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Effect of mineral processing wastewater on flotation of sulfide minerals
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Abstract: The effects of mineral processing wastewater on sulfide minerals were investigated by flotation, infrared spectrometry and
electrochemistry test. The results show that lead-concentrate water can improve the flotation of galena, while the sulfur-concentrate
water has negative effect on flotation of galena compared with distilled water. The flotation behavior of pyrite is contrary to that of
galena in three kinds of water. Infrared spectra indicate that the residual collector in the lead-concentrate water is beneficial to the
formation of lead xanthate on the surface of galena. Electrochemistry results indicate that electrochemistry reaction on galena surface
has apparent change. The anode polarization is improved and cathode polarization is depressed.
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1 Introduction

Water resource problem has become more and more
important in the world because it is closely related to
human life and environment. A lot of water has been
consumed and wasted in mining to obtain metal
resources. Wastewater discharged from mines takes 1/10
of the total amount of the industrial wastewater
discharged in China[l]. The wastewater produced in
mineral processing contains a lot of suspended solid
particles, heavy metal ions, flotation reagents, organics
and other pollutants etc, resulting in waste of water
resource and environmental pollution[2—6]. Therefore,
wastewater treatment and reuse have much academic and
practical significance.

There are many reports about wastewater treatment
and reuse in the past[7—13]. It was shown that pellucid
wastewater after physical and chemical purification
could be recycled successfully. The studies of XIE et al
[14] and YUAN et al[15] indicated that purified and
treated wastewater by activated carbon could be reused.
Furthermore, the quality of Pb flotation could be
improved by controlling activated carbon consumption.
A lot of researches have been done in wastewater
treatment and utilization of mineral processing, and

much achievement has been made. However, they only
focused on the technology development and the study on
mineral flotation mechanism was rarely carried out. Up
to now, there are few reports about the mineral
processing wastewater of different systems and sites.
Wastewater is classified and disposed selectively, and
then returns to the different floatation operations
according to the effect of wastewater on mineral surface
reaction. This method could enhance the efficiency,
utilize the chemical component of wastewater, and
decrease greatly the cost. It has been innovatively
proposed to use the recycled water according to its
characteristics.

In this work, the effects of mineral processing
wastewater on flotation of galena and pyrite are
investigated and the reaction mechanism between
reagents and mineral is discussed.

2 Experimental

2.1 Materials

Galena and pyrite sample used in this study was
from Pb/Zn mine of Fankou. These mineral samples
were crushed to below 3 mm and removed to porcelain
mill, then fraction of 0.147-0.045 mm was obtained by
screening as flotation samples.
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The wastewater sample was taken from production
site directly. The wastewater was settled for some time
firstly in order to remove precipitated solids and then
upper liquor was taken as flotation experimental water
based on the
Wastewater after treatment can represent wastewater
sample of the site due to little solid particles and
suspends. The analysis results of water are shown in
Tables 1 and 2.

sample experiment requirements.

Table 1 Analysis results of wastewater of Fankou Mine

Concentrate water

Test item

Pb Mine  Zn Mine S Mine
pH 11.43 11.25 11.81
p(CI/(mgL™" 9.59 16.22 10.32
p(F)/(mgL™") 1.59 2.97 1.95
(SO )/ (mg' L™ 159 1147 327
p(Si0,)/(mg-L ™) 2.50 3.10 2.15
p(Pb)/(mg-L ") 6.76 4.35 20.1
p(Zn)/(mg'L ™" 0.12 0.21 0.92
p(Cu)/(mg-L™") 0.007 0.018 0.020
p(Fe)/(mg L™ 0.104 0.081 0.076
p(As)(mgL™" 0.015 0.010 0.025
Conductivity/(S'm™") 1451 2910 2901
p(Mineralize)/(mg-L™") 518 2308 1174
Total rigidity/(kg-cm ) 425 1413 866
Total alkalinity/(mg-L™") 216 146 442

Table 2 Average concentration of residual reagents in mining

wastewater
Water ¢(DDTC)/ c(KBX)/ Consumed
sample (10"mol'L™")  (10"mol'L"")  acid/mL
Lead 80.59 81.50 52
concentrate
Sulfur - 85.27 0.6
concentrate

2.2 Flotation

Flotation was conducted in a 40 mL hitch groove
flotation machine at an rotating speed of 1 600 r/min. In
flotation process, 2.0 g mineral sample was added into a
CQ50 type ultrasonic cleaner in order to remove the
surface oxide, then the sample was transferred into the
flotation cell for further processing. The water used in
the process is recycled wastewater. The sequence of
reagent addition was regulator, collector and frother. The
conditioning times for collector and frother were 2 min
and 1 min, respectively. The flotation time was 4 min.

2.3 Infrared spectrum examination
1.0 g sample was immersed in 25 mL collector

solution, and mortar hand-ground for 15 min using an
agate pestle, then settled for 30 min, filtrated, flushed
2-3 times using corresponding recycled water. After
vacuum drying, the solid was obtained. Infrared
spectrum examination was performed by reflect method
in NEXUS—470 infrared spectrometer.

2.4 Electrochemistry test

A conventional three-electrode cell was used in
experiments. A piece of platinum was severed as the
counter electrode, and Ag/AgCl electrode as the
reference electrode. The working electrode (galena) was
prepared from pure crystal, which was from Fankou
lead-zinc mine. In order to renew the working surface,
the working electrode was gently polished with 600 grit
silicon carbide papers and then rinsed with distilled
water before every measurement.

Electrochemistry test was conducted by the
Potentiostat/Galvanostat Model 273A system from
EG&GPARC. Polarization curves were measured by
M352 soft system.

3 Results and discussion

3.1 Effects of mineral processing wastewater on
flotation of sulfide minerals

To evaluate the effect of recycling mineral
processing wastewater on flotation of galena and pyrite,
flotation experiments were conducted. The results are
presented in Fig.1 and Fig.2.

Fig.1 shows that the recovery of galena decreases
with the increase of pulp pH in the system of distilled
water. When pH <8, the recovery is close to 90%. When
pH increases from 8 to 12, the recovery of galena
decreases from 90% to 80%. It is clear that two kinds of
recycled wastewater have different effects on flotation of
galena. Compared with distilled water, lead concentrate
water can improve the flotation of galena, while the
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Fig.1 Flotation of galena in distilled water and recycled
wastewater (c(KBX)=1X 10"*mol/L)
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Fig.2 Flotation of pyrite in distilled water and recycled
wastewater (c(KBX)=1 X 1074mol/L)

sulfur concentrate water has negative effect on flotation
of galena.

It can be seen from Fig.2 that, compared with the
recovery in distilled water, the pyrite flotation is
improved in sulfur-concentrate water, but it is depressed
indicates that if
lead-concentrate water is reused in the separation of
galena and pyrite, it can enhance the separation
efficiency. Therefore, in recycling of mineral processing
water, the origin of wastewater must be taken into
account.

in lead-concentrate water. This

3.2 Infrared spectra of sulfide minerals in mineral

processing wastewater

The infrared spectra of galena in xanthate solution
and in wastewater-xanthate solution are shown in Fig.3.
The results indicate that the surfaces of galena in three
water systems give similar adsorption peak. Absorption
peaks of 2 955 cm ' and 2 870 cm ' contribute to the
C—H asymmetry and symmetry stretching vibration.
Peak at 1 466 cm ' is derived from symmetry bend
vibration of —CHj or shear swing vibration of —CHj,.
Peak at 1 405 cm ! is caused by —CHj; bend vibration,
and peaks of 1 206 cm™' and 1 029 cm™' are stretching
vibration absorption peaks of C—O—C and —C=S,
respectively. It also can be seen from Fig.3 that surface
absorption characteristic peak of galena is broader and
stronger in mineral processing wastewater. The order of
infrared absorption intensity of galena in three kinds of
water systems is lead-concentrate water > distilled water
>sulfur-concentrate water. This phenomenon is due to
the fact that lead-concentrate water has residual collector,
which is beneficial to the formation of lead xanthate on
the surface of galena. This also indicates that collector is
concerned with physical and chemical reaction of galena
surface. This result is in good agreement with flotation
result.
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3 — PbS+KBX-+sulfur-concentrate water

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

Fig.3 Infrared spectra of galena in three kinds of water system
(c(KBX)=10"*mol/L)

Infrared spectra of pyrite interacted with three kinds
of water are present in Fig.4. It can be seen that there are
characteristic absorption peaks of methyl and methylene
at 2 963 cm ' and 2 880 cm . In addition, there appear
characteristic absorption peaks at 1 290 cm ™' and 1 033
cm . They are caused by C=S and C—O—C stretching
vibration of dixanthogen. According to XU et al[16] that
C=S stretching vibration peak decreases from 1 049
em ' to 1 019 em™' and C—O—=C stretching vibration
increases to 1 240—1 290 cm™' when xanthate is oxidized
to dixanthogen. This results are in correspondence with
the literature report and above flotation results. This can
infer that infrared absorption intensity is in the order of
sulfur-concentrate water > distilled water > lead-
concentrate water.

3.3 Corrosive electrochemistry of oxidization-
reduction of galena in mineral processing
wastewater
Fig.5 shows the polarization curves for galena

electrode in different mining recycled wastewater with
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lead-concentrate water

2 — FeS,+KBX+distilled water

3 — FeS,+KBX+sulfur-concentrate water
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Fig.4 Infrared spectra of pyrite in three kinds of water system
(c(KBX)=10"*mol/L)
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0.1 mol/L KNOs;. Electrochemistry parameters by the
computer PARcal are listed in Table 3. Obviously, galena
corrosive potential moves by about 50 mV negatively.
The corrosive current densities in lead-concentrate water
and sulfur-concentrate water are 0.973 and 1.421 pA/cm’,
respectively. The results indicate that, compared with the
reaction in distilled water, the electrochemistry reaction
on galena surface in wastewater has apparent change.
The anode polarization is improved and cathode
polarization is depressed. This change has relation with
residual collector in wastewater.
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Fig.5 Polarization curves of galena electrode in mineral
processing wastewater (0.1 mol/L KNOs, pH=12)

Table 3 Tafel parameters of galena electrode in 0.1 mol/L
KNO; solution at pH12

Water Do Jeor! Anode Cathode
system mV  (nA-em?) slope, b, slope, b,
Distilled 223 0.343 0.167 0.157
water
Lead-
concentrate -31.6 0.973 0.338 0.179
water
Sulfur-
concentrate —27.8 1.421 0.251 0.189
water

4 Conclusions

1) Lead-concentrate water can improve the flotation
of galena, while the sulfur concentrate water has negative
effect on flotation of galena compared with distilled
water.

2) Infrared spectra indicate that surface absorption
characteristic peak of galena is broadened and stronger in
mineral processing wastewater. The order of infrared
absorption intensity of galena in three kinds of water is
lead-concentrate water > distilled water > sulfur-
concentrate water. The residual collector in the lead-
concentrate water is beneficial to the formation of lead
xanthate on the surface of galena. For pyrite, the order of

infrared absorption intensity is sulfur- concentrate water
>distilled water >lead-concentrate water.

3)  Electrochemistry  results indicate  that
electrochemistry reaction on galena surface in
wastewater has apparent change. The anode polarization
is improved and cathode polarization is depressed. This
change has relation with residual collector in wastewater.
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