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CYANIDE LEACHING OF POLYMETALLIC ORE TREATMENT
RESIDUUM AND THE RECOVERY OF NOBLE METALS FROM LEAC H
LIQUOR

The particularities of cyanide leaching of a golkbing residuum remaining after removing
copper, zinc and lead from Cu/Zn/Pb/Fe sulphatipedt-calcine by its hydrometallurgical treatment,
and electrowinning of gold and silver from obtainke@ch liquor are investigated. The optimum
technological regimes of these processes are estta!

Keywords: residuum, cyanide leaching, sodium cyanide, pikm@tnodic and cathodic
reactions, electrowinning, current density, curegficiency.

The tested gold-bearing residuum (oxide concentéte 74.2 ng/kg Au and 1034.2
mg/kg Ag) of about — 0,07Inm particle size, had the following main mineral casipion
(%): 47.9 FeOs, 20.7 SiQ, 10.9 ALO;, 5.5 Fe(OHy, (CaO + MgO) and the rest. It was
obtained from Cu/zZn/Pb/Fe sulphatized roast-caleiiter removing from it copper and zinc
(by acid leaching) and lead (by the method of smdahloride leaching) [1]. Due to these
processes gold and silver grains become in a fiaeditton without any ties with
chalcopyrite, sphalerite and galena [2, 3].

To recover gold and silver from this residuum, ¢iyanide leaching with the followed
electrowinning can be used as a preferable metho&janide (NaCN, KCN or Ca(Ch)is
more acceptable complexant among a limited numbéigands which form complexes of
sufficient stability in aqueous solutions. It isiversally used in gold extraction processes
because of its relatively low cost and great eifeciess for gold dissolution. On the other
hand, despite some concerns over the toxicity ahitle, it can be applied with a little risk to
health and environment. The oxidant most commoskduin cyanide leaching is oxygen,
supplied from air, which contributes to the atthamtess of the process. In relevance to
electrowinning, it is usually used for treatmenhajh-grade gold solutions, however there is
some potential for its application to dilute leaslutions, i. e. without solution
concentration by carbon adsorption and elution.

The analysis of gold and silver in liquid phasdsra¢ach test was carried out by using
an Atomic Adsorption Spectroscopy (AAS) method f&240FS analyzer). Leach residues
at the end of each stage were also analyzed fdrayal silver to establish mass balance and
determine both precision metals recovery ratestlisraim an Emission Spectral analysis is
used on a DFC-13 spectrograph (Russia) at the t&meopic” laboratory of Institute of
Geological Sciences NAN RA.

lonic concentration of free CNh cyanide solutions was determined by titratiathw
silver nitrate using rhodamine as an indicator.

Cyanide leaching experiments (with leach sampled.28 g) were carried out in
Central Laboratory of Kapan Processing Plant wisdine unique producer of Cu/Zn/Pb/Fe
- sulphide concentrates with very high content@tigand silver. Leaching tests (24 h) with
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constantly missing slurry (S:L=1:8) were performada glass reactor of 1 liter capacity
equipped with a pitched blade turbine impeller tintaat 600 rotary/min (Fig. 1). Sodium
cyanide salt (NaCN) concentration was maintaine@.4t 0.5 or 0.6/l over the leaching
period and the consumption of cyanide was recorddte solution temperature was
controlled by a mercury thermometer.

Metal recovery tests were carried out in a modekpgbed electrowinning cell with
two perforated stainless steel plate anodes arneeh wool cathode basket of hem thick
(Fig. 2). The cell operated with solution and cotrbaving parallel flow directions. The
useful contact area of the cathode is approximat€lycn?. The pregnant solution is
continuously circulated from a storage tank throtighelectrowinning cell and back into the
storage tank. The flow rate was controlled by aglaging on the exit tube of the cell, and
the electrolyte temperature was controlled by acomgrcontact thermometer.

Thermometer

_ - 1
Baffle Agl%ator Roof H il
motor
_ | L "L Poor
. Air Compres- u N mlyte
Pitched blade] I sormotor — —
impeller Fiel_gtﬂ — — Steel wool
Q solution ] | | 1~ cathode
Leach ] T
vessel Cell cabinet| H H zﬁgggate"
Fig. 1. An experimental set-up for cyanide Fig. 2. A model packet-bed electrowinning
leaching of the oxide residuum cell (schematic)

Fig. 3 shows the effect of cyanide concentrationgold dissolution from the tested
residuum over the leach time. It is seen that emiregy the concentration of cyanide salt
promotes the gold dissolution. The highest goldaligion was obtained with Odl sodium
cyanide salt concentration. It is relevant to ntitat in these conditions over an initial
leaching period of 6.8oursapproximately 9®6 of gold was dissolved and while over the
following 17.5hoursthe extraction of gold is negligible.
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Fig. 3. The effect of cyanide concentration on gtiksolution (curves 1-3) and cyanide consumption
over the leach time

High gold recoveries suggested the presence of wvegligible quantities of
encapsulated gold particles which did not come amtatact with cyanide solution. This fact
is due to previously sulphatizing roasting of rawatemial (polymetallic concentrate) which
completely converses the sulphide minerals intoop®rwater-soluble sulphates (thus
exposes the locked-up gold in these minerals). efber after base metals recovery from
corresponding roast calcine, gold and silver incpss residue are actually present
predominantly in free conditions.

It should be noticed that the cyanide salt (NaCdi)stimption and the leach time are
spend mainly to dissolve gold and silver becausebiise metal contents are very small.
Consequently the cyanide concentration dependtsajuantities in oxide residuum. On the
other hand, spare cyanide quantities are not @listeirbed, since the leach liquor can be
recycled after gold and silver are recovered frohyielectrowinning. Practically 0.55...0.58
g/l of NaCN is enough to leach 74n2g/kgAu and 1034.2ng/kgAg from the tested oxide
concentrate for about 2urs

The analytical results of liquid and solid produotsained from cyanide leaching of
the tested residuum in comparison with primary eom@tions of gold and silver as well as
other components are represented in Table.
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Table
AAS analysis of the liquid product and mineralog@aalysis of solid residual obtained
from cyanide leaching of oxide residuum in compariwith its primary composition

Fritnary Main mineralogical composition, 22

oxide FegOs — 47.9, 805 —20.7, ALOs — 109, (Ca0+Mz() — 15.0, Fe(OH): — 5.5,

residum CuFeS; —0.03, Zn5 — 0.02, PhE — 0.05, PhE0y —0.01,
An—T42 melhe, Ag— 10342 meilke

Licpud Iain ionic concentration, mgd

product {inn 1,0 Gger filtered cyanide leach solution):

{cyamide Cudt - 11,2, Zn?* - 12.0, Ph2+ - 121, Fe?* - 101, Fe¥* - not, Cd?* - nat,

leaching Bi#*- not, 5b3 - not, As? - not, Aut- 91 Agt- 1249 CN-- 250

solution)

Sold Main mmeralogical composition {after Auand Ag recovered), %4

residual FeOg — 477, 5105 —20.535, 41,05 - 10,73, (CaO+Mg0) — 15,02,

(tailings) Fe(OH% — 5.6, CuFeSy — 0.0, ZnS — 0.01, PhS — 0.02, PS04 — not,
Au— 017 mgke, Az -4 3mghs

From the results of this experimentalesii is seen that gold and silver containing in
this oxide product are quite leachable in dilutdism cyanide solutions. This applies more
accurately of course to its direct interactionshwirtee cyanide-ions (CINby the following
reaction equations [4], proceeding in parallel:

2AU + 4CN + O, + 2H,0 = 2Au(CN} + H,0O, + 20H, D
2Au + 4CN + H,0, = 2Au(CN), + H,0, + 20H (2
and
2Ag + 4CN + O, + 2H,0 = 2Ag(CN) + H,0O, + 20H, 3
2Ag + 4CN + H202 = 2Ag(CNL_ + H202 + 20H, (4)

the result of cyanide-complexes in leach liquomisomplete conformity with well known
Er-pH equilibrium diagram for the system Au®+CN.

Cyanide concentration is relatively easy to conbylthe addition of concentrated
cyanide solution, or a solid cyanide salt. The ainof the oxidant concentration (i.e.
dissolved oxygen) is not so easy because of theslwbility of oxygen in water under
atmospheric conditions. Consequently the maximut® o& gold dissolution for processes
that use air to provide oxygen in solution is daieed by the conditions of temperature and
pressure under which the process operates.

At sea level and at 28 the saturated concentration of dissolved oxygesolation is
8.2 mg/l [5]. This value decreases with increasing altitude aedeasing temperature. The
corresponding cyanide concentration that gives mam dissolution rate of gold at this
oxygen concentration is approximately 0.0850f course, for industry cases pure oxygen,
oxygen enriched air, hydrogen peroxide or anotlxggen source can be used in place of air
to supply oxygen to the solution.

The full absence of Si, Ca and Mg in leach liquaams that its oxides are absolutely
non-soluble in NaCN solution, and they completelyain in solid phase.

As to solution temperature, it is well known thhe tgold dissolution rate increases
with temperature, as a result of increased aawiéind diffusion rates of reacting species, up
to maximum at approximately 8¥. Above this temperature the decrease in oxygen
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solubility outweighs the benefits of increased @oactivity and diffusion rates. Therefore,

taking into account the experimental results [6d @xperience of Ararat Gold Recovery

Coompany during last years, optimum leaching tentpegafor this case was established as
45 C.

The influence of gold and silver concentrationusioh flow rate and temperature on
the recovery efficiency of these metals, as welth&scurrent efficiency of electrowinning
process is examined. The tests were performed suthmary gold and silver content of:
26.8; 53.6; 80.4; 107.2 or 134my/l, and at flow rate of: 10; 20; 30; 40 or BO0/min.cn.
The solution temperature was chosen: 30, 60 6E90he cell current was 2.4 - 24 In all
cases essential solution pH was kept at the levdl2cb...13.0 which was not changed
during the electrolysis.

The metal recovery coefficient X for the 1st passage of the solution through the
electrowinning cell, and the current efficiency,Hor each experiment were determined by
the equations:

ec — (1 - Mem/ Min).loo%. (5)
The current efficiency for each experiment was meitged by the equation
Eur = (Min - Mrem)/Mt .100%, (6)

where Men is the summary quantity of gold and silver in theervoir at the end of the; 1
passage, Mis the initially gold and silver content,;M m(0.2Au + 0.8Ag) is the summary
molecular mass of Au and Ag for the case of Au :ZAf : 4 in the solution which can be
reduced on the cathode under the currem®)lif a time t §); m is the amount of these
molecules excused by the Faraday law: m = it /mE (L is the quantities of the electrons
taking part in reaction, F = 96500)£= 196.96 and A= 107.86 are the atomic
masses of gold and silver, correspondingly.

The experimental results are presented in Figsahd6. These images show that the
changes of gold and silver summary concentratidimiits from 26.8 to 134ng/lin solution
has linear increasing influence on the metal regoeeefficient at its 1st passage through
the cell (Fig. 4). The solution with (Au + Ag) caerdrations lower than 1&g/l is treated
with very small efficiency, which is connected willecreasing of equilibrium potentials of
Au(CN), -Au and Ag(CN) —Ag couples at low concentrations of cyanide comgielx].

The recovery coefficient increases with increadimg solution temperature. This is
explained first by increasing diffusion coefficieat the cyanide complexes, and second
increasing the electrolyte conductivity. Besides tttygen solubility decreases due to which
decreases the amount of oxygen molecules strivingthe cathode. The excessive
temperatures are also not lucky with the envirortrnequirements. The optimum solution
temperature chooses is
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Fig. 4. Influence of gold and silver summary corcaiion on the recovery
coefficient of metals from the sotutiat the 1st passage through the
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Fig. 5. Influence of solution flow rate on the netcovery coefficient at the
1st passage through the model electmngncell with summary Au
and Ag concentrations: 1 — 26§/t 2 — 134mg/I

From the graphics on Fig. 5 it is seen that inéngathe flow rate of the solution
through the cell leads to decreasing the metalviesgocoefficient especially with high
concentration of gold and silver.
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However, from the point of view of electrolysis afyity this does not mean that the
process will be carried out at low flow rates. Tfere, as optimum solution flow rate it
should be 30nl/min.cni at which metal recovery coefficient curves begirbéolinear, and
which is well agreed with the data of internatiopedctice. This may be recommended for
the industry electrowinning cells.

In order to establish the optimum cell current ¢arrent density), the experimental
dependencies of current efficiency — cell curremd metal recovery coefficient — cell current
(Fig. 6) were joined. As it is seen, the currerficefncy (E..) of the cell decreases with
increase of cathode current (up té@at 5A), while the metal recovery coefficient {K,)
increases to a maximum. The optimum operating otiie therefore, the value at which
both of dependencies are in the same positionqlials approximately to 4 which
corresponds to the current density of AGrf. At such current approximately 16% of
current efficiency which is higher than averageustdy indicator (3% is typical for many
gold recovery plants [8]).
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Fig. 6. The effect of increasing cell current oa turrent efficiency and
metal recovery coefficient oéttested model electrowinning cell

So, by the time of experiments the optimum reginssbe chosen for the:

« oxide residuum cyanide leaching — solution tempeea#t5°C, sodium cyanide salt
consumption 0.55...0.5§/t, leach time 22...24ours air innings;

« electrowinning - electrolyte temperature @ flow rate 30ml/min.cm, current density
40 A/nt.
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UNuUSUUtU U.Iv.

RULQUUUTESUNUSPUL ZULLULSNREP JELUUTUYU UL UNCUSNRYP ShULMUSPL
SULTULNRONRUC B9 UQubY, UGSUNLESE UNreanhurt LORONR3EHhS

Zhnwgnugky Eu Cu/Zn/Pb/Fe unyjduwnnwugus pnddusdph hhgpnidbnuwnipghwljui
Jhpudowdudp wnudh, ghujh nt Juwywph hbkpwugnidhg hbnn dbwugws nullinwp
unpujugnijh ghwthnuyhtt muppunsdwt b wvnwgus nisnyphg nuljnt b wpswph
LtEhunpwlnpquut  opptiwswthmpinitibpp: Zwunwwnwgpyl] Bo wyn  gqopdpupwugubpp
(wjunpyuyht mkutninghuljut nkdhdubpn:

Unwigpuyhli puwnkp. unpujugnil], ghwthnuyht wwppunisnud, twwnphnudh
ghwtihy, wnunkughwy], wingujht b upnpuyhtt nkulghwbp, HEjunpulnpgnid, hnuwtph
hunnipinit, hnuwbph wpynibwybnnipemnii:

MOATACEM M.X.

LIMAHUTHOE BBIIIEJTAYMBAHUE KEKA ITEPEPABOTKY TOJIUMETAJUTMYECKOM
PYbI 1 U3BJIEYEHUE BIATOPOJHBIX METAJIJIOB 13 PACTBOPA

UccmemoBanbl  3aKOHOMEPHOCTH —I[MAHMAHOTO BBIIMIEJIAYMUBAHWS ~30JI0TOHOCHOTO KEKa,
OCTaBIIETOCA IIOCHIE YAAadeHUs MeIH, IMHKA M CBUHIA, u3 cyabdarusupoBanHoro Cu/Zn/Pb/Fe
orapka IIpH €ro TUpPOMeTaUIyprUvecKod IepepaboTKe ¥ 3JIeKTPOU3BIEYeHUN U3 IIOIYI€HHOTO
pacTBOpa 30s0Ta M cepebpa. YCTaHOBIEHBl ONTHMAJIbHbIE TEXHOJNOTMYECKHE DEeXHUMBI ITUX
IIPOLIECCOB.

KrroueBsre croBa: ke, TraHUAHOE BhIIEIaYNBAHYE, IMAHN], HATPUS, IIOTEHIUAT, aHOAHbIE U
KaTOJHBIE PeaKI[UH, JIeKTPOU3BIeYeHNe, INIOTHOCTD TOKA, 3 (GEeKTUBHOCTH 110 TOKY.
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