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[ Abstract] Through the study by electronic probe it was found that many new cracks and holes appear on the surface of gold

bearing arsenopyrite crystal oxidized by Thiobacillus ferrooxidans, which are along with some directions. Then the selective bio-

oxidation model of gold-bearing arsenopyrite was set up. The selective bio- oxidation resulting from the submicro-battery effect of

gold/ arsenopyrite mineral pairs naturally forms in the gold-bearing arsenopyrite crystal. Thiobacillus ferrooxidans has priority to

oxidize the place of goldrich and oxidizes selectedly along with the crystal border, crystal face and crack. The bacteria oxide

tion process of gold-bearing arsenopyrite is divided into three stages: the first stage is the surface oxidation, the second stage is

restraining oxidation and the third stage is the filament oxidation, bacteria oxidize along with cracks of arsenopyrite.

[ Key words] selective bio-oxidation model; submicrobattery effect; goldbearing arsenopyrite; Thiobacillus ferrooxidans

[ CLC number] TH 111.31% 1

[ Document code] A

1 INTRODUCTION

There are many kinds of sulphide minerals, such as
arsenopyrite, pyrite, chalcopyrite, sphalerite, galena,
pyrrhotite, stibnite, tetrahedrite etc. in refractory gold
ore containing arsenic. The arsenopyrite has some pecu-
liar charactristics: 1) arsenopyrite is the most important
gold containing sulphide mineral, the sequence accord-
ing to the percentage of gold in minerals is(from high to
low) arsenopyrite, pyrite, pyrrhotite, marcasite, then
pentlandite; 2) arsenopyrite is the most main mineral in
the high-arsenic concentrated ore; 3) arsenopyrite is the
highest arsenic mineral, its As content(mass fraction) is
high up to 46.01%; (4) compared with the other ele-
ments, As is the most harmful one for Thiobacillus fer-
rooxidans, arsenopyrite played a very important role dur
ing the process of bio-oxidation for refractory gold ore.
Its bio-oxidation degree affects directly the effect of the
gold extraction. Definitly, it is necessary to study fur
therly the bio-oxidation model of gold-bearing arsenopy-

rite.
2 EXPERIMENTAL

2.1 Crystal chemistry of arsenopyrite

Arsenopyrite( FeAsS) is classified as the subgroup
of sulphide minerals with isolated structure, cobaltiten
( CoAsS)-arsenopyrite( FeAsS) group, arsenopyrite sub-
group. The bond strength of joined atoms in the atomic
group structure is bigger than that joined out the group,

[AsS] is in the single linear order. Arsenopyrite is the
monoclinic system, a= 0.953 nm, b= 0.566 nm, c=
0.643 nm, B= 90°, z= 8(or triclinic system, a= 0.
574 nm, b= 0.567 nm, c= 0.578 nm, B= 112°10,
a= y=90).
bond type, S —As is connected with the covalent bond

Arsenopyrite belongs to heterodesmic

and constituted the As —S pair. Interatomic distances
are As —S 0. 230 nm, Fe —As 0. 233 nm and Fe —S 0.
223 nm. The crystal structure of arsenopyrite is a type of
derived structure of NaCl pattern, As —S pairs are
dumbbell states, iron as Fe’*, arsenic and sulfur as
As” and S separately!. Tis chemical composition,
theoretically, is Fe 34.30%, As 46. 01%, S 19.
69% . There are the composition variation of As and S,
from FeAso o-Si.1 to FeAsi 1So9. Fe and Co usually
form isomorphous replacement incompletely. In addi-
tion, some arsenopyrites contain Au, Ag, Cu, Pb, etc.

2.2 Characteristic of sample

Samples are choosed from the natural gold-bearing
arsenopyrites occurred in a high arsenic gold mine. Ar
senopyrites with the strong metallic luster and high re-
flectance rate is tin-white colour and anisotropism. The
idiomorphs of crystals are well developed, most of which
are idiomorphic and hypidiomorphic crystals and the oth-
ers are allotriomorphic crystals. The( 101) and ( 230)
crystal faces developed well, generally as columnar,
needle-like and diamond-shaped crystals, twin crystal of
arsenopyrite occurring by chance. The crystal size is of-
ten 5.0%0.8~ 1.0x0.2 mm, its aggregate as radiate

@® [ Foundation item] Project(50074015) supported by the National Natural Science Foundation of China

[ Received date] 2001 = 07 = 05; [ Accepted date] 2001 ~ 11 =20



* 1200 -

Trans. Nonferrous Met. Soc. China

Dec. 2002

and dissemination.

The gold-leaching ratio of the concentrated gold ore
is only 2. 8% by the direct process of the cyanide leach-
ing. Gold minerals mainly exist in the asrenopyrite crys-
tals and next in the pyrite crystals. 75% of gold minerals
is in the asrenopyrite crystals as the submicro-gold'?
which chiefly crystallize in the border of asrenopyrite
crystals, where are gold-rich bands( places) .

2.3 Experimental condition

A tamed strain of Thiobacillus ferrooxidans, named
SH-T, was used in the experiment, cell population of
the culture was amounted to 8. 87 x 10° cell /ml, and
the redox potential was 590 mV. The experiment was
conducted in a 250 ml flask with 100 ml culture in it.
The flask was continuously shaken on a HZQ-C type
shaker at 130 1/ min and kept at 36 C. The polishing
arsenopyrite sample was immersed into the culture and
then the preliminary pH value was adjusted to 2. 0. The
located site of the sample was observed, recorded and
photographed every 12 h under the microscope for com-

parision. The whole experiment lasts 84 h.

2.4 FElectronic probe study

After a period of bio-oxidation by SH-T culture the
surface of the sample was polished to remove oxidized
product, then the sample was used for electronic probe
examination. The morphologies feature of the sample

surface are shown in Fig. 1.

3 RESULTS AND DISCUSSION

3.1 Test results

Bio-oxidation test of arsenopyrite sample indicates
that the whole oxidation may by divided into three
stages:

1) The first stage( O~ 24 h)

Large area of oxidation occurred on the surface and
the sample metallic luster lost. Rusty or colourful semt
metallic luster appeared. Zonal structure was produced
by the corrosion effect of bio-oxidation on the surfaces,
especially, of the complicated composition of arsenopy=
rite.

2) The second stage( 24~ 72 h)

Semrmetallic luster and zonal structure disap-
peared and earthy luster appeared, which means that
there was an oxidized membrane formed on the crystal
surfaces. With the development of bio-oxidation the
thickness of oxidized product increased up to 20 nm.

3) The last stage( 72~ 84 h)

Fig. 1 Microscopic charateristic of gold

bearing asrenopyrite oxidated by

Thiobacillus f errooxidans
(a) —Thin long cracks; (b) —Thick short cracks

The whole crystal surface was covered by the oxida-
tion membrane. Bio-oxidation was limited and large area
of surface oxidation tended to terminate, then bio-oxida
tion began to proceed in the direction of vertical to the
cracks and disintegration section of arsenopyrite crystal.
Bio-oxidation went into linear oxidation period.

The microscopic feature of arsenopyrite surfaces was
examined by electronic probe after the bio-oxidation test
terminated. Results demonstrate that a lot of cracks are
in the form of crossing or network, occurring on ar-
senopyrite surfaces. The cracks are much denser, most
distributed along the face of crystal, which means that
bio-oxidation of arsenopyrite has directive and selective

feature.

3.2 Discussion

The property of gold-bearing asrenopyrite has been
the hot problem for the mineralogists, who widely study
not only the natural asrenopyrites but also the synthetic
ones in order to find the regular pattern. At present
there are mainly several view points of gold occurrence of
asrenopyrite as: visible gold, submicro-gold, colloid
gold and crystal lattice gold'®!. In spite of disputes, the
most of scholars have accepted the gold occurence of ar-

senopyrite as the submicro-gold. Through many studies it
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is shown that the gold grains are uneven. The gold
grains are dense at submicro-gold in the border and up to
0. 148% ~ 0. 28%, contrarily, the core is poor gold
areal ™. Xin et al'®! made a synthetic test of gold-bear
ing arsenopyrite. It was shown that the gold grains were
also unevenly distributed. Au varies directly with As.
The amount of gold is high in the Asrich area, even as
high as 1. 7% in the border. There is not nearly any
gold in the core, called as Aurpoor area. Definitely, the
test result is identical with the natural gold-bearing ar
senopyrite. Gold minerals are mainly sedimentary and
crystallize along the crystal face, cleavage face and frac-
ture in the border and crystal defect!® ',

As we known, the gold grains of less than 0. 1 Pm
are called submicro-gold'”. The gold grains are dis-
tributed in border of the arsenopyrite at the submicro-
grain gold state. These small gold grains are wrapped up
the arsenopyrite crystal. Indeed, quite a lot of gold/ ar-
senopyrite mineral pairs are naturally formed, there are
almost no mineral pairs in the core. Due to high ioniza-
tion potential, high electronegativity and high oxidationr
reduction potential, gold is wholly inert on the chem-
istry, it undoubtedly belongs to quite stable mineral.
Compared with gold, the arsenopyrites show the strong
chemical activity, which easily conduct oxidation and
corrosion. During the process of the bacteria oxidation,
the host mineral arsenopyrite and guest mineral-gold nat-
urally form a kind of distinctive relationship, i. e. sub-
micro-battery relationship( Fig. 2) . The active arsenopy=
rite is always the positive pole of submicro-battery, and
the inert gold the negative pole. During the bacteria oxi-
dation the positive pole-arsenopyrite is unceaselessly oxi-
dized, in which Fe, As, S are dissolved and the crystal
is gradually broken. Meanwhile the negative pole-gold is
protected. Along with the continuous oxidation and cor-
rosion of arsenopyrite, the gold wrapped up in the ar
senopyrite is exposed finally. Because gold grains are at
the submicro-gold state, such battery effect is also mi-
crophenomenon and unobserved with naked eyes, which
is called submicro-battery by authors, its oxidationre-
duction reactions are as:

Arsenopyrite( positive pole) :

FeAsS™ Fe** + S+ As( IT) + 5e (1)
Gold mineral( negative pole) :
5/20,+ 5e+ 10H* ~ 5H,0 (2)

After the study on surfaces appearance of arsenopy-
rite oxidized using the electronic probe, it shows that
many new cracks, crevices and holes appear. From the
direction of the cracks, they almost parallell to the crys-
tal face direction( Fig. 1). The cracks form on the net-

works textures indicating that the crystal face direction of

arsenopyrite was quite weak. Under the effect of submi-
cro-battery the arsenopyrite is easily oxidized, 1. e.
Thiobacillus ferrooxidans selectedly oxidizes along the
direction of gold, compared with it, the core of ar
senopyrite  is which  shows that

Thiobacillus oxidized the
gold-bearing arsenopyrite selectedly. Fig.2 is bio

oxidized slowly,

Sferrooxidans

A

[=4
2
9
Yy &
[

Gold-bearing 2 Gold-bearing 5H,0
arsenopyrite arsenopyrite 5/20,
FeAsS B FeAsS

Fig. 2 Bio-oxidation model of
gold-bearing arsnopyrite

oxidation model of submicro-battery.

Because of the submicro-battery effect, Thiobacil-
lus ferroaxidans gave priority to spontaneous oxidation for
the gold-rich place, mainly in the border of arsenopy-
rite. On the other hand, it oxidized slowly at the place
of gold-poor. For this reason such bacteria( Thiobacillus

Sferrooxidans) possesses the distinctive characteristic of
following gold during oxidation of the gold-bearing ar
senopyrite, which improves the effect of the bio-oxida
tion. Therefore the bio-oxidation may be better than the
roast oxidation and add-press oxidation. Undoubtedly,
the submicro-battery of gold/ arsenopyrite can play an in-
estimable role on speeding up the bio-oxidation and raise
the dearsenication ratio of the refractory gold ore. The
gold grains mainly distribute in the border of arsenopyrite
and the core is gold-poor area. Therefore, it can be in-
ferred that gold-bearing arsenopyrite does not need to be
oxidized wholly.

4 CONCLUSIONS

1) The bacteria oxidation process of gold-bearing
arsenopyrite is divided into three stages. The first stage:
the arsenopyrite is oxidized mainly on the crystal sur-
faces. The second stage : the gold-bearing arsenopyrites

are oxidized strongly with Thiobacillus ferrooxidans. and
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covered the oxidized membrane on the crystal surfaces,
which restrained the further oxidation of arsenopyrite.
The third stage, bacteria oxidize along with cracks of ar-
senopyrite.

2) Many new cracks and holes formed on the sur-
faces of gold-bearing arsenopyrite oxidized with
Thiobactllus ferrooxidans. These cracks were along with
certain direction, which shows that Thiobacillus ferrooxi-
dans oxidized selectedly arsenopyrite.

3) The distribution of submicro-gold in the ar
senopyrite crystals was uneven. The mineral pairs of
gold/ arsenopyrite naturally form the relationship of sub-
micro-battery.  When Thiobacillus ferrooxidans oxidized
gold-bearing arsenopyrite, it oxidizing the place of gold
rich firstly. Definitely, Thiobacillus ferrooxidans oxi-
dized selectedly along with the crystal border, crystal
face and crack of gold-bearing arsenopyrite.

4) Tt can be inferred that gold-bearing arsenopyrite
does not need to be oxidized wholly. On the theory,
Thiobacillus ferrooxidans just oxidized effectively the
gold-rich place in the arsenopyrite and the recovery ratio

of gold is reached.
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