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Extraction of AuCl,~ from HCI solutions by the

chloride salt of the secondary amine Amberlite LA2

and estimation of the interaction coefficient between

AuCl,- and H+t
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The equilibrium distribution of AuCl,- between hydrochloric acid and the chloride salt of the secondary amine
Amberlite LA2 in xylene was investigated. The extraction reaction is exothermic (AH° =-20.8 kJ/mol). The stoi-
chiometry of the complex formed in the organic phase can be represented by R'/R"NHH+AuCl,- and the extraction
equilibrium constant depends on the ionic strength. From this dependency it was found that log K° = 3.9 and the
interaction coefficient between AuCl,- and H* is 0.24.
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Introduction 0.5 mol/l sodium tiosulphate solution and analysis of the aqueous

. —— . phases by AAS. Thus in each experiment, the gold mass balance was
Among solution purification and concentration tl’eatmems'’calculated by analysing the gold concentration in both aqueous and

solvent extraction has found the most extensive applic&tion.qrganic phases before and after the reaction. Experimental data with

In the case of _golt_:i—cyanide hy_drometal_lur_gy the operation i 979% mass balance accuracy were accepted, and other data were
far from reaching its full potential but this is not the case forrejected.

gold-chloride hydrometallurgy in which the efectiveness of

the technique is demonstrated by its implementation in variResults and discussion
ous industrial processés: This had led researchers to study
various reagents for gold extraction from HCI media.
Extractants included amines and solvation reade#tShe
extraction order often found in the case of amines is quate
nary ammonium salts > tertiary > secondary > primary, thus, [AU]
the conversion of the aminéz. primary, secondary or tertiary o
to its amine salt derivative increases the extractability proper-
ties of the corresponding reagent. The present work is a study
of the distribution dependence of AyCbetween hydrochlo-  The influence of temperature (20-70 °C) on gold extraction
ric acid solutions and the chloride salt of the secondary amingas studied using an organic solution of 0.12 mmol/I chloride
Amberlite LA2 in xylene. Experimental data were treatedsalt of Amberlite LA2 in xylene and aqueous solution of
numerically to obtain the equilibrium constant, furthermore, .05 mmol/l gold in 5 mol/l HCI using a volume phase ratio of
the interaction coefficient (Au¢|H*) was estimated using 1:1 (organic:aqueous). The results indicated a decrease in gold

The distribution of gold between the organic and aqueous
phases was obtained as the ratio of the total metal concentra-
rt_ion in the equilibrated phases:

@)

Day =
[AU] o

specific interaction theory (SIT). extraction as the temperature is increased; the valdg{df
(change of enthalpy) is —20.8 kJ/mol, the extraction reaction
Experimental being exothermic.

The secondary amine Amberlite LA2 (Fluka) was used as received, The extraction of gold at different concentrations using an
the purity was greater than 95% (experimentally determined by titraorganic phase of 0.23 mmol/l of the amine salt in xylene was
tion of the reagent with standard HCI solutions). The organic phasgtudied. Experiments were carried out at 20 °C, varying the
was prepared by diluting a measured volume of the amine Withyata concentration in the aqueous phase and using various

xylene (AR grade). The amine chloride salt was prepared by shakin - - .
the amine solutions with agueous phases containing 1.0 M HCI fogoncentratlons of HCI. Figure 1 shows that highgy &lues

10 min at 20 °C. Previous investigations had shown that completévere reached at lower HCI concentrations and they tend to
conversion to the amine chloride salt occurs under these experimefilecrease as the acid concentration increases in the aqueous
tal conditions. Aggregation of the amine/amine salt depends stronglgolution. For each HCI concentration, the values qf D

on the organic diluent and the reagent concentration. In the preseficrease as the initial metal concentration decreases; this
study, very dilute solutions of the amine salt were used, so it can bgapayiour can be explained considering that the total concen-
assumed that the monomer form of the reagent predominates in tf}e fi fth - Itin th . lution is:

organic phase. All other chemicals were of AR grade. Gold extract/ation of the amine salt in the organic solution is:

tions were carried out by mechanical agitation (600/min) in separa-_ ~ v .

tory funnels, thermostatted at the required temperature and for 10 mitR R“NHH*CI1gpa = [R'R"NH+CI o + @
(time necessary to achieve metal extraction equilibrium) of the [R'R"NHH*AUCI, ] rq

appropiate volumes of the corresponding aqueous and organic solu-

tions. Gold content in the equilibrated aqueous solutions wasvhere RRNH represents to the amine Amberlite LA2, and

analysed by AAS, whereas metal concentration in the organic phasghe extraction reaction of gold(lll) by the amine salt:
was obtained after stripping of the loaded organic solutions with

AUCl,+R'R"NHH+CIg  RR"NHH*AUCI;,, +Cl,  (3)
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Fig. 1 Influence of metal concentration on the gold distribu- Fig. 2 Influence of extractant concentration on the gold dis-
tion ratio in the extraction from HCI solutions. Organic: tribution ratio in the extraction from HCI solutions.
aqueous phase ratio 1:1. Temperature 20°C. Organic:aqueous phase ratio 1:1.
_ [R'R"NHH*AUCIZ] org [Cl g obtain the values of the equilibrium constant. In the program,
Kext = (4) the error square sum U defined as:
[AUCIZ] 4 [R'R"NHH*CI 4
and: U= Z (lOQ Dcal_ IOg Dexp)2 (8)
was used in the minimisation proce3g,, represents the experi-
Kext [AUCIZ] 1 [R'R"NHH*CI o1 o - 7exp
mental distribution fficien is the val lcul
[R'R"NHHAUCK] o= ©) ental distribution coefficient arid,,, is the value calculated by

[cH the program for the model tested after solving the mass balance
a equations of the components of the system. Thus, the best model

Subs“tu“on Of eqn (5) in eqn (2) |eads’ aﬁer rearranging' to: |S the one Wh|Ch g|VeS the |OW€St Va|uGJOﬂ—he Ca|Cu|atI0nS were

carried out taking a set of species and extraction constants as the

[R'R"NHH*CHoraL starting input and considering the influence of the minimised func-
[R'R"NHH*CIH g = (6) tion when partially varying or adding new species to the model. In
1+ Key [AUCI] o these calculations, secondary reactiaes,the formation of the
—_— amine dichloride for HCI concentrations above 4 M were also
[Claq considered. The results of the numerical calculations are given in

F 4 idering the definiti f the distributi Table 1. From these results, it was found that gold extraction at
ngrfzc?eanl é )r’] ?f)nzln;rrlggrrar? ine mtlhlgrl]‘o(ljlowilf (';( ”relé;?gnvarious ionic strengths)(responded to the equilibrium shown in
q ging, g exp egn (3), whereas extraction constants varies lwitthe variation

is obtained: can be correlated using SIT and used to determine the interaction
Kex [R'R"NHH*CH g coefﬁ(‘:ient. €) between the species in the aqueous phae.
Dy = (7) _'I'akmg .|nt.o account eqgn (3), the e>.(tract|o.n cpnstﬁh} for
[CH.q this equilibrium can be correlated with the ionic strength by:
From eqgn (6), as the equilibrium gold concentration is Y [R'R"NHH*AUCI] 5,4 YICl ] o
increased, the concentration of the amine chloride salt in the K®=Km) 9)
equilibrated organic phase decreases and thus in eqgn (7) the Y[AUCI—q Y [R'R"NHH*CI g

value ofD,, also decreases (Fig.1). The influence of the vari-
ation in the concentration of the extractant on the distributiorraple 1 Extraction constants for gold extraction by the chlo-
of gold was studied using aqueous phases of 0.05 mmol/l golride salt of the amine Amberlite LA2 from HCI solutions

ano! organic phases of the amine salt in xylene. Figure 2 shqw HCI, mol/l x log kb U
an increase in gold extraction as the extractant concentratio
is increased. However, the extraction of gold tends to decreas1 1.022 3.84 0.195
as the HCI concentration of the aqueous solution is increase2 2.080 4.12 0.211
indicating a competition between gold and hydrochloric acid? 3.196 4.28 0.202
4 4.357 4.42 0.198
for the extractant. 5 5573 453 0.179
The extraction of gold can be described using the reactiolg 6.851 4.66 0.442
shown in eqn (3). According to this equilibrium, experimental 7 8.195 4.68 0.175

data were treated numer?ca”y using the program LETAGROP'aVaIues in the molality scale. bValues calculated by the numer-
DISTRin order to confirm the proposed equilibrium and to ical program and in the molality scale.
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whereK(m) is the extraction constant in the molality scale 1:1 using an organic phase containing 1.16 mmol/l of the
(Table 1). Assuming ideal behaviour in the organic phase andmine salt in xylene and an aqueous phase with 0.05 mmol/l

taking logarithms, the next expression is obtained:

of each metal (Au, Fe, Cu and Ni) in 1 mol/l HCI show that

after 10 min of contact, near quantitative gold(lll) extraction

log K° = log K(m) + |09V[cl-]aq— log YiAuCIZlag (10)

The activity coefficienty) of an ion of chargez{ in a solu-
tion of ionic strengthlj is defined as:

is achieved without any of the base metals being extracted,
allowing the selective separation of the precious metal.

We thank the CICYT (Spain) for financial support of Project.

logy,=-ZD(l) += € | (11)

Received 13 April 2001; accepted 30 May 2001

wherel represents the ionic strength in the molality sda(#,
is the Debye—Hiickel term, also in the molality scale, saisd
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the interaction coefficient between the charged speciesgeferences

Taking into consideration egn (11) for each of the charged
species of the present extraction system,ssubstituting in
eqgn (10), the next expression is obtained after re-arranging: »

(12) 3

A plot of log K(m) vs | should give a line of slope
(&aucia—H+—€(ci-nh)- Figure 3 shows that log° =3.9 and 4
sincegg- ) = 0.1215 it can be estimated thaf,cis— i+ IS

0.24, a value which compares well with others obtained from

1

log K(m) = log K® + (g(auciz H*) —€ccr, ) |
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In the precious metal concentrates derived from large scale
nickel and copper extraction operations, gold is presengl
together with a number of base metals. The first stage in the
treatment of these concentrates is extraction with aqua regiz%
this aqua regia solution contains gold, other precious metals,23
and base meta?8. Thus, the possibility of separation gold
from those base metals was also studied. For this purposg,
extraction of iron(lll), copper(ll) and nickel(ll) as representa-
tive base metals has been investigated. Extraction experiments
carried out at 20 °C and at an organic: aqueous phase ratio of

C.K. Gupta and T.K. Mukherjeélydrometallurgy in Extraction
Processes, Vol.llp.74. CRC Press, Boca Raton, 1990.

G.M. Ritcey and A.W. AshbrookSolvent Extraction, Part II,
p.371. Elsevier, Amsterdam, 1979.

R.l. Edwards and W.A.M. te Riele, iHandbook of Solvent
Extraction, p.725. T.C.Lo, M.H.I.Baird and C.Hanson (eds.),
J.Wiley & Sons, New York, 1983.

M. Cox, inPrinciples and Practices of Solvent ExtractiprB57.

J. Rydberg, C.Musikas and G.R.Choppin (eds.), Marcel Dekker,
New York, 1992.

J. Marsden and |. Hous&he Chemistry of Gold Extraction,
p.368. Ellis Horwood, London, 1993.

D. Maljkovic and M. MaljkovicProceedings of the International
Solvent Extraction Conference (ISEC'88), Vol.Ij,206.
Moscow, 1988.

V.A. Drake and R.A. Grant/orkshop on Innovations in Precious
Metals Recovery and Refinin§CI, London, 1991.

I. Villaescusa, N. Miralles, J. de Pablo, V.Salvad6 and
A.M.Sastre Solvent Extr. lon Exch1,993,11,613.

F.J. Alguacil and C. Caravaddydrometallurgy,1993,34,91.

S. Martinez, A.M. Sastre, N. Miralles and F.J. Alguacil,
Hydrometallurgy,1996,40, 77.

I. Villaescusa, V. Salvad6 and J. de Paltiydrometallurgy,
1996,41, 303.

F.Z. El Aamrani, A. Kumar, L. Beyer, J.L. Cortina and
A.M.Sastre Solvent Extr. lon Exch1998,16,1389.

A. Madi, N. Miralles, J.L. Cortina, J. Arnaldos and A. Sastre,
Proceedings of the International Solvent Extraction Conference
(ISEC"96),p.463. Melbourne, 1996.

D.H. Liem,Acta Chem. Scanl971,25,1521.

L. CiavattaAnn. Chim.1980,70,551.

J. de Pablo, M. Aguilar and M. ValientBroceedings of the
International Solvent Extraction Conference (ISEC §8%97.
Denver, 1983.

J.de Pablo, M. Aguilar and M. Valienteéhem. Scriptal 984,24,
147.

M. Aguilar, J. de Pablo, M.Valiente and E. Hogfel@hem.
Scripta,1984,26, 635.

L. CiavattaAnn. Chim.;1990,80, 255.

E. Rodriguez de San Miguel, J.C. Aguilar, M.T.J. Rodriguez and
J. de GyvesHydrometallurgy,2000,57, 151.

S. Martinez, P. Navarro, A.M. Sastre and F.J. Alguacil,
Hydrometallurgy,1996,43, 1.

2 M.A. Barroso, F.A. Lopez, A.M. Sastre and F.J. Alguacil,

Hydrometallurgy,1997,45, 199.

S. Martinez, A.M. Sastre and F.J. Alguatilydrometallurgy,
1997,46,199.

S. Martinez, A.M. Sastre and F.J. Alguatilydrometallurgy,
1999,52,63.

M. Iglesias, E. Anticé and V. Salvad@nalytica Chimica Acta,
1999,381,61.



