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Abstract: The bioleaching of marmatite in shaken flasks was studied. After leaching for 29 days, the leaching ratio of zinc was 91%.
Three kinds of bacteria, mixture-based bacteria, 9K-based bacteria and sulfur-based bacteria were used in marmatite leaching, of
which the mixture-based bacteria have the best leaching result while the sulfur-based bacteria have the worst. By analyzing the
leaching residue using SEM and EDXA, the marmatite leaching mechanism was discussed.
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1 Introduction

Microbial leaching of metals from sulfide minerals
has been practiced over hundreds of years without
realizing that microorganisms were involved. Copper,
zinc, gold, etc can be recovered from sulfide ores by
microbial leaching[1-5]. Zinc sulfide bioleaching was
first done over 30 years ago while this process was
carried out with other metal sulfides over 60 years
ago[2—9]. Moderate thermophilic and extreme thermo-
philic microorganisms were used in the bioleaching of
zinc sulfide[2,10]. Zinc can also be bioleached from
industrial ~ waste sludge using Acidithiobacillus
Serrooxidans[4]. Bioleaching of zinc sulfide concentrates
by Acidithiobacillus ferrooxidans was also studied[11].
However few studies on the mechanisms of zinc
bioleaching were carried out[3,7,12—17].

Marmatite in Dachang, Guangxi Province, China is
special for its composition of high iron and little
pyrrhppite and amesonite. The main aim of this work is
to examine the surface features of mineral samples,
leaching residues and reaction products formed in
marmatite bioleaching and to assist in understanding the
mechanisms of zinc bacterial leaching. The bacterial
leaching of marmatite by Acidithiobacillus ferrooxidans
and Acidithiobacillus thiooxidans (denoted as A.fand A.z
respectively) 1s examined in comparison with the

chemical leaching by sulfuric acid. The mineral samples
and leaching residues are characterized by scanning
electron microscopy (SEM), energy dispersive X-ray
analysis(EDXA) and X-ray diffractometry(XRD). The
mechanism of marmatite bioleaching by A.f and A.7 is
also discussed.

2 Experimental

2.1 Materials

1) Bacteria and growth condition

The bacteria used in this experiment were isolated
from the zinc waste water taken from Dachang Mine
(Guangxi Province, China). Bacteria were first cultured
in 9 K media. The characterization of the culture showed
that it consisted mainly of Acidithiobacillus ferrooxidans
and Acidithiobacillus thiooxidans. The bacteria was
cultured in media salts with three energy sources which
were Fe®", S and a mixture of Fe’" and S, adjusted to pH
value 2.0 by sulfuric acid. The chemical composition of
the three media containing the individual energy source
is shown in Table 1.

2) Marmatite sample

The marmatite sample used in this experiment was
obtained from No.92 ore in Dachang. The main elements
of marmatite are listed in Table 2. The marmatite was
ground to a particle size (over 75%) of less than 0.074
mm. XRD analysis showed that the mineral was mainly
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Table 1 Chemical composition of three kinds of cultures(g/L)

Composition 9K medium Mixture medium S medium
(NH,)»SO, 3.0 1.6 0.2
KCl1 0.1 0.05 -
K,HPO, 0.5 0.25 -
MgSO,7H,0 0.5 0.5 0.5
Ca (NO3), 0.01 0.005 -
FeSO,7H,0O 447 223 0.01
CaCl,2H,0 - 0.13 0.25
Sulfur powder - 10 20

Table 2 Major element analysis of marmatite(mass fraction, %)

Zn Fe S Others

474 17.17 3443 1

composed of marmatite and a small quantity of
amesonite.

2.2 Chemical reagents

All the chemical reagents used were analytical
grade. All solutions were made up of twice distilled
water produced by a special machine.

2.3 Methods

The bacterial leaching experiments were carried out
in 250 ml. Erlenmeyer flasks that were shaken in an
air-conditional shaker. The temperature and rotation were
constantly maintained at (30 21)°C and 160 r/min,
respectively. The bacterial activity was monitored by the
oxidation rate of Fe*" and sulfur element. The progress of
bioleaching was monitored through the measurement of
the concentration of Fe’*, Zn>*, and pH value. The
concentration of ferrous irons in the solution was
determined through titration method. The concentration
of Zn** in the solution was measured using an atomic
adsorption spectophometer. In order to determine the
mineral solubility, the specific surface area of both the
original mineral sample and the leaching residuum was
measured. The pH value in the leaching solution was
measured with a pH-meter (PHS-3C) and kept constant
(pH 2.0) throughout the leaching process using a solution
of H,SO, (4.0 mol/L). Solid samples were also collected,
filtered, dried in air and analyzed using SEM, EDXA and
XRD.

3 Results and discussion

3.1 Activity of bioleaching bacterium

The bacteria were cultured in media salts with three
energy sources, Fe?*. S and a mixture of Fe? and S. The
oxidation rate of Fe** and the pH value of the solution
are shown in Figs.1 and 2, respectively. The oxidation
rate of Fe*"and S indicated, when cultured using different

energy sources, the bacteria exhibited different oxidation
activity. When bacteria were cultured using Fe’ as an
energy source, over 95% Fe" was oxidized in less than
40 h. When bacteria were cultured by mixed culture
energy, over 95% Fe”" was oxidized in more than 45 h.
While bacteria were cultured using S as an energy source,
less than 30% Fe*" was oxidized even after 80 h. The
final pH values of the 9K solution were 1.42, 1.02 and
0.80, respectively after 102 h. In conclusion, bacteria
cultured using Fe** exhibited the highest oxidation
activity; while bacteria cultured using S showed the
lowest oxidation activity.
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Fig.1 Oxidation rate of Fe** in 9K solution
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Fig.2 pH value of 9K solution

3.2 Leaching in presence and absence of bioleaching
bacteria

Fig.3 shows the rate of marmatite bioleaching in the
presence and absence of bioleaching bacteria. The results
suggest that in the presence and absence of bioleaching
bacteria, the zinc-leaching rates are 91% and 10%
respectively after marmatite is leached for 29 days. The
bioleaching rate is much higher than the sulfuric acid
leaching rate.
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Fig.3 Bioleaching of marmatite in presence and absence of
bioleaching bacteria (bacteria were cultured using Fe*" energy

source, 5% pulp density)

3.3 Effect of pulp density on bioleaching

Fig4 shows the effect of pulp density on the
bioleaching of marmatite (bacteria were cultured by Fe*",
5% pulp density). The results show that the zinc
bioleaching ratio is 91%, 77%, and 65% when the pulp
density is 5%, 10% and 15%, respectively. This
demonstrates that the pulp density has great effect on the
bioleaching rate of marmatite, as the pulp density
increases the zinc bioleaching rate also increases.
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Fig.4 Effect of pulp density on leaching ratio of Zn*"

3.4 Bioleaching of marmatite by 3 kinds of bacteria

The bioleaching of marmatite by three kinds of
bacteria was done and the results are shown in Fig.5. It
shows that the zinc bioleaching ratio is 95%, 91% and
85% after leaching for 29 days using Fe*',S, and Fe*
and S (mixture) as an energy source respectively. It is
obvious that among the three kinds of energy sources,
the mixed energy cultured bacteria have the highest
zinc-leaching ratio while the S energy cultured bacteria
have the lowest zinc-leaching ratio.
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Fig.5 Bioleaching of marmatite by three kinds of bacteria

3.5 Mechanism of bacterial leaching

1) Variation of pH value in bioleaching process

Fig.6 shows the variation of pH value in the
bioleaching process. The initial pH value of solution is
2.0 and the final pH value is about 3.7 when marmatite is
leached using both S and Fe** (energy sources) cultured
bacteria, while using mixed energy cultured bacteria the
range of pH value is 2.0-2.4. When marmatite is leached
by sulfuric acid, the pH value of solution is constantly
about 2.0. The acid consumption is large during bacterial
leaching. From these observations, we may deduce that
marmatite reacts with H™ in the presence of bacteria.
Considering the oxidation of Fe*" on marmatite in acid

solution, the biochemical reactions of marmatite
bioleaching are as follows:
Zng_yFe, S+H2H —(1-x)Zn* +xFe* +H,S )
7ng-oFe,SH2Fe’ = (1-x)Zn* " +(2+x)Fe’ +S )
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Fig.6 pH value of solution during bioleaching

As shown above, the Fe** cultured bacteria exhibit
low capacity for oxidizing sulfur. Sulfur (the product of
the bioleaching process) was not rapidly oxidized to
sulfuric acid, and as a result the pH value of solution
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rises during bioleaching. Though the S cultured bacteria
have the capacity of oxidizing sulfur, they have little
capacity of oxidizing Fe*", there are almost no chemical
leaching reactions and the marmatite is mainly leached
by acid. This results in a rapid pH rise, causing a slow
metal leaching rate by the two kinds of bacteria.

2) Zn, Fe bioleaching of marmatite

Fig.7 shows the Zn, Fe bioleaching ratios of
marmatite. It is found that the Zn and Fe bioleaching
ratios are 91% and 15%, respectively after marmatite is
leached for 29 days. This demonstrates that zinc-leaching
rate is much faster than iron-leaching rate.
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Fig.7 Zn, Fe bioleaching of marmatite (Bacteria were cultured
by Fe** energy, 5% pulp density)

3) SEM analysis

SEM images of marmatite surface leached with
bacteria cultured using three different energy sources are
shown in Fig.8. The bioleached surface by mixed energy
cultured bacteria (Fig8.(b)) is not clear; it appears to be
covered with some unknown substance. However from
Figs.8(a) and (c) we can clearly see the bioleached
mineral surface.

It is obvious that during the bioleaching process of
marmatite, elements in reactions are iron, zinc and sulfur.
We can conclude that the products on the mineral surface
are possibly sulfur or the hydrolysate of ferric iron. The
Fe** energy and the mixed energy cultured bacteria can
oxidize the sulfur and ferrous quickly in the bioleaching
process. The pH value of the solution is lower than 3, at
the same time, there are no solids on the mineral surface.
During the sulfur energy cultured bacterial oxidization of
marmatite, the pH value of the solution rises quickly,
sulfur or the hydrolysate of ferric iron can be absorbed
on the mineral surface.

4) XRD analysis

The XRD and EDXA patterns of marmatite and its
residuum are shown in Figs.9—13. Table 3 shows the
analysis of mineral sample and residuum.

Table 3 shows that after leaching for 29 days, the

10um

KYKY-2800 0#

10uin KYRY-2500 0#

2%

10um KYKY-2800 0

Fig.8 SEM images of marmatite surface leached with three
energy cultured bacteria (30 ‘C, 29 days, 160 r/min): (a) By
Fe*" energy cultured bacteria; (b) By mixed energy cultured
bacteria; (¢) By S energy cultured bacteria

total quantity of the element zinc and iron are
approximately equal to the total amount of sulfur in the
leached residuum. After leaching for 35 days, there is
only FeS in the residuum of marmatite. It can be concluded
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Fig.9 XRD analysis of marmatite sample leached with sulfuric
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Fig.10 XRD analysis of marmatite leaching residuum

bioleached with Fe*" cultured bacteria for 35 days
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Fig.11 EDXA pattern of marmatite residuum bioleached with

mixed energy cultured bacteria for 29 days

that, during the bioleaching of marmatite, zinc is first
oxidized, and its leaching rate is higher than that of iron.
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Fig.12 EDXA pattern of marmatite residuum bioleached with
Fe?*energy cultured bacteria for 29 days
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Fig.13 EDXA pattern of marmatite residuum bioleached with S
energy cultured bacteria for 29 days

Table 3 Composition of marmatite sample and residuum by
EDXA

Mass fraction/% Mole fraction/%
Sample

Zn Fe S Zn Fe S
Original
sample 474 1717 3443 341 1443 5047

Residuum A 1457 4981 35.62 10.07 39.94 49.99

Residuum B 922 5486 3591 633 43.67 50.00
Residuum C 2043 43.09 3648 14.13 34.60 5127

Residuum A is bioleached by Fe ** energy cultured bacteria; B is bioleached
by mixed energy cultured bacteria; C is bioleached by S energy cultured
bacteria

4 Conclusions

1) After marmatite is bioleached for 29 days by 9K
bacteria, the leaching ratio of zinc is 91% and the
leaching ratio of iron is 15%. The pulp density has a
great effect on the bioleaching process.

2) Among the three kinds of cultures used in
marmatite leaching, mixture-based bacteria, 9K-based
bacteria and sulfur-based bacteria respectively, the
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mixture-based bacteria exhibit the fastest leaching rate,

while the sulfur based bacteria show the lowest.

3) During the bioleaching of marmatite, zinc is first

oxidized, and its leaching rate is higher than that of iron.

After marmatite is leached for 35 days, only FeS is found

in the residuum.
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