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OKojornyeckue mpobiaemMsl npu pabo-
Te C PacTBOpaMM LMAHNUAOB M IIOTOKaMM
OTXOZOB OT LIMAHMPOBAHNUA B HEKOTOPBIX
palioHaxX OKa3bIBAIOT BAMAHNE HA YCTONYMN-
BOCTb BCeJl 30/I0TOJJ00BIBAIOIIE}T TPOMBIIII-
neHHOCTH [1]. YemnmaoTcs HOpMaTUBHBIE
TpeOOBaHMA Ha IPUMEHEHVE I TPaHCIIOP-
THPOBKY 3TOTO OIIACHOTO [JIA YeloBeKa
U OKpY’Kalolllell Cpefbl peareHTa. Takue
CTpaHbl, Kak lepmanns, Benrpus, Yexnus,
Cnosaxus, CHIA (mrar MonrtaHa) u Ap-
reHTVHa (HEKOTOpble IIPOBMHIVIA/IbHbIE
ropoja), 3alpeTIIN UCIIOIb30BaHNUe Ia-
HUJIA TIPY [IOTyY9eHM 30710Ta [2].

Bcé Oonmpuie MupoBoe COO6IECTBO
CKJIOHSIETCSI K TIOMCKAM a/IbTePHATUBHBIX
METOJIOB, KOTOpble CMOTYT 3aMEHUTD IIV-
aHmpoBanue [3]. braromaps cBoeit HeTOK-
CUYHOI TPUPOJE, MPUEMIEMBIM CKOPO-
CTSIM BbIII[e/TaYMBaHMsI 30/I0TA ¥ BBICOKOMY
U3BJIEYEHNIO 30710Ta U3 CYAbPUIHBIX PV,
CofiepKallX Mefib ¥ YITIEPOJMCThIe MaTe-
puansl, TUOCYIbGATHOMY BBIIIETAYNBA-
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PucyHok 1 — @opmbl cepbl [8]

HUIO OIarOPOJHBIX METAIOB YHEeNsIeTCs
Bce 6osblee BHMMaHue [4].

OcHoBHBIe TTPOOIEMBI THOCYTb(ATHO-
To TIpoliecca CBA3aHbI C PA3TIOKeHNEM JJaH-
HOTO peareHTa U ero pereHeparyeii, 3To
IOBBIIIAET €T0 PACXOf U, C/IeJOBATETbHO,
TPaHCIOPTHBIE 3aTPaThI [1].

[71s1 30710TO- U CepebPOHOCHOTO CHIPbS,
COfleprKalllero 97eMEHTAPHYI Cepy, Ipo-
O7eMa BBICOKOTO pacxofia THMOCYIb(hATHO-
r0 peareHTa MOXXeT OBITb pellleHa IyTeM
UCIIO/Ib30BAHMS 9JIEMEHTAPHON Cephbl st
cuHTe3a THoCcynbdara ¢ JampHenmnum 060-
pOTOM pPacTBOPOB HeMNpeMenbHbIX (GopM
Cepbl.

O6pasoBanne Tnocynbdara mpyu B3an-
MOJIEVICTBUM CEPBI M CYIbGUTA IPOUCXOUT
1o peakuum [5-7]:

ITepeBop, ceppl B aKTMBHOE COCTOSHME
I yBeIMYEHUsA CKOPOCTM €€ pacTBope-
HUS BO3MOXKeH npu pobasneHnn NaOH,
TOTJIa IPOLeCcC UAET IO CAEAYIOLMM peaK-
LVAM:
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PucyHok 2 — BnusHue TeMnepaTtypbl Ha CTe-
NneHb nepexopa cepbl B pPacTBOpP OT BPEMEHU npw
00220 HJ'I/MMH,' GN32503=3,0 T/T S; GNaOH=288 KI'/T S
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PucyHok 3 — BnuaHue TeMnepaTtypbl Ha cTe-
neHb nepexoda cepbl B PacTBOP OT BPEMeHU Mnpu
002=O,4 HJ'I/MI/IH,’ ONaZSO3=3:O T/T S,’ ONaOH=288 KF/T S
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PucyHok 4 - BnusHue TemnepaTypbl Ha cTe-
neHb Mnepexopa cepbl B PacTBOpP OT BPEMeHU Mnpwu
002=3 H}'I/MI/IH; GN32503=3,O T/T S; ONaOH=288 KI'/T S
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PucyHok 5 — CreneHb nepexona obLien cepbl B pac-
TBOP B BUAE TUOCYNbdaTHOM, CyNnbdUTHON, cynbdup-
HOM U NonncynbdGUAHOM cepbl OT BPEMEHU B onbiTe 16
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PucyHok 6 — 3aBUCMMOCTb KOHLEHTPALLUU TUOCY Tb-
daTHOro aHMoHa B pacTBOpe OT BpeMeHu A1 OnMbl-
To810,11,12,13

Tuocynbdar MertacTabuneH M MOXeT
nepexofnTh B apyrue ¢opmel. Ilop Bam-
SHJMEM Pa3INYHBIX (PAKTOPOB OH MOXeET
IIpeBPAIAThCA B CYTbPUT, CYyIbPUS, CyIb-
¢daT, NONMUTHOHATHI, 9NEMEHTAPHYIO Cepy
(cMm. puc. 1). DTO IPUBOAUT K HOBBIIIEH-
HOMY pacxofjy peareHta u oOpa3oBaHNIO
NACCUBYPYOIUX CYTb()UIHBIX IVIEHOK Ha
IIOBEPXHOCTM YacTUI| JAparMeTayioB. Tu-
ocynbdar MOKeT OBITh pereHepupoBaH U3
MeTacTabMIbHBIX (OPM, HO CynbgaTHas
dbopma sABIsAETCS CPAaBHUTENBHO CTAOUIIb-
HOJI 11 TIepexof] B Hee THOCy/Ibdara onpepe-
nsieT 6e3BO3BpaTHBIE OTEpH [8].

VccnemoBanoch  BIMAHME — Pa3/IMYHBIX
(bakTOpOB Ha MPOLIECC PACTBOPEHNSA STEMEH-
TApHOII Cepbl CYIb(GUTOM, TAKIX KaK PACcXOf
I[e/IOYN, PacXof CyIbQNTa, TeMIeparypa
npouecca, JK:T, cooTHoIIeHne cepbl U CyIlb-
¢uTa, IPONO/KNUTETLHOCTD IIPOLIECca, PAcXof
KIC/IOpOfa. VIcXonHble JaHHbIe IPYBEeHbI B
TaOmme 1.

Haub6omnpias CTeIeHb pacTBo-
peHMsT Cepbl XapaKTepHa [JIs1  OIBI-
ToB 6e3 mopmayum  KUCIOpOja  Ipu

T >80 °C (cm. puc. 2). s mponecca mpu T
= 70 °C BIMAHME KUCIOPOAA HA pacTBOpe-
HII€ CYIIeCTBEHHO He BBIPAXKEHO.

[IpoaHanuanpoBaB pes3ynbTaTbl, MOX-
HO CJIe/IaTh BBIBOJ, YTO CTEIEeHb Iepexofia
cepbl B paCTBOP BO3PACTAET C POCTOM TeM-
IIepaTypsl U BpeMeH! KOHTAaKTa (CM. puc.



20 &, Yo

18 100

16 %0

14 80

12 o

10 -

8 50

6 40

4 30

2 20

0 7,4 10

0 1 2 3 4 5 6 7 8 o
——10 —o—11 ——12 —e—13 EKT=125 WKT=75 =KT=4

PucyHok 7 — 3aBMCMMOCTb CyMMapHOM KOHLLeHTpaLmm
cynbPUAHOM 1 nonucynbPUAOHON cepbl B pacTBOpe OT PucyHok 8 — 3aBr1CMMOCTb KOHLLEHTPALMM TUOCY b=
BpeMeHu ans onbito 10, 11 6e3 nogauun kucnopoga m ¢$aTHOro aHMoHa B PacTBOPE OT BPEMEHU AJ1S Ofbl-
12,13 — c nogavelt knucnopoaa T0812,14 115

Ta6bnuua 1 — NMNapameTpbl 3KCNEPUMEHTOB

NS mg,r XT T°C Gpraon t/tS  Grazsos t/tS Goy HA/MUH 1,4 o, % Pas6asu-

Tenb
1 80 12,5 60 0,29 3,0 0] 8 31,2
2 80 12,5 70 0,29 3,0 0] 5 75,2 D
3 80 12,5 80 0,29 3,0 0] 5 99,9 D
4 80 12,5 90 0,29 3,0 0] 5 99,9 D
5 80 12,5 60 0,29 3,0 3,0 8 53,5 D
6 80 12,5 70 0,29 3,0 3,0 6 75,5 D
7 80 12,5 80 0,29 3,0 3,0 5 57,5 D
8 80 12,5 90 0,29 3,0 3,0 5 51,6 D
9 80 12,5 60 0,29 3,0 0,4 8 74,5 D
10 80 12,5 80 0,29 1,63 0] 8 82,5 D
n 80 12,5 80 0,00 0,88 0 8 241 C+D
12 80 12,5 80 0,29 1,63 0,4 8 66,6 D
13 80 12,5 80 0,15 0,88 0,4 8 375 C+D
14 52,5 75 80 0,29 114 0,4 8 73,4
15 105 4,0 80 0,14 0,86 0,4 8 38,0
16 52,5 75 80 0,29 1,52 0,4 8 75,2

MosicHeHue k Tabnuue 1. ms — ncxogHasa mMacca aneMeHTapHow cepbl, OnaoH — YAENbHbINM pacxon Liesoyu,
GNa2s03 — YAEeNbHbIN pacxon cynbouta Hatpus, Gor — pacxon KUCNopoaa, T — NPOLOIXUTENbHOCTb NpoLLecca,
® — UToroeas cTerneHb pacTBopeHus cepbl, D —guctunnnpoeaHHas Boaa, C — 060poTHbIN pacTBop.

Ta6bnuua 2 — NapaMeTpbl 3KCNepUMeEHTa

Bbixon,
) o GNaoH, GNa2s03/ Go2, Tromr Pas6a-
Ms,r XT T,°C  pHew Kr/T /TS H/MUH Y TBEF:;I,OI’O, BUTESb
(o]
60 7 80 6,06 245 1,52 1,5 12 29,9 D

m
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PucyHok 9 — BnusHue X:T Ha cTeneHb nepexona cepbl
B pactBop npu Gop=0,4 Hi/MuH, T=80°C
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PucyHok 11 — 3aBUCUMMOCTb KOHLLEHTPaLUM TUOCYSb-
daTHOro aHMoHa B pacTBope OT BPEMEHM

2-4). Ilpu BemeHuu nporecca 6e3 mopaun
KICTIOPOfia CKOPOCTb PacTBOPEHMS Cephl
3HAYNTE/IbHO 3aBUCUT OT TeMIIepaTyphl, C
Ha4a/IoM II0fja4yt KVICIOPOJa BIVISTHIE TeM-
IepaTypsl pe3Ko CHIpKaercs (cM. puc. 3
u4).

C yBenmnyeHneM TeMIEpaTyphl U C Te-
YeHIEeM BpEMeH) BIVSIHNE IIPOIeCCOB,
IPUBOJALINX K HAKOIUIEHVIO MO/TVBAJIeHT-
HBIX OpPM cephl, CyIbPUIOB M TIEMEHT-
HOJI Cepbl, BO3pacTaer.

Ba)kHO OTMeTUTD, 4TO IIpK TeMIlepaTy-
pe 60 °C ckopocTb 00pa3oBaHMs TUOCYIIb-
¢ar-10Ha MOXXeT OBITh HEJOCTATOYHOI /IS
3¢ (PeKTUBHOTO BbIIEIAYMBAHN 30/10TA 1
cepebpa, B TO ke BpeMs IIpu TeMIeparype
80 °C pacTBopeHMe cepbl IPOUCXOAUT JIO-
CTaTOYHO OBICTPO.

Bo Bpemst mpoBefeHIs ONBITOB OTOVpa-
JIUCh TIPOOBI PacTBOPOB IS OLpefe/IeHNs
cocTaBa XXUAKOM (asbl B 3aBUCUMOCTU OT
BpeMeHM. COITIAaCHO pe3ynbTaTaM XVIMM-
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PucyHok 10 — M3BnedeHune cepebpa 1 3on0ta B pac-
TBOP B 3@aBUCMMOCTU OT BPEMEHMU

yeckoro aHam3a (ombIT 16), Ha THOCY/Ib-
datHyI0 cepy y)ke 4epe3 2 4 IOC/Ie Havaa
nporecca npuxoautcs 6onee 90 % oT Bcex
HelpefieNIbHbIX GopM cepbl 1 okono 70 %
CYMMApHOI1 Cepbl B IIpo1jecce.

B onbrtax 10-13 mccnenoBanoch BAus-
HIle 00OPOTHBIX THOCYIb(ATHBIX PACTBO-
POB Ha COCTaB PaBHOBECHOI BOJHOI (pasbl.
B onpite 11 B KauecTBe 00OPOTHOTrO pac-
TBOpPA UCIIO/Nb30Ba/IM KOHEYHBINI PacTBOP
nocse omnbiTa 10, a B onbITe 13 UCMOIb30-
BaM B KauyecTBe OOOPOTHOTO pacTBOpa
KOHEYHBII pacTBOp Iocnie ombita 12. V3-
MEHEeHIe COREp)KaHUA TUOCYIbPATHOTO
aHIOHA OT BpPeMeHU /I NAHHBIX OIIBITOB
IpeJcTaBjieHa Ha puc. 6. Vicnonb3oBaHue
00OpPOTHBIX PacCTBOPOB ITO3BOJIAET YMEHb-
IINTD PACXOJ, IeTI0UM U CYyIbPuTa, 0becme-
qyBas HeOOXOAVIMYIO KOHIIEHTPALIMIO THO-
Cynb(haTHOTO aHNOHA B pacTBope. Takxe
BO3MOXKHO HAaKOIUIEHUE IIO/NMBaT€HTHBIX
dbopwm cepsr (cMm. puc. 7).



Bnuaune JK:T Ha mpouecc pactBope-
HIS Cepbl CYTbPUTOM PacCMOTPEH Ha IIpu-
Mepe onbIToB 12, 14 u 15. Ilo pucynkam 8 u
9 MOXKHO cZieflaThb BBIBOJI, YTO YMEHbILEHNE
JK:T He mpuBeIoO K CHIDKEHNIO KOHILIEHTPa-
LU THOCY/Ib(ATHOTO aHUOHA, IIPU ITOM
CTeIleHb IIepexoia Cepbl B paCTBOP CHU3U-
J1ach, YTO MOXKET OBITH CBA3AHO € O0TIee HU3-
KM pacxofioM Ieno4yyu. CTOUT OTMETUTD,
4yT10 cHIDKeHMe JK:T mosBomnser cokpaTuthb
pacxoppl 11enoun U Cynb(ura HaTpuA s
HO/Ty4YeHVsI HeOOXOAVIMBIX KOHIIEHTpPALNil
THOCY/Ib(]AT-MIOHA B pacTBOpe.

B pesynbrare NpoOBeNEHHBIX MUCCIENO-
BaHUII OBUIN OIpefie/IeHbl TapaMeTphl A1
NOCTEeNYIOIINX MCCAENOBaHUI TIpoliecca ¢
peasbHbIM MaTEPUATIOM:

« Temneparypa 60-80 °C;

e yHE/IbHBIN pacxop,
0,5-1,5 u1/muH;

KICTIOpOTa

e yrenbHbIN pacxon NaOH 250-270 kr/T
57IEMEHTHOJ Cepbl B KeKe BbIIIe/Iaul-
BaHVA IpU IIepPBOHAYA/IbHOM 3aITyCKe

n 150-170 Kr/T — npu UCIIOIb30BAHUA
00OpPOTHBIX PaCTBOPOB;

e VAENBbHBI pacxof Cyrbdura Ha-
tpua 700-800 Kr/T 91€MeHTHON
ceppl B  KeKe  BblllleNauMBaHNUA

OpyM TepBOHAYAIBHOM 3allyCKe W
70,0-80,0 Kr/T mpu WMCTOIH30BAHUHU
00OPOTHBIX PAaCTBOPOB.

JanbHeille yTOYHEHUA IapaMeTpOB
IPOBOAMINCH JI/IA MaTepuaja, Copeprka-
IIero 37eMeHTapHyo cepy, 150-250 r/r
cepebpa, 1-5 r/T 3onora. B pesynbrare
IIPOBEMIEHNA VICCIEIOBAHMI Ha TAaHHOM Ma-
Tepuaze (CM. Tabmuny 2) ObUIM TOCTUTHY-
Tbl M3BJIeYeHMA O/IarOPOIHBIX METAJI/IOB,
IpeficTaBeHHble Ha pucyHKe 10, usmene-
HIIe KOJIMYeCcTBa THOCYIbdaTa B pacTBOpe
OT BpeMeHU — Ha pucyHke 11.
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SULFITE DISSOLUTION OF ELEMENTAL SULFUR
TO PRODUCE THIOSULFATE

Bekirova B.R.!, Archipov S.A.!
Nietz Technologies, Saint-Petersburg, Russian Federation
bekirova-v@gidrometall.ru

Environmental problems when working
with cyanide solutions and waste streams
from cyanidation in some areas affect the
sustainability of the entire gold mining
industry [1]. Regulatory requirements
for the use and transportation of this
reagent, which is deadly to humans and
the environment, are being strengthened.
Countries such as Germany, Hungary,
the Czech Republic, Slovakia, the USA
(Montana) and Argentina (some provincial
cities) have banned the use of cyanide in
gold mining [2].

The world community is increasingly
inclined to search for alternative methods
that can replace cyanidation [3]. Due to its
non-toxic nature, acceptable rates of gold
leaching and high extraction of gold from
sulfide ores containing copper and carbon-
containing materials, thiosulfate leaching
of precious metals is getting increasing
attention [4].

The main problems of the thiosulfate
process are related to the decomposition
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Figure 1 — Forms of sulfur [8]
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of thiosulfate and its regeneration,
which increases its consumption and,
consequently, transport costs [1].

For gold- and silver-bearing raw
materials containing elemental sulfur, the
problem of high consumption of thiosulfate
reagent can be solved by using elemental
sulfur for the synthesis of thiosulfate and
turnover of solutions of unsaturated forms
of sulfur.

The formation of thiosulfate in the
interaction of sulfur and sulfide occurs by
reaction [5-7]:

The conversion of sulfur to the active
state to increase the rate of dissolution of
sulfur can be achieved by adding NaOH,
then the process proceeds according to the
following reactions:

Nazs + S = Na282 (4)

Thiosulfate is metastable and can
pass into other forms of sulfur. Under the
influence of various factors, it can turn
into sulfite, sulfide, sulfate, polythionates,
elemental sulfur (see Fig.1). This leads
to increased reagent consumption and
the formation of passivating sulfide films
on precious metals. Thiosulfate can be
regenerated from metastable forms, but
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Figure 2 — The effect of temperature on the degree
of transition of sulfur into solution from time at
G02=0 nl/min; Gna2s03=3,0 t/t S; GnaoH=288 kg/t S
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Figure 3 — The effect of temperature on the degree
of transition of sulfur into solution from time at
002=O,4 nl/min; ON32503=3,O t/‘t S,’ GNaOH=288 kg/t S
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Figure 4 — The effect of temperature on the degree of
transition of sulfur into solution from time at Gpy=3
nl/min; GNa2503=3,0 t/t S; GNaOH=288 kg/t S
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Figure 5 — The degree of transition of total sulfur into
solution in the form of thiosulfate, sulfate, sulfide
and polysulfide sulfur from time in the experiment 16
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Figure 6 — Dependence of the thiosulfate anion
concentration in solution from time for experiments
10,11,12,13

the sulfate form is relatively stable and the
transition of thiosulfate into it determines
irretrievable losses [8].

The influence of various factors on the
process of dissolution of elemental sulfur
with sulfite was studied, such as alkali
consumption, sulfite consumption, process
temperature, L:S, sulfur-sulfite ratio, process
duration, oxygen consumption. The initial
data are given in Table 1.

Explanation to Table 1 : mg — the initial
mass of elemental sulfur, Gy,og - the
specific consumption of alkali, Gyus03
- the specific consumption of sodium
sulfite, G, — oxygen consumption, T - the
duration of the process, w - the final degree
of dissolution of sulfur, D - distilled water,
C - acirculating solution.

The highest degree of sulfur dissolution
is typical for experiments without oxygen
supply at T > 80 ° C (see Fig. 2). For the
process at T = 70 ° C, the effect of oxygen
on dissolution is not significantly expressed.

After analyzing the results, this can be
concluded that the degree of transition of
sulfur into solution increases with increasing
temperature and contact time (see Fig. 2-4).
When conducting the process without oxygen
supply; the rate of sulfur dissolution significantly
depends on temperature, with the beginning
of oxygen supply, the effect of temperature
decreases sharply (see Fig. 3 and 4).
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Figure 7 — Dependence of the total concentration of
sulfide and polysulfide sulfur in solution from time
for experiments 10, 11 without oxygen supply and 12,
13 with oxygen supply

Table 1 — Experimental parameters
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Figure 8 — Dependence of the thiosulfate anion

concentration in solution from time for experiments
12,14 and 15

NS ms,g LS T°C Gpaow t/tS  Grazsos t/tS  Gop nl/min 1,4 o, % Diluent
1 80 12,5 60 0,29 3,0 (¢} 8 31,2 D
2 80 12,5 70 0,29 3,0 0 5 75,2 D
3 80 12,5 80 0,29 3,0 0 5 99,9 D
4 80 12,5 90 0,29 3,0 0 5 99,9 D
5 80 12,5 60 0,29 3,0 3,0 8 53,5 D
6 80 12,5 70 0,29 3,0 3,0 6 75,5 D
7 80 12,5 80 0,29 3,0 3,0 5 57,5 D
8 80 12,5 90 0,29 3,0 3,0 5 51,6 D
9 80 12,5 60 0,29 3,0 0,4 8 74,5 D
10 80 12,5 80 0,29 1,63 O 8 82,5 D
n 80 12,5 80 0,00 0,88 O 8 24,1 C+D
12 80 12,5 80 0,29 1,63 0,4 8 66,6 D
13 80 12,5 80 0,15 0,88 0,4 8 37,5 C+D
14 52,5 75 80 0,29 114 0,4 8 73,4 D
15 105 4,0 80 0,14 0,86 0,4 8 38,0
16 52,5 75 80 0,29 1,52 0,4 8 75,2

Explanation to Table 1: ms — the initial mass of elemental sulfur, GNaOH - the specific consumption of alkali,
GNayS0O3 — the specific consumption of sodium sulfite, GO, — oxygen consumption, t — the duration of the
process, o — the final degree of dissolution of sulfur, D — distilled water, C — a circulating solution.

Table 2 — Experimental parameters

GNaoH GNa2s03 Go2 The
Ms,g LS T,°C  pHyon ! ! ! Twow h proportion Diluent
kg/t t/tS nl/min of solid, %
60 7 80 6,06 245 1,52 1,5 12 29,9 D
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Figure 9 — Influence of L:S on the degree of transition
of sulfur into solution at Go»=0,4 nl/min, T=80°C
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With increasing temperature and over
time, the influence of processes leading
to the accumulation of polyvalent forms
of sulfur, sulfides and elemental sulfur
increases.

It is important to note that at a
temperature of 60 ° C, the rate of formation
of thiosulfate ion may be insufficient for
effective leaching of gold and silver, at the
same time, at a temperature of 80 ° C, the
dissolution of sulfur occurs quite quickly.

During the experiments, samples of
solutions were taken to determine the
composition of the liquid phase depending
on time. According to the results of chemical
analysis (experiment 16), thiosulfate
sulfur accounts for more than 90 % of all
unsaturated forms of sulfur and about 70
% of the total sulfur in the process within 2
hours after the start of the process.

In experiments 10-13, the effect of
circulating thiosulfate solutions on the

0 2 4 6 8 10 12

—8—Ag —8—Au

Figure 10 — Extraction of silver and gold into solution
depending from time

Figure 11 — Dependence of the
thiosulfate anion concentration in
solution from time

composition of the equilibrium aqueous
phasewasstudied. Inexperiment 11, the final
solution was used as a circulating solution
after experiment 10, and in experiment 13,
the final solution was used as a circulating
solution after experiment 12. The change
in the content of the sulfate anion from
time for these experiments is shown in Fig.
6. The use of circulating solutions reduces
the consumption of alkali and sulfite,
providing the necessary concentration of
thiosulfate anion in solution. Accumulation
of polyvalent forms of sulfur is also possible
(see Fig. 7).

Influence of L:S effect on the process of
sulfur dissolution with sulfite is considered
by the example of experiments 12, 14 and
15. According to Figures 8 and 9, it can
be concluded that the reduction of L:S did
not lead to a decrease in the concentration
of the thiosulfate anion, while the degree
of transition of sulfur into the solution
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decreased, which may be due to a lower
consumption of alkali. It is worth noting that
the decrease in L:S allows you to reduce the
costs of alkali and sodium sulfite to obtain
the necessary concentrations of thiosulfate
ion in solution.

As a result of the conducted research,
the parameters for subsequent studies of the
process with real material were determined:

- temperature 60-80 °C;

- specific oxygen consumption 0,5-1,5
nl/min;

- specific consumption NaOH 250-270
kg/t elemental sulfur in the leaching cake

at the initial start and 150-170 kg/t — when
using recycled solutions;

- specific consumption of sodium sulfite
is 700-800 kg/t of elemental sulfur in the

leaching cake at the initial start and 70.0-
80.0 kg /t when using recycled solutions.

Further refinement of the parameters
was carried out for a material containing
elemental sulfur, 150-250 g/t of silver,
1-5 g/t of gold. As a result of research on
this material (see Table 2), the extraction
of precious metals was achieved, shown
in Figure 10, the change in the amount
of thiosulfate in solution from time -
in Figure 11.
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