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Abstract: Interaction mechanism of the collector, 2-mercaptobenzothiazole (MBT), with chalcopyrite and sphalerite surfaces were
investigated by Fourier transform infrared (FTIR) and density functional theory. Results of FTIR showed that some characteristic
peaks of MBT were observed on the chalcopyrite surface, including C==N, C=N—=S and C—S stretching vibration peaks, and the
adsorption product was CuMBT. But there were no characteristic peaks of MBT on the sphalerite surface. The thione molecular form
of MBT was the most efficient and stable, N and exocyclic S were the more favourable reactive sites for nucleophilic attacked by
metal atoms. Compared with ZnS (110), MBT is more readily adsorbed on CuFeS, (112). Attachment of MBT occurs due to strong
bonding through exocyclic S p and s orbits with Cu d orbit on CuFeS, (112) and electron transfer from Cu atom to S atom. Under the
vacuum condition, MBT in the form of thione molecular cannot be adsorbed on ZnS (110) spontaneously.
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1 Introduction

With the mineral resources rapidly becoming
depleted, fine-grained and complex, the flotation
becomes more and more difficult. Unintentional
(accidental) activation of minerals by contaminant metal
ions is one source of mineral misplacements in
separation by flotation reported by RASHCHI and
FINCH [1]. Recently, much attention has been paid on
searching for new chemical reagents which have a
stronger affinity and better selectivity for certain metal
ions [2—8], because the choice of collector type is crucial
in the flotation performance of minerals.

2-mercaptobenzothiazole (MBT), was found to be
alternatives to conventional xanthate collectors, and it
has a lower dosage required to obtain high recoveries in
sulfide-mineral flotation [9]. It has been suggested as a
new collector in the flotation of metal sulfide ores,
precious metal ores, gold-bearing pyrite, tarnished and
secondary Cu, Pb and Zn minerals [2,10]. In our
previous work [11], we found that in the presence of
isopropyl ethylthionocarbamate, butyl xanthate, and

ammonium dibutyl dithiophosphate, the separation
between chalcopyrite and marmatite could not be
achieved at neutral pH. MBT is as powerful as the other
three collectors for the chalcopyrite, but it is a more
selective collector against copper-activated marmatite at
neutral pH and even better at alkaline pH. SZARGAN
et al [12] investigated the adsorption of MBT on galena
and pyrite surfaces by X-ray photo-electronic spectro-
scopy (XPS). They concluded that in 1x10 mol/L
aqueous solution, MBT chemisorbed on the mineral
surfaces via the thiolate group in monolayers. It was
proposed that MBT adsorption on PbS occurred
according to the mechanism that MBT—Pb formed on the
PbS surface confirmed by FTIR investigations [3], and
MBT bonded to Pb atom on the PbS surface through the
exocyclic sulfur atom. Besides, MBT is used as the
collectors in mineral processing. It is also used as
effective corrosion inhibitors because MBT can form
hydrophobic complexes with many metals such as Fe, Cu,
Co and Ni [13—15]. Therefore, thorough studies on the
electronic structure and reactivity between MBT and
surfaces are necessary.

Many modeling studies have been carried out on the
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collectors [16—18] and minerals [19-25]. STEELE
et al [26] performed calculations of possible modes of
interaction of Pb’" jons with the (110) surface of
sphalerite by using DFT to treat electron correlation.
BLANCHARD et al [27] investigated the influence of
incorporation of arsenic in FeS, pyrite, and they
predicted that the formation of AsS dianion groups on
FeS, surface is the most energetically favorable
mechanism [28]. In order to probe the adsorption of Cu
on pyrite (100), theoretical calculations were performed
by OERTZEN et al [29] by using ab initio density
functional theory, which supported the interpretation of
the spectroscopy. In order to better understand the
surface passivation in the leaching of chalcopyrite,
OLIVEIRA et al [30,31] studied the reconstruction of
(001), (100), (111), (112), (101) and (110) chalcopyrite
surfaces by DFT calculations within the plane wave
framework. Three different mechanisms were proposed:
S*” ions migrated to the surface tended to oxidize to form
disulfides S,”", while the superficial Fe'* was
concomitantly reduced to Fe’'; metal atom moved
downward to the surface and metallic-like bidimensional
alloys formed underneath the surface, which were in
good agreement with the results of XPS [32]. As stated
previously, it was well established that DFT calculations
were used in studying the electronic and molecular
properties of collectors and minerals, and the adsorption
mechanisms have been well recognized.

As MBT is more selective towards copper—zinc
sulfide minerals than conventional collectors, to obtain
further insights into the MBT—mineral surfaces
interactions, the present communication presents the
studies of the interactions of 2-mercaptobenzothiazole
(MBT) with chalcopyrite and sphalerite surfaces by
using FTIR and density-functional theory (DFT). The
flotation process of sulfide minerals involves many
factors that are beyond the scope of this study, such as
pH, pulp potential [33—35], water, surface defects
[19,37,38] and reconstruction [30,31,38]. Even a full
description of solid—liquid interface is still a difficult
task for the present quantum-chemical methods, hence it
is important to start with a simple model for this
theoretical investigation. Therefore, in this work, we
only considered the adsorptions of MBT on perfect
chalcopyrite (112) and sphalerite (110) surfaces.

All of the results aimed to contribute to the
knowledge of the chemical reactivity of the chalcopyrite
and sphalerite surfaces at a molecular level. Although the
results calculated in this work show a good agreement
with experimental observations, future investigation will
have to be focused on the effects of different exposure
atoms and surface reconstructions in order to better
understand the adsorption mechanisms of reagents on
mineral surface in flotation.

2 Experimental

2.1 Fourier transform infrared test

High-purity chalcopyrite, sphalerite and marmatite
samples used in the test were obtained from Dachang
concentrator, Guangxi, China. The chemical analysis of
the chalcopyrite sample showed 35.90% Cu, 33.99% S
and 29.17% Fe. The sphalerite sample contained 66.63%
Zn, 32.13% S and 0.16% Fe. The samples were dry
ground using a porcelain ball mill at a speed of 80 r/min.
Then, the ground samples were dry screened and <37 pm
sized fraction was used. The infrared spectra were
recorded by NEXUS—470 spectrometer operating in the
range of 4000400 cm™'. A mass of mineral sample (1 g)
was mixed with 20 mL of reagent solution at pH 6.86
and then ground in an agate mortar for 30 min, filtrated,
and rinsed twice or three times using the corresponding
pH buffer solution. Subsequently, the sample was dried
in a vacuum desiccator at 25 °C, and then used for FTIR
reflection spectra measurement. The KBr pellet
technique was adopted for recording the spectra.

2.2 Computational details

The quantum chemical calculations were performed
using the Materials Studio 5.5 program CASTEP within
the framework of nonlocal density functional theory
using the generalized gradient approximation (GGA) of
PERDEW et al [39]. The Perdew, Burke and Ernzerhof
(PBE) functional models were carried out to study MBT
adsorption on chalcopyrite and sphalerite surfaces [39].
Valence electron configurations in this work included Zn
3d"%4s%, S 3s23p4, Cu 3d"4s', and Fe 3d%s’. To model
bulk properties using the super cell formalism, a suitable
model system was constructed, and then repeated
periodically. The size of the super cell must be
sufficiently large to avoid spurious effects caused by
interaction of the model system with its images.

Chalcopyrite crystallizes in tetragonal group with
four formulas per unit cell; the space group is /-42d. The
lattice parameters were determined by KNIGHT
et al [40] to be a=b=5.29 A and ¢=10.4217 A. When the
mineral cleavage plane was constructed, the vacuum
thickness was fixed at 10 A, and then the surface free
energies were calculated under the corresponding atomic
layer number. The convergence test results of surface
free energy of CuFeS, (112) and (101) slices are shown
in Fig. 1. The formula is shown as follows:

Elatt -E

1 .
Eurf == lim slice (1)

S 2 Mo Ahkl
where Ej, is the energy of body model with the same
atomic number; Eg;.. is the energy of crystal surface
model; 4y is the crystal surface area; 1/2 is the two
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Fig. 1 Convergence test results of surface free energy of
CuFeS, (112) and (101) slices

surfaces of the section.

It is shown from Fig. 1 that, when the layer number
is small, the fluctuations of the two surface free energies
are serious. The surface free energies tend to be stable
when the layer number is larger than 3. The stabilizing
value is the surface free energy. The lower the surface
free energy is, the more stable the surface is. As shown in
Fig. 1, the surface free energies of chalcopyrite (112)
surface and (101) surface are 0.3359 and 0.5317 J/m?,
respectively. Thus, chalcopyrite (112) surface is more
stable, which indicates that chalcopyrite can cleavage
more easily in parallel with the (112) surface. So, (112)
surface was chosen for further discussion.

The chalcopyrite (112) surface was simulated using
a slab model considering a super cell (2x2x1) with two
unit cells along directions a and b and 8§ atomic layers in
direction ¢ with the top 4 atomic layers free to relax. To
avoid the interaction between the slabs, a vacuum
thickness of 10 A was applied along direction c. The
kinetic energy cutoff of 245.0 eV (Table 1) for the plane
wave basis was used throughout the study, and k-points
of 5x5%2 grid for all structure calculation. The energy
tolerance, force tolerance, and displacement tolerance
were 5.0x10* eV/atom, 0.01 eV/A and 0.005 A,
respectively. The calculated lattice parameters were
a=b=5.2867 A, and ¢=10.452 A.

The cell parameters of sphalerite are a=b=c=5.41 A,
and a=p=y=90° [41]. The perfect ZnS (110) surface was
modeled using 2x2x1 super cell with 9 atomic-layer
slabs of ZnS and a vacuum thickness of 12 A. The
kinetic energy cutoff of 370.0 eV (Table 1) for the plane
wave basis was used throughout the study, and k-points
of 3x3x3 grid for all structure calculation, which were
sufficient after convergence tests. The energy tolerance,
force tolerance, and displacement tolerance were
5.0x107% eV/atom, 0.01 eV/A and 0.0005 A, respectively.
The calculated lattice parameters were a=b=c=5.37 A.

Table 1 Results of cut-off energy as function of GGA-PBE

Mineral Cut-off
mera He Cell constant/A  Energy/eV
(k-point) energy/eV
a=b=5.2739,
210 ~11067.49
=10.3811
245 a=b=52698, |1 076.97
=10.3382 '
halcopyrit —h=5.1441
Chalcopyrite 280 “ © -11075.47
(5%5%2) =10.1257
a=b=5.1247,
300 ~11076.48
=10.0936
a=b=5.1157,
330 ~11069.89
=10.0581
330 5.4521 ~7957.67
_ 350 5.4527 ~7957.70
Sphalerite 370 5.4447 ~7957.86
(3%x3x%3)
390 5.4411 ~7957.79
430 5.4390 795777

The quantum chemical parameters of highest
occupied molecular orbital energy (Enomo) and lowest
unoccupied molecular orbital energy (ELymo) were
obtained using the density functional theory and
B3LYP/6—31G method in Gaussian 03.

3 Results and discussion

3.1 Infrared spectra

Infrared spectra were recorded for MBT,
chalcopyrite, sphalerite, and the products of interaction
between the mineral and MBT at pH 6.86. The FTIR
spectrum of MBT is portrayed in Fig. 2. The bands at
1587.128 and 1492.633 cm ™' are the vibration adsorption
peaks of C=C on aromatic ring. The C=N adsorption
peak at 1690-1630 cm ™' originally occurs at 1500—1400
cm ' due to the influence of surrounding environment.
Because of the effect of ligand (S), the ring stretching
vibration zone of C=N—S appears at 1400 and
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Fig. 2 FTIR spectrum for MBT
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1430 cm'. Therefore, 1419.351, 1241.932, and
1025.944 cm™' are C=N—S characteristic adsorption
peaks, C—N on benzene ring stretching vibration band,
and C—S stretching vibration peak, respectively. The
band at 746.317 cm ™' is due to the four contiguous H
atoms on benzene ring outward rocking vibration. In
addition, the strong band at 657.60 cm™' is attributed to
the vibration of C—S.

The FTIR spectra of chalcopyrite and sphalerite
before and after the interaction with MBT are depicted,
respectively, in Figs. 3 and 4, respectively. The infrared
spectra only show the 1800900 cm ™' region, since this
area includes most of the adsorption bands attributable to
the MBT. In Fig. 3, after interaction with MBT, it is
noteworthy that the bands at 1497.795, 1355.712,
1267.003, 1078.342, 1025.873, 875.104 and 642.18 cm'
are present on chalcopyrite surface due to chemical
interaction. These bands belong to stretching vibration
peaks of C=N, C=N—S and C—S. Similar band at
1355.712 cm™' has been reported by HOPE et al [42],
which is due to the formation of CuMBT.

In Fig. 4, there is no significant change after

Chalcopyrite

1267.003
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Fig. 3 FTIR spectra of chalcopyrite in absence and presence of
MBT

Sphalerite

883.238
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1099.206
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Fig. 4 FTIR spectra of sphalerite in absence and presence of
MBT

interaction with MBT. It is found that there is a small
migration of the peak at 1101.54 cm ', and the
displacement value is 1.948 cm™'. The results indicate
that MBT adsorbs on sphalerite surface physically.

3.2 Ab initio calculations
3.2.1 Stable form for MBT

In organic chemistry, MBT exists as thione and thiol
tautomers. Therefore, there are four tautomers including
ions and molecule shown in Fig. 5. FLEMMIG et al [43]
investigated the electron, chemical bonding states and
the adsorption on pyrite surface, and they concluded that
the energies of thione molecule and ion were —879.502
and —873.034 eV, respectively. In addition, the energies
of thiol molecule and ion were —875.735 and —868.891
eV, respectively. A smaller energy implies higher
stability index. Therefore, MBT is more stable when it
exists as thione. From the FTIR of MBT, it can be seen
that there is no band of S—H in thiol near 2500 cm'l, SO,
in this work, the thione tautomer is more stable than the
thiol tautomer. To obtain further insights into the stable
form of MBT, the ground-state geometries were fully
optimized using the density functional theory and
B3LYP/6-31G method in Gaussian 03. After
optimization, the energies of thione molecule, thione ion,
thiol molecule and ion are —1124.39, —1123.83, —1120.86
and —1120.36 eV, respectively, which indicates that
thione molecular is the most stable form.

9 9

(© (d) 2 H
Fig. 5 Thione and thiol tautomers of MBT: (a) Thione molecule;
(b) Thione ion; (c¢) Thiol molecule; (d) Thiol ion

The frontier orbitals of highest occupied molecular
orbital energy (Enomo) and lowest unoccupied molecular
orbital energy (Epymo) are related to the activity of a
molecular. The formation of a transition state is due to an
interaction between the frontier orbitals (HOMO and
LUMO) of reactants according to the frontier molecular
orbital theory [44]. It is well established that the higher
HOMO energy value or less negative HOMO reflects
that the molecule more easily releases the electrons to the
unoccupied orbitals of the metal and stronger
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chemisorbed band efficiency, thus the molecule has the
strongest interaction with metal and the best collector
ability [9].

So, the HOMO orbitals were taken into account
here because the MBT and its tautomers react as
electron-donor species in flotation. The HOMO maps are
shown in Fig. 6. It can be seen that for the thione
molecule and ion, HOMO orbitals lie mainly on the S2,
S1 and N atoms; while for the thiol molecule and ion,
whose HOMO orbitals are localized on the phenyl ring
besides S2, S1 and N atoms. The order of HOMO
energies in Table 1, from big to small, is thione molecule,
thione ion, thiol molecule, thiol ion, which suggests that
MBT in the form of thione molecule has the strongest
interaction with metals on mineral surfaces.

NN
KNRRRRRRD
RRERNRAA

N
NOEN
NN

(b)

@C
(d) s H
Fig. 6 HOMO for different forms of MBT tautomers:

(a) Thione molecule; (b) Thione ion; (c¢) Thiol molecule;
(d) Thiol ion

Mulliken population analysis, which is mostly used
for the calculation of the charge distribution in a
molecule, is another parameter for explaining the
nucleophilic phenomena and in turn reflects the chelating
ability. The atomic charge values are listed in Table 2 by
Mulliken analysis. For the four species tested, it is
observed that the S2 and N of the thione molecule
present negative charges. The S1 atoms present positive
charges and are poor donor atoms, which is attributed to
the delocalization by resonance with the aromatic ring. A
good agreement was found by WOODS et al [10].
Therefore, N and S2 on thione molecule are the more
favourable reactive sites for metal atom.

Table 2 Results of calculated HOMO, LUMO energies and
Mulliken charge of MBT species

Speci z &V E eV Mulliken charge/e

1 c
pecies HOMO/€ LUMO 3] 2 N
Thi

N 0088 0071 0570 -0.290 —0.237
molecule
Thioneion -0.101  —0.084  0.132 —0.120 0.031
Thiol

O 0012 -0.045 0489 —0.200 0.251
molecule
Thiolion —0247  —0.040 —0.818 —0.506 0.194

In comparison, it can be obtained that the most
stable status with the highest efficiency of MBT as a
collector is in the form of thione molecule. As a result,
the thione detailed
investigation.

3.2.2 Adsorption of MBT on CuFeS, (112)

The interactions of the thione molecule with

chalcopyrite and sphalerite surface were investigated

molecular was chosen for

aiming to understand the selectivity of MBT for the two
minerals, which can provide some information for the
separation of copper—zinc sulfide ore by flotation. In our
approach, different adsorption sites of Cu and Fe for
chalcopyrite (112) and Zn (4), (B) were considered.
Figure 7 shows the optimized structures of chalcopyrite
(112). The optimized Cu—S bond length was calculated
to be 2.313 A, which is in good agreement with the value
of 2.300 A obtained by SIESTA program [45]. The
adsorption energy can be calculated by

AEads: EMBT+surface_ Esurface_ EMBT (2)

where E,q is the adsorption energy; Emprisurface 1S the
final energy of the surface with MBT adsorbed on it, and
Egupce and Eypr correspond to the final energies of the
surface and MBT, respectively. A negative AE,4 means
that the adsorption can occur spontaneously. The lower
the AE,q4sis, the more stable the formed complex is, and
the larger the collecting capacity of the collector is [46].
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@Cu

Fig. 7 Top (a) and side (b) views of CuFeS, (112) surface

The adsorption energies of all calculated adsorption
sites are summarized in Table 3. For the (MBT—Cu)
adsorption mode, the adsorption energy was calculated
by Eq. (2) to be —185.1786 J/mol, which is smaller
compared with the adsorption energy for the (MBT—Fe)
mode. We believe that Cu atom is the more favorable

Table 3 Adsorption energies of MBT on mineral surfaces

2393

adsorption site for MBT compared with Fe atom
energetically. Cu is a soft Lewis acid explaining the
preference of the sulfur ion to the copper adsorption
sites. The optimized configuration of MBT in the form of
thione molecular adsorption on Cu site is shown in
Fig. 8. The bond length of S2—Cu is 2.204 A, which is
smaller than that of free S—Cu (3.01 A). It is important
to emphasize that, a strong chemi-adsorption occurs
between MBT and Cu atom on CuFeS; (112).

The PDOSs projected over the Cu atom before and
after adsorption are shown in Fig. 9, which indicates the
peak at —4.4 eV of 3d orbital disappears and shifts to the
conduction band after adsorption, suggesting that the Cu
3d orbital loses electrons and participates in the
interaction with MBT. As can be seen from Fig. 10
that, the peak at —1.96 eV of 3p orbital of S2 on MBT

Fig. 8 Optimized configurations of MBT adsorption on Cu site
on CuFeS, (112) surface

Surface Adsorption site Eoutace/eV Eypr/eV Evprsurtace/ €V Eqqs/(Jmol ™)
Cu —22136.8529 —2070.70 —24209.4758 —185.1786
CuFeS, (112)
Fe —22136.8529 —2070.70 —24206.8638 66.3617
Zn(4) —71615.4786 —2070.70 —73679.4175 651.1061
ZnS (110)
Zn(B) —71615.4786 —2070.70 —73675.9068 989.1924
5@ | 5[ b) |
T 6 [ To6f [
'y I ' i
g | g |
3 | : 3d |
Ol | 2 S
%) I %) |
o] : o 3 :
E 2r i E 2r P :
I |
| |
0 0

0
-8 -7 -6 5 -4 -3 2 -1
Energy/eV

0
-8 -7 6 5 4 -3 2 -1
Energy/eV

Fig. 9 PDOS of free (a) and adsorbed (b) Cu on CuFeS, (112) surface
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Fig. 10 PDOS of free (a) and adsorbed (b) S2 on MBT

molecule

molecule becomes depleted and a portion of the 3p
orbital moves evidently to the valence band after
adsorption, which implies that the 3p orbital of S2
receives electrons. The whole movement of 3s orbital to
the valence band occurs as shown in Fig. 10(b). It is
proved that the 3s and 3p orbits of S2 of MBT participate
in the reaction with Cu atom.

Further insights into the nature of S2 on MBT
surface bonding with Cu on CuFeS, (112) surface can be
obtained through the Milliken population analysis. Table
4 presents the Mulliken populations of Cu on CuFeS,
(112) surface and S2 of MBT before and after
adsorption. It can be seen that the population of d for Cu
atom decreases, while the population of p for S2 atom
increases simultanously. A good fit is obtained by the
PDOS analysis.

The electron density difference between S2 on MBT
molecule and Cu on chalcopyrite (112) surface is shown
in Fig. 11. The panel is cut through the center of Cu and
S2 atoms, herein, blue and red contours correspond to the
depletion of electron density and increased electron
density, respectively. The regions near Cu atom are blue,
which implies a depletion of electron density; the regions
around S2 atom are red, indicating an increase of
electron density, which are in a good agreement with the
findings of PDOS and Mulliken population analysis.
3.2.3 Adsorption of MBT on ZnS (110)

Figure 12 shows the optimized structures of

Electron
density/
(A7)

-2.305x107"!

-1.244 x107!
-1.835 %102
-8.769 x1072
-1.937 x107!

Fig. 11 Electron density difference of S2 and Cu

Table 4 Mulliken of Cu on CuFeS, (112) surface and S2 of
MBT before and after adsorption

Population/e Mulliken
d Total charge/e
Before adsorption 0.59 0.41 9.72 10.72  0.28
After adsorption 0.59 0.40 9.66 10.65 0.35
Before adsorption 1.92 4.24 0.00 6.16 —0.16

After adsorption 1.91 4.33 0.00 6.24 —0.24

Adsorption

Atom
state S p

Fig. 12 Top (a) and side (b) views of ZnS (110) surface

sphalerite (110). Zn—S bond length is estimated to be
2.274 A, which matches perfectly with the mean value of
2.29 A [26]. In our test, two different adsorption sites of
Zn atom have been considered. Based on the (2x2x1)
super cell shown in Fig. 12, sites 4 and B of Zn over the
superficial surface were tested. The adsorption energies
calculated for the (MBT-Zn(4)) mode and
(MBT-Zn(B)) modes are 651.1061 and 989.1924 J/mol
(Table 3), respectively. It is noteworthy that, under
vacuum condition, the MBT in the form of thione
molecule cannot adsorb on the perfect ZnS (110) surface
spontaneously.

The optimized configuration of MBT in the form of
thione molecular adsorption on Zn (4) site is shown in
Fig. 13. The bond length of S2—Zn is 2.439 A, which is
larger than that of S—Zn (2.430 A) and there is no
interaction between MBT and Zn (110) surface. The



Fen JIAO, et al/Trans. Nonferrous Met. Soc. China 25(2015) 2388—2397 2395

calculated results are in good
spectroscopy studies shown in Fig. 4.

agreement with

Fig. 13 Optimized configuration of MBT adsorption on Zn(4)
site on ZnS(110) surface

Milliken population analysis was conducted and the
results are shown in Table 5 to obtain further insights
into the adsorption mechanism of MBT—-ZnS(110)
surface. It indicates that after adsorption there is no
change for the atomic charges.

The previously study [ 16 ] indicated that the
selectivity of the collectors was related to their molecular
structure. The recovery of chalcopyrite was more than
96.23% in the presence of MBT (1.0x10° mol/L) and
the marmatite recovery after activation (c(CuSQOg4)=
1.0x10™* mol/L) was 61.22%, which was lower than that
of chalcopyrite. These ratios show the difference in the
selectivity by MBT. Mechanisms are proposed in this
study based on FTIR and computational analysis: A
chemi-adsorption occurs for MBT and hydrophobic
compound CuMBT forms on chalcopyrite surface, so the
floatability is improved; nevertheless, MBT cannot
adsorb on sphalerite surface spontaneously.

Table 5 Mulliken of Cu on CuFeS, (112) surface before and
after MBT adsorption

Population/e Mulliken
d Total charge/e
Before adsorption 0.83 0.84 9.98 11.65 0.35
After adsorption 0.82 0.86 9.98 11.66 0.34
Before adsorption 1.92 4.24 0.00 6.16 —0.16

1.90 426 0.00 6.16 —0.16

Adsorption

Atom
state S P

After adsorption

4 Conclusions

1) The chemical parameters such as the frontier
orbital energies and atomic charges, which can indicate
the reactive behavior of MBT tautomers, were

theoretically calculated and the adsorption mechanisms
of MBT on chalcopyrite and sphalerite surfaces were
determined by FTIR and DFT.

2) After conditioning with MBT, there were many
characteristic peaks of MBT observed on chalcopyrite
surface, which indicated a chemi-adsorption occurring;
while a small migration of the peak at 1101.54 cm'
appeared on sphalerite surface.

3) The thione molecular form of MBT was the most
efficient and stable, and N and S2 on thione molecular
were the more favourable reactive sites for nucleophilic
attack by metal atoms.

4) The results of calculations indicated that Cu atom
was the more favorable adsorption site for MBT
compared with Fe atom energetically, and the adsorption
energy was —185.1786 J/mol. Cu 3d orbital lost electrons
and participated in the interaction with MBT, and the 3s
orbital and 3p orbital of S2 of MBT received electrons.
Under vacuum condition, the MBT in the form of thione
molecular could not adsorb on the perfect ZnS (110)
surface spontaneously.

5) Compared with our previous study, it was
concluded that MBT was a more powerful collector for
chalcopyrite than for sphalerite.
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SRR R 7 R DA R Y
RFAIER: — M E I A AT A L5

£ 3, BIUR, X, IXA
RS W T 54 TR, Kb 410083

LA AT A R B R 2-SR ARG WEME(MBT) S SO A B S TR P LB EAT R
LLAMGIE TS LW, MRS YIER G, S R BP0 MBT MRHiElE, @5 C=N, C=N—S 1 C—S
e, FLRIRTH B4 CuMBT; {HJE, fENFED KIHAKINZ 7 MBT FRFIEIE. MBT LR 7>
TIEXAAAENTERE, N JRTHIRS S /TS5 ERERNY, A REES S . 5N (110)EAHLL, MBT
TS Gy W BRI (L12) 1, el TS S JRT 1) p Al s BLiE S Cu 1711 d UIETE OIF RO, TR
PPN RN o RSN, DU TR A AE 1) MBT 1R ME B AU AR AT (1 10) IHT
RSEIA: BT NEEDTs 2-SRHORDEWEMS; R ENVLER; B KRS
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