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Abstract
A very simple cell containing two stainless steel static sheet electrodes has been employed for electrolytic recovery of
gold from a stirred aqueous solution containing 50 ppm Au. Cell potential, pH, stirring, temperature, time of electrolysis
and addition of ammonia have been studied as the main parameters for optimization. The results show that the
maximum deposition of 99.6% gold occurs at a cell potential of 2.8 V, pH 6.4, temperature 40 °C in an optimum
electrolysis time of only 60 minutes. The method was successfully applied to a refractory gold ore with an average gold
recovery of 95.1%.
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1. Introduction

The methods used to recover metals from their ores
strongly depend on their physical and chemical proper-
ties, their mineralization and mode of occurrence in ore
deposits. Gold deposits occur as hydrothermal, meta-
morphic and replacement deposits or as nuggets and
grains in residual or placer deposits. Gold is usually found
as a native metal or alloyed with silver and other metals as
telluride. It is commonly associated with sulphides of
iron, silver, arsenic, copper and in compounds of selenium
and antimony.1 Various authors,2,3 have studied heap leac-
hing of gold with aqueous sodium cyanide from palletized
ores and overburden rocks containing 3.8–91 and 0.5 g
Au/ton respectively followed by gold recovery with ion-
exchange resin, AB-2B. Other authors,4 have compared
gold adsorption capacity of anionic exchange resin AB-
2B with that of activated carbon. They found that the ca-
pacity of the former was three times higher than the latter.
In a report,5 a 0.003–0.05 M CN– ions containing solution

has been employed at a pH range of 9–13 using CaO or Ca
(OH)2 for effective cyanide leaching of gold and silver.
Reagent trends have been described in gold extraction in-
dustry,6 where the collectors for gold floatation and alter-
native lixiviants to cyanide have been discussed in a re-
view with 15 references. The need has been emphasized
for using activated carbon and thiourea for adsorption and
desorption of gold respectively. A cell comprising of a
stainless steel anode and a steel wool cathode has been
used with a solution flow rate of 130–180 L/h for elec-
trolytic recovery of gold from cyanide leaching.7

A recycling method for gold and silver recovery
from secondary raw materials has been employed.8 Silver
has been recovered from HNO3 electrolysis by cementa-
tion in powder copper while gold has been recovered from
jewellery by quartation i.e. selective dissolution of Ag and
non precious metals in HNO3. Some workers,9 have used
activated carbon and chemical precipitation method for
recovering gold from copper concentrate via the Hydro-
CopperTM process. 
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The purpose of the present study was to optimize
certain basic parameters for the electrolytic recovery of
gold from standard solutions using a cell with 2 sheet
electrodes and use of the cheaper and less toxic chemical
ammonia as an alternative to cyanide in order to make the
process, simple, economical and environmentally frien-
dly. The process could be very effective for application to
refractory ores and rocks in order to recover gold from
them on industrial scale base at a higher rate and lesser ti-
me thus making the recovery more feasible, faster and ea-
sier. 

2. Experimental

2. 1. Chemicals and Reagents 
HCl, HNO3 and NH3 were of ultra pure analytical

grade (Merck and BDH quality). Other chemicals used
were also of >99% purity purchased from local chemical
agents. 24 carat gold of ARY Gold Co was purchased
from a local jewelry shop.

2. 2. Preparation of Standard Gold Solution 

Standard gold solution was prepared by digestion of
one gram of 24 carat gold in aqua regia according to a pro-
cedure cited in literature.10 The already mentioned amount
of gold was treated with 4 ml of concentrated HNO3 taken
in a 50 ml pyrex beaker and simmered on hot plate for 15
minutes at 90–100 °C. The solution was cooled for 2–3
minutes and 14 ml concentrated HCl was then added. This
solution was again heated on a hot plate at the mentioned
temperature for 15 minutes. A black prill remained in the
beaker was broken with a glass rod and the digestion was
repeated until to the complete dissolution of gold. The so-
lution was transferred to 1 L flask containing 1 ml con-
centrated HCl and then make up to the mark was done
with 20% HCl solution. This was used as stock solution.
Dilute solutions containing gold (III) ions were prepared
from stock solution whenever required. Powdered boulan-
gerite ore sample of 80 µm size was processed by fire as-
say method Leyshon,11 followed by aqua regia digestion.
It was then made to an optimized gold solution after pro-
per treatment with 20% H2SO4 for removal of traces of ot-
her metals and Pb.

2. 3. Gold Analysis in Ore Sample

The gold solution from boulangerite ore obtained in
the above process was analyzed for gold by AAS to work
out the gold concentration in the sample solution. The
average weight of gold in triplicate ore sample was found
to be 51.5 ppm. This solution was used as a working solu-
tion for gold recovery after applying final conditions ob-
tained from optimization of standard gold solutions. 

2. 4. Methodology
In the electro-winning method insoluble electrodes

were used. The electro-active species was deposited on
the cathode usually from aqueous solution under the inf-
luence of a properly applied electrode potential in the pre-
sence of electrolyte with highly controlled parameters. A
50 ppm Au (III) ions containing solution was prepared by
mixing an appropriate quantity of stock solution with suf-
ficient buffer and electrolyte and diluted to 50 ml in a sim-
ple electrolytic cell (beaker). The electrodes (anode and
cathode) were pre-weighed, connected to a DC power
supply and multi meter through copper wires and dipped
to a specified depth into the solution taken in the cell. The
solution was then electrolyzed by switching on the power
supply under specified conditions such as potential, pH,
stirring, temperature, time of electrolysis and supporting
electrolyte. As soon as the electrolysis and stirring were
over, the electrode (s) were taken out of the cell, detached
from copper wires, dried in an oven at 110 °C for 5–10
minutes, cooled to room temperature in a desiccator and
re-weighed. The difference in weights of cathode gave the
amount of deposited gold. The average of three such
analyses gave the actual value of deposited metal (Au).

3. Results and Discussion

The electro-recovery of gold depends on the nature
of electrolytic cell and the influence of various operatio-
nal parameters as detailed below.

3. 1. Effect of Cell Potential:

Fig.1 shows the results of weight % of the recovered
gold at cathode from 50 ppm gold containing solution,
using steel electrodes couple at different cell potentials
with some constant parameters like, pH 2.4 ±0.1, depth
area of electrode 1.9 × 3.7 cm2, separation between elec-
trodes 0.5 cm, deposition time, 20 minutes and temperatu-
re, 30 ±1 °C without stirring. HCl and HNO3 from aqua
regia digestion worked as electrolytes. 

Figure 1. 100 wAu (cathodic Au (III) recovery) versus Ecell (cell po-
tential), using stainless steel electrodes.
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The best recovery of 29.1% gold with a standard de-
viation value of ±0.4 occurs at an optimum potential of
2.8 V, with shinning and better metallic characteristics.
The lesser recovery at lower potential values could not be
scraped off and was therefore not fit for getting gold di-
rectly. However at optimum potential of 2.8 V and above
the deposited gold was not only shinning and metallic in
character but could be scraped off as well. Potential values
of 0.6 V, 2.5 V and 3.5 V have been reported,2 depending
upon electrolytic cell composition for electro-winning of
gold. Some researchers,12 have described the potential va-
lue of 2.7 V for best gold recovery from arsenopyrite ore
which is nearly the same as our optimum potential value
but they used sodium hydroxide as an electrolyte.

3. 2. pH Study

Fig. 2 shows the weight % of the recovered gold at
different pH values with a potential of 2.8 V and all other
constant parameters as true for Fig.1. 0.1 M NH3 and 0.1
M HCl were used for pH adjustment.

value 6.4 is more suitable for greater recovery of gold. 

3. 3. Stirring Effect

Stirring alters mobility of ions toward electrode of
interest. An optimized stirring speed is useful for getting
maximum and smooth recovery of metal (gold in this ca-
se). Figure 3 shows the variation of cathodic weight % of
the recovered gold at various stirring speeds with the abo-
ve mentioned optimum parameters. 

Figure 2. 100 wAu (cathodic Au (III) recovery) versus pH, using
stainless steel electrodes.

Figure 3. 100 wAu (cathodic Au (III) recovery) versus u/ rpm, using
stainless steel electrodes.

It can be seen from the figure 2 that the gold reco-
very increases in a nearly linear fashion with increase in
pH up to an optimum pH value of 6.4 showing a maxi-
mum recovery of 45.2% gold with standard deviation of
±1.0 and thereafter it decreases greatly. It was also obser-
ved that recovery of gold at lower pH value lacked the me-
tallic characteristics and showed a somewhat powdery and
rough look. This may be due to the attack of more H+ ion
on the electrode surface at lower pH values. The pH ran-
ges from 1.5 to 4.0 and 10.5 to 14, have been reported ear-
lier,13 for the recovery of gold from alkaline cyanide solu-
tions. The lower pH values result in bubbling of hydrogen
ions on the surface of the cathode thereby decreasing the
deposition of Au (III) and making the deposit powder-li-
ke, too. The lower pH values also cause the dissolution of
electrodes. On the other hand, higher pH values promote
oxidation. As a result passivation of anode occurs due to
formation of oxides on its surface. Hence, the optimum pH

It is evident from the figure 3 that the weight % of
the recovered gold first increases with the increase in stir-
ring up to 400 rpm but then decreases. This may be due to
the removal of loose deposit formed on the electrode sur-
face. It was also observed that very high speed threw off
the solution from the electrolytic cell and thus disturbed
the amount of gold ions inside the cell which decreased its
recovery at cathode. So, 400 rpm was selected as optimum
stirring speed for getting a shinning, metallic and scratc-
hable deposit of 78.9% gold with standard deviation value
±1.4. Some researchers,14,15 have also recommended the
use of stirring for the electro-deposition of gold but they
have not described the optimum stirring speed used by
them.

3. 4. Temperature Effect

Figure 4 shows the effect of temperature on weight
% of the recovered gold at already optimized parameters.
It can be observed from the figure 4 that the gold recovery
first increases slightly with increase in temperature from
25–40 °C but decreases thereafter. The slight increase up
to 40 °C may be due to some help in convection property
which enhances the mobility of gold ions towards the cat-
hode and thus results in its enhanced recovery at cathode.
The decrease in gold recovery after 40 °C may be due to
evaporation of electrolyte contents especially NH3 due to
its volatile nature. This results in imbalance of gold com-
plex and hence reduced the recovery. So 40 °C was chosen
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as an optimum temperature for maximum recovery of
84.5% gold with standard deviation of ±0.7, having more
metallic and shinning properties. 

The effect of temperature on the weight % of the re-
covered gold is not very common in the literature howe-
ver, a temperature range of 75–85 °C has been reported,16

for maximum gold recovery using NaCN as complexing
agent. So in our case the lower optimum temperature
seems justified due to the volatile nature of NH3. At higher
temperature, the evaporation of water vapor could also
contribute to the problem of anodic passivation because of
increased viscosity and hence decreasing the rate of depo-
sition. Scientists,17 have also described the effect of tem-
perature on electro-deposition of precious metals (Ag). 

3. 5. Electrolysis Time Study

Figure 5 shows the effect of electrolysis time (10–60
min) on weight % of the recovered gold in the range of
61.2 to 99.6% with an average standard deviation value
±1.1. 

Some authors,14,18–20 have reported different values
of electrolysis/ deposition time ranging from 40 sec to 120
minutes for electro-deposition of gold, depending upon

the electrolytic cell set-up and instrumentation. The plot
shows that recovery does not follow a linear trend with the
electrolysis time. The deviation from linearity may be due
to the phenomenon of concentration polarization. Some
researchers,21–23 have also reported that decrease in the re-
covery of precious metal ions is associated with the limi-
tation of these ions in the matrix of solution and their limi-
ted mobility toward the cathode at higher electrolysis ti-
mes. The higher electrolysis times result into decreasing
the concentration of Au (III) in the matrix of solution.
They also described that the electrolytic processes could
not be controlled by diffusion and some other forces wea-
ker than diffusion because these forces are not strong
enough to perform the electrolysis with continuously in-
creasing rates at higher electrolysis times. 

3. 6. Application of Method 
to Boulangerite Ore 
The above method was applied to Boulangerite

(Pb5Sb4S11), a refractory ore. After analysis of the ore it
was known that about 51.5 ppm gold was concentrated in
this ore as traces. Most of sulphur, Sb and Pb contents we-
re removed as their volatile oxide during fire assay met-
hod mentioned earlier, but sufficient content of Pb was
still present due to further amount of the later added from
neutral flux. However, Pb was removed by first treating
gold with 20% H2SO4 and filtering to remove the dissol-
ved Pb content. The dried mass containing gold was then
digested in aqua regia as described earlier for dissolution
of pure gold. The solution of the ore prepared (see experi-
mental section) was adjusted according to the optimum
parameters described for standard gold solution. It was
however, seen that the recovery in this case was up to
95.1% with standard deviation of ±1.2 in one hour. The
reduced recovery in this case may be due to the impurities
of some metals still present at micro-level which interfere
with the weight % recovery of gold at steel cathode. Elec-
trochemists,12 have described the gold recovery of >90%
from refractory ores such as arsenopyrite (FeAsS), pyrite
(FeS2) and gersdorffite (NiAsS) using electrochemical
slurry oxidation. So our gold recovery is quite comparab-
le to that described by these workers.

4. Conclusion

The use of ammonia as a complexing agent along
with other parameters such as pH, potential, stirring speed
and temperature resulted in enhanced recovery of 99.6%
gold per hour from standard gold solution. However, the
application of this method for recovering gold from Bou-
langerite (Pb5Sb4S11), a refractory gold ore, resulted in so-
mewhat decreased gold recovery of 95.1% but still accep-
table in case of complex nature of refractory ore. The pro-
cess could also be applied to other refractory or non-re-

Figure 4. 100 wAu (cathodic Au (III) recovery) versus temperature
(°C), using stainless steel electrodes.

Figure 5. 100 wAu (cathodic Au (III) recovery) versus electrolysis
time (min), using stainless steel electrodes.
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fractory gold ores for better gold recovery than other pro-
cess. This process is also of much importance due to the
use of simple electrolytic cell containing static sheet elec-
trodes and safer from environmental point of view concer-
ning the use of ammonia as an alternative to cyanide in
most gold leaching processes.

5. Acknowledgment

I am highly grateful to the Director, Mineral Testing
Laboratory, Hayatabad, Peshawar (Pakistan) and Director
along with his co-worker, Inam Bhati, Department of
Chemical Engineering, Mehran University of Engineering
and Technology, Jamshoro (Pakistan) for providing sam-
ples and crushing of samples into various meshes size res-
pectively. I also thank Higher Education Commision
(HEC) Pakistan for providing financial support.

6. References

1. A. H. Kazmi, S. G. Abbas. “Metallurgy and Mineral Depo-
sits of Pakistan,” Orient Petroleum Incorporation Hayat
Hall, Block-2, Diplomatic Enclave No. 1 Sector G-V, Isla-
mabad, ISBN – 696-8375-01-5, Ed. 2001, 1, 122–123

2. K. Kongolo, M. D. Mwema, Hyperfine Interactions 1998,
111, 281–289.

3. G. A. Strogonov, G. N Tsykunova, Tsvetn Met 1992, 6, 68.
4. M. S. L. Fagundas, R. de S. Costa, P. Libanio, Mines Car-

riers Tech 1992, 122–125.
5. Nugent, A. John. Chemical Abstract 1991, 114, 168366v. 
6. C. Swaminathan., P. Pyke and R. F. Johnston, Miner. Eng

1993, 6, 1–16.

7. L. Kongda, Y. Jiango, Jiancheng, Chem. Abstr 1993, 119,
17056w.

8. G. Dieter, Shriftner GDMB 1992, 63, 171.
9. O. Hyvärinen, M. Hämäläinen, P. Lamberg, J. Liipo, Gold

Process Mineralogy II, JOM. II 2004, 57–59.
10. A. E. Greenberg, Trussell and Clesceri, “Standard Methods

for Examination of Water and Waste Water. 16th Ed. 1985.
11. MT Leyshon Gold Mines Limited, Metallurgical Testing

Procedures Manual, 6. (II) ed. Pakistan-Gold Exploration
and Mineral Analysis Project, 1988.

12. H. G. Linge and N. J. Welham, Miner. Eng 1997, 10,
557–566.

13. V. A. L. Breguncci, C. P. Ribeiro Jr., A. H. Martins, Mine.
Metall. Process 2001, 18, 49–53.

14. G. Zhiqiang, L. Peibiao, D. Shihua, Z. Zaofan, Anal. Chim.
Acta. 1990, 232, 367–376.

15. J. Karel, I. K. Zden, Anal. Chim Acta, 1985, 172, 359–364.
16. Sirajuddin, Ph. D. thesis, National Center of Excellence in

Physical Chemistry, University of Peshawar, Pakistan. 1996.
17. W. Mi-Sook, Y. Jeong-Sik, Y. Jang-Hee, J. Euh-Duck, S.

Yoon-Bo, Bull. Korean Chem. Soc 2003, 24, 948–952.
18. P. Martin, A. Marta, M. Chris, M. Arben, A. Salvador, Elec-

trochim. Acta 2005, 50, 3702–3707.
19. W. Chunming, Z. Haoli, S. Yi, L. Hulin, Anal. Chim Acta

1998, 361, 133–139.
20. L. Barbra, D. John, N. Tebello, Anal. Chim. Acta 1999, 385,

393–399.
21. D. Pletcher and F. C. Walsh, Industrial electrochemistry, 2nd

Ed., 1990, 8–55, 210, 424–426.
22. V. Reyes-Cruz, I. González, M. T. Oropeza, Electrochim. Ac-

ta 2004, 49, 4417–4423.
23. M. Spitzer, R. Bertazzoli, Hydrometallurgy 2004, 74, 233–

242.

Povzetek
Za elektrolitsko pridobivanje zlata iz vodne raztopine z vsebnostjo 50 ppm Au smo uporabili enostavno celico, sestav-
ljeno iz dveh stati~nih plo{~atih elektrod iz nerjave~ega jekla. Raziskovali smo vpliv napetosti celice, pH, hitrosti me{a-
nja, temperature in ~as elektrolize ob prisotnosti amoniaka na optimizacijo procesa. Rezultati ka`ejo, da maksimalni iz-
koristek 99.6 % dobimo pri napetosti celice 2.8 V, vrednosti pH 6.4, temperaturi 40 °C v najkraj{em ~asu 60 minut. Me-
todo smo uspe{no uporabili pri pridobivanju zlata iz rude s povpre~nim izkoristkom 95.1 %.


