
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Extraction of Gold and Silver by Thiourea-Based Reagents
Guangju Zuoab; Mamoun Muhammeda

a Department of Inorganic Chemistry, The Royal Institute of Technology, Stockholm, Sweden b Tianjin
Institute of Technology, Tianjin, P. R. China

To cite this Article Zuo, Guangju and Muhammed, Mamoun(1990) 'Extraction of Gold and Silver by Thiourea-Based
Reagents', Separation Science and Technology, 25: 13, 1785 — 1802
To link to this Article: DOI: 10.1080/01496399008050424
URL: http://dx.doi.org/10.1080/01496399008050424

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496399008050424
http://www.informaworld.com/terms-and-conditions-of-access.pdf
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EXTRACTION OF GOLD AND SILVER BY THIOUREA-BASED REAGENTS 

GUANGJU ZUOa AND MAMOUN MUHAMMED* 
Department of Inorganic Chemistry 
The Royal Institute of Technology 
S-100 44, Stockholm, Sweden 

ABSTRACT 

The synthesis and properties of some novel 
solvent extractants that are highly selective for 
gold and silver in very acidic chloride solutions 
are described. In this paper we also report on 
the study of one of these reagents; Dodecyl- 
thiourea (DTH), which has shown to be a very 
selective extractant for Au(II1) andAg(1) in the 
presence of Cu(I1) and Fe(II1). The extraction of 
Au and Ag was found to be fast. The Gold-DTH 
extraction data were explained by the formation 
of AuC1,. (DTH), species while silver forms 
AgC1. (DTH), complex. The extractant has been also 
tested for practical application by determining 
the loading and stripping isotherms. 

INTRODUCTION 

In the past two decades the use of chloride hydrometallurgy for 
the processing of complex ores has received increasing attention 
(See e.g. Ref.(l]). Because of improvements made in materials of 
construction, future processes to leach gold and silver could use an 
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1786 ZUO AND MUHAMMED 

acid chloride solution. Acid chloride leaching solutions are 
effective on sulphidic materials that are refractory to conventional 
methods of processing. Sulphidic materials contain appreciable 
amounts of gold and silver that are associated with base 
metals. While most of the gold produced at present, via 
hydrometallurgical route, is by leaching with alkaline cyanide 
solutions, there is a significant interest to use acidic leach 
solutions instead (1,2). There is, therefore, a great interest to 
develop extractants for the selective extraction of gold and silver 
from acidic chloride solutions. 

A variety of extractants were studied for the extraction of 
precious metals from dilute aqueous solutions, where gold exists 
mainly as Au(1). Alkyl phosphorus esters ( 3 )  and long-chain amines 
(4,5) have been investigated quite widely for the extraction of gold 
from alkaline cyanide solutions. 

In acidic chloride leaching solutions, Au(II1) is the stable 
oxidation state. Tertiary amines have been studied for the 
extraction of gold and platinum metals from acidic chloride 
solutions ( 6 )  and it was found to be not sufficiently selective. 
Tri-iso-butylphosphine Sulfide (Cyanex 471X) (7,8) has been 
reported to have high loading capacity and fast extraction kinetics 
for the extraction gold and silver from acidic chloride solutions. 
Recently, twoextractants; 1,3,4-thiadiazole-2-nonylmercapt0-5-thiol 
(TNSTH) (9) and 2-nonylpyridine-N-oxide (NPO) (lo), have been 
reported. Also these reagents have good extraction characteristics 
but TNSTH has a slow rate of extraction and can be easily oxidized 
especially by Cu(I1). NPO can be used in hydrochloric acid 
solutions, but at high acidity, the selectivity of NPO for Au(II1) 
against Fe(II1) decreases significantly. 

The present study is a part of a program aiming at developing 
selective extractants for the recovery precious metals in the 
presence of base metals from acidic chloride solutions. The hard- 
soft acid-base concept, can be used to select the donor atoms of a 
selective extractant. The precious metal (Au and Ag) ions, being 
soft acids, form strong complexes with reagents containing S or N 
atom. Thiourea is one of those reagents containing both donor atoms 
and is suggested to be used in leaching gold and silver in acidic 
chloride solutions (11-13). It can be used as extractant by 
incorporating a suitable alkyl-chain thus render it water-insoluble. 

This paper describes the synthesis of some thiourea-based 
reagents. The extraction characteristics of one of these reagents, 
dodecylthiourea, are studied in more detail. 
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EXTRACTION OF GOLD AND SILVER BY THIOUREA-BASED REAGENTS 1787 

PREPARATION OF THE REAGENTS 

The synthesis of alkyl-thiourea is carried out by a two- 
temperature step reaction. The alkyl group is introduced by using 
the corresponding alkyl primary amine which is reacted with ammonium 
thiocyanate as given by the following reaction equation: (14) 

R-NH, + NHhSCN - R-NH-CS-NH, + NH,(g) (1) 

Where R denotes the alkyl chain. Three reagents were prepared, 
nonylthiourea(NTH), dodecyltiourea(DTH), and benzylthiourea(BTH). 

Procedure 

0.25--0.5 mole of nonylamine, dodecylamine, or benzylmaine and 
equivalent mole number of ammonium thiocyanate were charged into a 
reactor equipped with heating, stirring, and condensing facilities. 
The diluent , butyl alcohol, was added in an amount equivalent to the 
gross weight of the amine and ammonium thiocyanate. The mixture was 
gradually heated while stirring to about ll0'C. The time required is 
30-50 minutes. The temperature was then maintained until the 
evolution of ammonia ceased. The mixture was then heated up to 125- 
127"C, and the temperature maintained thereat for 2.5 hours for NTH 
or DTH and 4 hours for BTH. The resultant solution was then cooled 
to -20 "C in the case of NTH. For DTH and BTH, it was sufficient to 
cool the resultant solution to room temperature to obtain a good 
yield. For BTH, the same amount of diluent was added to the 
resultant solution before cooling. The crystallized products were 
separated by filtration and washed with butyl alcohol. The remainder 
of solvent was then removed by evaporation in a vacuum desiccator 
for about 24 hours. 

All chemicals used were of analytical grades. Table 1 
summarizes the reactants, diluent used as well as the yield of the 

Table 1. Reactants, yields and melting point of reagents. 

REAGENT REACTANTS YIELD(%) MELTING POINT 

NTH nonylamine, NH,SCN 13.91 91.0 - 91.5 "C 

DTH dodecylamine , NH,SCN 31.47 100.5 - 101.0 "C 

BTH benzylamine, NH,SCN 75.72 159.5 - 160.5 "C 
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ZUO AND MUHAMMED 1788 

different products, Melting points of the reagents were measured 
with BUCHI SMP-20 mp equipment. 

ComDosition 

The elemental analysis of the reagents have been performed by 
Micro Kemi AB, Uppsala, Sweden. The atomic molar ratio is given in 
Table 2 together with theoretical atomic molar ratio, which confirms 
the composition of these reagents. 

Table 2. Experimentally determined and theoretically calculated 
atomic ratio of the reagents 

EXPERIMENTAL THEORETICAL 

C H N  S C H N  S 

NTH 9.87 22.08 1.95 1.00 10 22 2 1 
DTH 12.89 28.64 1.98 1.00 13 28 2 1 
BTH 7.98 9.82 2.01 1.00 8 10 2 1 

Solubilitv of Reagents 

Tests were conducted in order to determine the solubility of 
NTH, DTH, and BTH in g/l. The results are summarized in Table 3. 

Table 3 .  Solubility of NTH, DTH, and BTH (g/l) 

DI LUENT\RFAGENT NTH DTH BTH 

hexane 
toluene 
chloroform 
butyl alcohol 
isoamyl alcohol 
ace tone 
methylisobutylketone 
dimethyl formamide 
pyridine 
shellsol D-100* 

0.54 
2.02 
12.05 

<O .05 
0.27 
2.49 
12.10 

10.45 

170.0 
130.2 

<o. 01 
0.18 
1.03 
6.80 
5.95 
47.90 
7.49 
191.5 
218.6 
2.50 

The reagents were found to have very low solubility in the 
following solvents: 
Shellsol* (D-40, D-70, A, AB, H, J and K) (trademark of Shell). 
Isopar G, Escaid(100, 120) and Solvesso 150 (trademark of ESSO). 

- The solubility was not determined 
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EXTRACTION OF GOLD AND SILVER BY THIOUREA-BASED REAGENTS 1789 

In the following parts, we report in more detail on the 
extraction of Au(II1) and Ag(1) from acidic chloride solutions by 
DTH in chloroform. 

EXTRACTION STUDIES 

A gold stock solution was prepared by dissolving 1.000 g pure 
gold metal in aqua regia, boiling to dryness and then dissolving the 
residue in 20 ml 37% HC1 and diluted to 1000 ml with deionized 
water. The stock solution of silver was prepared by dissolving 0.787 
g silver nitrate in 1000 ml 1% HNO,. 

Aliquots of the aqueous and organic phases of known 
concentrations were taken in stoppered glass tubes at 25OC. The 
tubes were shaken for a certain time, within which equilibrium was 
established as ascertained in preliminary experiments. The analyses 
of metal ions in aqueous phase, before and after extraction, were 
carried out using PERKIN-ELMER 603 atomic absorption 
spectrophotometer. The metal concentrations in the organic phase was 
calculated by mass balance. In later stage, inductively coupled 
plasma ICP-OES (ARL-3520) was used for the analyses of metals. The 
organic phase was stripped by 5% thiourea solution containing 1% 
HC1. The concentration of gold and silver in these solutions were 
determined in the same manner. 

RESULTS 

Extraction Speed for Au(II1) and Ag(1) 

The kinetics of the extraction of metals were investigated and 
the results, shown in Figure 1, suggest that gold and silver 
extraction are quite fast. The equilibrium can be achieved in less 
than one minute. 

Analvsis of Eauilibrium Data 

The distribution data for the extraction of Au(II1) and 
Ag(1) in 2.0 N HC1 medium with various concentration of DTH in 
chloroform are collected in Figures 2 and 3 ,  respectively, in the 
form of logD versus log[DTH], where the distribution coefficient D 
is given by 

The extraction of gold and silver can be expressed by the 
following general reaction: 
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1790 ZUO AND MUHAMMED 

p.MZ' + p.zC1- + q.DTH - (MCl,),.(DTH), ( 3 )  

The formation constant, &, for this reaction is defined as 

Where M denotes the metal with charge z+, p and q express the 
coefficients of reaction species. The bars denote that the species 
exists in the organic phase. 

ooooo42.70 p p m  A I I )  in 2 N ECi 
AAAAA 19.69 ppm A 2 I j  in 2 N HCl 
Organia: 1.0 mX DTE in o h l m o j o n n  

Time (Min) 
Figure 1. The kinetics of extraction of Au and Ag by DTH. 

For the analysis of data, the binary interactions between Au3' 
or Ag' and Cl- are needed, i.e. the reactions ( 5 )  and (6). 

Au3+ + rC1- - [AUC~,](~-~'- 
Ag' + rC1- - [AgC1,]'r-l'- 

(5 )  

(6) 

where r expresses the coefficients of Cl'. The formation constants 
for Au-C1 complexation were taken from reference (15). In the case 
of silver, the corresponding constants at the ionic strength used in 
this study are not available. They were calculated using the 
specific interaction approach, developed by Guggenheim and Scatchard 
(16,17), as described below. 

In this approach, the activity coefficient T~ of an ion of 
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charge 2, in a solution of ionic strength I is expressed by 

1791 

The summation is made over all ions k in the solution with 
molality q. D(1) is the Debye-Huckel term, A n  / (1+1.50) with A - 0.5107. €(ilk) is the ionic interaction coefficient between the 
species i and k, and has a value of zero when both ions are of the 
same charge sign. 

The dependence of the formation constant 13' on the ionic 
strength I is given by equation (8). 

log R1 - log Ro - AZ2D(I) + Ce(i, k)m, (8) 

with AZ2 - XncnjZj2 - XpiZi2 (8a) 

where nj denotes the stoichiometric coefficients of the reacting 
ionic species of charge Zj, pi is the coefficient of ionic species 
of charge Z, formed in reaction (5) or (6). Ro represents the 
formation constant at zero ionic strength in the molal scale. 

The first step is to determine Ro using the two known values 
logRl-3.36 and log 13,-5.20 (25"C, 1-1) and equation (8) where the 
interaction coefficient between H+ and C1-, E (H', Cl-)-O. 12, is taken 
from reference (18). The interaction coefficient between Cl-and Ag+ 
is not available. Therefore the interaction coefficients between C1- 
and monovalent cation Li', Na+ and Kt are used instead in the 
calculations. It is found that by using e(K+,C1-)(18), log R,-3.62 
and log R,-5.46 are obtained (at 1-4) which are close to the reported 
values: log R, - 3.45 and log R, - 5.67 (15). 

Further we got, at 1-2, log R, - 3.43 
log R, - 5.27 
log R3 5.20 
log R, -. 5.70 

The analysis of distribution data was carried out by using the 
general minimizing computer program LETAGROP-DISTR (19). In these 
calculations a set of species are assumed to exist and their 
formation constants are determined by minimizing the error square- 
sum, U, defined by: 

NP 
U - C (logD,,1, - logD,,)2 

i-1 
(9) 

and the standard deviation oY, i.e. (alogD) defined by 
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1792 ZUO AND MUHAMMED 

Where Dexp is the experimental distribution coefficient and Dcalc is 
the corresponding values calculated by solving the mass balance 
equation for the different components. N, is the number of 
experimental points. 

1.0 

0.8 f 
0.8 

L 

0.4 - 
q 0.2 - 
8-0.0 - 
4 

-0.2 - 
-0.4 - 

-0.8 - O * @ I  

* /  

4 . 0  

Fig. 2. Extraction of Au by DTH. The aqueous phase 
contained 2N HC1. The curves are calculated 
using the models given in Table 4 .  

Fig. 3 .  

1.0 - 
0.8 - 

-0.2 

-0.4 
-A# a14 M 

-0.8 -A# 0.18 M 
-A# 0.n 

-0.8 

-' . 
Extraction of Ag by DTH. The aqueous phase 
contained 2N HC1. The curves are calculated 
using the models given in Table 5. 

Several models were tested to search for the best fit of the 
experimental data. The best model is the one which gives the lowest 
values for both U and u. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



EXTRACTION OF GOLD AND SILVER BY THIOUREA-BASED REAGENTS 1793 

Summary of the results of the numerical analysis for the 
distribution equilibrium data of Au(II1) and Ag(1) are listed in 
Tables 4 and 5. 

Table 4. Summary of the results of the numerical 
treatment of extraction data for the system 

Au(II1)-DTH in chloroform at 25OC. 

Model log& U 0 Remarks 

AuC1,. (DTH) 33.5020.19 2.40 0.28 

AuCl,.(DTH), 37.72f0.23 0.67 0.15 

AuCl,.(DTH), 43.64 max 44.04 0.26 0.09 

Rejected* 0.67 0.15 AuC1,. (DTH) 0 
AuCl,.(DTH), 37.72k0.25 

AuC1,. (DTH) 0 
AuCl,.(DTH), 43.67 max 44.10 

AuC1,. (DTH), 0 
AuCl,.(DTH), 43.66 max 44.14 

Rejected* 0.26 0.09 

Rejected* 0.26 0.09 

AuC1,. (DTH) 0 Re j ec t e d* 
AuC1,. (DTH), 0 0.26 0.09 Rejected* 
AuCl,.(DTH), 43.67 max 44.15 

Data at [DTH] - 0.05-0.34 mM: 

AuCl,.(DTH) 33.23 max 33.45 4.87 0.40 

AuCl,.(DTH), 33.76 max 37.86 2.50 0.28 

AuC1,. (DTH), 42.69 max 43.26 1.56 0.22 

Data at [DTH] - 0.34-0.57 mM: 

AuC1,. (DTH) 33.54k0.21 1.85 0.28 

AuCl,.(DTH), 37.77f0.25 0.51 0.16 

AuCl,.(DTH), 43.84 max 44.22 0.14 0.08 

* For the rejected species, logR - 0. 
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1794 ZUO AND MUHAMMED 

Table 5. Summary of the results of the numerical 
treatment of extraction data for the system 

Ag(1)-DTH in chloroform at 25%. 

Model log& U U Remarks 

AgCl.(DTH) 10.05k0.11 1.25 0.189 

AgCl.(DTH), 13.58f0.03 0.07 0.045 

AgCl.(DTH), 17.27k0.11 0.45 0.114 

AgCl.(DTH), 21.1920.25 0.11 0.172 

0.07 0.045 AgCl.(DTH) 0 
AgCl.(DTH), 13.58k0.03 

AgCl. (DTH) 9.61k0.10 
AgCl.(DTH), 16.94k0.11 

AgCl.(DTH) 9.77k0.10 
AgCl.(DTH), 20.51f0.22 

AgCl.(DTH), 13.55k0.08 
AgCl.(DTH), 16.07 max 16.56 

Rejected* 

0.07 0.046 

0.15 0.067 

0.06 0.043 

AgCl.(DTH), 13.57k0.04 
AgCl. (DTH), 19.26 max 19.85 

AgCl.(DTH), 17.27k0.12 
AgCl . (DTH), 0 

0.07 0.044 

Re j ec ted* 0.45 0.115 

AgCl.(DTH) 9.13 max 9.64 
AgCl.(DTH), 13.39 rnax 13.69 0.06 0.043 
AgCl.(DTH), 16.50 rnax 16.93 

AgCl.(DTH) 7.91 max 9.35 
AgCl.(DTH), 13.57k0.13 0.07 0.045 
AgCl.(DTH), 19.30 max 19.93 

* For the rejected species, log& - 0. 
As the concentrations of both metals are relatively low, it is 

reasonable to assume that only monomeric species, with respect to 
the metal, are formed. The extraction data of Ag(1) - DTH system 
were first treated using a one complex model, i.e. a model assuming 
the formation of only one complex with the general formula 
(AgCl),(DTH),. Several models were tested with different p:q values 
i.e. 1:1, 1:2, 1:3, 1:4, etc. As shown in table 4, the model 
containing the species 1:2 [AgCl.(DTH),] gives the best fit. The 1 : l  
species (and also the 1:3 species) gives higher U and UY values than 
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those obtained with the 1:2 species. 

Further to this models assuming the formation of two and three 
species were tested. When the model "1:l and 1:2" (i.e.[AgCl.(DTH)] 
and [AgCl. (DTH),]) was tested, the program sets the formation 
constant of the species 1:l equal to zero indicating that its 
existence, under these experimental conditions, is improbable. No 
significant improvement of the fit was obtained when testing other 
models. The data can thus be explained by assuming the presence of 
only the AgC1. (DTH), species. 

For the Au(II1)-DTH system, the model which contains only one 
complex, AuCl,.(DTH),, gives the best fit to all the experimental 
data. The 1:l complex i.e. AuCl,.DTH was rejected by the program 
meaning that its existence is improbable. Also the 1:2 complex was 
rejected. 

In order to further check the possibility of the existence 
either of 1:l and 1:2 species, we divided the data into two parts in 
the respect to low and high DTH concentrations. The different models 
were then tested using each set of data independently. In both 
cases, the data were best explained by the presence of the 1:3 
species only. 

100 

$80 

e -  
* -  
0 .  

xu0 w -  
+ 

- 
Y I ) .  

Reagent Selectivity 

The extraction of some metals, at similar concentrations, from 
various acidic solutions was carried out using 1.0 mM DTH. The 
results are given in Fig. 4. As seen, Au and Ag were extracted to 
almost 100% while other metals were extracted to a much lower 
degree. 

88 
k &-* - - 
- \ h 

\ \ 
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h. 
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\ 
\ 
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'. 
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Conc. of HCI (N) 

Figure 4 .  Extraction of different metals by 1.0 mM DTH. 
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1796 ZUO AND MUHAMMED 

The selectivity of DTH was also tested by using different 
concentrations of DTH to extract metals from a solution of Au(III), 
Ag(1) in the presence of much higher concentrations of Cu(I1) and 
Fe(II1) in 2 . 0  N HC1 medium. The results are collected in Fig. 5. 

I 
5 

C m .  of DTE (mM) 
Figure 5 .  Extraction of different metals as a function 

of the concentration of DTH in chloroform. 

As seen, the reagent shows very high selectivity for Au(II1) and 
Ag(1) over Cu(II), Fe(II1) and Fe(I1). Very high separation factors 
could be obtained. For example, when the concentration of DTH was 
1.0 mM and the solution contained 4 9 . 4 6  ppm Au(III), 2 8 . 9 1  ppm 
Ag(I), while [Cu(II)] & [Fe(III)] is about 2 g/l. Separation 
factors, D,,/Dcu=7, DA,/D,,-140 while DAu/Dcu and DAu/DF, are more than 
1000. were obtained. 

The Aciditv Influence on Extraction 

The extraction behavior of Au(II1) and Ag(1) from aqueous 
solution with various concentration of HC1 by 1.0 mM DTH in 
chloroform was shown in Figure 4 .  However, the data of Figure 4 
are replotted as logD versus [HCl] in Figure 6 .  It can be seen 
that, although the percentage of Au(II1) extracted at acidity lower 
than 4 molar did not change significantly, it shows an extraction 
maximum at about 2.0 N HC1. For Ag(I), the extraction decreases as 
acidity of aqueous phase increases. 

Loadine Capacity for Extraction of Au(II1) and Ag(I] 

The loading and stripping of gold and silver by the reagent were 
studied in order to assess the practical applicability of the 
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3- 

9 -  

0 -  

O 16.73 ppm A III) 
-1 -  4AMA 18.37 ppm A$I) 

1 . 4 . 1  I - 1 4 6 8 
Cona. of ECI (N) 

0 -  

O 16.73 ppm A III) 
-1 -  4AMA 18.37 ppm A$I) 

1 . 4 . 1  I - 1 4 6 8 
Cona. of ECI (N) 

Fig. 6 .  The influence of concentration of HC1 in the 
aqueous phase on the extraction of Au and Ag 
by 1.0 mM DTH dissolved in chloroform. 

reagent. We used "feed" solutions with higher concentration of Au 
and Ag there is normally encountered in actual processes in order to 
determine the maximum loading capacity. The extraction isotherms at 
25% for the gold and silver are shown in Figures 7 and 8 
respectively, using 10.0 mM DTH while the acidity in the aqueous 
phase was kept at 2.0 N HC1. 

Fig. 7. The extraction isotherm of Au(II1) by 10 mM DTH 
The aqueous phase contained 2N HC1. 
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1798 ZUO AND MUHAMMED 

Fig. 8. The extraction isotherm of Ag(1) by 10 mM DTH. 
The aqueous phase contained 2N HC1. 

As seen, DTH has an excellent extraction ability for gold and 
silver from acidic chloride solutions. For example, a feed solution 
containing 40 ppm gold can be treated in only two theoretical stages 
to extract almost all the gold, at phase ratio-10. Silver is 
extracted to a lesser degree and, as seen from the extraction 
isotherm, it is possible to extract almost all the silver from a 
feed solution containing 20 ppm Ag with two theoretical stages at 
phase ratio-5. For treating solutions with higher concentrations of 
silver, higher reagent concentration is required. 

For stripping the loaded organic solutions, a solution 
containing 5% thiourea in 1% acidic chloride solution and 5% 
ammonium thiocyanate solution were used. The first solution can re- 
extract 99.8% while the second solution can re-extract 96.2% silver 
form organic phase containing 18.16 ppm silver at phase ratio-1. 

Further study showed that, at phase ratio-1, 5% thiourea in 1% 
acidic chloride solution re-extracted 91.9% Au(II1) from organic 
phase containing 338.65 ppm Au(II1) and 98.3% Ag(1) from organic 
solution containing 150.15 ppm Ag(1). 

DISCUSSION 

No data are reported for a similar organic reagent. We 
therefore compare our results with the data available for the 
complexation of thiourea to metal ions in aqueous solutions. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



EXTRACTION OF GOLD AND SILVER BY THIOUREA-BASED REAGENTS 1799 

The extraction of silver, in chloride solutions, by DTH is 
explained by the formation of the 1:2 species. Literature data for 
the complexation of silver by thiourea (20, 21) indicate the 
formation of (Ag)p(Tu)q species with p:q value of 1:1, 1:2, 1:3 and 
1:4 species in aqueous solutions. Our results confirm the existence 
of only one species although it does not exclude the possibility of 
the existence of other species. However, the expected 1:l complex 
could not be confirmed from this study. On the other hand, some 
monovalent metal ions e.g Cu(1) also form a 1:2 species with 
thiourea (and not 1:l species) in acidic chloride solutions. 

In the case of gold extraction, no report on the complexation 
of trivalent gold and thiourea was found. In thiourea acidic leach 
solutions, gold is oxidized to gold(1) which forms only 1:2 species 
with thiourea, i. e. (AUTU~)'. (20) The calculations reported here 
indicate that Au(II1) forms only the 1:3 species, AuCl,.(DTH),, with 
this extractant. 

The dependence of extraction of both Au and Ag on the HC1 
concentration in the aqueous phase may be explained by the formation 
of unextractable species AuC1,- and AgC1,- respectively. Fig. 9 is 
constructed using the formation constants of the different species 
determined for the Ag-H-C1-DTH system. As seen the calculated 
percentage of Ag extracted is in a good agreement with the 
experimental data. 

1.0 

0.0 

0.6 
0 

Y 

:: 0 . 4  

0.2 

0.0 
n 1 2 3 4 5 

[ HC1 1 TOT M 

Fig. 9 .  The extraction of Ag by DTH in chloroform at 
different concentrations of DTH. The A represent 
the experimental data, the curve is calculated 
using the formation constants of different Ag-C1 
species and Ag-C1-DTH species. 
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1800 ZUO AND MUHAMMED 

The high selectivity of the reagent for Au(II1) and Ag(1) may 
be explained by the formation of complexes that are more stable than 
those for Cu(II), Fe(II1) and Fe(I1). The stability of the complexes 
of DTH with different metals is in the order of Au(II1) > Ag(1) > 
Cu(I1) > Fe(II1) > Fe(I1). The complexation constants of thiourea 
with different metal ions Au', Ag', Cu', Fe3+ and Fez+ in acidic 
aqueous solutions are given below (20, 21). 

Metal ion log&,, logR,z lo&, 

Au' 21.3 
Ag+ 
cu+ 
Fe3+ 8 . 4 4  
Fez+ 6 . 4 4  

12.95 
1 2 . 8  1 4  

The stability of the complexes of thiourea with the different 
metals is in the same order as that of DTH except for Cu and Ag. The 
stability constant log&, for Cu(1) is slightly higher than that for 
Ag(1). On the other hand, our study shows that DTH has a high 
selectivity for Ag(1) over Cu(I1). 

In aqueous solution thiourea is easily oxidized, and in acidic 
solutions it is hydrolyzed to form urea and hydrogen sulphide. There 
is also a slow decomposition of thiourea to ammonium thiocyanate 
( 1 2 ) .  The DTH reagent seems to be more stable both in the solid 
form (no change of the melting point etc) and when dissolved in 
organic diluents. 

CONCLUSION 

Alkyl substitution of the thiourea produces a water insoluble 
reagent that can be used as a selective extractant for gold and 
silver from acidic chloride solutions. The extractant tested showed 
to have fast extraction kinetics and high loading capacity. 

The complexes formed upon the extraction of gold and silver 
were obtained from the analysis of distribution data. The 
selectivity of the extractant towards different metals seems to be 
consistent with that reported for the thiourea itself. 
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