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Abstract. An innovative bromination leaching system for gold leaching tech-
nology research. The conventional liquid bromine+sodium bromide leaching
system has an acidic pH value and high leaching temperature requirements. At
the same time, liquid bromine is highly toxic, volatile, and has strong irritation
and corrosiveness to the mucosa. To solve this problem, the laboratory has
studied a new bromination leaching system that can make bromine basically non
volatile while retaining its oxidation ability, and dibromodimethylhydantoin can
be regenerated through electrolysis. Experimental research has shown that using
a new bromination leaching gold system to treat a certain mine's flotation raw
ore, the leaching rate is 83.43% under the conditions of grinding fineness of -200
mesh accounting for 86% and leaching time of 30 minutes, which is 10.86%
higher than cyanide leaching (leaching time of 48 hours). The system achieves
the same cyanide leaching rate under normal temperature and neutral pH condi-
tions, and the leaching rate is higher under acidic conditions. The leaching sys-
tem can use carbon adsorption and resin adsorption for gold recovery from pre-
cious liquids, with a carbon adsorption rate of 99.5% and a resin adsorption rate
0f'97.8%. This technological research has opened up new ideas and directions for
non cyanide leaching.

Keywords: Non cyanide leaching, Bromination leaching, Leaching rate, Pre-
cious liquid gold recovery

1 Introduction

Domestic and international research has found that compared to the leaching of bro-
mine, cyanide, and thiosulfate, bromine leaching of gold has the advantages of fast
dissolution rate and high leaching rate[1-3]. The liquid bromine content, pH value, and
potential are the main factors affecting the bromination leaching of gold. The dissolu-
tion reaction formula of gold is as follows[4-7].

2Au+3Br2 +2Br <> 2A4uBry~
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During this process, gold is complexed with bromine ions (Br °) and oxidized by
bromine (Brz); Bromine can also be hydrolyzed to form hypobromic acid, which then
oxidizes gold. The reaction formula is as follows[8-10].

Bry + HyO <> HOBr+ H™ + Br-

2Au+3HOBr+5Br- +3H" <> 24uBry~ +3H,0

It should be noted that liquid bromine is highly toxic and volatile, with strong irri-
tation and corrosiveness to the mucosa. Bromination leaching of gold to treat oxidized
ore requires moderate reagent consumption[11-14].

In this report, research was conducted on conventional bromination leaching and
new bromination leaching systems, and the Au recovery methods of the new bromin-
ation leaching gold system were explored, analyzing the advantages and disadvantages
of this system. The principle flowchart of the new catalytic system explored in this
study is shown in Figure 1.

NaBr Make-up

Bromine Recycle

PLS PRETREATMENT

I
ELECTROWINNING

FeedSlurry

REGENERATION
POSTTREATMENT

Water
Recycle

Strip Solution

Solid Tail

>
>

Fig. 1. Principle flowchart of a new bromination leaching system

The new bromination leaching process shown in the figure includes room temper-
ature and atmospheric pressure bromination leaching, solid-liquid separation, noble
liquid purification and concentration by noble liquid extraction method, gold recovery
by electrolytic deposition method, followed by bromine leaching agent regeneration,
and the final tailings are leached filter cakes. This system can successfully solve the
problem of high toxicity and volatility of liquid bromine, achieving the same leaching
rate as cyanide leaching under normal temperature and neutral pH conditions, and
higher leaching rate than cyanide leaching under acidic conditions.
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2 Research on Conventional Bromination Leaching Test

2.1  Applicability Test of Conventional Bromination Leaching System for Ores

Different types of ore, such as low sulfur concentrate, high copper concentrate, raw ore
from a certain smelting company, and roasted raw ore, were selected for liquid bro-
mine+sodium bromide system leaching experiments to verify the applicability of the
bromination leaching system. The reagents used were sodium bromide, liquid bromine,
iron sulfate, sulfuric acid, etc. The experimental pH was maintained at 1.3-2.0, the
temperature was maintained at 70 °C, the amount of liquid bromine was 0.1mol/L, the
amount of sodium bromide was 2.0mol/L, and the liquid-solid ratio was 4:1. The test
results are detailed in the table 1.

Table 1. Validation Test Results of Different Ore Types for Conventional Liquid Bro-
mine+Sodium Bromide System

Ore type Raw ore Au grade/gxt’! Au iz?gu(;fgliiihing Leaching rate/%
High copper concentrate 347.87 297.96 14.35
Low sulfur concentrate 9.99 8.44 15.52
Raw ore 291 0.57 80.41
Roasted raw ore 2.96 0.3 89.86

The experimental results and phenomena indicate that the bromination leaching rate
of raw ore and roasted raw ore is very fast, approaching the maximum leaching rate
within 4 hours; The leaching rate of high copper concentrate and high sulfur concen-
trate is poor due to the high sulfur content in their components and the consumption of
leaching agents. Comparatively speaking, the leaching rate of the liquid bro-
mine+sodium bromide system for roasted pre treated ore is higher at 89.86%, but still
lower than the leaching rate of sodium cyanide (92%).

2.2 Recovery Test of Precious Liquid Au in Conventional Bromination
Leaching System

Exploratory experiments were conducted on the Au recovery process for conventional
bromination leaching of precious liquids. Strong alkaline anion resin and activated
carbon were used for adsorption experiments using chromatography columns, with a
dosage of 50g and an Au content of 0.65mg/L in the precious liquid. The results of
carbon adsorption test are shown in Table 2, and the results of resin adsorption test are
shown in Table 3.
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Table 2. Test on Carbon Adsorption and Recovery of Au from Conventional Bromination
Leaching Precious Liquor

Precious liquid vol- Gold content in precious  Gold content in lean .
adsorption rate/%

ume/ml liquid/mgxL"! solution/mgxL"!
15.00 0.65 0.063 90.31
20.00 0.65 0.064 90.15
25.00 0.65 0.086 86.77
30.00 0.65 0.108 83.38

Table 3. Conventional Bromination Leaching Precious Liquid Resin Adsorption and Recovery
of Au Test

Precious liquid  Gold content in precious Gold content in lean solu- .
adsorption rate/%

volume/ml liquid/mg>L! tion/mgxL"!
20.00 0.65 0.036 94.46
30.00 0.65 0.037 9431
40.00 0.65 0.045 93.08
50.00 0.65 0.052 92.00

The test results show that the adsorption rate of using strong alkaline anion resin is
slightly higher than that of activated carbon adsorption, with the highest adsorption rate
reaching 94.46%.

3 Innovative bromination gold leaching system

The bromination leaching system with conventional liquid bromine and sodium bro-
mide as the main reagents has an acidic leaching pH value and high leaching temper-
ature requirements. At the same time, liquid bromine is highly toxic, volatile, and has
strong irritation and corrosiveness to the mucosa. To address this issue, the laboratory
has developed a dibromodimethylhydantoin (containing 54.5% active bromine) and
calcium bromide leaching system, which can make bromine basically non volatile
while retaining its oxidation ability. Additionally, dibromodimethylhydantoin can be
regenerated through electrolysis[14-18].

An experimental study was conducted on the leaching system of dibromodime-
thylhydantoin and calcium bromide using a flotation raw ore from a certain mine. The
sample has an Au grade of 1.75g/t, with a grinding fineness of -200 mesh accounting
for 86%. Under the condition of cyanide leaching time of 48 hours, the Au grade of the
leaching residue is 0.48g/t, and the Au leaching rate is 72.57%. Explored parameters
such as pH value, dosage of reagents, and leaching time.

3.1 PH test

The pH value of a flotation raw ore in a certain mine was explored using a dibromo-
dimethylhydantoin and calcium bromide leaching system experiment. Based on the
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experimental data, the relationship curve between pH value and Au leaching rate was
plotted as shown in Figure 2.

The research results indicate that the leaching system has a residue grade of 0.52g/t
and a leaching rate of 70.29% under the condition of pH value=7. With the continuous
decrease of pH value, the leaching rate continuously increases, and tends to stabilize
when it decreases to pH=4, with an Au leaching rate of 80.57%. Conduct experimental
research under pH=4 conditions in the later stage.
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Fig. 2. Relationship curve between pH value and Au leaching rate

3.2 Calcium bromide dosage test

The exploratory experiment of calcium bromide dosage was conducted using pH=4
determined in the early stage. Based on the experimental data, the relationship curve
between calcium bromide dosage and Au leaching rate was plotted as shown in Figure
3.

The experimental data shows that with the continuous increase of calcium bromide
dosage, the leaching rate of Au continues to increase. When the addition amount is
80kg/t, continuing to add calcium bromide does not significantly increase the leaching
rate of Au. Based on comprehensive comparative analysis, the optimal dosage of
calcium bromide is determined to be 80kg/t.
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Fig. 3. Relationship curve between calcium bromide dosage and Au leaching rate
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3.3  Dosage test of dibromodimethylhydantoin

A preliminary experiment was conducted to explore the dosage of dibromodime-
thylhydantoin using pH=4 and 80kg/t calcium bromide. Based on the experimental
data, the relationship curve between the dosage of dibromodimethylhydantoin and Au
leaching rate was plotted as shown in Figure 4.

The experimental data shows that with the continuous increase of the dosage of di-
bromodimethylhydantoin, the leaching rate of Au continues to increase. When the
dosage is 100kg/t, continuing to add dibromodimethylhydantoin does not significantly
increase the leaching rate of Au. Based on comprehensive comparative analysis, the
optimal dosage of dibromodimethylhydantoin is determined to be 100kg/t, which is the
main leaching agent for this leaching process.
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Fig. 4. Relationship curve between the dosage of dibromodimethylhydantoin and the leaching
rate of Au

3.4  Iron sulfate dosage test

Exploratory experiments were conducted using pH=4, calcium bromide dosage of
80kg/t, and dibromodimethylhydantoin dosage of 100kg/t, respectively. Based on the
experimental data, the relationship curve between iron sulfate dosage and Au leaching
rate was plotted as shown in Figure 5.

The experimental data shows that with the continuous increase of iron sulfate dos-
age, the Au leaching rate continues to increase. When the addition amount is 0.4kg/t,
continuing to add iron sulfate does not significantly increase the Au leaching rate.
Through comprehensive comparative analysis, it was determined that Fe3+is the main
catalyst, and the optimal amount of iron sulfate is 0.4kg/t.
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Fig. 5. Relationship curve between the amount of iron sulfate used and the leaching rate of Au

3.5 Immersion time test

Exploratory experiments were conducted using pH=4, calcium bromide dosage of
80kg/t, dibromodimethylhydantoin dosage of 100kg/t, and iron sulfate dosage of
0.4kg/t, respectively. Based on the experimental data, the relationship curve between
iron sulfate dosage and Au leaching rate was plotted as shown in Figure 6.

The experimental data shows that with the extension of time, the Au leaching rate
continuously increases. When the time is 30 minutes, the increase in Au leaching rate is
not significant if the time is continued to be extended. Based on comprehensive com-

parative analysis, the optimal leaching time was determined to be 30 minutes.
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Fig. 6. Relationship curve between leaching time and Au leaching rate
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3.6  Extraction of Precious Liquid Adsorption Experiment

Exploring the adsorption process for the leaching of precious liquid using a new type of
gold leaching reagent system, using activated carbon and resin for adsorption experi-
ments. The leaching system can use carbon adsorption and resin adsorption for gold
recovery from precious liquids, with a carbon adsorption rate of 99.5% and a resin
adsorption rate of 97.8%.

4 Conclusion

A system of dibromodimethylhydantoin and calcium bromide was used to treat the
flotation raw ore of a certain mine. Under the conditions of grinding fineness of -200
mesh accounting for 86% and leaching time of 30 minutes, the leaching rate was
83.43%, which was 10.86% higher than cyanide (leaching time of 48 hours).

The system achieves the same cyanide leaching rate under normal temperature and
neutral pH conditions, and the leaching rate is higher under acidic conditions.

The leaching system can use carbon adsorption and resin adsorption for gold re-
covery from precious liquids, with a carbon adsorption rate of 99.5% and a resin ad-
sorption rate of 97.8%.

The leaching system has a high consumption of dibromodimethylhydantoin and
calcium bromide reagents, resulting in high leaching costs.

References

1. Pesic, B., Storhok, C. 1992. Adsorption of gold on activated carbon in bromide solutions.
Metallurgical Transactions B. Volume 23, pp 557-566

2. Wan, R.Y., Le Vier, M. Miller, J.D., 1993. Research and development activities for the
recovery of gold from noncyanide solutions. Hydrometallurgy, Fundamentals, Technology
and Innovations. SME. Pp 415-436

3. Freiberg, M. 1993. Bromine as a gold extractant. Reviews in Chemical Engineering, Vol-
ume 9, Issue 3-4 . Pp 333-344.

4. Reid, K., Mensah-Biney, R. 1988. Gold bromide loadings characteristics on selected ad-
sorbents. Randol. Perth gold 88. Pp 306-309.

5. Dry, M., O’Day, J., Manimaran, M, Melashvili, M., Fleming, C., 2015. Evaluation of sta-
bilized bromine technology for gold leaching. Alta 2015 proceedings.

6. Melashvili, M., Fleming, C., Dymov, 1., O’Day, J., Manimaran, M. 2014. Study of gold
leaching with bromine and bromide and the influence of sulphide minerals on this reaction.
COM 2014 proceedings.

7. Lumieux, D., Dubreuil, B., Lalancette, J.M., 2013. Nichromet cyanide-free process for gold
extraction. In: 23rd World Mining Conference, Montereal, Canada.

8. Melashvili, M., Fleming, C., Dymov, 1., Manimaran, M., O'Day, J., 2014. Study of gold
leaching with bromine and bromide and the influence of sulphide minerals on this reaction.
In: Conference of Metallurgists Proceedings. Canadian Institute of Mining, Metallurgy and
Petroleum.



9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Research on an Innovative Bromination 51

Oferi-Sarpong, G., Oseo-Asare, K., 2013. Preg-robbing of gold from cyanide and noncy-
anide complex: effect of fungi pretreatment of carbonaceous matter. Int. J. Miner. Process
119, 27-33.

Pesic, B., Sergent, R.H., 1993. Reaction Mechanism of Gold Dissolution with Bromine.
Metall. Trans. 24.

Schaeffer, C.A., 1882. Process of extracting gold and silver from their ores. United States.
Smolyaninov, V., Shekhvatova, G., Vainshtein, M., 2014. Gold leaching by organic base
polythionates: new non-toxic and secure technology. Springer Plus 3.

Sousa, R., Futuro, A., Fiuza, A., 2016. Thiosulfate Leaching of the Auriferous Ore from
Castromil Deposit: A Case Study. In: index, I.s. (Ed.), 18th International Conference on
Geosciences, Geology and Roch Mechanics, Prague, Czech Republic, p. 6.

Tremblay, L., Deschénes, G., Ghali, E., McMullen, J., Lanouette, M., 1996. Gold recovery
from a sulphide bearing gold ore by percolation leaching with thiourea. Int. J. Miner. Pro-
cess. 48, 225-244.

Trindade, R.B., Rocha, P.C., Barbosa, J.P., 1994. Dissolution of gold in oxidized bromide
solutions. Hydrometallurgy 527-540.

Trindade, R.B.E., 1994. Tiouréia ¢ bromo como lixiviantes alternativos a cianetagdo de
ouro. Série Tecnologia Mineral, Rio de Janeiro.

Valance, J.C., Bairon, M.C., Shepered, T.J., Naden, J., 2001. Role of aplitic magmatism and
C-rich rocks in the Castromil deposit (north Portugal). Eur. Curr. Res. Fluid Inclus.

Yalcin, E., Kelebek, S., 2011. Flotation kinetics of a pyritic gold ore. Int. J. Miner. Process.
98, 48-54.

Yannapoulus, J.C., 1991. The Extractive Metallurgy of Gold. von Nonstrand Reinhold, New
York.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

