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Abstract: As a novel collector, O-isopropyl-N,N-diethyl thionocarbamate (IPDTC) was designed and synthesized for
copper—sulfur flotation separation. Density functional theory calculations were performed to investigate the electronic
structures of IPDTC. The results showed that IPDTC had higher energy of the highest occupied molecular orbital but
lower electronegativity than O-isopropyl-N-ethyl thionocarbamate (Z—200). It was predicted that IPDTC had strong
collection ability according to the reaction energy criteria. Flotation results demonstrated that the collecting ability of
IPDTC to chalcopyrite and pyrite was stronger than that of Z—200. Then, the flotation mechanism was analyzed by
measurements of surface tension, adsorption capacity, XPS, FTIR and zeta potential. These results indicated that IPDTC
could reduce the solution surface tension. The adsorption capacity of IPDTC on chalcopyrite was higher than that on
pyrite, consistent with the results of the flotation tests. FTIR, zeta potential and XPS results also demonstrated that
IPDTC was strongly absorbed on the chalcopyrite surface by formation of Cu—S—C bonds, but showed a weak
affinity on the pyrite surface.

Key words: O-isopropyl-N,N-diethyl thionocarbamate; adsorption mechanism; chalcopyrite; pyrite; density functional
theory

increasing refractory copper sulfide ores, thiono-
carbamate collectors are generally used as an
alternative to xanthate [4,5], because thiono-
carbamate collectors show better selectivity than

1 Introduction

Copper—sulfur flotation separation is one of

the difficulties in sulfide ore flotation. Therefore,
the design of suitable flotation collectors is an
important direction to resolve the problem of
flotation separation [1—3]. As is known, xanthate is
commonly used as a collector in the industry.
However, under the condition of high alkalinity
with a large amount of lime, there are some
disadvantages, such as blocked equipment pipes
and inhibited pyrite activation difficulty. With

xanthate. However, their collecting ability is not as
good as that of xanthate [6,7]. To enhance the
efficiency of copper—sulfur separation, it is very
important to develop collectors with both collecting
ability and selectivity for chalcopyrite under low
alkali conditions [8,9]. Therefore, the relation
between flotation performance and the molecular
structure of the collector must be uncovered [10—15].
For example, if the electron donor group is introduced
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into collectors, how would the flotation
performance of Z—200 change? Will the adsorption
capacity of the collectors on chalcopyrite surfaces
be enhanced? The traditional treatment method is to
carry out a flotation test to explore new collectors
and then use quantum chemistry, Fourier transform
infrared (FTIR), adsorption capacity measurement,
zeta potential, and X-ray photoelectron spectro-
scopy (XPS) to investigate interaction mechanisms
between the collector and minerals [16—23].
However, this method is time-consuming and
costly. Instead, by adopting theoretical methods
(such as the interaction energy criterion and frontier
orbital theory) to design novel collectors, flotation
verification tests and flotation mechanism research
can be executed [24—26]. As a result, this way not
only screens out some collectors with good flotation
performance in advance, lessens the number of
flotation tests and enhances targeting, but also
shortens the research period and costs.

In this work, the structure of Z-200 was
modified via replacing the hydrogen atom
connected to the N atom in Z-200 by an ethyl
group to construct a new type structure as

O-isopropyl-N,N-diethyl thionocarbamate (IPDTC).

First, density functional theory (DFT) was
employed to calculate the quantum chemistry of
IPDTC and Z-200 [27]. By analyzing the frontier
orbital properties such as the highest occupied
molecular orbital (HOMO), and wusing the
interaction energy criterion, flotation performance
of IPDTC molecules was predicted. The target
molecules as collectors were then synthesized and
tested for flotation. The adsorption capacity, FTIR,
surface tension, zeta potential and XPS were
measured to reveal the flotation mechanism of the
collector.

2 Experimental

2.1 Materials

Single minerals of chalcopyrite and pyrite
were obtained from Hubei Province, China. The
minerals were crushed, handpicked, ground and
sieved. The fraction with sizes of 0.038—0.074 mm
was used for pure mineral flotation tests.

The IPDTC synthesis was executed in two
steps. First, sodium chloroacetate and sodium
isopropyl xanthate were adopted as raw materials to
produce the intermediate isopropyl xanthate sodium

acetate at 35°C and pH 8 for 2 h. The product
of O-isopropyl-N,N-diethyl thionocarbamate was
obtained via the aminolysis reaction of the
intermediate with diethyl amine at 40 °C for 4 h.
The yield of IPDTC was 78.6%, the purity of
IPDTC was 99.2% by GC analysis, and the
structure of IPDTC was characterized by NMR ('H
NMR (400 MHz, MeOD) ¢: 1.15 (t, 3H, CH,CH3),
1.20 (t, 3H, CH,CH3), 1.30 (d, 6H, CHCH3), 3.48 (q,
2H, NCH,CH3), 3.81 (q, 2H, NCH,CH3), 5.56 (m,
1H, OCH(CHj3),) 10°% *C NMR (100 MHz, MeOD)
0: 12.2 (s, 1C, CH3), 13.5 (s, 1C, CH3), 22.1 (s, 2C,
CHs), 44.2 (s, 1C, CHy), 48.4 (s, 1C, CHy), 75.3 (s,
1C, CH), 187.8 (s, 1C, C=S) 10°°).

2.2 Computational methods

The molecular structures of IPDTC and Z—200
were optimized by applying Gaussian 09 software
at the B3LYP level, 6-31G(d) basis set [28]. The
solvation effect of water was examined by using
integral equation formalism for the polarizable
continuum (IEF-PCM) model. According to
Koopmans’ approximation, electronegativity (y)
could be calculated on the basis of the following
formula [29]:

x=(EnomotErLumo)/2 )]

where Enomo and Erumo are the highest and the
lowest unoccupied molecular orbital energies,
respectively.

2.3 Flotation experiments

The pure mineral flotation experiments were
conducted in an XFG II5 flotation apparatus. The
mineral with a total of 2.00 g (0.038—0.074 mm)
was cleaned ultrasonically for 3 min. As-cleaned
samples were poured into a 50 mL flotation cell and
stirred for 2 min. After adjusting the pulp pH,
flotation was operated for 5 min. Then, the dried
concentrates and tailings were weighed separately,
and the concentrate recovery was calculated. To
minimize the experimental error, three parallel
experiments were completed to obtain an average
value. The standard deviation of parallel
experiments is expressed in the form of error bars.

2.4 Surface tension experiments

Surface tension was measured by using a
JYW—-200B meter (Hebei Jinhe, China). The
collector solutions were prepared using triple
distilled water. Pure minerals (1.00 g) with particle
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size of 0.038—0.074 mm were put into a small
beaker and ultrasonically cleaned for 3 min, and
later, the upper water was poured out. Then, 50 mL
of collector solution was added, stirred for 30 min,
and finally filtered. The surface tension of the
filtrate was measured three times for average
statistics.

2.5 Adsorption capacity experiments

In this test, the absorbance of collector
solutions was measured using ultraviolet and visible
spectrophotometers, and a standard curve of
concentration and absorbance was made for the
collector. All data were measured three times to
obtain an average value. Pure mineral of 1.00 g was
cleaned with ultrasonication for 3 min, followed by
placing into flotation cell of 50 mL and stirring
for 30 min. The upper supernatant was removed
after centrifugation, and the absorbance of the
supernatant was measured. Finally, the residual
concentration of the collector was calculated
utilizing the standard curve. The equilibrium
adsorption capacity, Q. (mol/m?), of the collector
with minerals was calculated by the following
formula:

(CO —Ce )V

Qe = mS

)

where coand c. represent the initial and equilibrium
concentrations (mol/L) of the collector before and
after adsorption, respectively. V, m and S represent
the volume (L) of the solution, the mass (g) of the
mineral and the surface area (m?/g) of the mineral,
respectively. The BET surface area of pyrite
(2.31 m%*g) is larger than that of chalcopyrite
(1.53 m¥g).

2.6 FTIR measurements

During the experiment, single mineral samples
were ground to <5 um with agate grinders. At the
beginning, the samples were ultrasonically cleaned
for 3min and poured into the flotation cell.
Thereafter, the collector and pH modifying agent
(pH=9.0) were added. The flotation pulp was stirred
for 10 min, filtered, washed 3 times, and dried in
vacuum. Finally, as-prepared samples were used to
conduct FTIR measurements.

2.7 Zeta potential measurement
The zeta potentials of mineral samples before

and after [IPDTC treatment were determined by a
ZetaPlus zeta potential analyzer (Brookhaven
Instruments, USA). In each test, samples of 40 mg
(<5 um) were added to KCl aqueous solution
(50 mL, 1x107°mol/L). Concentration of IPDTC
was 20 mg/L. The pH of the suspension was
adjusted with NaOH or HCI solution. After stirring
the suspension for 15 min, the zeta potential was
measured. The average value of five parallel
measurements was taken as the zeta potential.

2.8 XPS analysis

A Thermo Fisher Escalab 250Xi spectrometer
(Thermo Fisher, USA) was used to measure the
XPS spectra of chalcopyrite before and after
interaction with IPDTC. A total of 1.00 g of
<0.038 mm chalcopyrite samples was added to
IPDTC aqueous solution. The suspension was
stirred for 15 min at pH 9.0. The measurement was
conducted at 150 W with pass energy of 20 eV and
monochromatic Al K, X-ray source. The binding
energies were calibrated by using C 1s (284.8 eV).

3 Results

3.1 DFT calculations

To predict the flotation performance of IPDTC,
the electronic structures of IPDTC and Z—200 were
calculated by DFT. The calculated frontier
molecular orbital energy (Ewomo and Erumo),
electronegativity (y) and atomic NPA charge of the
collectors are listed in Table 1. Frontier molecular
orbital shapes of the collectors are shown in Fig. 1.
The HOMOs of IPDTC and Z-200 molecules are
mainly composed of m bonds of C=S double
bonds, while the LUMOSs consist of n* anti-bond
orbitals of C=S. Therefore, it is inferred that the
double bond S atom is the bonding atom of
thionocarbamate. The HOMO shapes of IPDTC and
7Z—200 molecules match the d-orbital symmetry of
metal ions, indicating that they have the conditions
to form covalent bonds.

3.2 Prediction of flotation performance

The frontier orbital theory can explain the
strength of the chemical bond between thiono-
carbamate and sulfide ore. On the premise of
symmetry matching, according to Klopman’s
generalized perturbation theory, the expression of
AE is shown as follows [30—32]:
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Table 1 Properties of IPDTC and Z-200

NPA atomic charge

Species S N Enomo/eV  Erumo/eV AFEy1/eV  Electronegativity/eV

IPDTC -0.373 —0.468 —6.168 —0.533 5.635 3.350

Z-200 —0.378 —0.630 —6.336 —0.599 5.738 3.466
Configuration HOMO LUMO

Fig. 1 Frontier orbital shapes of IPDTC and Z—200

R SN ECORNCON N
AE = 9.9 P solv +Z ; |: E E :|
> 3 [Brers’

0cc unocc

where ¢: and ¢s represent total initial charges; I”
represents coulomb repulsion term; e represents
local dielectric constant of solvent; A represents
desolvation energy; c,' and c. represent electron
densities of the frontier orbital; § represents extent
of bonding in transition state; “occ” represents
occupied orbitals; “unocc” represents unoccupied
(E,-E,) and (E,—E,) represent the
energy difference of frontier orbitals between
collector and mineral [30,31]. The first item of AFE
indicates electrostatic action, the third item
indicates that HOMO celectrons of the collector are
transferred to the LUMO of the mineral surface to
form a normal covalent bond, and the fourth term
indicates that the HOMO electrons of the mineral
surface are transferred to the collector LUMO to
form a feedback 7 bond. When (E, —E,) is small,
the value of the third term in AFE is large, and the
electron transfer between collector and mineral is
important.

The NPA charge (¢: and g;) of bonding atoms S
reflects the electrostatic interaction between
collectors and minerals. The HOMO energy (Enomo)

orbitals;

of collectors determines the strength of the covalent
bond between the collector and mineral (electrons
transferred from collector to mineral). FEwnomo,
natural population analysis (NPA) charge, and
electronegativity (y) of collectors are applied to
predicting their flotation properties.

The smaller the NPA charge of the bonding
atom in the collector molecule is, the stronger the
electrostatic interplay between sulfide minerals and
the collector is, suggesting that the collector shows
strong collecting ability. The order of the NPA
charge of the bonding atoms (S) of IPDTC and
7Z-200 follows Z—200 (—0.378) < IPDTC (-0.373),
although the difference is small. It is inferred that
the collecting ability of Z—200 is slightly higher
than that of IPDTC.

As shown in Fig. 2, the larger the Enomo of
the collector is, the closer it is to the ELumo of
the mineral, as well as the stronger the covalent
bond between the mineral and collector is, which
indicates that the collector shows strong collecting

T T

HOMO fr
Collector

LUMO
LUMO

HOMO

Mineral

Fig. 2 Electron transfer diagram of interaction between
collector and mineral
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capacity for the mineral. In this work, the strength
of covalent bonds of different collectors with the
same mineral was studied, while the Erumo of the
mineral remained unchanged. Therefore, the
collecting ability can be inferred from the Euomo
of collectors. The order of their Ewomo is IPDTC
(—6.168 V) > Z—-200 (—6.336 eV), indicating that
the order of the collecting ability for chalcopyrite
and pyrite is IPDTC > Z—200.

If the electronegativity (y) of the collector
molecule is smaller, the force between the collector
and mineral is stronger, leading to strong collecting
ability. Table 1 shows that the order of electro-
negativity of collectors is IPDTC (3.350eV) <
Z-200 (3.466 eV), suggesting that the order of the
collecting capacity for chalcopyrite and pyrite is
IPDTC > Z—200.

3.3 Flotation test results

Figure 3 shows that the flotation recoveries of
chalcopyrite and pyrite were affected by the
dosages of IPDTC and Z—200 at natural pH 5.6.
The recovery of flotation chalcopyrite with IPDTC
was 93.27%-98.46%, which was higher than that
in the presence of Z-200 (82.53%—93.50%). The
recovery of pyrite increased from 71.71% to
87.47% when IPDTC was used, which was also
higher than that with Z-200 as the collector
increased from 63.06% to 80.33%. The flotation
result demonstrated that the collecting capacity of
IPDTC for chalcopyrite and pyrite was stronger
than that of Z—200, consistent with our previous
predictions. The recovery of chalcopyrite or pyrite
increased with increasing collector dosage, as
shown in Fig. 3.

100
90 |
X
> 80r
o
>
3
& 70
—#— [PDTC + Chalcopyrite
60 - —— 7Z-200 + Chalcopyrite
—— [PDTC + Pyrite
—v— Z-200 + Pyrite
50

5I 1I0 1I5 2I0 2I5 30
Dosage of collectors/(1075 mol-L™")

Fig. 3 Effect of collector dosage on flotation test results

of IPDTC and Z—200 (pH=5.6)

When collector dosage was 5.71x107> mol/L,
the influence of pH on the recovery of minerals is
shown in Fig. 4. As the pulp pH increased, the
collectors had strong collecting capacity for
chalcopyrite, and the recovery of IPDTC (above
94.27%) was higher than that of Z-200
(86.553%—80.38%). This indicates that pH (6—11)
had slight impact on the flotation recovery of
chalcopyrite. However, the recovery of pyrite
descended rapidly with increasing pH and
descended slightly when the pH reached 9.0. This
demonstrated that IPDTC had strong collecting
ability and good selectivity under low-alkali
conditions; therefore, it could be utilized as a novel
high-efficiency collector.

3
90 -
80 i’”’w
. 70t
% 60 -+ IPDTC + Chalcopyrite
o —+ Z-200 + Chalcopyrite
g S0r -+ [PDTC + Pyrite
2 a0l ~+ Z-200 + Pyrite
30}
20+
10}
0

5 6 7 8 9 10 11 12
pH

Fig. 4 Effect of pH on flotation test results of IPDTC and

Z-200 (collector dosage of 5.71x107° mol/L)

3.4 Flotation mechanisms
3.4.1 Results of surface tension

The surface tension of triple distilled water
was 72.74 mN/m at 20 °C. IPDTC could decrease
the surface tension of water. The surface tension of
the IPDTC liquor gradually decreased from 70.65
to 57.98 mN/m when the IPDTC concentration
increased from 1.14x107° to 22.86x107° mol/L, as
shown in Fig. 5(a). IPDTC reduced the surface
tension of water more than Z-200. It did not
decrease when the concentration increased to
17.14x107° mol/L. The surface tension of IPDTC
solution (5.71x10 mol/L) was measured before
and after the interaction with chalcopyrite. As
shown in Fig. 5(b), the change in the surface
tension of the IPDTC liquor increased from 62.14
to 64.86 mN/m. The increase in the surface tension
after adsorption means that the remaining collector
content in the solution was smaller, and some of
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them were adsorbed on chalcopyrite. However,
there was little change in the surface tension of the
IPDTC solution before and after the interaction
with pyrite. The results indicated that IPDTC could
be adsorbed strongly on chalcopyrite.

72t
70t
68}
66
641
62}

N
581 Bl

561
0 5 10 15 20 25
Concentration/(107°> mol-L™")

—s— [PDTC
—e— 7-200

Surface tension/(mN-m™!)

90
(b)
851 Il Water }
[ 5.71x107 mol/L IPDTC
80t Bl 5.71x107 mol/L IPDTC +
Chalcopyrite

75¢ 72.74
70t
65}
60

Surface tension/(mN+-m™)

55¢
50

Solution

Fig. 5 Surface tension of IPDTC (a) and after interaction
with chalcopyrite (b)

3.4.2 Adsorption capacity

According to the flotation tests of single
minerals, IPDTC shows better selectivity at pulp
pH 9.0. Therefore, we measured the adsorption of
IPDTC with chalcopyrite and pyrite at pH 9.0 and
calculated the adsorption amount (Q.) according to
the concentration change in IPDTC before and
after adsorption, as shown in Fig. 6. As the IPDTC
concentration increased, the adsorption capacity of
IPDTC on chalcopyrite increased from 0.04x107°
to 0.58x107°mol/m®>. However, the adsorption
capacity of IPDTC on pyrite was small ((0.005—
0.054)x107° mol/m?), and the adsorption capacity
slightly  changed with increasing IPDTC
concentration. The change in adsorption capacity
was insignificant when the concentration increased
to 11.42x10°>mol/L. Under pH 9.0, IPDTC showed

good selectivity, in agreement with the surface
tension tests and pure mineral flotation tests.

As shown in Fig. 6, when the concentration of
IPDTC was 11.42x107°mol/L, the adsorption
ability of IPDTC for chalcopyrite was stronger than
that for pyrite. This concentration was chosen to
measure the adsorption capacity of IPDTC on
chalcopyrite or pyrite at different pulp pH values
(see Fig. 7). As the pH increased, the adsorption
capacity of IPDTC to chalcopyrite slightly changed
(from 0.52x107° to 0.50x10°mol/m?), and the
adsorption capacity of IPDTC to pyrite gradually
declined. Thus, IPDTC could separate chalcopyrite
and pyrite under low-alkali conditions.

3.4.3 FTIR results

Figures 8 and 9 show the FTIR spectra of
chalcopyrite and pyrite before and after IPDTC
treatment, respectively. As shown in Fig. 8, the
FTIR spectrum of IPDTC after interacting
with chalcopyrite was similar to that of IPDTC
and showed obvious changes compared with the

0.5

0.4r

0.3

——[PDTC + Chalcopyrite
——IPDTC + Pyrite

0.2

0.1r

Adsorption capacity/(107° mol-m2)

0 5 10 15 20
Concentration of IPDTC/(107> mol-L™")

Fig. 6 Relationship between concentration of IPDTC and
adsorption amount of pure minerals

0.6
E 0.5 i’\é\;/i\i}—;
]
QE
,IE 04 -
iy 03| —+—[PDTC + Chalcopyrite
é —+—IPDTC + Pyrite
]
= 02F
.S
£ o1l
G
<

0 I I 1 1

5 6 7 8 9 10 11 12
pH

Fig. 7 Effect of pH on adsorption of IPDTC for mineral
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Chalcopyrite
IPDTC + Chalcopyrite

IPDTC

2972.97
2822.13
2775.21
1726,
1457.10
1249.94
1018.38

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

Fig. 8 FTIR spectra of chalcopyrite before and after
IPDTC treatment (pH=9)

IPDTC + Pyrite

085.23

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

Fig. 9 FTIR spectra of pyrite before and after IPDTC

treatment (pH=9)

spectrum of chalcopyrite before flotation. After the
interaction of chalcopyrite and IPDTC, there were
—CH3 and —CH: stretching vibration absorption
peaks at 2972.97, 2822.13 and 2775.21 cm™', C=S
absorption peaks at 1726.68cm™', C— 0O —C
absorption peaks at 1249.94 cm™', C—N absorption
peaks at 1018.38 cm™!, and C—H bending vibration
absorption peaks at 1457.10 cm™', demonstrating
that IPDTC showed stronger adsorption on the
chalcopyrite surface. However, the FTIR spectra of
pyrite and IPDTC in Fig.9 are changed
insignificantly. It was inferred that IPDTC showed
stronger interaction on the chalcopyrite surface at
pH 9 but had no obvious adsorption on the pyrite
surface, in agreement with our previous test results.
3.4.4 Zeta potential

When the mineral surface adsorbs collector,
charge properties will change significantly [33,34].
Zeta potential can indicate the charge changes of

mineral surfaces. Figure 10(a) shows that, after the
interaction of chalcopyrite with IPDTC, the
isoelectric point (IEP) of the chalcopyrite surface
decreased from 4.64 to 4.07 mV. Under pH 2.0-
12.0, the zeta potential of the chalcopyrite surface
lessened significantly after IPDTC treatment,
indicating that IPDTC had strong adsorption on the
chalcopyrite surface. For pyrite, when interacting
with IPDTC, the zeta potential was basically
unchanged (see Fig. 10(b)), indicating that [PDTC
adsorption on the pyrite surface was very weak.
This also confirms our previous experimental
results that IPDTC has strong collecting ability for
chalcopyrite and weak ability for pyrite.

20

—=— Chalcopyrite
—— [PDTC + Chalcopyrite

10 ¢

Or—————=

Zeta potential/mV
I
S

=20
_30 L
_40 1 1 1 L 1 1
0 2 4 6 8 10 12
pH
20
(b)
1ok —=— Pyrite
—+— [PDTC + Pyrite
(4.48,0)

(4.16, 0)

Zeta potential/mV
[
S

pH
Fig. 10 Zeta potentials of chalcopyrite (a) and pyrite (b)
before and after interaction with IPDTC

3.4.5 XPS results

The XPS spectra of chalcopyrite in the absence
and presence of IPDTC are displayed in Fig. 11.
The Cu?2p peaks at 932.28 and 931.88 eV of
untreated chalcopyrite with IPDTC belong to
CuFeS, and CuS, respectively [33]. After IPDTC
treatment, the binding energies of these two Cu 2p
peaks increased to 932.43 and 932.20 eV. The
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increase in binding energy indicated that the
electronic density of copper ions on the
chalcopyrite surface decreased, which might be
due to the electron transfer of copper ions to the
bonding atoms in the IPDTC molecule.

(a) 03298 eV 931.88 eV
Before
932.43 eV
932.20 eV
After /\

935 934 933 932 931 930

Binding energy/eV
(b) 162.28 eV 161.17 eV
163.71 eV
Before _——">» S
161.23 eV
162.43 eV
164.55 eV

163.88 eV

166 165 164 163 162 161 160
Binding energy/eV

Fig. 11 Cu 2p (a) and S2p (b) XPS spectra of
chalcopyrite before and after IPDTC treatment

The S 2p spectrum of chalcopyrite before
interaction at 161.17, 162.28 and 163.71 eV had
three characteristic peaks. After treatment with
IPDTC, the binding energy increased slightly to
161.23, 162.43 and 163.88 eV. Moreover, a new
S 2p peak appeared at 164.55 eV after interaction of
the chalcopyrite with IPDTC. The peak might be
assigned to the Cu—S—C bond that was formed by
Cu on the chalcopyrite surface with S atoms in the
IPDTC molecule [7]. It was reasonable to infer that
chemisorption occurred between chalcopyrite and
IPDTC.

4 Conclusions

(1) An electron donor group (ethyl) was

introduced into the Z—200 molecule, and two ethyl
groups were connected to the N atom in IPDTC.
Based on DFT calculations, it was predicted that
the electron donor ability was enhanced, the Enomo
value was larger than that of Z—200, the electro-
negativity was smaller than that of Z—200, and the
collecting ability would be stronger.

(2) The flotation experiments demonstrated
that IPDTC had strong collecting ability,
confirming our theoretical prediction. Under low-
alkali conditions, IPDTC had strong collecting
ability for chalcopyrite but weak collecting ability
for pyrite. The surface tension test supported this
result as well.

(3) The adsorption capacity results further
showed that as the concentration of collector
increased, the adsorption capacity of IPDTC on
chalcopyrite increased, while that on the pyrite
surface was insignificantly changed. Moreover, pH
did not affect the adsorption capacity of IPDTC on
the chalcopyrite surface but had obvious negative
effect on the pyrite surface.

(4) FTIR, XPS and zeta potential analyses also
indicated that IPDTC might have strong chemical
adsorption on the chalcopyrite surface but showed
no adsorption on the pyrite surface. This further
confirmed that the prediction of IPDTC flotation
performance was accurate.
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