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BeepeHue

B coBpeMeHHOM Mupe IUIATHHOBbIE
MeTaJUIbl IPUoOPeTaoT Bce Oobllee 3HA-
JeHle B TaKMX O00TacTAX KaK aBTOMOOM-
JIeCTpO€eHMe, IEKTPOTEXHUKA, MefUIIHA
u p. MeTaios, OObIBaeMBIX C CBIPbEM,
CTQHOBUTCSI MEHbIIIE, @ CAMU OHU 3a4aCTyI0
emle 1 TpygHomocTynHbl. g AO «Ypana-
JIEKTPOMe[Ib» MeTaJUIbl IIATMHOBOI TPYII-
nel (MIIT) sBAAIOTCA CONMYTCTBYIOIIMMMU
97IeMEeHTaMM U IIOCTYIIAIOT Ha IUIaBKY CIIIa-
Ba cepebpsiHo-30moToro (CC3) B cocrase
my1aMa MepieaneKTponuTHoro; C33 panee
HaIpaB/AT Ha adpduHMpoBanue [1].

[Tpu nepepaborke CC3 60biIast 4acTh
Ha/Ulafyid MepexXomuT B a30THOKMUCIIBIN
pactBop cepebpa, U3 KOTOPOTO [OCTATOYU-
HO Ce/IeKTVBHO BIIOCIIE[[CTBUM V3BJIEKaeT-
Csl B BUJie KaTOJHOTO OCaJiKa KOHIIEHTpaTa
- KMIIT-OK cpegaum cocraBoM, %: 6,7 Pt,
91,7 Pd, 0,04 Rh. V3BneuyeHnne snemMeHTOB
n3 CC3 B KMIIT-OK coctaBnset, %: 90-92
Pd, 28-32 Pt u =30 Rh.

HepactBopennas gacts CC3, copeprka-
mas 10% Pd, 70% Pt u 50% Rh ot macchr
MIIT" B ucxognom C33, MOCTyIIaeT Ha OIIe-
paumio agpuHaxka 3010Ta. [laHHBIN 0CafOK
BMeCTe C JPYTUMU 30JI0TOCOAEPKAIIVMMU
MaTepHanaMy IepelUIaBlIsAeTCs Ha TpaHy-
bl ¥ PacTBOPSIETCA B PACTBOPE «ILAPCKOIL
BOJKI». 30/I0TO U3 PACTBOPA OCAXKMAIOT B
BUJie IIOPOIIKA; IIPY 9TOM s obecreye-

HUA TONy4eHus 13 Hero adpPuHMPOBAH-
HOTO 307I0Ta, OCTaTOYHYI0 KOHLIEHTPaLUIO
MeTajUla IOAJEeP>KMBAIOT Ha YPOBHe Oortee
5 r/pm3. VI3 o6eHEeHHOTO pacTBOpPa I[BET-
Hble U JIparolieHHble MeTa/Ibl KOJIIEKTUB-
HO LIEMEHTUPYIOT Ha >KeIe30COoHep Kalix
MaTepuanax. IlonmydaeMblli IpOgyKT Ha3bl-
BaeTCs 1IeMEHTAaTOM IIPOM3BOJICTBA 30710Ta
(III13). ITpu ero mepBOHAa4YaIbHOM PacTBO-
PEeHMM MaKCUMaJIbHO BBIIEJIAIOT 307I0TO,
KOTOpPO€ HAIpaB/IAT HA IUIABKY T'PaHYII,
a 13 pacTBOpa, COJEPrKalllero I[BEeTHbIE U
IUTATMHOBBIE MeTAJI/Ibl KOJIJIEKTUBHO Ile-
MeHTanyeil mnomydaior mnopouok (KM-
I1I-11). ITo cocTaBy M CBOVICTBAM JAHHBII
IPOAYKT O/IM30K K TEXHOT€HHOMY CBHIPbIO,
a M3y4eHue IIapaMeTPOB €ro nepepaboTkn
HpezcTaBisieT 0coObIlt MHTepec [2].

OcHoBHas 4Yactb

IlemeHTaT TPOM3BOACTBA 30710TA 00-
pasyercs B ap(PUHAKHOM OT[ETIEHUN XM-
MIKO-MeTa/uryprudeckoro nexa (XMII)
BC/IE[ICTBYE BOCCTAHOBJICHNA JparMeTar-
JIOB U3 OTPabOTaHHBIX PACTBOPOB OCAX-
lleHVs1 30710Ta 0O0OPOTHOTO U PacTBOPOB
ocaxpennsa KMIIT-nopomka. Copepxa-
HIEe OCHOBHBIX KoMmIloHeHTOB B IIII3 cre-
nyromee, %: 12-30 Au, 2-6 Ag, 14-32 Pt,
5-15 Pd, 2-8 Rh, 25-35 npumecn (Cu, Se, Te,
Fe u S - mo 10% xaxpasd, a Takxe apyrue
a71eMeHTHI) [3].
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PucyHok 1 — MpuHUMnmnanbHas TeXHonornyeckas cxema nepepadoTkm LIMN3

Jlna MatepmasoB TOZOOHOTO cOCTaBa
BO3MOXKHA IepepaboTKa KaK C KOJUIEKTVB-
HOVI OYMCTKOI OT IIpUMeCeNt, TaK U C Ce/leK-
TUBHBIM MW3BJIEYEHMEM [PATOLEHHBIX Me-
Ta/10B. COCTaB IOTy4YE€HHBIX IIPOAYKTOB I
3¢p(eKTBHOCTb VX W3BJIEYEHUA 3aBVICUT,
HaIIpYMep, OT NPUPOABI M CBOJCTB pac-
tBOpuTend. Ilonydyenne MHAMBUIYaTbHBIX
IPOAYKTOB BBICOKOJ YMCTOTBI MOXET CO-
IIPOBOXK/IA€TCA MHOTOYVC/IEHHBIMU CTAJIy-
AMY OYNCTKY, CTIOXKHOCTBIO allllapaTypHOTO
odopMIeHN, N XKe COBOKYITHOCTBIO JJaH-
HbIX (pakTopos [4]. Ha AO «Ypamanekrpo-
Mefu» OblIa OpPraHM30BaHA TEXHOJIOTHYe-
CKas CXeMa, IIPe/ICTaB/IeHHas Ha PUCYHKe 1.

IIpu mnepepaborke IIII3 BosHuKaroT
CTIO>KHOCTYI IIPU €T0 PACTBOPEHUY U (Ppuib-
Tpauy TONy4eHHON nynbnbl. Ilommmo
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3TOTO, INMPOLECC XapaKTePU3yeTcs M3MEH-
YYBBIMM IIOKa3aTe/AMM U3B/IeYeHuit Au
u MIIT' B pacTBOp, B HEPACTBOPEHHOM >K€
ocTaTkKe IOMMMO XJIOpufa cepedpa MOXKeT
copepkarbcst 5-10% Rh, 1-20% Pt, 1-15%
Pd, 1-40% Au, 4TO IpMBOAUT K yBemmde-
HUIO KOMMYeCTBa HAXO[AIIMXCS B 000poTe
[IparoleHHbIX METaJI/IOB.

B pamkax mpencraBieHHON pPaboOThI
ObITa MCCIe0BaHa BO3MOXKHOCTD OIITVIMU-
sanuy nepepaborku 1113 ¢ MuHMMaNIbHBI-
MU MaTepualbHBIMU U TPYOBBIMU 3aTpa-
TaMI.
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PucyHok 2 — MpuHuynmnanbHas cxeMa nepepaboTtku LIM3 ¢ npegBaputenbHbIM 06XUIOM

TeopeTunyeckas yactb

Hna mccnepyemMoro Marepmana B Kade-
CTBE BbIIIENAYMBAIOLIETO AT€HTA MCIIO/Ib-
3YIOTCSl PacTBOPBI «LJApCKOM Bopkm». Oc-
HOBHbIE peaKIU PacTBOPEHUs MOXKHO
IpeACTaBUTh B BUJie CIEAYIOLMX ypaBHe-

HUI:

3Pd+18HC+4HNO;->3H,PdCl+4NO+8H,0 (5)

Rh+6HCHHNO;>H,RhCl+NO,+2H,0 (6)

3Cu+6HCl+2HNO;>3CuCl,+2NO+4H,0 (7)

2Se+4HCl+2HNO,;»SeCl+2NO,+H,Se0,+2H,0 (8)

3Au+12HCH3HNO;>3HAuClL+3NO+6H,0 (1)

3Ag+3HCI+HNO;->3AgCl+2H,0+NO (2)

3Pt+18HCI+4HNO,;>3H,PtCl+4NO+ 8H,0 (3)

3Pt+12HCH2HNO,3H,PtCl,+2NO+ 4H,0 (4)

S$+2HCI+2HNO,>SCL+2NO,+2H,0 (9)

3Te+18HCIH4HNO;3H, TeCl+4NO+8H,0 (10)

Fe+3HCI+HNO;>FeCl;+NO+2H,0 (11)
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PucyHok 3 — MNpoponxutenbHocTb pacteopeHma LIMN3 u dunbrpaumm pactsopos

PactBopeHne B «11apCKOMl BOJKE» IIPO-
BOJAT IpU C/IEAYIOIMX Iapamerpax: 1)
otHoureHue T:K = 1:5; 2) npogomxuTennb-
HOCTb 2,5-4 yaca; 3) remrieparypa 85-90 °C;
4) koo duimeHT N36bITKA A30THO KICIIO-
ThI 1,2.

CoKpaTUTb pacXofi peareHTOB MO>KHO
IyTeM CHIDKEHUA COfIep>KaHUA IIpUMec-
HBIX 3/IEMEHTOB B IleMEHTaTe, KOTOpoe
JIOCTUTAETCA OKUCTUTETbHON 06paboTKOI
- TpepBapuTenbHbIM oOxkurom. ITommmo
BO3MO)XHOCTM OTIOHKM JIETY4MX KOMIIO-

HeHTOB (Se, S) Ha IOBEPXHOCTH poaus Oy-
IeT 06pa3oBBIBATHCA TPYSFHOPACTBOPYMAs
renka tpuokcuga (Rh,0;) He pactBOpnm-
Masg B «IIapCKOJl BOJKE», YTO IO3BONAET
BBIIE/IUTD €T0 B BUJie VHAVMBULYATBHOIO
npopykTa [5]. B aTrom ciydae B HepacTBO-
PeHHOM ocTatKe nocne pacrsopenns 1113
IO/DKEH OCTAaThCsA XTIOpUJL cepebpa 1 OKuc-
JeHHbI1 popuit. PactBopuB xymopup cepe-
Opa, HallpyuMep, B pacTBOpe CynbduTa Ha-
TpUA, MOXKHO TTOTYYUTD MHVBU/yaTIbHBIN
pOnVeBbIN KOHILIEHTpPAT.

Ta6nuua 1 — Coctae LIMN3 go v nocne obxura, %

HanmeHoBaHue Au Ag Pt Pd Rh Cu Se Te
NcxoaHbin 15,8 47 19,8 6,5 7,0 53 0,56 1,78
MNocne ob6xura 21,0 6,1 26,8 94 9,3 6,0 0,0M 2,1

Ta6nuua 2 — CoctaB NpoAyKTOB nepepadoTkm ob6oxkeHHoro U3, %

HanmeHoBaHme Au Ag Pt Pd Rh Cu Se Te
3onoto obopotHoe 99,30 0,02 0,18 0,20 0,00 0,00 0,00 0,06
KoHueHTpat poavs 0,15 0,25 117 0,58 45,00 9,30 0,01 3,80

Ocapok cepebpa 0,00 99,59 0,00 0,00 0,00 0,00 0,00 0,00
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PucyHok 4 — Mukpodotorpacdum ncxogHoro LM3 (a, 6) u nocne obxura (B, r)

MpakTuyeckas yacTtb

[IpenBapuTenpHble 1abOpaTOpHBIE IKC-
IIEPUMMEHTDI II0Ka3aay IPUHIUIINATIbHYIO
BO3MO)XHOCTb OTTOHKM OOJIbLIEN YacTu
JIeTy4UX KOMIIOHEHTOB (Se, S) ¢ momy4eHn-
€M HepaCcTBOPUMOTO OCaiKa, COJEepKalllero
3HAYMUTENIbHYIO JOII0 OKMCIEHHOTO POJMA.
[Tony4yenue MHAMBUAYaTbHOTO POJVEBOTO
KOHIIEHTpaTa IPOBOJV/IN COITIACHO CXEME,
IIpEe/ICTABIEHHO Ha PUCYHKE 2.

O6>xur LITI3 npoBoawy mmyTeM moce-
JOBaTEIbHOTO YBENMMYEHUs TeMIIepaTyphl:
nepsblii 4ac — npu 150 °C; BTOpOI 4ac —
npu 350 °C; ¢ TpeTbero mo BOCbMOI 4achl
- npu 700 °C. Y6su1p Macch! LII13 3a cuer
YAaneHuA BIar 1 OTTOHKU JIETY4YNX KOM-
IIOHEHTOB cocTaBuia 32%.

PacTBOpeHne 000K KEHHOTO 1IeMEHTa-
ta nposopuayu npu JK:T = 5, remnepatype
85-95 °C B cMmecm KUCJIOT cOCTaBa, 00.%:
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85-95 HCI, 5-15 HNO;. HepactBopeHHbIit
OCAJIOK TIOABEPII ITOBTOPHOMY BBIIIle-
JIAYMBAHUIO — KOHAMIVOHVMPOBAHWIO — B
pactBope cynb¢ura Harpus (Na,SO;) npn
JK:T = 18 u koHueHTpauum pearenra 300
/M35 ajee U3 IOTy4YeHHOTO pacTBoOpa ce-
pebpa 661 monydeH ocanok (99,59% Ag).
[Iporiecc MOXXHO omMcaTh CAEAYIOLIVIMMA
yPaBHEHMAMMU:

AgCl+3Na,SO;>Nas[Ag(SO;);]+NaCl
(12)

Na;[Ag(SO;);]+NaOH->
>Ag|+Na,SO;+H,0 (13)
/I3 pacTBOPOB 11apCKO-BOZOYHOTO pac-
tBopeHys LT3 6b11 nonmydeH BHavaste oca-
JIOK 000POTHOTO 30/10Ta, 3aT€M KOJIJIEKTHB-
ublit iemeHTat (KMIII-IT) B cooTBeTCTBUM
C CYIECTBYIOIIVMM TEeXHOIOIMYECKIMNI
napaMeTpaMIL.

PesynbraTtbl U ux o6cyxaeHune
PesynbTarhl aHanmmsa XMMUYECKOTO CO-
craBa 1II13, ucxomHoro u mocne ero o6-
JKUTa, IpUBeleHbl B Tabmuie 1; cocTaBbl
IIOJTyYeHHBIX IIPOJAYKTOB OIepalnii Ipef-
CTaBJIeHBI B Tabmue 2.
[TonTBepK/leHa BO3MOXXHOCTb BbIfiE-
JIEHNSI VHAMBUAYaTbHOTO POJMEBOTO KOH-
HeHTpara. Ilo JaHHO TEeXHONOIrUM IONy-
4eH nareHT PO, mo3BonAnmmil IOTyInTh
HECKOJIbKO IIPOJYKTOB:
e OCaXJIEHHOE 30JI0TO, COfep>KaHue
Au > 98%;

e OCaX[eHHOe cepebpo, cofeprkaHme
Ag > 98%;

« konuenrtpar MIIIL, cogep>xanne Pt >
45% u Pd > 15%;

e KOHLIEHTpPAT poaus,
Rh g0 45%.

[Ipu ycnoBum npenBapuTeIbHOTO 00-

kura III3 6bUIO OTMEYEHO CHVDKEHUE
280

cofiep’KaHune

IIPOJIOJDKUTE/IBHOCTY €T0 PAacTBOPEHMs 1
COKpalljeHVie BpeMeHu (uabTpanym obpa-
3YIOIIeTICS TY/IBIIBI, YTO IPOJEMOHCTPUPO-
BaHO Ha PUCYHKe 3.

VccnepoBanusa (a3oBbIX IpeBpalile-
HUI B XOJie TIPOBEIeHN TEXHOTOTUIEeCKIX
omeparuit mepepaborku II13 ocmoxHs-
I0TCSI HE TO/NBKO 3HAYMTE/NTbHBIM KO-
YeCTBOM 9JIEMEHTOB, HO U opMaMu UX
HaXOXJeHUs B MaTepuane. MUKpOpeHTTe-
HocrieKkTpanbHbiil anam3 (MPCA) ucxon-
HOTO I[eMeHTAaTa [I03BOJIAEeT CeNaTh BBIBOJ
00 aMOppHOCTM MaTepuana, IOCKOIbKY
CTPYKTypUpOBaHHBbIe (aspl MPaKTUYECKU
OTCYTCTBYIOT (PUCYHKU 4a, 46).

Tonpko mocne mnpoBemeHUs obXura
LITI3 ormedaeTcss ob6pa3oBaHue KpUCTal-
Mn4eckux ¢as, 4acTb U3 KOTOPBIX MOXKET
ObITh MpeHTHUIVIpOBaHA. Hampumep, B
MaTepuarie Iocie 06Kura OblT 0OHapyXKeH
teruryput Mepu B e Cu;TeOg (Makammm-
HuT). Ero xpucrasmisl yetko ngeHTrdumm-
pytoTcs Ha MUKpodoTOorpadmax Ha pUCYH-
Kax 4B, 4.

CopepyxaHue Mefy B LleMEHTaTe Bapbu-
pyeTcs M MOXeT JOCTUIaTh 25%, IpU 9TOM
obpasoBaHre UeHTUDUIMPOBAHHOTO He-
PacTBOPMMOTO COEAMHEHNs] — TeJUIypUTa
Me[y — HEraTMBHO BJIMsET HAa KadeCTBO
KOHIIEHTpaTa pOAMs, CHIDKas MO0 Iie-
JIeBOro KoMIOHeHTa. O4YeBMIHO, YTO /LA
yBeIMYEHVsI COflePXKaHNUs PO B pOfye-
BOM KOHIIEHTpaTe He0OX0AMMO TIpeaBapu-
Te/IbHOE KOHAMIIVIOHMPOBAHME MaTepyania
OT Mefy M3BECTHBIMM METOJaMMU, Hallpu-
Mep, PacTBOpPEeHIEe B CEpHOIT KUCIOTe U
asparuimL.

3akJiroueHue
B xopme mpoBemeHHON paboThl OblTa
paspaboTaHa ¥ IPOMBIIUIEHHO OIpoboBa-
Ha NPVHIMINANbHAsA CXeMa IepepaboTKN
MHOTOKOMIIOHEHTHOTO CBIpPbs, COfeprKa-
IeTO KaK JiparolieHHble MeTa/mnbl (Au, Ag,



Pt, Pd n Rh), Takx n npumecHsble 971eMeHTHI
(Cu, Se, Te, S, Fe). Onncannass TexXHOJIO-
TUsI TIO3BOJISIET CEJIEKTUBHO BBIJIE/TUTD PAJI
IIPOZIYKTOB CO CIIEAYIOIIMM CORep>KaHueM
KOMITIOHEHTOB: 30710T0 (C,, > 98%), cepe-
6po (Cag > 98%), KOHLIEHTPAT METa/IOB
miatuHoBOM rpymmel (Cp, > 45%, Cpy >
15%), xkonuentpat popusi (Cgy, 10 45%).

B mporjecce o6xura mjs KOMM4ecTBeH-
HOTO IIepeBOjja POAMs B HEPACTBOPEHHYIO
¢dopmy ompenpenaomuM GaKTOPOM ABJIA-
eTcs TeMIlepaTypHbINl pexum. Onepanus

XapakTepusyeTcsa oOpasoBaHMEM TPYHHO-
PacTBOPUMBIX CO€IMHEHUII, B YaCTHOCTU
TeJUTypUTA MeIV; POIUI TaKXKe IIepeXOnnT
B OKIJC/IEHHYIO (pOpMY, YTO CHMXKAET ero
PacTBOPUMOCTDb B «IL]apCKOM Bopke». s
6oJee TIOMHOTO BBIE/NEHNS 0/1arOPOJHBIX
MeTa//IOB B VH/[MBM/yajbHble IPOAYKTHI
peKOMeHAIyeTcsA TIIpOBefieHNe IIpefiBapu-
TeJIbHOTO KOH[MILIMOHMPOBAHMA OT MeJH,
HaIlpyMep, B PacTBOpPE CEPHON KUCTIOTHI
IIpY A3paliyiL.
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Introduction

In today’s context, platinum metals are
becoming increasingly important in such
areas as automotive industry, electrical
engineering, medicine, etc. The number
of metals extracted from raw materials
is becoming smaller, and they are often
difficult to obtain. For JSC «Uralelektromed»
platinum group metals (PGM) are by-
elements in copper electrolytic slime, which
is sent for smelting to produce silver-gold
alloy (Ag-Au alloy), with Dore alloy being
further refined [1].

During processing, most of palladium
contained in the Ag-Au alloy goes into
silver nitrate solution, from which averagely
contained elements (6.7% Pt, 91.7% Pd,
0.04% Rh) are quite selectively extracted as
PGM concentrate-cathode deposit (PGMC-
CD). 90-92% Pd, 28-32% Pt and =30% Rh
are recovered from the Ag-Au alloy into
PGMC-CD.

The undissolved Ag-Au alloy residue
containing ~10% Pd, 70% Pt and 50% Rh
of the PGM weight, is fed to gold refining
operation. This residue together with other
gold-containing materials is re-melted into
granules and then dissolved in aqua regia.
Gold is precipitated from the solution
in the form of powder. In order to obtain
refined gold from the powder, the residual
concentration is maintained at more than 5
g/dm?3. Non-ferrous and precious metals are
cemented in bulk from the barren solution
with iron cementing agents. The obtained
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product is called gold-bearing precipitate.
When dissolving it, the maximum gold is
recovered at first, which is sent to melting
into granules. The solution containing
non-ferrous and platinum group metals
is subject to cementation to produce
the powder (PGMC-P). In terms of the
composition and properties, this material
resembles man-made raw materials and is
of great interest [2].

General

The gold-bearing precipitate is produced
in the refining department of Chemical
and  Metallurgical Shop of JSC
«Uralelektromed» as a result of precious
metals reduction from spent solutions
of recirculating gold precipitation and
solutions from PGMC-P precipitation. The
key components of the GBP are as follows,
%: Au 12-30, Ag 2-6, Pt 14-32, Pd 5-15, Rh
2-8, impurities 25-35 (Cu, Se, Te, Fe and S
of ~10 % each as well as other elements) [3].

The materials of similar composition
may be treated both by removal of impurities
in bulk and by selective extraction of
precious metals. The composition of
the obtained products and efficiency of
their extraction depend, in particular,
on nature and properties of the solvent.
Numerous purification stages, complex
instrumentation, or a combination of these
factors can have an effect on production
of high purity products [4]. The following
process flowchart has been implemented at
JSC «Uralelektromed» (Figurel).
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Figure 1 — Flowchart of GBP processing

Some difficulties emerge during
dissolving of this precipitate and filtration
of the residue after dissolution. The process
is characterized by varying values of Au and
PGM extraction into the solution, while the
undissolved residue in addition to silver
chloride may contain, %: 5-10 Rh, 1-20 Pt,
1-15 Pd, 1-40 Au, that leads to an increase
of recirculating precious metals.

In this work, we have investigated the
cost- and labor-saving opportunities for
optimization of the gold-bearing precipitate
processing.

Theoretical
For the material under study, “aqua
regia® solutions are used as a leaching
agent. The basic dissolution reactions are
described with the following equations:

3Au+12HCl+3HNO; - 3HAuC, + 3NO +6H,0 (1)
3Ag+3HCl+ HNO; > 3AgCl + 2H,0 + NO (2)
3Pt+ 18HCl+4HNO, - 3H,PtCl+4NO+8H,0 (3)
3Pt+12HCl+2HNO; - 3H,PtCl, + 2NO +4H,0 (4)
3Pd + 18HCl +4HNO; - 3H,PdCl +4NO+8H,0 (5)

Rh+6HCIl + HNO; > H;RhC + NO,+2H,0 (6)
3Cu+6HC +2HNO, - 3CuCl, + 2NO +4H,0 (7)
2Se+4HCl+2HNO; > SeCl,+2NO, + H,SeO; + 2H,0(8)

S + 2HCI + 2HNO, - SCL, + 2NO, + 2H,0 (9)
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Figure 2 — Flowchart of GBP processing with pre-roast

3Te+18HCl +4HNO; - 3H, TeCl+4NO +8H,0 (10)

Fe + 3HCI + HNO, - FeCl, + NO +2H,0 (11)

Dissolution in aqua regia is carried
out under the following conditions: 1)
S/L (solid/liquid) ratio=1:5; a 2.5-4-hour
duration; temperature 85-90 °C; nitric acid
excess ratio 1.2.

Reagent consumption can be reduced by
lowering impurity elements in a precipitate
through oxidation treatment — pre-roasting.
In addition to possible distillation of volatiles
(Se, S), rhodium oxide film (Rh,03), which
is insoluble in aqua regia, will be produced
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Solution to further
treatment

ing

on rhodium surface. It makes it possible to
extract rhodium as a separate product [5].
In this case, an insoluble residue of gold-
bearing precipitate dissolution is likely to
have silver chloride and oxidized rhodium.
Dissolution of silver chloride, for example,
in sodium sulfite solution, can result in a
separate rhodium concentrate.

Practical
Preliminary laboratory experiments
showed that distillation of the bulk of
volatiles (Se, S) is practically possible, with
an insoluble residue, containing significant
oxidized rhodium, being produced. A
separate rhodium concentrate is produced
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Figure 3 — Gold-bearing precipitate dissolution and solution filtration duration

as per the flow diagram shown in Figure 2.

The GBP is roasted by gradually
increasing the temperature: the 1t hour at
150 °C; the 2m hour at 350 °C; and the 31
to 8 hours at 700 °C. Loss of its weight
due to moisture removal and distillation of
volatiles stood at 32%.

Roasted precipitate were dissolved at
a L/S ratio of 5, temperature 85-95 °C,
in a mixture of acids (vol.%: 85-95 HCI,
5-15 HNO,). Insoluble residue underwent
repeated leaching (conditioning) in sodium

sulfite solution (Na,SO;) at a L/S ratio of
18 and sulfite concentration of 300 g/dm?,
which resulted in a silver deposit (99.59%
Ag). The process is expressed as follows:

AgCl+3Na,SO5;>Na;[Ag(SO;);]+NaCl (12)

Na;[Ag(SO,);]+NaOH->Ag|+Na,50,+ H,0 (13)

Solutions from dissolving the GBP
in aqua regia can result in a residue of
recirculating gold followed by PGMC-P

Table 1 — Chemical composition of the GBP before and after roasting, %

Precipitate Au Ag Pt Pd Rh Cu Se Te
Feed 15.8 47 19.8 6.5 7.0 53 0.56 1.78
Roasted 21.0 6.1 26.8 9.4 9.3 6.0 0.0m 21

Table 2 — Chemical composition of the products from processing

the roasted GBP, %

Product Au Ag Pt Pd Rh Cu Se Te
Recirculating gold ~ 99.30 0.02 0.8 0.20 0.00 0.00 0.00 0.06
Rh concentrate 0.15 0.25 117 0.58 45.00 9.30 0.01 3.80
Silver deposit 0.00 99.59 0.00 0.00 0.00 0.00 0.00 0.00
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Figure 4 — Microimages of the initial (a, b) and roasted (c, d) GBP

production according to the available
technological parameters.

Results and discussion
Chemical composition of feed and
roasted gold-bearing precipitates is given
in Table 1. Chemical composition of the
resultant products is given in Table 2.

Possible production of a separate
rhodium concentrate has been confirmed

According to this technology, a patent of
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the Russian Federation has been obtained,
which makes it possible to obtain several
products, such as:

o precipitated gold, Au > 98%;
o precipitated silver, Ag > 98%;

o PGM concentrate, Pt > 45% and Pd
> 15%;

o rhodium concentrate, Rh up to 45%.

Under the condition of preliminary



roasting of the GBP, a decrease in the
duration of its dissolution and a reduction
in the filtration time of the resulting pulp
were noted (Figure 3).

The studies of phase changes during the
processing of the GBP are complicated not
only by a significant number of elements,
but also by the forms of their presence in
the material. The X-ray microanalysis of
the initial precipitate is instrumental in
concluding that the material is amorphous,
since there are practically no structured
phases (Figure 4a, 4b).

Itis only after roasting that the formation
of crystalline phases is found, some of
which can be identified. For example,
copper tellurite in the form of Cu;TeOq
(mcalpineite) was found in the roasted
material. Its crystals are clearly identified in
the microimages in Figures 4c, 4d.

Copper content in the precipitate
varies and may reach 25%. However,
the formation of an identified insoluble
compound (copper tellurite) has an adverse
effect on rhodium concentrate quality,
reducing the Rh amount. Apparently, it is
necessary to pre-condition the material
from copper using well-known techniques,

such as dissolution in sulfuric acid under
aeration, to increase the rhodium content
in rhodium concentrate.

Conclusion

As aresult of the conducted work, a flow
diagram of processing a multicomponent
material containing precious metals (Au,
Ag, Pt, Pd, Rh) and impurities(Cu, Se,
Te, S, Fe) was developed and tested on an
industrial scale. The technology described
enables a selective extraction of a range
of products with the following content of
components: gold (C,, > 98%), silver (C Ag
> 98%), PGM concentrate (Cp, > 45%, Cpq
> 15%), rhodium concentrate (Cg;, up to
45%).

The temperature mode is a key factor
in the roasting process for the quantitative
conversion of rhodium to an insoluble
form. The process involves the formation
of insoluble compounds, such as copper
tellurite, while rhodium is also oxidized,
which reduces its solubility potential in
aqua regia. For a more complete extraction
of precious metals into separate products,
it is recommended to carry out pre-
conditioning from copper, for example, in a
sulfuric acid solution during aeration.
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