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Abstract: The surface characteristics, collector adsorption, and flotation response of covellite in the presence of NaCIlO
and FeCl; were investigated using micro-flotation tests, X-ray photoelectron spectroscopy (XPS), time-of-flight
secondary ion mass spectrometry (TOF-SIMS), and contact angle measurements. The micro-flotation test results
indicated that covellite was effectively inhibited by the presence of NaClO and FeCl;. However, the dosages of these
depressants were large, and the conditioning time was long. The results of the XPS and TOF-SIMS analyses indicated
that NaClO could oxidize the covellite surface and reduce the active sites of Cu. Oxidation products, including CuO and
Cu(OH),, were generated on the covellite surface. After the addition of FeCls, the precipitation of iron hydroxide on the
covellite surface increased the content of hydrophilic species on the mineral surface. Thus, the adsorption of ammonium
dibutyl dithiophosphate on covellite surface was prevented, which reduced the floatability of the covellite.
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1 Introduction

Covellite (CuS) is an important copper-bearing
mineral because of its high value as a commercial
source of copper [1]. It is a secondary copper
sulfide and is associated with the alteration of other
copper sulfides, such as chalcocite, digenite, and
bornite [2,3]. Flotation is the main method used to
concentrate covellite, which has good floatability.
In this process, covellite attaches to the air bubbles
and is transported into the froth phase for recovery,
leaving the gangue in the tailing [4,5].

However, covellite is always associated with
enargite in copper mines [6]. Arsenic, which is a
constituent element of enargite, is a harmful
element in copper concentrates. Many countries

require smelters to maintain the arsenic levels in
copper concentrates at or below 0.2 wt.% [7,8]. To
meet these arsenic level requirements for copper
concentrates, covellite and enargite need to be
separated. In the process of separating covellite and
enargite by flotation, the floatability of the covellite
needs to be suppressed. Oxidation is the main
method used to inhibit the floatability of covellite.
In a strong oxidizing environment, the surface of
the covellite becomes hydrophilic, while good
floatability of the enargite is maintained. However,
this is not easy because covellite and enargite are
both copper-bearing minerals and have similar
flotation properties [9,10].

Numerous previous studies have investigated
methods for separating enargite and copper
sulfide minerals (chalcocite, covellite, chalcopyrite,
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bornite, and tennantite) during the flotation stage
of mineral processing operations [11—13].
Electrochemical oxidation, hydrogen peroxide,
hypochlorite, and potassium permanganate have
been used to oxidize copper sulfide minerals and
achieve separation [14]. However, to date, no
effective flotation method capable of selectively
targeting arsenic minerals in industrial applications
has been developed [15]. Although great progress
has been made in understanding the flotation
response of enargite, the effect of oxidation
on the surface properties of covellite in the
flotation process remains unclear. A fundamental
understanding of covellite surface chemistry must
be obtained before fully implementing mechanisms
for successful separation by flotation.

This study investigated the oxidation
characteristics of covellite, along with its wettability,
surface element changes, collector adsorption
behavior, and flotation behavior under oxidation
conditions. The aim of this study was to determine
the change law and related mechanism of covellite
floatability in an oxidizing environment.

2 Experimental

2.1 Materials and reagents

High-purity samples of natural covellite were
handpicked from the Timok Mine (Serbia). Initially,
these samples were washed with distilled water and
dried. Subsequently, the samples were processed in
a porcelain ball mill, sieved, and classified to obtain
the desired particle size fractions. Mineralogical
and chemical analyses and X-ray diffraction (XRD)
spectra indicated that the purity of these covellite
particles exceeded 93%. The results of the XRD
analysis are shown in Fig. 1.
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Fig. 1 XRD pattern of covellite

The reagents used in this study are listed in
Table 1. Deionized water was used throughout the
experiments, which were conducted at (26+1) °C.

Table 1 Reagents used in experiments

. Content/ .
Chemical W% Supplier Role
Sinopharm pH
HCl 36 Chemical adjuster
Sinopharm pH
NaOH %8 Chemical adjuster
Sinopharm
FeCly 98 Chemical Depressant
NaClO 8 Sinopharm Depressant
Chemical p
Ammonium 3 Penn Collector
dibutyl dithiophosphate Chemical otlecto
Penn
MIBC 99 Chemical Frother
2.2 Methods

2.2.1 Micro-flotation

Pure covellite was ground using an agate
mortar and pestled and dry-screened to obtain the
desired particle size fractions (38—74 um) before
the flotation tests. The micro-flotation experiments
were conducted in a mechanical agitation flotation
machine with a rotational speed of 1992 r/min. In
each test, 3 g of the mineral sample was placed in a
flotation cell with 30 mL of deionized water. Firstly,
dilute HCl and NaOH solutions were used to
regulate the pH of the pulp solution. After 1 min of
agitation, freshly prepared NaClO and FeCly
solutions of the desired concentrations were
sequentially added with certain conditioning
time. Subsequently, the ammonium dibutyl
dithiophosphate (ADD, 1x10 > mol/L) collector and
methyl isobutyl carbinol (MIBC, 1x107>mol/L)
frother sequentially added, and their
conditioning time was 2 and 1 min, respectively.
Finally, the flotation was performed for 5 min. The
concentrate products obtained from the flotation
were collected, filtered, weighed, and dried. The
flotation recovery was then calculated based on the
solid mass.
2.2.2 XPS measurements

The covellite samples treated with different
reagents were analyzed using X-ray photoelectron
spectroscopy (XPS) (ESCALAB 250, VG Systems,
UK). The sample used for the XPS measurement

were
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was obtained by adding 0.5 g of covellite powder
(38=74 um) to the slurry solution (50 mL) at pH 10.
The mineral suspension was first conditioned with a
2000 mg/L. NaCIO stock solution and stirred for
30 min. The FeCl; solution was then poured into the
slurry solution until the iron ion concentration of
the solution reached 500 mg/L. The mixture was
magnetically stirred for another 10 min. After
treatment with the reagents, the supernatant was
removed via the siphon method, and then washed,
filtered, and vacuum dried at 40 °C.

A survey scan of the analyzed sample was
initially conducted to detect the elemental
substances, and a precise scan was then performed
to obtain the XPS spectrum of each specific element.
Avantage software (Thermo Scientific, UK) was
used to analyze the XPS data, including peak fitting
and semiquantitative estimation. The C Is spectral
peak (284.8 eV) was obtained to calibrate all the
measured spectra as an internal standard for charge
compensation.

2.2.3 Contact angle measurements

The contact angles of the covellite samples
were measured with a DSA255 goniometer
(DSA25S, KRUSS, Germany) using the sessile
drop method. A slicer was used to cut the pure
covellite samples into pieces of approximately
10mm x 10 mm x 5 mm, and the samples were
sequentially polished with 400, 600, and 1200 grit
silicon carbide sandpaper in sequence. Then,
hydrochloric acid and ultrapure water were used to
clean the polished samples several times, followed
by drying the samples under vacuum. Agents were
added to the treated samples using the same
processing method as for the flotation tests, and the
surfaces of the samples were cleaned with ultrapure
water and dried under vacuum at 40 °C. After
conditioning, each sample was placed on the stage
of the contact angle measuring instrument with its
polished surface upward, and a 3.0 pL ultrapure
water droplet (18 MQ-cm) was dropped on the
polished surface of the sample. Next, the contact
angles of the samples were simultaneously
measured using the ADVANCE software (KRUSS,
Germany), which automatically calculated the data
based on the contour of the droplets on the surface.
Each sample was measured three times to obtain
an average and ensure the accuracy of the
experimental results.

2.2.4 TOF-SIMS measurements

The properties of the covellite surface were
characterized using time-of-flight secondary ion
mass spectrometry (TOF-SIMS) analysis (ION-TOF,
Munster, Germany). The covellite samples were
prepared using the same method used for contact
angle measurements. The typical measurement
conditions for the surface analysis included a
primary ion source of Bis', a primary ion energy of
15 keV, a current of 0.45 pA, an area of 100 pm X
100 um, and a measurement time of 237 s. All the
samples were placed in the middle of an electron
gun, and the vacuum degree was 1x107" Pa, at least
during the time of analysis.

3 Results and discussion

3.1 Micro-flotation
3.1.1 Effect of pH on flotation performance of
covellite

Single mineral flotation tests with ADD as the
collector, NaClO and FeCl; as the depressants, and
MIBC as the frother were conducted to observe the
effects of different conditions on the flotation
performance of covellite. NaClO is a strong oxidant
that can oxidize the surface of sulfide minerals. By
contrast, FeCl; is weaker in oxidation, but it can
promote iron hydroxide precipitation and cover the
surface of minerals, thereby inhibiting them [16].

The flotation performance of covellite as a
function of pH is shown in Fig. 2. The results
indicated that covellite had high floatability in the
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Fig. 2 Effect of pH on flotation performance of
covellite (c(ADD)=1x10"mol/L; ¢(NaCl0)=2000 mg/L;
¢(FeCl3)=2000 mg/L; ¢(NaClO+FeCl;)=(1500+500) mg/L;
conditioning time of NaClO and FeCl; 10 and 5 min,
respectively)
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tested pH range in the absence of a depressant.
More than 98% of the covellite was recovered
between pH 6 and 12, indicating that the floatability
of natural covellite was not affected by the pH. In
the presence of NaClO or FeCl; alone, the
floatability of the covellite gradually decreased with
the increasing pH. When NaClO and FeCl; were
used as depressants to inhibit the covellite, the
mineral floatability was greatly affected by the pH,
with an alkaline environment increasing the
inhibitory effect on the covellite particles. In
addition, it was clearly found that it was difficult to
inhibit covellite, and the effect of two agents at the
same time was much better.
3.1.2 Effect of mass ratio of NaClO to FeCl; on
flotation performance of covellite

When two agents were used simultaneously,
their mass ratio affected the floatability of the
mineral [17]. The effects of the mass ratio of
NaClO to FeCl; on covellite flotation were
examined, and the results are shown in Fig. 3. As
shown in Fig. 3, the proportion of FeCl; in the
depressant mixture affected the floatability of the
covellite. As the mass ratio of NaClO to FeCl,
increased from 1:1 to 4:1, the recovery of covellite
decreased from 74.2% to a minimum of 63.67%. A
higher mixture ratio resulted in a better depression
effect. The ideal separation result was obtained with
an optimum mass ratio of NaClO to FeCl; being
4:1.

76

727

68

Recovery/%

64 3

60

Il 21 31 41 51

Mass ratio of NaClO to FeCl;
Fig. 3 Effect of mass ratio of NaClO to FeCl; on
flotation of covellite (c(ADD)=1x10"> mol/L; ¢(NaClO+
FeCl3)=2000 mg/L; conditioning time of NaClO and
FeCl; 10 and 5 min, respectively; pH=10)

3.1.3 Effect of depressant dosage on flotation of
covellite
The effect of the depressant dosage on the

flotation of covellite with ADD as the collector at
pH 10 is presented in Fig. 4. The covellite recovery
did not change significantly when the depressant
dosage was below 1000 mg/L. However, when the
dosage was increased, the floatability of the
covellite decreased rapidly. When the dosage of
NaClO and FeCl; reached 3000 mg/L, 38% of the
covellite remained floating, indicating that the
covellite was not easily inhibited. Therefore, the
optimum dosages of NaClO and FeCl; were 2000
and 500 mg/L, respectively.
3.1.4 Effects of conditioning time of depressants on
flotation of covellite

A sufficient conditioning time is necessary for
the inhibition of minerals [18]. The effects of the
conditioning time of NaClO and FeCl; on the
flotation of covellite are presented in Fig. 5. The
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Fig. 4 Flotation performance of covellite as function of
depressant dosage (c(ADD)=1x10""mol/L; mass ratio of
NaClO to FeCl; 4:1; conditioning time of NaClO and
FeCl; 10 and 5 min, respectively; pH=10)
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Fig. 5 Flotation performance of covellite as function of
depressant conditioning time (c(ADD)=1x10">mol/L;
mass ratio of NaClO to FeCl; 4:1, pH=10)
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results showed that the covellite recovery was
mainly affected by the conditioning time of NaClO,
and decreased from 94.32% to 36.08% with an
increase in the conditioning time from 5 to 30 min,
after which it remained constant. By contrast, the
impact of the conditioning time of FeCl; was much
smaller than that of NaClO, and the inhibitory
effect was the best when the conditioning time was
10 min. Therefore, the conditioning time of the
depressants for covellite was much longer than that
for other sulfide minerals.

3.2 Depression mechanism of NaClO and FeCl;

depressants
3.2.1 XPS spectra

XPS was used to identify both the chemical
compositions and chemical states of the elements
on the surfaces of the covellite samples, based on
the distinctive binding energies of the inner
electrons of each element. XPS is a surface-
sensitive technique that can characterize the surface
to a depth of less than 10 nm [19,20]. The XPS
spectra of the covellite surface before and after
treatment with depressants within a binding energy
range of 0—1400 eV and atomic concentrations for
the covellite surface are shown in Fig. 6.

(a) «~Cu 2p;
S2p
22.16 at% ‘
Cul2p |
52.62 at.%|
01s S2p /
P4 /
1400 1000 600 200
Binding energy/eV
(b) = Cu 2p;
f 41.282§t.% 26'C5u' i':.% \

1400 1000 600 200

Binding energy/eV
Fe 2p
729 %

(C) Cu2p;

e e

Fe 2p N \

Cu2p
21.35 at.%\

740 730720 710

Binding energy/eV
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Binding energy/eV

Fig. 6 XPS survey scan results for covellite samples:
(a) Fresh covellite; (b) Covellite + NaClO; (c) Covellite +
NaClO + FeCl;

As shown in the pie chart in Fig. 6, for the
untreated covellite sample, the concentrations of Cu,
S, and O were found to be 52.62, 25.22, and
22.16 at.%, respectively, and no Fe was detected.
After being treated with NaClO, the Cu
concentration decreased to 26.51 at.%, and the O
and S concentrations increased to 31.52 and
41.98 at.%, respectively, indicating that the
covellite surface was oxidized and Cu(Il) was
released from the mineral surface to the solution.
In the presence of NaClO and FeCl;, the
concentrations of Cu, S, and O were 21.35, 35.48,
and 35.89 at.%, respectively. Furthermore, the Fe
2p signal was detected, and the concentration of Fe
was 7.29 at.%. This revealed that Fe species were
adsorbed on the covellite surface, and the covellite
surface was further oxidized.

To further investigate the oxidization behavior
of covellite, the obtained narrow scan spectra were
analyzed using peak fitting, and the relative
contents of different compositions were separately
determined. The high-resolution XPS spectra for Cu
2p, O 1s, S 2p, and Fe 2p were calculated to obtain
the mineral surface atomic chemical states and
ratios. The results are shown in Figs. 7-9 and
Table 2. These spectra can be used to determine
trace amounts of the reaction products on the
covellite surface. Semi-quantitative analysis of the
atomic concentrations identified the chemical
composition of the elements on the mineral surface.

Figure 7 shows the high-resolution XPS spectra
of the Cu 2p peaks for the treated and untreated
covellite samples. The untreated one (Fig. 7(a)) has
two high-intensity peaks at 932.24 and 933.08 eV,
representing the binding energies of Cu(l) and
Cu(ll) in the state of CuS, respectively [21].
Simultaneously, a small peak at 934.96 eV was
detected, which was assigned to the CuO or
Cu(OH), species, indicating that the covellite was
slightly oxidized [22]. After treatment with NaClO
(Fig. 7(b)), the concentration of the Cu(I)-S
species decreased sharply, and the CuO or Cu(OH),
species increased significantly. In the presence of
NaClO and FeCl; (Fig. 7(c)), this trend was further
strengthened, suggesting that the oxidation degree
of the covellite sample was slightly increased by
FeCl;. The decrease in the active sites of Cu on the
covellite surface, which could react with the
collector, induced a decrease in its floatability.



662 Yong-gang GAN, et al/Trans. Nonferrous Met. Soc. China 32(2022) 657-667

(a)

932.24 eV

933.08 ¢V
934.96 eV

956 952 948 944 940 936 932 928

Binding energy/eV
(b)
93224 ¢V
933.18 eV
_&. 934.93 eV,

956 952 948 944 940 936 932 928
Binding energy/eV

()

93223 eV

933.19eV

&\ 934.95 eV

956 952 948 944 940 936 932 928
Binding energy/eV

Fig. 7 Cu 2p spectra of covellite samples: (a) Fresh
covellite; (b) Covellite + NaClO; (¢) Covellite + NaClO +
FeCl3

Figure 8 shows O s spectra of the covellite
samples. As shown in Fig. 8(b), the O s spectrum
of the covellite sample treated with NaClO fitted
reasonably well with three peaks at 532.98, 531.95,
and 530.26 eV. The first was assigned to oxygen
from carbon—oxygen contaminants [23]. The second
was a characteristic of the oxygen in the attached
water, and the last was attributed to the oxygen
from the oxide species of Cu(Il)-O or Cu(Il)—
OH [24,25]. The amount of O in the form of
Cu(ID—O/Cu(I)-OH, as a percentage of the total O,
was 13.91 at.%, compared to zero for the fresh
covellite. This again showed that the NaClO
depressant treatment had a strong oxidation effect
on the surface of the covellite. In the presence of
FeCl;, the binding energy of the oxidation products
changed from 530.26 to 530.91 eV, which may have
been due to the formation of the iron hydroxide
precipitate, and the value of 530.91 eV was the
result of iron oxide and copper oxide [26]. In

addition, the proportion of O in the oxide species of
Fe(III) or Cu(Il) increased from 13.91 to 20.30 at.%,
which clearly indicated the formation of the iron
hydroxide precipitate on the covellite surface.
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Binding energy/eV
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Fig. 8 O 1s spectra of covellite samples: (a) Fresh covellite;
(b) Covellite + NaClO; (c¢) Covellite + NaClO + FeCl;

Figure 9 shows S2p spectra of covellite
samples. Figure 9(b) shows that the S 2p spectra
were composed of five pairs of spectral peaks at
~161, ~162, ~163, ~166, and ~168 eV, which
correspond to s, S?, So/sz, SO?, and SOf,
respectively [27,28]. S and S~ exist in covellite,
and the other species were identified as products of
the oxidation process. After being treated by NaClO,
the amount of S in the form of oxidation products,
as a percentage of the total S, increased from 36.75
to 47.10 at.%. In the case of the FeCl; treatment,
this proportion was further increased to 55.59 at.%.
This indicated that the oxidation process became
increasingly intense. The oxidation products of
SO, and SO are hydrophilic substances, which
were increased in the presence of the depressants,
indicating a decrease in the floatability.
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Fig. 9 S2p spectra of covellite samples: (a) Fresh
covellite; (b) Covellite + NaClO; (¢) Covellite + NaClO +
FeCl3

3.2.2 TOF-SIMS analysis

The compositional changes on the covellite
surfaces with or without the depressant treatment
were further explored using TOF-SIMS. TOF-SIMS
is a sensitive surface analysis technology that can
be used to determine the elemental composition
and distribution on the surface and body of a
sample, and can also provide a secondary ion
image of a certain element distribution on the
surface [29]. Figure 10 presents digital photographs
and peak intensities from positive ion TOF-SIMS
analyses of the covellite samples. Ion images of Cu’,
CuOH", and FeOH' are presented to show their
distributions, wherein the bright and dark colors
represent regions with higher and lower ion
intensities, respectively [30]. For the fresh covellite
sample, the image was covered by a bright area,
indicating the presence of a large amount of Cu’ on
the particle surface. In the presence of NaClO and
FeCl;, the image of the covellite sample became
dim. There are two possible reasons for this finding.
The copper ions on the surface of the mineral could
have been released into the solution in an oxidizing
environment, or the copper ions on the surface
could have been masked by iron hydroxide. As for
the distribution of CuOH', the ion intensity
remained almost unchanged after the depressant
treatment. As shown in Fig. 10(a), trace amounts
of FeOH" were detected on the untreated covellite

Table 2 Comparison of XPS data for covellite surface with and without depressants

Untreated Treated with NaClO Treated with NaClO and FeCl;
Emission Species

BE/eV RI/% BE/eV RI/% BE/eV RI/%

Adsorbed water 533.40 96.51 532.98 23.17 532.97 18.58

Ols OH" 532.20 3.49 531.95 62.92 531.88 61.12
o> 530.26 13.91 530.91 20.30

S* 161.39 16.89 161.28 14.03 161.37 12.54

s> 162.24 46.36 162.18 38.86 162.27 31.87

S 2p Sﬁf/SO 163.26 36.75 163.07 30.18 163.07 29.11
820? - - 165.81 10.14 164.79 16.13

SOif - - 168.52 6.78 168.39 10.35

Cu(l) 932.24 37.46 932.24 54.36 932.23 55.24

Cu2p Cu(Il) 933.08 58.45 933.18 35.17 933.19 33.57
Cu(OH), 934.96 4.10 934.93 10.47 934.95 11.19

Fe 2p FeOOH - - - - 713.21 100.00

BE: Binding energy; RI: Relative intensity
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surfaces. This could be attributed to impurities in
the covellite sample, such as pyrite, which is always
associated with covellite. After treatment with
NaClO and FeCl;, FeOH' covered most of the
surfaces of the covellite particles with high
intensity. The emergence of FeOH' implied that
iron ions covered the mineral surface in the form of
iron hydroxide.

The normalized peak intensities were obtained
to study changes in the Cu’, CuOH", and FeOH"
contents. As depicted in Fig. 11, the normalized
peak intensity of Cu’ in the fresh covellite was
0.0408, which was much higher than that of the
oxidized sample (0.00702). By contrast, the
normalized peak intensity of FeOH" was 0.00927,
while there were only trace amounts of FeOH™ on
the fresh covellite.
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Fig. 10 TOF-SIMS analysis results for covellite treated with and without depressants: (a) Fresh covellite; (b) Covellite +
NaClO + FeCl;

3.2.3 Contact angle measurements

The changes in the contact angle of a mineral
surface before and after treatment with reagents
can be used to determine the difference in the
hydrophobicity of the mineral. Generally, the
surface of a mineral with a small contact angle
possesses high hydrophilicity and poor floatability,
whereas the surface of a mineral with a large
contact angle exhibits good hydrophobicity and
floatability [31].

As shown in Fig. 12, the contact angle of the
fresh covellite (Sample A) was 30.7°, which is
consistent with the results reported by other studies.
After treatment with ADD, the contact angle of the
covellite (Sample B) increased sharply to 96.7°,
indicating that the collector was adsorbed on the
mineral surface. The contact angle of Sample C,
which was treated with NaClO and then
conditioned with ADD, decreased from 96.7° to
80.9°, indicating that the NaClO reduced but did
not prevent the adsorption of ADD on the mineral
surface. In the presence of FeCl;, the contact angle
of the covellite decreased from 80.9 ° to 63.3°, and
the hydrophobicity of the surface was greatly
reduced. These results are consistent with the
results of other studies on floatation.

3.3 Discussion

The oxidization properties of covellite have
been widely investigated in the field of hydro-
metallurgy [32,33]. Several researchers have
proposed a chemical formula for the possible
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Fig. 12 Contact angle diagrams for four types of
covellite samples: Sample A, Fresh covellite; Sample B,
Covellite + ADD; Sample C, Covellite + NaClO;
Sample D, Covellite + NaClO + FeCl;

oxidation reaction process of covellite, and they
believed that covellite would release copper ions
during the oxidation process in an acidic
environment and form elemental sulfur and
polysulfides on the surface [34]. YIN et al [35]
found that, in an alkaline solution, CuO/Cu(OH),
was generated on the covellite surface. These
hydrophilic substances can reduce the floatability of
covellites. However, based on the XPS and
TOF-SIMS analysis results, little CuO/Cu(OH),
was generated on the covellite surface, regardless of
the depressant treatment. Therefore, most of the
CuO/Cu(OH), on the covellite dissolved or fell off
the mineral surface in the solution. In addition,
under the oxidation of WNaClO, hydrophobic
polysulfide or sulfur species can be generated on
the surface of the covellite. These hydrophobic
species could increase the floatability of the
covellite and counteract the hydrophilic effect of
the generated species of CuO/Cu(OH),. Therefore,
NaClO could reduce the active sites of Cu on the
covellite surface. However, NaClO alone showed
no apparent inhibitory effect on the covellite. FeCl;

is an oxidant that can form ferric hydroxide colloids
in weakly acidic to alkaline environments. This
substance was easily adsorbed on the surface and
significantly reduced the floatability of the covellite.
Meanwhile, the substances that covered the
covellite surface hindered the oxidation of sulfide to
a certain degree. Under the combined action of
NaClO and FeCls, the active sites of Cu on the
covellite surface were reduced, and the hydrophilic
species increased simultaneously, which prevented
the adsorption of ADD on the covellite surface.
This eventually decreased the floatability of the
covellite.

4 Conclusions

(1) Micro-flotation test results indicated that
the floatability of covellite could be effectively
inhibited by the combined actions of NaClO and
FeCl;. The optimum conditions were pH=10;
NaClO and FeCl; dosages of 2000 and 500 mg/L,
respectively; NaClO and FeCl; conditioning time of
30 and 10 min, respectively.

(2) Based on XPS and TOF-SIMS analyses,
the depressing effect of NaClO on the covellite was
due to the formation of oxidation products on the
covellite surface, including CuO and Cu(OH),, as
well as a decrease in the number of Cu active sites.
The depressing effect of FeCl; was attributed to the
precipitation of iron hydroxide on the covellite
surface.

(3) Contact angle measurements indicated that
Cu/Fe oxides or hydroxides on the surface of the
covellite could reduce the adsorption of collectors
on the surface, thereby reducing the floatability of
the covellite.
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