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Abstract: The paper presents the results of preliminary research conducted by the acid bioleaching method,
with the use of autochthonous Acidithiobacillus ferrooxidans bacteria and museum strains of Acidithiobacillus
thiooxidans, on recovery of metals contained in selected metallurgical waste. The material contained mainly
oxidative minerals Fe,O;, SiO,, and Al,O5 as well as lead, zinc, copper and nickel sulphides. Concentrations
of the key metals were respectively: zinc 3.46 %, lead 13.8 %, copper 0.4 %, nickel 0.06 %. The works were
carried out on a small laboratory scale. The results confirmed that the method is effective. The most effective
process of bacterial leaching in the heap was for zinc — a 28 % yield in 96 days.

Keywords: bioleaching, polymetallic waste

Introduction

Modern biohydrometallurgy dates back to 1947, when Colmer and Hinckle in their
studies confirmed the biological nature of iron(Il) oxidation to iron(Ill) in the waters of
a closed pyrite mine, and then isolated from these waters a previously unknown
bacterial species, which they called Thiobacillus ferrooxidans. Although the methodo-
logy of bioleaching was well known, the first technology on an industrial scale (Biox)
was introduced in the late 1990s at Fairview plants in South Africa. However, this area
is developing very slowly, despite the fact that technical progress nowadays allows to
increase the efficiency and effectiveness of bacterial leaching processes, and these
processes can be used not only for enrichment of minerals (Taalvivaara mine in
Finland), but also for disposal of electronic waste or disposal of toxic post-mining and
metallurgical waste dumps with the recovery of metals at the same time [1-11].
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The aim of our research was to examine the possibility of using the acidic
bioleaching method to remove heavy metals present in metallurgical waste. In order to
carry out this project, we decided to conduct an initial bioleaching test on a so-called
small laboratory scale, and then, after obtaining a positive result, to proceed with the
process in the waste heap. The considerable amount of waste in the heap under study
makes the application of other bioleaching methods, e.g. in bioreactors, difficult and
uneconomic to implement [10-12].

The process of bioleaching depends on a number of physicochemical factors. The
most important are, of course, the mineralogical and chemical composition of the raw
materials (minerals, waste, deposits), the presence of certain metals (e.g. arsenic, silver,
molybdenum), which may further inhibit the growth of bacteria, the pH of the
environment. Climatic conditions, especially the total rainfall and temperature, are of
great importance to the bioleaching process in the heap [9, 11, 13]. The process of
bioleaching in heaps (heap or dump leaching) is mainly used to enrich poor ores or to
remove metal residues from the waste of ore processing plants. The simplicity of
the method and the relatively low investment and technological costs make
it increasingly used today. Additional advantages are: ease of process control and
low probability of ecological contamination provided that the technological regime is
maintained [9].

Material and methods

The research material was metallurgical waste. According to the chemical analysis
obtained from the steelworks’ laboratory, the material contained mainly: oxidative
minerals Fe,0;3, SiO,, and Al,O5 as well as lead, zinc, copper and nickel sulphides.
Concentrations of the key metals were respectively: zinc 3.46 %, lead 13.8 %, copper
0.4 %, nickel 0.06 %. These results indicate the possibility of the presence of
autochthonous ferric bacteria of the At ferrooxidans genus. Therefore, in order to
recover metals present in the tested waste in the form of sulphides, we decided to use
the method of acid bioleaching with the use of autochthonous Acidithiobacillus
ferrooxidans bacteria and museum strains of Acidithiobacillus thiooxidans.

In order to obtain autochthonous bacteria of the genus Acidithiobacillus ferrooxidans
the method of isolation based on the dilution method was chosen. Periodic culture was
applied, carried out alternately on liquid and solid medium, which was Silverman’s
medium and Lundgren 9 K [14]. Next, biochemical identification of the isolated
bacteria was carried out by checking the presence of tethionate ions and the ability to
oxidize Fe(Il) in culture. For this purpose, the medium was centrifuged and the tionates
contained in it were chromatographically separated. The obtained chromatogram did not
contain stains indicating the presence of tethionate ions. The result did not clearly
indicate that we were dealing with At. ferrooxidans, because the same effect would have
been achieved if they had been bacteria such as Thiobacillus thioparus or Thiobacillus
denitrificans, but in turn these bacteria do not oxidize Fe(Il) ions. The ability of the
isolated bacteria to oxidize iron was checked therefore by growing them on the medium
containing iron(II) sulfate. During culture the concentration of Fe(II) and (III) ions in
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the medium was determined. An increase in the concentration of Fe(IIl) ions with
a simultaneous decrease in the concentration of Fe(Il) ions clearly indicated that the
bacteria were At. ferrooxidans [15, 16].

The next stage of the study was to conduct a preliminary verification of the
susceptibility of the test material to the process of acid bioleaching. From the heap, 10
samples were taken from places selected in such a way that the material was
representative for the whole heap. After mixing and averaging, the samples were
reduced. The sample to be tested was then crushed and ground in a Krupp laboratory
jaw crusher. At the beginning the influence of the test material on the pH of the lye was
determined. For this purpose, lye was added to 500 mg of the material; the ratio 1: 3.
The initial pH was 5.7, after the addition of 5 cm® of 10N H,SO,, the pH dropped to
2.42. Over the next days this value changed slightly, the pH remained within the limits
appropriate for a good acidic bioleaching process, the test material was not alkaline, so
that no chemical pre-treatment was required [12]. The bioleaching process was carried
out simultaneously with the control process without bacteria, in which only chemical
leaching took place. A 5 K desiccant was applied, with the composition consistent with
Silverman’s and Lundgren’s 9 K medium, in which the content of Fe(Il) ions was
reduced to 5 g/dm3 [14]. The initial pH of the lye was 2.5.

Results and discussion

During the process pH of the lye, concentration of Fe(Il) and (III) ions and
concentration of metal ions: zinc, copper, nickel and lead were determined in both
research systems (in the bacterial system and in the control system). The results
obtained are shown in the following charts.

Zinc bioleaching in the bacterial system started from the first day of the process and
was evenly distributed throughout the measurement period, reaching 3000 mg/dm3 on
the last day, which constituted 34.7 % of zinc contained in the test material. In the
control system the leaching process began after the third day of the process, and on the
last day it reached the concentration of 100 mg/dm3, which constituted 1.2 % of zinc
removed from the research material.

Copper leaching started on the 31 day of the process and in the control system
chemical leaching started on the 5t day. After thirteen days in both cases the process
stopped. Due to the participation of bacteria, 10 % of Cu contained in waste and 3 % in
the bacterial-free system was leached.

Nickel leached chemically only, in both systems after 19 days of the process the
concentration of nickel ions in fluids the lye was 16 %. Lead did not leach biologically,
nor chemically.

The obtained results indicate that in the case of zinc and copper, effective recovery of
metals occurs only due to the presence of bacteria.

The next stage of the research was to carry out the process of bioleaching in the heap.
It was carried out in a laboratory stand.
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Fig. 1. Changes in pH of the lye in the bacterial test
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Fig. 2. Changes in pH of the lye in the control test
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Fig. 3. Change in the concentration of zinc ions in the bacterial system

120

100

80

60

40

Concetration [mg/dm?3]

20

4 —o— T T T T T T
0 2 4 6 8 10 12 14 16

Time [day]

Fig. 4. Change in the concentration of zinc ions in the control system
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Fig. 6. Change in the concentration of copper ions in the control system
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Fig. 7. Bioleaching
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Fig. 9. Change in the concentration of zinc ions during the process of heap bioleaching
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Physicochemical parameters were the same as in the first experiment. The duration of
the process was 90 days. There was no control system. The results obtained are shown
in the following charts.

Zinc bioleaching in the bacterial system started from the first day of the process and
was quite intensive throughout the measurement period, reaching 20250 mg/dm® on the
last day, which constituted 28 % of zinc contained in the test material. Copper
bioleaching began in the fifth day of the trial, and came to an end after day 12, and
nothing changed to the end of the process. As a result, only 6 % of the copper contained
in the waste transferred into the solution. The leaching of nickel was similar to copper
and by the end of the process 16 % was recovered.

Conclusions

In the studies presented, the possibility and rationale for conducting the process of
bioleaching of metallurgical waste was confirmed. The waste was subjected to both
biological and chemical leaching.

Zinc recovery by bioleaching in the heap with the use of autochthonous Az
ferrooxidans and museum strains of At. thiooxidans was satisfactory and amounted to
28 % (heap), with as much as 34.7 % obtained on a small laboratory scale and 1.2 % for
the control sample. 6 % of copper was recovered by bioleaching in a heap, 10 % on
a small laboratory scale, compared to the control sample of 3 %. 16 % of nickel was
leached in the heap. Lead would not leach.

Steelworks waste can be considered a “secondary” polymetallic ore deposit and can
be successfully enriched by acidic bioleaching with the use of Acidithiobacillus type
bacteria. The results obtained indicate that this process should be examined further, in
order to increase yields.
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UTYLIZACJA HALD ODPADOW POHUTNICZYCH - ODZYSK METALI
METODA BIOLUGOWANIA KWASNEGO

Instytut Nauk Technicznych, Uniwersytet Opolski, Opole

Abstrakt: W pracy przedstawiono wyniki badan wstepnych, prowadzonych metoda biolugowania kwasnego,
z wykorzystaniem autochtonicznych bakterii rodzaju Acidithiobacillus ferrooxidans i muzealnych szczepow
bakterii rodzaju Acidithiobacillus thiooxidans, nad odzyskiem metali zawartych w wybranych odpadach
pohutniczych. Materiat zawierat gldwnie mineraty tlenkowe Fe,Os, SiO, 1 AL,O; oraz siarczki otowiu, cynku,
miedzi i niklu. Stezenia najwazniejszych metali wynosity odpowiednio: 3,46 % cynku, 13,8 % otowiu, 0,4 %
miedzi, 0,06 % niklu. Prace prowadzono w matej skali laboratoryjnej. Uzyskane rezultaty potwierdzity, ze
zastosowana metoda jest skuteczna. Najefektywniej proces tugowania bakteryjnego w hatdzie przebiegat dla
cynku — uzysk 28 % w czasie 96 dni.

Stowa kluczowe: biotugowanie, odpady polimetaliczne
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