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Abstract: Processing of different refractory gold ores bgtwhlorination, followed by chloroauric complex AHICl,)
separation by adsorbtion on macroporous polymens éxchange resin) was studied and patented by NMRB —
ICPMRR [1,2]. This work presents the theory andccfice aspects of gold lixiviation by wet chlorirati

The present work theoretically aproaches the galdidtion from refractory gold ores. Thus, the ddixiviation using
nascent chlorine at the ambient temperature frairogravitationally refractory concentrate, was eipented. The gold
lixiviation mechanism presume the initial AuCl faation on the metallic gold surface followed by cdexmg with CI to
AuCl, . This complex is oxidized in solution with NaOG} ®AuCl, [3,4]. The succes of gold lixiviation from
hydroclorous solutions usingl/NaOCI solutions depends on mineralogical compasitif material.

A mathematical model for lixiviation time computimgas proposed, using as parameters the initialsagfi gold particle

(R,) and molar fraction of chlorine in solutioryg;, ).
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1. Introduction with high extraction yields and use environmenteridly
reagents (non-polluting reagents).
The technology of gold lixiviation from oresnd Processing of different refractory gold ofeg wet

concentrates, using hydrochloric acid and extracfiom  chlorination, followed by chloroauric complex (HALE
solution by absorbtion using a net porous polynisr, Separation by adsorbtion on macroporous polymers (i
ap|y|ng for a Specia| Category of raw ores, nanﬁig EXChange FESin) was studied and patented by R&DOVRR
refractary gold ores. (INCDMRR - ICPMRR )[6-8].

In such ores, gold is diseminated into quéeldspar, This work presents the theory and practsgeats of
chalcopyrite and arsenopyrite and the classic&o!d lixiviation by wet chlorination.
cyannidation procedure is inefficient due to thewlo

extraction yields. The presence of carboniferousenas 2. Experimental
and clays in these refractory ores restrains th&l go
lixiviation, determining high cyanide consumptidnZ]. The raw ore that was used in experimentsais

Additionally, the gold encapsulation intdicsi and its refractory gold ore with the chemical composition
association with sulphurous minerals make that twre presented in table 1, grounded at 160 and concentrated
become refractory, cyannidation-proof, even afteina- using a Knelson gravitationally concentrator.
grinding. In such situations, the gold ore has ® b
pretreated by calcination, high pressure oxidatibip- TABLE 1. Chemical compsition of gold ore concentrate.
oxidation or chemical oxidation, in order to deca®s@ the

carboniferous material or to oxidize the sulphifB:4]. Compound % Compound %
The cyannidation procedure applied for gold Sio, 2.26 S 8.58
lixiviation in industry is extremely polluting; thdree AlOs 0.1 Cl 17.7
cyanide and the cyanide compounds resulting fromegss a0 0.70 As 0.17
. oo MgO 0.026 Ni 0.001
collect into sludge bed_ of the exploitation, whehey K,0 146 Sb 01
could remain for a long time. Mno 0015 Cd 003
In order to remove these deficiencies buso al CuO 0.97 Bi 0.25
considering the echological aspects, the recemteldped PbO 42.90 Au 0.028
researches at national level [5] and internatiolesiel Zn0 0.618 Ag 0.164
allowed to develop some eco-technologies whjnérate FeOs 5.01
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In order to develop the experiments, thdofaing
reagents were prepared: from hydrochloric acid jF2pso,
solutions of 3mol HCI /I and sodium hypoclorite al)

6% were prepared. The gold leaching was performed i

glass reactor, see figure 1. This reactor is fittgth a
teflon stirrer, thermometer, redox electrode,

sodiu
hypoclorit inlet and chlorine excess outlet using a

Concomitant with gold lixiviation, seconda®actions
of accompanying metals are occuring. Silver is g@méesn
leaching residue as AgCl, which is obtaining aofes:

Ag™ (ag) +Cl ™ (aq) - AgCI(s) 4

In concentrate solutions of HCI, silver dfide is more

ascendent condenser connected to a NaOH 5% cargaink,  ble then in water due to ions of [AgC! [AgCls?

bubble flask.

Figure 1. Experimental installation for gold lixation

Thus, a sample of 0.05 kg solid and a HCM3
solution were introduced into reactor at S:L=1:liora

setting the stirrer at 600 rpm. Working temperatise
20 °C. To a maximal lixiviation vyield, the sodium cy2* +2cl~ - CuCl,

hypoclorit amount required by active chlorine gexien is
0.125 L NaOCl/kg of concentrate. The reaction iissfied
when the electrochemical potential of solutionxse=ding
950 mV, this value being achieved after 6 hours.

When the reaction finished, the solutiofiiliered and
analysed. Metals content of solution after lixiigat is:

0.2 g Au/L, 0.015 g Ag/L, 1.5 g FelL, 0.27 g Cu/L, F€04 +8HCl - FeCl, +2FeCl3 +4H,0

1gPbl/L,0.59gZn/L.

3. Results and discussion

3.1. Chemical processes related to solution used fgold
lixiviation

Main chemical reactions that occur in galdviation
process, could be described by the following equati

NaOCH 2HCI - Cl, + NaCl+ H,0 1)
2Au+3Cl, — Au,Clg 2)
AU2C|6 +2HCI - 2[ HAUC|4] (3)

The gold lixiviation mechanism presume timdial
AuCI formation on the metallic gold surface follodvey

complexing with Clto AuCL . This complex is oxidized in
solution with NaOCI to AuGl [17,18]. The succes of gold

lixiviation from hydroclorous solutions usingGl/NaOCI
solutions depends on mineralogical
material.

composition of

[AgCl,]*that are obtaining. Hydrocloric acid has an weak
effect to lead [19], because this is dissolvingyvd@owly to
the working temperature due to a film of Pp@ihich
deposits on Pb particles surface and inhibits ¢lagtion. In

dilluted solutions of HCI or in prezence of GI[PbCl3]5
is slowly obtained:

Pb+Cl, - PbCl, (5)
PbO +2HCI - PbCl, + H,0 (6)
PbCl, +2C1 ™ - [PbCl3]; ©)

Copper is stable in both chemical valencesanrd +2.
The metallic copper is oxidized to +1 valence ire th
presence of different precipitating or oxidazingaig [20].
In the presence of Cbr other complexing groups from
solution, the most stable state is the +1 valemee o

(8)
CuO+2HCl - CuCl, +H,0 9)
FgOs; from concentrate is coming from magnetite [20]
and in hydrocloric acid medium a mixture of Fe(@hd
Fe(lll) is obtaining according to the following &#n:

(10)
3.2. Estimation of lixiviation time in batch contading

As the figure 2 shows, for gold lixiviationsing
primary raw ore it need that a Clflow and its

corresponding stoichiometric HCI flow to reach theld
particle surface.

Figure 2. The basic sheet of gold particle lixiioat
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In the figure mentioned above, a gold phtis ng =-47Dg Ct |n(1_yCI ) (21)
considered to be a sphere with a R radius, whidbcisted ? ’ *
into the reaction Gl and HCI containing medium.

gc;cgmér:%éol\ihe flcz)\\l/sr?rtla{eiiarlggcﬁi? ?Lgmilgba“:rrt]i'cle accepted from the begining that chemical reactiomfthe
T e _ _ 9 9 P ) surface is much faster relative to participantsudibn in
surface, it might be write the equation (12), whédg, is  the lixiviation process ( reagents and reactiordpots).

We mention that, by limit condition (19), was

diffusion coefficient of chlorine in the reactionedium As the relation (22) shows, the dissolved dbit is
[21]. obtaining according to reaction stoichiometry. The
dissolved Au debit depends on bulk particle redyycims
2Au+Cl, + 2HCl - 2HAuCl, (11)  the (23) relation shows.
n
dyg N, = cl, 22
Nci, ==Dg),Cr dl’z +Yer, (Nei, + Npar + Nyaucr,) AT (22)
dav
(12) Nau = Pau "Tp (23)
MAU dr

where: Y, is molar fraction of chlorine,

G is global molar concentration in the system

Nir and Nisucu are HCI flow, respective HAUG! In relation (13)pa, is gold density, M, is molecular

mass of Au and refers to actual state of lixiviation. If the

flow. bulk particle is evaluated as a function of its neomary

According to reaction stoichiometry descdbéy

equation (11), the flows of HCI and HAuCtould be radius (v, =ﬂrR3) this become the differential equation
evaluated as a function of Glow, as follows: 3

(24).
1
Npg == N 13
Hal =5 Ne, 13 o dR_4RDg Crind-yg, )
) Lr 472 0= . (24)
Npaucl, = -5 Nei, (14) Au r

) ) _ ) The separation of variables in the differargquation
Replacing the relations (13) and (14) in)(fedation, (24) and integration of it with the limit conditisr(26, 27),
for chlorine flow is obtaining the following expmden leads to the final expression of time periaf, of

(15): L N
lixiviation process (relatiion (30))
1 dya
Ng. =-D¢.C —= (15) D¢ C
Ca 7 T oy, dr Prupgr=—"T In1-yg )dr (25)
Au 2 i
For chlorine debit, that is actually consteslative to 1=0» R=F (26)
current radial position, the flow multiplication thisurface T=Ts: R=0 (27)
OIGSpherical film surrounding particle, leads te tfelation  pp, (j)RdR= Dci,Cr (- yg )der (28)
( ) MAU R, 200 0
2 d ni
N =Dy Cr 7~ 9Cl, (16) 2 pgC
G T ioyg, o Pro R 2 20T -y, ) (29)
d Ma, 2 2
dr cl
Ng, — = D¢, Cy 4m—— (17) 2
2 r 2 2 — y0|2 TS pAU Rin (30)

My Do, Cr -y, )

The separation of variables in the diffelrg@quation
(16) and integration of it with the limit conditier{18, 19),

leads to the integral form of chlorine debit thatosuming In the lixiviation experiment the solid:liguratio is

in a certain time by the gold particle in dissauti(relatio 11, Working temperature is 2a, liquid phase containing

21). NaOCl 6% and HCI 2M. In such conditions, the vatie

total molar concentration is evaluated t€r =30

r=0, Yo, =Ya,, (18) kmoli/m® and the value of Cl diffusion coefficient is

r=R, yg, =0 (19) Da, =203x10%m? /s [21]. Relative to value that the
o gr Yo dly, molar fraction of free chlorine could have in thtack

Ng. [— =-Dg Crém | . (20) solution, it has to be consider the data of itlsitity in
2Rrr? ? 0o 1-Ya, NaCl and HCI containing solutions.
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Figure 3. Chlorine solubility dependence on temjueesand hydrocloric
acid concentration in the atack solution

Thus, figure 3 (assumed from Mahir et all02p
shows that the chlorine solubility depends on hghingc
acid concentration and temperature of solutiors tiging
modified from 0.01 mol/l to 0.08 mol/l, which iaducing
the following molar fraction
0.0003< ygy, <0.0024 kmol Ck/Kmol mixture.

Figure 4 presents the estimation of lixiviation dirstarting
from the following parameters: the initial radiufsparticle

expression

It is to be expacted that lixiviation timb&gher then
those estimated to determine an increase of
concentration in the atack solution without
concentration significantly modify.

lead
gold

4. Conclusions

The new separation procedures are focusimghe
most selective lixiviation of gold from the quaitey solid,
using reagents that not induces new pollutants hia t
environment. The present work theoretically apresctne
gold lixiviation from refractory gold ores. Thug)et gold
lixiviation using nascent chlorine at the ambient
temperature  from hidrogravitationally  refractory
concentrate, was experimented. A mathematical mfudel
lixiviation time computing was proposed, using as

parameters the initial radius of gold particl&() and

molar fraction of chlorine in solutiony(, ).

Although this computing model for lixiviatidime has
some vulnerable points (it considers that the galdicle is
spheric, accepts that the surface reaction isrédative to
diffusion processes out of particle, considers thz
concentration of chlorine resulted from sodium tglpdte

(0.0002 <R ,<0.002 m) and molar fraction of chlorinedecomposing is practically constant in the reaction

from solution(y,, ).

Figure 4. Variation of lixiviation timegs of gold patrticles as a function
of particle radius (axa y) and molar fraction dfiae chlorine (axa x)

It is interesting to mention that the estiath
lixiviation times using the proposed computing mloaie
well coresponding to practice that contributedh® proces
scale-up.

medium) it is still acceptable first of all dueits simplicity
and second, that it intended to be only estimative.
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