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CMNOCOBb N3BIMEYEHNA 30JIOTA U3 PYA

LnaHnposaHmne — 3to Hambonee pacnpoCTpaHEHHbIN Cnocob, MCMONb3yeMbIN B
3onotogobbiBaoLLen MPOMbILLNEHHOCTU AN A06bluM 30M0Ta U3 30M0TOCOAEpPKaLLNX
pya. BogHas BbllenaunBawwas cpepa, cogepxawjas asnemeHTapHbin 6pom (Bry)
coBMeCTHO ¢ Bpomugom (Br), panee — 6pom-6pomMuaHbLIA BbilenadnBaTenb, SBMSETCS
NOTEHUManbHOM 3aMEHON AN LMaHuga, NocKOMbKy OHa MOXET BbilenaymsaTtb 30M0TO
N3 pya MOCPEACTBOM OKUCMEHMSI AparOLeHHOro meTtanna u pacTBOPEHMst 305roTa B
BOAHOM pacTBope ¢ obpasoBaHnem komnnekcos AuBry w/unu AuBry. 3atem vactuupbl
PyAbl OTAENSAT OT cojepaljerd 305noTo BOAHOW pa3bl (NPOAYKTMBHOrO pacrteopa
Bbienaumsanms, PLS; ot aHrn.: pregnant leach solution). MpoaykTuBHbLIN pacTeoOp

BbliLLenavynsaHunA O6pa6aTbIBaI'OT AnA n3snedveHna aonoTa.

Hanpumep, B nybnukauyum US 4,684,404 nokasaHo, 4TO MeTannnmyeckoe 30roTo
MOXHO pacTBOPUTb B BOAHOM pacTtBope B npucyTcTBum Opommuaa HaTpus u
anemeHTapHoro 6poma, Hanpuvep — B BOAHOM peareHTe, cogepxawem 1,0 06. % Bry
1,0 06. % Opomuga Hatpus. B nybnukaumm US 4,684,404 Takke OTMEYEHO, TO
KOMMMEKCHbIE coefuHeHus 3onota/bpoma, obpasyomecs B BOAHOM pacTBope, MOXHO
M3BNeYb C  UCMOMNb3OBAHWEM  OPraHWYecKUxX  pacTBOpUTENEW,  TakMx  Kak
meTnnnsobytunkeToH (MIBK; ot aHrn.: methyl isobutyl ketone), aunsobytunketon (DIBK;
oT aHrn.: di-isobutyl ketone) n npocron atunosein acpup. dpyrumm cnocobamm, KOTopbie
MOXHO MCMonb3oBaTb ANS U3BnNeveHuss 3onota u3 PLS, u koTopble ykasaHbl B
ny6nukayum US 4,684,404, ABNAOTCH 3NEKTPoOCaKAEHNE, aacopbuus

aKTUBUPOBAHHbLIM YrTIEM U MOHHbIA OOMEH.

Henctene OpomM-6pOMMAHOrO BbilenadmBaTenss Ha pasnuuHbie Pyabl Takke
6bino nccnegosaHo Melashvili et al. [Conference of Metallurgists Proceedings ISBN:
978978-1-926872-24-7, published by the Canadian Institute of Mining, Metallurgy and

Petroleum].

Ncnonb3oBaHne 3NeKTPONUTUYECKM reHepupyemoro 6poma gnsi BbilenadnBaHms
30M10Ta NOCPEeACTBOM Mpsimon oB6paboTku 3omoTocodepkalwlen pyabl B pesepsyape, B
KOTOpOM cBOGOAHLIM BpOM Mony4varT NOCPEACTBOM 3NEKTPoNnu3a pactesopa bpomunga,
onucaHo B nybnuvkayumn US 4,904,358. Pactesop 6pomuaa HaTpust NojaroT B pesepsyap,
B KOTOpbIN 3arpyxeHa pyga. PactBop TeuyeT BHM3 4epes pyay, noanexallyto
BbllLenayvBaHuio. [lBa 3neKkTpoAa, YCTAHOBMNEHHbIE B pe3epByape, COEAUHEHbI C
NUCTOMHMKOM  muTaHus. [lpoucxoaut anektponns, u un3 6Gpommga obpasyercs

anemeHTapHbin 6pom. [osaBnseTca AOCTYNHbIN Opom Anst BO3LENCTBUS Ha 3050TO,
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KOTOpoe pacTBopsieTc B BOAHOM pase. [pOAYKTUBHBIA PacTBOP BbiLeNnaynBaHuUs
otaensoT oT pyabl. C  MCNOMb3oBaHWEM LEeMeHTauum UuMHKOM  (fo6aBneHus
METanMYeckoro LMHKa — MeTanna, SBMSOWerocss CunbHbIM BOCCTAHOBUTENEM)

AparoLeHHble MeTannbl MOXHO n3Brneyb n3 PLS.

OpHako OCHOBHbIM MOTMBOM ANS BKMIOYEHUS 3NEKTPONUTUHECKOrO MNOMyYEeHUs
fpoma B TEXHOMOTUIO M3BNEYEHUSA 30moTa aBnAeTca 3PPEKTUBHOE MNOBTOPHOE
ncnonb3oBaHne OpPOMUAHBLIX WMOHOB, KOTOpblEe OOpasyloTCs Mnocrne TOoro kak ©Opom
OKUCNSAET 30M0TO, @ WMEHHO — TMOBTOPHOE OKUCNEHne OpOMUAHBIX WMOHOB [AO
anemeHTapHoro 6poma Ans NOBTOPHOrO MCMNOMb3oBaHUA B npouyecce. Cnocobsl,
OCHOBaHHblE Ha 3TOM MOAXOAE — MOBTOPHOM OKUCMEHUM BpomMuaa AO 3NEMEHTAPHOro
6poma nocpeacTBOM 3nekTponusa, onucaHbl B nybnukaumsax EP 476862 n WO
2017/199254, vnnoCcTpUpyloWmnX cnocobbl M3BMEYEHUST 30M0Ta, COCTOALME U3 Tpex
OCHOBHbIX CTagui. Bo Bpemsa nepeon CTagumn 30M0TOCOAEPXKALLYIO PYAY BbilenaymsaroT
6pom-6pomuaHbiM  Bbiwenaunsatenem.  CycneHsuio  pasgensloT  NocpeacTBOM
unbTpayum ¢ nony4YeHnem TBepAon thasbl U BOAHOW dhasbl, KOTOpasi COAEPKUT MOHbI
AuBr,/AuBr,, TO €CTb NMPOAYKTUBHOIO pacteopa BbilenadnsaHus. Bo Bpemsi BTopon
CTagumn 30M0TO M3BMEKAOT N3 NPOAYKTMBHOrO pacTeBopa BbilenayvMBaHnsa nocpescTsoMm
NPOMyCKaHUs pacTBopa Yepe3 KOMOHKY, 3anoSfIHEHHYK aHWMOHOOOMEHHOW CMOMoW,
aacopbumMm  aKTUBMPOBAHHLIM  YrrieMm, LEeMeHTauunm LWHKOM WU 3KCTpakuum
pactsoputenem (EP 476862) wunn nocpeacTtsOM 3KCTpakUun pacTsoputenem ¢
ncnone3oBaHnem ocopcoaepKallero Unu aMmmMHHOro akcTpareHTa n cneymdmnyeckoro
cnocoba otroHkmn (WO 2017/199254). Obpasyrowmnncsa pactsop C HU3KUM COAEpPMKaHNEM
6pommaa noanuTbiBaldT Opommaom. 3aTem, BO Bpemsi TPETbEW CTagun, pacTBop
Opommnaa, nNPUroAHbIM AN  SMEKTPONM3a, MPOoNnycKalT u4epe3 oaHy wunu Gonee
SNEKTPONUTUYECKUX SYEEeK ANA OKUcneHns Obpomuga [0 anemeHTapHoro 6poma ¢
nony4YeHMemMm BOAHOro pactsopa Opoma, KOTOPbIN PEUMPKYNPYIOT U MUCMOMb3YIOT Ha
cTagum BblilenaymsaHmsa. Takum obpasom obecneumBaroT TEXHOMOIMKO Ha OCHOBE

3aMKHYTOrO LMKna ¢ 3cppeKkTMBHbIM UCToNb3oBaHMemMm Gpoma.

[pyroe TEXHOMOrMYEeCKOe peELUEHME, OCHOBAHHOE Ha  3MEKTPONUTUYECKM
reHepuposaHHom 6pome, nokaszaHo Ha dur. 1 (dur. 7 n3 nybnukauyun EP 476862).
OnekTpoxummyeckas avenka (83) pasgeneHa Ha aHogHbIN (91) u kaToaHbI (93) oTCekn
katnoHoobmeHHoM MembpaHon (89). Llenbio €aBNSIeTCa  BbIENEHWE  3050Ta,
coaepawlerocs B NPOAYKTMBHOM  pacTBOpPE  BblWENavvMBaHus, MOCPEACTBOM
3MeKTpOoOCaKAEHMSA 30MoTa Ha kartoae n obpasoBaHne Gpoma Ha CTOPOHE aHoAa.

AHOMNWUT COCTOUT M3 KUCIOro pacteopa Gpomuaa. Bpom obpasyeTcs Ha CTOPOHe aHoaa, U
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BOAHbIN pacTtBop Opoma nopakwT B pesepsyap (97) BbiwenadusaHusa. [locne
pasgeneHns (99) XnakocTn 1 TBEPAbIX BELLECTB LESOK OT BbilenadnsaHnsa nogaroT Ha
CTOPOHY KaToaa, rae 30noTo ocaxgaeTtcsa Ha katoa. B nybnukauymm EP 476862 ykasaHo,
4yTO pH pacTBopa, NoAaBaeMoro K katogy, ABnAeTca CUnbHoOKUCnbIM. OTBOANMBIA NOTOK
Katonuta HanpasnaAlwT B noagnuTodHbin Gak (101) mn noanuTbiBaldT GpomMmaom
nocpeactsom gobaeneHns Gpomuaa LEnoYyHOro metanna C MNonyYeHUEM UCXOLHOro

pacTeopa aHonura.

3onoTtocoaepxawme pyabl, KOTOpble TPYAHO NOAAANTCH  LMAHUPOBAHWUIO,
Ha3bIBAKOT «YNOPHLIMU pygammny. YNOPHbIE PYAbl U OCTaTKM NOCHE BblenadnsaHus (Tun
OTX0LOB, OOpasyrLMXCA B FOPHO-000ratuTenbHbIX KOMOWHATax, KOTOpPblE€ Ha3sbiBalOT
«XBOCTamn») BCerga cosgasanu npobnemel B 30M0TO400bIBAIOLEN MPOMbILLIEHHOCTH.
HacTosiiee n3obpeTeHne OTHOCUTCS K BbiLEnadMBaHMIO 30M0Ta C MCMONb30BaHUEM

ANEeKTPONUTUYECKN reHepunpoBaHHOro 6p0|\na N3 TaKNX NCTOYHUKOB 30510Ta.

OCHOBHbIM TUNOM YMOPHOW 30M10TOCOAEPXKaLLEN PYAbl, ABMAIOLENCH YCTONYNBOW
K UMaHUpOBaHWUIO, ABNSETCH cynbduicoaepxawjas pyga. ITO pyha, coaepxawas
cynbduaHble MUHepanbl (TakMe Kak nuMpuT, MNUPPOTUT U  CTUOHWUT), KOTOpble
HenpoHuuyaembl  AnNS BblLLenavmBsaroLLero pacTtsopa. Bcneactene  atoro
BblLLENnaymBaoLMn pacTBop HE MOXET Nerko AOCTMYb 30Mn0Ta, 3abnoKMPOBAHHOrO B
cynbdPuaHbiX  MuHepanax. [loatomy  cynbduacogepxawme  ynopHble  pyabl
obpabartbiBatoT nocpeacTsom obxura ans npeobpasoBaHus Cynbduga B OKCUL WUNn
APYIMMUN OKUCIUTENbHBIMKU cnocobammn npeaBapuTensHon oOpaboTky, Npexae Yem ux
MOXHO OyAeT NoABEPrHyTb BbiLENavnBaHuio (Hanpumep, NOCPeLCTBOM LNAaHNPOBAHWS).
Bpom-6pomMnaHbIA  BbillenaymBaTenbe SBNSETCS anbTEPHATMBOW LMAHWPOBAHUIO MNpuU
BbILLiENaYMBaHUM YNOPHOWN 30M0oTOoCOAepXKallern pyabl B CBA3M C €ro CrnocoOHOCTbIO
OAHOBPEMEHHO OKUCNATE cynbdug n 3onoto. OgHako nokasaHo [cm. Bbiwe; Conference
of Metallurgist Proceedings ISBN], uto pacxog 6poma npu BbiwenayvsaHum ynopHOn
3onoTocoaepawen pyabl 4ns AOCTWKeHNA npumMmepHO 70%-HOro M3BnevYeHns O4YeHb
BbicOk (Bonee 500 Kr/TOHHY). JKCnepuMmeHTanbHble pe3ynbTaTbl, NPUBEAEHHbIE B
AaHHon nybnukayun, ©Gonee wunu  MeHee COOTBETCTBYOT 3TUM  AaHHbIM.  3TU
HabnaeHNa 03HAYaKoT, YTO AN TOro YTobbl YAOBNETBOPUTL NOTPEOHOCTL B H0nbLUMX
konuyectsax Opoma gns o6paboTkM yNOpHOW 30moTOCOAEepXKalwen pyabl, MOryT
notpebosartbcs NMbo npsamoe fobaBneHne B PEaKTOP BbllenadnBaHnst SNEMEHTAPHOro
Opoma (C BLICOKMM AaBNEHUEM M KOPPO3MOHHOW Mpupoaon ero napos), nnbo nogada

cnuwkom 6onbLumx o6bemos BpoM-BPOMULHOrO BOAHOMO peareHTa.
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Opyrme  Tunbl YMOPHbIX PYA coaepxar  3050To, CBA3aHHoOe c
yrnepojcojepaLium BeLecTsoM, Unn 30n0To B popmMe TBEPAOro pacTteopa COBMECTHO

C APYrVMU MUHEpanamu, TakuMu Kak MbILLbsIK, XKernes3o, Meab, CypbMa 1 Tennyp.

B HacTosilee Bpems Mbl HaWM TEXHOMOIMYECKoe peLleHue, YCTpaHsaLlee
YKa3aHHbl€ BbILIE CMOXHOCTW, CBSI3@HHbl€ C BbiWEnaynBaHMEM YMOPHbIX Pya, W
AOMOMNHUTENBHO BKNOYatoLLee cTagunto 3 dekTMBHOro n3snevyeHna sonorta. B sapmaHTte
cnocoba msBneyYeHne 3onoTa U3 yrnopHoW pyabl ¢ ucnonb3oBaHnem 6pom/6pomMmuaHoOro
BbiLlenaymearens W OTAENeHMe MeTanna oOT Wenoka oOT  BblwenadnBaHus
OCYLLECTBIAOT 3MNEKTPONUTUHECKN CXOAHBIM oOpasom. bpom, obpasyowmica Ha aHoge
npw okucrneHum 6pomunga B BOAHOM pacTBOPE, NEPEBOAMNT B PaCTBOP 30510TO U3 YNOPHOM
py4bl, KOTOpPYH A00aBnAOT K aHOAHOW CTOPOHE JMEKTPONUTUYECKON SYENKW, WNn
KOTOpasa LUMPKYNUPYET 4Yepe3 aHOAHYHIO CTOPOHY 3MeKTPOnUTUYEcKon auyenkn. ocne
yAaneHns 4Yactuy pyabl MonyyawT LWEnoK OT  BblWenadmBaHud, cogepikalimmn
pacTBopumMbie kommnekcbl AuBr,/AuBry. LlenouHas cpepa, obpasywowasacs 3a cyer
reHepaymm rmapoKCUNbHbIX MOHOB Ha KaTtode MNpW 3NeKTPOonmM3e 3TOoro Ljeroka or
BblLenaymeaHns, obecneumBaeT XxopoLlee U3BfeYeHne 30noTa 3a CYET BbiNajeHus B
ocagoKk ogHon unu Bonee HepacTBOPUMbIX hOPM 30r0Ta B KatogHom otceke. Ocagok
cobupatoT; Mbl OOHAPYXMMK, YTO KOHUEHTpaumnsa 3ornota B 06€330M104EHHOM pacTBope
ABNAETCA NPUEMIIEMO HU3KOW, YTO CBUAETENbCTBYET O XOPOLUEM U3BMEYEHUWU 30roTa
nocpeacTBoOM ocaxaeHusi, oOycrnoBneHHOro LenovyHon cpefol. Pasymeetcsa, 30n0T0
obHapyxmBanu nocrne MoBTOPHOrO PacTBOPEHMSA OCajka B LiapCkown Bogke. He xenas
OblTb CBA3AHHBLIMW KOHKPETHOW TEOpUEN, OTMETUM, YTO MEXaHWU3Mbl, KOTOpblE MOryT
OOBACHATbL M3BMEKAEMOCTb 30510Ta M3 LENOYHOro 3MeKTPONIM3OBAHHOIO Lenoka OT
BbILENauMBaHUSA, BKIIOYAIOT XUMUYeckoe ocaxaeHve Au®* w3 pactBopa B ¢hopme
Au(OH)s; xummueckoe ocaxaeHvne cynbduaa unu cynbdara Au'™ wmmm AU unm
BoccTaHoBuUTenbHoe ocaxaeHue Au® ns obbvema pacTBopa, COBMECTHO C APYrUMM
rmapokcngamn. OnekTpooCaXAeHNe 3050Ta Ha kartoge, no-BuAgUMOMY, UrpaeT manyro
ponb B W3BMEYEHUM 30M0Ta W3 LWENOYHOro 3MNEKTPONM3OBAHHOMO Lenoka oT

BbliLLenavynBaHUA.

MoaTomy HacTosLee N30OpeTEHNE OTHOCUTCS K CMOCODY U3BNEYeHWs 30M10Ta U3

YNOPHOW 30M0TOCOAEPKALLEN PYAbl, KOTOPLIW BKNIOYAET CTagunm:

- 9NeKTponM3a CMECM, COCTOALLEN W3 4acTuy PyAbl M BOAHOrO pacTeopa

Opomnaa, B 3SMEKTPONUTUHMECKON SIYENKE, CoAepKallerd aHOh W kaToa, nMpyu 3TOM Ha
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aHoge npu okucneHum bpommga obpasyercsa O6pom, nog AENCTBUMEM KOTOPOro 3050TO

pacTBopsieTcs B BOgHOW (hase;

- OTAeneHne 4acTuy pyabl OT BOAHOW asbl C MOMy4YeHMEM Lyernoka oT

BblLLenavymBaHus,

- perynupoBaHme pH Lwenoka oT BbilenaydvMBaHns 40 LEeNoYHoro guanasoHa ans

nony4YeHnsa ogHoro unu 6onee 3onoTocogepKaLlnx 0CaaKoB;

- cbop s3onotocogepkaljero ocagka (MnNnM  OCagkoB) U peuupKynsauus
copepxawero 6pomua 06€330N04YEHHOrO pacTeopa Afs NOBTOPHOrO UCMOMb30BaHUA B

KayecTBe UCXOLHOro BOAHOro pacteopa 6pomuaa.

Cnepgyetr OTMETUTb, UYTO M3BIIEYEHME 30M10Ta M3 LEenoka OT BblLenaydnBaHus
MOXHO OCYLLECTBUTb HIKE MO TEYEHUIO OTHOCUTEMBbHO CTaguWM BbllenadnBaHus
nocpeacTtsoMm aobaBneHus LENoYHOro areHta (Hanpumep, rmapokcmia LenoyHoro
MeTanna) K Wenoky OT BbilenaynBaHus ¢ nonyyYeHnem 3HadeHus pH OGonee 7,5,
Hanpumep — nexawero B AuanasoHe oT 8 fo 12, vnu NOCpPeACTBOM 3NeKTponuaa
LLenoka oT BbilwenaymBaHns. TO eCTb, YCNELHO OCYLLECTBAIOT BbienaynsaHue pyabl
C NCMNOMb30BaHNEM reHepMPOBAHHOrO Ha aHoge Bpoma n BblAeneHue 30Mn0Ta U3 Lwenoka
OT BbllWEnayMBaHna MNOCPEeACTBOM nojljenaymsaHus. [losTomy B BapuaHTe
OCYLLIECTBIEHNS HACTOALEro n3obpeteHnsa pH wenoka oT BbilenaynsaHusa CABUrairoT B
LLIeNOYHON AManasoH MOCPEeACTBOM 3MEKTPOonM3a Lenoka OT BblWenaymBaHusa B
SNEKTPONUTUYECKON  siYerke,  cogepXxawem aHog 1 kartoq (BO  BTOpOWM
3NEKTPONUTUYECKON SYENKE), NPUYEM NI POKCUIbHBIE NOHBI 06Pa3syTCsa Ha kaToae npwu

BOCCTaHOBNEHUN BOAbI A4 NOony4YeHnda LLlGJ'IO‘-IHOI?I cpeabl.

OfHako, kak ykasaHO Bbilwe, Oonee aneraHTHbIM NOAXO0A4 K BbiLEnavynBaHuIo
30M0Ta U3 YMNOPHOM pyAbl W W3BMEYEHMIO 30M0Ta M3 NPOAYKTMBHOIO pacTteopa
BblLLiENaYMBaHNsA BKINOYAET O4HOBPEMEHHOE UCMONb30BaHME FEHEPUPYEMOrO Ha aHoAe
Bpoma ans pacTBOpPEHMst 30M0Ta M3 YNOPHOW PyAbl U FEHEPUPYEMbIX Ha KaToAe
TMAPOKCUMNBHBIX MOHOB ANS1 OC&KAEHMSI 30110TOCOAEPKALLEro TBEPAOro BeljecTsa U3
NPOAYKTMBHOrO pacTteopa BbiwenaynsaHua. Cnocob MOXHO ocywecTBute nmbo B
peakTope NepnoanNYeCcKoro LENCTBUSA, COCTOSILLIEM U3 HEPa3AENEeHHON UM pa3geneHHon
3MNEKTPONUTUYECKON SIMEWKW, UMW B MOMYHEMNPEPLIBHOM pPEXUME, Hanpumep — C
LUPKYNSILMEN NOTOKOB aHOMUTa U KaTonuTa no ABYM pasfernbHbiM 3aMKHYTbIM KOHTypam
MOTOKOB, MPUMYEM MOTOKOM aHONWUTa SBMSIETCA CYCMEH3WUsi pyAbl B BOAHOM pacTBope

6pommaa, a NOTOK KaTonuTa COCTOMT U3 MPOLYKTUBHOrO pacTBopa BbilenavnmBaHus,
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MONYYEHHOr0 B MpeablaywiemM nporoHe. Mbl  UCNOMb3yeM TEPMUH  «LEnoK OT
BblLenaymsaHusay ans obosHavyeHuMs BOAHOW basbl, OTAENEHHOW OT oOcTaTka pyabl
nocrne  BbiWENayYnMBaHms  OMNpedeneHHoM  nopumm  pyabl  B6pom-BpomMmaHbIM
BblLenaymMBarenem; TEPMUH «NPOAYKTUBHbLIM PacTBOP BbiLeNnavnBaHMs» B KOHTEKCTE
HacTosLero usobpeTteHnsa sBnseTca Oonee LWMPOKMM TEPMUHOM, 3TO MOXET ObiTb
LEeNoK OT BbllWenaymBaHus, MOMYYEeHHbIW W3 NpeablayLnX MPOroHoB crnocoba ¢
NCNONb30BaHMEM L PYron NopuMn YNOPHOW pyabl. PLS B xapakTepHOM crny4ae CogepXuT

OCTaTO4HbIN Br,, Hanpumep — 8o 1,2 macc. %.

CooTBeTCTBEHHO, HacTosuee usobpeteHne obecneunsaet cnocob M3BneyYeHns
30M0Ta M3 YMNOPHOM 30M0oTOoCOAEPXKAaWen pyabl B 3MNEKTPONUTUYECKON SIYENKE,

cofeprkallen aHOAHbIN U KaTO4HbBIA OTCEKN, KOTOPbIN BKMOYAET CTaguu:

- NO4auyn aHoNMMUTa B aHOAHbIA OTCEK, npu4emMm aHoNUT ABnAeTcAa CMeCbio YacTul

pPyAbl U BOAHOrO pacteopa bpomMuaa;

- Nojaym KaTtonuTa B KaroAHbIN OTCEK, MPUYEM KaToNUT ABNSAETCS NPOAYKTUBHBIM
pacTBOPOM BbILLEMNAYMBAHNSA, codepkawuym WoHbl AuBry w/unm AuBr,, koTopbin 6bin
NoNny4eH MNoCne BbiWEenayvnmBaHUSA YNOPHOW 30M0TOCOoAEpKawen pyabl BOAHbIM Bpom-

6p0MVI,D,HbIIVI BbilLenavynBaTenem,

- NMOAAYN 3MEKTPUYECKOrO HaMPSXKEHUSI Ha 3MeKTPoAbl, 3@ CYET YEro Ha aHoAe
6pommg okucnaetcs no Opoma nM  pacTBOpsSieT 30M0TO B aHonute, a Boja
BOCCTaAHaBMMBAETCA Ha KaToAe C CO3JaHveM LWENOYHOM Cpeabl ANA OCaKAeHUs

TBEP/,0ro BELLECTBa, COEepKaLlero 30foTo, B KaTonuTe;

- OTAENeHUs 4YacTuy Ppyabl OT aHonuTa C  MofydeHUMeM Lienoka oT

BblLLenavynBaHug,

- OTAENEeHWs cofepKallero 30M0TO oOcagka OT Kkartonuta Ana  cbopa
CoEepXKaLLero 30M0TO Ocajka U nonyyYeHus o6e330M04EHHOr0 pacTeopa, Coaep Kallero
OpomMua, ANA NMOBTOPHOTO WUCMOMb30OBAHUS B KayecTBe MCXOAHOrO BOAHOIO pacTeopa

Spomunga.

Bonee npeanoytuTenbHO, nogadya aHonuMTa B aHOAHBLIA OTCeK BKMHOYaeT
LMPKYNAUMIO NOTOKa aHonuTa Mexay aHOAHbIM OTCEKOM U PeakTOpPOM BbiLLenadynBaHus,
roe Yactuybl pyAbl CMellaHbl C BOAHbIM pacTBOpoM Gpomuza, a nojada karonuita B
KaTOAHbIA OTCEK BKIOYAET LMPKYNSALMIO NOTOKA KaTonuTa Mexay KaTogHbIM OTCEKOM U

peakTopOM, CoAepKaLLMM NPOAYKTUBHBIN PacTBOP BbiLenadvnBaHus.
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LLlenok OT BbiWwenadunBaHms 1 cogepxawmm dpommg o06e330M04EHHbIN pacTBop,
KOTOpble OTAEMNEHbl OT MOTOKA aHOMWUTa M NOTOKa KaTonuTta, COOTBETCTBEHHO, MOXHO
NCNonb3oBaTb BO BPEMSI NOCNEAYIOLLEN SKCnnyaTauymMm B Ka4ecTBe NCXOAHbIX PacTBOPOB
ANS  KaTtOAHOW CTOPOHbl W  AHOAHOW CTOPOHbl  ANEKTPOXMMUYECKON  SHENKM,

COOTBETCTBEHHO.

OnucaHHbIM BbilWe nNoAxo4 u3obpaxeH Ha dur. 2, koTopas WNNIOCTPUPYET
cnocob, OCHOBaHHbIN Ha comobunusaymm Au® uns  pyabl nog  gencTBrem
3NEKTPONUTUYECKN TEHEPUPOBAHHOrO Bpoma C OAHOBPEMEHHbBIM 3MNEKTPONUTUYECKN
ynpaBnsemMbiM OCaKAEHMEM LEHHOro MeTanna W3 MpOAYKTUMBHOIMO  pacTteopa
BblllenaymBaHma (NOSMyYEHHOro B MNpeablaywem nporoHe) npu wenovyHom pH.
OCHOBHbIM  KOMMOHEHTOM  YCTaHOBKW, MokasaHHoW Ha dur. 2, 4dasnseTca
anekTpoxummyeckas s4yerka (1), pasgeneHHas Ha aHOAHbIA U KaTOAHbIA oTcekn (2 n 3,
COOTBETCTBEHHO). [1epBbIA LUMPKYNSALUMOHHBLIM KOHTYP (4) obecneumBaeT nyTb MNOTOKA
MEXAY aHO4HbIM OTCeKoM (2) u pesepsyapom (5) ¢ nepemewmsaHnem, o60pyaA0BaHHbBIM
NOAXO4ALUMMK CpeacTBaMu nepemewmsaHus. Pesepsyap (5) CnyXmit peakTopom
BblLenaymBaHus. BTopon UMPKYNAUMOHHBLIM KOHTYP (6) obecneumBaeT nyTb MNOTOKA
Mexay kKatogHbiM otcekom (3) n pesepsyapom (7) C nepemeluMBaHMEM, B KOTOPOM

COLEPXKUTCA NPOAYKTUBHbIA PAcTBOP BbILLeNaymMBaHuns.

CycneHsunio, COCTOSALLYIO M3 YMOPHOW 30MnoTOCoAepXalien pyabl U BOAb,
3arpy<atroT B peaktop 4Yepes nogatowyto nunHuio (8). CogepkaHune cynbduia B yNnOpHbIX
pyfax, KoTopble NoAAAITCA BbiLLena4YMBaHMIo cCnocobomM no HacTosaLwemMy n3obpeTeHuto,
Bapbupyetcs ot 0,5 macc. % no 30 macc. %, Hanpumep — oT 1 macc. % ao 10 macc. %,
Hanpumep — oT 1 macc. % ao 5 macc. %. MaccoBoe OTHOLIEHWE TBepAoe
BellecTso/Boga MOXET nexatb B AgunanasoHe ot 1:10 pgo 1:2. YnopHas
3onoTtocoaepxallas pyaa noaaaeTcs BblEnavnBaHUIO B U3MENbYEHHOW hopme, HO
OYeHb TOHKUA pasmon He TpebyeTcd, M nokasaHo, uYTo ApobneHue pyabl 4O
pacnpegeneHnss yactuy no pasmepy (M3MEPEHHOro NOCPeAcTBOM  Audbpakuyum
nasepHoro umsny4yeHus), coorsetcreyollero Doy < 750 MKM U Dsy < 200 MKMm,

obecneuymBaeT xopoLume pesynbTaThl B nabopartopHom maclutabe.

CycneHsus Teuer no LUPKYNALNOHHOMY KOHTYpPY 4) mexay
pesepsyapom/peaktopomMm (5) BbllenavymMBaHUs U aHOAHbIM OTCEKOM (2) C MOMOLLbLIO
Hacoca, UCrornb3yemoro Ans TPaHCNopTUPOBKM cycneHsnn. B nabopaTopHom macutabe
obbemMHas CKOPOCTb MOTOKA aHoNUTa NexuT B gnanasoHe oT 30 mn/muH 40 90 Mi/MUH.

Bnok (9) pasgeneHns TBEPAOro BELLECTBA U XUAKOCTU, Hanpumep — OunbTPaLMOHHbIN
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ONoK unNu rpaBUTAUNOHHBIA CenapaTtop, HaxOAUTCA B KMAKOCTHOW CBSA3UN C MOTOKOM
CYCMeH3uun (Hanpumep, ¢ UMPKYNSLMOHHbIM KOHTYpOM (4)) ans obecnedeHns otgeneHus
yacTtuy obessonoveHHon pyabl (10) oT BOAHOW (hasbl, Npu 3TOM obpasyeTcsi BOAHbIN
MOTOK, COCTOSILUMA M3 NPOAYKTUBHOrO pacteopa BbiwenavmsaHus (11), KoTopbIn

cobMpatoT 1 UCMONb3YHOT B CrEAYIOLLEM NPOrOHE BbILenadYnBaHus.

MpPOAYKTUBHbIN PAcTBOP BbienavymBaHNs, NONMYyYEHHbIA U3 NpeablayLEN CTagnm
BbiLLlenaymBaHus, [o6aensioT B pesepsyap/peaktop (7). [pOAYKTUMBHBIA pacTBOP
BbiLlenaymsaHnss obpasyeT NOTOK KaTonuta, KOTOPbIA  LMPKYNMPYeT  MEeXAay
pesepByapom (7) U KaTogHOM CTOPOHOWM (3) S4YENKN C MOMOLLbIO NOAXOAALLEro Hacoca
(He nokasaH Ha pucyHke). B nabopatopHom macwTabe obbemHasi CKOpPOCTb MOTOKA
katonuta nexut B agmanasoHe ot 30 mn/muH go 90 mn/muH. BocctaHoBneHue BOAbI,
npoucxogsllee Ha Karoae, nNpuUBOAUT K OOpasoOBaHWIO TMAPOKCUITbHBIX MOHOB
napannenbHo C BblAENEHMEM BOAOPOAA, KOTOPbIM  OTBOAAT U3  CUCTEMbI
(BblAENALWMNCA BOAOPOA, BEPOSTHO, MOXHO MCMOMNb30BaTh ANA Pas3nuyHbIX Lenen), un
c BoccTaHoBrneHnem 6poma ao 6pomuga (ocratouHoro 6poma, cogepxaweroca B PLS).
Ocafok nNporpeccMBHO HakannMBaeTCa B MOTOKE KaTtonuTa B reHepypyemMoun Ha kaTtoje
wenoyHon cpeae npu pH He meHee 7.5, Hanpumep — He mMeHee 8, Hanpumep — B
AvanasoHe oT 8 o 12, npegnoytutensHo — oT 8,5 go 11,5, Hanpumep — ot 9 Ao 11 nnu
oT npumepHo 9,5 o 10,5. LmpkynauynoHHbin kOHTYp (6) noToka obopyaosaH Grokom
(12) pasgeneHns TBEPAOro BELLECTBA M XKNAKOCTU ANS nonydeHns Teepaoro ocagka (13)
n obesonoveHHoro pacteopa (14). O6e330nMOYEHHbI PacTBOP MOXHO MOAMUTATbL
6pommaom nocpeacTtsoMm A00aBMNEeHUs CBEXEro UCTOYMHMKa Gpommga (He nokasaH Ha
PUCYHKE) U MNCMNOMb30BaTb B Ka4yeCTBE WCXOAHOro MoToKka B MOCNEAylLWeENn cTtagum
BbiLLenaymMBaHua aAnsa  nogadn  O6poMMAHOrO  KOMMOHEeHTa  B6pom-BpOoMUAHOro

BbliLLenavymsarend.

KpynHomacwTabHele npouecchl, Hanpumep — BbiwenaymsaHue 100 TOHH pyabl B
4yac, B XapakTepHOM criy4qae moryt TpeboBaTtb LMPKYNALUM NOTOKOB aHONMUTa U KatonuTa
C 06bEMHOI CKOPOCTbIO, Nexallieli B AnanasoHe oT npumepHo 200 m*/yac 40 NpUMEpHO
500 m*/yac. Bo Bpemsi paboTbl MOTOK aHOMUTA, COCTOSILLMIA U3 CMECU YMOPHON Pyabl U
BOAHOro pacrtsopa Spomuia LWEnoYyHOro mertanna, M NoTOK KaronuTa, COCTOALWUA U3
NPOAYKTMBHOrO pacTeBopa BblLenavymMBaHus, MNOMYYEHHOro B MNpeAblayLiem MpOroHe,
HENPEpPbIBHO PEUMPKYNNPYIOT B KOHTYpax (4 n 6, COOTBETCTBEHHO) MOTOKOB YCTaHOBKM,
n3obpaxkeHHon Ha dur. 2. AHONUT MNOCTENEHHO NpUobpeTaeT XapakTEePHbIN KpacHO-
KOPUYHEBLIN LBET 3a CYeT reHepupyemoro Ha aHoge Opoma; BblLjenaynBaHue,

NPOUCXoAALLEE C UCMOMb30BAHWMEM FEHEPUPYEMOro Ha aHoge Gpoma, MPOUCXOAWUT A0



10

15

20

25

30

TEeX Mop, Noka ypoBeHb CONOBUNU3NPOBAHHOrO 30M0Ta HE JOCTUrHET NpeaBapuUTeribHO
3agaHHoro nopora. 3arem paboTy SYEenKM npekpawarT W BbINyCKAOT aHOMUT B
pasgenutenbHbin 6nok (9) 4na nonyyeHuns wenoka (11) oT BbilwenavmsaHus (Hanpumep,
ANS UCMOMb30BaHWA B KayecTBE MOTOKA Karonuta B crneayrowem nporoHe). CxoaHbIM
obpasomMm, nepuogunyeckn oTbupatoT obpasuybl kartonuta  ANS  OnpeneneHus
KOHUEeHTpauun 3onota B BogHOW chase. PasgenutenbHbin 6nok (12) akTMBUpyeTcsa B
OTBET Ha CurHarn, nokasblBaloLWA, YTO NO CYLLECTBY BCE CONMOBMNM3NPOBaHHOE 30510TO
yaaneHo wu3 BogHom asel. Copepxawme 3omoto TBepable Bewectsa (13)
BnocneacTemm obpabaTbiBaloT C MCNOMb30BAHNEM U3BECTHbLIX B METaNNyprum cnocobos
BblAENEHNS AparolueHHOro MeTanna, Torga kak o6e330no4eHHbin pactesop  (14)

HanpaBnAloT Ha XpaHeHWe 4,0 CriefyoLero NporoHa.

our. 3 UNNICTPUpYeT cnepyroulee TEXHONOrMYecKkoe peLleHue,
obecneymBaloLLee HENPEPbLIBHLIW PEXUM paboThl HA OCHOBE KOHLENUUKW, MOKa3aHHOW Ha
dur. 2. 3T10T BapmaHT cnocoba BKNOYAET HanpasfieHWE LenoKa OT BbilenavvMBaHus,
OTAENEHHOro OT MOTOKa aHOMUTa, B LUPKYNALMIO NOTOKA KaTonuta U UCMNonb3oBaHue
06€e330M04YEeHHOro pacTBopa, OTAEMNEHHOrO OT MOTOKa KaTonuTa, B KAa4eCTBE UCXOAHOro

pacTBopa, NoAaBaemMoro B LIMPKYNUPYIOLLMIA NOTOK aHonuTa.

Mocne dasbl 3anycka 1 nocne AOCTMKEHUA cTabunbHbIX YCNoBun wenok (11) ot
BblLenaymsaHuns, cobpaHHbIN Npy pasgeneHnn NoToka aHoNUTa Ha TBEPAYIO N XUAKYIO
dasbl B pasgenutensHom Onoke (9), nopaloT B peaktop (7), coaepxawmn
NPOAYKTMBHbBIA pacTBOp BblenadnmBaHusa. CxoaHbim o6pas3om, 006e330M04EHHbIN
pacteop (14), cobpaHHbIN NMpu pasgeneHun NoToKa KaTonuTa Ha TBEPAYID U XUAKYIO
dasbl B pasgenutenbHom Onoke (12), Mcnonb3yloT ANS NoZayYM BOAHOrO pacTtsopa

Opommnaa Ha aHOAHYK CTOPOHY SHENKU.

CoOOTBETCTBEHHO, APYrMM aCreKTOM HacTosLero n3obpeTeHnsa asnseTca cnocob
N3BNEYEHNss 30M0Ta M3 YNOPHOW pyabl B 3NEKTPONUTUYECKON SIHENKe, copepKallen

aHOAHbIV U KaTOAHbIN OTCEKN, BKMOYAOLWMN CTagUN:

- UMPKYNSIUMU NOTOKa aHOmNuTa Yepe3 aHOAHbIN OTCEK, NMpPUYeM MOTOK aHonuTa
COCTOUT N3 CMECU YacTuL pyabl U BOAHOrO pactesopa Gpomuga, npu 3TOM Ha aHoge npu
okucneHn 6pommpga obpasyetcs O6pom, 3a CYET KOTOPOro 30510TO PacTBOPSIETCS B

BOAHON (hase;

- LUMPKYNSiUMM NOTOKa KaTonuta 4epes KaTONWUTHbIA OTCEeK, MpUYeM MOTOK

KaTonuTa COCTOUT U3 MPOAYKTMBHOIO pacTBoOpa BbiLeNnaynBaHusl, CoaepKaLlero UOHbI
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AuBry wwunn AuBry, koTtopbin 6bin NONY4YeH nNOCHE BblWENadnBaHUs YNOPHOMU
3onorocoaepxallen pyabl BOAHbIM 6poM-6pOMUAHBIM Bbienaymsarenem, npu 3Tom B

katonute obpasyeTcs 0cagok, Coaepallni 30Mn0To;

- oTaeneHna 4actuy pyabl OT NOTOKa aHonuta C nonyyYeHuem Lenoka oT
BbiLLenavnBaHna MU MUCNonb3oBaHWe J3TOro Lenoka OT BbillenadnBaHnUAa B KadvecTBe

nUTaloLLEero pacTeopa A4ns KaToAHOro OTCeKa;

- OTAENEeHNsa ocagka, COAepPXKaLlero 30MoTo, OT NMOTOKa Katonuta ¢ NomnyYeHnem
cogepxawjero Opomua 00e330MOYEHHOr0  pacTBopa W UCMOMb3OBaHME  3TOrO
06€330M0YEHHOr0 pacTBopa B KayecTBe cogepXallero 6pommua nuTaroLero pactsopa

AN aHOAHOro oTCeKa.

Hanee Oyayt Gonee noapoOHO ONUCaHbl KOHCTPYKUMS 3SMNEKTPONUTUHECKON
syenkn (1) n ee pabota B 4acTu, KacawLWencs maTepuanos 3MeKTPoAoB, WX
MPOCTPAHCTBEHHOWN KOHPUrypaumnm, UCNonb3yeMbIX 3HAYEHUN HAMPSXKEHUS U MITOTHOCTU

TOKa.

AHop (A) n katoa (C), ycTaHOBNEHHble B 3nekTponutuyeckon sauveunke (1),
NOACOEAUHEHbI K UCTOYHUKY MUTAHWSA, MOAAIOLEMY MOCTOSHHbIA TOK (He nokasaH Ha
pUCyHke). Adenka paboTaeT nNpu HanpskeHuu, nexawem B gnanasoHe ot 1 B go 9 B,
Hanpumep — oT 3 B 40 8 B, 1 Npu NNOTHOCTY TOKa, NeXaLlen B AnanasoHe ot 5 MA/cm?
no 100 mA/cMm?, Hanpumep — oT 10 MA/cm® go 20 mA/cM?®. AHoa (A) MOXeT 6GbiTb
N3roToBrneH u3 rpaduta (KOTOPbIN B OCHOBHOM MPEAMOYTUTENEH K3-32 €ro HU3KOW
CTOMMOCTM U XOPOLUEN YCTOMYMBOCTU MPWU BO3AEWCTBMM Opoma) unm u3 noaxoasiymx
METannoB, BKMNOYas 3NEKTPOAbl U3 MEPEXOAHbIX METannoB C OKCUAHbLIM MOKPbITUEM
(Hanpumep, anekTpoabl € nokpbiTnem u3 RuO, un IrO,), Hanpumep — 3anNeKTPoAbl C
MOKPbITUEM, U3rOTOBMEHHBIE U3 TUTAHa WM M3 Cnnasa TUTaHa C APYrMMM MeTannamu.
Katog (C) moxeT 6bITb M3roTOBNEH N3 rpacduta nnm TUTaHOBOroO cnnasa (Hanpumep, 13
TUTAHOBOrO cnnaesa 7 knacca). PasgeneHHas Ha OTCeKM KOHdUrypaumsi siHenkm
nony4yeHa ¢ UCMNONb3OBaHUEM pasgenuTenst B popmMe MOHOOBMEHHON MemOpaHbl (Tuna
Nation®), nomeLLeHHON B NPOCTPAHCTBO MEXAY SMEKTPOAAMU ANS Pa3feneHns S4enkn
Ha KaToAHbIA W aHOAHbLIN OTCEKW, UnNn guadparmbl (Hanpumep, MUKPOMOPUCTOro
pasfennTens, N3roTOBNEHHOTO U3 CTEKNAHHbLIX MUKPOBOMOKOH, UMW CUT, U3rOTOBMEHHbIX
M3 WHEPTHbIX Marepuanos, Takux kak nonusuHunuaeHdTopna (PVDF; ot aHrn.:
polyvinylidene fluoride) gna obecneueHusa hunsndeckoro bapbepa Mexay 3neKTpogamMmm un

npesoTBpaLLeHMs NepeMeLLEHNS TBEPAbIX BELLECTB MeXay OTCeKamu.
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OnekTpoabl NPEeANOYTUTENBHO ABMNSAKOTCS NIOCKUMUW, UMEIT opMy NNacTuH U
pacnonoXeHbl napannenbHO Apyr apyry. B ycraHosBkax nabopatopHoro macwitaba
xopowme pesynbTatbl ObINU MOMyYeHbl C MCMOMb30BaHWEM 3IMEKTPOAOB, PACCTOAHUE
MEXAY KOTOPbIMWU Nexaro B guanas3oHe OT MPUMEPHO 3 MM A0 MPUMEPHO 7 MM, NpU4em
KaXXAbIA 3NEeKTPOoA UMEN Nnowasb akTUBHOW NOBEPXHOCTU, NEXABLUYIO B AMana3oHe OT
npumepHo 5 cm? Ao npumepHo 300 cm? KpyrnHomaclutabHoe Npou3BOACTBO OBbIYHO
TpebyeT UCNOonNb30BaHNS 3MNEKTPONUTUYECKOrO Broka ¢ MHOXECTBOM OTAENbHbIX SYEeK,
TO €eCTb YCTaHOBKM OOnbLIOro uucrna aHoAOB W KaToAOB, KOTOPble MONEPEMEHHO
pasMeLLEHbl MO LUMPUHE 3MNEKTPONUTUYECKOro Bnoka u 3NeKTpUYECKN COeAUHEHbI C
MPOTMBOMONOXHbLIMW MOMKOCaMMN UCTOYHMKA NOCTOAHHOIO TOKa. BnyckHoe u BbIMyCKHOE
OTBEPCTMS 3neKTponuTuyeckoro 6roka COeAMHEHbl C NOAXOASAWMMW CUCTEMAMM
TpybonpoBoOB ANA PaBHOMEPHOro pacnpejeneHns noTOKOB aHonuMTa W KaTtonurta B
NPOCTPaHCTBa MeXAy COCeAHMMM 3nekTpodamu n ana cbopa u OTBEASHUS BbIXOAALLMX

NOTOKOB.

MOXHO TakKe WCMOMb30BaTb 3NEKTPONMUTUYECKME SIHENKN C LUMMHAPUYECKON
CUMMETPUEN, TO €CTb C KOPMYCOM, COAEPXallMM aHOAHbIA W KaTOAHbIA OTCEKW,
PacroniOXXEHHbIE KOAKCUAnbHO W KOHLUEHTpU4Yeckn ans obecneyeHus KomnbLUEBbIX
NPOCTPAHCTB (HanpuMep, BHYTPEHHMUI OTCEK SABNSAETCA aHOAHbIM OTCEKOM), B KOTOpbIe
MOXHO 3arpy3uTb @HOMWUT W KaTOMWUT, UMW Yepe3 KOTOPble MOXHO PeLMPKYNMpoBaThb
MOTOKM aHonmuTa K katonuta. B COOTBETCTBYIOLMX OTCEKax YCTaHOBMEHbl OAWH WNA

fonee CTEPXKHEBUAHBLIX aHOA0B U OAWH UN Gonee CTEPXKHEBUAHbLIX KaTOA0B.

Kak ykasaHo Bbiwe, cnocobbl M3BNEYEHUS 30m0Ta M3 TBEPAOro 0OcCanka,
OTAEMNEHHOro OT MPOAYKTMBHOIO pacTBoOpa BbllenayMBaHus B LUEMOYHOW cpeae, B
NPUHUMNE M3BECTHbI. TBEPA0E BELLUECTBO MOXHO obOpaboTartk Ha mecte f06blum nnun B
nobomMm JpyroM MecTe C WCMOMb30BaHMEM CTaHAAPTHbIX A pPOMETannyprmyeckux
cnocoboB, TakMx Kak MOBTOPHOE BblenaynmBaHne, KOHLEHTPUPOBAHWE, pasieneHune u
BblgeneHne. [nsi ykasaHHOro Bble MOXHO WCMONb30BaTb TakMe Ccnocobbl, Kak
n3mMeHeHne pH, akcTpakuus pactesoputenem, abcopbums ¢ MCNONb30BaHUEM WMOHHOTO
oBbmeHa unn akTnempoBaHHoro yrng. CM., Hanpumep, onvcaHne NoaxoasaLmx cnocobos
B nybnnkaumm The Chemistry of Gold Extraction; John Marsden, lain House; SME, 2006.
CneayeT OTMETUTb, YTO TBEPAbIN OCaALOK MOXET coAepaTb U Apyrne Metansbl, Kpome
30M0Ta, Kak MNOKasblBAOT 3KCMEPUMEHTAnNbHbIE pPe3ynbTaTbl, MPUBELEHHbIE HUXE,
Hanpumep — Mn, Ni n Sb. CooTBeTcTBEHHO, cnoco® Mo HacTosAweMy U300peTeHuto
ABNSETCA MOTEHUManbHO MPUMEHMMbIM ANS M3BMNEYEHUs 30M0Ta U APYrUX LEHHbIX

MeTannos U3 pya,.
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KPATKOE OMUCAHUE TPAPUYECKUX MATEPUAIIOB

dur. 1 aBnsetca cxemom cnocoba cornacHo nybnvkaumm EP 476862 B

COOTBETCTBUM C NPEALLECTBYIOLLUM YPOBHEM TEXHUKN.

dur. 2 gaBnserca cxemom cnocoba CcornmacHo OAHOMY W3 BapuaHToB

OCYLLECTBIEHMS HACTOSALLEro n3obpeTeHus.

dur. 3 aBnsaeTca cxemol crocoba cornacHo ApYyroMy BapuaHTy OCYLLECTBIEHMS

HacTosLero n3obpeTeHus.

@dur. 4 aenseTca MNNIOCTPaUMeEn ANEKTPOXMMUYECKON SSHENKN, NCMONb30BaHHON B

3KCnepumMeHTanbHon paboTe.

dur. 5 asnsetca dotorpachmen H-obpasHOM SYENKM, WUCMONb3OBAHHOW B

3KCNepuMeHTanbHon paboTe.

dur. 6 aBNseTCA MNOMyYEHHbIM C WUCMNOMb30BaHWEM PaCTPOBOro 3MEKTPOHHOrO
MUKpockona ¢ aHeprogucnepcuoHHon cucremon (SEM-EDS; ot aHrn.: scanning electron
microscope with energy dispersive system) wunsobpakeHnem 30noToCohepXKaLlero

TBEPAOro BELLECTBA, MOMYYEHHOrO CNocoBOM MO HACTOALLEMY U30OPETEHUIO.

dur. 7 aBnaetca SEM-EDS wusobpaxeHnem 3onotocogepalliero TBepaoro

BELLeCTBa, NONY4YEHHOro Crnocobom no HacToAeMy U3obpeTeHuio.

dur. 8 asnsaetca rpadMKoM 3aBMCUMOCTM OT BpemMeHu pH, usmepeHHoro Ha
aHOAHOM M KaTOAHOW CTOPOHAaXxX 3NEKTPOXUMMYECKOW sYenkn, paboTarollen CormnacHo

cnocoby no HacTosLEeEMY U30OPETEHUIO.

dur. 9 aBnseTcs rmMcTorpaMmmon, 4eMOHCTPUPYIOLLEN BblLENSeMOCTb METannoB

n3 PLS kak pyHkyuio pH.

OMUCAHWE NPUMEPOB OCYLUECTBNEHNA N3OBEPETEHUA

B wuccnepoBaHuAX YMNOPHbIX 30M0TOCOAEPXKALUMX PYA, OMUCAHHBLIX HUXE,
NCNbITbIBANM Pyay, A0ObLITYIO U3 3010TOPYAHOro MectopoxaeHus B KbiproidactaHe. Pyay
npoaHanuM3npoBanu C LUenbio OnNpeaeneHns ee MeTannyecknx KOMNOHEHTOB. AHanNus,
ONUCaHHbIN B JaHHOW nybnukayuu, BbINOMHWNWM C WCNOMb3oBaHWeEM 1) NNamMeHHOro
aHanmsa Ha 30n070: FAA505: nnameHHbIn aHanu3 Ha 30n0T1o 50 r pyabl C aTOMHO-
abCcopbUMOHHBIM  OKOHYaHMEM, U 2) MYNbTU3INEMEHTHOW MAaCC-CNEKTPOMETPMM C

WHAYKTUBHO-CcBA3aHHOM nnasmon (ICPMS; ot adrn.: inductively coupled plasma mass



spectrometry): IMS40B: rugponus cmecbio 4 KACNOT, NnameHHbin aHanua ¢ ICPMS-

OKOHYaHMEM, MYNbTU3NEMEHTHbIN (49 anemeHTOB). PesynbTaTtbl npeacTaBneHbl B

Tabnuye 1.
Tabnuya 1
onemeHT KoHuyeHTpayms EanHMLbl n3amepeHmns
Al 4,46 %
As 1,34 %
Fe 4,15 %
Ca 2,60 %
S 2,6 %
Ag 18 MAH
Au 412 MIH
Cu 436 MAH
5
O6pasupl pyabl pasmanbiBany; nonyvann pacnpegeneHne 4actuy no pasmepy,
yKa3aHHOe Hwke (M3MepeHO Ccrnocobom Audpakumm nNasepHoro UsnyvYeHua ¢
ncnone3sosaHnem npubopa Malvern PSD 3000): Dgg = 720 MKM, Dsg = 169 mMkm, Dyg =
4,45 MKkM. MI3amenbYeHHYIO pyay UCronb3oBarnm B UCCNea0BaHNAX C BbllenayvmBaHuem.
10 MNpumep 1 (CpaBHUTENbHbIN)

BbillenaymBaHe ynopHoW 3010TocoAepKaller pyabl nocpeacTBOM Ao00aBNeHNS B

peakTop BblLeNnavYnBaHng BoagHOro Bro./Br BbillenavynsaTens

BoiwenauvBaHne 3onota w3 YNOPHOW pyAbl WUCCNefoBanu MNOCPEACTBOM
cvewmBanms 120 r Bpom-6poMUAHBLIX BhiLEnadnBaroWmMx pacTtBopoB ¢ obpasuamm

15  ynopHoOW pyabl, Macca KoTopbix Obina pasHa 60 r, B CTEKNSIHHbIX ¢priakoHax 06bemMoMm
0,5 n. Ncnonb3oBanu BbilenaymsaoLmMe pacTBOpbl C PasNUYHbIMK KOHLEHTPaUUaMm
Opoma/bpommpa, kKak ykasaHo B Tabnuue Hwke, 4ToObl oOnpesenuTb YPOBEHDb
BblLeNnaymMBaHNs 30Mnota npu YyBEnuYeHun KoHueHTpauum 6poma/bpommnga. [locne
nepemewmBaHms B TedeHne 30 MUHYT COaepXUMOEe cocyha unbTpoBanu 4epes

20  CTEKNOBOMOKOHHbIN PUNBTP U 06E330M04YEHHYI0 pyaYy aHanmnsmpoBanu MnocpenCcTBOM

NpoBupHOro aHanusa. YCrnoBms UCNbITaHUS U ero pesyrbTarbl NpuBeaeHbl B Tabnuye 2.

Tabnuua 2



10

15

20

25

KoHyeHTpayus Obwee konnyecteo | ObLyee KONMYECTBO BbiwenaymsaHue

BblLLenaymsaroLero Br; NaBr 3onoTa

pactBopa (r/100 r pyabl) (r/100 r pyabl) (%)

[Brz]; [Br]

(macc. %)

5%;5% 10/100 10/100 0,7%
10%;10% 20/100 20/100 9,1%
20%;20% 40/100 40/100 86,1%

PGSyJ'IbTaTbI noKasbIBaT, 4YTO ANA AOCTMXKEHUA nNpUuemMnemMoro YpoBH4A

BblLLienaymBaHus Heobxoammbl Sonblume 06bembl BOAHOrO 6poM-6poOMMAHOrO peareHTa.

MNpumepbl 2 1 3

BblLlenayMBaHue ynopHOW 30110TOCoAepKaLlen pyabl C UCNONb30BAHUEM

3MNEKTPONUTUYECKN TEHEPUPOBAHHOIO BoAHOro Br,/Br” peareHta

OKCnepuMeHTanbHaa  yCTaHOBKA, WCMOMb30OBaHHas AN UCMbITAHUM  C
BblLLE€NaYyMBaHNEM, BKMKOYana CTEKMAHHbIN peakTop obvemom 1 1, obopyaoBaHHbLIN
mewankon lka Eurostar 60 wu anekTpoxumudeckon sadveunkon (Electro MP  Cell
npoussogcTea komnaHum ElectroCell) 1 coeguHEHHbIN C NepucTanbTUYECKMM HacoCoM
(WATSON MARLOW 323D) ansi obecneveHns UMpKynsymMn CyCrneH3nm, COCTOSIBLLEN U3
pacTBopa 6pomMuaa HaTpus U YacTuy PYAbl MEXAY PEakTOPOM M 3MNEKTPOXUMUYECKON
auyenkon. Bug cOOKy OTAENbHLIX 3MNEMEHTOB, WCMNONb30BaHHbIX AnS  COOPKU
anekTpoxummyeckon adverku (30), nokasaH Ha dur. 4. papuToBbLIE INEKTPOAHLIE
nnacTuHbl 0003HAYeHbl CCbINOYHbIMKM HOMepammn (31), (36). lNpotoyHas pamka (33),
n3rotoBneHHas wus nonusuHunuaeHdTopmga (PVDF), pacnonoxeHa wmexay napown
3NEKTPOAOB, KOTOPbIE HaXOAATCA Ha pacctosHun 5 mm gpyr ot apyra. Cso6ogHoe
npocTpaHcTBO (34) NONMBMHMNMAEHMTOPUAHON pamku obecrneymBaeT MNPOCTPaHCTBO
ANA  NOTOKa  3NEeKTPONnM3yemoro  pacrtBopa, NOABEPratolerocs  BO3AEUCTBUIO
HaNPsPKEHUH, NOAAHHOIO Ha 3NEKTPOAbl; aKTUBHAA NNOWaAb Kaaoro afekTpoja pasHa
204 cm?. [pyrast (HeakTMBHas) MOBEPXHOCTb KaXKAOTO 3MEKTPOAa COBMELLEeHa C
nnactnHon (35, 32) ns PVDF, pacnono)XeHHOW mMexay dnekTpozom v nepson (37) m
BTOpOM (38) KOHUEBbIMM NNACTUHAMK, W3rOTOBMEHHBIMU U3 HEpPXKaBEeLWEn cTanwu,
KOTOpble pasMeLLeHbl Ha COOTBETCTBYIOLIMX KOHUax KOHCTpykumn. OTBepcTus Ans

pasMeLeHNs MOHTaXHbIX 6onToB (39) pacnonoXeHbl B yriax KOHUEBbIX MMacTuH W
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PVDF-nnactmH ans obecnevyeHms NnoOTHOE CKPENfeHUss BCEN COBOKYMHOCTM MMacTUH.
MNpn coBmelleHun Apyr C APYroM OTAEnbHbIX NNacTtuH obpasyeTca npoxos 4vepes
otBepcTus (40), HanpaBNALWMA NOTOK CYCNEH3UN U3 peakTopa B NPOCTPaHCTBO (34).
Bbixogsawmn noTok BO3BpaW@eTCs B peakTop u4epes npoxoh, obpasoBaHHbIn

oTBepcTuamu (41) (HanpaBneHne NOToKa XUAKOCTN yKasaHo CTpenkamm).

B cTeknsHHbIN peakTop 3arpyanu pactsop 6pomunga HaTtpus. Pyay nobasnsnu
nocTteneHHo npu nepemewumsardmm (100 o6/mMmH). 3atem BKMAOYaNM NEpPUCTanbTUYECKUA
Hacoc (150 o6/MunH) N cHWXKanu CKOPOCTb NepemelnBaHnsa B peaktope A0 70 o6/MuH;
obbemMHas CKOPOCTb LMpPKynupylowero notoka 6oin pasHa 55 mn/muH. Yepes 5 muHyT
HauMHanNW 3KChnyaTauuilo  3NEeKTPOXMMUYECKOW SA4enkn; sivelka pabotana npu
NMOCTOSIHHOM TOKe, paBHOM 2 A. LUupkynupylowuin pactsop npuobpeTtan KpacHo-
KOPUYHEBLIN LBET, 4TO cBUaeTenbcTteosano 06 obpasosaHum 6Opoma. B koHue
3KCMEPUMEHTOB CYCMEH3NIO CnuBann u3 peaktopa u dunstposanu. BeiwenadnsaHue
30n0Ta U3 06€330M0YEHHON Pyabl U3MEPANM CNOCOBOM NIaMEeHHOro aHanusa. TouvHble

YCINOBUWS UCMbITAHUS U €ro pe3ynbTaThbl NpusegeHsl B Tabnuuye 3.

Tabnuuya 3
Mpumep | Pyaa () | Belwenaunsarowmi Bpema Tok BolwenaynsaHme
pacTtBop LMpKkynaymm 3onota (%)
2 200 800 r pacTtsopa 17 vacos 2A 79,5
NaBr c
KOHLEHTpayuen,

pasHon 20 macc. %

3 100 900 r pactsopa 8,5 vacos 2A 81,3
NaBr c
KOHUEeHTpauyuen,

paBHon 5 macc. %

Mpumep 4

M3BneyeHne 30M10Ta U3 NPOAYKTUBHOIO PacTBopa BblLLUENAYNBAHUSA B SNEKTPOXMMUYECKM

CO3/1aHHOW LLIEeNI0oYHOW cpefe

MpoAyKTVBHbIA pacTBOp BbilenauvBanus, cogepxasiunii 0,11 mnn" sonota (no

pesyneTartam mamepeHus cnocobom |ICP-MS), noganu B He pa3ferieHHylo Ha OTCeku
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anekTpoxummudeckyro syenky (Electro MP Cell npoussoactsa komnaHuu ElectroCell).
MNnowaab Kaxzoro u3 ABYX 3MEKTPOAOB, YCTAHOBIEHHbIX B f4venke, Obina pasBHa
npumepHo 200 cM. DnekTpoabl OTCTOANU APYr OT Apyra Ha pacCcTOAHUU, PaBHOM 5 MM.
Bbino npunoxeHo HanpskeHne, paBHoe 4 B. Bo Bpemsi npouecca pH pactsopa
N3MEHWICA A0 LENOYHOro U AOCTUT 3HAJYeHWUs, paBHOro npumepHo 8,73. Habnioganu
obpasoBaHue 1 BbiNageHne B 0Caf0K TBEPAbIX BELECTB B 3NEKTPOXUMUYECKON SYENKE.
Yepes 6 4acoB COAEPKUMOE SYENKM Cnunu 1 npoduneTposany. KoHueHTpauus 30M0Ta,
namepeHHas B ounbTparte (a4na dunbTpaumm ncnonb3osanu hunbTpoBanbHbIM AUCK U3
CTEKNAHHOrO MMKPOBONOKHA NPOM3BOACTBA KOMNaHmm Sartorius), 6bina pasHa 10 mnpg’

' Takum obpasom, Obino onpeneneHo, YTo N3BMNEYEeHne 30noTa coctasnno 91%.

Mpumep 5

BbllLienaymBaHue 3010Ta U3 YNOPHOW Pyabl € UCMONbL30BaHNEM Bro, SNEKTPONUTUYECKM

FTEHEPUPYEMOrO B aHOAHOM NONYAYENKE, C OAHOBPEMEHHbLIM M3BNEYEHNEM 30/10Ta U3

NPOAYKTUBHOIO PACTBOPA BhILLENAYNBAHUS B KATOAHOW NONYySHENKe

JkcnepumeHTanbHas  ycraHoBka wu3obpaxeHa Ha dur. 5. H-obpasHas
anekTpoxummyeckas a4verka (1) cocTout M3 aHogHoOro otceka (2) n katogHoro orceka
(3), kaK4bIN N3 KOTOPbIX MMeeT hopMy MO CYLUECTBY UMINHAPUYECKOrO CTEKISIHHOMO
hrnakoHa, NMEIOLLEro BbICOTY, NPUMEPHO paBHyto 100 MM, HapyXHbI AMamMeTp, PaBHbIN
55 MM 1 BHYTPeHHUN gnameTp, pasHbin 50 mm. [IBa dnakoHa coeauMHeHbl NPOXOA0M
(20), coctosawmm us asyx yacremn (20A) n (20C), oTxoaawmx oT BOKOBbIX NOBEPXHOCTEN
aHOAHOr0 N KaToAHOMo LMNUHAPUYECKUX PNAaKOHOB, COOTBETCTBEHHO; YacTu COEANHEHDI
APpYr ¢ Apyrom ans hbopmmpoBaHms Npoxoaa, KOTOPbIA UMEET ANNHY, paBHyto 120 mMm, 1
avametp, npumepHo pasHbii 35 mm. CooTsBeTcTBeHHO, obwjas anvHa H-o6pasHoun
3NEKTPOXUMMYECKOM suerkn pasHa 230 mm. OTCekn pasgeneHbl AUCKOM U3 CTEKNSAHHOMO
MUWKPOBOMOKHa Mpou3BoaCcTBa komnaHum Sartorius (90 MM), pasmeLleHHbIM NONepPEeYHo
nocepegnHe npoxoga (21), coeguHsOWEro gpa oTceka, AUCK OnOoKMpYeT nepeHoC

TBEPAbIX YaCTUL C OLHOWN CTOPOHLI Ha APYryIo Yepes Npoxos, COeaHSIOLMIA hNaKoHbI.

AHoa (A) n katog (C) mn3rotoBneHbl U3 rpadPUTOBbLIX MNNACTWH, HaNpUmMmep — 13
NIacTuH, UMEKLNX ANWHY, pasHyio 150 MM, WKpuHy, paBHyio 30 MM, U TOMLUMHY,
paBHyto 5 Mm. Bo Bpemsi paboTbl YPOBEHDb »XMUAKOCTN B H-06pasHOmn 3neKTpOXMMUYECKON
avenke paseH 40 Mm. AHOA M Katoa NOrpy>KeHbl B @HOMUT U KaTONUT, COOTBETCTBEHHO,
Takum oBpasom, YTO HMKHUMA KOHEL| KaXKAoro anekrpofa pacnonoxeH Ha 15 Mmm Bbiwe
AHa (prnakoHa; COOTBETCTBEHHO, aKTUBHaA Nnowjagb KaXaoro anekrpoga pasHa 30 MM X

25 MMm. OnekTpoabl B LUNUHAPUYECKOM (briakoHe pacnonoXeHbl KOHLEHTPUYECKM, TO
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eCTb MPOAONbHAsA OCb 3NEKTPOAa KoakcuanbHa C LWUNUHAPUYECKUMWU briakoHamu,
MO3TOMY 3NEKTPOAbl HaxoAATCA ApPYyr OT Apyra Ha paccTosHuu, pasBHOM 17 cm
(paccTtosiHue oT noBepxHOCTU JO nosBepxHocT). AHoa (A) u katog (C) anekTpuyecku

COefVHEHbI C UCTOYHMKOM NMOCTOSHHOrO TOKa (He NoKas3aH Ha PUCYHKe).

B aHogHbIM OTCEK nomellanu wmnsamenbyeHHbin obpasey (8,25 r) n BOAHbIN
pacteBop Gpomuga Hatpusa (80 r) ¢ KoHUeHTpaumnen, paBHon 4 macc. %. onyyeHHbIn

paHee NPOoAYKTUBHbIA PacTBOp Bbilenadnsanms (72,5 r) sarpy»anu B KaToaHbIA OTCEK.

Mexay anekTpogamn NpuknagbiBann 3MNeKTPUHECcKUiA noTeHuuan, pasHbin 8 B,
Ha 3,5 yaca. OnemeHTapHbIN BPOM BbISENANCS Ha aHO4HOW CTOPOHE, rae pyaa Obina
cycneHanpoBaHa B pactsope Bpomuaa HaTpus, O YEM CBUAETENLCTBOBANO NOSIBNEHUE
XapaKTePHOro KpacHoO-KOPUYHEBOro LgeTa. Ha katogHOW CTOPOHE pacTBOpP CTaHOBUIICS
MYTHbIM. B kOHUE 3kcnepumeHTa pH Ha aHOQHOW CTOPOHE U KaTogHOW CTOpPOHE Obin

paBeH NPUMEPHO 2 N NPUMEPHO 12, COOTBETCTBEHHO.

CoaepXmmoe Kaaoro M3 OTCEKOB MO OTAEMbHOCTU U3BMEKNN U3 SYEWKU W
npounnbTpoBanM ANst yaaneHust TBEPAbIX BEWECTB (TO eCTb M3 aHonuTa yganunm
OCBODOOXAEHHYIO OT MeTanna pyay, a W3 katonuTta yjaanunum 30M0ToCOofepiKalmm
npeyunutar). MNMpospayHbin hunbTpar ¢ aHOAHOM CTOPOHbI M NPO3paYvHbIN dUnbTPaT C
KaTO4HOM CTOPOHbI MpoaHanuM3npoBann C WUCNONb3OBAHMEM MaccC-CnekTpoMETpUM C
WHAYKTMBHO cBA3aHHoW nnasmoun (ICP-MS) ana obHapyxeHusa 3onota (MCnonb3osanu

npmnbop Nexion300XX npoussoactea komnaHum PerkinElmer). Pesynbtartbl npuBeaeHbl

B Tabnuue 4.
Tabnuvua 4
AHopHasa cTopoHa KatogHas ctopoHa
HavanbHasa KoHUeHTpauus 0 23,8 mnpg”’
Au B BogHoI dase (Mnpa")
KoHeuHas KoHLeHTpaLus 26 mrpa” < 10 mnpg”’
Au B BogHoI dase (Mnpa™)

BunaHo, 4TO Ha aHOZHOW CTOPOHE, A€ BbIAENANCS dMNeMeHTapHbIn 6pom, Obino
obecneyeHo BbiLenavmBaHne U3 yrnopHOM 30M0oTOCoA4epKaLlen pyabl, Npy 3TOM 305110TO

conobunnsmpoBanocs B BOAHOM BbllenayvBatolieMm pacTtsope. [lapannenbHo, Ha
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KaTOAHOW CTOPOHE MpW 0OpasoBaHUM LUENoOYHOro pH 30M0TO OTAENUNOCH OT BOAHOIO

NPOAYKTUBHOIO pacTBopa BblLenayvBaHuns.

Mpumep 6

BbiLenaymsaHme 30n0Ta 13 YNopHOW pyabl C UCNONb3oBaHneM Bro, 3NeKTponuTu4ecku

reHepupyemMoro B aHoA4HOM Nonys4vyenke, ¢ 04HOBPEMEHHbLIM U3BNEYEHMEM 30/10Ta U3

NPOAYKTUBHOIO pacTBopa BbilenavnsaHug B katogHon nonyadenke: SEM-EDS aHanus

ocagka, cobpaHHOro Ha KaToagHOW CTOPOHE

B akcnepumeHTe ucnonb3osany H-o6pasHyto S4eliky, NPOUNOCTPUPOBaHHYIO Ha
dur. 5. MNpoueaypa 1 3KcnnyaTayMoHHble napameTpbl ObIN TakMMU e, Kak OnmMcaHHble

B [pumepe 5.

B aHOgHbIM OTCEeK NOMECTUNM M3Menb4yeHHbIn obpasey (10,6 1) M BOAHbLIN
pactesop 6pommga Hatpus (100 r) ¢ KOHUeHTpaynen, pasHon 4 macc. %. B katogHbIn
OTCEK 3arpysunm Nony4YeHHbIN paHee NPOAYKTUBHLIW pacTBop Bbiwenadnsanus (101,4 ),
oboraleHHbIN 30M0TOM, PacTBOPEHHLIM B BOAHOM pacTtesope OGpoma/bpomuga, Ans
NUCCNepfoBaHNSa BbIAENSEMOCTM 305r0Ta MNpU BOCCTAHOBMEHMU BOAbI HA KaTOAHOW

CTOpPOHE.

Mexay anekTpogamn NPUIOXKUNN 3MEKTPUYECKUA noTeHuman, pasHbin 8 B, Ha
3,5 yaca. B kOHLe 3KkcnepumMeHTa COAEPKUMOE KaKA0oro N3 OTCEKOB U3BIEKIN N3 SYENKN
n npodunbTpoBanM ANA  yganeHns TBepAblX BelwecTB. TBepaoe BELecTBO,
obpasoBaBLUEEeCs Ha KaTOAHOW  CTOPOHE, OCTOPOXHO  npombinu 45  wmn
BMANCTMNNMPOBAHHOM BOAbI, BbICYLLUUIM N NpoaHanusmposany nocpeacrsom SEM-EDS
MUKpOCKONUK. [MonyyeHHble U300paxkeHuss nNpunoxeHbl B chopme dur. 6 n dur. 7, a
COOTBETCTBYIOLUME pe3ynbTaTtbl aHanusa npeacrasneHbl B opme Tabnuy psaom C

N300 padkeHNSIMM.

Ha nesom unsobpaeHun us dur. 6 BuaHa ceetnas obnacTtb, pacrnonoXeHHas
NPUMEPHO nocepeauHe unsobpaxeHus. 3Ty obnacTb U HEKOTOpblE AOMONHUTENbHbIE
TOYKM BOKPYr Hee uccnefoBanu C Lenblo OonpeaeneHns XUMUYECKOro 3NEeMEHTHOro
cocTtaBa (Bcero 6 Touek — CM. npasoe usobpakeHue). NpeacrtaBneHHble B Tabnuuye
pesynbTaTbl MOKasbiBalOT, YTO 30M0TO MOXHO W3BMNEYb W3 BOAHOrO MNPOAYKTMBHOMO
pacteBopa BblWenadnmBaHua npv LWenoyHom pH, obpasoBaBwemMcss Ha KaTOZHOW
CTOPOHE; 30M0TO BbINano B 0Cafok B hopmMe yacTuy Cpean vactuy, He cofepKasLumx
3onota. dur. 7 1 COOTBETCTBYIOLUA XMMUYECKUA COCTaB TakKe CBUAETENbCTBYIOT O

Hanmumnm obnactm C BbLICOKMM CoaepXaHuem 3onota (Todka 1) u obnactu, He
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cogepxawen sonota (Toyka 2) B TBEPAOM BELLECTBE, MOMYYEHHOM Ha KaTOLHOW

CTOpPOHE.

Mpumep 7

BblllenaynBaHue 30110Ta U3 YNOPHOW pyabl € UCMOMNb30BAHNEM 3NTEKTPOXUMUYECKU

reHepmpyemoro Br, npy 04HOBPEMEHHOM OTAEMNEHUM 30710Ta OT NPOAYKTUBHOIO

pacTBoOpa BbILLENAYMBAHUSA B 3NIEKTPOXMMNYECKM TEHEPUPYEMON LLIENTOMHON Cpeje:

cxema cnocoba, OCHOBAHHOIO Ha LIMPKYNMPYIOLLNX NOTOKAX aHONUTAa U KaTonuTa

OKkCcnepumMeHTanbHas  yCTaHoBKa, WCMOMb3oBaHHad B 3ToMm  [lpumepe,
cxemarmyeckmn nsobpakeHa Ha dur. 2. OHa BKMOYAET NMPOTOYHYIO 3M1EKTPOXUMUYECKYHO
suenky (1), pasgeneHHylo Ha aHOAHbLIM M KaTOAHbLIM OTCEKM (2 U 3, COOTBETCTBEHHO).
OnekTpoxummyeckas auenka (1), ncnonb3oBaHHas B 3KCNEPUMEHTE, NOAPOBHO onucaHa
B [pumepax 2 n 3. B aTom 3kcnepumeHTe sivenka Obina pasgeneHa pasgenurenem
Daramic Ha gBa oTceka. Kaxabin oTcek 6bin obopyaosaH nepuctanbTUYECKMM HacoCoM
(WATSON MARLOW 323D) ans obecneyeHns LUMpKyNaLuumM CyCrneH3nmn, COCTOALWEN U3
pacteopa Opomuaa HaTpust M 4YacTuy pyabl mexay pesepsyapoMm (5) M aHOAHbIM
oTCeKoM (2), u umpkynauyum mexay PLS, cogepxawumcs B pesepsyape (7), 1 KaTogHbIM
otcekom (3). B akcnepumeHTe pesepsyap (5) Obin CTEKNAHHbIM peakTopom obbemom 1
n, obopyaosaHHbiM Mewankon |ka Eurostar 60, a pesepsyap (7) Obin KpyrnogoHHOM

konbown.

Pyay nomectnnn B CTekNsAHHbIN peakTop (5) obbemom 1 n. Obpasey pyabl umen
cogepxaHue 3onorta, pasHoe 2,14 MrH" oH coctosin us 50% cBexel pyabl n 50%
obegHeHHOM pyabl. B peaktop (5) aobasunu BoaHbIM pacTtBop Opomuaa Hatpus (800 r
pactBopa C KOHUEHTpaumen, paBHom 4 macc. %). CycneHsmo nepemelumsany co
ckopocTbto, pasHon 130 o6/mmH. PLS u3 npeabiaywiero nporoHa (856 r, cogepxaHue

30n0Ta, paBHoe 75 MnpA”") 3arpyavnu B KPYrioAOHHYI0 konby (7).

MoTokn  aHonuTa W KatonuTa  MepekaynBanyM  COOTBETCTBYHOLLUMMU
nepuctanbTUYECKMMU Hacocamu co ckopocTbio 100 ob6/muH. Tok B siverke Obin 3agaH
paBHbIM 2 A, W 23KCNEepUMEeHT Anuvncsa B TedeHne 6 dacos. [lepmoaunyeckm
permcTpupoBanM W3MEHEHMst PH Ha aHOZHOM U KaTOAHOW CTOpoHax. [padukn
3aBMCMMOCTM pH OT BpemeHu, npuBeaeHHbIE Ha dur. 8, AEMOHCTPUPYIOT obpasoBaHme

LLIENTOMHON CPeabl Ha KaTO4HOW CTOPOHE.

B koHUe akcnepumeHTa ob6efHeHHYI0 pyay BblAENUM NOCPELCTBOM (DUMbTpaLmm

C aHogHoun CTOPOHbI U nNpoaHanuanpoBann ¢ NCnorb3oBaHNEM MNamMeHHOro aHanmia c
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Lenbio onpeaeneHna coaep)kaHus MeTannos, OCTaBLUMXCHA B pyae. B nnameHHom
aHanmse Obino OOHapy)XeHO, YTO KOHLUEHTpauus 3o05oTa B pyae cHumsmnacb o 0,46
mMnpa’' 30moTa, YTO nokasbiBaeT, uTo 79% 30MoTa 6biNO BbILEMNOYEHO C MOMOLLbIO

3NEKTPOXMMUYECKN FrEHEPUPOBaAHHOIO Bpoma.

Mpeumnutar, o6pasoBaBLUMNCA HA KAaTOAHOW CTOPOHE, BblAENUNM NOCPEACTBOM
dunbTpayuun. Mpeumnutar M ero MartouyHbll pacTtBop (OunbTpaT, MNOMYYEHHbLIA C
KaTogHOM CTOpOHbl) nogseprnu ICP aHanusy ¢ uUenbio onpeaeneHns KonuyecTtsa
mMeTanna, nssneyeHHoro us PLS B weno4yHbix ycnosusx. ICP aHanu3 nokasan, 4to 6bino
BbigeneHo 63% sonota (28 mnpa”’ 3onota msmepeHo B dunbTpate). CopepxaHuve
30nota B COBpaHHOM npeuunuTate 6bIno paBHO npumepHo 1 mnpa'. ICP aHanus
oBHapyxun n gpyrme metannbl, BblAENEHHbIE COBMECTHO C 30M10TOM, YTO MOKa3aHo B

Tabnuye Hmxe.

Tabnuua 5
OnemeHT | KoHueHTpauusa | EanHuubl OnemeHT | KoHueHTpauus | EauvHuybl
N3MepeHuns N3MepeHus
Ag 13 MAH Na 3,75 %
Al 1,32 % Ni 97 MIH
As 1,35 % Pb 0,19 %
Cd 31 MIH Sb 464 MIH
Cu 473 MIH Sr 110 MIH
Fe 7,35 % Ti 25 MIH"
Mg 4,78 % V 11 MAH
Mn 0,92 % Zn 0,49 %
Mpumep 8

MN3Bne4vyeHue metannos U3 PLS npu pasnnyHbix 3Ha4yeHuax pH

B cnegyioowen cepum 3KCMEPUMEHTOB UCCNEfOBanu U3BMEYEHWE PasnUYHbIX
metannos n3 cmecn PLS kak cdyHkyuio pH ans onpeaeneHns onTMManbHOro 3Ha4YeHus
pH ans sbigenerHns metannos. K obpasyam cmecn PLS maccon 100 r pobasnanu
rMAPOKCUL HaTpus 4O AOCTWXKEHUSA LeneBoro 3HayeHua pH (nccneposanu amanasoH
3Ha4yeHun pH ot 4 go 12 ¢ warom, pasHbiM 2 eguHnyam pH, a umeHHo — pH = 4, 6, 8, 10

n 12; pacteopbl ¢ pH = 4, 6, 8 n 10 nonyunnn nocpeacrsom gobasneHunsa 10%-Horo




BogHoro pactsopa NaOH k obpasuy PLS; pacteop ¢ pH = 12 nonyuunu nocpescrsom
fobasneHua BogHoro pacteopa u TtBepgoro NaOH). 3arem wm3 kaxgoro obpasya
BblAENWNM BbINaBlUME B OCaAOK TBEpAble BeLlecTBa W Onpejenunu CoaepXaHue
metannos nocpeacteom |CP  ananusa. PesynbTatbl npeacraeneHl B opme
rmcrorpammel Ha dur. 9. BUaHO, YTO BbIAENAEMOCTb 30N0Ta JOCTUraeT MakCUMarbHbIX
3Ha4YeHun npu 3HadeHun pH, npumepHo paBHom 10; yBenunyeHue pH o 12 MOXeT

NpPUBECTU K CHXKEHUIO n3BnevYeHna aonoTa.



®OPMYIIA N3OBPETEHUA

1. Cnoco® wu3BneyYyeHWss 30n0Ta M3 YMOPHOW 30M0TOCOAEPXKaLlen pyAabl,

BKITIOMAIOLLMIA CTa MM, Ha KOTOPbIX:

- NPOBOAAT 3MEKTPONN3 CMECU, COCTOSALLEN U3 HaCTUL PYAbl U BOLHOrO pacteopa
Opommnaa, B IMEKTPONUTUHMECKON SIYENKE, COAepXallerd aHoh W KaToad, Npu 3TOM Ha
aHoge npu okucneHun Gpomuga obpasyetrcss GpOM, YTO MPUBOAUT K PaCTBOPEHUIO

30n0Ta B BOAHOM dhase;

- OTAENSAT YacTuubl pyabl OT BOAHOW hasbl C MOMyYEeHUEM Lienoka oT

BblLLenavynBaHug,

- AOBOAAT pH wWenoka OT BbillenayMBaHMsA A0 LLUEMOYHOro AuanasoHa Ans

NOMy4YeHWs: 30M0TOCOAEPKALLErO OCaAKa;

- cobOMpaloT 30M0TOCOAEMKALLUMIA 0CaA0K U PELUPKYITMPYIOT coagepaiwyumi Spomug,
06€330M0YEHHbIN PacTBOp AN MOBTOPHOIO WCMONb30BaHWS B KaAYeCTBE WMCXOLHOro

BOAHOro pacrteopa bpomumga.

2. Cnoco6 no n. 1, oTnuyaloWwunca Tem, 4to pH LWenoka oT BbilenaynmBaHus
AOBOASIT A0 LENOYHOrO JmanasoHa nocpeacTBOM — 3MeKTponu3a  wenoka oT
BblLLENaYMBaHNSA B 3MEKTPONUTUYECKON AYENKe, CoaepKallen aHoh 1 Katogh, npu 3Tom

Ha KaTtoae npun BOCCTaHOBNEHNN BOAbI o6pa3yr0TC9| r’MApPOKCUNbHbIE NOHBbI.

3. Cnoco6 no n. 1 v n. 2, OTAMYaKOLWMUCS TEeM, 4YTO YNOpHas pyaa

npeacrasnseT cobon cynbduacoaepailyo pyay.

4. Cnocob wusBneveHus 30M0Ta W3 YMNOPHOW 30MnoTocofepxalien pyabl B
3ANEKTPONUTUYECKON AYelKe, CoaepKallen aHOAHbBIA N KaTOAHbIA OTCEKM, BKIMHOYaOLWNIA

CTaAun, Ha KOTOPbIX:

- MOAAKT aHOMNUT B aHOAHbIA OTCEK, NPUYEM aHONUT NpeacTaBnsieT cobon cmech

YyacTuy pyabl U BOgHOro pactsopa 6pomuaa;

- MOAAT KaTONMUT B KaTONMUTHbIA OTCEK, NPUYEM KaTONMUT npeactaBnseT cobon
NPOAYKTMBHBIA PacTBOP BbIWENaYMBaHus, cogep)kawum noHbl AuBry w/wvnn AuBry,
KOTOpbIA OblNT MOMy4YeH Mocne BbiLWENadvnBaHUs YMNOPHOW 30MOTOCOAEPKALLEN pyabl

BOZAHbIM BPOMHbLIM/GPOMUAHBIM BbiLLeNnadYnBaTenem;

- NO4aKT 3NEeKTpU4eCKkoe HarnpsaXXeHne Ha 3NeKTpodbl, 3a CYeT 4Yero Ha aHoje

B6pomng okucnsetca o O6poma ANA PacTBOPEHWUS 30Mn0Ta B aHONMUTE, a Ha Karoae



BOCCTaHaBnMMBaEeTCAa Boja Ans 00pasoBaHUs LLEMNOYHOW Cpefbl M OCaMKAEHUSA TBEPAOro

BELLECTBA, COLEPXKALLEro 30070, B KATONUTE;

- OoTAEeNAT 4Yactudbl pyabl OT NOTOKa aHoOnuUtTa C nonyyvyeHuem Lenoka ot

BblLLenavymBaHus,

- OTAENSIOT cogepXalumii 30M10TO 0CaA0K OT KaTonuTta Ana céopa cogepallero
30M10TO OCajaka W nonyyYeHnst 06e330M04EHHOr0 pacTeopa, cogepxailero 6pomua, Ans

NOBTOPHOIo NCNONb30BaHUA B Ka4eCTBe NCXO4HOro BOAHOIO pacreopa 6pOMWJ,a.

5. Cnoco6 no n. 4, oTNUYaLWMACA TEM, YTO Nojadvya aHONUTa B aHOAHbLIN OTCEK
BKMIOYAET UMPKYNAUMIO MOTOKA aHomuTa MeXay aHOAHbIM OTCEeKOM U pPeakTOpOM
BblLEenaymMBaHns, r4e 4Yactvubl pyabl CMellaHbl ¢ BOAHbIM pacTBOpoMm Opomuaa, a
nofjava Karonuta B KaToNUTHbIA OTCEK BKMOYaeT LMPKYNALUMIO NOTOKA KaTtonuta Mexay
KaToaHbIM  OTCEKOM U  PEeakTOpOM, COAEepXaluM  MNPOAYKTMBHbIA  pacTBOp

BblLLenavynsaHu4.

6. Cnocob no n. 5, BknNOYaKOLWUA HanpasreHWe Lenoka oOT BbilenaynBaHus,
OTAEMNEHHOro OT MOTOKa aHONWUTa, B LMPKYNAUUIO NMOTOKa Katonuta, U UCMONb3oBaHWe
06e330M04YEHHOrO pacTeopa, OTAENMEHHOrO OT NMOTOKA KaTonuTa, B KAYeCTBE UCXOLHOro

pacTBopa B LMPKYsSLMU NOTOKA aHonuTa.

7. Cnoco6 no nobomy M3 MyHKTOB C 4 NMo 6, OTAMYaLWMACA TEM, YTO YropHas

pyaa npeacrasnseT cobon cynbdpuacoaepallyo pyay.

8. Cnocob no n. 3 unu n. 7, OTNUYaIOWNINCA TEM, YTO CopepxaHne cynbduaa B

yrnopHown pyae coctasnset ot 1 macc. % o 10 macc. %.

9. Cnocob no nbomy n3 npeabiayLnx MyHKTOB, OTNMYaoWmMnUcs Tem, 4to pH
LLIeNOYHON Cpeabl, NPy KOTOPOM BbiNajaeT B OCAfOK COAepKallee 30M0TO TBEPAOE

BELLEeCTBO, HaxXo0AUTCS B gunanasoHe ot 7,5 go 11,5.
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1 2 4 5 6 3
Au 46.28 76.43 26.06 40.76 73.91
) 10.91 4.95 24.12 19.7 9.02 28.58
Mg 5.12 1.8 12.34 7.43 3.05 20.69
Br 3.43 0.59 / 5.42 1.46 9.57
Si 2.48 0.48 4.43 3.92 1.02 5.73
S 2.48 0.46 2.44 1.93 0.65 2.45
Ca 0.86 0.46 1.98 1.73 0.68 2.66
Mn 3.32 3.07 5.64 4.67 2.18 5.7
Fe 4.7 5.66 10.26 5.9 2.93 20.24
Cu 6.23 3.28 1.73 3.16 2.9 1.18
Zn 14.19 2.81 4.02 5.38 2.19 3.19
@UI. 6
1 2
Au 43.8
O 21.02 30.15
Br 10.48 24.43
Al 4.14 10.95
Si 2.84 5.37
S 1.32 2.32
Ca 1.09 1.95
Mn 6.14 6.33
Fe 6.74 12.1
Cu 0.37 1.46
Zn 2.07 4.94

QUI. 7
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