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ABSTRACT

Gold adsorbed unto activated carbon is recovered downstream via various stripping techniques paramount among
which are the Zadra elution method and the Anglo American Research Laboratory (AARL) method before final gold
recovery by electrowinning. These conventional stripping systems require a relatively higher temperature and longer
elution hours. These are effective but the relatively longer extraction times that accompany them have been a major
concern over the years. This has encouraged diverse research operations to ascertain an alternative method of elution
that would render the process more economical. One research finding that has been very successful in reducing the
extraction time significantly is alcohol stripping. Laboratory produced ethanol, methanol, isopropanol, and ethylene
glycol have all proven to be effective in stripping gold from loaded carbon at elevated temperatures. One main
hindrance to the usage of this method at the commercial scale is the relatively higher cost of ethanol among other
operational and environmental challenges. This work investigates the performance of Ghana’s locally produced
alcohol (akpeteshie) in stripping of gold from gold-loaded carbon at lower temperatures with the aim of finding an
alternative method for gold stripping which might be cheaper than conventional systems. Cost analysis conducted
revealed that akpeteshie is relatively cheaper than laboratory-produced ethanol. This was one of the key motivations
of the research work. A range of different strip solutions were used (hydro-ethanol, caustic solution and lastly caustic
and ethanol mixture). The experimental work was carried out at the laboratory scale, using gold-loaded carbon at
room temperature and at 60 and 70 °C temperatures respectively and up to 8 h extraction time. Hydro-ethanol was the
most rapid eluant with 66% Au eluted after 8 h at 70 °C, followed by the ethanol and caustic mixture which yielded
42% extraction after 8 h. Caustic was the least effective with 8 h required for a 20% extraction yield. Interestingly,
92% Au extraction was obtained at 70 °C when hydro-ethanol was used as an eluant to strip fine carbon.
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1. INTRODUCTION

Gold dissolved into solution during cyanidation can be recovered by precipitation using zinc powder in the Merrill-Crowe process
or by adsorption unto activated carbon [1-4]. Precious metals such as Au and Ag adsorbed unto activated carbon are extracted
downstream using various technologies such as hot elution or pressure desorption with hydro-alcoholic solutions before final
recovery by electrochemical methods [5,6,4]. Conventional stripping systems involve the use of relatively high temperatures of
around 90-120 °C and longer elution times ranging from 12—72 h [7-13]. Another method that is also in use is the micron elution
method [11]. The micron elution method involves soaking the gold-loaded carbon in a solution of caustic cyanide followed by
elution with acetonitrile, ethanol or methanol vapour between 65 and 80 °C. Elution is usually completed within 4 to 6 hours
[14,11].

In this project, the efficiency of Ghana’s locally produced alcohol (akpeteshie) in stripping gold from loaded activated carbon was
investigated, with the aim of finding an alternative method for gold stripping, which might be cheaper than the conventional
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systems. Essentially, the effects of extraction time and temperature on gold desorption rate was investigated using different eluants
(caustic, hydro-ethanol & ethanol and caustic mixture).

2. EXPERIMENTAL APPROACH
2.1 Experimental Criteria

Stripping of gold from the loaded activated carbon was carried out using the following analytical grade reagents; ethanol, sodium
hydroxide (caustic) and deionized water. The gold-loaded carbon was obtained from a mining company in Tarkwa and it had a
gold loading of 530 mg/L. Extraction tests were conducted on a hot plate containing 4 g of carbon in 200mL of strip solution for 8
hours. 10 mL solution samples were withdrawn at designated time intervals during the process for AAS analysis.

All desorption tests were conducted using the following experimental conditions: temperature: 60 — 70 °C; 8 h extraction time; pH
12. Preliminary tests verified that the presence of caustic in the alcohol stripping process was needful for effective extraction.

The stripping solutions used were water containing 20 % v/v of ethanol, 1 % w/v of NaOH, a solution mixture of 20 % v/v ethanol
and caustic, 1 % by weight caustic, cyanide was not used. The experimental error was estimated as 5 % by replicated tests.

2.2 Test Procedure

. 4 g of gold-loaded carbon sample was treated with 100 mL of strip solution in each experiment. The solution
compositions were however varied accordingly with respect to the experimental criteria discussed above.

. The natural pH of the alcohol used was 5 and it was adjusted to 12 using NaOH pellets. However, other set of control
experiments were carried out without altering the pH of the alcohol.

. The experiment was carried out for 8 hours using hot plate as a heat source. However, the set of experiment that was
carried out at room temperature was allowed a time of 24 hours.

. The required temperature for each set of experiment was regulated and maintained.

. 10 mL solution samples were taken at designated time intervals of 1, 2, 4, 6 and 8 hours for AAS analyses to estimate the
gold desorbed into solution.

o The gold desorbed into solution at these time intervals were thus read and recorded.

o Each set of experiment was repeated once and the mean of the results was recorded.

Fig. 1 below shows the experimental set-up.

Fig. 1: Experimental Set up

Table 1 shows the values of gold desorbed into solution at temperatures of 60 and 70 °C with time. The carbon was treated with
the three strip solutions considered.
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Table 1: Gold Desorption Using Hydro-Alcohol at Unaltered pH of 5

Gold Desorbed into Solution (ppm) with
Time (h) temperature
60 °C 70°C
0 0.0 0.0
1 0.0 0.1
2 0.1 0.3
4 0.2 0.3
6 0.3 04
8 0.3 0.5

Table 2 shows the values of gold that was stripped into solution at temperatures of 60 °C from carbon. The carbon was treated with
the three strip solutions considered.

Table 2: Gold desorbed into solution at 60 °C temperature with time

Gold Desorbed into Solution (ppm) with time
NaOH +
Time (h) Alcohol Alcohol NaOH
0 0.00 0.000 0.000
1 5.62 13.16 1.55
2 12.97 26.02 2.57
4 24.65 37.64 4.99
6 26.91 40.14 9.94
8 30.07 45.68 12.31

Table 3 below shows the values of gold that was stripped into solution at temperatures of 70 °C from carbon. The carbon was
treated with the three strip solutions considered.

Table 3: Gold desorbed into solution at 70 °C temperature with time

Gold Desorbed into Solution (ppm) with time
NaOH +
Time (h) Alcohol Alcohol NaOH
0 0.00 0.00 0.00
1 12.02 19.71 2.52
2 28.16 37.61 4.72
4 34.30 51.06 6.95
6 38.62 59.85 13.41
8 42.43 66.44 20.13

Table 4 below shows the values of gold that was stripped into solution from carbon at room temperature. The carbon was treated
with the three strip solutions considered.
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Table 4: Gold Desorbed into Solution at Room Temperature with Time

Gold Desorbed into Solution (ppm) with Time
Time (h) NaOH + Alcohol Alcohol NaOH
0 0 0 0
1 2.2 3.09 0
2 2.6 6.5 0
4 2.79 8.88 0
8 2.96 12.73 0
12 6.46 15.76 0
24 9.47 21.13 0

Table 5 below shows the results obtained from stripping fine carbon at 60 °C. The carbon was treated with the three strip solutions
considered.

Table 5: Gold desorbed into solution at 60 °C temperature with time

Gold Desorbed into Solution (ppm) with time
Time (h) NaOH + Alcohol Alcohol NaOH
0 0.00 0.00 0.00
1 7.93 16.12 2.62
2 17.53 29.65 511
4 26.91 40.07 10.20
6 30.26 46.59 11.76
8 35.22 51.54 16.95

Table 6 below shows the results obtained from stripping fine carbon at 70 °C. The carbon was treated with the three strip solutions
considered.

Table 6: Gold desorbed into solution at 70 °C temperature with time

Gold Desorbed into Solution (ppm) with time
NaOH +
Time (h) Alcohol Alcohol NaOH
0 0.00 0.00 0.00
1 18.17 29.17 2.77
2 32.87 46.96 9.37
4 43.87 58.89 14.39
6 53.51 81.99 21.26
8 57.49 92.11 26.26
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3. RESULTS AND DISCUSSION

3.1 The Effect of pH on Gold Stripping

Preliminary experiments conducted at the natural pH of the alcohol (pH of 5) showed low gold extraction. The minimal elution
observed may be due to the low pH of the locally produced alcohol. According to [3], the chemical and physical factors that boost
elution hinders adsorption and vice versa. High pH is a requirement for good elution since elution is essentially the reverse of the
adsorption process. Essentially, adsorption of gold unto activated carbon is at its maximum at a pH range of 4 — 7 but the
selectivity of the carbon for gold appears to increase with increasing pH to regions above 10. That is why carbon adsorption
(cyanidation) is done at a pH above 10 aside preventing the evolution of HCN gas which is environmentally unfriendly. The gold
adsorbed at a pH range of 4 — 7 is twice as much as that between the pH ranges of 9 — 11 [15]. Therefore, if low pH favours
adsorption, then high pH must necessarily be a requirement for desorption. The gold desorbed into solution after 8 hours was 0.5
ppm at pH 5.

3.2 The Effect of Strip Solution and Temperature on Gold Elution

Figs. 2 and 3 show gold extraction yield as a function of time for the three strip solutions considered at a temperature of 60 and 70
°C. The data show a general trend of increasing gold extraction yield with time for the two temperatures considered. Although
both temperatures gave similar kinetics, the extraction yield values were higher at 70 °C.

The red curves shown in figs. 2 and 3 demonstrate the trend for the stripping step conducted using hydro-ethanol as eluant. The
trend of the process demonstrates that extraction yield improves with increasing the temperature of the strip solution which is
consistent with literature [15]. The gold extraction yield was 45.86 % at 60 °C and 66.44 % at 70 °C after 8 hours. At the end of
the stripping process, gold concentrations in the final solutions were 16.9 mg/L at 60 °C and 24.6 mg/L at 70 °C.

The blue curves shown in figs. 2 and 3 demonstrate the trend for the stripping step conducted using 1 % w/v NaOH as eluant. The
curves reveal that the rate of elution increases with temperature of the strip solution. Desorption rate was at each temperature
minimal in the stripping method that utilized Zadra strip solution (caustic) than the rest of the stripping techniques. This is because
Zadra elution is maximum at relatively high temperatures normally between 110 and 150 °C. Basically, temperatures of around 60
and 70 °C are relatively lower for significant desorption to be realized from the Zadra method. The gold extraction yield was 12.31
9% at 60 °C and 20.13 % at 70 °C after 8 hours. At the end of the stripping process, gold concentrations in the final solutions were
4.6 mg/L at 60 °C and 7.5 mg/L at 70 °C.

The black curve shown in figs. 2 and 3 demonstrates the trend for the stripping step conducted using 20 % v/v alcohol and 1 %
w/v NaOH as eluant. The curves reveal that the rate of elution increases with temperature of the strip solution. Alcohol improved
upon the elution rate of the Zadra. This could be attributed to the fact that there was an add-up desorption contribution from the
alcohol. No real reaction has been found chemically to exist between ethanol and NaOH and as such at every point in time in the
stripping process, both NaOH and ethanol exist in the strip solution and each component effects desorption accordingly.
Therefore, the combined effect of these two strip reagents coupled with elevated temperature adds up to enhance or boost the
elution rate of the Zadra. The gold extraction yield was 30.07 % at 60 °C and 42.43 % at 70 °C after 8 hours. At the end of the
stripping process, gold concentrations in the final solutions were 11.16 mg/L at 60 °C and 15.74 mg/L at 70 °C. The influence of
temperature on desorption was evident in all the stripping steps conducted which is consistent with literature [16].
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Fig. 2: Gold Stripping Kinetics at 60 °C Temperature
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Fig. 3: Gold Stripping Kinetics at 70 °C Temperature
3.3 The Effect of Temperature on Elution

Fig. 4 shows gold extraction yield as a function of time for the three strip solutions considered at room temperature. The data
shows a general trend of increasing gold extraction yield with time for the temperature considered except for the caustic solution.
Although the strip solutions considered gave low gold extraction yield, the hydro-alcohol gave relatively higher extraction values
with time.

The locally manufactured alcohol was able to strip gold from the gold-loaded carbon even at room temperature. The influence of
alcohol was as well realised by blending it with caustic solution. The gold extraction yield was 21.13 % for hydro-ethanol and 9.47
% for the ethanol plus caustic strip solution after 24 hours. At the end of the stripping process, gold concentrations in the final
solutions were 7.8 mg/L for the hydro-ethanol and 3.5 mg/L for the ethanol plus caustic strip solution. With the caustic solution as
eluant, no gold was desorbed into solution at room temperature after 24 hours.
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Fig. 4 clearly indicates the influence of low temperature on elution. According to [15], temperature is the most important
parameter that influences elution. The difference in extraction efficiency from the two curves in Fig 4 could be attributed to the
fact that ethyl alcohol has a lower surface tension even at room temperature. This property makes ethanol a good strip solution
even at room temperature since it is able to overcome the capillary pressures of the carbon to effect gold desorption thereof.
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Fig. 4: Gold Stripping Kinetics at Room Temperature
3.4 The Effect of Carbon Particle Size on Elution

Figs. 5 and 6 show gold extraction yield as a function of time for the three strip solutions considered at a temperature of 60 and 70
°C. Fine carbon was considered in this case. The data show a general trend of increasing gold extraction yield with time for the
two temperatures considered. Although both temperatures gave similar kinetics, the extraction yield values were higher at 70 °C.
The red curves shown from figs. 5 and 6 demonstrate the stripping Kinetic trend realised using hydro-ethanol as eluant.
Interestingly, the trend of the process demonstrates that extraction yield improves with decreasing carbon particle size and
increasing the temperature of the strip solution. Gold adsorption unto carbon increases with surface area. Surface area increases
with decreasing size. This presupposes that gold adsorption and its subsequent gold loading on the fine carbon might have been
higher than that of the coarse carbon. The gold extraction yield was 51.54 % at 60 °C and 92.11 % at 70 °C after 8 hours. At the
end of the stripping process, gold concentrations in the final solutions were 19.1 mg/L at 60 °C and 34.2 mg/L at 70 °C.

The blue curve shown from figs. 5 and 6 demonstrates the trend for the stripping step conducted using 1 % w/v NaOH as eluant.
The curves reveal that the rate of elution increases with temperature of the strip solution. The curves also show that unlike the
other stripping techniques, here reduction in particle size of carbon did not improve the extraction rate. Much work has not been
done to ascertain the effect of carbon particle size on Zadra elution. However, from figs. 5 and 6, reduction in carbon particle size
appears to slow down the Zadra desorption rate and as such that may be the reason why fine carbon is not allowed into the elution
columns at the industrial scale. Desorption rate was at each temperature lowest in the Zadra than the rest of the stripping
techniques. The gold extraction yield was 16.95 % at 60 °C and 26.26 % at 70 °C after 8 hours. At the end of the stripping process,
gold concentrations in the final solutions were 6.2 mg/L at 60 °C and 9.7 mg/L at 70 °C.

The black curve shown from figs. 5 and 6 demonstrates the trend for the stripping step conducted using 20 % v/v alcohol and 1 %
w/v NaOH as eluant. The curves reveal that the rate of elution increases with increasing temperature of the strip solution and
decreasing carbon particle size. Alcohol improved upon the elution rate of the Zadra. This could be attributed to the fact that there
was an add-up desorption contribution from the alcohol. The gold extraction yield was 35.22 % at 60 °C and 57.49 % at 70 °C

after 8 hours. At the end of the stripping process, gold concentrations in the final solutions were 13.1 mg/L at 60 °C and 21.3 mg/L
at 70 °C.
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Fig. 5: Gold Stripping Kinetics at 60 °C Temperature
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Fig. 6: Gold Stripping Kinetics of Fine Carbon at 70 °C Temperature

Some school of thought might have concerns about the possible fire hazards associated with alcohol stripping. It is for this very
reason the effect of the locally produced alcohol on the conventional Zadra was particularly considered in this work to ascertain
the improvement the alcohol can make thereof. Ethanol has a very low flash point even at room temperature. The lower the flash
point of a substance the higher its associated fire hazard. Flash point is the minimum temperature at which flames from a volatile
substance can burn provided there is an external source of heat. Studies have shown that mixing caustic with ethanol raises the
flash point of ethanol significantly. Therefore, the fire hazards associated with elution using the locally produced alcohol and
caustic mixture as strip solution would be quite minimal.

4. CONCLUSIONS AND RECOMENDATIONS

4.1 Conclusions
The research work evaluated and ascertained the stripping ability of Ghana’s locally produced alcohol on gold-loaded carbon at
varying temperatures.
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e From the results of the research work, Ghana’s locally produced alcohol (akpeteshie) can be used as an alternative
reagent for alcohol elution.
e The locally produced alcohol (akpeteshie) can be used to improve upon the conventional Zadra method of gold elution.

4.2 Recommendations
e  Further work should concentrate on raising the temperature beyond 70 °C with respect to stripping using Caustic and
akpeteshie mixture as eluant.
e Modern research should explore inventing a heat source that can yield fixed temperature upon variation.
e  Further work can be done to ascertain how effective hydro-alcohol can be in stripping fine carbon.
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