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ABTopedepar

®noromammna JeliMcoH ObUla BHepBble NpencTaBieHa B KoHIe 1980-x romoB Kak pelleHHe KOHCTPYKTHUBHBIX M
9KCIUTYaTallHOHHBIX HEIOCTAaTKOB, NPHUCYLIMX KOJOHHBIM M TPaJUIMOHHBIM (oTomammHaM. Hauwnas ¢ mepBoro ombITa
MIPOMBIIIICHHOH (PIIOTAINH MOTUMETAIUTHIECKUX Py Ha pyaHuke MayHT Afiza B 1989 romy, 3a KOTOPEIM MTOCTIEIOBAT TIEPBBIN
ONMBIT TIpUMEHEHWs Ha yriaeoboratutenbHON (adbpuke Hrtomaac B 1990 rTomy, ¢uoTomMammHa HENPEpHIBHO
COBEPIIIEHCTBOBAJIACH, MOBBIIIAs MPOU3BOJUTEIBHOCTh U CTAHOBSICH OoJiee MPOCTON B IKCIUTyaTaluH. B HacTosIee BpeMs B
PasHBIX OTPACIHAX W JUIS Pa3IHYHBIX NPUMEHEHHWH B 3KCIDTyaTanuu HaxoawTcs: Oornee 320 ¢ioTroMammH 3TOro Tuma, U3
KOTOPBIX IpuMepHO 45% mpuMeHseTcsl B yroJbHON NMpoMBIIUIeHHOCTH. HoBelimume mMomeny codeTaoT B cebe M3HAYAIBHO
npucymue 3TON MalllMHEe BBICOKYIO TIPOU3BOAUTCIIBHOCTL MW KOMIIAKTHOCTH CO 3HAYUTCIbHO MUHUMU3UPOBAHHBIMU
9KCIUTyaTallMOHHBIMU 3aTpaTaMu W yA0OCTBOM OKcIulyartauumd. B Hacrosimed pabore paccMmaTpuBaercs pasBUTHE
¢doromarmHel J[)KeHMCOH Ha MPOTSHKEHUH MTOCIESTHHUX JIBYX JIECSITUIICTUH M MMPUYHMHBI IEpexo/ia ¢ ABYXCTaJUHHON CXeMbI Ha
OJTHOCTAIMIHYI0, a 3aTeéM 00paTHO Ha JBYXCTaauiHy0. XOTs OOJIBIIMHCTBO (uioToMaminH JIkeiMCOH HCIOJib3yeTcss B
HacTosIIee BpeMs Ul KOKCYIOIIErocs yIiis, OHM BCE Yallle IPUMEHSIOTCS JJIsl IepepadOTKH yJIbTPATOHKOTO SHEPTETHIECKOTO
yIJIs, B TOM YHCJIE C BHICOKMM COJIEp)KaHHEM B PsIIOBOM YIJIE 30JIbl, IPEUMYIIECTBEHHO IJIMHBI. B Hacrosiell pabote Takxke
OITMCAHO TOCJEIHEe NMUIOTHOE TECTUPOBAHHE M  IIOMYUYECHHBIE PE3yJbTAThl, KOTOPbIE MOYKHO HCIIOJIB30BaTh VIS MPOEKTA
TIPOMBIIIUICHHOTO MacIuTada.

KiaroueBrble coBa: (hnoromammHa J[)KeWMCOH, yroJib, QroTarus, BCICHUBATEb

1. BBenenme TEXHOJIOTHUSI COCOOHA 00ecneunTs CTabMIbHOE MONydYeHHe
OPOJYKTa HU3KON 30JIHOCTH MPH BHICOKOM M3BIICUCHHUH, a

®uotomamuna JHKeiiMCOH OcHOBaHA Ha aGCONOTHO Takke HeTpeboBarenbHa K 30ibH0CTH nutanus (Harbort et
APYTOi TEXHONOTHH (IOTALMH, HEXKENH MEXaHHICCKHE H al.,, 1992; Atkinson et al., 1993; Manlapig et al., 1993).
KOJIOHHBIE ()IOTOMAIMHBI, ¥ OblIa BIEPBbIE MPEIIOKEHA O6oratntensHas (abprka Kokcyiomerocs yris ['yHbesa
npopeccopom  I'pomom  JDkeiiMCOHOM, — YHHBEPCHTET xommanuu BHP Coal (B macrosmee Bpems - BHP Billiton
Heroxacn, mr. Hobiii FOxHblii Yoube. dnotoMaiina Mitsubishi Alliance (BMA)) npousoautensHocTsio 1 800
JxeiiMcoH ObUTa BIIEpPBBIE HCIBITAHA M NPUMEHEHa B T/4, pACIONOXEHHas B LEHTPAIbHON YacTH  IUT.
OPOMBINIEHHOM ~ MaciuTabe Ha  yrieoboraTHTENbHOM KBHHCIEH, TPOBENA  TECTHPOBAHHE  COBPEMEHHBIX
abpuke paspesa Heromomnc xommannu Xstrata Coal TEXHOJOTUM (QIOTAIMH K 1O MX PE3yJbTaTaM IOJHOCTBIO
(Jameson et al., 1991). [ToTokoM MUTaHUS TOHKHX KIIACCOB samennna 32 MexaHudeckue (uoromammusl  (Wemco)
ObLI CITMB TMIPOLMKIOHA, KOTOPBIH paHee NMEpexonus B BOCEMBIO (hrroTOMAaIIMHaMK JIKEHMCOH, yCTaHOBIEHHBIMU
oTX01b! (KpymHOCTh MUHYC 20-25 MHKpOH MPH 30JBHOCTH B aBe craguu (Caretta et al., 1997). Ha puc. 1
or 15 n10 50%). IlunotHoe TectHpoBaHHE TOATBEPAMIO COMOCTABIIEHbI TOKa3aTe dP(HEKTUBHOCTH (PIOTOMAIINH
BO3MOXHOCTh JIOOMTHCSI HM3BJICYEHHSI TOPHOYEH Macchl JIKEIMCOH Ha STOM MPENPHATHH TIOCHE TYCKOHATA/KH C
cprie 90% MpH HOPMATHBHOM 301LHOCTH TPOyKTa 10%. nokazatensiMd  SQQPEKTHBHOCTH CTapblX MEXAHHUYECKHX
B pesynprare B 1990 romy ObiM  ycTaHOBJICHbBI ¢duoromarinn. CTabHMIBLHOE ITOTy4YEHHE MPOAYKTA HHU3KON
npomblientbe  GroTomamumb - Jhxeiimcon  nepsoro 30JIbHOCTH TIPM BBICOKOM H3BIIEYEHHHM BO (IIOTOMAIIMHE
nokosnenuss (Mark I Jameson Cells). DOTu MamuHb JUKEIMCOH TI03BOJIMJIO  TIOBBICHTH BBIXOZ 10 (abpuKe
HAXOMWINChL B HEMPEPLIBHOM JKCIUTyaTallid B TEYEHHUE NpHMEPHO Ha 3,5%, 4TO, B CBOIO OHEPeilb, MO3BOIMIIO

6onee yem 15 ner, noka B 2006 roxy He Obuia NOCTpOEHa [OCTABHTb HOBbIE POM3BOACTBEHHBIE PEKOPIIBL.
HOBasi yrieoOoraTurenbHas (padbpuka B3ameH crapod. Ha

HOBOH (aOpuke Takke IPUMEHAIOTCS (IIOTOMAIINHBI
JI>xefiMCOH, a IMEHHO 4YeThIpe HOBBIX MammHbI B6000/20
monmemu Mark III. TTocie mepBoHauanbHOW yCTaHOBKH Ha
(¢abpuke HrpromHAC TexHONMOTHS ObUIa WCHBITAaHA Ha
MHOTHMX TPENNpHUITUSIX, ¥ ObUIO [OKa3aHO, 4YTO 3Ta
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30JIBbHOCTH KOHLIGHTpATa, %o
Pucynok 1. IMoka3atenn 3qQpeKTHUBHOCTH (PJIOTOMAIINH
Jxeilimcon Ha ¢adpuke ['yHbess1a OTHOCHTEJIHHO
MoKasaresiell CTapbIX MeXaHH4YecKMX (UIOTOMAIIHH
(Wemco)

Cpenu OCHOBHBIX NPEUMYIIECTB HOBOH TEXHOJOIWH -
BO3MOKHOCTb IIPOMBIBKH MEHBI U IIPOCTOTA (HIOTOMAIINHBI
JxeiiMCcOH, ymoOCTBO SKCIDTyaTalMd W OOCITYy>KWBaHHS,
OTCYTCTBHUE JIBUKYIIIHXCSI qacreii, OTCYTCTBUE
HOTPEOHOCTH BO BCIIOMOTaTeIbHOM 000pYyI0BaHHU (KpOMe
Hacoca nuTaHust). B HacTosiee Bpems Mo BCeMy MHpPY B
9KCIUTyaTaluu  Haxomurcsi ©Oomee 150  ¢oromammu
xeiimcon. KpymHeiimeit siBnsiercst yctaHoBKa Ha (abpuke
Keppsr xommanunm Wesfarmer B Oacceiine boysH B
LEHTpaIbHOW YacTu mT. KBUHCICHN, mepepadaThIBaromas
Ooslee 5 MIIH. TOHH YTOJBHBIX IIJJAMOB B TOJ| BCETO Ha
mBeHanmatn — (uoromammHaXx. CTpaHl ¢ JaBHUMH
TpaguLUsIMU 100BIYHM YT, B 9acTHOCTH, Ka3axcraH, Taxke

HCIIOJIB3YIOT MIPEUMYILECTBA, npeaaaraemMbie
(hrroTOMAIIMHON J>xeliMcoH o CpPaBHEHHIO c
TPaTUIIMOHHBIMH (hoToMaIIMHAMH, a HOBBIC
yriaenoObIBAIOIINE CTPaHbl, Takue Kak Mo3aMOuK u
MoHronus, HaYUHAIOT  OPUMEHATH  (IOTOMAIIWHBI

I[)KeﬁMCOH JIIsL 060FaIII€HI/IH KOKCYIOIIETOCH YIJIs.

Jamee B 9TOH paboTe OyIeT paccMOTPEH IIPOIEcC
pa3BUTHA TEXHOJIOTHH, JISKAIIeH B OCHOBE (DIOTOMAIIIHHEI
JxerMcoH, Ha MPOTSKEHUU HOCIIEHUX JIByX
JECATUIICTUH, TIpoLecC OSBONIOIMU [HKJIAa  (IoTalmy,
MpoOJIeMBl, CYIIECTBYIOIIME B MepepaboTKe YTrOIbHBIX
[IUIAMOB, a TaK)kKe B KaueCTBE NPHMEPa PEKOMEHIYEMOIO
NoAX0Ja K MPOSKTHPOBAHWIO OylneT  IpeicTaBlieH
NOCJIEJIHUA  ONBIT  MacIITaOMpPOBaHMS  MPOHM3BOJACTBA
SHEPreTUYECKOro YIiisl OT MUJIOTHOM 1O MPOMBIIIICHHON
YCTaHOBKH.

2. PasBurtue puroromamunbl [xeiiMcon

C MOMEHTa TepBOro MPOMBIIIICEHHOTO MPUMEHEHHS B
1989 romy ¢noromammua J[KeHMCOH TMpolIa YeThIpe

OCHOBHBIX 3Tala MocjeJ0BaTeIbHOIO COBEPIICHCTBOBAHHUS
(puc. 2). PesympTaToM OBYX ACCATWICTHH Pa3BUTHS 3TOH
TEXHOJIOTUM CTajia TMOCIEAHssT MOAENb (IOTOMAIINHBI
Ilxetimcon, Mark IV Jameson Cell, xoropas wumeer
CJICJIYIOIIHE XapaKTePHbIC OCOOCHHOCTH:

e Cucrema PEeLUPKYIISLHAN MUTaHHUS; JUIst
obecrieueHns CTaOWIBHOTO  peXuMa  paboThI
¢dioToMamIMHEL M TOJJIEPKAHUS  ONTUMAIBHON
3¢ (GEeKTUBHOCTH HE3aBHCHMO OT KoJeOaHWA B
MTUTaHHH.

o  Huskuit H3HOC, BBICOKHH
pasrpysKH, COILIO IMyJIbIIbI.

e ['mOkas Hacagka NMUTaHWS YIPOLIAET HPOLERYPY
MIPOBEPKH M MO3BOJIAET TOYHO OTPETyJIHPOBAThH
HaJalolyl0  CTpyl Ui MaKCHaMJIBHOTO
TIOBBILIEHUSI TEXHOJIOTHYECKHUX MTOKa3aTeleH.

e  VYiydmieHHas CHCTeMa NMPOMBIBKH HaJl EHOW U B
NIEHE.

KO3 PHUIHEHT

C BeixogoM B 2000 romy asparopa Mark I mus
o0pa3oBaHUs CTPYH BMECTO JuadparMbl HCIOIB3YETCS
corwio mynbiel (puc. 3). [IpenmymiecTBa 3TOH KOHCTPYKIUN
3aKJIIOYAar0TCA MOCTYIJICHUU IYJbIbI IMOJ He6OHbHJI/IM
yriiom, OINITUMU3UPYIOITUM II0OTOK ITYJIbIIbI )44
YBEJIIMYMBAIOIIMM CPOK  CIYXKObI JeTajiel, BBICOKOM
KO3(pUIHEHTe  pasrpy3KH, YIYUYIICHHBIX  YCIIOBHSIX
o0pa3oBaHUs CTpyH ¢ 0ojiee paBHOMEPHBIM BOBJICUYCHHEM
BO3/[yXa U BAaKyyMOM.

TlonmyperaHoBEIit KopIyc
COILIA TYJIbITbL
Kepamuueckoe comio

TyJIBIBI

\

Pyuxa qns
TPAHCIIOPTHPOBKU

V\ Dukcupyronee

KOJIBIIO U3
HepKaBeroei

Pucynok 3. Comio myasnsl Mark IV

Joctynm Kk comly mnpu OOCITYy)KHBaHHHM 3HAYMTEIBHO
mpolle MO CPaBHEHHIO C TpexHell KoHCTpykiuei. Eciu
COIUIO TYJNBIBI 3aKyNOPSHO WM TpeOyeT 3aMEHBI,
oOciy)xuBaHue 3aHUMaeT Bcero 10 MUHYT W He TpeOyeT
OCTAaHOBKH  (DIOTOMAIIMHBL:  JIOCTaTOYHO H30JIHPOBATH
COOTBETCTBYIOIIMK asparop. M3HOCOYCTOMUMBOCTE coIlia
mpep3onuia Bece oxunanus. C momenrta BHeaperus B 2000
rofly Ha YrjeoOoraTuTelbHBIX (haOpuKax YyCTAHOBICHO
1500 emuHMI, HO HU OJHO W3 HHUX JO CHX IOp HE
moTpeOoBao 3aMeHbI 10 MPUYHNHE H3HOCA.
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Pucynoxk 2. Pazsutne gaoromamunsl JxkeiiMcoH

3 PasBurHe TEXHOJOIMYECKHX
daoromamunamu /zxkeiiMcoH

cxXeM C

IlepBoe mokosienne ¢uiotomamuH JxelMcoH Ha
ABCTPAJIMHCKHUX YIIIe00OraTUTENbHbIX (aOpuKax B Hayaje
1990-x TOMOB yCTaHABIMBAJIOCH HUCKIIOYUTENIHLHO B JBE
cTaauu: NnepBUYHaA u BTOpUYHaA (l)J'lOTOMaHJI/IHI)I
MIPOM3BOAMIIN pa3/iesIbHbIe KOHIEHTPATHI, KOTOPHIE 3aTeM
OOBEANHSUTUCH ISl TTOJyYEeHUs] TOTOBOTO MPOAyKTa. JTa
cxemMa paboTaja  JOCTaTOYHO  XOpOIIO, HO  Ha
3¢ (GeKTUBHOCTh (IIOTAINU HYacTO BIHAIN KOJIICOAHUS B
muTaHdn IUKTa (uoramun. ClaencTBHEM HEMOCTOSHHOTO
JIABJICHUsI MUTAaHUS W KoJeOaHWi B OOBEMHOM pacxoje
MMUTaHWS CTAlO0 , HECTaOMIBFHOE BOBJICUCHHE BO3IyXa U
MEHSIOMKECS TUIAPOINHAMUYECCKHE YCIOBHS BHYTpH
aspatopa. [Ipodaemy ynamock pemuth B cepenure 1990-x
roJ0B, KOrja B IMKJIE ObLa MPUMEHEHA PEUUPKYIISIUSI
XBOCTOB. XOTS M3HAa4YaJbHO OHA IpelHa3Hayanach s
KOMITEHCAIlMM KoJjeOaHuii NuTaHus, ObLIO YCTaHOBIIEHO,
YTO 3a CYET YBEJIMYEHUs] PEUMPKYJSIHHA XBOCTOB 110 40-
50% u yMeHbIIEHUS TMOJAaYM CBEXKEro  IUTaHUS,
MTOBBICHIIOCH H3BJICYCHHE BO (IIoTOMAammee, Oxaromaps
4YeMy TOSBHIACH BO3MOXHOCTH IIONYYUTH B YCTAaHOBKE,
cocToAmIe n3 omHON (roTOMAIUHBI J[KEHMCOH, YpOBEHB
W3BIICUYEHUS TOPIOYECH MAcChl, CDABHUMBIN C U3BJICUCHUEM B
HEKOTOPBIX ABYXCTamuiHBIX cxemax (puc. 4). Ilostomy
Takhe  OIHOCTANMIHBIE  MAIIWHBl, KaKk  IPaBHIIO,
CIIPOEKTHPOBAHbI M3 pacyueTa MEHBIIEH IoJayll CBEXEro
NUTAHUS U PELUPKYIALUN XBOCTOB Ha ypoBHE Okoio 40-
50%. s KOKCYIOIETOCs yIost KOJINYECTBO
OMHOCTAQAMHHBIX  (IOTOMAmMH,  HeoOXomuMoe I

MOMyYeHHs BBICOKOTO BbIxoma (mo  85-90%) mpum
TpeOyeMOM YpOBHE KadecTBa, JOJDKHO O0ecneyrBaTh
JOCTaTOYHYI0 ~ HECYLIYl0  CIIOCOOHOCTh  (IUIOLIa]b
IIOBEPXHOCTHU My3bIPHKOB). Hns aHaJIOTUYHOMN
JBYXCTaJMHHONH CXeMbl MOTpeOOBaJIOCh OBl Takoe Ke
KOJINYECTBO (DJIOTOMAIIMH, YTO W JJIsI OAHOCTaJUHHOHN, HO
MallMHBl  JIOJDKHBI ObUIM OBl  OBITH  YCTAHOBIICHBI
MTOCTIeIOBATEIBHO, a HE mapaieNbHoO, "
SKCIUTYaTHPOBAIKCH OBl TIPH 3HAYUTENBHO OOJiee HHU3KOU
penupkynsamuu  xBoctoB  (10-20%). B Takoir cxeme
PEIUPKYJIISAIHS XBOCTOB UCTIOIB3YETCS HCKIIOUUTENBHO IS
CTTI&KMBAaHUS KoOJeOaHWHA B TOJAade CBEXKEro IUTAHMUS.
OueBuIHOE TPEUMYLIECTBO  OJHOCTAAMHHON  CXEMBI
(l)J'IOTal_II/II/l 3aKJII04YacTCd B MCHBIIMUX KallUTaJlbHbIX H
9KCIUTYaTallOHHBIX 3aTpaTax, MOCKOJIbKY OHa MOXET OBbITh
peanu3oBaHa C MHHUMAJIBHBIM YHCIIOM E€MKOCTeH |
HacoOCOB IUTaHUSL. Tak, m1s 7ABYX (QIIOTOMAIIMH,
YCTaHOBJICHHBIX MapajlieNIbHO, TpeOyeTcsl OHA eMKOCTh U
OIIMH HACOC MHUTAHWSA, B TO BpeMsI KaK JJIsl aHAJOTHIHOU
IBYXCTaJUIHON CXeMBI MOTpeOyeTcss ABE €MKOCTH W JIBa
Hacoca (MeHbmiero pasmepa). OmHako 0O0BEM IKOHOMHHU
YMEHBIIAETCS 10 MEpPEe PACIIUPEHHs] CXEMBI, IIOCKOJBKY B
OBYXCTaOMMHBIX  CXeMax C Oomee 49eM  AByMS
(droToManIMHAMU MOTYT HPUMEHSTHCSI OOLIME eMKOCTH U
OoJiee MOUIHBIE HACOCHI, MOCKOJbKY M Ha TIEPBOM, M Ha
BTOPOW CTaJIMU IMUTAHUE MOXET OBITh OOIIMM JUIS BYX U
Oosee ¢ioTOMAIIUH.
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Pucynox 4. OddexTuBHOCTE  duroTanEH  BO
¢aroromamune ;xeiiMcOH, yCTAHOBJIEHHO B OAHY WM
ABe CTaAuu

Haumnas ¢ 1995 roma, Bce ¢roTOMAaIInHBI
JIKeMMCOH  yCTaHaBIMBAIOTCS B  ONHY CTagul0 C
penupkysinueil xBoctoB Ha ypoBHe 40-50%. Ha
MPOTSHKEHUH JINTENHHOTO BPEMEHW MHOTHE MPEATNPHUATHS

CTAJIKMBAIOTCI  C  mpobjieMamMu  TeHOOOpa3oBaHUs,
BbI3BAHHBIMU OCTAaTOYHBIM BCIICHUBATCIIEM B
PELUPKYIUPYEMOM CITHBE CTYCTHUTENsl XBOCTOB.  OTa

npobiiema CIIOXHA, MO-Pa3HOMY MPOSIBIISICTCS HA Pa3HBIX
MPEANPUATHAX W HEpeako TpeOyeT WHANBUILYaTbHBIX
pemeHuil. UyBCTBUTEIBHOCTH Bceil  (pabpuku K
OCTaTOYHOMY BCIICHMBATEIIO TaK)K€ 3aBHCUT OT OBICTPOTEHI
MIOBTOPHOTO  WCIIOJB30BAHHUSA  BOJBI, IPOCKTUPOBAHUS
BOJIHOTO LIMKJIA M COYETAHUs PEareHTOB, IPUMEHIEMBIX Ha
(dabpuke. Cpenu HaubOoJIee PaCIPOCTPAHEHHBIX POOIIEM -
HEYCTOIUYMBOCTb TSXKEJIOCPEAHOTO IMKIIA U3-32 BOBICUCHUS
BO3/lyXa, HENOCTAaTOYHOE O0E3BOKMBAHUE BCIEICTBHE
CJIOYKHOCTEH yIpaBJIeHUs [IEHOOOPa30BaHUEM U TPOOJIEMBI
C OCBETJICHHEM BOJIBL.

[ocnencreust yMeHbIIEHHS TO3MPOBKM BCIIEHUBATEIS,
M0JJaBaeMoOro Ha (JOTalMI0 B OJHOCTAJIUHHOW CXeMe,
JIOCTaTOYHO CEPbE3HbI, KaK MOKa3aHO Ha puc. 5. Ha nannou
(¢abpuke 1O TPOM3BOACTBY  KOKCYIOIIETOCS  YIJIS
M3BJIEYCHUE TOPIOYEH Macchl COCTaBISIO Bcero 35-45%,
T.€. 3HAYUTEILHO HIKE TIepernda KpuBoi, MOCTPOCSHHOM 1O
pe3yabpTaTaM CTaHIAPTHOTO XapaKTEPH3alMOHHOTO TeCcTa
g yras (4epHas  JMHMA)  [OpH KOHIEHTPAaIWd
BcrieHuBarenst 9 nnM. Pacxon Bo3lyxa W MPOMBIBOYHOM
BOJIbI ONpe€ACIAIN Fﬂy6I/IHy IICHbI, HO HC OKa3bIBaJIU
CYIIECTBEHHOI'O BJIMAHWA Ha H3BJICUCHHC. O}IHaKO Koraa
JIO3MPOBKY BCICHHUBATENIA yBEMUYWIH 10 14 1M,
U3BJICUEHUE TOproYeld Macchl BbIpocio 10  75-82%,
JOCTHTHYB MaKCHMyMa Ha Iepernoe KpuBou.
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Pucynok 5. BuausiHue 103MpPOBKH BCIEHMBATeJs Ha
3¢ dekTUBHOCTDH (JIOTALMU

Pe3koe m3MeHeHHe MOKa3aTeNns M3BICYEHHUS TOproyei
Macchl, IIOKa3aHHOE€ Ha pHUC. S5, MOXHO OOBSICHUTH
clefyrommM oOpa3oM. B omHOcTaIMHHBIX CcXeMmax ¢
WCIIOJIb30BaHUEM Kak (uioToMamnHbl J[)KeHMCOH, Tak u
KOJIOHHOH  (pioToMammHbl,  Hecymas  CHOCOOHOCTh
(IOTOMAMIMHBI TONHOCTRIO 3aBHUCHT OT CIIOCOOHOCTH
MaIIiHEl 00ECIeYUTh IUIOMIAIb TOBEPXHOCTH ITy3HIPHKOB,
JOCTaTOYHyI0 i ¢uoTanmmu  Bcero  yras. Bo
¢dnoromaninHe J1000r0 THNA MaKCHMallbHAs —IUIOLIAIb
MTOBEPXHOCTH ITy3BIPHKOB BO3MOXKHA TOJBKO TPH yCIOBHU
BBEICHHUS JOCTATOYHOTO KOJNMYECTBA  BCIICHUBATEIS,
[IPEeAOTBPAIIAIOIIETO KOaryJsuro. MunumanbHas
KOHIICHTpalus, HeO6XOZ[I/IMa$I JJIsL MpEAOTBpalllCHUA
KoaryJjadaunuv, HU3BECTHA KaK KPUTHYCCKasd KOHICHTpalusa
koaryssinuu (KKK) u 3aBucut ot tnna BcnennBarens. Ha
puc. 6 moka3aHa 3aBUCHUMOCTb MEXKIY pa3MepoM ITy3bIpbKa
u posupoBkoit MIBC, BcmeHuBaTens, Hamboyiee dYacTo
ucnonp3zyemoro Bo ¢uotanmu yrisi. KKK BcnenmBatens
MIBC cocrainseT npuMepHo 15 mmm.
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Pucynox 6. Pa3mep my3sippka B 3aBHCHMOCTH OT
KOHIIeHTpPaluu BcneHuBaress (Zou, 2010)

Tak Kak BCIICHUBATENb ONpPEeNsieT KOHLIEHTPALHIO, €0
HYXXHO  WCIIONB30BaTh B IIpolecce  (QuoTaunuwy;
MHUHUMAJIbHBIA  pa3Mep Iy3bIpbKa K€ 3aBHCHUT OT
¢noromammuel. Ha puc. 7 mokaszan pasmep Iy3bIpbKa BO
(roToMammHax pa3TMIHOTO THOA (HxeiiMcoH,
MEXaHWYECKasi WM KOJIOHHAas) B 3aBUCHUMOCTH OT
HOBEPXHOCTHOH CKOPOCTH Ta3oBOro Notoka J, (moxasaress
pacxoma Bo3myxa). Heboumpimoii pa3mep IMy3BIPEKOB BO
¢noromammue [xeiimcon (300-600 MUKpOH) OOBsCHSET,
[o4YeMy 5Ta MalllMHa HUMeeT Oosiee OBICTPYI0 KHHETHKY
¢doTanuu ¥ 0OoJiee BBICOKYIO HECYIIYIO CIIOCOOHOCTB, a
CJIC/IOBATENIFHO M NIPOM3BOAUTEIBHOCTD, 110 CPAaBHEHHUIO C
(rroTOMaIIMHAMU JPYTHX THIIOB.
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Pucynok 7. Pasmep nmysbIpbKa B 3aBHCHMOCTH OT J,
(moxkasaTejJb  pacxofa  BO3AyXa) B Pa3IMYHBIX
TexnoJiorusix ¢uoranum (Nesset et al.,, 2007; Gomez,
2012, Zou, 2010)

[ o Kononnas guoromammna |
+ Konounas gnoromammna 2
a |Mexaunnueckas Quotomaiuusa 1
# |Mexanuyeckas ¢oromaniiuaa 2
@ |Mexannyeckas dotomammuna 3
0 |Mexanudeckas proTomannina 6
® | Mexannueckas (pioToMammHa 5
O | Mexaununueckas protomaniiaa 7

== @rnoromaumna JikeiMcon

[IpoekTupoBanue yrieoboTaTUTETBHON (abpuKku C
MHTErpanueil OTIEIbHBIX BOAHBIX LUKJIOB Ul KPYIHBIX
KJIACCOB M HIJAMOB HE MPEACTABISIETCS LIENeCO00pa3HbIM
pemieHneM  mpoOsieM  meHooOpa3oBaHMs.  BeposTHO,
€/IMHCTBEHHOE MPAKTHYECKH OCYLIECTBUMOE pELICHUE
3aKJIIOYAeTCsl B pEOpraHu3aluy IMKIa QJoTauud U
BO3BpaTe K JAByXCTaauiHOMN cxeMe. JIByxcTaauiiHas cxema
MOXKET  TOBBICUTH  IPOM3BOJAUTEIBHOCTH  CHCTEMBI,
MOCKOJIbKY TIEpBMYHAsi W BTOPUYHAs CTaJAWHd MOTYT
9KCIUTyaTHPOBAaThCSl OTAENBHO C LENbI0 ONTHMHU3ALNU
3G PEKTUBHOCTH. YBEIUUCHHUE IO3WPOBKH BCIIEHHBATEIS
MOJKET TTOBBICHTH 3¢ PEKTHBHOCTD TIEPBUIHOM
(JIOTOMAIINHEL, a OCTAaTOYHBIM BCIICHUBATENIb B XBOCTaX
NIEePBUYHONH MAIIMHBI MOXET OBITh MWCIIOJIBb30BaH I
¢yoTanyK ONOJHUTEIBHOTO 00BEMa Yl BO BTOPHYHOM
¢doromarmHe. IIpennpusitue YOpKyopT KOMIIaHUU
RTCA' (Hossiit FOxHEI Yaibc, ABCTpanus) mepeBeno
cBoM (uioToMariHbl JKEHMCOH Ha IByXCTaAUNHHYIO CXEMY
u coobmaer o0 yBEIMYEHHH BBIXOJA W O BO3MOXHOCTH
HCII0JIb30BAHUS Goiee BBICOKOI KOHLIEHTPALUH
BCIICHUBATeNss  0e3  BO3HUKHOBEHHS  W30BITOYHOTO
meHooOpa3zoBanus (Lambert and Revell, 2008). Ha HOBBIX
MpoeKTaX, TaKUX Kak yrieoboraTurenbHas (abpuka
Mymnap6en kommanuu Yancoal (Hossrit FOxkHEI Yamsc) 1
Kectpen kommanmn RTCA  (KBuHcieHnm),  Takke
UCIIOJIBb3YyeTCs IBYXCTaauitHas cxeMa (rotanum.

Ob6oratutensHple  (aOpuku,  paboraromme 10
OJTHOCTaIMHHOI CXeMe, MOTYT OBITh NepeoOOpy/JOBaHbI B
nByxcranuitnele. Ha ¢abpuke [xxepman Kpuk xomnanuu
AAMC? (Keuucnenn) duotomammua J[xeiiMcoH ObuIa
HE/aBHO YCTAaHOBJIEHa B KadecTBE MalIMHBI BTOPHUYHOMN
CTaguu JuId TepepadOTKH XBOCTOB IBYX (DJIOTOMAIINH
Microcel, yCTaHOBIIEHHBIX MapajulenbHO  (puc.  8).
IIpucyrcTBOBaNO OrpaHUMYEHUE B YCTAHOBOYHOM IUIOLIAH,
HO Tpo0JIeM ¢ MOHTa)KOM HE BO3HHUKIIO, T.K. (pIIOTOMAaIIHHA
JkeWMCOH KOMITaKTHa W TIpOCTa, Osaromapsi JErKOCTH
NPUCOEIMHEHHH K TpyOompoBojaM U OTCYTCTBHIO
HEOOXOIMMOCTH BO BCIIOMOTATeIbHOM 00OpYyIOBaHUH
(kpoMe Hacoca MUTaHMs).

' RTCS - Rio Tinto Coal Australia
> AAMC - Anglo American Metallurgical Coal



XUMHYECKHI COCTaB BOABI

PearenTsr: KOJIJIEKTOP,
BCIICHHBATEIb, JICIIPECCOP,

Pucynox 8. HepaBHo ycraHoBieHHast (pIOTOMALIMHA
J:keiimcoH (cjieBa) M 1Be KOJIOHHbIE (JIOTOMAIIMHBI HA
npeanpusituu Txepman Kpuk komnanun AAMC

4. IIpob6aembl daorauuu yris "
nepepadoTKH yroJbHbIX HIJIAMOB

®norauust gBisiercst (PU3NKO-XUMHUIECKUM HPOLIECCOM
pasleneHus M OTIMYaeTCsl OT APYTMX HCIOJIB3yeMbIX Ha
yriaeoboraTutenbHON (padpruke mpoIeccoB, B KOTOPHIX
pasnenieHre NPOUCXOMUT 3a cueT rpaBuTanuu. Dioranus
IpescTaBisieT codol TpexdasHyro cucTeMy, 3aBUCSILIYIO OT
MHOTHX (paKTOPOB, KOTOPBIE MOXHO YCIIOBHO Pa3AeNUTh Ha
TPU IPYINIbI: XapaKTEPUCTUKHU YIIIsl, XUMUUECKHE (PaKTOpbI
U XapaKTEPUCTHKU 000pyaoBanus (puc. 9).

XapaKTepHCTHKHU YyIJIs:
Ierporpadus
Munepanorus

BricBOOOXICHHE
I'panynomerpus
N3menunBocTh

XapakTepuCTHKH
Xumuyeckne GpakTopbl: p P
¢roTomamMHbL:
I'nnpodo6HOCTE U yroa Tun
CMavMBaHHUs YposHu
Kouctpykuus

CeNleKTUBHOCTh dnoranuu

Pasmep my3bIpbKa

PH, Eh mymbmbt Hecymast cioco6HOCTh

Jlnuna mopora
HurencuBHOCTH

HUCIiepraTo,
A P P NEPEMEIINBaAaHUA

Pucynok 9. TpeyroabHuk (uroTanuu, n300pakarouiuii
(daxTopsl, Bausiionye Ha 3QPeKTUBHOCTH

dnoromamHa - 3TO TOJBKO OXWMH U3 (HAKTOPOB,
OIIPEICTSIIOINX BECh IPOIIECC, OJHAKO OHA ITPUBIIEKACT
HauOoJplIee BHUMaHUE U MEPBOH CTaHOBUTCS IMPEIMETOM
MOJIO3PEHUH, Koraa S(PQEeKTUBHOCTh LHKIA (IIOTALNU
MEJIKHX KiaccoB najgaer. OIHAKO yIUBUTENBHO, YTO HPH
9TOM 4YacTo 3a0BIBalOT O TakuxX (akTopax, Kak
W3MEHYMBOCTh XApaKTEPUCTUK YDV M XapaKTEPUCTHKa
noxaun QaoropearentoB. Uem Goiiblle YMCIO IIIACTOB M

O0BemMHOE conepkaHue rasa

HUCTOYHMKOB, U3 KOTOPBIX YroJib  MOCTyHaeT Ha
nepepaboTKy, TeM cJoXHee A00uTbes AP HEeKTUBHON
¢oranuu, xKeaaemoro kadectBa W u3BjiedeHus. [loaromy
OIIepaTophl JIOJDKHBI YMETh pearupoBaTh Ha M3MEHEHHUS B
TOHHaXKE, TPaHYJIOMETPUU U TIOBEICHUU YIJIEH PazIMYHBIX
TUIOB Tpu  (JIOTAllMM W BHOCHTh  HEOOXOIMMBIE
KOPPEKTHPOBKU B JIO3UPOBKY PEAarceHTOB W IEpEMEHHbIC
TEXHOJOTMYECKHE  MapaMeTpbl  UIi  ONTUMHU3ALHUH
3¢ (EeKTUBHOCTH.

Ha wmHormx oOoraturenbHBIX (adpukax KOHTPOIb
3¢ (GeKTUBHOCTH  (QIOTAIMA  HEPETYJSpeH, a  MepHl
MIPUHUMAIOTCA C OTO3JaHHeM, Korna 3(h(heKTHBHOCTH yikKe
3aMETHO CHHM3WJIach. boisiee Toro, Ha MHOTHX (adpukax
KOHTPOJIb BOOOIIIE HEBO3MOXKEH, IOTOMY YTO TOYKH O0TOOpa
npo®  muTaHWs, KOHILIEHTpaTa ¥  XBOCTOB  HeE
npeaycMorpeHbl. Jlaxke Ha Oojiee COBpEeMEHHBIX (HEJaBHO
MOCTPOCHHBIX) (paOpHKax MOJYYUTh NPOOYy MUTAHUSA
HENPOCTO, OTOMY YTO, KaK NMPaBUIIO, IIUTAHUE COCTOUT 3
HECKOJIBKUX TEXHOJOTMYECKHX IIOTOKOB, MOCTYHAIOUINX
CaMOTEKOM B OOmMH NpueMHHUK Oosbiioro oosema. Ha
MHOTHX (habpuKax, TOE YCTAHOBIICHBI (DIOTOMAIINHBI
JI>xeHiMCOH, TIepCOHAN, HE MOA03peBas 00 ITOM, OTOHMpaeT
npoObl MHUTaHWS a’paTopa U HCIOJb3YET Ppe3yJIbTaThl
9KCIIpecc-aHaiu3a Ha 30JIbHOCTh M ABYXIPOLYKTHYIO
¢dopMmyny Ui pacyera BBIXOAA M M3BJIEUYEHHs TOprouel
Macchl. Ho 3To HeBepHO, T.K. MUTaHUE adpaTopa SBISAETCA
BHYTPEHHUM NOTOKOM. [lodToMy Toukum otbopa mpob
SABJIIFOTCA HeO6XOZ[I/IMI)IM JJIEMEHTOM IMpaBHUJIbHOT'O
NPOEKTUPOBAHMS CEKLIMU 00O0TalleHUs] MEJIKUX KIIaCCOB.

Xotrst Quoranus SBISETCS IPOLIECCOM  pa3JIeliCHHUs,
obmas 3((HEeKTUBHOCTh CEKIMH OOOTANICHHUS MEJIKHIX
KJIaCCOB  HEPEAKO  OIpenessieTcs  BO3MOXKHOCTSAMH
00e3BOXKMBAHUS KOHIIEHTPaTa, 4YTO 4YacTO CTAHOBHTCS
Y3KHM MECTOM IIponecca. 3a4acTyio MPOM3BOIUTEILHOCTD

mUKiaa  (oTauMM  NPUXOAUTCS  YMEHBLIATh, YTOOBI
COIJIacoBaTh ee c MIPOU3BOANTEIBHOCTHIO
00€3BOXKMBAIOLIEH  YCTAaHOBKH, B  pe3yJbTaTe Yero

BO3HUKAIOT KPYITHBIE TIOTEPH MEJIKOH YrojbHOH (paxumny,
BJCKYIME, B CBOI OdYepeab, MOpodieMbl B paborte
CTYCTUTEINII XBOCTOB. JIpyrUM BOIIPOCOM, TPEOYIOIINM
BHUMAaHHS, SBISICTCS BBHIOOp THIA 00E3BOKUBAIOMICH
YCTaHOBKH U KOHIICHTparta. [Ipw BEIOOpE TEXHOJIOTHU B
KadecTBe OTIPEIEIIAFOIIETO (axTopa HEOOXOIUMO
YYUTHIBaTh TPAHYJIOMETPHUI0O W THUI TepepadaThBaeMOro
VTJIs1, @ He KallUTaJbHEIC 3aTPATHI.

5. IImiaotHas ycraHoBka Ha ¢adpuxe banara

®notanus TPAaJULMOHHO HUCHONB3YETCsl B KauecTBE
TEXHOJIOTUM OOOorameHusi NpH IepepadoTKe MENKHX
KJIACCOB YTJIS, XOTA B MNPOIUIOM OHA INPEUMYIIECTBEHHO
HCIIONIB30BAJIACh ISl KOKCyromerocst yriisi. TeM He MeHee,
B IOAP skcnmyatupyercest psn (pIOTalMOHHBIX YCTAHOBOK,
NIPEIHA3HAYCHHBIX Al  M3BJICUEHHS  KOMMEPUYECKOTO
SHEPreTUYECKOro YINIA M3 PAJOBBIX XBOCTOB, KOTOpPBIE B
NPOTUBHOM Cllyyae ObLIM Obl HampaBieHbl B OTXOBI.

P €3YyJIbTaThl OKCILTyaTalluu 9THUX YCTaHOBOK
HCOJHO3HA4YHbI, IMOCKOJBKY YI'OJib 3TOr0O pPEruoHa IJIOXO
noaaacTcCsa (I)J'IOTaHI/II/I, OJTHaKoO OHHN OAHOBPEMECHHO
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YKa3pIBaIOT Ha HEOOXOIUMOCTh BEIOOpa 3¢ (EeKTUBHBIX
LUKIOB OOE3BOXKMUBAHMA U1 IepepabOTKH  YrOJBHBIX
koHneHntparoB (Power, 2010).

Xstrata Technology coBmectHo ¢ Xstrata Coal
3aHMMAIOTCAd Pa3pabOTKOH TEXHOJIOIMYECKOH CXEeMBl C
HUCIIOJIb30BaHUEM (broTOMAIINHBI JxeriMCcoH s
nepepaboTKK dHepreTudeckoro yris Ha ¢adpuke banra y
nocenika bpoyk, Hosbrii FOxubIi Yanbe. ®abpuxa Oyner
nepepabaTeiBaTh HEOOpAaOOTaHHBIE PSAJAOBBIE XBOCTHI U
XBOCTBI M3 COCEJHEr0 XBOCTOXPAHMIININA, CO/IEPXKALIHE, TT0
OLICHKaM, 3 MJIH. T U3BJICKAEMOTO YTJIA.

®abpuka mepepabaTeiBaeT yronb w3 12 1miacTtoB, a
TaKXe YyTrojib, MOCTYMAIOUINA M3 OTKPHITHIX Pa3pe3oB U
[IaXT, ¢ 30JIbHOCTHIO muTaHus ¢uiotanuu ot 30 mo 65%.
IIpu wucnonmp30BaHWK OO0 TEXHOJOTHH HEMPOCTO
MOJYYUTh TPOAYKT CTAOWIIBHOIO KauecTBa NpPU CTOJb
00JIBIIOM pa3dpoce XapaKTEPUCTUK ITUTAHUSI.

[TunotHas (oranonHas YCTaHOBKaA c
HCIIOJIb30BaHNEM QuioToMamiH J[)keiiMCcoH OblIa 3amyIieHa
B OKCIUTyaTallMI0 Ha IUIOMIAAKe Juisi cOopa NpOEeKTHOH
nHpOpMaNNHU, HEOOXOAMMON Is pacmupeHus (adpuku.
UcnpiTanus  TWIOTHOM — (PIOTAIMOHHOH  YCTaHOBKHU
NOKa3aJld CTAaOMJIBHO BBICOKOE W3BJICUCHHE M3 IHTAHUS
JTUHAHA O0OTaleHus 3HepreTmdeckoro yrisi: mo 70-90%
roprodeil Macchl MpH 30IbHOCTH mponykra 8§-12%. Ilpum
nepepaboTke OoJjiee OKHCICHHOrO YIjs MOTPeOOBaIOCh
YBEIUYUTh JO3MPOBKY KOJUIEKTOpa IS  IIOJyYEHUS
JOCTaTOYHO BBICOKHX ITOKa3aTelel N3BJICUEHHMSI.

[TunoTHast ycTaHOBKa cOCTOSUIa M3 ABYX (DJIOTOMAILIUH
Jbxeiimcon L500, ycTaHOBIEHHBIX IOCIENOBATEIbHO C
LENbI0 CMOJICTUPOBATh MPOMBIIUICHHBIA LUK (IIoTaImy,
KOTOpBI Oyner ycraHoBieH B Oynymem. [Ipeanmaraemas
CXeMa MPOMBIIUICHHOH YCTaHOBKM C HCIHOJIb30BAaHUEM
¢noromammH J[KeiiMcoH moka3zaHa Hike Ha puc. 10. Ora
KOMIIAKTHAsl CXeMa MO3BOJISIET Pa3MECTUTh (DIOTAIMOHHYIO
YCTAaHOBKY B YCIOBHAX pAacCIIMPEHHs CYyLIECTBYIOIIETO
NpefnpuaATHA. bBBUIM paccMOTpeHB! pa3iuyHble BapHAHTHI
00e3BOXKMBAaHUS W JPYrHX CHOCOOOB  mepepadoTKH,
BKJIIOYas ~NPUMEHEHHE LEHTPU(YrH U  YCTaHOBKH
Centribaric ¢ nocieayomuM OpUKETHPOBAaHHUEM MPOJYKTa
OoJiee BBICOKOW CTOMMOCTH. JTO 00OpyJoBaHHE Oyner
TaK)K€ MCIBITAHO B COCTAaBE IMWJIOTHOH YCTAaHOBKH, a IOCIIEe
3aBepuIeHUss paboT JaHHBIH [UKI  QuoTauuu  Oyner
CIPOCKTUPOBAH  KAaK  CTaHAApTHBIA Uil Oyaymmx
YTI€000TaTUTETBHBIX (habpux Xstrata Coal,
MPOU3BOIAIINX KaK KOKCYIOIIUHCS, TaK M SHEPreTHYCCKU
yTOJb.

Pucynok 10. Cxema ycTaHOBKH ILIecTH ()MIOTOMAIIMH
Jxeiimcon moaeaun B6500/24 (3anumaemasi miomaab 22
X 26 M; BbIcoTa 17 M)

6. 3akiaoueHue

3a HemHoruM Oosiee gecsTwieTHs —(IIOTOMAIIHA
JIxeiiMCOH cTajla cTaHJapTHOM TexHoyiorned (uoTanuu B
ABCTPAIMICKON YroJabHOHN mpomeiinuieHHOCTH. bomnee 110
¢oromarin, HaXOJISIIIUXCS B SKCIUTyaTallH,
MIPEACTaBISAIOT cO00W Ba)KHBIH MCTOYHHMK MH(OPMAIHU 00
9KCIUTyaTallid, OOCIY)XHBAaHWM M COBEPLICHCTBOBaHUH
ycTaHOBOK B Oymymem. @moromammnaa J[>KeHMCOH Bce
yarie MIPUMEHSETCS B yrienepepadaTsIBaronieh
MIPOMBIIUICHHOCTH JAPYIUX KPYNHBIX YIII€J0OBIBAIOLINX
CTpaH, BKJIIOYas TaKWE pa3BUBAIOLINECS CTPaHbBI, Kak
Mowronust 1 Mo3am6uk. OCHOBHBIE NPEHMYIIECTBA ITOM
MalllMHBI, TaKue Kak pocToTa, BBICOKast
9KCIUTyaTallMOHHAs TOTOBHOCTh, HETPeOOBaTEIBLHOCTh K
00CITyKMBaHHIO, a TAKXKE JI0OKa3aHHAsl IPOU3BOIUTEIBHOCTD
n  crabwipHass  3((EeKTHBHOCTb, JaBHO  INPHU3HAHBI
9KCIUTYaTHPYIOIUMH KOMIIaHUSIMH.

CBouM pazButieM ¢oromamuHa JDkeliMcoH B
3HAYUTEIbHOW  Mepe o00s3aHa  COBEPIICHCTBOBAHHUIO
MaTepHaloB, MPUMEHSEMbIX B €€ KOMIIOHEHTaX, OJHAKO
npyrue (aKkTOpsl TAaKKe OKa3hIBAIOT BIHSIHAE Ha OOMIYIO
a¢dextuBHOCTH (utoTanuu. HekoTopsie u3 3THX (HakTopoB,
HampuMmep OOe3BOKMBaHHE, OTOOp MpoO, YIpaBiIeHHE
TEXHOJIOTUYECKHM TIPOLECCOM M JAPYrHe, TaKKe CTalld
npeaMeToM BHHMaHMs. HoBble ycTaHOBKM HEO00XOIUMO
MPOEKTUPOBATh C YYETOM TMOCJIEIHUX JOCTHKCHHHA B
KaX7I0M u3 3THX obmactedl, B OCOOEHHOCTH, €CJIHU
orepaTopaM MOTYT OBITh TPEJOCTaBIICHbI HAJEKHbIC
WHCTPYMEHTBl KOHTPOJII M YIPAaBICHHUS, ITO3BOJISIOIINE
KOPPEKTUPOBATh YCJIOBHUS OKCIUIyaTallid M Ha PaHHHUX
JTarnax BBIABISATH OTKIIOHEHHUS OT TPEOOBAHUHN K KAYECTBY U
U3BJICYCHUIO.

Xstrata Technology (XT) co3nana CUIIbHBIA KOJUIEKTHB
MPOCKTHPOBIIMKOB, HH)KCHEPOB U TEXHOJIOTOB U Giarogapst
9TOMY MOCJIEIOBATEIbHO COBEPIICHCTBYET TEXHOJIOTHIO
¢dnoraruu  JHKeMCOH Ha TPOTSHKEHHH Oosiee 4YeM JBYX



JNEeCSITWIeTHH, TOIIep)KHUBasi TECHYHO CBSI3b C  ee
nzobperareneM U ero koyuieramu. [10100HBIE OTHOIIEHUS
SBIISIOTCS PEIKOCTBIO B TEXHOJIOTHIECKOM
MPOEKTUPOBAaHUHU, a Kpome Toro, XT He mpocTo MmocTaBiseT
000py/I0OBaHUE, a CTPOUT TEXHOJIOTHUECKHE MapTHEPCTBA C
3aKa34MKaMH, cpenu KOTOPBIX HE TOJIBKO
yrienepepadaThIBAIONINE MPEIIPUATHS, HO U TEXHOJIOTH, U
MIPOEKTUPOBIIUKH, 3aHATHIC B OTPACIHU [BETHBIX METAJIOB,
MPOMBINUICHHBIX MHHEpPAIOB H B JAPYTHX OO0JNACTIX
NpUMEHeHHa. B Takol yHHUKaJbHOW CHUTyaluu Bce
HWCTOYHUKHA WHPOPMAIIMN U BCE MOJB30BATEIN TEXHOJIOTHU
BOBJICYCHBI B OOMEH 3HAHUSAMH U ONBITOM. BHE BCIKOTO
COMHEHWSI, pe3yJIbTaTOM Pa3BUTHS TEXHOJOTHH B OyAyIIeM
CTaHyT HOBBIE MOJENH W TEXHOJIOTUYECKHE IIHKIIBI,
oOmamaromue BceMH TpeOyeMbIMH XapaKTEpUCTHKAMH,
TaKMMHU KaK aHallu3 B PEKUME PEaIbHOr0 BpeMeHH, 0TOOp
npo0 U3 MyNbIbl, JATIYUKH PEareHTOB U T.1.
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ABSTRACT

Jameson Cell technology was first introduced in the late 1980s to overcome the design and operating inadequacies of
column and conventional flotation cells. From the first commercial base metals installation at Mt Isa in 1989 followed by the
first coal installation at Newlands in 1990, it has been continuously developed and improved to make it more robust and easier
to use. There are now over 320 units installed in a wide range of applications and industries of which about 45% are employed
for coal. The latest designs combine the original advantages of high productivity and small footprint with significantly reduced
maintenance costs and much more operator-friendly features. This paper will describe the development of the Jameson Cell
technology over two decades and drivers for changing circuit configurations from 2-stage to single stage and then back to 2-
stage over the years. Although most Jameson Cell installations are currently utilised for recovery of metallurgical coal, there
are a growing number of applications emerging for treating ultrafine thermal coal, many with high raw coal ash contents,
predominantly clay. The paper will also describe recent pilot-scale test work and the results obtained from this to support the

commercial scale project.
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1. Introduction

The Jameson Cell is a fundamentally different flotation
technology to mechanical and column cells, having been
invented by Prof Graeme Jameson at the University of
Newcastle in NSW. They were first tested and
commercially installed in a coal washing plant at Xstrata
Coal’s Newlands mine (Jameson et al., 1991). The fines
stream was cyclone overflow material which was
previously discarded (minus 20-25 microns in particle size
with 15 to 50% ash content). Pilot plant testing showed it
was possible to achieve greater than 90% combustibles
recovery with a product target of 10% ash. This led to the
installation of the first generation full scale, Mark |
Jameson Cells in 1990. These cells were in continuous
operation for over 15 years until a new washing plant was
built to replace the old plant in 2006. The new plant also
uses Jameson Cells and has four new B6000/20 model
Mark 111 cells installed. Following the initial Newlands
installation, many sites have tested the technology which
was shown to consistently produce low ash concentrates
and achieve high combustibles recovery whilst being
forgiving to variations in feed ash (Harbort et al., 1992;
Atkinson et al., 1993; Manlapig et al., 1993). BHP Coal’s
(now BHP Billiton Mitsubishi Alliance - BMA) Goonyella
1,800 tph coking coal operation in Central Queensland
tested the advanced flotation technologies and subsequently
replaced the entire 32 mechanical (Wemco) cell circuit with
8 Jameson Cells operating in a 2-stage configuration
(Caretta et al., 1997). Figure 1 compares the performance
of the Jameson Cells at this plant after commissioning to
the old mechanical cell circuit. The ability of the Jameson
Cell to consistently deliver a low ash product at high

combustibles recoveries contributed to an overall plant
yield increase of ~3.5% and led to production records.
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Figure 1: Full scale Jameson Cell performance at
Goonyella mine compared to old mechanical (\WWemco)
cell circuit

Amongst the key benefits is froth washing and the
simplicity afforded by the Jameson Cell, it being easy to
operate and maintain; with no moving parts, and needing no
auxiliary equipment except for the feed pump. Over 150
Jameson Cells are now operational on coal worldwide, the
current largest installation being at Wesfarmer’s Curragh
Mine in the Bowen Basin of Central Queensland which
treats over 5 million tonnes of coal fines per year using only
twelve cells. Long-established coal producing countries like
Kazakhstan are also realising the benefits of the Jameson



Cell over conventional cells and emerging coal regions
such as Mozambique and Mongolia are now beginning to
use the Jameson Cell for metallurgical coal applications.

The remainder of this paper will describe the
development of the Jameson Cell technology over two
decades, the evolution of flotation circuit designs,
continued challenges of fine coal processing in the coal
industry; and a recent case study for the development of a
thermal coal project from pilot plant to full scale is included
to illustrate the recommended design approach.

2. Jameson Cell Development

The Jameson Cell development path has seen four main
phases of progressive improvement (Figure 2) since its first
commercial installation in 1989. Two decades of significant
advances have culminated in the latest model, the Mark IV
Jameson Cell, which incorporates the following features:

e Feed recycle system; to ensure stable cell
operation maintaining optimum performance
independent of feed fluctuations.

e Low wear, high discharge coefficient, slurry lens
orifice.

o Flexible feed nozzle allowing quick and easy
inspection and precise alignment of the plunging
jet to maximise metallurgical performance.

e Improved above-froth or in-froth washwater

With the release of the Mark Il downcomer in 2000,
the orifice plates used for jet formation were replaced with
the slurry lens orifice (Figure 3). The benefits included a
shallow slurry entry angle which optimised slurry flow and
maximised component wear life; a high discharge
coefficient, and improved slurry jet formation resulting in
more consistent air entrainment and vacuum.

Polyurethane Slurry
Lens Housing

Ceramic
Slurry Lens

\

Transport
Handle

™~

Stainless Steel
Reinforcement Ring

Figure 3: Mark 1V Slurry Lens

For maintenance, the slurry lens is significantly easier to
access compared to the old design. If a slurry lens becomes
blocked or needs replacing, it is now a 10 minute job which
can be done online by isolating the specific downcomer
while the rest of cell (and other downcomers) remain in
operation. The wear performance of the slurry lens orifice
has far exceeded expectations.  Since its introduction in
2000, 1,500 slurry lenses have been installed in coal

wear.
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Figure 2: Jameson Cell Development Path



3 Evolution of Jameson Cell Circuit Designs

The first generation of Jameson Cell coal plant
installations in Australia in the early 1990s were all 2-stage
designs with primary and secondary cells producing
separate concentrates that were combined to give the final
product. These circuits generally operated well but flotation
performance was often affected by wide variations in feed
volumetric flow rate to the flotation circuit. This was
usually because fluctuation in the flow rate and feed
pressure resulted in inconsistent air entrainment and
hydrodynamic mixing inside the downcomer. This was
overcome in the mid-1990s with the incorporation of
tailings recycle into the circuit design. Although originally
designed to dampen feed flow fluctuations, by employing
higher tailings recycle of between 40-50% and reducing the
fresh feed flow rate, it was observed that cell recovery was
improved which enabled a single Jameson Cell to achieve
a similar level of combustibles recovery as some 2-stage
circuits (Figure 4). These single stage cells are therefore
typically designed to operate with a lower fresh feed flow
rate and higher tailings recycle of about 40-50%. In
metallurgical coal applications the number of single-stage
cells required to achieve high yields (up to 85-90%) at the
required quality must ensure adequate carrying capacity
(bubble surface area). An equivalent 2-stage circuit would
use the same number of cells as the single stage
arrangement but the cells will be installed in series rather
than in parallel and will operate at much lower tailings
recycle (10-20%). In this type of circuit, the purpose of the
tailings recycle is to simply dampen fresh feed fluctuations.
The obvious attraction of the single stage flotation circuit is
the reduced capital and operating cost as it can be designed
using minimal feed sumps and pumps. For example, for
two cells in a parallel circuit, only a single feed sump and a
single feed pump are required, whereas for an equivalent 2-
stage circuit, 2 sumps and 2 (smaller) pumps are required.
However, the level of saving is diminished as the size of the
circuit increases because 2-stage circuits with more than 2
cells can also make use of common sumps and larger feed
pumps as the feed for each stage primary and secondary
stage can also be split between two or more cells.
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Figure 4: Flotation performance of single stage versus
2-stage Jameson Cell circuit.

From 1995 onwards, all Jameson Cell installations
were single stage circuits with 40-50% tailings recycle.
Over the years, many operations have experienced frothing
issues in the plant caused by residual frother in the
recirculated tailings thickener overflow water. This issue is
complex and the effects experienced at each site are varied
and often require individual solutions. The sensitivity of
the overall plant to residual frother is also dependent on
how quickly water is reused, the design of the water circuit
and the reagent combinations used throughout the plant.
Common problems experienced include instability in dense
medium circuits through air entrainment, dewatering
limitation due to froth handling constraints and water
clarification issues.

However, the impact of lowering frother dosage to the
flotation recovery in single stage circuits is severe as
demonstrated in Figure 5. At this metallurgical coal
operation, combustibles recovery was poor at 35-45% and
well below the knee of the curve generated from a standard
coal characterisation test (black line) when the frother
concentration was 9 ppm. Altering froth depth, air flow
rate and washwater flow rate had negligible impact on the
recovery. However, when the frother dosage was increased
to 14 ppm, the combustibles recovery dramatically
increased to 75 to 82%, reaching the maximum at the knee
of the curve.
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Figure 5: Effect of frother dosage on flotation

performance

The reason for the dramatic change in combustibles
recovery shown in Figure 5 can be explained as follows. In
single stage circuits, whether a Jameson Cell or a column
cell is used, the carrying capacity of the cell is entirely
dependent on that cell being able to produce sufficient
bubble surface area required to float all the coal. For any
type of flotation machine, maximum bubble surface area
can only be achieved if sufficient frother is added to
prevent coalescence. The minimum concentration required
for this is called the Critical Concentration of Coalescence
(CCCQC) and is characteristic for each type of frother. Figure
6 shows the change in bubble size with frother dosage for
MIBC, the most commonly used frother in coal flotation.
The CCC for MIBC is around 15 ppm.
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Figure 6: Bubble size as a function of frother
concentration (Zou, 2010)

While the frother dictates the concentration it must be
used in the flotation process; it is the flotation machine that
controls the minimum bubble that can be generated. Figure
7 compares the bubble size of different technologies:
Jameson, mechanical and column cells, are included as a
function of the superficial gas velocity, J4 (a measure of air
flow rate). The fine bubbles generated by the Jameson Cell
(300-600 microns) explain why it can achieve faster
flotation kinetics and has higher carrying capacity, and
therefore productivity, when compared with the other cell

types.
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Figure 7: Bubble size as a function of J4 (measure of air

flow rate) for different flotation technologies (Nesset et
al., 2007; Gomez, 2012, Zou, 2010)

An impractical solution to the frother problem might be
to design the entire washing plant to incorporate separate
water circuits for the coarse and fines circuits. Perhaps the
only practical solution that can be made is to reconfigure
the flotation circuit and revert to a 2-stage design. The 2-
stage circuit may provide a more robust operation because
the primary and secondary stages can be operated
separately to optimise performance. Higher frother dosage
added upfront would enhance the performance of the
primary cells and then the remaining frother in the tailings
of this cell can be used to float additional coal in the
secondary cells. RTCA’s" Warkworth operations in NSW,
Australia have reconfigured the Jameson Cells to operate in
2-stages and have reported an improvement in yield and
higher concentrations of frother can be used without
excessive frothing occurring (Lambert and Revell, 2008).
New installations such as Yancoal’s Moolarben plant
(NSW) and RTCA’s Kestrel (QLD) have also chosen 2-
stage flotation circuits.

There are opportunities for washing plants operating
with single stage flotation circuits to be retrofitted to
become 2-stage circuits. AAMC’s’ German Creek
operations (QLD) recently installed a single Jameson Cell
as a secondary stage to treat the tails from two Microcel
units operating in parallel (Figure 8). The footprint was
small and installation was straightforward because of the
simple tie-ins and no other auxiliary equipment was
required other than the feed pump.

Figure 8: Recently installed Jameson Cell (left) next to
two column cells at AAMC’s German Creek operation

4. Challenges in coal flotation and fine coal
processing
Flotation is a physio-chemical separation process and is

different to other unit operations in a coal washing plant
which all employ gravity based techniques to effect

' RTCA is Rio Tinto Coal Australia
2 AAMC is Anglo American Metallurgical Coal



separation. Flotation is a complex 3-phase system that is
controlled by many factors which can be categorised into
three facets: coal characteristics, chemistry impacts and
machine characteristics (Figure 9).

Coal Characteristics
Petrography
Mineralogy
Liberation
Particle Size
Variability

Chemistry impacts Machine Characteristics

Levers of

Particle hydrophobicity Type
& contact angle flotation Design
Selectivity Bubble size
Water chemistry Gas hold up
Pulp pH, Eh Carrying capacity
Reagents: collector, frother, Lip length
depressant, dispersant Mixing intensity

Figure 9: Flotation ‘triangle’ showing the factors
affecting performance

The flotation machine is only one facet important to the
overall process, but seems to get the most attention and is
often blamed when performance of the fines circuit is poor.
However, the variability of the coal and flotation reagent
control are two factors which perhaps is surprisingly often
overlooked.  The greater the number of different coal
seams and sources that are treated, the more challenging is
the task of achieving effective flotation and the targeted
qualities and recoveries. Operators must therefore be
trained to respond to changes in tonnage, particle size
distribution and flotation behaviour of the different coal
types and make the necessary adjustments to reagent
dosages and process variables to optimise performance.

In many plants, monitoring of flotation performance is
irregular and often a ‘knee-jerk’ change is made when
performance has clearly deteriorated. Furthermore, in
many plants it may be impossible to conduct surveys
because sample points do not exist for the feed, concentrate
and tailings. Even in the more modern (recently built)
plants, the flotation feed cannot be easily collected as it
usually consists of more than one stream which gravity
flows into a large collecting sump. In Jameson Cell
installations, many operations unknowingly collect the
downcomer feed, and use the result from a “rapid ash”
analysis and the two-product formula to calculate yield and
combustibles recovery. This is erroneous as the downcomer
feed is an internal stream. Sampling points are therefore an
essential part of good design of the fines circuit.

Even though flotation is the separation process, the
overall fines circuit performance is often dictated by
concentrate dewatering capacity as this often proves to be
the bottleneck in the process. Many flotation circuits have
to be ‘scaled back’ to suit the capacity of the dewatering
device leading to large losses in coal fines which then cause
issues in the tailings thickener. Another area to address is

the type of dewatering device used for concentrate
dewatering. The technology chosen needs to carefully
consider the particle size and type of coal treated and not
use capital cost as the driver for decisions.

5. Bulga Pilot Plant

Flotation has been traditionally used as a beneficiation
process for treating coal fines but in the past it has been
mainly used for metallurgical coal. However, in South
Africa there has been a number of flotation installations
aimed at recovering saleable thermal coal from raw tailings
that would otherwise be discharged as waste. These have
had mixed success because coals from this region are not
readily floated, but they have also demonstrated the parallel
need for selecting effective dewatering circuits for treating
the clean coal concentrates (Power, 2010).

Xstrata Technology together with Xstrata Coal has been
developing the flowsheet for a Jameson Cell installation to
treat thermal coal at Bulga mine near Broke in NSW. This
plant will eventually treat natural raw coal tailings and also
tailings recovered from nearby tailings ponds that contain
an estimated 3Mt of recoverable coal.

The plant washes as many as 12 coal seams and coal
sourced from both open-pit and underground mining
operations with a flotation feed ash varying from 30-65%.
It is challenging for any technology to make a consistent
quality product with such a large variation in feed.

A Jameson Cell flotation pilot plant was operated on-
site to provide the necessary design information for the
plant extension. The pilot plant flotation testwork showed
consistently high recoveries from the thermal coal feed,
achieving 70 to 90% combustible recovery with 8 to 12%
ash in the product. The more oxidised coal types required
increased collector additions to achieve acceptably high
recoveries.

The pilot plant was configured with two L500 Jameson
cell units arranged in series to simulate full scale design of
the flotation circuit to be installed in future. A layout of a
proposed full scale Jameson Cell installation is shown
below in Figure 10. This compact design allows for
installation of the flotation plant efficiently in a brownfield
expansion. Various dewatering and other treatment options
have been considered for this plant including the
combination of screen-bowl and Centribaric units with
subsequent briquetting of the higher value products. These
equipment items will also be tested with the pilot-plant to
ascertain their suitability and once this work is completed
this flotation circuit will be designed as a “standard” for
future Xstrata Coal washing plants treating both
metallurgical and thermal coal types.



Figure 10: Layout of six B6500/24 model Jameson Cells
(Footprint = 22 x 26m; Height = 17m)

6. Concluding Comments

Over little more than a decade Jameson Cells have
become a standard flotation technology in the Australian
coal industry. With over 110 installations, this industry
represents a substantial knowledge base for operating,
maintaining and improving installations in the future.
There are also a growing number of coal installations
worldwide in every major coal region including emerging
regions such as Mongolia and Mozambique. Users have
long-since recognised the major advantages, i.e. simplicity,
excellent availability and low maintenance in addition to
proven robust and consistent process performance.

Much of the progress that has occurred in Jameson Cell
evolution is owed to improvements in the materials used in
components as previously designed, but other factors
clearly affect the overall performance of the flotation
circuit. Some of these have also been addressed, i.e.
dewatering, sampling, process control, etc. Future plants
will need to be designed to incorporate further innovations
in each of these areas especially where operators can be
provided with reliable monitoring and control features that
enable changes to be made to operating conditions and
early indications of deviations from quality and recovery
targets.

Xstrata Technology (XT) has built up a strong team of
designers, engineers and process specialists and as a result,
has continuously improved the technology over two
decades whilst still maintaining close association with its
inventor and his team of scientists. Such relationships are
rare in process engineering and in addition XT is not just an
equipment supplier, their modus operandi being to develop
technology ‘partnerships’ with clients which include not
only coal users, but process engineers and designers
working in base metals, industrial minerals and a variety of
other applications. Therefore, this is a unique situation
where knowledge transfer from all sources is passed on to
all users. There is little doubt that further improvements

will result in more new models and circuit designs and the
incorporation of desirable features such as on-line analysis,
designed-in slurry samplers, reagent sensors, etc.
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