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ABSTRACT 

Cyanide is the most used reagent for thc 
extraction of gold worldwide. lt is a highly effective 
reagent and suitable for most ores . However, it may not 
he the case for the so called refractory gold ores, 
including those of a sulphide matrix, with high copper 
content and/or carbonaceous matter. Among alternative 
reagents investigated for gold leaching, thiosulphate 
seems to he one of lhe most prorrúsing for copper-gold 
ores. Contrary to cyanide, the process using thiosulphate 
actually needs some copper present in the ore; olherwise 
the gold dissolution is not possible. The present work 
presents basic facts about the chcmistry and 
thermodynamics of the thiosulphate system for U1e 
extraction of gold. ln addition, experimental results of a 
study on lhiosulphate leaching of gold-copper ores from 
the lgarape Bahia Mine (CVRD, Brazil) are reported. 
While cyanide should remain as the first choice for lhe 
hydrometallurgy of most gold ores, lhe results of this 
study ~ndicate that thiosulphate may he ao attractive and 
possible rcagent for gold extraction where cyanide is 
technically or economically unsuitable. 

INTRODUCTION 

Gold dissolution with cyanide-free reagents can 
be attractive and has receivcd attention in recent years 
mainly because cyanidc is a highly toxic chemical and 
must be disposed of with extreme Cétre Moreovcr, 
alternativc reagents may be uscd preferentially with 
retractory ores as well as with those dcrived from zinc 
or copper leach residues, where cyanide consumption 
(dueto U1e formation of oU1cr cyano species) may not be 
economically acceptable. Among thcse lixiviants, 
thiourea has been probably the most investigated, 
although bromine, iodine, thiosulphate and, to a lesser 
extent, Uliocyanate have also been studied (Barbosa
Filho, 1994, Li et ai., 1995, Meissi, 1997, Trindade et 
ai., 1994) . The chemistry involved in the leaching of 

silver sulphide by lhiosulphate solutions has heen 
cxamined and is recognised as being intricate (Hiskey, 
1988, Langhans, 1992). 

The tirst section of U1e present paper reviews 
pmt of the work already donc on thiosulphate as a 
leaching reagent for gold. The sccond part describes lhe 
results of thiosulphate leaching tests carricd out with 
different gold-copper ore samplcs from lhe lgarape 
Bahia Mine, owned by Companhia Vale do Rio Doce 
(CVRD), Brazil. 

PREVIOUS WORK ON GOLD LEACHING WITH 
THIOSULPHA TE 

The use of thiosulphate for U1e extraction of 
silver and gold has becn tirstly reported as emly as 1858 
in thc von Pangera process and by White who used 
sodium thiosulphate and various oxidising agents for 
dissolving pieces of gold lcaf (White, 1905, Liddell, 
1945). These attempts, however, were forgotten as 
cyanidation grew and became U1e dominant process 
worldwide. 
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ln 1912, Leher referred to lhe rcmmkable 
stability of the gold-thiosulphate complex formcd and to 
a double complex of gold and sodium, when auric 
chloride and sodium thiosulphate <tre brought imo 
solution. 

Later, in 1957, Kakovskii calculated the 
dissociation constam K1 for Au(S20 3) 2

3
·, which was 

presented as: 

Au(S203)/· = Au+ + 2S20/ K1 = 10-26 (I) 

Subsequent work by Berezowsky ( 1978, 1979) 
using lhiosulphate, ammoniacal and mixed ammoniacal 
lhiosulphate systems tended to support lhe view 
whereby gold is dissolved exclusively as a thiosulphate 
complcx according to: 

4Au + 8S20t + 2H20 + 02 = 4Au(S203)? + 40H- (2) 
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Berezowsky was also granted an American 
patent in 1 97'8 involving the recovery of gold and copper 
from chalcopyrite concentrates. A main leach dissolved 
the copper and generated a main residue. A secondary 
leach with ammonium thiosulphate was then either 
carried out 011 the copper bearing material before the 
main leach or 011 the mai11 residue, yieldi11g a gold 
containing secondary leach liquor and residue. Silver 
was also recovered with gold. 

Tozawa et ai. (191\ I) reported tl1e action of 
thiosulphate solutions on native gold, with pieces of 
gold leaf used as samples. Maximum dissolution of gold 
was achieved at 200 rpm. Higher agitation speeds 
produced poorer results, which were assumed to be due 
to higher thiosulphate oxidation rates at those 
conditions. Gold dissolution increased with thiosulphate 
concentration from 0.1 M until reaching a stable value at 
0.44 M. No further improvement was observed by 
increasing the thiosulphate concentration to 0.53 M. The 
L:!lect of ammonia could not he satisfactorily explained. 
One of its functions is prohably to stabilise the cupric 
ions in solution as Cu(NH1) 4

2+. It was also ohserved that 
the dissolution of gold reached a maximum at 0.5 M 
NH 3• ln fact, an excess of ammonia results i11 a11 
il1crease of cm· ions, shi llil1g the equilibrium of recation 
(2) to the lcft. Conccrni11g temperature, Tozawa ct ai. 
( 1981) veri tied that the dissolution of gold presented 
two peaks, one at 65"C and the other at 140°C. Above 
65"C the dissolution dropped a11d rcached a minimum at 
I OO"C. They ascribed this decrease to three differe11t 
factors. The lirst would he the decrease in tl1iosulphate 
concentration hy oxidation, which is accelerated at 
higher temperatures. The second factor, directly related 
to tl1e first onc, would be the decrease of cupric ions, 
which woulcl he reduced hy thiosulphate io11s. The thircl 
factor would he the formation of a passive layer of 
cupric sulphidc, according to one of the following 
reactions: 

Cu2+ + s2ot + H20 =cus (s) + sot + 2H+ (3) 

2Cu(Sl)1)/+ 11202 + H20 = 2CuS(s) + 2S30l+20H- (4) 

Ahovc I OO"C thc cupric sulphide adhering to 
the gold surfacc would he more easily removed allowing 
the dissolution of gold to incrcasc remarkably. The 
remova] of such passive laycr 011 the gold surface would 
involvc thc rcgeneration of the thiosulphate io11s a11d the 
cupric ammine complcx ions as: 

2CuS (s)+XNH1+202+Hi) = 2Cu(NH3)/+ +S20? +20R (5) 

The released gold could t11en react with the 
rcgeneratcd thiosulphate ions in thc prescnce of oxygen 
and cupric ions. This assumption was supported by the 
fact that ahove IOO"C thc dissolution of gold was 
dcpcnclcnt on Cu(ll) concentration. The second 

maximum was achieved at 140°C. Above this 
temperature, however, the oxidation of thiosulphate ions 
would be extremely rapid and thus a part of the 
regenerated thiosulphate ions would be oxidised without 
having thc opportunity to react with gold. As with 
respect to Cu(II) concentration, the dissolution of gold 
was maximum at 0.04 M with 0.25 M thiosulphate and 
at 0.08 M Cu(II) with 0.48 M thiosulphate. The 
relationship among Cu(II), S20t anel NH3 in the 
dissolution of gold is, indeed, a phenomenon that 
dcserves more attention. 

The effect of temperature has also been 
examined by Barbosa-Filho at ai. ( 1997), using a 
rotating gold disk. The Arrhenius plot revealed two 
distinct linear regions. The activation energy for the first 
one (up to around 30°C) was considered high (106 
kJ/mol), inclicating a marked effect of the temperature 
on thc dissolution rate. As the temperature goes beyond 
30"C its effect is considerably diminished, with lower 
activation cnergy (24 kJ/mol). ln practical terms, this 
indicates that stirring the solution may he gradl'mlly 
more relevant for temperature a h oves 30°C. 

Block-Bolten and Torma (1986) have dealt 
with thiosulphate leaching using lead-sulphide t1otation 
tailings. The activation energy value suggested chemical 
control for the reaction mechanism. Gold extractions as 
high as 99% were obtained in two-stage countercurrent 
leachings in non-pressurised glass reactors agitated at 
2000 RPM using air as oxidant. They have also shown a 
preliminary economic evaluation in comparison with 
cyanidation, concluding that further research on 
thiosulphate lcaching is justifiahle. A similar conclusion 
was reached by Langhans et ai. (1992) who worked with 
thiosulphatc to extract gold from low grade oxidised 
ores. 
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Tao et ai (1993) have employed 
electrochemical techniques to obtain a11d evaluate the 
experimental results of gold dissolution with 
tl1iosulphate. Li et ai. (1995) review some aspects and 
point out that the system deserves further investigation. 

It seems reasonable to ascertain that 
thiosulphate can be an attractive reagent for gold 
dissolution. This may bc particularly true in cases where 
cyanide cannot he used, either by economic or technical 
reasons. 

EXPERIMENTAL 

Materiais 

Three ore samples of gold-copper ores from 
Igarape Bahia Mine were used in tl1is study; their 
chemical compositions are shown in Table I. Due to its 
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high Cu content, sample C can in fact be classified as 
copper-gold ore. 

Table I- Composition of the ore samples (in wt. %) 

Sample A Sample B Sample C 

Fe 31.4 NA 29.3 

Si 15.3 NA 13.4 

AI 4 .21 NA 4.89 

Mn 3.58 NA 1.14 

Ti 0.28 NA 0.42 

Au 3.0 g/t 2.4 g/t 2.7 g/t 

Cu 0.93 0.74 5.23 

Ag < I g/t NA 4 g/t 

L.O.I. 6.03 NA 6.36 
NA- not available 

The mineralogical composition and the mass 
distribution of copper in the ore samples are depicted in 
Table II. These analyses were done by optical 
microscopy, X-ray diffraction and scanning electron 
microscopy. 

OU1er materiais used in the leaching 
experiments were chemical grade sodium thiosulphate 
(Na2S20 3.5H20), ammonium hidroxide (NH40H), 
copper sulphate (CuS04.5H20) and sodium hidroxide 
(NaOH). 

Table II- Mineralogical composition of ore samples 

Sample A Sample B Sample C 

Cu Cu Cu 
wt. distr. wt distr. wt distr. 

Mineral (%) (%) (%) (%) (%) (%) 

Magnetite 4.0 1.0 4.0 - 23.0 0.3 

Quartz 13.0 - 19.0 - 18.1 -

Hematite 45.0 15 .0 36.0 6.0 15.0 3.7 

GoeU1itc 15.0 15.0 22.0 5.0 9.5 2.6 

Mn oxides 9.0 34.0 8.0 18.0 1.0 -

Chlorite 1.0 - 2.0 2.0 13.0 1.1 

Kaolinite 1.0 - 3.0 - 10.0 0.5 

PM (1) - - - - 5.0 86.6 

CH (2) - - - - 1.0 4.6 

CP (3) r 2.0 r 2.0 0.1 0.60 

Azurite - - <I 41.0 - -
Malaquite t 26.0 r 22.0 - -

Cuprite r 3.0 - - - -

Covellite r 4.0 - - - -
Bornite - - r 4 .0 - -

r (rare): -0.2% t (trace): 0.5% 

(1)- PM: pseudo-malaquite [Cu5(P04)iOH)4] 

(2)- CH: Cu hollandite[(Ba,Cu2+)(Mn4+,Mn2+,cu2+)80 16] 

(3) -CP: chalcopyrite [CuFeS2] 

Experimental procedure 

Leaching tests were carried out in 3000 mL 
glass beakers and the slurry was mechanically agitated 
at 300 RPM with a direct drive overhead motor. Ali tests 
were done at room tcmperature and at a pulp density of 
40 wt. % solids. 

During leaching, slurry samplcs were 
withdrawn at pre-determined periods of time for gold 
and copper analyses in the liquor. At thc end of an 
experiment, U1e slurry was filtered and thc filtrate was 
analysed for Au and Cu content. The solid residue was 
washed with distilled water and then split into four 
samples, thrce for Au and one for Cu analyses. Gold and 
copper in solutions and copper in the leach residue wen:: 
assayed by inductive coupled plasma spectrometry 
(ICP), while gold in the residue was analysed by tire 
assay. 

RESULTS AND DISCUSSION 

Initially, a preliminary series of experiments was 
carried out in order to evaluate the possibility of 
leaching Lhe high Cu containing gold-copper ores of 
Igarape Bahia without additions of Cu(II). ln this series 
of tests, carried out with ore sample C, the range of 
variahles studied was (Trindade et ai. , 1999): 
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• thiosulphate concentration: 0.4-1.2 M, equivalent to 
150-450 kg N a2S20 3/t of ore; 

• ammonia concentration: 1.0-1.7 M equivalent to 
104-188 kg NH40H/t of ore; 

• amount of cupric ion: 0-15 kg Cu(II)/t of ore; 

• leaching time: 5-48 hours; 

• ore particle size distribution: 30% passing 0.074 
mm. 

Typical plots of gold extraction as a function of 
leaching time obtained during this stage of the study are 
shown in Figure I (Trindade et ai., 1999). 

l 
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lirre (h) 

Figure I - Preliminary testing programme - Au 
extraction as a function of time 

Thcse data indicate that: 

• thc copper contained in this ore is sutlicient to 
cnablc any further addition o r Cu(II); 

• allcr 5 hours of reaction , tl1e amount of gold in 
solution is about the samc witl1 or without deliberate 
additions of cupric ions to tl1e system. 

Si nce thc results of this part of tl1e study were most 
encouraging, it was dccided to carry out a more 
extensive serics of tests with oU1er ore samples of 
Igarape Ba.hia Mine, tl1e results of which are detailed 
below. 

The rcsults o r leaching expcrimcnts carried out with 
ore sample B are summariscd in Tablc III. Typical plots 
showing the variation of gold and copper concentrations 
in solution with time are shown in Figure 2. 

Tahle III - Summary of results with ore sample B 

Leach Au in Au Final 

[Na2S203] [NH40H] time rcsidue extr. [Cu] 

(mui/L) (mul/L) (h) (g/t) (%) (mg/L) 

0.60 0.44 24 0.24 88.2 1369 

0.30 0.44 24 0.24 88.7 1213 

0.60 0.44 48 0.28 86.9 1394 

0.30 0.44 48 0.29 87.8 1149 

lt can hc secn tl1at gold is lcached mainly in the 
first 24 hours of reaction and no noticeable improvement 
is obtained by extending the reaction time to 48 hours. 
Copper extraction follows a similar pattern, remaining 
practically unchangcd between 24 and 48 hours of 
leaching. 

These results indicate that gold extractions as high 
as 87-88 % were achieved with tl1e experimental 
conditions cmployed for tests with ore sample B, which 
wcre: 

• 

• 

• 
• 

:::J 
ãJ 
§. 
o 
c: 
o 
u 
::l 
<( 

tl1iosulphate concentration: 0.3-0.6 
equivalent to 70-140 kg Na2S20 3/t of ore; 

mo I/L, 

ammonia concentration: 0.44 mol/L, equivalem to 
79kg NH40H/t of ore; 

leaching time: 24 to 48 hours; 

ore particle size distribution: 70% passing 0.074 
mm. 

1,6 1600 

1,2 1200 ~ 
§. 

0,8 000 o 
c: 
o 

0,4 400 
u 
::l 
o 

o, o o 
o 2 4 6 8 24 32 48 
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Figure 2 - Au and Cu concentrations in solution dt.Jring 
leaching of ore sample B 
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No attempts were made to optimise the 
concentrations of thiosulphate and ammonia in this 
series of tests. 

A new series of leaching experiments was 
undertaken witl1 ore sample A, the composition of which 
is similar to that of samplc B. The results are depicted in 
Table IV, while a typical plot of Au and Cu 
concentrations in solution is shown in Figure 3. The data 
in Table IV were separated in 2 sets of experiments, the 
tirst with varying concentrations of the reagents and the 
second in which a tixed ammonia/thiosulphate molar 
ratio of 2 was employed. This ratio was adopted in arder 
to simulate the use of the compound (NH4)2S203 as a 
source of tl1iosulphate. 

Table IV - Summary of results with ore sample A 

Leach Au in Au Final 

[Na2S203] [NH40H] time residue extr. [Cu] 

(mo I/L) (mo I/L) (h) (g/t) (%) (mg!L) 

0.06 0.13 24 0.61 79.2 23 

0.13 0.25 24 0.56 80.7 53 

0.19 0.38 24 0.44 84.4 165 

0.19 0.38 48 0.46 86.8 93 

0.25 0.51 24 0.43 87.4 246 

0.25 0.51 48 0.66 80.4 17 
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Figure 3 - Au and Cu concentrations in solution during 
leaching of ore sample A 

lt can be observed that results with ore sample 
A were similar to those of sample B in what gold 
extraction is concerncd, as gold solubilization incrcascs 
in thc first 24 hours, after which it actually decreases. As 
in t11e case of ore sample B, gold cxtractions in exccss of 
R5 % were obtained. 

The behaviour of copper, on t11e other hand, 
was diffcrent, sincc Cu concentration in solution falis 
markcdly aflcr R hours of leaching. This suggcsts that 
precipitation of a copper compound such as CuS takes 
placc in the tina! stages of rcaction . 

Additional expcrimcnts with ore sample C were 
carried out and thc results are summarised in Table V, 
while typical curves or gold cxtraction and coppcr 
concentration in solution as a function of time for 
ditTerent thiowlphate conccntratinns are dcpicted in 
Figures 4 and 5, respectively. As in thc case of ore 
samplc ~· the results in Tablc V were separated in two 
groups, according to the ammonia-thiosulphate molar 
ratio employed in each test. 

Table V - Summary of results of leaching experiments 
with ore sample C 

Leach Auin Au Final 

[Na2S:;O,] [NH40H] time residue extr. [Cu] 

(mo I/L) (moVL) (h) (glt) (%) (mg/L) 

0.30 0.44 24 0.25 88.5 2009 

0.30 0.87 24 0.42 81.8 1926 

1.20 0.44 24 0.17 90.8 3664 

1.20 0.87 24 0.27 87.0 4015 

0.06 0.13 24 2.46 10.6 90 

0.13 0.25 24 1.4X 55.1 210 

0.19 0.38 24 0.78 72.7 1030 

0.19 0.38 48 0.80 76.7 766 

0.25 0.51 24 0.79 76.4 1077 

0.25 0.51 4X 0.58 83.2 1379 

I 

I 

I 

I 

I 

These results indicate that for a high Cu containing 
material such as ore sample C: 

• both gold and copper extractions are strongly 
dependent upon thiosulphate concentration; 

• a remarkably high- almost 91%- extraction of gold 
was obtained in onc experiment, spccially if one 
considers that this ore contains as much as 5.2% 
total Cu; 

• 

• 

at low thiosulphate conccntrations thc kinetics of 
Au solubilization is slower, t11at is , a leaching time 
greater t11an 24 hours is required in order to obtain 
an acceptable gold extraction; 

the solubilization of coppcr at low thiosulphatc 
concentration is intricatc, incrcasing in thc tirst 2 
hours of attack wit11 a sharp decreasc during the 
next 6 to R hours, followed by a slow increase in the 
final stages of reaction. Although more testing is 
needed in order to provide a complete cxplanation 
for this behaviour, t11e results suggest that Cu 
precipitation does occur after a period of fast attack 
in the bcginning of the proccss. At high thiosulphate 
conccntrations copper concentration in solution 
increases stcadily with time. 

100 
~ t... 80 
c: 
.2 60 
õ 

C'CI 40 ... 
>< 
Q) 20 
:I 
~ 

10 20 ~ 40 50 

llrre (h) 

Figure 4- Leaching of ore sample C - Au extraction as a 
function of time 
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Figure 5 - Leaching of ore sample C - variation ot· Cu 
conccntration as a function of time 
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CONCLUSIONS 

The results of this study indicate that gold can be 
successfully extracted from high Cu containing gold
copper ores of Igarape Bahia Mine, Brazil, with 
ammoniacal thiosulphatc leaching at room temperature 
without any furthcr addition of Cu(JJ) to the leaching 
system. Gold extractions above RS % wcre obtained for 
the 3 ore samples tested which contain from about 1.0 to 
5.2% total Cu. ln ordcr for lhat to hc accomplished, the 
following experimental conditíons are necessary: 

• thiosulphatc concentration: 0.3 to 1.2 M; 

• ammonia concentration: 0.3 to 0.9 M; 

• leaching time: 24 hours. 

Though no attempts were madc in the present study 
to optimise hoth U1iosulphate and ammonia 
consumptions, Lhe results clearly indicalc that leaching 
with thiosulphate appcars as a very promising altcrnative 
for lhe processi ng of lgarape Bahia ore, at least from the 
technical point of view. Thc final answer for this issue 
lies , ohviously, in the cconomics of this process, a point 
that was not covered in the prescnt communication. 
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