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Depression mechanism of ZnSO4 and Na,COs on talc flotation

Jia-lei LI', Yin-yu MA?, Guang-li LI3, Zhi-cheng LIU3,
Shuai NING" 4, Bin PEI!, Zhao-you LANG?, Rui-zeng LIU" 4, Dian-wen LIU"*

1. Faculty of Land Resources Engineering, Kunming University of Science and Technology, Kunming 650093, China;
2. Xilingol League Shandong Gold Alhada Mining Co., Ltd., Xilingol 026300, China;
3. Yunnan Chihong Zn & Ge Co., Ltd., Qujing 655000, China;
4. Yunnan Key Laboratory of Green Separation and Enrichment of Strategic Mineral Resources,
Kunming 650093, China

Received 25 November 2021; accepted 16 June 2022

Abstract: The depression mechanism of a combination of ZnSO,; and Na,CO; on talc during chalcopyrite and
molybdenite flotation was investigated in-depth using flotation tests, solution speciation calculations, and various
characterization techniques. Flotation tests indicate that the effective depression of talc flotation occurred in the pH
range of 7-9. In this pH range, speciation calculations for the mixed solution of ZnSO4 and Na,CO3 showed that the
Zns(OH)s(CO3), precipitate was the predominant zinc-bearing species, which was further proven by X-ray diffraction
and infrared spectroscopy measurements. Zeta potential measurement highlighted that the Zns(OH)s(CO3), precipitate
was positively charged while the talc surface was negatively charged in the pH range where talc depression occurred.
X-ray photoelectron spectroscopy and field emission scanning electron microscopy confirmed the presence of the
zinc-bearing precipitate on the surface of the talc particles treated by the combination of ZnSO4 and Na,COs. These
findings suggested that heterocoagulation between the formed Zns(OH)s(COs3), and talc occurred mainly due to the
electrostatic attraction, thereby leading to the depression of talc flotation.
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mineral industry.

The depression of talc in sulfide mineral
flotation has piqued interest for decades. In this
regard, a class of organic reagents, namely
polysaccharides and their derivatives (e.g.,

1 Introduction

Talc (Mg3Si4O19(OH),) is commonly present as
a gangue mineral in sulfide ores, particularly in Mo,

Cu, and Ni sulfide ores, as well as Pt-group metal
ores. Talc may be easily reported to these sulfide
concentrations because of its inherent floatability,
lowering the grade of concentrates [1-3].
Mg-bearing minerals also have a negative impact
on the subsequent smelting processes (e.g., raising
the liquid temperature and slag viscosity, leading to
higher smelting costs) [4—7]. As a result, removing
talc from sulfide concentrates is critical in the

carboxymethyl cellulose [7], dextrin/guar gum [8],
xanthan gum [9], carrageenan gum [10], and
tragacanth gum [11,12]) have been employed for
talc depression. However, the industrial applications
of these non-toxic and environmentally friendly
organic depressants are governed by their high
cost [12].

In addition, some inorganic water-soluble salts
can also be used for talc depression. When using the
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metal cations as depressants, FUERSTENAU
et al [13] found that talc depression appeared in a
pH range between the precipitation pH and the
points of zero charges (PZC) of the metal
hydroxides. In this pH range, the zeta potential of
talc was negative, while that of metal hydroxide
was positive, resulting in heterocoagulation
between them and then the depression of talc
flotation. HUCH and VALLES [14] reported a
method of talc-molybdenite separation, which was
to use a water-soluble strong acid weak base salt
and a water-soluble weak acid strong base salt as
depressants. WANG et al [15] investigated the
depression mechanism of a combination of zinc
sulfate (ZnSO4) and sodium carbonate (Na>CO3) on
talc flotation, suggesting that the ZnCOs or
Zn(OH), precipitated on talc surfaces and then
depressed the talc flotation.

The combination of ZnSO4 and Na,COs can
also act as a depressant for sphalerite and
arsenopyrite; nevertheless, the mechanisms of
depression are seldom investigated. GUAN et al [16]
suggested that the depression mechanism of
arsenopyrite flotation might be related to the
generation of ZnCOs precipitate, based on the
solution chemical speciation calculation performed
by WANG et al [15]. However, before gaining a
better understanding on the depression mechanism,
two key questions must be addressed.

(1) What is the solid product of the mixed
solution of ZnSO; and Na,CO; under flotation-
related conditions?

(2) How does the formed solid product interact
with talc?

In this study, the flotation behaviors of
chalcopyrite, molybdenite, and talc were
investigated under different conditions using the
combination of ZnSOs and Na,CO; as talc
depressants. To answer the above two questions,
various analytical techniques were used to
characterize the reaction product and investigate the
depression mechanism, including X-ray diffraction
(XRD), infrared spectroscopy (IR), zeta potential
measurement, field emission scanning electron
microscopy coupled with energy dispersive
spectroscopy (FESEM-EDS), and X-ray
photoelectron spectroscopy (XPS). This work not
only offers a better understanding of the depression
mechanism of the combination of ZnSOs and
Na,CO; for talc flotation but also provides the

important practical guidance.
2 Experimental

2.1 Materials and reagents

Chalcopyrite, molybdenite, and talc samples
were obtained from Kunming, China. Lumps of the
samples were hand-picked and ground. The 74 to
38 um size fractions were screened out for flotation,
FESEM, and XPS tests. The XRD patterns and
chemical analysis results of the prepared samples
are shown in Fig.1 and Table I, respectively,
showing that they were of high purity.

(a)

A

I

JCPDS#65-1573
Chalcopyrite CuFeS,

. . . L. "

10 20 30 40 50 60 70
26/(°)
(b)

\_ L . 1 A A AR
JCPDS#65-0160
| Molybdenite-2H

II 1 L l 1 u

10 20 30 40 50 60 70

26/(°)
()
JCPDS#19-0770
Mg;Si,0,,(OH) Talc-2M
| YO .
10 20 30 40 50 60 70
26/(°)

Fig. 1 XRD patterns of chalcopyrite (a), molybdenite (b)
and talc (c)
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Table 1 Major eclement content

molybdenite and talc samples (wt.%)
Cu Fe S Mg Si

of chalcopyrite,

Chalcopyrite
31.75 30.84 2958 033 1.83
Mo S Bi v Fe
Molybdenite
56.87 39.06 026 022 0.17
Si Mg O Fe Cu
Talc

2824 1842 4572 023  0.02

Analytical-grade Na,COs and ZnSO4-7H,O
were used as depressants. Analytical-grade NaOH
and HCI served as pH modifiers. Industry-grade
butyl xanthate (BX) was obtained from Hunan
Mingzhu Flotation Reagents Co., Ltd., and acted as
a collector in the chalcopyrite—talc separation tests.
Analytical-grade kerosene was emulsified with
Tween 80, which was used as a collector in the
molybdenite—talc separation tests. Analytical-grade
methyl isobutyl carbinol (MIBC) was applied as a
frother. All analytical-grade reagents were obtained
from Macklin Biochemical Co., Ltd (Shanghai,
China). All solutions were prepared using deionized
water.

2.2 Flotation tests

Batch flotation experiments were carried out in
a flotation machine equipped with a 40 mL cell. For
the single mineral flotation test, 1.0 g of the mineral
sample and a given volume of deionized water were
mixed in the cell and then agitated for 1 min.
Subsequently, the pH modifiers, the depressants, the
collector, and the frother were sequentially injected
into the pulp, and each dosing interval was 3 min.
After 2 min of flotation, the floated product was
gathered, dried and weighed, and the recovery was
calculated. After the addition of the depressants and
before the addition of the collector and frother, the
pulp pH value was measured and reported.

For the artificially mixed minerals flotation
test, 1.0g of talc and 0.5g of chalcopyrite/
molybdenite samples were used. After the
above-mentioned flotation operation, the recovery
was calculated according to the Cu or Mo grade
and the yield of concentrates and tailings.

2.3 Speciation calculations
Speciation calculations for the system
Zn*—CO? -H,O were conducted by Medusa

software to study the reaction of ZnSOs solution
with NaCOjs solution [17,18].

2.4 XRD and IR analyses

XRD and IR analyses were carried out to
determine the phase composition of the precipitate
produced from the mixed solution of ZnSO4 and
Na,CO;. Prior to measurements, the sample was
prepared as follows: A mixed solution containing
Immol/L ZnSO4 and 1 mmol/L Na,CO3 was stirred
for 3 min by a mechanical stirrer. Subsequently, the
formed precipitate from the mixed solution was
filtered, washed, and dried. XRD measurement was
performed using an Ultima IV X-ray diffractometer
(CuK, radiation, A=1.5406 A, scanning speed
2 (°)/min); IR measurement was carried out in a
Bruker’s Alpha infrared spectrometer with 4 cm™
resolution.

2.5 Zeta potential measurements

The zeta potential was measured using a
Malvern Zetasizer Zeta Nano analyzer (Zetasizer-
3000 HS). In this test, 0.05 g of talc fines or the
formed precipitate obtained in Section 2.4 was
dispersed in 40 mL of 1 mmol/L KCI solution. After
agitation and pH adjustment by NaOH and HCI,
1 mL of this suspension was sampled and then
injected into the sample cell to measure.

2.6 XPS analyses

XPS spectra were obtained using a PHI5000
VersaProbe II instrument (ULVAC-PHI, Japan) with
an Al K, X-ray source. The obtained spectra were
calibrated using the C 1s binding energy at
284.8 eV [19,20]. To prepare the XPS sample, 1 g
of talc was mixed with 40 mL of a solution
containing 1 mmol/L ZnSO4 and 1 mmol/L Na,COs.
After treatment for 3 min, the talc particles were
filtered, washed, and dried for measurement.

2.7 FESEM-EDS measurements

To observe whether the solid product of the
mixed solution of ZnSO4 and Na,COs precipitated
on the talc surfaces, FESEM-EDS measurements
were taken using a field emission scanning electron
microscope (Gemini 300, Zeiss) equipped with an
energy dispersive spectrometer (Oxford X-Max).
The FESEM sample preparation was similar to that
of the XPS sample. However, just 0.1 g of talc
sample was utilized. The talc sample was coated
with platinum prior to testing.
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3 Results and discussion

3.1 Flotation tests

Figure 2(a) shows the flotation recovery of
chalcopyrite and talc as a function of ZnSO4 and
Na,COs concentration. As the concentrations of
ZnSO; and Na,COs increased, the chalcopyrite
recovery slightly decreased, while the talc recovery
significantly dropped. Similar results were obtained
for the flotation of molybdenite and talc when using
emulsified kerosene as a collector (Fig. 2(b)). As
can be seen from Figs. 2(a) and (b), talc flotation
was effectively depressed, while chalcopyrite and
molybdenite maintained good floatability when
both concentrations of ZnSO4 and Na,COs3 were
I mmol/L. Figure 2(c) shows the effect of the
concentration of ZnSO4 and Na,COs on the pH of
talc pulp. The pH of pulp is in the range of
6.41—7.49 under the conditions depicted in Fig. 2(c).
When comparing Figs. 2(a) and (b), it can be seen
that the depression performance of the combined
depressants in the talc—molybdenite system is lower
than that in the talc—chalcopyrite system due to the
fact that kerosene can collect talc while xanthate
cannot, showing that the talc—molybdenite
separation is more difficult.

The effect of pulp pH adjusted by NaOH or
HCI on the depression of talc flotation is depicted in
Fig. 3(a). Figure 3(a) shows that the -effective
depression of talc flotation occurred in the pH range
of 7-9; however, the depression performance
weakened or even disappeared beyond this pH
range. Similar results were observed upon adjusting
the concentration ratio of Na,COs to ZnSOs to adjust
the pulp pH (Fig. 3(b)). As the molar concentration
ratio of Na,COs to ZnSOy increased from 1 to 2, the
pH of the pulp increased from 6.88 to 8.63, and the
flotation recovery of talc gradually decreased.
However, as the ratio continued to increase, the
recovery gradually increased; in particular, 84.83%
talc recovery was obtained with 3 mmol/L Na,COs.

Figure 4(a) depicts the flotation separation
results of chalcopyrite from talc. Without the
addition of depressants, the produced concentrate
contained 14.6 wt.% Cu and 18.88 wt.% MgO,
indicating a 95.52% Cu recovery and a 57.25%
MgO recovery. However, when the combination of
ZnSO4 and Na,CO; was used, the produced
concentrate contained 23.89 wt.% Cu and 10.78 wt.%
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Fig. 2 Flotation recovery of talc and chalcopyrite as
function of ZnSO4 and Na,COs concentration in natural
pH (a) (p(MIBC)=20 mg/L, p(BX)=20 mg/L), flotation
recovery of talc and molybdenite as function of ZnSO4
and Na,COs in natural pH (b) (p(MIBC)=20 mg/L,
p(EK)=20 mg/L), and pulp pH of talc as function of

ZnSO4 and Na,COj3 concentration (c)

MgO, representing a 93.77% Cu recovery and a
23.25% MgO recovery. The separation results of
molybdenite from talc are shown in Fig. 4(b). In the
absence of depressants, the obtained concentrate
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Fig. 4 Flotation separation results of chalcopyrite and talc (a) (c(ZnSO4)=1 mmol/L, ¢(Na,CO3)=1 mmol/L, pH=7.25,
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contained 27.1 wt.% Mo and 14.58 wt.% MgO,
showing a 95.83% Mo recovery and a 57.31% MgO
recovery; however, in the presence of depressants, a
concentrate with a grade of 51.1 wt.% Mo and
3.53 wt.% MgO was obtained, suggesting a 90.38%
Mo recovery and a 6.21% MgO recovery.

The flotation results show that the combination
of ZnSO4 and Na,COs can offer good depression
performance for talc and selectivity towards sulfide
minerals such as chalcopyrite and molybdenite.

3.2 Solution chemistry for Zn**—CO;’—H,0

system

Table 2 summarizes the reactions and their
equilibrium constants (Ig K) for the system of
Zn**-~CO? -H,O included in Medusa Software.
Based on Table 2, the equilibrium concentrations
and fraction of zinc species of the mixed solution as
a function of pH, under different conditions, are

calculated and plotted in Fig. 5. The results of the
speciation calculation show that zinc can precipitate
as ZnCOs, Zn(OH),, Zns(OH)s(CO3), and ZnO in
the system of Zn>*—~CO3 —H,O, which depend on
the ZnSO4 concentration, Na,COj; concentration and
pH.

Figure 5(a) depicts the distribution of species
in an aqueous solution containing 1 mmol/L CO3~
and 1 mmol/L Zn**. At a given pH, concentration
difference among these species in solution can be
over one or many orders of magnitude, as seen in
the 1g[Zn*"]-pH plot. When pH is between 6.67
and 9.64, Zns(OH)s(COs), precipitate is the main
zinc species; however, when pH is below 6.67
and above 9.64, Zn>" and ZnO precipitates become
the dominant zinc species, respectively. As the
concentration of CO3;~ (2 mmol/LL and 3 mmol/L)
increased while Zn?" concentration was maintained
at 1 mmol/L, the fraction of ZnCOs() precipitate
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Table 2 Equilibrium constants for reactions of mixed
solution of ZnSO,4 and Na;CO3
Reaction IgK

2H*+CO3 =COx(g)+H,0 18.149
2H*+CO? =H,CO; 16.681
H*+CO3 =HCO, 10.329
H,O=H*+OH" 14.0
Zn**+2C035 =Zn(COs); 9.63
Zn*+2H,0=2H"+Zn(OH), -16.4
Zn*+3H,0=3H"+Zn(OH); -28.2
Zn*+4H,0=4H"+Zn(OH); —41.3
2Zn?*+6H,0=6H*+Zn,(OH)?~ 543
27Zn*+2H,0=H*+Zn,(OH); 9.0
47Zn**+4H,0=H"+Zn4(OH); -27.0
Zn*+C0O3 =ZnCOs 53
Zn*+CO% +H*=ZnHCO; 12.429
Zn*+H,0=H"+ZnOH* -7.5
Zn*+2H,0=2H*+Zn(OH)x(s) -12.45

5Zn212C0% +6H,0=6H"+Zns(OH)6(CO3)a(s) 9.7
Zn2+CO% =ZnCOs(s) 10.0
Zn**+2H,0=2H*+ZnO(cr) -11.2

significantly increased in the pH range of 6—7
(Figs. 5(b) and (c)). However, in the pH range of
79, where the effective depression of talc flotation
occurred, Zns(OH)s(CO3), precipitate is invariably
the main zinc-bearing species.

According to the previous research, under
normal circumstances, Zns(OH)s(CO3), is the most
common product, whereas ZnCOs is only generated
at acidic pH, high CO, partial pressure, or low
temperature [21]. According to JAMBOR [22],
efforts to synthesize ZnCO; almost always result in
the production of Zns(OH)s(CO3).. ALWAN and
WILLIAMS [23] reported that the precipitation of
ZnCOj is impossible under normal conditions. Such
findings show that the depression of the
combination of ZnSOs and Na,COs; for mineral
flotation should be attributed more to
Zns(OH)e(COs); rather than ZnCO:s.

3.3 Phase composition determination of produced
precipitate
Figure 6 shows the XRD pattern of the
precipitate produced from the mixed solution with
1 mmol/L ZnSO4 and 1 mmol/L Na,COs at pH 7.50.
Peaks appearing in the precipitate can be indexed to

hydrozincite Zns(OH)s(COs), (PDF# 19-1458). No
impurity peaks were observed, confirming the high
purity of the formed Zns(OH)s(COs).. The broad
peaks indicate that the formed Zns(OH)s(COs),
precipitate is nanocrystalline [24,25], hinting the
formed Zns(OH)s(CO3), precipitate with colloidal
size. Figure 7 shows the IR spectrum of the formed
precipitate in the range of 2000—400 cm™!, which is
in good agreement with the previous IR studies on
hydrozincite [21,26—28]. The assignment of several
typical bands of the IR spectra to the produced
precipitate is summarized in Table 3. The bands at
1511 and 1388 cm™! are attributed to the carbonate
vz mode (the asymmetric C—O stretching mode).
The band at 1109 cm™' is probably due to the
carbonate v; mode (the symmetric C—O stretching
mode). The band at 833 cm ! is attributed to the
carbonate v; mode (out-of-plane OCO bending
mode) and the bands at 740 and 709 cm™' to the
carbonate v4 mode (the asymmetric OCO bending
mode). The bands at 1044 and 951 cm™' are
attributed to libration of OH™ bonded to zinc ions in
hydrozincite.

Using XRD and IR measurements, the phase
composition of the produced precipitate under
flotation-related circumstances was identified as
hydrozincite Zns(OH)s(COs)2, which accords with
the speciation calculation results.

3.4 Surface charges of talec and produced

precipitate

The effect of pH on the zeta potential of talc
and precipitate produced from the mixed solution of
ZnSO4and Na,COs was studied to shed light on the
depression mechanism of talc flotation. Since talc is
a typical plate-like anisotropic mineral that carries
distinct electrical charges on its basal planes and
edges, the measured zeta potential should only be
considered to be apparent and comparative [1]. As
can be seen in Fig. 8, the PZC of the talc sample is
at pH 1.5, indicating that the apparent zeta potential
of talc is negative at pH above 1.5; moreover, the
apparent zeta potential of talc particles becomes
more negative as the pH increases. The PZC of the
formed Zns(OH)s(COs), precipitate was observed at
pH 9.4, which means that the zeta potential of the
formed precipitate is positive at pH below 9.4 and
negative at pH above 9.4. In the studied pH range,
the zeta potential of the formed Zns(OH)s(COs),
precipitate was 20 mV.
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Fig. 5 Equilibrium concentrations (Igc[Zn*']) and fraction of zinc species of mixed solution of ZnSO4 and Na,CO; as
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Table 3 Results of IR spectra for produced precipitate
and references used for identification

Wavenumber/cm™' Band assignment Ref.
1511 COs3 (v3), component 1 [26]
1388 COs (v3), component 2 [26]
1109 COs (v1) (28]
1044 OH libration [28]
833 COs3 (v2) [26]
951 OH libration [28]
740 COs3 (v4), component 1 [26]
709 COs (v4), component 2 [26]

The results of zeta potential measurement
revealed that the produced Zns(OH)s(COs),
precipitate is positively charged whereas the talc
particle is negatively charged in the pH range of
79, where the effective depression of talc flotation
occurred.
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Fig. 8 Zeta potential of talc and formed Zns(OH)s(CO3),
precipitate as function of pH

3.5 Surface chemical of talc treated by ZnSO4
and Na,CO;

XPS analyses were performed to characterize
the surface chemical of talc depressed by the
combination of ZnSO4 and Na,COj3 on talc flotation.
Figure 9(a) presents the survey scan spectra of talc
treated with and without the mixed solution of
ZnSO4 and Na,COs;, where the photoelectron lines
or Auger lines for Mg, Si, O, and C stood out.
However, no significant difference in the chemical
components was observed. As depicted in the inset
of Fig. 9(a), both C 1s peaks at 284.80 eV appeared

single and symmetric, which was primarily
attributable to the adventitious carbon
contamination.

The detailed scan results of the Zn 2p region
for the talc samples treated with and without the
mixed solution of ZnSO4 and Na,COs are shown in
Fig. 9(b). For the untreated sample, only one peak
appeared in this region, which was a part of the O
KLL Auger lines (Fig. 9(b))). For the sample treated
with the combined depressants, besides the O KLL
Auger peak, Zn2p peaks emerged, containing
a spin-orbit doublet consisting of Zn2ps»
(1022.39eV) and Zn2pi, (104536¢eV). As
expected, the doublet has a spin-orbit separation of
22.97 eV and a Zn 2psp-to-Zn 2pi» peak area ratio
of 2:1 (Fig. 9(b>)). High-resolution Zn LMM Auger
spectra, which are more sensitive to difference in
the chemical state [29], are shown in Figs. 9(ci, ¢2).
In the spectrum of the untreated talc sample, no
peak was observed. However, for the treated sample,
a Zn LMM Auger peak appeared at the kinetic
energy of 986.65 eV.
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Fig. 9 Survey spectra and high-resolution Cls spectra ((inset in Fig. 9(a)) (a), high-resolution Zn 2p spectra (bi, b2), and
Zn LMM Auger spectra of talc (ci, ¢2) without and with depressants

The XPS result confirmed the formation of the
zinc-bearing precipitate on the talc surface after
treatment with the mixed solution of ZnSO,; and
Na,COs;. Interestingly, both the Zn2p binding
energy and Zn LMM Kkinetic energy measured from
the treated talc surface are close to those previously
reported for Zns(COs)(OH)s [30].

3.6 Surface morphology of talc treated by ZnSQO4
and Na;CO;

The surface morphology for the talc particles
treated with the mixed solutions of ZnSOs; and
Na»COs; was imaged in secondary and backscattered
electron modes. As shown in the FESEM secondary

electron image (Fig. 10(a)), the talc particle has a
typical layered structure, and the particle surface is
very rough. It can be sure after a careful observation
that the morphology of the marked area was
different from that of the background area. The
corresponding EDS results (Fig. 11) show the
marked area with a higher zinc-to-magnesium ratio
than the background area. Figure 10(b) presents a
backscattered electron image where the zinc-
bearing precipitate (the marked area) on the talc
surfaces can be seen clearly because of the chemical
composition contrast. The FESEM-EDS results
further confirmed that the zinc-bearing precipitate
was formed on the talc surface.



1568

Jia-lei LI, et al/Trans. Nonferrous Met. Soc. China 33(2023) 1559—-1571

Fig. 10 FESEM secondary electron image (a) and backscattered electron image (b) of talc treated with ZnSO4 and

Na,COs solutions
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Fig. 11 EDS spectra (a—d) corresponding to spots 1—4 of Fig. 10(a), respectively

3.7 Depression mechanism

Herein, information from the flotation tests,
speciation calculations, and characterizations is
integrated to elucidate the depression mechanism of
the combination of ZnSOs; and Na;CO; on talc
flotation.

The flotation tests indicate that the effective
depression of talc flotation occurs in the pH range
of 7-9. In the pH range, the speciation calculations
show that Zns(OH)s(COs), precipitate is the
predominant zinc-bearing specie, which is

consistent with the XRD and IR results. In general,
colloidal particles with zeta potential values of
+20 mV are unstable and tend to coagulate [31-33].
As a result, both the heterocoagulation of the
formed Zns(OH)s(COs). colloidal particles with
other particles and the homocoagulation of the
formed Zns(OH)s(COs), colloidal particles will
occur. According to the results of zeta potential
measurement, in the pH range of 7-9, the
Zns(OH)s(CO3), precipitate is positively charged
while the talc surface is negatively charged.
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Therefore, strong electrostatic attraction between
the formed Zns(OH)¢(COs). colloidal particles and
talc appears, and the heterocoagulation of the
formed hydrophilic Zns(COs3)2(OH)s precipitate
with talc will occur predominantly in comparison
with the homocoagulation [34]. The XPS and
FESEM results confirm that heterocoagulation can
indeed occur.

At pH below the precipitation pH of
Zns(OH)e(COs),, the dissolved Zn*' ions are the
predominant zinc-bearing species, resulting in that
talc is not depressed. At high pH, either
Zns(OH)6(CO3), or ZnO is the predominant zinc-
bearing species. The zeta potential measurement
in the present work shows that the PZC of
Zns(OH)6(COs), is at pH 9.4; in addition, previous
works suggest that the PZC range of ZnO is from
8.7 to 9.5 [35]. As a result, at pH above 9.5, the
zinc-bearing precipitates (Zns(OH)s(COs3); or ZnO)
and the talc surface are negatively charged. That is,
heterocoagulation is unlikely to occur because of
electrostatic repulsion, which is responsible for the
absence of talc depression.

In conclusion, the two most crucial questions
that must be answered before gaining a deeper
understanding of the depression mechanism
have been addressed. The findings of this work
suggest that the depression of talc flotation is
attributed to the heterocoagulation of the formed
Zns(OH)e(COs), precipitate and talc particle mainly
due to electrostatic attraction. Based on the results
and discussion, a schematic diagram (Fig. 12)

100
T Zn (OH)(CO,), ZnO

80 '\ PZC /
S Floatable Unfloatable : Floatable
} 60
(]
>
)
8
~ 401 Zn2t 't

an+
20+ Talc
0

pH
Fig. 12 Schematic illustration of flotation behavior and
depression mechanism of talc using combination of
ZnSO4 (1 mmol/L) and Na,COs (1 mmol/L) as depressants
in different pH ranges (Talc is shown in white while the
zinc-bearing precipitates are shown in yellow)

elucidates the flotation behavior and depression
mechanism of the combination of ZnSOs; and
Na,CO; for talc flotation in different pH ranges.
However, this work has not been able to provide the
reasons for the high selectivity of the ZnSO4—
Na,CO; combined depressants. As documented,
both chalcopyrite and molybdenite also have a
negative surface charge in the pH range where talc
flotation was depressed by the combination of
ZnS0O4 and Na,COs [36—38]; however, these two
sulfide minerals were not significantly depressed.
Hence, the mechanism behind the selectivity of the
depressants needs further study in the future.

4 Conclusions

(1) The combination of ZnSO4 and Na,COs is
an effective depressant for talc during flotation of
chalcopyrite and molybdenite using xanthate and
kerosene as collectors, respectively. However, this
depression performance is highly dependent on
pulp pH.

(2) In the pH range where the talc depression
occurred, Zns(OH)s(COs), precipitate is the
predominant zinc-bearing species; the hetero-
coagulation between the positively charged
hydrophilic Zns(OH)s(CO3), precipitate and the
negatively charged talc particle occurs, primarily
due to the electrostatic attraction, thereby resulting
in the depression of talc.

(3) Based on this work, when using this
combination of depressants, pulp pH should be
controlled within the range of 7-9. In practice,
adjusting the concentration ratio of Na,COs; to
ZnSO4 may be a feasible method of pH adjustment.
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