 3aMbyiBaHe Ha MenHWUaTa ¢ Menewy Tena
OKa3Ba MOHOTOHHO BMUSIHWE BbPXY CbAbpxaHneTo Ha Cr03 B
knaca > 100pm.

Abb. 1: Mahlergebnisse in der Komklasse >10* mm in
Abhangikeit von der Drehzahl nkrit und dem
Mahlkorperfullungsgrad, Mahldauer: 15 min
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Queypa 1. Pesynmamu om cMuniaHemo 3a knaca >1 0*mm e

3agucumocm om 6post Ha 060POMUME Nypum U MONKOBUST
mosap Ha MenHuyama, epeme Ha cmunade 15 min

Mpu yBENMYEHO 3amblBaHE Ha MeNHULaTa ¢ Menewy Tena
cbabpxaHneto Ha Cro03 ce yBenuum ot 35,5 Ha 36,3 %. Tosu
pesynTat obaye He Moxe Aa Gbae yCTaHOBEH Mpu oLwe no-
ronsm 6poit Ha obopoTuTe. Mpu Gpoit Ha obopoTute 30 % oT
Nipur M CTENEH Ha 3anbneaHe 40 % Ge ycTaHOBEHO Hali-BIMCOKO

cbabpxaHue Ha Cro03 — 37,2 %.

/3cneaBaHeTo Ha pesyntatuTe OT CMUMAHETO MO HaTaTbK
Be npoBepeHo ¢ momowTa Ha Mukpockon. B egpute knacu
BboOLe He ce CbAbpkaxa NMMOHUTOBM arperaTti. Bce olle
CbObpXalluTe Ce B MaTepuana XurHn MUHepanu, kato Ksapl,
MUPOKCEH W apyrv Tpsibea ga Bbaat oTaeneHu.

Pesyntatute ot cmunaHeTo npu Gpoit Ha obopotute 40 %
OT Nypur NOKA3axa CUITHO HEXeNaHO HaCUTHSIBaHe Ha XpoMuTa.
3a knacata ¢ egpuHa > 100 um Hai-gobpute ycnosust 3a

HacuTHsBaHe bsixa 6poi Ha obopoTuTte 30 % OT Nyur M CTENEH
Ha 3ambfiBaHe Ha MenHuuaTa ¢ menewwm tena 40 %.
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Abb. 2: Mah\erg‘mum'g.gqm&mc 10083 um in
Athangigkeit 06uB nd dem
Mahkorerfullunasarad o, Manidauer 15 min
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MUHEpanu 1 CUrMkaTHN MUHepanu. Te3n HEXOMOreHHu arpera-
TM MMAaT no-manka TBbPAOCT B CPaBHEHWE C XOMOTEHHUTE
arperaTu, KOWTO Ce CbCTOST Camo TO ArnoMepupan AMMOHUT 1
Mo TO3M Ha4WH MHOTO NECHO Ce HacWTHsBaT B MenHuuaTta. B
knacata ¢ egpuHa 100 - 63 pm yyacTBaT rofisiM NpOLEHT nu-
MOHWTOBU arperatt — okono 70 %, a TeXKM U CUnUKaTHU
MWHepanu Hama. Tesu arperatm ca MHOMO YCTOMYMBM Ha
MEeneLLoTO AeACTBME Ha TOMKWUTE W 3aTOBa MpW TE3W YCOBMS
Ha cMunaHe cnabo ce HacuTHABaT.

CmnsHata B npogbikeHne Ha 15 min cypoBuHa Ha Tasu
knaca 6e npecsta Bbpxy cuto 80 um. Okasa ce, Ye NUMOHU-
TOBWTE arperaTv ce Cbabpxar rnaeHo B knacata 80 - 63 um.

Ha curypa 3 ca nokasaHu pesyntatute OT CMUIAHETO 3a
knaca 63 - 20 pm. C yeennyeHneTo Ha bpost Ha 0bopoTuTe Ha-

pacTBa u cbabpkaHueTo Ha Cro0s. Hait-ronsamMoto cbabpxa-

Hue Ha Cr03 6e pocturHato npu 06opotit 40 % - Ngpur 1 50 %
3anbriBaHe Ha MenHuuaTta ¢ menewy Tena. Tasu CTOWHOCT
Bb3nu3a Ha 21,3 % npu ussnuyate 18,8 %. ToBa CbabpkaHue
noka3ga, Ye rofisiMa Yact OT Ta3u Knaca BCe OLLe Ce CbCToW OT
TIMMOHMTOBM arperary.
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Queypa 3. Peaynmamu om cmunaHemo 3a knaca 63 — 20 mm
8 3agucumocm om 6posi Ha 060POMUME Nypum U MONKOBUST
moeap Ha MefHuyama.

OWHHO HACUTHEHWAT XPOMUT € MpEeLnocTaBka 3a yBenuye-
HWETO Ha CbAbPXaHUeTo n n3enuyaHeTo Ha Cro03 B knacata ¢
egpvHa no-manka ot 20 ut. OT nokasanute Ha dwurypa 4
KpMBW Ce YCTaHOBsIBa, 4Ye M3BnM4YaHeTo Ha Cro03; 3aBucu
noBeye TO 06OPOTUTE OTKOMKOTO CTEMEHTA HA 3ambiiBaHE Ha
menHuuara c Tonku. Mpu 6poit Ha obopoTute 40 % OT Nypur CE
HabnogaBa oLye No-ronsiMo yBEnu4eHue.



JNCKYCUA HA PE3YNTATUTE

Cnen MHOrobpoiH1 oNKUTK ca onpedeneHn ONTUManHUTe
napaMeTpy Ha CMUMAHETO CTPSIMO CTEMEHTA Ha 3ambiBaHe Ha
MenHuLaTa ¢ TOMKM, KakTo u obopotute in. OT cnomeHaTuTe
YCNOBUS HA CMWNaHe Hal-U3rofHM Ce okasaxa CriegHuTe:
o6opotn Ha MenHuuata 30 % Ngur ¥ CTENEH Ha 3aMbNBAHETO
u ¢ TonkoB ToBap 40 %, 3aLl0TO TOraBa MOXe Aa ce nomnyyu
Han-gobpo oboratsBaHe Ha epuTe XPOMUTOBK Knach.
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Queypa 4. Pesynmamu om cmunaHemo 3a knaca 63 -20 mm

8 3agucumocm om 6posi Ha 060POMUME Nipum U MONKOBUS
mosap Ha MenHuyama, epeme Ha cmunade 15 min
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Mpenopvyaxa 3a nybnukysaHe om
kamedpa “MuHepanHu mexHonoauu” Ha MT®

IMPACT OF THE BALL-CRUSHER GRINDING BALL LOAD AND THE NUMBER OF
REVOLUTIONS ON THE SELECTIVE GRINDING IN THE PROCESS OF DRESSING OF
CHROMITE-BEARING SOILS OF THE VURINOS OTHOLITE COMPLEX, WEST

MACEDONIA - GREECE
Kargiotis E. Godulas K. Chathtsiavigustis T.  Vatalis K. Manoliadis O.
TEl of Technological Institute ~ Technological Institute Technological Institute ~ Technological Institute
Kavala West Macedonia West Macedonia West Macedonia West Macedonia
Greece Greece Greece Greece Greece
ABSTRACT

The weathering of ultrabasic rocks such as peridotites and dunites as well as the serpentines originating from them has led to a downward enrichment of valuable
metals into the Vurinos complex. Nickel and cobalt could be absolutely enriched in certain zones where a weathered laterithic layer is observed while the iron and
chrome spinel show a relative enrichment. As the mineralogical study made by X-ray and microscopic analyses as well as by microsounding showed that the more
important products of the weathering are composed by ferro-hydroxy limonite and heavy minerals such as chromite and magnetite. The chromite grains are coalesced
with the hard limonite aggregates in the soils. Thus they should be preliminary concentrated to have a possibility for their separation. For the purpose the samples are
grinded selectively in a ball-crusher. After numerous of tests the following optimal grinding parameters are obtained: grinding ball load of the ball-crusher - 40 volume
% and revolutions as of 30 % n«« The good grinding results are achieved in conditions of grinding ball load of steel balls with diameters 16, 12, 10, 8 1 3 mm
respectively. The optimum grinding span is 15 min and in this case a content of 38 % Cr.0O; in a class of grading > 100 um. The chrome loss is 13% in the class of

grading <20 ym
Key wards: selective fine grinding, ball-crusher revolutions, chromite.

INTRODUCTION
Geological frame

The Vurinos massif is located in the Northern Greece
province of Western Macadonia. It is of the type of “Super-
Spreading Zone” (SSZ) otolith (Beccaluva et al., 1984, Pearce
et al. 1984). There are number of these otolith which content
chromite ore concentrations and thus they represent a
scientific interest. That is way the SSZ otolith in that area could
be considered as belonging to the world chromite reserves. For
the reason the last fact let us have an opinion that the Vurinos
massif material is very appropriate for investigations in respect
of variability of the oregenetic, magnetic and tectonic
processes. The Vurinos massif is considered as composed of
three parts: Northern, Southern and Western Vurinos. The
massif represents a fully separated ore body. The 12 km long
otolith Vurinos vein is composed of a tectonic area which is
probably of upper mantle material (shifted up during the time of
a new crust formation) and a magmatic area formed by magma
intrusion  during processes of cumulative crystallization
differentiation. Some of the chromite deposits are located in
the dunites of the magmatic section.

The Vurinos massif situated on an area of 400 km? is
separated from the big pindos and the ophiolites by mezzo-
folded sediments (Smith, 1979). Ophiolitic rocks are
represented in the mean zone of those sediments for which the
same obduction direction. Therefore they are considered as
co-oceanic (Smith & Moores, 1974; Smith, 1979). In the end,
Vurinos has obducted during the Late Jurassic and Early
Cretaceous through metamorphosed Lower Jurassic
carbonates and Tertiary depositions along the West periphery
of the Pelagonian (Moores, 1969). Smith (1979), Nazlor &
Harlie (1976) u Rassios et al. (1983) point out that in that
direction the obduction has been reoriented to the SSW
direction.

Serpentinization and weathering processes of the Vurinos
Otholites are investigated by Savvidis (1996), Savvidis &
Hovorka (1996) u Savvidis et al. (1997, 2001a, 2001b, 2001c)
un Hovorka et al. (1997).

EXPERIMENT FORMULATION

Selective fine grinding



A big amount of the material which is free of slime composed
of limonite aggregates. They content also heavy materials such
as magnetite and chromite. For achieving a high chromite
recovery it should be outcropped. For the reason it was
necessary the limonite aggregates to be selectively fine
grinded.

As it was shown by the microscopic investigations of
Hovorka et al. (1996) the chromite grains are very often
aggregate with oxidized iron in such a way that it is impossible
to obtain a valuable chromite concentrate by using of density
separation which is usually applied for dressing of the primary
ores. The Cr,03; content in the concentrates of the laterite
chromite ores which are recovered in a washed ore mass
amounts of about 41 % at ratio of Cr - Fe equal to 1,4. The

Cry03 content of the concentrate recovered from the primary
chrome ores located in the same area and which Cr - Fe ratio
were higher than that of the chrome spinels, amounts of about
50 % in conditions of the ratio 2,3 (Oh, 1984; Korn, 1970). A
high quality dressing of the latherite chrome ores by using of
the ore dressing methods is possible only in that case when a
preliminary separation of the accreted grains has taken place.
As the zones accreted with the chromite have a high content of
FeO and substantially lower hardness than the chromite it is
possible to obtain a better chromite product by using of
selective fine grinding.

After considering of an investigation conception it was
choosen the method of J. S. Oh (1985).

Grinding parameters influence

The ball-crusher was selected on the base of the more
specific properties of the materials to be undergone to a
selective fine grinding. Experiments related to the change of
the different grinding parameters were performed aiming an
optimization of the grinding conditions.

Ball-crusher parameters:

External diameter: 189 mm
Internal diameter: 175 mm
Ball-crusher length: 269 mm
Ball-crusher volume: 6470 ml

A smooth revetment ball-crush was chosen on the base of
the theoretical and the reference data.

Diameter, mmWeight ratio,%16
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8
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Influence of the number of the revolutions and ball load of
the ball-crusher

The chromite shows a brittle behavior during its processing
so it is necessary to avoid the blow activity of the balls in the

ball-crusher. For the reason the ball-crusher revolutions and
the grade of its filling with grinding bodies should be
determined very well. The optimal ranges of the revolutions
and the grade of grinding ball filling were determined on the
base of the results obtained by the performed tests. These
values are as follow: the number of the revolutions are in a

range between 20 and 40 % of neit and the degree of ball-
crusher filling with ball load varying between 30 u 50 %.
Different grinding time intervals ranging between 5 and 20 min
were chosen to be possible a clarifying of the grinding kinetics.
The result of the grinding allowed the bolting of the result
product by screens of 100, 63 n 20 um respectively and the
four classes obtained were undergone to chemical analyses.
The results are shown on a table. It was turned out that the
number of the revolutions exert stronger influence on the
results than the grade of the ball-crusher filing with grinding
bodies. The last one proves the fact that the material fine
grinding is relatively slightly influenced by the different forces of
blow which depends on the grade of the filing mentioned
above.

An increased chromite enrichment at number of revolutions
as of 30 % of ngit as well as a slight decrease of the Cry03
recovery were established for the solids of grinding size higher
than 100 um. It was established also that in the case of a
higher number of revolutions - 40 % of ngit the quality of the
enrichment process become less and in the same time the
recovery process was accelerated. It showed that at this
number of the revolutions the selective action of the grinding
balls was significantly decreased.

The reetiltq_nhtainad hu tieinn nf tha Finqst class < 20 um
LR
compareu w s icoulto Toiacu w uis viass > 100 Um were as

follow; the content and the recovery of the CrO3 was

increased rapidly at number of the revolutions as of 30 % ngit
It was established that for obtaining of a better result of the
grinding the grinding time should not to be more than 15 min.
The grinding results obtained for a grinding time of 15 min are
presented in the Figures 1 - 4.

As it is shown in the Figure 1 the grade of ball-crusher filling
with grinding bodies exert a monotonic influence on the Cr,03
content in the class > 100 um when the number of the
revolutions is 20 % of Npur.

Abb. 1: Mahlergebnisse in der Komklasse >10°* mm in
Abhangikeit von der Drehzahl nkrit und dem
Mahlkorperfullungsgrad, Mahldauer: 15 min
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Figure 1. Results for the grinding of the class >10mm

depending on the number of the revolutions ne;t the ball-
crusher grinding ball load. Grinding span - 15 min

When the ball-crusher filling with grinding bodies is increased
the Cro03 content was increased from 355 to 36,3 %.
However, that result could be not established at a higher
number of the revolutions. The highest Cr,0O, content — 37,2 %
was established at number of revolutions 30 % of ngit and
filling grade of 40 %.

The grinding results was carried out further by using of
microscope. There was not at all limonite aggregates.
Nevertheless, the vein minerals such as quartz, piroxene and
so on wich are still presented in the material should be
separated.

The grinding results obtained at number of revolutions of 40

% of ncit showed a highly undesired fine grinding of the
chromite. As the best conditions for the fine grinding of the
class of grinding size > 100 um were established: number of

the revolutions - 30 % of neit and grade of ball-crusher filling

of the limonite
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achieved yet. The Cro03 content was still in the interval 29,1 -
32,5 %. The last fact could be explained as follow: the light
limonite aggregates are so mobile in these conditions that they
pass easy among the grinding balls and in that way they are
not influenced by the last ones. In the limonite aggregates of
the class of size > 100 um as by-elements are most often
observed fine heavy minerals and silicate minerals. Those
inhomogeneous aggregates have a less hardness compared
with the homogeneous aggregates which are composed only
of agglomerated limonite and in that way they are being quite
easily fine grinded in the ball-crusher. A high percent of
limonite aggregates are presented in the class of the grinding
size of 100 - 63 pum - about 70 % while heavy and silica
minerals are not presented. Those aggregates are very stabile
in respect to the crushing activity of the balls and that is why
they are slightly fine grinded in these conditions.

The last grinding size class ore grinded during time of 15 min
was bolted by screen of 80 um. It turned out that the limonite
aggregates are presented mainly in the class of grinding size
of 80 - 63 pum.

The results of the grinding of the grinding class of size 63 -
20 pm are shown on the Figure 3. The Cry0s. content
increased contemporary with the increase of the number of the
revolutions. The highest content of Cr,0; was achieved at
number of revolutions as of 40 % of neit and 50 % of the ball-
crusher filling with the grinding bodies. That value amounts of
21,3 % in conditions of recovery of 18,8 %. The content
obtained shows that a big part of that class is still assembled
by limonite aggregates.
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Figure 3. Results for the fine grinding experiments of the class
63— 20 mm depending on the number of the revolutions Nerit
the ball-crusher grinding ball load.

The finely grinded chromite is a premise for an increase of
the Cr203 content and its recovery for the class of grinding size



less than 20 pr. According to the curves shown in the Figure 4
it could be established that the Cr,03 recovery depends more
on the revolutions than on the grade of the ball-crusher filling
with balls. A higher increase is observed when the number of
the revolutions is 40 % of ngit.

DISCUSSION OF THE RESULTS

After numerous of tests the optimal parameters of the
grinding in respect to the grade of ball-crusher filling with balls
as well as the number of the revolutions of the last one were
found. As the most advantageous conditions among the all
grinding conditions mentioned above were established the
following ones: ball-crusher revolutions 30 % neit and the
grade of ball-crusher grinding ball load as of 40 % because
they could provide the best enrichment of the chromite high
classes of grading.
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Figure 4. Results for the grinding of the class 63 - 20 mm

depending on the number of the revolutions neit and the ball
load of the ball-crusher; Grinding span - 15 min

REFERENCES

Beccaluva, L., Ohnenstetter, D., Ohnenstetter, M and Paupy,
A., 1984: Two magmatic series with island-arc affinity

within the vourinos ophiolite. Constr. Min. Petr. 85, 253-
271.

Hovorka, D., Sawvidis, S., 1997: Serpentinites in the Ophiolite
complexes of the Vourinos and Kamvounia Mts. (Northern
Greece). Geologica Carpathica, 48, 18 — 26.

Korn, M., 1970: Aufbereitungstechnik, S. 713-729.

Moores, E., 1969 : Petrology and structure of the vourinos
ophilite complex of northern Greece. Geol. Soc. Am. Spec.
Pap 118, 65 pp.

Mountrakis, D., 1985: Geologie Griechenlands. University
Studio Press, Thessaloniki.

Naylor, M., Harle, T., 1976: Paleogeographic signifigance of
rocks and structures beneath the vourinos ophiolite,
northern Greece. Jour. Geol. Soc. London 132, 667-682.

Oh J.S., 1985: Untersuchungen zu Entwicklung eines
verfahrens zur Trennung von chromit aus laterit unter
besonderer  Berucksichtigung ~ der  rohstofflichen
Beschaffenheit. Dissertation RWTH Aachen.

Oh, J.S., 1984: BMT-Bericht, Nr 213, unverdéffentlicht.

Pearce, J., Lippard, S. and Roberts, S., 1984: Characteristics
and tectonic signifigance of subra-subduction zone
ophiolites. In Kokellar, B. and  Howels, M., eds. Marg
basin Geology, Blackwell Scien. Publ. 77-94.

Rassios, A., Moores, E. and Green D. H., 1983: Magmatic
structure and stratigraphy of the vourinos ophiolite
cumulate zone, Northern Greece. Ophioliti 8 (3), 377-410.

Sawvidis, S., 1996: Resultate geochemischer, petrologischer,
lagerstattenkiindlicher und mineralogischer Studien am
Vourinos Ophiolith-Komplex, Griechenland. Dissertation,
Comenius Universitat Bratislava, 1996.

Sawvidis, S., Hovorka, D., 1997: Vourinos Complex (Greece) —
An example of eastern mediterranean Ophiolite. Geologica
Carpathica, 48, 11 - 18.

Sawvidis, S., Kargiotis, E., 1997 : Die Serpentin - Gruppe
Minerale im  Vourinos  Ophiolith-Komplex, ~ Nord
Griechenland.  Oberhessische  Naturwissenschaftliche
Zeitschrift ISSN 0340 - 4498, Band 59, S. 91 -101.

Sawvidis, S., Kargiotis, E., 2001c : Mikrostruktur der Chromite
und ihrer Nebengesteine im Vourinos Ophiolith — Komplex,
West Makedonien, Nord Griechenland. Oberhessische
Naturwissenschaftliche Zeitschrift ISSN 0340 - 4498, in
Print.

Sawvidis, S., Vatalis, K., Kargiotis, E., Charalampidis, G., and
Zissopoulos, D., 2001a: Die Geochemie des
Ursprungsmagmas und die Chromiterzbildung im Vourinos
— Ophiolith Komplex, Nord Griechenland. Mineralia
Slovaca, Vol 33, No 2.

Sawvidis, S., Vatalis, K., Kargiotis, E., Charalampidis, G., and
Zissopoulos, D., 2001b: Der Einfluss des
Schaumssystems auf  die Selektivitat des
Flotationsprozesses bei der zinnsteinflotation. Mineralia
Slovaca, Vol 33, No 4.

Smith, A.G., 1979: Othris, Pindos and Vourinos Ophiolites and
the pelagonian zone. Proc. Collog. Geol. Aegean Region.
6, 1369-1374.



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



	Годишник на Минно-геоложкия университет "Св. Иван Рилски"
	влияние на топковия товар на мелницата и БРОЯ НА ОБОРОТИТЕ
	върху селективното наситняване при обогатяването на хромитосъдържащи почви от вуриноския отолитов комплекс, западна македония – гърция
	Каргиотис Е.
	Годулас К.
	Хаджиавгустис Т.
	Ваталис К.
	Манолиадис О.
	РЕЗЮМЕ
	ВЪВЕДЕНИЕ
	Препоръчана за публикуване от
	катедра “Минерални технологии” на МТФ

	Impact of the Ball-crUsher grinding ball load and the number of revolutions on the selective grinding in the process of dressing of chromite-bearing soils of the Vurinos otholite complex, West Macedonia - Greece
	Kargiotis E.
	Godulas K.
	Chathtsiavigustis T.
	Vatalis K.
	Manoliadis O.
	TEI of
	Technological Institute
	Technological Institute
	Technological Institute
	Technological Institute
	Kavala
	West Macedonia
	West Macedonia
	West Macedonia
	West Macedonia
	Greece
	Greece
	Greece
	Greece
	Greece
	ABSTRACT
	INTRODUCTION


