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Abstract. Among the methods of preliminary opening of refractory gold
before sorption cyanidation, the technology of bacterial oxidation is widely
used today. Although this technology has many advantages, the specialists
of most enterprises around the world using this technology are faced with
the problem of foaming in bio-oxidation reactors. This article discusses the
possibility of using oxidative roasting in the processing of the foam
product of the process of bacterial oxidation of flotation concentrate in a
separate cycle.

1 Introduction

Everyone is well aware of the widespread use of gold in human life, the need for it only
increases over the years. However, the reserves of gold that can be easily processed are
inexorably depleted, and hard-to-process refractory ores are involved in processing [1-3].
At present, the processing of refractory gold sulfide ores and concentrates abroad is carried
out using methods of preliminary roasting, autoclave or bacterial leaching followed by
cyanidation [4, 5]. There are also known methods of opening refractory gold such as
ultrafine grinding, microwave irradiation, electrohydraulic processing, magnetic pulse
processing, etc. [6-9]. Bacterial leaching is the simplest and least expensive technology
[10].

Batch foaming is a problem in most bio-oxidation plants. An increase in the level of
foam reduces the useful working volume of the reactors, which leads to a decrease in the
process time and an increase in the residual sulfur in the bio-oxidation product [11].

Increased foaming leads to the removal of metal from the process into the foam product
and its accumulation in the sump of bio-oxidation reactors. The return of the product from
the tray to the bio-oxidation process leads to an increase in the pulp flow through the
reactors, thereby further reducing the bio-oxidation time and causing an increased carryover
of the bacterial culture from the reactors, which also leads to an increase in residual sulfide
sulfur [12].
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2 Materials and Methods

In order to study the structural characteristics of the foam, samples were taken from bio-
oxidation reactors and a study was carried out to determine its composition. The X-ray
powder diffraction pattern of a foam sample from bio-oxidation reactors indicates the
presence of the following minerals in the sample: pyrite, arsenopyrite, quartz, muscovite /
illite, albite, chlorite, stibnite, jarosite, gypsum double-water, talc, anatase, czomolnokite,
mercallite, graphite, sulfur, copiapite. X-ray phase analysis in the foam also revealed
hematite, chalcocite, gypsum, calcite, chalcocite, alum, soda, dolomite, halite, goethite, and
sphalerite.

The total amount of pyrite and arsenopyrite in the sample is 20.4%. Moreover,
arsenopyrite is much less than pyrite, which indicates the oxidation of arsenic in the process
of bio-oxidation.

The amount of graphite carbon is about 4.6%. A high amorphous background indicates
a high content of an amorphous substance in the sample, most likely carbon. There are iron
sulfates in the form of jarosite, copiapite, somolnokite, mercallite and gypsum. Antimony
sulfide mineral, antimonite, is also observed. Elemental sulfur is also observed in the
sample. Mass percentages of minerals in a foam sample from BIOX reactors, calculated as
a result of Rietveld's refinement, are shown in Table 1.

Table 1. Mass percentages of minerals in a foam sample from BIOX reactors, calculated as a result of
Rietveld's refinement.

Mineral Content, %
Pyrite 19.5
Arsenopyrite 0.9
Quartz 124
Muscovite / Illite 29.8
Albite 9.4
TiO2 2.1
Chlorite 2.2
Stibnite 0.8
Jarosit 1.3
Gypsum dihydrate 0.6
Talc 5.53
Anataz 1.46
Szomolnokit 2.2
Mercallite 2.55
Graphite 4.64
Sulfur 2.15
Copiapite 2.67

The content of the main valuable component of gold was determined by the method of
assay analysis. It was found that the gold content in the primary reactors is about 44 g / t



E3S Web of Conferences 278, 01018 (2021) https://doi.org/10.1051/e3sconf/202127801018
SDEMR-2021

and its value increases towards the last reactor, where the gold content reaches 286 g / t.
The sample contains silver, the average content of which is about 98 g/ t. Sulfur and carbon
contents were determined by combustion on a LECO analyzer, and their values are 10-15%
and 7-20%, respectively (Table 2).

Table 2. Initial data of foam bioreactors.

Content of elements in samples

Sample name
Au, g /t Ag, g /t Stotal, % SS, % Ctotal, % Corg, %
Reactor =L ILTIL 14y 5 347 1529 | 1099 | 7.0 5.78
(primary)
Reactor — IV 183.5 88.63 18.04 11.94 18.26 15.48
Reactor—V 230.2 116.1 15.76 10.01 17.14 16.44
Reactor — VI 286.5 164 10.57 6.83 20.29 19.7

The above factors confirm the feasibility of the way of withdrawal and separate
processing of foam from bio-oxidation reactors. The high content of sulfur and carbon
indicates the need for oxidative roasting with further sorption cyanidation of the cinder
[13]. The results of research on firing the foam product of bio-oxidation reactors followed
by sorption cyanidation are presented in Table 3. The studies were carried out on a sample
taken from reactor 6, since it has the highest content of the valuable component.

Table 3. Results of firing the foam product of bio-oxidation reactors followed by sorption
cyanidation.

Gold recovery

Sample | A\ o/t | Ag,g/t | Sy % | Ss, % | Ceota, % | dUring sorption
name cyanidation of

cinder,%

Content of elements before roasting

286.5 10.57 6.83 20.29 19.7
Reactor —
VI 93.17
Content of elements after roasting
328.10 2.23 0.06 0.17 0.08
3 Results

Studies on the separate processing of the foam product of the bio-oxidation process have
shown that sulfide sulfur and organic carbon are almost completely oxidized, releasing the
gold contained in them, which is confirmed by the high extraction of the valuable
component of 93.17% during sorption cyanidation. Thus, the expediency of processing the
foam product of the bio-oxidation process in a separate cycle with metal recovery up to
93.17% has been proved. It is expected that the process of sorption cyanidation of biokek
will also show a relative increase, since the main part of the sorption active natural carbon
in the pulp is concentrated in the bio-oxidation foam.
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4 Discussion

Due to the separate processing of the foam product of the bio-oxidation process, the
problem of the formed foam during the process is solved, and, as a result, the efficiency of
the bacterial oxidation process increases.
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