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TexHonorna AnbbumoH
0J1A YNOpPHOTro 30J10Ta

ALBION PROCESS

TexHonorna Anb6uoH (Albion Process) Gbina
pa3pa6oTaHa komnanuei MIM Holdings (B HacToswwee
Bpems Xstrata Plc) ana nepepaboTku KOHLEHTPATOB,
NoNY4YeHHbIX U3 YNOPHbIX Py LIBETHbIX U APAroLeHHbIX
meTannoB. TexHonoruaA 6bina paspa6oraHa B 1993 r. n
3anaTeHTOBaHa Mo Bcemy Mupy.

TexHonorna AnbGUoH BKNOYAET ropu30oHTaNbHYO BUCEPHYIO
menbHuLy IsaMill Ana nony4eHua akT1BYPOBaHHOO
TOHKOWN3MENBYEHHOTO KOHLLEHTPaTa Npy OTHOCUTENBHO HEBBICOKMX
YIENbHbIX Pacxofax 3Hepruun. 3aTeM TOT TOHKOMOJIOTbIN MaTepuan
BblLLieNa4MBaeTcA Npy aTMOCHEPHOM AaBNEHNN B OObIYHbBIX
arnTauUMoHHbIX YaHax. bnarogapa mpocToTe TeXHONOrM4eckon CXeMbI
KanuTanbHble 3aTpaThl Ha CTPOUTENLCTBO (habpuky Mo TexHonorum
AnbOVOH MOTyT BbITb 3HAYUTENBHO HIXE, YeM ANA COMOCTaBUMON
thabpyikn BakTepranbHOro 1M aBTOKIABHONO BbiLLIENa4MBaHNA.

Pucyrok 1: Menbhuua IsaMill M300, ycraHoBneHHas Ha npeanpusaTAM KOMNaHUN
Lonmin, OxHas Adpuka

Kntoyesoii B TexHonorum AnbbrioH ABNAETCA CTaanA CBEPXTOHKOIO
n3menbyeHna. NpoLecc CBEPXTOHKOTO N3MeNbYeHNA NPUBOANT K
BbICOKOW CTEMEHW AehopmMaLiui, BHOCHMON B KPUCTANUYECKYIO
pelueTky. B pesynsrate, KoNMYeCTBO MOBEPXHOCTHBIX PAa3PbIBOB 3€PEH
¥ AetheKTOB KPUCTANMHECKON PELLETKM BO3PACTaeT No BENNYMHE Ha
HECKO/bKO MOPALKOB NO OTHOLLEHMIO K HEU3MeNbYEHHbIM MUHEpanam.
YBenuyeHne konudecTsa AeeKTOB KPUCTANIMYECKON PeLLETKY
«aKTUBMPYET» MIHepas, cnocobCTBYA BbillenadmsaHuio. bnarogapa
PE3KOMY YBEMYEHIO MNOLLAAM NOBEPXHOCTY MUHEPaNa BO3pacTaeT
Takxe 1 rnybuHa BbilLeNaiMBaHuA.

3a CYET CBEPXTOHKOIO U3MENbYEHNA TakKe CBOANTCA K MUHIMYMY
rnaccmBaumAa MI/IHepaJ'IbHOVI MOBEPXHOCTU NMPOoAYKTaMM BblLLiENa4BaHNA
Ha ocHoBe cepbl. OBbIYHO 0caaKK, 06Pa3yoLLMECA HA MOBEPXHOCTY
BblLLie1a4MBaeMoro MmHepasna, MeseHHo NacCUBMPYOT MUHeparn,
npenoTBpaLLaA A0CTYN XMMPEAreHTOB K MOBEPXHOCTY MUHEpPana.
[MaccuBauma 06blIYHO 3akaHYMBAETCA, KOTAA TOMLIMHA CNOA 0CaAKOB
JOCTUraeT 2-3 MUKPOH. CBerTOHKoe n3Mesib4eHne MmnHepana

[0 kpynHocTv 80% Kknacca Menbye 8 - 12 MAKPOH YCTpaHAET
naccuBaLMio, MOCKOSbKY BblilLieNla4nBaeMblii MHEPan pa3pyLLaeTca
[10 TOTO, Kak CroV 0cafka CTaHOBWTCA AOCTATOYHbIM [J1A NaccuBaLm
MUHepana.

CTaauA OKNCNNTENbHOTO BbILLENaYMBaHNA OCYLLECTBAAETCA B
arnTaLUMOHHbIX YaHaX, SKCTTyaTUpyeMbIX Mpy aTMOChepHOM
[aBneHun. [1nA CoaeicTBUA OKUCTEHNIO B PEAKLIMOHHYIO MyJibTy
BBOAMTCA KICMOPOA. BbillienaunsaHie NpoucxoanT aBTOTEPMUYECKH,
Takim 06pa3oM, YTO TemnepaTypa PeakLMOHHON Mymbrbl 3a4a6TCA
KONIMYECTBOM Tensia, BbicBOBOXAaeMbIM B MPOLIECCe peakLmm
BblLLiEN1a4MBaHNA. TEMO N3 BHELUHUX VCTOYHIUKOB B PEAKLIMOHHYIO

EMKOCTb He NocTyrnaeT. TemnepaTypa perynmpyeTca 3a CHeT pacxoaa
[106aBNAEMOrO KUCNOPOAa U MAOTHOCTY PeaKLMOHHON MySibbi.

[MpUMEHUTENBHO K N3BIEYEHIO APArOLEHHbIX MeTanoB, TexHonorva
AnbBUOH MOXET MCMONb30BaTLCA B LLIMPOKOM Avana3oHe pH, B
3aBMCYMOCTW OT MUHEPANOrN UCXOAHOTO MUTaHUA.

Tam, re 0CHOBHbIM YMOPHbIM 30/10TOCOAEPXKALLMM MUHEPasoM B
KOHLIEHTpaTe ABMIAETCA NUPWT, OKUCIUTENBHOE BhbiLLIENaY/BaHue
006bI4HO OCYLLIECTBIAIOT B LLENOYHOW cpefe. YCNoBMA BbilLieNnaqvBaHna
3a4atoT TakvM 06pa3oM, 4Tobbl obecneynTb 06pa3oBaHue reTrTa

B Ka4ecTBe OCHOBHOIO NPOAyKTa peakLumm xenesa. Ycnosua
LLIENOYHOW CPEeAbl MOBLILLAIOT CKOPOCTb BbILLIENAUMBAHIA NMPUTa

3a CYET MOCTOAHHOW HEMTPanM3aLmmn KNCoTsl, 0bpasytoLLerica

npy okucneHn nuputa. Hanbonee npeanoyTuTeNbHbIMK AnA
CMOSb30BaHNA MPY OKUCIUTENBHOM BbILLENAYMBAHWN ABNAKOTCA
[ieLLeBble LLEN0YM, Tak1e Kak 13BECTHAK U M3BECTb.

Tam, roe nepepabaTbiBaeMblii KOHLEHTPAT COAEPXKUT 3HAYUTENbHbIE
KOMMYECTBA MbILLIbAKA UK U3BNEKAEMbIX LIBETHBIX METANOB,
OKVCNINTENBHOE BbILLENa4VBaHIE OCYLLECTBAIOT B YCNOBUAX KIC/ON
Cpeabl C NocneaytoLLen HeTpanm3aumen nynbnbl Nepes LMaHnaHbIM
BbILLiENa4MBaHEM.

Xvumu3m npoueccos

Huxe npencTaBneHbl HEKOTOPbIE 13 OCHOBHBIX PeaKLIMA OKUCTEHNA,
KOTOpble MMEOT MECTO NP OKWCIIMTENTbHOM BblLLIENaYMBaHN
YMOPHOI0 30/10TOCOAEPKALLErO KOHLEHTPaTa Mo TexHonornm
Anb6uoH. [InA NpocToThl MPUHATO, YTO OCHOBHBIMU HOCUTENAMM
[IParoLeHHbIX METaNOB ABNAIOTCA MUPUT, aPCEHOMPUT 1
Pa3HOBMAHOCTU TENYPWIOB, XOTA UCCNEA0BAHWA MPOBOANINCH

Ha Mpobax KOHLEHTPATOB, COAEPXKALLX LUMPOKIIA KPYT YMOPHbIX
Ccynbhnaos.

BbiwenaynBanue NupuTa - ycroBus KUCNOW Cpeabl
FeS, + 15/40, + 1/2H,0 = 1/2Fe,(S04), + 1/2H,50,
FeS, +9/40,+ 1/2H,50, = 1/2Fe,(S04), + 1/2H,0 + S

lNepBan peakuna NpeacTaBnAeT coboil OCHOBHYIO PeaKLnio
BbILLENAYNBAHNA MPUTA, OAHAKO YCIIOBIA BbiLLEau/BaHIA
MOXHO 33[aTb B MONb3Y BTOPOI PeakLymm 1, Mpu HEOOXOAMMOCTH,
MUHUMU3NPOBATL NOTPEBEHE KUCTIOPOa.

BbiwenaynsaHue apceHonupuTa — yCNoBMA KUCNOW cpeabl
FeAsS +70, + H,0 = 4HAsO, + 4FeSO,

Mo 3aBepLleHn CTaanmn Boiliena4ymBaHnA Xenes3o 1 KUCNOoTY,
06pasyroLLveca npy OKNCIIMTENBHOM BbILLENaYMBaHIN,
HENTPaNM3yoT N3BECTHAKOM UM U3BECTHIO Nepes, LiaHnpoBaHeM
HeVITpaJ‘IVIGOBaHHOI’O ocTaTka. OCHOBHbIMY peakumamm
HeVITpaJ'IVISaLJ,l/Il/I ABNAKOTCA:

OkucneHue ABYXBaNEHTHOrO Xenesa u ocaxaeHue B popme retuta
2FeS0, +1/20, + H,S0, = Fe,(S0,), + H,0

Fe,(S0,), +3Ca0 + 7H,0 = 2Fe0.0H + 3CaS0,.2H,0

OkucneHe MblwbsKa ¥ CBA3bIBaHME B hOpMe apceHarTa xenesa
HAsO, + Fe,(S0,).(a) + 2H,0 = H,As0, + 2FeSO0,(a) +H,50,
Fe,(S0,), + 2H,AsO, + 3Ca0 = 2FeAsO, + 3CaS0,.2H,0 + H,0




TexHonorua AnbOGMOH AnA ynopHoro 30so0Ta

Tam, roe nepepabaTbiBaeMblii KOHLEHTPAT HE COAEPXUT
3HAYNTENBHbBIX KOSIMHECTB MbILLIbAKA UMK 13BEKAEMbIX LBETHBIX
MeTasoB, OKUCAUTENBHOE BbILLENa4MBaHNe OCYLLECTBNAIOT B
YCNOBWAX LLENOYHON cpeabl Npy BenniuHe pH, noaaepxkveaemon Ha
ypoBHe BbliLle 4. OCHOBHbIMW peakLyAMM BblLLEenaynBaHyaA ABNAIOTCA:

Boiwenaynsanue nupuTa - ycnosus LLeNoYHOM cpenbl
FeS, + 15/40, + 9/2H,0 + 2Ca0 = Fe0.0H + 2CaS0,.2H,0
FeS, + 9/40, + 5/2H,0 + Ca0 = Fe0.0H + 2CaS0,.2H,0 + 5°

B ycnoBuAX LLENoYHoV cpefbl npeobnafatoLLen ABNAETCA nepsan
peakLya.

BbiwenaynsaHue apceHonupuTa — yCNOBMS WENOYHON Cpeabl
FeAsS +7/2 0, + Ca0 + 2H,0 = FeAsQ, + CaS0,.2H,0
BbiwenaynsaHue TennypuaoB - yCrOBMS LWENOYHON Cpeabl
AuTe, +20,=2Te0, + Au

Ma3bl TENNYPUAOB M CENEHWIOB NIETKO OKVCAAIOTCA B YCIOBUAX
LLIENOYHO CPEeAbl, UMEIOLLIMX MECTO MpY BbILLiENa4MBaHNN MO
TexHonorum AnboyoH.

Mpouecc BbilenauynBaHNA B yCNOBUAX
LLeJIOYHOW cpeabl

BoillenaumsaHune no TexHonornm AnbGUoH OCyLLEeCTBAAIOT

npu Temnepatypax 6onee 70°C n npu pH Bbiwe 4, Tak Y10
NPeuMyLLECTBEHHBIM 0CaaKoM Xenesa AapnAeTcA retnt. Obpa3oBaHve
reTuTa ABNAETCA Havbonee enaemon GopMOoN ocaxeHna xenesa
NPV OKUCAEHUV NUPUTa NEPEA LaHWAHbIM BbILLENA4/BAHUEM.

[eTUT BbICTPO OCaXAAETCA U UMEET TEHAEHLMIO K 06pa3oBaHI0
KPUCTaNNYeCKnNX arperaTos, YTO MOXET MPUBECTU K TaKoW KPYMHOCTM
0CTaTKa OT BblLLena4vBaHua, Kotopas 6yaeT AoCTUraTb BENMYMHbI

Ha NOPAZOK BbILLE, YEM KPYMHOCTb TOHKON3MENbYEHHOrO NUTaHNA.

B cxemax oKUCNNTENbHOTO BhiLLeNa4nBaHmA 30/10Ta, KOTOPbIE
OCYLLECTBNAIOT Npy Bonee HU3KMX TemnepaTypax, Yem y TexHOnornm
AnbOVOH, Xene3o ocaxaaeTcA B GOpMe 0CTaTKOB, COAEPXKALLMX
3HaYMTENBHOE KONMMYECTBO CyNbdaTta (ApO3nT 1 rMOpPOKCHCYIbdaThI
enesa) 1 aNeMeHTapHo cepbl. ITn cynbdaTcomepxalye hasbl
MPVBOAAT K BbICOKOMY PacXofy LUaHuaa BCneacTane HecTabuabHOCTY
(a3 cynbdara Xenesa B LeNoYHbIX LaHUCTbIX pacTBopax. Kpome
TOro, MMEET MECTO XUMWNYECKaA COPOLMA 30/10Ta, W Takmne oCTaTkm
006bI4HO 6bIBAET TPYAHO 0caguTh. OHaKO reTuT 1 heppurnapuT
4pe3BblYanHO CTAOUbHbI B LLENOYHBIX LMAHWUCTLIX PAaCTBOPaX, 1 He
ByayT pacTBOPATLCA C 06pa30BaHNEM KOMMNEKCOB LaHaa Xenesa.

[Mockonbky BbilLENa4MBaHNe OCYLLECTBIAETCA aBTOTEPMUYECKN,
TO ANA NoAAepXXaHVA TeMNepaTypbl BbilLgnayBaHu1a B
0651acTu, roe NpenMyLLIECTBEHHO 06pa3yeTcaA reTuT, UMeeTcA
3Ha4MTENBHOE KONMYECTBO TEMJIOThI, BbICBOGOXAAKOLLENCA

MY OKUCNEHWN CYNbMUAHBIX MUHEPATIOB.

KoHueHTpauua cynbdata B pacTBOpe NOAAEPXMBAETCA Ha YPOBHE
Hxe 3000 ppm nyTem NOCTOAHHOTO A0OABNEHUA LLENIOYM HA OCHOBE
KanbLWA (M3BECTb MW U3BECTHAK). HU3kaA KOHUEeHTpauuA cynbtarta
B pacTBOpe 0OYCNOBMMBAET TO, YTO KONMYECTBO CynbdaToB Xenesa,
MPYCYTCTBYIOLLMX B OCTATKE OT BbILLENaYMBaHUA, COCTABNAET MeHee
1% no Becy. pH pacTBopa Bce BpemaA NOAAEPKMBAETCA Ha YPOBHE
BbilLe 4, obecneynBan KOHLEHTPALMM TPEXBANEHTHOrO Xenesa Ha
ypoBHe Huxe 0,1 r/n. Takoi HU3KUI hoH Xenesa obecneynBaeT

OCaxzeHune xenesa B (bopMe retuTa. Oca,EI,KI/I reTuTa MOXHO nofaBaTb

HENoCPeACTBEHHO Ha CTaanto LIMaHUOHOTO BbILLeNnaq4nBaHnA.

Ha pucyHkax 2 1 3 nokasdaHa npeanoyTuTensHaa paboyaa 0bnacTb
[ONA LENOYHOro BbilenaynsaHua no TexHonorun AnsounoH. Paboyas
06/1aCTb LLENOYHOTO BbILLENAYMBAHNA OTMEYEHA 3e/IEHbIM LIBETOM.

57 100°C

(H,0)Fe,(S0,),(0H),

Fe,(S0,)(OH),,

T 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fe* (%)

PucyHok 2: Pa6ouve pH 1 KOHLIEHTpaLmMn pacTBOPUMOro Xenesa npi LWeno4YHOM
BblLLenaynBanuu no TexHonoru Anb61oH ¢ npeumyLiecTBEHHbIM 06pa3oBaH1eM
reTuta
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PucyHok 3: ®a3oBas avarpamMma, nokasblBatowas haly ocaaka kenesa,
06pasyrolierocs Npy LenoYyHoM BbilienayuBanuu no TexHonoruu AnbGnoH

OTtpeneHune TBepaon ¢asbl OT XXUAKON U
CTaGMNIbHOCTb XBOCTOB BbiLLeIa4UBaHNA

BbillenaimsaHue no TexHonorn AnbGuoH 006bI4HO OCYLLLECTBAAIOT
npY NNOTHOCTM NyNbbl 25 — 35 Y% Mo BECy, B 3aBUCKMOCTM OT YPOBHA
cofepxaHua cynbduaoB B KOHLEHTpaTe. Ha Bbixofe npovecca
BblLLienaymBaHmA no TexHonorum AnsbrnoH yposeHb pH NogHUMaIoT o
8- 10 B nocnenHeM YaHe OKUCIMTENBHOMO BbilLENaqyBaHWA C LENbio
nocneaytoLLero noaaBneHnA nobbix cynbdaTHbIX a3 nepes ctaguen
UMaHWOHOTO BblLLEeNaumBaHmA. Takim 06pa3om, KOHEYHYIO Mysbry
MOXHO NMoJaBaTb HEMOCPEACTBEHHO Ha CTaAMIO LIMaHNPOBaHuA 6e3
OTLeNeHNA TBepaon hasbl OT XNAKON.

[1o 3aBEpLUEHUM OKNCIUTENBHOMO BbILLENa4MBAHUA KOHEYHbIA OCTATOK
COAEPXNT NPEUMYLLECTBEHHO FETUT W CTAbWIEH B OTHOLIEHN
BO3[ENCTBMA Ha OKPY>KalOLLLyto CPeay, a Ntobow MbILLbAK, KOTOPbIV
MOXET 6bITb BbICBOOOX/EH B LLENOKE, CBA3aH B TBEPAOMN (ase B
thopme apceHaTa xenesa.
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3a 6onee nogpobHoM UHbOpMauuen no TexHonorum Anb6MoOH Ha pycckoM A3blke obpallanTech: /g \
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