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Abstract: This article describes studies on improving reprocessing technology gold production cementate (GPC) formed in refining section
of chemical metallurgical shop at JSC Uralelektromed, in order to increase the extraction rate of targeted metals into marketable products,
diversification of production, achievement of economic effect due to increasing content of precious metals (PM) in individual concentrates.
The optimization of GPC reprocessing technology includes intensification of leaching of initial material and filtration of produced pulp, in
order to increase the extraction of gold and platinum group metals (PGM) into solution and decrease the circulated PM. This would allow
individual products (crude PM) to be obtained with minimum material loss and labor consumption. It is possible to increase rhodium content
in concentrate and to reduce its circulation by preliminary oxidating annealing at the temperature above 500 °C. At this temperature hardly
soluble trioxide Rh,05 is formed on rhodium surface, insoluble in aqua regia, thus allowing it to deposit in the form of individual product.
The influence of temperature and composition of gaseous phase was established upon oxidizing annealing of initial raw stuff ( = 500+750 °C)
on the composition of rhodium trioxide concentrate (15+45 % Rh,05). Reprocessing flowchart of gold production cementate was developed
and tested on commercial scale, allowing for the simultaneous production of several products: deposited gold (Au > 98 %), deposited silver
(Ag>98 %), PGM concentrate (Pt > 45 % and Pd > 15 %), rhodium concentrate (Rh = 15+45 %).
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HU U3BJICYCHU S 1IEJIEBBIX METAJIJIOB B TOBapHBIE NMPONYKTHI, TUBepcUdUKAILMK TTPOU3BOACTBA, MTOJYUYEeHUsT 9KOHOMIYecKoro 3¢ dexra
3a CYET YBEJIMUCHMU ST COMEPKAHUSI IparolleHHbIX MeTasioB (M) B MHIMBUAYaTbHBIX KOHIIEHTpaTaX. ONMTUMU3aLMsI TEXHOJIOTUY Tiepe-
pabortku LT3 mpenycmaTpuBaeT MHTEHCU(DUKAIMIO MTPOLECCOB BhILIEIAYMBAHUSI KCXOMHOIO MaTepuana u GuiabTpalnu moaydyeHHON
MYJbIbL IJIS1 YBEIUYCHUs MMOKa3aTeeid U3BJAeYSHUsI B pacTBOP 30J10Ta, METAJJIOB MaaTUHOBOM rpynnbl (MIII) u cHuXeHusT Haxomsi-
muxcst B o6opote JIM, 4TO MO3BOJUT MOTYYUTh MHIWBUAYATbHbBIC TPOAYKTHI (UepHOBbIe JIM) ¢ MUHUMaJIbHBIMY MaTepUaJIbHBIMU 3a-
TpaTaMu U TPYA0EeMKOCTbhI0. [IOBBICUTH coliepskaHUe POAUS B KOHIIEHTPATe U COKPATUTh €ro KOJIMYeCTBO B 000pOTE NpU MepepadboTKe
IIEMEHTAaTa BO3MOXHO MyTEM MPeBAPUTETbHOTO OKUCIUTEIbHOTO 00k ura mpu Temreparype cbiiie 500 °C, mpu KOTOPOii Ha MOBEPXHO-
CTU poaus o6pasyeTcsi TpyAHOpacTBOpUMBIi Tpuokeua Rh,03, He pacTBoOpsioLINiics B «1IapCKOI BOAKE», YTO MO3BOJISIET BBIIEIUTD €r0
B BUJI€ MHIMBUYaIbHOTO MIPOAYKTA. YCTAHOBJIEHO BIMSIHUE TEMIIEPATYPhl U COCTaBa ra30Boi (ha3bl MpK IMPOBEAEHUN OKUCIUTEIBHOTO
00xura ucxoHoro celipbs (f = 500+750 °C) Ha cocTaB KoHLUEHTpaTa Tpuokcuaa poaus (15+45 % Rh,03). Pazpaborana u onpob6osaHa B
MPOMBIIIIJIEHHOM BapraHTe cXeMa repepaboTKu eMeHTaTa MPOU3BOICTBA 30JI0Ta, KOTOPAsi MO3BOJISIET CEJIEKTUBHO MOy YU Th HECKOIb-
KO MIPOAYKTOB: 0OCcaxAeHHOe 30710TO (Au > 98 %), ocaxaeHHoe cepedbpo (Ag > 98 %), konuentpatr MIIT (Pt >45 % u Pd > 15 %), koH1eH-
tpat ponusi (Rh = 15+45 %).

KnoueBbie ci0Ba: IeMEHTAT MPOU3BOACTBA 30J10Ta, LIEMEHTAIUsI, IPATOLIEHHbIEe METAJIJIbI, OOXKWT, BblLeaYuBAHUE, PO U1, KOHLIEHTPAT
METaJlJIOB IJIATUHOBOM I'PYIIIBL.

Jlna uutuposanus: 3ensax S.J., Bounkos P.C., Tumodeen K.JI., Manbues I.W. [TorydyeHre KOHLIEHTpaTa pOAUS U3 LIEMEHTATa 30J10Ta.
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Introduction

The content of platinum metals in Ural ores is not
high, although at least 97 % of platinoids is extracted
from initial raw stuff to anode copper. In the techno-
logical circuit of copper production at OAO UMMC,
platinoids comprised in crude copper are supplied to
AO Uralelektromed. The head enterprise of the com-
pany is one of the largest copper refineries in Russia
constantly upgrading its technology. In the course of
copper electric refining, mud is generated contain-
ing precious metals (PM), %: 0.35—0.48 Au, 8.66—
11.31 Ag, 0.002—0.004 Pt, 0.025—0.052 Pd, 0.0009—
0.0025 Rh [1—3]. Subsequently, PM are concentrated
in silver gold alloy (SGA) which is transferred to refin-
ing [4—8]. Figure 1 illustrates the technological flow-
chart of SGA reprocessing at AO Uralelektromed. The
products of refining are gold and silver in ingots, as well
as platinum group meals concentrate (PGMC) in the
form of cathode residue and powder (PGMC-CR and
PGMC-P, respectively).

The growing consumption of platinum group me-
tals (PGM) together with increase in their price has led
to increasing interest to studies of selective production
of refined platinum metals, including the possibility of
selective extraction of platinum metals from multicom-
ponent technogenic raw stuff as exemplified by gold pro-
duction cementate (GPC) [9—13].

The gold production cementate is formed in refin-
ing section of chemical metallurgical shop upon PM
recovery by metal containing materials from waste
solution of recycling gold deposition and PGMC pow-
der, as well as washing waters of dust and gas captur-
ing system of melting stage. The content of main GPC
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components, % is as follows: 12—30 Au, 2—6 Ag,
14—32 Pt, 5—15 Pd, 2—8 Rh, 25—35 impurities. Im-
purities in GPC are presented by Cu, Se, Te, Fe and S
in amounts up to 10 % each, as well as by other com-
ponents [14—17].

In order to increase extraction of valuable compo-
nent and complexity of use of formed process products,
GPC is reprocessed both with the collective extraction
of impurities and with the selective extraction of pre-
cious metals [18; 19]. The composition of the products
obtained and efficiency of their extraction depend, in
particular, on the nature and properties of solvent [20—
22]. The production of individual products of high puri-
ty is accompanied by numerous stages of repurification
and complexity of the process hardware [23]. AO Ural-
elektromed currently operates the following flowchart of
GPC reprocessing (Fig. 2).

The higher duration (from 4 to 6 h) of cementate
dissolution stage should be mentioned. It is directly pro-
portional to the content of non-precious metals: this is
accompanied by a decrease in the specifications of direct
extraction of metals to targeted products (up to 50 % Au,
40 % Pt, 60 % Pd). It is also interrelated with the long-
term filtration of pulp after GPC dissolution in aqua re-
gia solution (from 0.5 to 2 h) due to amorphous structure
of the material.

The qualitative phase analysis of the initial ce-
mentate is illustrated in Fig. 3. While studying phase
structure of the material considered, the possibility of
existence of amorphous phases was established (halo
with the central point 20 ~ 46.89°) — up to 36 %, stipu-
lated by scatter from unordered phases. The expressed
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Fig. 1. Flowchart of PM refining at AO Uralelektromed

Puc. 1. [IpunuunuanbHas cxema apdunaxa M B AO «YpanaaeKTpoMeab»

lines in the diffraction pattern are probably referred
to AgAu.

The optimization of GPC reprocessing technology
stipulates for oxidizing annealing, leading to intensi-
fication of leaching of initial material and filtration of
obtained pulp aimed at improving extraction of gold
and PGM into solution and decrease in the content
of recycling precious metals, thus allowing individual
products to be obtained (crude PM), as well as to di-
versify the production process (production of rhodium
concentrate).

According to the existing technology, rhodium
is distributed between insoluble residue after GPC
leaching (~40 % Rh are extracted) and concentrate of
platinoid in the form of powder (PGMC-P, ~60 % Rh)

obtained by cementation. Rhodium content in the con-
centrate is 2—8 %. Rhodium content in PGMC powder
can be increased and its recirculating content can be
reduced upon GPC reprocessing by preliminary oxi-
dizing annealing at a temperature above 500 °C. At this
temperature hardly soluble trioxide Rh,0Oj; is formed on
rhodium surface, insoluble in aqua regia, thus allow-
ing it to be deposited in the form of individual product
[24—29].

The aim of this work was to improve the reprocess-
ing technology of cementate of gold production in-
cluding additional production of crude metals (silver:
Ag > 98 %, rhodium concentrate: Rh = 15+45 %) with
retention of gold quality (Au > 98 %) and PGM concen-
trate (Pt >45 % and Pd > 15 %).
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Fig. 2. Existing flowchart of GPC reprocessing

Puc. 2. [IpuHuunuaabHas cyuiecTByomas cxema nepepadorku I3
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Fig. 3. Qualitative phase analysis of initial GPC

(DiffracSuite EVA v6.0; ICDD PDF-2 2019, diffraction pattern fragment)

1 — AuAg; 2 — atacamite Cu,CI(OH)5; 3 — botallackite Cu,(OH);Cl; 4 — chlorargyrite AgCl
Puc. 3. KauecTBeHHBII (pa30BbIit aHamu3 poOsl «LI 113 ncxomHbIii»
(DiffracSuite EVA v6.0; ICDD PDF-2 2019, ¢pparmeHT nudpakTorpaMMbl)

1 — AuAg; 2 — arakanut Cu,CI(OH);; 3 — 6otamumakut Cu,(OH);Cl; 4 — xnopapruput AgCl
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Experimental

In order to estimate the possibility of production of
concentrate with a higher rhodium content, a series of
experiments were carried out according to the improved
flowcharts illustrated in Fig. 4.

The experiments differed in the conditions of oxi-
dizing annealing (Table 1). Annealing in test / was car-
ried out in a laboratory muffle furnace and compared
with the data on reprocessing of initial material (test 7.1,
see Table 2). Tests 2, 3 were carried out under industrial
conditions: electric furnace of indirect heating; mate-
rial layer height not more than 2 cm. The parameters of
other technological procedures were identical.

GPC leaching after annealing was carried out in
laboratory and commercial reactors at 85—95 °C and
L : S = 5 mixture of acids with the following composi-
tion, vol.% : 85—95 HCIl, 5—15 HNO;.

The chemical analysis of process products was car-
ried out using an inductively coupled Spectroblue plas-

ma atomic emission spectrometer (Spectro Analytical
Instruments, Germany). The final products were ana-
lyzed by atomic emission spectroscopy with spark emis-
sion of spectrum using a Spectrolab M12 (Germany)
emission spectrometer.

Samples of the cementate and products of its an-
nealing were also studied by X-ray phase analysis
(XPA) using a Bruker D8 Advance diffractometer
(Bruker Corp., USA) in the range of diffraction angles
20 = 15+80° in CoK-radiation with the increment of
0.025° using a LynxEye position sensitive detector. The
total time of recording was 7.5 h, the equivalent time
per step: 1860 s. The qualitative phase analysis was car-
ried out using Bruker DiffracSuite EVA v6.0 software
and database of reference diffraction spectra ICDD
PDF-2 (v. 2019). The quantitative phase analysis was
carried out in the Bruker TOPAS 5.0 full profile packa-
ge according to Rietveld.The crystalline phases were
taken from Crystallography Open Database (Cam-
bridge university, Great Britain). Micro images of the

GPC
Oxidating annealing Se0,, SO,
Dissolutions of GPC, ..
AgCl residue Na,SO, PGM solution
l l after dissolution
AgCl dissolution (conditioning) l
l l Deposition of recirculating gold
Rh cake Ag sulfite l l l .
solution NaOH Recirculating Wash PGM solution
l l l gold waters after
Residue deposition
washing Silver deposition
l l Waste solution
of gold Cementation
Rh concentrate Residue washing production
Process waters l l l -
Silver Process waters . gGgﬁCRP;I
powder Sorption (Pt, Pd, Rh)
To recirculation: Solution
> GPC obtaining to disposal
site

Fig. 4. Proposed flowchart of GPC reprocessing

Puc. 4. [Ipeanaraemas TexHojaornueckas cxema rnepepadorku LT3
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Table 1. Technological parameters of GPC annealing

Tabnuua 1. TexHomornueckue mapamerpsl ooxura LI13

Le: t,°C Durellltion, GPCIZ; Sl Annealing conditions
1.1 - - 0.2 Laboratory, w/o preliminary annealing
1 750 10—12 0.2 Laboratory, periodical air supply (0.05 n.m>/h)
2 500 8§—10 28.1 Industrial, pure oxygen supply (20 n.m>/h)
3 620 24-30 20.7 Industrial, periodical air supply (5 n.m3/h)
4 720 8§—10 25.6 Industrial, pure oxygen supply (20 n.m3/h)
5 720 12—14 21.5 Industrial, periodical air supply Industrial (5 n.m3/h)

samples were obtained using a Tescan Vega electron
microscope (Tescan, Czech Republic) with the magni-
fication of 60* and 400*.

Results and discussion

In the course of leaching of annealed materials both
the duration of material dissolution and filtration dura-
tion of the pulps (Fig. 5) decrease by 50—70 %, relat-
ed with variations in residue structure (Fig. 6, labora-
tory experiments). Despite the additional procedure of
annealing with the duration of 8—16 h, the technology
does not result in increase of unfinished production.
This allows the number of repeated dissolutions to be
reduced and up to 5 % of rhodium from circulation to
be removed. Table 2 summarizes the leaching degrees of
metals into solution in each experiment.

The qualitative phase analysis of GPC after an-
nealing is illustrated in Fig. 6. Variations in the resi-
due structure are observed, as evidenced by XPA data.
According to the diffraction pattern, the formation
of crystals was identified, and the fraction of amor-
phous phases significantly decreased. The results of
X-ray spectral microanalysis also confirm the conclu-
sions obtained. In comparison with the initial cemen-
tate (Fig. 7, a), the product after annealing (Fig. 7, b)
demonstrates obviously distinguishable Mcalpineite
crystals CuyTeO¢ formed as a result of oxidizing an-
nealing. The possibility of crystal formation was
demonstrated in [30]. Additional confirmation of the
conclusions about variations of residue structure are
the practical results of cementate filtrate rates, before
and after annealing.

Neither the composition of gaseous phase (oxygen,
air, or oxygen air mixture (OAM)), nor the mode of gas
supply (0,05—20 n.m3/h) exerted noticeable impact on
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Fig. 5. Duration of leaching and filtration stages as a function
of conditions of preliminary annealing

Puc. 5. 3aBUCMMOCTb TPOIOKUTEIBHOCTH
CTaaui BhIIIETaYMBaHUS U PUIBTPALIUU
OT YCJIOBU ITpeaBapUTEIbHOIO 00X H1ra

Table 2. Degree of metal leaching into solution, %

Ta6auua 2. CreneHb BblllieJauMBaHUs METAJLJIOB
B pacTBop, %

;‘ff Au Ag Pt Pd Rh
1.1 80 9 77 74 62
1 99.99 4 86 82 30
2 99.99 3 99.99  99.99 50
3 99.99 1.5 88 7 34
4 9999 26 957 862 32
5 999 1.8 964  90.1 33
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the efficiency of rhodium oxidation, due to excessive con-
tent of oxidizer. The gas composition in commercial tests
was stipulated by the technological features and parame-
ters of the annealing furnaces involved. The efficiency of
rhodium oxidation was influenced to the highest extent
by the temperature: at ¢t = 750 °C only 30 % Rh is dis-
solved. The significant difference in the degrees of PM
extraction into solution is stipulated not only by the an-
nealing temperature, but also by various content of me-

tallic impurities (Cu, Te, Fe, Sb) in different batches of
GPC, their influence will be estimated in further studies.

Excessive nitric acid was removed from the leaching
solution by the addition of ethyl alcohol solution upon
heating. Table 3 summarizes the compositions of recir-
culating gold and PGMC. The PM extraction (Au, Pt,
Pd, Rh) from leaching solution to final products was
more than 99 %.

The insoluble residue of GPC dissolution after an-

Intensity, a.e.

14000
. | )
13000 =2
4 m3
N 4
12000 37
110004 "9
10000 5
9000 ¥1

Fig. 6. Qualitative phase analysis of GPC after annealing

(DiffracSuite EVA v6.0; ICDD PDF-2 2019, diffraction pattern fragment)

Phases: 1 — iron manganate Fe,MnOy; 2 — copper nickel tellurium oxide Cu,Ni(TeOg); 3 — Aug gCuy ,; 4 — platinum Pt; 5 — hematite Fe,05;
6 — copper ferrite CuFe,0y; 7 — propatagium Fe 75Pt, ,5; 8 — rutile TiO,; 9 — AgO; 10 — (Cr g¢Ti 15),05; 11 — cristobalite SiO,

Puc. 6. KauecTBeHHBI# a30BbIil aHaau3 npo6sl «LIT13 mocie oGxura»
(DiffracSuite EVA v6.0; ICDD PDF-2 2019, dbparmMeHT 1udpakTorpaMMbi)

@aspl: 1 — manranar xenesa Fe,MnOy; 2 — menno-HukeneBblit okeun tesutypa Cu,Ni(TeOg); 3 — Aug 4Cuy 5; 4 — niatuna Pt;
5 — remarur Fe,03; 6 — deppur menu CuFe,0y; 7 — deppornatuna Feg 75Pty 555 8 — pyrun TiO,; 9 — AgO; 10 — (Cry g5 Tij 12),03;

11 — xpucrobanur SiO,

Fig. 7. GPC micro images before (a) and after (b) annealing
Puc. 7. Muxkpodotorpacduu LII13 no (a) u mocne (b) odxura
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Table 3. PM content (%) in recirculated gold and PGMC

Ta6auia 3. Conepxanue JAM (%) B 30510Te 060poTHOM 1 KMIIT

Test No. Au Ag Pt Pd Rh
1.1 99.6/0.46 0.022/1.01 0.017/32.53 0.029/11.5 0.045/9.12
1 99.3/— 0.020/0.005 0.178/46.15 0.199/22.70 0.001/2.10
2 98.9/0.012 0.257/0.720 0.234/38.80 0.010/15.12 0.010/3.10
3 99.4/0.056 0.015/0.329 0.045/48.13 0.105/19.79 0.000/2.52
4 98.6/0.021 0.153/0.56 0.184/45.7 0.095/20.1 0.011/2.15
5 99.01/0.015 0.104/0.43 0.078/44.5 0.102/19.97 0.009/2,42
Remark: numerator — recirculated gold, denominator — PGMC.

Table 4. PM content in rhodium concentrate, %

Ta6muua 4. Comepxanue JIM B KoHLleHTpaTe ponust, %

Table 5. PM content in silver residue, %

Ta6nuua 5. Conepxanue IM B ocanke cepebpa, %

Est Rh | Au Ag Pt Pd E’g‘ A A Pt Pd | Rh
L1 84 01 015 35 28 L1 005 851 23 158 045
I 4500 015 0250 117 058 I ~ 9959 000 000 0.0
2 2008 107 0543 39 6.6 2 0.8 9461 077 015 030
3 1510 054 5200 1600 117 3 234 8680 170 068  0.39
4 4025 09 12 1512 892 4 026 9248 089 057  0.05
5 3789 085 108 208 907 5 034 9326 104 039 012

nealing in aqua regia is comprised mainly of silver chlo-
ride (AgCl) and rhodium oxide (Rh,03). An increase in
rhodium content in solid phase was achieved by leach-
ing of insoluble residue by sodium sulfite. The silver in
testes 1/2/3 passes into solution with the following con-
centrations, g/dm>: 9.18/9.2/7.9. The silver extraction
is, %:99.99/99.99/75. The final solid residue is rhodium
concentrate (Table 4), suitable for subsequent repro-
cessing with production of metallic rhodium.

From the sulfite conditioning solutions obtained,
the silver was reduced to metallic state by the addition
of caustic soda:

2AgCl + Na,SO; + 2NaOH —

— 2Agl + Na,SO, + 2NaCl + H,0. (1)

The analysis results of silver residue are summarized
in Table 3.

The annealing conditions and rhodium contents in
the products of various stages are illustrated in Fig. 8
and Table 6.

The efficiency of rhodium oxidation directly de-
pends on the annealing temperature mode. An increase

34

Rhodium content, %
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T T
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Fig. 8. Rhodium content in GPC reprocessing products
annealed under various conditions

Material: 4 — initial GPC; B — GPC after annealing; C — insoluble
residue of GPC leaching; D — rhodium concentrate

t,°C: 1.1 — w/o annealing; I — 750, OAM; 2 — 500, O,; 3 — 620, OAM;
4720, 0,; 5— 720, OAM

Puc. 8. 3aBucumMocTb cofepkaHUST pOIUS
B ITpoaykTax nepepaborku LII13,
000KKEHHOTO TTPY Pa3TUUHBIX YCIOBUSIX

Marepuain: A — LT3 ucxoauslii; B — LII13 mociie o6xura;

C — HepacTBOPHUMEIIT OCTATOK BhIleaaunBanus LII13;

D — KOHILIEHTpaT poaus

t,°C: 1.1 — 6e3 obxxura; I — 750, KBC; 2 — 500, O,; 3 — 620, KBC;
4—1720,0,; 5— 720, KBC
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Table 6. Rhodium concentration in initial cementate and products of its reprocessing, %

Ta6iuua 6. KoHLeHTpalus poaus B UICXOJHOM LIEMEHTATE U IIPOAYKTaxX ero rnepepaborTku, %

Test Annealing conditions Initial Cementate Residue Rhodium
No. 1,°C Gas cementate after annealing of AR dissolution concentrate
1.1 W/o annealing 7.00 7.00 10.29 8.40
1 750 OAM 7.00 9.30 31.95 45.00
2 500 0, 2.33 2.95 11.00 15.00
3 620 OAM 4.40 5.20 14.00 20.00
4 720 0, 5.07 10.27 26.83 40.25
5 720 OAM 6.52 8.68 23.72 37.89
* Material residue after dissolution in aqua regia.
" The obtained rhodium concentrate after performed procedures according to flowchart in Fig. 4.

in the annealing temperature from 500 to 750 °C in-
creases the rhodium content in the concentrate from
15to 45 %.

Conclusions

The reprocessing flowchart of collective cemen-
tate of gold production containing precious metal at
AO Uralelektromed was developed and tested. The de-
pendence of the extent of rhodium oxidation on the tem-
perature of preliminary annealing of the cementate was
established. Its increase from 500 to 750 °C enhances the
content of the targeted metal in the marketable product
(concentrate) from 15 to 45 % Rh. The optimum para-
meters of preliminary oxidating annealing are as fol-
lows: 750 °C, 2 hours.

The proposed technological flowchart of GPC re-
processing allows the following individual products to
be achieved: silver (Ag > 98 %) and rhodium concen-
trate (Rh = 15+45 %) while preserving the quality of
gold (Au > 98 %) and PGM concentrate (Pt > 45 %,
Pd > 15 %).

In order to further develop this topic, the refinement
of rhodium concentrate, adjustment of optimum con-
ditions of its reprocessing and commercial implemen-
tation of the technology, could be additionally studied.
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