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KMNCJIOTHOE BBIIIEJTAYMBAHUE
TAXKEJIBIX IBETHBIX METAJIJIOB
N3 30JIOTOCOAEPKAILINX KATOOHBIX OCAIKOB

B. B. XXmyposa', A. I. A6aycanomos'
" MpkyTcknin HaumoHa nbHbIV McciefoBaTeNbCKUM TeXHUYeCKU yHuBepceuTeT, MpkyTek, Poccus

AHHomauus: XuMnudeckoe o6oraleHe KOHIIEHTPATOB, TPOMIIPOAYKTOB U KaTOAHBIX OCAIKOB
SIBJISIETCSI OOHUM M3 MEepCIeKTUBHBIX HaIlpaB/IeHUiI I10JTy4YeHNusi 60jiee BbICOKOKAYeCTBEHHOM
TOTOBOJM NPOLYKLUMM — CIIJIaBa 30JI0Ta JIMTAQTYPHOro. BOJIBLIIMHCTBO 30/I10TOM3B/IEKATE/IbHbIX
¢$abpuK UCIIOIB3YIOT MAHUCTYIO TEXHOJIOTUIO TIOJIyYeHNs IParoleHHbIX MeTalJIoB, C Iocje-
IYIOIIEN YTOJIbHO-COPOIIVIOHHO ITepepaboTKOi. B CBSI3M ¢ HU3KOI CEEKTUBHOCTBIO K 307I0TY
U cepebpy aKTUBHBIX YI7Ieit, o6pa3ylolmuecs: KaTooHbIe 0CaIKM cofepKaT 60IbLI0e KOJTUIECTBO
IIPUMeCe TSDKeJIBIX I[BETHBIX METa/IJIOB, KOTOpble HEOOXOAMMO YAAJISITh Ieper] MOCIeqyIomm-
MU omnepauusMu 11aBku U adpduHaka. OOHMM M3 CIIOCOGOB OUMCTKYM KATOOHBIX OCA/IKOB
SIBJISIETCSI COJISTHOKMCJIOE BbIllle/lauMBaHue IMpuMeceil. [Ijis BbIsSIB/IeHMsI BO3MOXKHOCTU IIPOTe-
KaHUS KUC/IOTHOTO BBILIE/TaYMBAHUS IIPUMeceil U3 KaTOIHBIX OCAJKOB, IT0J00pa peareHTa U
olipeniesieHNs] ONTUMAJIbHBIX IIapaMeTpOB BhIlIeauMBaHMs 6bljIa TOCTpoeHa (U3MKO-XUMU-
yecKasl MoJle/Ib IIpoliecca C IIOMOIIbIO MTporpaMMHOro Komijiekca «Cenektop». B pesynbrare
YCTaHOBJIEHO, UTO JCII0/Ib30BAHMM PACTBOPOB COJISIHOM KMC/IOTHI KOHIeHTpatmeit 200 kr/m3 u
6oJiee MOJKHO TIepeBECTU B pacTBOp: Menb — 85,6 % cBuHel — 98,4 %, nuHK — 99,0 %, Takxke
ObL/I YCTAHOBJIEH XMMMIYECKMI1 COCTaB PaCTBOPOB M KEKOB BblllleslaunBaHmsl. IIpoBeneHHbIe 3KC-
IepMMeHTaJIbHbIE MICCIIeIOBaHMsI IO COJISTHOKMCIIOMY BbIllle/Iau¥BaHMIO IIpUMeceli U3 KaTOJHbIX
0Ca/IKOB ITOKa3aja JOCTOBEPHOCTb GM3MUKO-XMMUUECKO Mofenu. VI3B/leueHne Meu Py 3TOM
cocTaBuio 69,06%, ceuHia — 93,9 %, nuHka - 79,5%, sxenesa — 47%. IIpu nocnenyioesi rnias-
Ke KaTOOHBIX 0CAJIKOB ¢ $JII0caMy B MHAYKIMOHHBIX IJIABU/IbHBIX Ileyax I10cjIe COISTHOKMUCIIOTO
BbIllle/IayMBaHMs C MOJIyUeHMeM CIJIaBa 30JI0Ta JIMTaTypPHOTrO yAasaoCh JOCTUYDb YBeIMdeHMs
MacCOBOJ [1O/IM [paroleHHbIX METasIJIOB B CIIaBe Ha 23,5%, CHIDKeHMSI COflepyKaHMsl Melu
Ha 16,5% u cBuHIa Ha 6,6%. [I/151 ollpefie/ieHMsT XMMIMUYECKOrO COCTaBa KaTOOHBIX OCAAKOB U
IIPOMIIPOAYKTOB Bblllle/IauMBaHMS MCIIO/Ib30BA/INCh METO[bl PEHTTeHOCIEKTaIbHOTO MMUKPO-
aHa/nmM3a, peHTreHo(TyOpeclieHTHO CIIeKTPOMETPUMN.

Kntoueevie cnosa: KaTogHble OCAJIKU, (1)I/I3I/IKO-XI/IMI/I‘IeCKOe MoJe/poBaHNe, Bbillle/lauBaHNe,
mpuMmecH, CoJidHasd KUCJ/IOTa, AparoneHHble MeTaslJIbl.

Ona uumupoeanus: JKmyposa B. B., A60ycanomos A. I. KucrnoTHoe BbllenaumBa-
HMe TSDKeNBIX IIBETHBIX MeTa/UIOB M3 30JI0TOCOZIEp)KAIiMX KaToAHbIX ocamkoB // Top-
HBII MHGOPMAIVIOHHO-aHAINTNYeCKMii 6rosuteTeHb. — 2021. — N 3-1. — C. 330-337. DOIL:
10.25018/0236 1493 2021 31 0 330.

Acid leaching of heavy nonferrous metals from gold-bearing cathode deposit

V. V. Zhmurova', A. G. Abdusalomov’
VIrkutsk National Technical Research University, Irkutsk, Russia

© B. B. XXmypoBa, A. I. Abgycanomos. 2021

330



Abstract: The cathode deposit after gold-bearing ore processing using the carbon-adsorption
technology contains a large amount of heavy base metal impurities which should be
removed before the subsequent smelting and affinage operations. One of the methods for
refining the cathode deposit is hydrochloric acid leaching of impurities. The physicochemical
process model is developed in Selector software to identify the potential for acid leaching of
impurities from the cathode deposit, to select reagents and to optimize leaching. The model
reveals that the use of hydrochloric acid solutions at concentration of 200 kg/m3 or higher
allows base metals to be transferred to solution as follows: copper—85.6%, lead—98.4% and
zinc—99.0%. The chemical composition of leach solutions and residues is also determined.
The experimental tests of hydrochloric acid leaching of impurities from the cathode deposit
have proven validity of the physicochemical model. Experimental extraction values are:
copper—69.06%, lead—93.9%, zinc—79.5% and iron—47%. After hydrochloric acid leaching,
smelting of the cathode deposit with fluxes in induction furnaces makes it possible to obtain
alloyed gold with 23.5% higher weight content of precious metals at the decreased content of
copper and lead by 16.5% and 6.6%, respectively. To determine the chemical composition of
the cathode deposit and leaching products, the methods of X-ray spectral microanalysis and
X-ray fluorescence spectrometry is used.

Key words: nonferrous metallurgy, cathode deposit, physicochemical modeling, leaching,
impurities, hydrochloric acid, precious metals.
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Introduction

One of the ways of obtaining alloyed
gold with a high content of the precious
component is improving the quality of
intermediate products which include
cementing cyanic precipitates, gravity
concentrates, anodic slimes of copper
production, nonferrous metal alloys,
cathode deposit of cyanic adsorption
technology, etc. Impurities of heavy
nonferrous metals in gold-bearing products
increase the cost of affinage, initiate
affinage differences between supplier and
refineries because of nonuniform gold
and silver distribution in the material, and
lead to formation of matte phases in the
first smelting in case of high content of
precious metals, which causes uncertainty
of assaying.

Removal of such impurities from
gold-bearing materials by means of acid
leaching utilizes the chemical stability
property of precious metals [1]. As it
is known, gold is inoxidizable in the
air, moisture-resistant, and irresponsive
to acids, alkalies and salts. Sulphuric,

hydrochloric and nitric acids are strong
reagents and easily dissolve various metal
impurities. However, special literature
lacks information on the methods of
acid leaching of gold-bearing materials.
In general, such methods were applied
at gold refineries on a low scale due to
their cumbersomeness and complexity.
Acid leaching of impurities from the
gold-bearing cathode deposit is one of the
promising areas of enhancing the quality
of gold ingots.

The known method (No. 2351667 as
of 10.10.2007) for processing of zinc-
bearing gold-and-silver cyanic precipitates
is characterized by production of the
extremely high content of silver (30-80%),
relatively low contents of gold (0.2-4%)
and zinc (5-15%), selenium and tellurium
(up to 2%), lead (up to 30%), copper
(0.1 -5.0%), silicon oxides, calcium and
aluminum. Leaching of an initial product
in nitrogen acid removes zinc, a greater
part of acid-soluble impurities, as well as
silver to solution (the risk of formation
of the explosive air-hydrogen mix is
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impossible in the process). The insoluble
precipitate contains gold, silicon and
aluminum oxides [2].

Another approach to obtaining a higher-
quality finished product in processing of
low-grade and complex gold-bearing ore
is selective dissolution using various acids,
with gold concentrated in the insoluble
residue to be subjected to cyanidation later
on. This approach can be implemented
using three methods: NITROX process,
ARSENO process and REDOX process.

NITROX process utilizes nitric acid to
leach gold-bearing ore in the air under the
atmospheric pressure, with pulp heating
to 80-90 °C. This process ensures total
oxidation of iron, arsenic, sulphide sulfur
and nonferrous metals. This method is
advantageous for the simplicity, while its
disadvantage is elemental sulfur formation
in case of high content of sulfides in the
ore, which impedes further cyanidation.

ARSENO process utilizes nitrous
acid HNO, as a dissolver for sulfides.
This acid is more chemically active than
nitric acid. In this processes, the rate of
oxidation of sulfides is very high. As a
result, iron, sulfur and arsenic remain in
solution, which ensures production of the
higher-quality cathode deposit in further
recovery of precious metals.

REDOX process is autoclave leaching
at the temperature of 180 °C. Arsenic and
sulphide sulfur remain in solution and
can be extracted later on if necessary.
This technology eliminates formation of
elemental sulfur.

Melting of copper electrolytic slime to
produce silver-and-gold alloy features loss
of precious metals with slag and dust. The
process of melting can be avoided using
acid leaching of impurities from anode
slime.

During processing of copper sulfide ore
containing some gold and silver, the bulk
of precious metals concentrate in anode
slime after electrolytic copper refining.
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The chemical composition of slime varies
in a wide range, % mass: Cu—10-80;
Ag—1-45; Au—0.2-1.5; Se—2-15;
Te—0.1-8; As—0.5-10; Sb—0.2-15;
Bi—0.2-1; Pb—1-25; Ni—0.2-10;
Fe—0.2-2; S—2-10; SiO,—0.5-15;
Al,0;—0.5-1.5.

Copper is prevented from getting into
the gold-and-silver alloy by decoppering
in diluted 10-15% sulfuric acid solution.
Dissolution is carried out under heating
up to 80-90 °C and intensive aeration
of pulp. Metallic copper dissolves.
Decoppering reduces the copper content
of slime to 1-3%.

The promising technology for
processing high-grade and difficult gold-
bearing gravity concentrates is treatment
of the initial concentrate in nitric acid
solution, with melting of solid residue
(cake).

The cathode deposit in gold refinery
by cyanide adsorption in activated carbon
also contains some impurities (to 70%) due
to low selectivity of carbon and owing to
complex composition of gold-bearing ore
[3, 4]. Subsequent smelting and affinage
require that the cathode deposit meets
the standard content of heavy nonferrous
metals (Technical Specifications TU 117-
2-3-78): their total content is not to be
higher than 10%. The X-ray microanalyzer
JXA-8200 (JEOL, Japan) showed that the
cathode deposit mainly contained Au, Ag,
Cu, Pb, Fe, Zn, Ca0, SiO, etc. [5, 6]. It is
proposed to remove impurities of heavy
nonferrous metals by acid leaching with
hydrochloric acid as a dissolver [7].

Problem formulation

A cathode deposit has a complex
chemical composition with the presence
of impurities both as elements and as
compounds able to interact with each other
during acid leaching and be in solution in
various ionic states. Therefore, it is more
appropriate to use mathematical modeling



methods to estimate the thermodynamic
probability of interactions between
impurities and between impurities and a
solvent [8, 9]. Different software packages
have been created to simplify calculations:
Solmneq, Phreq, Selector, Choice, Trangl,
Balance, Gibbs, Protocol, Astra, etc.

Selector software widely used for
studying metallurgical processes was
chosen for development of a mathematical
(physicochemical) process model [10,
11]. The mathematical model of acid
treatment of the cathode deposit is based
on the Gibbs energy minimization when
calculating heterogeneous equilibria, as
well as on physicochemical principles
of impurities leaching [12, 13]. Selector
software package is commonly used for
modeling various processes to treat gold
ores and concentrates [14, 15], e.g. when
studying pressure oxidation processes for
refractory sulfide gold ores and various
types of flotation concentrates, as well as
when developing an ultra-fine grinding
technology for precious metals ores, etc.
[16 — 22]. This approach suggests that a
study object is replaced with a simple and
available model; and the modeling results
are assumed to be relevant for the object
properties [23, 24].

In interaction of the cathode deposit
with concentrated hydrochloric acid, Cu,
Pb and Ag go to solution in the form of
dichlorocuprate, tetrachloro-plumbite
and dichloroargentates of Ca, Mg and
Na, respectively. Alkali and alkali-earth
metals contained in the cathode deposit
generate chlorides in interaction with
HCIl, which than react with copper, lead
and silver chlorides, and form dissoluble
compounds. The chemical reactions are
described below in terms of copper and
lead:

CuCl, + 2NaCl = Na,CuCl,, AGYog =
= — 645.6 kJ/mole; (1)

PbCl, + 2NaCl = Na,PbCl,, AGYyg =

= - 703.66 kJ/mole; @)
CuCl, + CaCl, = CaCuCl,, AGYog =

= - 626.68 kJ/mole; (3)
PbCl, + CaCl, = CaPbCly, AGog =
= — 684.44 kJ/mole. (4)

All reactions are thermodynamically
feasible.

Physicochemical model outcomes

The physicochemical model shows
the interaction between two phases of
the heterogeneous system: a cathode
deposit (solid) and a solvent (liquid) at
a constant temperature of -25 °C. This
model helped predict the behavior of
the cathode sediment components during
acid leaching at different concentrations
of hydrochloric acid [25]. The solvent
concentration (kg/m3) was used as a
variable in the physicochemical model
[26, 27]. Figure 1 demonstrates the
mathematical modeling results of the acid
leaching of impurities from the cathode
deposit at various concentrations of
hydrochloric acid solution.

It is obvious in fig. 1 that hydrochloric
acid leaching of impurities from the gold-
bearing cathode deposit is effective for
copper, zinc, and lead, whereas the other
elements pass poorly into the solution.
According to the physicochemical model,
the optimal concentration of hydrochloric
acid is 200.6 kg/m3 or higher, which
allows copper extraction to be 85.52%,
lead —98.34% and zinc—99%. Since the
main impurities in the cathode deposit
are copper and lead, hydrochloric acid
leaching is the most appropriate process to
leach these metals from the gold-bearing
cathode deposit. Alongside with precious
metals, the other major components of
leach residues are Pb, Zn2SiO%, CuO, and
CuFeS2.

Fig. 2 shows the composition of
solutions after leaching impurities from
the cathode deposit.
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Fig. 3. Experimental results of hydrochloric acid leaching of impurities from cathode deposit

OcHoBHoi1 — Basic into hydrochemical removal of impurities
Experimental results from the cathode deposit with the use of
To confirm the model data, HClas a solvent [28]. Figure 3 illustrates
experimental studies were carried out the experimental tests on removal of
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Table 1
Chemical composition of alloyed gold

Au alloy type Content of elements, [wt. % ]
Au | Ag | Cu | Pb | Al | Zn Si S Ca | Fe | XSb,
As
Alloy from 24 | 355 | 30 76 | 06 | 06 | 05 | 05| 03 | 03 | <01
original cathode
deposit
Alloy from HCl 44 39 | 135 1 03 | 05|06 |01]| 03] 05]<01
leached cathode
deposit

impurities from the gold-bearing cathode
deposit at various concentrations of
hydrochloric acid solution.

According to fig. 3, the most complete
removal of impurities from the cathode
deposit is obtained at HCl solution
concentration of 371 kg/m3: copper
extraction amounts to 69.06%, lead —
93.9%, zinc — 79.5% and iron — 47%.
Removal of other impurities is under
1-2%. The experimental results confirm
the mathematical modeling data on
hydrochloric acid leaching of impurities
from the deposit.

A cathode deposit is a feedstock for the
downstream operation, i.e. production of
alloyed gold. For this purpose, conventional
smelting of the cathode deposit with fluxes
is used [29]. Table 1 summarizes chemical
compositions of alloyed gold produced
from the original cathode deposit and
from the hydrochemically treated cathode
deposit. The chemistry data were obtained
using X-ray fluorescence spectrometer
Magnesium-1 (Yuzhpolimetall-Holding,
Russia).

It can be seen that alloyed gold
obtained from the HCI treated cathode
deposit contains 23.5% more precious
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