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NCCJIEHOBAHUE KUHETUKU
JJIEKTPOAHBIX IIOTEHIWAJIOB CY/Ib®ONIHBIX
MUWHEPAJIBHBIX 3JIEKTPOJOB
B ITPUCYTCTBUU MOJUDPUKATOPOB ®JIOTALINN

A.A. Katomos', B.A. Urnatkuna', H.[. Eprewesa’
"HUTY «MUCuC», Mocksa, Poccus, e-mail: maliaby 92@mail.ru

Annomayus: IlpercraBieHbl pe3ysbTaTsl MOTEHIMOMETPUUYECKUX MUCC/IEIOBAHMI C TIPMMeHe-
HMEM MMHepaIbHbIX 3JIEKTPOLOB TPYIHOOKUC/ISIEMbIX CYIbGOUIOB — CTUOHUTA, MOIUOIEHNUTA,
raJleHuTa — B CPaBHEHMU C IIMPUTOM, apCEHOMMPUTOM, XaIbKOIIMPUTOM B KOHTPOJIMPYEMBIX
OKVCJIUTENIbHO-BOCCTAHOBUTENIBHBIX YCIOBUSIX. MOMMOIEHNT, CTUOHNT U apCeHONMPUT 0bJ1a-
JAIOT HaMbOJbIlIel SHepruei KPUCTAUIMYECKO PellleTKY B CPaBHEHUY C MMUPUTOM U XaJIbKO-
MMPUTOM, UTO YKa3bIBaeT Ha YCTONYMBOCTh MUHEPAJIOB K OKMCIUTETbHO-BOCCTAHOBUTETbHBIM
IIPOIleCccaM ¥ COIVIaCyeTcsl C pe3ysIbTaTaMy M3MepeHMI /IeKTPONHbBIX TOTEHIMAIOB. YCTaHOB-
JieHa aHM30TPONMSI IeKTPOAHBIX MOTEHIMATIOB TPYIHOOKUCISIEMbIX CYIbOUIOB MO PasHbIM
KPUCTaUIOXVIMMYECKUM HarpasjeHUsM. B IMCTIWIIMPOBaHHOM BOJE 3/IEKTPOSHBIN TOTEHIAT
ctubnnTa {010} +177,76 MB, mom6aennTa {0001} +149,5 MmB; a ctubumTa {101} -898,27 MmB
u mommbnenuta {1010} -375,42 mB. B nuanasone pH 2-12 aeKTpoiHblii MOTEHIMAT CTUO-
Huta {010} u mommbpennta {0001} ocraercs B monoxkurenbHOM obnactu BIiots 1o pH 10,
3aTeM IePEXOIUT B OTPUIIATEIbHYIO 061acThb 1pu pH >11, a 371eKTpOIHBIN MOTEHIMAT CTUOHK-
ta {101} u monubnenuta {1010} ocTaeTcs B oTpuIaTeIbHONM 061aCTH Ha BCEM MCCIIeyeMOM
nuarazoHe pH. OTpunaTesnpHbIN 37I€KTPOSHBIN TOTEHIMA TaJIEHUTa COBUTAETCS B OKMUCIIV-
TeJbHYI0 obsacTh pu pH 2-7, 3arem caBuraercs B BoccTaHOBUTeNbHYIO pu pH 8-12. B oT-
JIM4Ke OT TPYIHOOKUCJISIEMBIX CYlTb(MUIOB JIeKTPOAHbIN MOTEHIMA MMPUTA, apCEHONMUPUTA U
XaJIbKOMIMPUTA COBUTAETCSI B OTPULIATEIbHYIO obmacTh pyu 3Hauenuu pH > 8. Onpenenens 3
M3MEeHeHMSI 37IeKTPOAHBIX TIOTEHIMAIOB MMHEPAIbHbIX 3JIEKTPOAOB IIpY BBeNeHnM Moandmka-
TOpOB (I0TaLMK B AMCTUIIMPOBAHHYIO Boay (pH, . 5,5).
0,0302 0,0209 0,0153 0,0152  0,0122 0,0113 0,0103 0,0091

Na,S :[MoS, >MoS, >Sb,S, >PbS>FeS, >Sb,S, >FeAsS>CuFeS,

{1010} {0001} {010} {101}
0,0244  0,0198  0,0176 0,0154  0,0112  0,0108 0,0089 0,0034

Na,$,0, : Sb,S, >PbS>Sb,S, >FeAsS>FeS, >MoS, >CuFeS, >MoS,
{010} o1y {1010} {0001}
0,0222 0,0156 0,0146 0,0128 0,0106 0,0091 0,0091 0,0050
H,0, : Sb,S, >CuFeS, >MoS, >FeAsS>PbS>Sb,S, ; FeS,>MosS,
{010} {0001} {101} {1010}
CKOpOCTb M3MEHEHMSI SJIEKTPOAHBIX TIOTEHLIMAIOB CY/Tb(MUIOB 3aBUCUT OT I1I€JIOUHOCTU CPEIbI.
Knruessle cnosa: cTMOHUT, MOJIMOAEHWUT, TAJIEHUT, TUPUT, APCEHOTIMPUT, XaJTbKOIIUPUT, CI1aii-
HOCTb, CTPYKTYPa, CEpHUCTbBIN HATPUii, TUOCY/Ib(AT HaTPWsI, TEPOKCH], BOTOPOIA, TOBEPXHOCT-
HbIe CBOVCTBA, OKMCJIEHVe, BOCCTAHOBJIEHNME, 3JIEKTPOIHBIN MOTEHIIMAI.
Bnazodapnocms: ViccnenoBaHue BBITIOTHEHO 3a cyeT rpaHTa Poccuiickoro HayyHoro doHpma
Ne 22-27-00102, https://rscf.ru/project/22-27-00102/.
na yumuposanus: Kawomos A. A., Uenamkuna B. A., Epzewesa H. JI. VicciienoBaHue Ku-
HETUKY 3JIEKTPOIHBIX MMOTEHIIMAIOB CYIbPUAHBIX MUHEPATbHBIX JIEKTPOAOB B MPUCYTCTBUK
mopuduraropos ¢uioTaiui // [opHbI MHGOPMAIMOHHO-aHAIUTUYECKII 61o/eTeHb. — 2023, -
Ne 10. - C. 89-103. DOI: 10.25018/0236 1493 2023 10_0_89.

© A.A. Katomos, B.A. UrnaTkuna, H.[. Eprewesa. 2023.

89



Kinetics of electrode potentials of sulfide mineral electrodes
in the presence of flotation modifiers

A.A. KayumoV', V.A. Ignatkina', N.D. Ergesheva'
" National University of Science and Technology «MISiS», Moscow, Russia, e-mail: maliaby 92@mail.ru

Abstract: The article describes the potentiometric studies carried out with mineral electrodes of
non-oxidizable sulfides — stibnite, molybdenite and galena—in comparison with pyrite, aresno-
pyrite and chalcopyrite in the controllable oxidation-reduction environment. Molybdenite,
stibnite and arsenopyrite possess the highest crystal lattice energy as against pyrite and chalco-
pyrite, which points at the redox resistance of the minerals and agrees with the resultant meas-
urements of electrode potentials. Anisotropy of electrode potentials of non-oxidizable sulfides
is determined in different areas of crystal chemistry. In distilled water, stibnite {010} and mo-
lybdenite {0001} have the electrode potentials of +177.76 mV and +149.5 mV, respectively,
while stibnite {101} and molybdenite {1010} have the electrode potentials of -898.27 mV and
-375.42 mV, respectively. In the pH range of 2-12, the electrode potentials of stibnite {010}
and molybdenite {0001} remain positive up to pH 10 and become negative when pH >11, and
the electrode potentials of stibnite {101} and molybdenite {1010} remain negative within the
whole test range of pH. The negative electrode potential of galena shifts to the oxidation area
at pH 2-7 and then displaces in the reduction area at pH 8-12. As against the non-oxidizable
sulfides, the electrode potentials of pyrite, arsenopyrite and chalcopyrite shift to the negative
area when pH> 8. The change 9 in the electrode potentials of the mineral electrodes is deter-

mined in case of addition of flotation modifiers in distilled water (pH_  5.5).
0,0302 0,0209 0,0153 0,0152  0,0122 0,0113 0,0103 0,0091
Na,$ :[MoS, >MoS, >Sb,S; >PbS>FeS, >Sb,S, >FeAsS>CuFeS,
{1010} {0001} {010} {101y
0,0244 0,0198 0,0176 0,0154 0,0112 0,0108 0,0089 0,0034
Na,S,0;, : Sb,S, >PbS>Sb,S; >FeAsS>FeS, >MoS, >CuFeS, >MoS,
{010} {101} {1010} {0001}
0,0222 0,0156 0,0146 0,0128 0,0106 0,0091 0,0091 0,0050
H,0, : Sb,S, >CuFeS,>MoS, >FeAsS>PbS>Sh,S, ; FeS,>MosS,
{010} {0001} {101y {1010}

The rate of change in the electrode potential of sulfides depends on the alkalinity of the envi-
ronment.

Key words: stibnite, molybdenite, galena, pyrite, arsenopyrite, chalcopyrite, cleavage, struc-
ture, sodium sulfide, sodium thiosulfate, hydrogen peroxide, surface properties, oxidation, re-
duction, electrode potential.
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BBepeHune HaHOYPOBHSIX SBASOTCS MHPOPMATUBHbBIM
KomnnekcHble hU3MKO-XMMUYECKME UC-  UHCTPYMEHTOM MpW pa3paboTke TEXHOJO-
CNlefloBaHNS MOHOMWHEPANOoB C GnoTauM- UMK CenekKTUBHOM GhNoTaLumM LBETHBIX U
OHHbIMW peareHTaMu Ha Makpo-, MMKpO- U Bl1aropofHbIX MeTannoB TpyaHooboraTu-
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MbIX cynbduaHbix pya [1]. B ToHkoBKpan-
NeHHbIX CyNbGUAHbIX pyaax npeobnagatoT
MOSIMMUHEpaibHble aCCOLMaLMM C HepaB-
HOMEepHOM 1 TOHKOAUCMEPCHOW BKparieH-
HOCTbIO LieNIEBbIX MUHEPANIOB U TECHBIM
B3aMMoOmnpopacTaHuem cynbhuaos LBeT-
HbIX METa/oB, XKenesa 1 NOPOLHbIX MU-
HepanoB Apyr C ApYroMm.

MonnMuHepanbHble CPOCTKM XapakTe-
PU3YHOTCS pa3HO0bpasneM CTPYKTYpbl Kpu-
cTannos, GopMbl U MPUMECHOIO COCTaBa
MUHepanoB, 061aaatoLLMX HEOLHOPOAHbLIMMU
(DUBUKO-XMMUYECKUMU U HNOTALMOHHBIMU
cBovcTBaMu. [IpMMeHeHMe Knaccu4eckmx
CXEeM pYLOMOAroTOBKM B TEXHONOTUSIX Mepe-
paboTKM TOHKOBKparIeHHbIX CyNbdUAHbBIX
pyn, 6e3 CBOEBPEMEHHOrO CENeKTUBHOMO
PacKpbITUS W BblAeNeHUs Ha GnoTaumio
FOTOBOIO MO KPYMHOCTM MaTepuana, npueo-
OMT K MEPEU3MENBYEHMIO XPYTKUX MUHE-
pasioB U HeLOPACKPbITUIO CPOCTKOB MUHE-
pafibHbIX KOMMeKCoB. BbicokopasBuTas
MOBEPXHOCTb MUHEPaJIbHbIX LLUIAMOB C 8-
COpOLMOHHOW CMOCOBHOCTLH MHOFOKPaT-
HO YyBenMuMBaeT pacxop hnoTaLMOHHbIX
peareHTOB W HapyLUaeT PeXKMM CENeKTUB-
Hou cdnoTaumn [2—5].

N.H. MNMnakcwuH [6] BBEN TepMuH «dnoTa-
LIMOHHAA MUHEPANIOrMA», BKIHOUaOLLMIA UC-
CNefoBaHMst KPUCTaNIOXMMUYECKON CTPYK-
TYpbl MUHEPasoB, NMPUMECHOrO COCTaBa M
anekTpoxummuyeckux cesoucts. Kpucran-
NOXUMWSI MUHEpasoB onpenensieT B3anMo-
CBSI3b COCTOSIHWS MOBEPXHOCTM, B3aUMO-
PacronoXeHWsi MOHOB B KPUCTAIUYECKOM
CTPYKTYpE U 3NeKTPOLHOro NoTeHumana ¢
XapaKTepoM B3aUMOAENCTBUS (HNOTaLMOH-
HbIX PeareHToB C MMHepanamu — GroTu-
pyemocTbto [7, 8].

CynbduaHble M1Hepanbl 0bnaparoT oT-
JIMYHBIMU BEIMYMHAMM INEKTPOLHOIO Mo-
TeHUMana, KoTopble 3aBUCST OT TUMOB CBSA3M
MOH-aTOMOB B KPUCTa/IJIMYECKOW peLLeTKe.
MpoYHOCTb CBA3M MOH-AaTOMOB B KpUCTan-
JINYECKOUW pPELIETKE MWHEPANIOB XapakTe-
PU3YeTCs SHEpruen KpUCTanan4eckomn pe-
weTku [9]. Yenex dnoTaummn B 0OCHOBHOM

3aBMCUT OT CBOMCTB MOBEPXHOCTU (OKMC-
NEeHHOCTU, MPUMECHOTO COCTaBa) MUHepa-
NOB ¥ NPUMeHSIEMbIX GNOTALMOHHbIX pea-
reHToB — cobupaTtenen, MoanbUKaTopos,
LEenpeccopoB v Ap., BAUSIOLWMUX Ha U3Me-
HEHWe 3NEeKTPOLHOro NMoTeHLMana MuHe-
panoB, MOHHO-MOJEKYNIIPHOrO COCTaBa U
OKUCNUTENbHO-BOCCTAHOBUTENIbHOTO MO-
TeHumana (OBIT) >xxuakon dasbl.

B [10] npu ncnonbzosaHun H,O, n Na,S
B Ka4yeCTBe OKUCIUTENs M BOCCTaHOBUTE-
ns cpepbl Haubonbluas GnoTUpPyeMOCTb
XanbKOMUPUTa YCTaHOBMEHA B AMana3oHe
3NEeKTPOAHbIX noTeHumanos oT —100 mMB
no +200 mB. U3BneueHne xanbkonupuTa
CHMXKAETCS MPU BbICOKMX KOHLEHTPALMAX
OKMWCIUTENS MW BOCCTAHOBUTENSI, KOTAa
3N1EKTPOAHbIN NMOTEHLMAN CMELLAETCS B 06-
nactb -400 MB nnu +500 mB, uTo corna-
cyeTcs € Hawmmm pesynbtatamu [11]. Mpu
(bnoTaLMOHHOM pa3aeneHnn KONIeKTUBHO-
ro MefHO-MONMBAEHOBOr0 KOHLEHTpaTa
(noTUPYEMOCTb XaNbKOMUPKUTA CHUXKAETCS
npu anekTpoaHoM noteHumane <+100 mB.
YBenuueHve KOHLEHTPaLMM CEPHUCTOrO
HaTpus ¢ 47 mr/n no 94 mr/n He cnocob-
CTBYET MOBbILLIEHUIO KOHTPACTHOCTU no-
TauumM MoNMbAEHUTA OT XaNbKOMUpuUTa U
MPUBOAMT K 3aMETHOMY CHUXKEHWMIO aficOpb-
UMM cobupaTenss Ha MoNMBAEHUTE U €ero
dnotupyemoctu [12]. OpraHusaums KOHT-
pons OBl Ha MeaHbIx komnnekcax CpenHe-
ro BocToka npeanpustuii Anaconda Copper
Mining B LuMKe CENEKLMMU KONEKTUBHOIO
MeAHO-MONMBAEHOBOMO KOHLIEHTpaTa nos-
BOJIU/IO Ha NMOYNPOMbILLIEHHbIX UCMbITa-
Husix onpepenuTb 3ddekTueHoe OBl =
= -200 mB, npu koTopom 13BnEYEHME MO-
nmbaeHa coctaBuno bonee 85% npu Hus-
ko pnoTupyemocTu xanbkonmputa [13].

B [14, 15] npuBoanTCs aHanu3 dpusmko-
XUMUYECKUX U PNOTALMOHHbBIX CBOUCTB
CTUBHMTA. DNEKTPOAHbIM NOTEHLMAN CTUG-
HWTa CLBUIaeTCs B MONOXUTENbHYH 06-
nacTb nocne 0bpaboTKM CONSIMM THXKENbIX
meTannos. [o cTeneHn yBenuueHus akTu-
BUPYHOLLLETO JEeWCTBUS MOBEPXHOCTH CTUG-
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HWTa KaTMOHbI pacronaratoTcs B Cleay-
towem pagy: Pb? > Cu* >Ag't >Zn*.
AncopbLys KaTUOHOB Ha MOBEPXHOCTY CyJlb-
d1aa 06bACHAETCA UX XMUMUYECKUM CPOa-
CTBOM K Cepe, UTO COMpPOBOXAAETCS CABM-
rOM 3/1eKTPOLHOr0 NoTeHuUMana cynbhuaa.
B cpaBHeHuWU ¢ KcaHToreHaTamm GroTupye-
MOCTb CTMOHUTA Bbile ¢ AuTnodocdaTa-
MU n autnodocduHatamm [16, 17].

B [18] npvBeneHbl pe3ynbTaThl hnoTa-
LMW MOHOMUWHEPANOB CTMOHUTA U apCceHo-
nMpuTa C UCMONb30BaHWEM OYTUNOBOrO
kcaHToreHaTta npu pH = 9 c KoHTponem
OBI1.®notT1pyeMoCTbCTUOHMUTA CHUXKAET-
ca npu OBIN <0 mB, B TO Bpems kak apce-
HonupuT dnoTupyeTtcs B amanasoHe OBI
ot -200 mB po +200 mMB. B ycnosusax
MUKpOdnoTaLum onpeneneHbl BO3MOXHbIE
ycnoBus pasgeneHus cynbduaos npv pH
9—10 nocpeancteom perynuposanus OBI1
ot =120 MB po -150 mMB c ncnonb3oBaHu-
€M BOCCTaHOBUTENSI Cpeabl (Na25204). Ona
MOBbILIEHUS KOHTPacTHOCTM dnoTauum
CTMBHWTA OT NMPUTa NpeaIaraeTcs UConb-
30BaHMe KapbOKCMMETUNTPUTUMOKAPOOHa-
Ta auHatpus (KMT). UHrubupytowee Bos-
nenctene KMT Ha nupuT cHuykaeT aacopb-

Tabnuua 1

LMI0 AM3TUNTMOKapbaMaTa HaTpus U, Tem
caMbIM, GNOTMPYEMOCTb CyNbhuraa ene-
3a [19].

Llenu paboTbi: nccnenoBaHve BeNIMYUHDI
3NeKTPOAHOI0 MOTEHLMANA TPYAHOOKUCISe-
MbIX CyNbhUA0B — MOAMBAEHUTA (MoSZ),
ctubHuTa (Sb,S,), ranennTa (PbS) — B cpas-
HeHuu ¢ xanbkonuputom (CuFeS,), apce-
HonuputoM (FeAsS) v nuputom (FeS,) B
OKMCIUTENIbHO-BOCCTAHOBUTESbHBIX YCIIO-
BUSIX 3KCMepuMeHTa. M3yueHne BausiHuS
pH, Moandmraropos — H,0,,Na,S,0,,Na,S
Ha KMHETUKY 3Ha4YeHUI 3NeKTPOAHOro Mo-
TeHUMana B 3aBUCMMOCTM OT TUMa Cy/b-
¢uaa npu pasHbIX YCI0BUSIX MOLTOTOBKM
MWUHEPaNbHOro 3nekTpoaa (Mo cnamHocTH

unn Topuy).

O6beKTbl U MeTOAbI UCCIEfOBaHUSA

MuHepanbHble 3NEKTPOAbI ANS U3Me-
PEHWS 3MEKTPOLHOMO MOTEHLMana m3ro-
TOBMEHbI M3 WTY(dHbIX 06pa3LoB Cynbhu-
poe — MoS,, Sb.S,, PbS, FeS,, FeAsS,
CuFeS, mectopoxkaeHuin PO.

LLTydbl npeaBapmTenbHO NpoCMaTpu-
BaJIMCb C MOMOLLbIO UCCEA0BaTENbCKOrO
CTEPeOMUKPOCKOMa BbICOKOTO pa3peLleHus

DneMeHTHbIN cOCTaB UccneqoBaHHbIX Cyﬂbd)MAOB

Elemental Composition of the Studied Sulfides

MwuHepan Maccosas pons, %
Mo Sb Pb Zn Cu As Fe S Si
M OCYEX s bCTEX P bCTeX C ucrex ASCYEX FeCTEX SCYEX Ap.
57.80 38,60 |
MonnbaeHut 59.94 - - - - - 0,60 40,06 3,00
68,30 19,60
CTnbHut - 7168 - - - - 3,80 2832 8,10 | 0,20
83,90 12,70 |
[aneHnt - - _’_86,60 1,20 | 0,10 — 0,70 —’—13’40 1,40
4490 | 53,80 | _ _
Mupu - T T T B0 = g5 | 5345
43,20 | 32,50 | 19,50
ApceHonupuT - - - - 0,20 4601 | 3430 | 19.69 | 46
oo ~ B | 3450 | | 3000 3550 | | _
anbikonuput 34,63 30,43 | 34,94
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Puc. 1. MeToauka u3rotoBneHus MUHEPasbHbIX 3/1EKTPOAOB Cy/bPUAHbIX MUHEPA/IOB
Fig. 1. Process for the handicraft sulfide mineral electrodes

SMZ 1500 (Nikon, finoHwus) ans Boioene-
HWS MOHONUTHBIX Y4acTKoB. BblaeneHHble
yyacTku pasmepoM 10x5x5 MM oTpesanuch
C NMOMOLLbIO aBTOMAaTUYECKOrO OTPE3HOr0
ctaHka Mecatome T300 (Presi, ®paHuus)
C BOA0OX1aXKAA0LLLEN CUCTEMON aNiMa3HoO-
ro AMCKa. DNEeMeHTHbIN aHanu3 BblaeNeH-
HbIX Y4acTKoB BbinonHeH Ha COM Quanta
650 c sHeprogMcnepcMoHHOM NPUCTABKOWM
EDS (MLA650) 1 POA (Elvax Light SSD)
(Tabn. 1).

B skcnepumeHTax B KauecTBe peryns-
Topa pH ucnonb3oBaHbl 5%-Hble pacTBo-
pbi H,SO,, NaOH u Ca(OH),, B kavectse
MOOM(WKATOPOB Cpeabl — MEPOKCUL
(H,0,), ceprmctbiit Hatpuit (Na,S) u Tho-
cynbgat Hatpus (Na,S,0,).

MeTonMKa U3roTOBNEHNSI MUHEPasbHbIX
3NEeKTPOLOB COCTOUT U3 ClefyoLmX 3Ta-
MoB: Ha 0bpa3ubl CynbhULoB NpUnansaeT-
cs npoBogHuk ucnonHeHns COAX-D-AE
MHIOMEBBIM MPUMOEM C NMOMOLLbI TEPMO-
perynupyemoro (80— 350 °C) nasnbHuka
DT70 (CXG, KHP) mowHocTeto 70 Br.
MonyyeHHas cncTeMa 3aKpennseTcs B Lu-
NNHAPUYECKUI NNAaCTUKOBbLIN CTEPXKEHD C
MOMOLLbHO ABYXKOMMOHEHTHOM 3MOKCUAHOM
cmonbl Akepox 1005 (Akemi, ®PI) ¢ mo-
IMOULUMPOBAHHBIM MOIMAMUHHBIM OTBEP-
auTenem u panee yctaHasnueaetcs BNC-
pa3beM.

Mepen n3mMepeHMEM 3NMEKTPOLHbLIX MO-
TEHLMaNnoB MWHepabHble 31eKTPOAb
npenBapuTeNibHO NOMUPYHOTCS Ha Wando-
BaJIbHO-MOMMPOBabHON ycTaHoBKe Roto

Pol-35 (Struers, anus) c Hacagkon PdM-
Force-20 (puc. 1).

PacyeT aHeprum KpucTanInmyeckomn pe-
LIETKW, XapaKTepu3yHoLLEen GprU3nMKo-XUMu-
YecKuMe CBOMCTBA CYNbdUAHbIX MUHEPANOB,
BbinoniHeH no A.E. MepcmaHy:

U=256,1x(X(l,+k,)), 1)

roe | — 4MCno MOHOB B XMMMYECKOM CO-
eaMHeHun; k — 3HepreTuyeckme kodbhu-
umeHTbl PepcMaHa.
MoTeHumnomeTpuyeckme nsmepenums E,
pH, Eh (OBIT) BbINnoNHeHbI Ha OpUrUHaNb-
HOW aBTOMaTM3MPOBAaHHOW YCTaHOBKE, OC-
HaLLeHHOW TEpMOCTAaTUPOBAHHON 4ENKOM
(obvemom 380 mn) ¢ perynvpyemMon Mexa-
HMYeckoun MeLankon. MNpumMeHsAnces MoHo-
mepbl pH 1 OBI1, nossonstoLume pukcmpo-
BaTb pH, OBI1, anekTpoaHble NoTeHUMansbI
MOHOCENEeKTUBHbIX 3N1eKTposfoB 1-ro v 2-ro
pofa B peasibHOM BPEMEHU (BCErO MOTYT
paboTaTb [0 5 3neKTpoLoB). DNEKTPOLOM
CpaBHeHus B napax ¢ pH-anekTponom u
OBIT1 6611 xnopcepebpsiHbIN 3NEKTPOA,
MN3mepeHuns pH nposoamnmce ¢ nomo-
wpoto anektposa DC-10603 u 3nekTpopa
cpaBHeHus DCp-10103; usmeperms OBIT —
nnaTuHoBbIM anekTponom IMB-1 v anekT-
popom cpaBHeHus DCp-10103. ns ynpas-
neHus u cbopa MHGOPMaLMKM MCMONb30BaH
KOMMbOTEP C AOMOMHUTENIbHO YCTaHOB/MEH-
HbIM MapasnenbHbIM NOPTOM, MO yrpasns-
OLLMM U UH(OPMALMOHHBIM LUMHAM KO-
TOPOro NepeaaroTCs CUrHabl yripaBneHus
MpoLLEeCcCcoM rnepeMeLLMBaHMS, Nepekove-
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1 — cuctTeMHble 6rnoku
(ynpaBnsieMbiil 1 U3MepUTENbHBIIA)
2 — noHomepsl, 2 ea.
2
Honomepnr U-160 M

| 33 I-I U
Qoo

il

7

3 — aneKkTpoapl (CTEKNSAHHBIV pH,
Xrnop cepebpsHbIi cpaBHEHWE,
nnaTtuHoBbIi (Pt) OB, MMHepanbHBIi)
4 — TepmogaTumk

5 — MexaHu4eckasi Meluarka

6 — KIoBETa C 3reKTpoAamm

7 — TepMocTaTMpOBaHHas AYenka
8 — nepucTansTUyeckue Hacochl

9 — kioBeTa ¢ paboymm pacTBOpoOM
peareHToB M HakonuTenbHas
KtoBeTa npobooTbopHuKa

Puc. 2. ABTOMaTMBMpOBaHHaH yCTaHoBKa C TepMOCTaTMpOBaHHOMH a4erikou 47158 NOTeHUMOMETPUYECKNX

U3MepeHU

Fig. 2. Automate device with thermostatically cell for potentiometric measurements

HWS M3MEPUTENIbHBIX 3NEKTPOAOB U CUU-
TbIBaHUS AAHHbIX C aHanoro-umMbpoBoro
npeobpazosatens. lNogaya MoaudmkaTopos
(Hzoz’ NaZS, N325293) WM ApYrX XnMK-
YECKUX COEOUHEHWN B SYeliKy OCYLLecTB-
NSETCS UHTErPUPOBaHHbIM NEPUCTaNbTUYE-
CKMM HacoCOM, KOTOpbIM NO3BONISIET OMnpe-
LEeNUTb KOHLEHTPaLMIO MOaU(UKaTOPOB B
A4erKe 3a CHET M3BECTHOM CKOPOCTU Nnoja-
um (puc. 2). MeToanka KMHETUYECKMX MO-
TEHLMOMETPUYECKUX UCCNEA0BaHNUM MPH-
BeseHa B [20].

Pe3ynbTaTbl M UX 06CyxaeHUe

Dur3nKo-XMMUYECKME CBOMCTBA Cynbhua-
HbIX MUHEPAJIOB 3aBUCAT OT Mopdonoruu,
CTPOEHMS aTOMOB, XMMUYECKUX U SHEPTeTH-
YeCKMX CBOMCTB KPUCTaNIOB. XMMMUYECKOM
TEPMOAMHAMMKOMN YCTAaHOBEHA B3aUMO-
CBSI3b YCTOMUMBOCTU XMMUYECKUX COeaMHE-
HWK C TennoToun ux obpasosaHus. Cornac-
HO TEPMOXMMMUM, HaMBONbLLEN YCTONYMBO-
CTbtO 06/1aJat0T XMMUYECKUE COEOUHEHMS,
00pa3oBaHMe KOTOPbIX COMPOBOXAAETCS
HanMbOoNbLUUM BblAENEHUEM TEMOThI.

B Tabn. 2 npuBeneHbl peynbTaThl pac-
YyeTa 3Heprum KpUCTaNINYeCcKOW pPeLleTKu
cynbdUAHbIX MUHEPAOB.
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TeopeTuueckue pacyeTbl 3HEPTUM Kpu-
CTa/IMYECKUX PELIETOK CYyNbPUAHBIX MU-
HepasnoB MoKa3bIBakOT, YTO KOCBEHHO Hau-
6onblUer YCTOMUYMBOCTbIO 061aatoT Mo-
NNBLEHUT, apCEHONMUPUT U CTUBHMT.

DHeprus KpUCTaaIMuyeckon peLueTku:
MoS, < FeAsS < Sb.S, < CuFeS, < FeS <
< PbS.

PacueTHas peakuMoOHHas CMOCOBGHOCTb
M oKMCnfeMocTb cynboduaos: Sb.S, <
< MoS, < PbS < CuFeS, < FeAsS < FeS,
[21].

B pesynbTaTe uccnenoBaHui GnoToak-
TUBHOCTU CyNb@UIOB KPYMHOCTbO —44+
+10 MkM B Tpybke XannumoHga byTuno-
BbIM KCaHTOreHaTOM B HEMTpasbHOW cpe-
Ae nonyyeH cnepytowmn pag [21]: MoS2 >
>5Sb,S, > PbS > FeS, > CuFeS, > FeAsS.

AHanu3 peakUMOHHOM CMOCOBHOCTH,
OKUCISIEMOCTU U (DNIOTOAKTUBHOCTM CYJlb-
¢unooB nokasasn, 4To Hanbonee ruapodob-
Hbl MONMBAEHUT, CTUBHUT U FaNeHUT, YTo
COrnacyeTcsi C pesynsTaTaMu pacyeTa 3Hep-
FUM KPUCTANIIMYECKON PELLIETKU MUHEPAJIOB.
[aneHuT 0bnafaeT HauMeHbLLUEN SHEPTU-
€1 KpUCTaNINYeCKOn peLleTKu, YTo, BO3-
MOXHO, CBSI3aHO C MEHbLLMM 3HepreTuye-
CKMM Ko3bdurumeHToM Pb?*,



Tabnuua 2

Pe3ynb'ra1'b1 pac4yeTa Ans oueHKU sHeprun Kpncrannuqecxoﬁ peLwieTku

cyn bd)M.qH biIX MUHepasioB

Calculation results for estimating the crystal lattice energy of sulfide minerals

MuHepanbl Paauyc noHos, A DHepreTuueckue U, Kkan/monb
ko3¢ duumeHTbl PepcmaHa

Mo* = 0,68 Mo* =8,5

MonnbpeHut S =174 S =115 2766
Fe** = 0,67 Fe**=5,15

ApceHonupuT As*=1,70 As* = 2,65 2292
ST =174 S*=1,15
Sb** =1,95 Sb** =123

CTUBHUT S =174 S =115 2062
Cu*=0,9 Cu*=0,7

Xanbkonuput Fe** =0,83 Fe* =212 1311
ST =174 S*=1,15
Fe** = 0,83 Fe?* =212

Muput S =174 s =115 1132
Pb%* =1,32 Pb?* = 1,65

[aneHnT S =174 s =115 717

BmecTte ¢ TeM okucamTenbHo-BoccTa-
HOBUTEJIbHbIE NPOLLECCbl Ha MOBEPXHOCTU
CyﬂdeM,D,OB OKasblBakOT CyLLECTBEHHOE B/IUA-
HMe Ha Mpouecc B3anmMomencTeus dnorta-
LUMOHHbIX peareHToB C MUHEepasiaMu.

Ancopbuus cobupatenei, a Takxxe B3au-
MO,EI,EIZCTBVIE OKUCINTENIbHO-BOCCTAHOBU-
TeNbHbIX MOHOB U3MEHAOT BHEKTDOAHbIVI

a) 400,00
200,00 O

>
:En -200,00 o<

T

~~ 5
—

Wi’ -400,00 = 3
-600,00
800,00 e—uq . =t
-1000,00 5 4 5 6 7 8 9 10 11 12 13

=#-5b2S3 {101}-e-Sb2S3 {010} pH

=#-MoS2 {1010}-e=MoS2 {0001}-e-PbS

noTeHUMan noBepxHocTu MuHepanos. C oa-
HOM CTOPOHbI, U3MEPEHUSI 3N1EKTPOLHOMO
noTeHLMana cynbGuaos No3BonsoT onpe-
LEeNNTb COCTOSIHME MUHEPaSIbHOW NOBEPX-
HOCTM, C APYroM — OLEHUTb YCNOBUS A0-
CTUXKEHMSI U303/1EKTPUYECKOr0 COCTOSIHUS
MOBEPXHOCTU MUHEPANOB M UX droTaum-
OHHbIX CBOMCTB.

©) 400,00
300,00
200,00

@ 100,00

s

w 0,00

-100,00

6
7
-200,00
8
-300,00
10

=@-FeS2 -0-CuFeS2 -e-FeAsS

1 12 13
pH

2 3 4 5 6 7 8 9

1-Sb.S 11 (At = -898,27%0,80 MB), 2 - Sb,S, "% (At = 177,760,37 mB),
3 - MoS, (1% (At = -375,42 £1,25 MB), 4 - MoS 1 (At = 149,50+0,84 mB),
5 - PbS (At =-72,53%0,72 MB), 6 - FeS, (At = 125,41 0,46 mMB),
7 - CuFeS, (At = -39,70+1,57 mB), 8 - FeAsS (At = 74,34%0,26 mB),
[loBepUTeNbHasi BepOSITHOCTb pacnpenenenus CrbtoneHTa P > 0,90
Puc. 3. 3aBMCMMOCTb 371€KTPOAHOIO NMOTEHLMAaNa MUHepPabHbIX 3NeKTPoaoB oT pH cpeabi
Fig. 3. Electrode potential sulfide versus pH
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Puc. 4. KuHetnyeckue 3aBUCUMOCTY 37IEKTPOAHOIO MOTEHLMANA MUHEPATIbHbIX 3NEKTPOAOB CybpUA0B OT
KoruenTpaumm H,0,, Na,S,0,, Na,S B auctunnmposarHosi soge (pH,  5,5): Sb,S (™% (a); Sb,S ™ (6);
MoS, 1% (g); MoS o) (r) PbS (,q) CuFeS, (e); ® - aucTunnmposanHas Boga; AosepmreﬂbHan BEpoAT-
HOCTb pacnpeqeneHMﬂ CrbrogeHta P > 0,90

Fig. 4. Kinetic curves of the electrode potential of sulfide mineral electrodes on the concentration of H,0,,
Na,S,0,, Na,S in distilled water (pH_, 5.5); Sb,S. 1% (a); Sb,S 1% (b); MoS, " (v); MoS,11%'% (g); PbS (d)'

27273
CuFesS, (e); 0 - distilled water; confidence probab:l:ty of Students d:str:but:on P>0.90
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Ha puc. 3 npuBeneHbl pe3ynbTaTtbl U3-
MEepEeHU 3NeKTPOAHOrO NOTEHLMaNa Cy/b-
bUAHBIX MUHEPANIOB NMPU PasHbIX YCOBU-
X NMOATOTOBKM U BennumMHax pH.

CTnBHUT 0bnapaeT coBepLLEHHOM cnai-
HocTbto no rpaHu {010} n HecosepLeHHOM
no Topuy {101}. MonnbaeHunT obnapaet
BeCbMa COBEPLLEHHOW CMalHOCTbIO MO rpa-
Hu {0001} m HecoBepLueHHOM MO TOpLY
{1010}.

DneKTpoaHbIN NOTEHLMAN MUHEPaANbHbBIX
371eKTPOLOB CTMOHUTA M MonMbaeHuUTa,
MOLrOTOBEHHBIX MO FPaHu 1 TopLyy, OT/IU-
YaeTCs MO 3HaYeHWsIM MOTeHUMana B Au-
CTUANMPOBaHHOV Bode, norpaHn E, 10 =
= +177,76 mB n E,, ™ = +1455 B
M no Topuam KpVICTaﬂﬂOB cynbdnaos

(01 = -898,27 mB n E, 0" =
=395,42 mB.

B nnanasoHe 2-12 pH anekTpogHbIn
noTeHUMan CTMBHUTA U MoNMBAeHMTa Mo
rPaHU OCTAETCS BMONOXKMUTENIbHOM 06nacTH
BnnoTb o pH 10 v nepexonuT B 0TpuLa-
TenbHyto obnacte (E, % = -77,46 mB
nE, {0001} -15,79 Mf33 B CU/IbHOLLLESI04-
HOM MBBeCTKOBOVI cpene (pH > 11). Mo Top-
Ly 3MeKTPOAHbIM MOTEHLMaNn OCTaeTcs B
oTpuLLaTeNbHOW 06MacTy Ha BCeM Auana-

)K) 400
200

H,0,

.’-W

0 %

Na,S,0;

-200

-400

-600 Na,S

-800 C

0 30 60 90 120 150 180 210 240 270 300
102%M

0 037 074 1,10 1,47 1,84 2,21 2,57 2,94 3,31 3,68
H,0,: At = +322%1,23 mB;
Na S O At =-20,93%1,08 mB;

27273
Na,S: At = -580,14%5,30 mB

30He uccnepyemoro pH. B cpasHeHun co
CTUOHWTOM ¥ MONMBAEHUTOM OTpULLATESb-
HOe 3HaYeHWe 3M1eKTPOAHOro NMoTeHLMana
raneHuTa caguraetcs npv pH 2-7 B okuc-
NUTENbHYH 06/1acTb, C NMOBbILLEHWEM LLe-
nouHocTu cpenbl (pH 8-12) — nepexogut
B BOCCTAHOBUTEJIbHY!O.

B oTnunume ot TpyaHOOKUCISIEMBIX Cy/b-
(b1IoB BENMYMHA 3NEKTPOAHOIO NMOTEHLMA-
na nupuTa, apCeHONMMPUTA U XalbKONUpu-
Ta MEpexoAuT B OTpULLATE/IbHYH 06N1acTb
c nosbiwweHvem pH > 8.

YCTaHOBNEHO, YTO 3HAYEeHUS 3NeKTPos-
HbIX MOTEHLMANoB U peakLMOHHas Cro-
COBHOCTb OTIMYALOTCS A/ MUHEPabHbIX
3N1EeKTPOJOB CTUBHMTA U MOIMBAEHUTA, U3-
FOTOBJIEHHbIX MO CMAaMHOCTU U TopLaM.

M3yyeHbl BIMSHUS Ha 3NeKTPOLHbIV NOo-
TeHumMan cynbduaos — MoanduKaTopoB
cpenbl npu GpnoTaumm — CEPHUCTOrO HaT-
pus, TMocynbdaTa HaTp1s U MepoKcuaa Bo-
0poja B AUCTUNNIMPOBAHHOM BOAE pme
5,5 (puc. 4).

B npucytcteun okucautens (H,O,)
3NeKTPOAHbIN noTeHuman ctnbHmTa {010}
CABUTaeTCs B OKUCIUTENbHYIO 06nacTb
c +177,76 po +237,56 MB, a anekTpoaHbIi
noteHuman monnbaeHnTa {0001} He usmens-

3) 200
100

0
-100
-200 X
-300
-400
-500
-600

-700
0 30

E, mB

Na,S

C
60 90 120 150 180 210 240 270 300
10%Mm

0 037 0,74 1,10 1,47 1,84 2,21 2,57 2,94 3,31 3,68

H,0,: At = +154%4,6 mB;
Na,S O At =-351,01%0,10 mB;

27273

Na,S: At =-589,77+3,53 mB

Puc. 4. KnHeTuuyeckme 3aBUCUMOCTHM 31EKTPOAHOIO MOTEHUMANA MUHEPAbHbIX 3/1EKTPOAOB cynbdmgos ot
koHuenTpaumn H,0,, Na,S,0,, Na,S B auctunnmposanHon soge (pH,  5,5): FeS, (); FeAsS (3) - auc-
TUIMPOBaHHas BOAa; aosepmreanaﬂ BepoATHOCTb pacnpeaeneHns CTbroaeHTa P >0,90

Fig. 4. Kinetic curves of the electrode potential of sulfide mineral electrodes on the concentration of H,0,,
Na,S,0,, Na,S in distilled water (pH, , 5.5); FeS, (zh); FeAsS (z); ® - distilled water; confidence probability of

Student's distribution P > 0.90
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eTca U Konebnetcs B aAnanasoHe ot +133,20
1o +149,50 MB; oTpuuatenbHble 3Ha4YeHUs
NoTeHLMana M1HepaabHOMo 31eKTpoAa CTMG-
Huta {101} nmonnbaeHnTa {1010} ymeHsb-
watotca ¢ -898,26 oo -855,30 MB u
c -375,41 no -260,65 mMB B cooTBeTCTBUM
C KOHLIEHTpaLMen Nepokcmnaa Boaopoaa.
Mpw BBEAEHWMM B peaKTOp BOCCTAHOBM-
TeNen 3NeKTPOAHbIA NOTEHUMAN CTUBHUTA
{010} nepexoauT B BOCCTAHOBUTENBHYHO 06~
nactb ¢ +177,76 no -108,16 MB (Na,S,0,)
nc +177,76 no -513,63 MB (Na,S). Inekr-
pofHbIN noTeHuman monmbaeHnTa {0001},
aHanoru4Ho, ymenbwaercs ¢ Na,S O,
(c +149,50 po +32,92 mB) u c Na S ne-
PEXOAMNT B BOCCTAHOBUTEJIbHYHO O6J1aCTb
(c +149,50 mB po -482,12 mB). OTtpuua-
Te/IbHOE 3HaueHWe NeKTPOAHOrO NoTeHLMA-
na ctnbHmta {101} n monnbaeruta {1010}
HexapaKTepHO CABUIaeTCs B OKUCIUTENb-
Hyto obnacTb B npucyTcTeumn Na,S O, 1 Na,S.
DKCMEepMMEHTAIbHO YCTaHOB/EHO, l-ITO
MONNBAEHUT U CTUBHUT B 3aBUCUMOCTM OT

Tabnuua 3

YCNOBUS UX MOLTOTOBKM — MO CMaHOCTU
WK NEPNEHaUKYISIPHO CNakHOCTU — 06-
NajatoT aHU30TPOMUer MOBEPXHOCTHbIX
CBOWCTB KpWUCTannoB [22], BausioLLent Ha
MOBEPXHOCTHbIe CBOMCTBA CY/1bUAO0B.

B otanume ot MonnbaeHunTa n CTUBHUTA
3NEeKTPOLHbIN NOTEHLMAN rafeHnTa, Nupu-
Ta, apCEHOMMPUTA M XaNIbKOMUPUTA OXKM-
[,AaeMO CLBUTaeTCs B OKUCIUTENbHYH 06-
nactb npu seeaeHun H.O, u cmewwaeTcs B
oTpuLaTeNbHYHO 061acTb B MPUCYTCTBUM
Na,S,0, n Na,S. Hanbonblyto pasHuuy
3NeKTPOLHOro MoTeHumana cynbhuaHbIX
MWHepanos co3aaeT Na,S B cpaBHeHUM C
Na,S,0,.

OnpeneneHbl cKOPOCTU M3MEHEHUS! 3MEKT-
POAHbIX MOTEHLMANOB CynbhUL0B B Npu-
CyTCTBUMU HZOZ, Na,S, Na,S.,0, B anctu-
nvposaHHou Boge pH _ 5,5 (Tabn. 3).

MonyyeHHble 3KCMEpUMEHTabHbIE pe-
3yNbTaTbl MOKa3aau BIUSIHWE YCNIOBUIA MOA-
FOTOBKM KPUCTAI/IOB MUHEPASbHbIX 3MEeKT-
POAOB Ha 3 U3MEHEHUS 3NEKTPOAHbIX MO-

CkopocTb (9) n3MeHeHUs1 31eKTPOAHbIX NOTEHLMAIOB CYyNbdHA0B
The speed (3) changes of electrode potential of sulfides

Mune- | Ycnoeus |bes mogudumkaTopa Na,S Na,S,0, H,0,
panbHbIit | nogro- . . . .
3NeKTPoA | TOBKM 9, mB-ct| AE,MB |9, MB-c!| AE, mMB | 3, MB-c!| AE, MB |3, MB:ct| AE, MB
Sb.S, Egigg 0,0103 | +7,56 | 0,0153 |+618,50 00244 |+287,50| 0,0222 | -53,38
{0001}
Mos, | 190M) 00139 | +140 | 00209 +631.62) 00034 +11657 00146 | +17,7
{101}
Sb.S, 00082 | -573 | 00113 |-192,66 0,0176 | -89,70 | 0,009 | 41,29
Toped,
{1010}
Mos, | 100000113 | 42063 | 00302 -85.98 | 00108 | 17,76 | 0,0050 |-11476
PbS Eéggi 0,0079 | +68,50 | 0,0152 |+555,45 0,198 |+431,63| 0,0106 |-249,11
Fes, Eéggg 0,0083 | +17,39 | 0,0122 |+578,16| 0,0112 | +96,22 | 0,0091 | -119,50
FeAsS Eig:g 0,0069 | +4,93 | 0,0103 |+540,40| 00154 |+328,64| 0,0128 | ~54,05
CuFes, E,ﬁii 0,0178 | +30,37 | 0,0091 |+436,90 0,0089 | -83,05 | 0,0156 |-169,69
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TeHumanos. CTMBHUT, npurotoBneHHbIV no cnavHoct {010}, obnagaet Hambonbuein 3
W3MeHeHWs 3NeKTPOIHbIX MoTeHUManos B npucyTcTeum kak Na S 0, (0,0244 E-c™), Tak
m H,0, (0,0222 E-c*), B cpasHennn ¢ MoS, {0001} (0,0034 u 0 0146 E-c?), 3a nck-
filodeHiem NaZS rae 3 M3MeHeHwus BHEKTpOLI,HOFO noteHumana sbiwe y MoS, {0001}
(0,0209 E-c?). B cnyuae cTrbHMTA M MONMBLEHUTA, MPUrOTOBAEHHbIX MO TopuaM
Sb S3 {101} Takxe obnapaeT Haubonbluen 3 U3MEHEHUS 3NEKTPOLHOrO MOTEHLMana
c Na ,5,0, n H,0, (0,0176 v 0,0091 E-c") B cpasHennn ¢ MoS, {1010} (0,0144
0, 0050 E- c b, 3a MCKmoqumeM NaZS, roe 9 M3MeHeHUa 371eKTPOAHOro MoTeHUMana
Bbile y MoS, {0001} (0,0302 E-c™).

MonyyeH cnepyrowmii pas 3 U3MeHeHWs 3NeKTPOAHbIX MOTEHLMAN0B MUHEPASIbHbIX
3M1EeKTPOLOB MpU BBEAEHUMU MOAMbUMKAaTOPOB HNOTALMU B LUCTUIMPOBAHHYO BOAY

(pH,. 5.5):

0,0302 0,0209 0,0153 0,0152 0,0122 0,0113 0,0103 0,0091
Na,S:MoS, > MoS, > Sb,S, > PbS> FeS,> Sb,S; > FeAsS > CuFeS,
{1010} {0001} {010} {101}
0,0244 0,0198 0,0176 0,0154 0,0112 0,0108 0,0089 0,0034
Na,S,0, :Sb,S,> PbS > Sb,S,> FeAsS > FeS,> MoS, > CuFeS,> MoS,
{010} {101} {1010} {0001}
0,0222 0,0156 0,0146 0,0128 0,0106 0,0091 0,0091 0,0050
H,0, :Sb,S, > CuFeS,> MoS, > FeAsS > PbS > Sb,S;; FeS,> MoS,
{010} {0001} {101} {1010}

C MopudukaTopamm 6onee peakLMOHHOCMNOCOOHbI rpaHKu (NMAOCKOCTU) CTUBHUTA,
MONMGAEHUT Bonee yCTOMYMB K MOBEPXHOCTHBIM OKUCAUTENbHO-BOCCTAHOBUTENbHbBIM
peakLusM, YeM CTUOHUT, 33 UCKIIOYEHWEM peaKLIMM C CEPHUCTBIM HaTPUEM.

Takoke onpeneneHbl 3 U3MEHEHMS 3NEKTPOAHbBIX NMOTEHLMANOB MUHEPaIbHbIX 3eK-
TPOLOB B NMPUCYTCTBUM MOOU(MKATOPOB B KMCION U LLenoYHoM cpene (Tabn. 4).

C nosbiweHveM wenovHoctu cpeabl (¢ pH 4 no 10) § uaMeHeHus anekTposHoro no-
TeHUMana CTUOHUTA CHUXKAETCS, MONMBAEHUT Bonee YCTOWUMB K OKUCIIUTENbHO-BOCCTA-
HOBUTENIbHBIM MpOLEeccaM B CNaboKUCbIX CPeaax, C YBEMUYEHUEM LLEIOYHOCTU Cpespbl

Tabnuua 4

CKopocTb (9) u3MeHeHUs1 31eKTPOAHbIX NOTeHLManoB cynb¢pugos npu pH 4 u 10
The speed (93) changes of electrode potential of sulfides at pH 4 & 10

MuHe- | Ycnosus |Bes moaudukatopa Na,S Na,S,0, H,0,

panbHbIi| noaro-

3NeKTPOA TOBKM pH 4 pH 10 pH 4 pH 10 pH 4 pH 10 pH 4 pH 10

Sbs, | (000 00162 | 0,043 | 00239 | 00146 | 00231 | 00278 00212 0019
{0001}

Mos, | 1900 00128 | 00164 | 0,009 | 0,0095 | 00031 | 0,0051 | 0,0048 | 0,0053

Sb,s, | (i) 00047 | 0,0017 | 00184 | 00200 | 00159 | 0,0158 | 0,0135 | 00079
{1010}

Mos, | U0 0006s | 00067 | 0,0124 | 00409 00058 | 00206 | 0,0063 | 0,0050

Fes, | 1900 | 00083 | 0,0066 | 0,0218 00200 | 00186 | 0,0059 | 00164 | 00029

cures, | £°2) 10,0043 | 0,009 | 0,049 | 00178 | 0,0071 | 0,00% | 0,0060 | 00108
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pacTeT U 9 M3MEHEHWS INEKTPOAHOrO Mo-
TeHuMana.

3aknoueHue

CoBOKYMHOCTb BbIMOMHEHHbIX 3KCMe-
PUMEHTaNIbHbIX UCCNeA0BaHUM MO3BOU-
Nla BrepBble YCTAaHOBUTb aHM30TPOMNMIO
3NEKTPOAHBIX MOTEHLMAN0B MUHEpPa/b-
HbIX 3/IEKTPOLOB SbZS3 n MoS2 B 3aBU-
CMMOCTM OT YCNIOBUSI UX MOATOTOBKM (MO
CNanHOCTU MK MEeprneHaUKYNSIPHO Cnan-
HOCTW), BAMSIOLLMX KaK Ha MOBEPXHOCT-
Hble, TaK U Ha TexHonoruuyeckue (pnoTa-
LIMOHHbIE) CBOWCTBA CyNbhUAO0B.

YcTaHOBNEHO, YTO B MPUCYTCTBUMU MO-
ondrkaTopoB Honee peakLMOHHOCNOCO6-
Hbl rpaHu (NNOCKOCTU) CTUOHMUTA, YeM
TOpUbI; MONNBAEHUT Gonee YCTOMUMB K
MOBEPXHOCTHbIM  OKUCIUTENbHO-BOCCTA-
HOBMTE/IbHbIM peakLMaM, YeM CTUBHMUT.

C noBbllIEHMEM LLENOYHOCTM Cpeabl
CKOPOCTb M3MEHEHWS! 3/IEKTPOLHOIO NOTEH-

CITMCOK JIMTEPATYPbI

LMana CTMBHUTA CHMXKAETCS, YTO Cornacy-
€TCS C U3BECTHbIMU aHHbIMM 06 YMeHbLLIe-
HWUM peaKkLMOHHOM CMOCOBHOCTU CTUBHMTA
B LLeSIoYHoM cpegde. Y MonnbaeHuTa, Ha-
NnpoTWB, B LUENIOYHONM cpefe pacTeT CKo-
POCTb M3MEHEHWs 3M1EeKTPOAHOMO MOTEH-
LMana, YTo yKasblBaeT Ha boNbLUYO peak-
LIMOHHYIO CMOCOBHOCTb MONMBAEHUTA B
LLLeSIOYHOM Cpeae No CPaBHEHWUIO CO CTUB-
HUTOM, YTO COI/IAaCyeTCs C M3BJIEYEHUEM
MOJSIMBAEHNTA B LLEIOYHOW CPELE B CyYae
NpUMeHeHUs CyNbbruapuabHbIX MOHOMEH-
HbIX cobupaTtenen.

MonyyeHHble pe3ynbTaTbl UCCNENOBaHMIA
0ObACHAOT 0COBEHHOCTM B3aMMOLENCTBUS
MOAMGbUKATOPOB C MOBEPXHOCTbIO TPYAHO-
OKMCNSIEMbIX CYNbDUL0B B 3aBUCUMOCTH
OT YC/OBMSI MOATOTOBKMU U LLENOYHOCTHU
Cpefbl, YTO MOXKET BbITb UCMO/L30BAHO NP
PELLEHMM HayUYHO-MPaKTMUYECKOMN 3a4a4m
MOBbILLEHUS KOHTPACTHOCTM hIOTaLMM TOH-
KOBKpanaeHHbIX pya.
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