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Abstract
The formation of hydrogen peroxide (H,O,), an oxidizing agent stronger than oxygen, by sulphide

minerals during grinding was investigated. It was found that pyrite (FeS,), chalcopyrite (CuFeS)),
sphalerite (ZnS), and galena (PbS), which are the most abundant sulphide minerals on Earth,
generated H,O, in pulp liquid during wet grinding in the presence and absence of dissolved oxygen
in water and also when the freshly ground solids were placed in water immediately after dry
grinding. Pyrite generated more H,O, than the other sulphide minerals and the order of H,O,
production by the minerals was found to be pyrite > chalcopyrite >sphalerite> galena. The pH of
water influenced the extent of hydrogen peroxide formation where higher amounts of H,O, were
produced at highly acidic pH. The amount of H O, formed also increased with increasing sulphide
mineral loading and grinding time due to increased surface area and its interaction with water.
The sulphide surfaces are highly catalytically active due to surface defect sites and unsaturation
because of broken bonds and capable of breaking down the water molecule leading to hydroxyl
free radicals. The type of grinding medium on formation of hydrogen peroxide by pyrite revealed
that the mild steel produced more H,O, than stainless steel grinding medium, where Fe* and/or
Fe* ions played a key role in producing higher amounts of H,O,.

Furthermore, the effect of mixed sulphide minerals, i.e., pyrite—chalcopyrite, pyrite—galena,
chalcopyrite-galena and sphalerite-pyrite, sphalerite—chalcopyrite and sphalerite-galena on the
formation of H,O, showed increasing H,O, formation with increasing pyrite fraction in
chalcopyrite—pyrite composition. In pyrite-sphalerite, chalcopyrite-sphalerite or galena-
sphalerite mixed compositions, with the increase in pyrite or chalcopyrite proportion, the
concentration of H,O, increased but with increase in galena proportion, the concentration of H,O,
decreased. By increasing the pyrite proportion in pyrite—galena mixture, the concentration of
H,O, increased. Similarly, in the mixture of chalcopyrite-galena, the concentration of H,O,increased
with increasing chalcopyrite fraction. The results of H O formation in pulp liquid of individual
sulphide minerals and in combination at different experimental conditions have been explained
by Eh—pH diagrams of these minerals and the existence of free metal ions that are equally
responsible for H,O, formation besides the catalytic activity of surfaces. The results of the amount
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of H,O, production also corroborate with the rest potential of the sulphide minerals; higher the

rest potential more is the formation of H,O,. Most likely H,O, is responsible for the oxidation of

sulphide minerals and dissolution of non-ferrous metal sulphides in the presence of ferrous

sulphide besides the galvanic interactions.

This study highlights the necessity of revisiting the electrochemical and/or galvanic interactions

between the grinding medium and sulphide minerals, and interaction mechanisms between

pyrite and other sulphide minerals in terms of their flotation behaviour in the context of the

inevitable existence of H,O, in the pulp liquid.

Keywords: Hydrogen peroxide; oxidation; pyrite; chalcopyrite; sphalerite; galena.

1. Introduction

Hydrogen peroxide, which is a strong oxidizing
agent, stronger than oxygen, causes non-
selective oxidation of sulphide minerals. The
oxidation of sulphide minerals takes place
during the grinding process when the particle
size is reduced for flotation. Recently it was
shown that formation of H,O, take place in the
pulp liquid during wet grinding of complex
sulphide ore (Ikumapayi et al., 2012).Other
studies highlighted the significance of reactive
oxygen species (ROS), H,O, and hydroxyl
radical ("OH), generated from milled sulphide
concentrates and their potential effect on
thermophilic Fe- and S-oxidizing bioleaching
microorganisms through oxidative stress
(Jones et al., 2011; Jones et al., 2012). To date,
most studies dealing with sulphide mineral-
induced ROS formation have made use of
natural or synthetic mineral samples, of very
high purities, suspended in neutral solutions.
Pyrite induced ROS formation has been studied
most; however other sulphide minerals such
as chalcopyrite (CuFeS,)), sphalerite (ZnS),
pyrrhotite (Fe . ,S) and vaesite (NiS,) have also
been studied with respect to ROS generation
(Borda et al., 2001;Jones et al., 2011), and
reactivities have been found to differ between
sulphide minerals.

Buehler and Gottschalk (1910) noted that when
pyrite was mixed with a second sulphide
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mineral, the second mineral oxidized more
rapidly. Harvey and Yen (1998) observed that
addition of galena to the sphalerite selective
leaching system diminished the dissolution of
sphalerite. Alternatively, a pyrite or
chalcopyrite addition increased zinc
extractions. Many authors have reported that
galvanic interactions are known to occur
between conducting minerals and play a
significant role in flotation (Rao and Finch,
1988;Kelebek et al., 1996; Zhang et al.,
1997;Ekmekgi and Demirel, 1997; Huang and
Grano, 2005), leaching (Mehta and Murr, 1983;
Abraitis et al., 2003;Akcil and Ciftci, 2003),
supergene enrichment of sulfide ore deposits
(Thornber, 1975; Sato, 1992), environment
governance (Alpers and Blowes, 1994), and
geochemical processes (Sikka et al.,
1991;Banfield and Nealson, 1997). In addition,
other researchers (Koleini et al., 2010;Koleini et
al., 2011; Dixon and Tshilombo, 2005; Mehta and
Murr, 1983; Holmes and Crundwell, 1995)
reported when the amount of pyrite in contact
with chalcopyrite increases, the leaching rate
of chalcopyrite mineral increases.

The participation of H,O,and OH, if any, in
non-selective oxidation of the sulphide ore pulp
components and hence in deteriorating of the
concentrate grade and recovery of metal-
sulphides has not yet been explored. Likewise,
the influence of H,O, has been recognized lately
on bioleaching of metal sulphides (Jones etal.,



2012). In an attempt to fill the gap, we have
estimated the concentration of HO, in pulp
liquid during different times of grinding and in
different grinding environments. The effects of
pH, type of grinding (wet or dry grinding), and
varying proportion of pyrite, chalcopyrite and
galena mixed with sphalerite on the formation
of hydrogen peroxide were investigated and the
results have been presented and discussed in
this paper in the context of flotation and leaching
phenomena of sulphide minerals.

2. Experimental

2.1 Materials and reagents

Crystalline pure sphalerite (Sp), galena (Ga),
pyrite (Py) and chalcopyrite(Cp) minerals used
in this study were procured from Gregory,
Bottley& Lloyd Ltd., UK. Sphalerite contains
39.92% Zn, 20.7% S, 4.2% Fe, 1.32% Pb and 0.17%
Cu. Galena contains 73.69% Pb, 13.5% S, 1.38%

Counts

3000 1

2000

1000

10 2 30 40 50 60 70 80
Position [*2Theta]

Counts

15000 @

10000

5000

=)

1

a T T T T T T
10 20 30 40 50 60 70 80

MPT-2013

Fe, 1.26% Zn, 0.2% Cu and some silica (quartz)
impurity. Pyrite contains 44.4% Fe, 50.9% S, and
0.2% Cu, and chalcopyrite contains 29% Fe,
29.5%5, 25.8% Cu, 0.54% Zn, and 0.22% Pb. The
XRD analyses of the samples showed that the
main mineral phases present were pyrite (Fig.
la), chalcopyrite (Fig. 1b), sphalerite (Fig. 1c),
and galena (Fig. 1d) in the respective mineral
samples. All the mineral samples used in this
study were separately crushed through a jaw
crusher and then screened to collect the —-3.35
mm particle size fraction. The homogenized
sample was then sealed in polyethylene bags.
Potassium amyl xanthate (KAX) was used as
collector and the frother was MIBC in flotation
tests. Solutions of sodium hydroxide (AR grade)
and HCI (1 M) were added to maintain the pH
at the targeted value during flotation. Deionised
water was used in both grinding and flotation
processes. Solutions of 2, 9-dimethyl-1, 10-
phenanthroline (DMP),copper (II) (0.01 M), and
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Fig. 1. XRD analysis of th& Sdinple (a) pyrite (1- pyrite). (b) chalcopyrite (1- chalcopyrite and 2-
pyrrhotite 3- sphalerite) (c) sphalerite (1- sphalerite 2- galena 3- quartz), (d) galena (1- galena 2-

sphalerite 3- quartz).
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phosphate buffer (pH 7.0) were used for
estimating the amount of H O, in the pulp liquid
by UV-Visible spectrophotometer (Baga et al.,
1988). Zinc sulphate, copper sulphate, lead
nitrate, ferrous sulphate and ferric sulphate
chemicals were also used to investigate the
effect of metal ions (Zn*, Cu*, Pb*, Fe*" and Fe*")
on the formation of H,O,.

2.2 Dry grinding

100 g of —-3.35 mm size fraction of pure
sphalerite, pyrite, galena and chalcopyrite
minerals in each grinding test were separately
ground in a laboratory stainless steel ball mill
(Model 2VS, CAPCO Test Equipment, Suffolk,
UK) with stainless steel medium for 60 min.5 g
of sphalerite, galena, pyrite or chalcopyrite
single mineral and 12.5 g of mineral mixture
either sphalerite-pyrite or sphalerite-
chalcopyrite or sphalerite-galena or galena-
pyrite or galena-chalcopyrite or chalcopyrite-
pyrite that was < 106 pm was mixed with 50
cm® water using magnetic stirrer and then the
slurry sample was collected at 0.5, 5 and 11 min,
filtered and was analysed for hydrogen
peroxide. The pH was regulated with HCl and
NaOH solutions.

2.3 Estimation of hydrogen peroxide

The spectrophotometric method of using
copper (II) ions and DMP has been found to be
reasonably sensitive when applied to advanced
oxidation processes (Kosaka et al., 1998).For
DMP method (Baga et al., 1988), 1 mL each of 1%
DMP in ethanol, 0.0IM copper (II), and
phosphate buffer (pH 7.0) solutions were added
to a 10 mL volumetric flask and mixed. A
measured volume of liquid (filtrate) sample was
added to the volumetric flask, and then the flask
was filled up with ultrapure water. After
mixing, the absorbance of the sample at 454 nm
was measured with DU® Series 700 UV/Vis
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Scanning Spectrophotometer. The blank
solution was prepared in the same manner but
without H O,.

3. Results and discussion

3.1 Formation of hydrogen peroxide (H,0,)
after dry grinding and mixing with water

Formation of hydrogen peroxide was observed
when the freshly dry-ground solids were mixed
in water. The effect of pH of the mineral
suspension on the formation of hydrogen
peroxide is shown in Fig. 2. It can be seen that
for pyrite, chalcopyrite and sphalerite with an
increase in pH, the concentration of H O,is
decreased up to pH 8 and then is increased
above this pH, but in the case of galena, H,0,is
generated at pH <4.5 only. Further, pyrite
generates more H,O, than the other minerals.
Kocabag et al. (1990) using the Eh-pH diagram
(Fig. 3a) of pyrite showed that oxidation of
pyrite yields S°, Fe >, Fe (OH)," species in the
solution for pH <6 and Fe (OH),,Fe (OH), species
in the solution for pH > 6. At pH <6, Fe* ions are
increased with decreasing pH and therefore, in
the presence of dissolved molecular oxygen,
ferrous iron associated with pyrite can form
superoxide anion (O,)" (eq. 1), which reacts
with ferrous iron to form H,0, (eq. 2) as shown
in Fig. 4a (Cohn et al., 2006).

Fe'(pyrite) + O,/ Fe"(pyrite) + (O,") 1)
Fe'(pyrite) + (O,*) + 2H"— Fe(pyrite) + H,0, (2)

pyntz
chalcopyrite

o
=

msphalerite
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Bgalena

=
=

Qll___L
o

17?{ 105 115

Fig. 2. Effect of pH on production of H O, after 5
min mixing of dry ground solids with water.



Fe (III) can also generate H,O,in such a way that
an electron is extracted from water and a
hydroxyl radical is formed (eq. 3).Combining
two hydroxyl radicals leads to the formation
of H O, (eq. 4) (Borda et al., 2003):

Fell+ HO'>OH + H+ Fe ! 3)
2°'0OH’—>H,0, (4)

Fairthorne at al. (1997) using the E,—pH stability
diagram of chalcopyrite (Fig. 3a) exemplified the
formation of insoluble ferric oxide/hydroxide
atneutral and basic pH values but also in acidic
conditions at high E 6 values. Notably the
divalent Fe and Cu ions exist at low pH values
from negative to high E, values. These divalent
ions are reported to aid the formation of H,0,
(Valko et al., 2005; Jones et al., 2011; Jones et al.,
2012) from water and our present results shown
in Table 1 demonstrate that Fe*" ions generate
substantial H,O, followed by Fe** and Cu* ions.
Fig. 3b displays that the concentration of ferrous
ions decreases at the expense of ferric oxide/
hydroxides at higher pH and E, values (oxygen
conditioning).The schematic diagram of H,O,
formation in the presence of dissolved
molecular oxygen is shown in Fig. 4b, where at
acidic pH (pH <5) superoxide anion (O,") " (eq. 5)
is formed, which reacts with ferrous iron to
form H,O, (eqgs. 6-8). This is in agreement with
other studies where it was observed that metal
ions-induced formation of free radical has been
evidenced and that ferrous ion generates
superoxide and hydroxyl radical (Valko et al.,
2005; Jones et al., 2011).

Table 1. H,O, generation in the presence of
metal ions at natural pH and at 22 °C.

H,O, (mM)
Concentration of

ions 1mM 10 mM
water 0 0
Fe 2+ 0.552 4.656
Fe 3* 0.004 0.059
Cu 2+ 0 0.015
Pb2* 0.013 0.096
Zn?* 0.004 0.088
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O, +Fe*’— Fe¥+ (0,")’ )
(O,")" + Fe*+2H"—Fe™+H,0, ©)
Fe?*+H,0, - Fe*+ *OH + OH’ @)
2"OH’—H,0, ®)

Above pH 5, the stability diagram shows the
Fe,O, solid phase, that also generates hydrogen
peroxide. This is in agreement with other
studies where hematite and magnetite solids
in water were shown to induce H,O, formation
(Cohn et al., 2006).Fig. 4b exhibits that copper
ions also generate hydrogen peroxide. The metal
ions induced formation of hydroxyl free radical
has been established, where copper ions
generate the superoxide and hydroxyl radical
(egs. 9-12) (Valko et al., 2005).

O,+e"10,~ )

20, +2H""—->H,0,+0, (10)
Cu+H,0,=Cu*+°*OH+OH~ (11)
2'0OH’'->H, (12)

In acidic pH, the formation of higher amounts
of hydrogen peroxide compared to that at
alkaline pH is due to the presence of copper and
ferrous ions in acidic pH, which are capable to
generate hydrogen peroxide (Table 1).

Huai Su(1981) showed by the Eh-pH diagram
of sphalerite that at pH < 6, Zn** and Fe*are
formed (Fig. 3c). Table 1 show that Zn*and Fe*
ions generated H,O,. In the presence of dissolved
molecular oxygen, ferrous iron can form
superoxide anion (O,*) " (eq. 5), which reacts
with ferrous iron to form H,O, (eq. 6). Also Zn*
ions can form superoxide anion (O,")" to form
H,0O, (eq. 13) as shown in Fig. 4c

2(0,") +2H"—-H,0,+O, (13)
Woods (1981) by the Eh-pH diagram (Fig. 3d) of
galena showed that at pH < 4, Pb* ions exist.
Fig. 4d shows that in the presence of dissolved

molecular oxygen and in acidic pH (pH <4), lead
ions can form superoxide anion (O,")" which



reacts with H* to form H O, (Egs. 14-17). It can
be seen from Table 1 that Pb * ions generate
H,O, (Blokhina et al. 2001; Ni et al. 2004). This is
in agreement with other studies where metal
ions induced formation of free radicals has been
significantly evidenced for Pb* ions that
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generate superoxide and hydroxyl radical
(Ahlberg and Broo, 1996a; 1996b; 1996¢).

0,+e"— (0,7’ (14)
2(0,")"+2H"— H,0,+0, (15)
PbS +H,0, — Pb* +5%4+2¢"+2 *OH (16)
2'OH=H,0, 17)
- A
+1 .0: Fet ! N (b)
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Fig. 3. a)E, —pH stability diagram for the Cu-Fe-S-H,O system with the preponderant copper
and iron species shown in each domain (Fairthorne et al. 1997) b)Eh—pH diagram for FeS-H,0
system at 25 °C and for 10°M dissolved species (Kocabag et al. 1990). c)E —pH stability diagram
for the sphalerite-H,O system (Huai Su, 1981)d) Eh-pH diagram for the Pb—-S-H,O system

where [Pb] =10° M (Woods, 1981).
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Fig. 4. Proposed mechanisms for formation of H,O, by a) chalcopyrite b) pyrite c) sphalerite d)
galena. The numericals in this figure represent the equation numbers.

For investigation of the effect of mineralloading,
they were mixed with 50 ml water at pH 4.5.
The concentration of H,O, increased with
increasing loading as shown in Fig. 5. Fig. 6
shows that the concentration of H,O, is
increased with increasing mixing time, most
likely due to increased minerals interaction
with water.

14

12 —

1 |

0.8 — ®mGa
/Z-\ 0.6 T omSp
= 04 — ~
=2 Cp
S0z —
el Py
o g ,4—4% 3

50 100 250
loading (g/l)

Fig. 5. Effect of solids loading on H,O, production
after 5 min mixing with water at pH 4.5.
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Fig. 6. Effect of mixing time on H,O, production
atpH 4.5.

3.2. Effect of minerals mixture on formation of
HZOZ

Fig. 7 shows the effect of pyrite-chalcopyrite,
pyrite—sphalerite, pyrite—galena, chalcopyrite—
sphalerite,chalcopyrite-galena or sphalerite—
galena mixture on formation of hydrogen




peroxide at pH 4.5. Fig. 7a shows the effect of
pyrite or sphaleritepercent in sphalerite—pyrite
mixture on the formation of hydrogen peroxide.
It can be seen that with an increase in pyrite
percent, the concentration of H,O,is increased
but with an increase in sphalerite percent, the
concentration of H O,is decreased. This result
of non-ferrous metal sulphide oxidation with
increasing pyrite fraction could be due to the
increased H O, generation and that of an
increase in the rate of sphalerite leaching with

MPT-2013

increasing pyrite proportion (Harvey and Yen,
1998). This is in agreement with other studies
where it was shown that the oxidation of
sphalerite increases with increasing hydrogen
peroxide concentration (Adebayo et al., 2006;
Aydogan, 2006).

Fig. 7b shows the effect of chalcopyrite or
sphalerite percent in sphalerite—chalcopyrite
mixture on the formation of hydrogen peroxide
where an increase in chalcopyrite percent
increases the concentration of H,O, but with
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Fig. 7. Effect of percent of a) Sp or Py b) Sp or Cp ¢) Sp or Ga d) Ga or Py e) Cp or Gaf) Cp or Pyin
their mixture on H,0O, formation with total 12.5 g sample after 5 min conditioning in water at pH
4.5.
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an increasing sphalerite percent in the mixture,
the concentration of H O,is decreased. This
result of increasing chalcopyrite proportion
leading to an increase in the formation of
H,O,can be explained by the observation of
increased leaching rate of sphalerite with an
increase in chalcopyrite proportion (Harvey
and Yen, 1998).

Fig. 7c shows the effect of galena or sphalerite
percent in sphalerite-galenamixture on the
formation of hydrogen peroxide. It can be seen
that with an increase in galena percent, the
concentration of H O,is decreased but with an
increase in sphalerite percent, the concentration
of H,O,is increased. This result could be
attributed to a decrease in the rate of sphalerite
leaching with increasing galena proportion
(Harvey and Yen, 1998).

Fig. 7d shows the effect of pyrite or galena
percent in galena-pyrite mixture on the
formation of hydrogen peroxide. It can be seen
that with an increase in pyrite percent, the
concentration of H,O, increases but by
increasing galena percent, the concentration of
H,O, decreases.

Fig. 7e shows the effect of chalcopyrite or galena
percent in galena—chalcopyrite mixture on the
formation of hydrogen peroxide. It is evident
that by increasing chalcopyrite percent, the
concentration of H O, increases. However, by
an increase in galena percent in the mixture,
the production of H,O, decreases. This result
could perhaps explain that galena has no effect
on the kinetics of chalcopyrite leaching (Nazari
et al. 2012).

Fig. 7f shows the effect of pyrite or chalcopyrite
percent in chalcopyrite—pyrite mixture on
formation of hydrogen peroxide that with an
increase in pyrite percent, the concentration of
H,O, increases but with an increase in
chalcopyrite percent, the concentration of H,0O,
decreases. The increase in the concentration of
H,O,due to the increase in pyrite proportion
could be explained by the fact that as the
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amount of pyrite in contact with chalcopyrite
increases, the leaching rate of chalcopyrite
increases (Koleini et al. 2010;Koleini et al.
2011;Dixon and Tshilombo, 2005;Mehta, and
Murr 1983;Holmes and Crundwell, 1995).

Fig. 8 shows the effect of single or mixture of
minerals on the formation of hydrogen peroxide
at pH 4.5.It can be seen that pyrite and a mixture
of pyrite and other sulphide minerals generated
more H O,. This is in agreement with other
studies where it was noticed when pyrite was
mixed with a second sulphide mineral, the
second mineral oxidized more rapidly (Buehler
and Gottschalk, 1910). The formation of higher
amounts of H O, when pyrite was mixed with
asecond sulphide mineral may explain the effect
of interaction between pyrite and second
sulphide mineral on flotation, leaching,
environment governance and geochemical
processes while the entire literature describes
so far of galvanic interaction between two
contacting sulphide minerals and electron
transfer from one to the other (Rao and Finch,
1988; Kelebek et al. 1996; Zhang et al. 1997;
Ekmekg¢iand Demirel, 1997; Huang and Grano,
2005; Mehta and Murr, 1983; Abraitis et al.
2003;Akcil and Ciftci, 2003; Thornber, 1975; Sato,
1992; Alpers and Blowes, 1994; Sikka et al. 1991;
Banfield and Nealson, 1997).
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Ga-3p  Ga

Fig. 8. Effect of minerals either individually or
in their mixture on H,O, formation with 12.5 g
blend sample after 5 min conditioning in water
atpH4.5.



So far two mechanisms have been proposed for
the action of microorganisms that increases the
leaching rate of metals from ores over that due
to purely physico-chemical processes. In direct
action, microorganisms will directly oxidize
minerals and solubilize metals (egs. 18-19) (Fig.
9a):

MS+H,50,+(1/2) O,/ —MSO #S+H,0
5%+ (3/2) O+4H,0'—>H,SO,

(18)
(19)

Where M is a divalent metal. In indirect action
of microorganisms, ferric ion (Fe®) is the
oxidizing agent for minerals and the role of
organisms is simply regeneration of Fe* from
Fe* (eqs. 20-21)(Fig. 9b):

MS+2Fe? M2 +2Fe2+S" (20)

2Fe*+(1/2) O, #2H”—2Fe¥*+H 0O (21)

In the actual microbial leaching of metals, both
direct and indirect leaching as well as physico-
chemical reactions can contribute (Suzuki,
2001). (Ehrlich,1999) mentions a number of
studies in support of the direct cell attachment
on the surface of minerals and the role of
Fe*bound on the cell surface for sulphide
oxidation. Fowler and Crundwell (1998)
concluded that the leaching of zinc from
sphalerite (ZnS) by T. ferrooxidans was strictly
by indirect mechanism and the only bacterial
contribution was the regeneration of Fe** from
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2Fe*+(1/2) O,+2H"”—2Fe**+H,O
ZnS+2Fe® —»7Zn?+S%+2Fe?

(22)
(23)

Sand et al. (1995) suggested that bacterial
leaching of metal sulphides proceeds
essentially by indirect mechanism initiated by
ferricion, Fe*". Sand and colleagues (Gehrke et
al. 1998;Sand et al. 1995;Sand et al.
1999;Schippers and Sand, 1999) consider all of
these bacterial contributions as ‘indirect.” It is
currently believed that the leaching of
sphalerite proceeds according to an indirect
mechanism (Boon et al. 1998; Fowler and
Crundwell, 1998), and it has been postulated
that this mechanism is applicable to all other
sulphide minerals of the form Me*S*(Boon and
Heijnen, 1993), such as galena. Using these
routes, bacteria are thought to accelerate the
reaction rate by oxidizing the elemental
sulphur product layer (Boon et al. 1998).

It is worth mentioning that H,O, could also be
the oxidizing agent for minerals and the role of
organisms is simply generation of Fe* ions, and
Fe**ions can generate H,O,as shown in Fig. 9¢
The concentration of H,O, generated from
contacting Fe* ion with water for 1 h, is
presented as a function of Fe** concentration in
Table 1. This is in agreement with other studies
where the dissolved ferrous iron concentration
was found to be an important secondary factor
contributing towards ROS generation (Jones

Fe* (eqs. 22-23):
(a) (b) o Fe
AfL Lf Uf Lf [ 0,
Fel+
MSO4+S%+H20

et al. 2012).
K
(© _Fe \l .
o
AL L[ 0, ke
//
Felt
H,0, -
M2+ S0 M+ 80

Fig. 9. Proposed mechanisms of microorganisms for oxidize minerals by a) direct action b) indirect
action c) both indirect action and formation of H,O,
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4. Conclusions

In the scope of this paper, fundamental studies
were carried out to resolve or reveal one of the
main problems, i.e., oxidation, in sulphide ore
flotation. For this reason, the oxidation of
sulphide mineral at the grinding stage was
evaluated. For the first time in mineral
processing applications, it was found that
during grinding (especially fine grinding)
formation of H,O, in pulp liquid takes place. It
is known that hydrogen peroxide is a strong
oxidizing agent and can easily oxidize sulphide
minerals and can even cause dissolution of
some metal ions from ore surface. That’s why
H,O,, rather than oxygen, can be the main
reason for oxidation, inadvertent activation and
non-selectivity in the sulphide ore flotation.
Prevention or reduction of H,O, formation may
result in improved flotation results and we are
working on these aspects.

The following preliminary conclusions were
drawn from the results of our initial
investigations. Formation of hydrogen peroxide
takes place in the pulp liquid and its significance
in mineral processing applications hitherto not
considered in flotation literature has been clear.
It was found that pyrite, chalcopyrite,
sphalerite, and galena generated H,O, in pulp
liquid during wet grinding in the presence or
devoid of dissolved oxygen in water and also
when the solids were placed in water
immediately after dry grinding. Pyrite
generated more H,O, than other minerals and
the order of H,O, production by the minerals is
found to be pyrite > chalcopyrite >sphalerite>
galena. The pH of water influenced the extent of
hydrogen peroxide formation where higher
amounts of H O, are produced at highly acidic
pH. H,O, concentration increased with
increasing conditioning time and solids loading.
H,O,formation increased with increasing
pyrite fraction in chalcopyrite-pyrite, pyrite—
galena and sphalerite-pyrite compositions.
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Also with increasing chalcopyrite fraction in
chalcopyrite-sphalerite and chalcopyrite-
galena mixtures, the concentration of H,O,
increased but with an increase in galena
proportion in galena—sphalerite mixture, the
concentration of H,O, decreased.
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