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Abstract: Tragacanth gum (TG) was explored as a depressant to realize the flotation separation of molybdenite and talc.
The flotation experiments indicated that when using potassium butyl xanthate (PBX) as a collector, molybdenite
showed excellent floatability while talc was completely depressed by TG, thus realizing the flotation separation of the
two minerals. X-ray photoelectron spectroscopy (XPS) analysis results showed that TG was adsorbed on molybdenite
surface via chemisorption. The results of contact angle measurement, Fourier transform infrared (FTIR) spectroscopy,
and time-of-flight secondary ion mass spectrometry (ToF-SIMS) indicated that the pre-adsorption of TG on molybdenite
could not hinder the further chemisorption of PBX on molybdenite. Because PBX has no collecting ability on talc, the

flotation separation of molybdenite and talc came true using PBX to collect molybdenite and TG to depress talc.
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1 Introduction

Talc is common magnesium-containing layered
silicate mineral, which is easy to enter the
molybdenum  concentrate  along  with  the
molybdenite flotation due to its good natural
hydrophobicity. The residue of talc in molybdenum
concentrate leads to the decrease of concentrate
quality, and the increase in the content of
magnesium in the molybdenum concentrate causes
the slag to be sticky and the melting point to
increase, which can increase the cost of the next
smelting process [1—5]. Therefore, the effective
separation and removal of talc from molybdenite
can not only improve the efficiency of resource
utilization, but also reduce the production cost,
which is a research hotspot and a challenge at

present.

In the flotation separation of sulphide ore
containing talc, there are generally three ways in
view of talc’s good floatability: pre-flotation to
removal talc, inhibiting talc while floating sulfide
ore, and removing talc from mixed concentrate by
acid leaching [6—10]. When using pre-flotation
method to removal talc, the amount of talc removal
and the dosage of reagent are hard to control.
Moreover, removing talc from mixed concentrate
by acid leaching requires a large amount of acid
solution and it is harmful to equipment, so this
method is also rarely used. Therefore, the direct
flotation of molybdenite is a more effective and
environment-friendly method, and the development
of effective talc inhibitors in the flotation process of
molybdenite is the key to realize this aim [11,12].

Over the last few decades, many depressants
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have been exploited to inhibit the flotation of talc
including inorganic (e.g., Na,SiOs3, Na,COj3, ZnSOy,,
and Al,(SOy);) [1,13] and organic depressants (e.g.,
carboxymethyl cellulose (CMC), guar gum, humic
substances, and starch) [3,13—19] as well as the
combinations of them. Although the above-
mentioned reagents have achieved a certain extent
of success in the depression of talc, their practical
applications are subjected to the toxicity and high
price. Therefore, it is urgent to develop more
efficient and environmentally friendly talc
inhibitors, and the relative mechanism investigation
will contribute to such a process.

Tragacanth gum (TG) is a white or yellow-
white powder, which is a natural gum obtained from
the dried juice of legumes. A viscous colloidal
solution is formed after being dissolved in water
and can be used as emulsifier, lubricating agent,
adhesives agent and suspending agent in the
medicine and food industry [20]. We used TG in the
previous study as a depressant of talc during the
chalcopyrite flotation and achieved effective
separation of the two minerals. In addition,
according to zeta potential and XPS measurements
results, we speculated that TG was adsorbed on
talc surface mainly through physical interactions,
hydrophobic interaction was considered as the main
driving force and hydrogen bond may also play a
role. However, there is less report on the influence
of TG on flotation behavior of molybdenite and
whether TG can separate it and talc is still unknown.
Therefore, this study is aimed at evaluating the
possibility of flotation separation of molybdenite
and talc by TG,
conducted in the flotation system with PBX as a
collector instead of traditionally used kerosene. In
addition, the adsorption mechanism of TG on
molybdenite explored by XPS
technology with the competitive adsorption
relationship of PBX and TG on molybdenite surface
being fully discussed by contact angle measurement,
FTIR spectroscopy, and ToF-SIMS determination.
This study will provide an interesting idea for
exploring depressants  in
separation of sulfides and silicate minerals.

and the experiments were

surface was

effective flotation

2 Experimental

2.1 Samples and reagents
Molybdenite and talc lumps of high purity

were obtained from Guangzhou, China. After
manual crushing, impurities removal, agate
grinding and dry screening, the obtained
37-150 um size fractions were used for flotation
experiments, XPS analysis, and ToF-SIMS
determination, and the <37 um particles were
prepared for FTIR spectroscopy test. The results
of XRD analysis (Fig. 1) and chemical analysis
(Table 1) showed that molybdenite and talc were of
high purity of 95.46% and 95.73% respectively.
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Fig. 1 XRD patterns of molybdenite (a) and talc (b)

Table 1 Chemical composition of molybdenite and talc
(wt.%)

Sample Mo Fe MgO SiO, Purity
Molybdenite  57.22 — - - 95.46
Talc - 056 30.39 63.05 9573

Reagents used in this study include collector
PBX, depressant TG (Fig.2), frother methyl
isobutyl carbinol (MIBC) and pH regulators of
hydrochloric acid (HCl) and sodium hydroxide
(NaOH). PBX was of industrial grade and it was
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obtained from Nanjing Yinmao lead-zinc mine. The
rest reagents were of analytical grade and they were
purchased from Shanghai Macklin Biochemical Co.,
Ltd. The flotation experiments were conducted in
distilled water with a resistivity of 18.2 MQ-cm.
Figure 2 shows that hydroxyl and carboxylthe are
the main function groups in molecular structure of
TG.

@: o

Fig. 2 Molecular structure of TG [20]

@

2.2 Flotation tests

In the single mineral flotation experiment,
mineral samples were added to the XFGIIS hanging
trough flotation machine (Changchun, China), and
the spindle speed was set to be 1992 r/min. The
flotation flowsheet was as follows: 2 g of samples
were mixed with 40 mL of distilled water and the
slurry pH was adjusted with HCl or NaOH. After
3 min conditioning, TG, PBX and MIBC were
added in sequence with 3 min conditioning time
respectively. After 3 min flotation, the obtained
flotation products were filtered, dried and weighed
sequentially to calculate the recovery. In the mixed
minerals flotation experiment, Mo grade in the
flotation products was analyzed for recovery
calculation.

2.3 XPS analysis

The 1 g of molybdenite sample was mixed
with 25mg/L TG solution at pHO9. After
conditioning for 10 min, the solid—liquid separation
was conducted. The filtered solid mineral was
dried in a vacuum drying oven below 40 °C. XPS
analysis was conducted with an X-ray photo-
electron spectrometer (Thermo Scientific Escalab
250Xi, USA).

2.4 Contact angle measurement

The polished sample blocks were soaked in a
breaker containing 50 mg/L TG and 2.0x10™* PBX
solutions for 10 min. The samples were then
washed three times with distilled water and then
dried with nitrogen. The contact angle was
measured three times for each sample using a
SL200C contact angle instrument (Shanghai,
China), and the mean value was used as the result.

2.5 FTIR spectroscopy

The FTIR spectra test was conducted with an
ALPHA FTIR spectrometer (Bruker, Germany).
Firstly, the sample was ground to particle size of
<37 um, and then 1 g sample and 40 mL distilled
water were mixed in a beaker. After the pulp pH
was adjusted to be 9, a desired concentration of TG
solution was added. After stirring for 10 min, the
solid—liquid separation was conducted, and the
obtained mineral was washed three times with
distilled water, followed by drying in a vacuum
drying oven below 40 °C before FTIR spectroscopy
test.

2.6 ToF-SIMS analysis

The adsorption and distribution of TG and
PBX on molybdenite surface were investigated by
time-of-flight secondary ion mass spectrometry
(ToF-SIMS) (ION-ToF, Munster, Germany).
Surface analysis was carried out with Bi’" with
energy of 30 kV as the primary ion and an analysis
current of 0.95 pA. The area of the sample used
for surface analysis was 500 um x 500 um. The
negative secondary ion mass spectra were calibrated
with CH", CH, and CHj;.

3 Results and discussion

3.1 Flotation experiment result

Molybdenite and talc are minerals with natural
floatability and they can float under the condition of
only adding frother. As seen from Fig. 3(a), at pH=9,
the flotation recoveries of molybdenite and talc
were 88.55% and 89.05%, respectively, in the
flotation system with frother alone. To reduce the
interference of other reagents when discussing the
effects of one reagent, the effect of TG on the
molybdenite and talc flotation was investigated
under the condition of no collector. As can be seen
in Fig. 3(a), when 25 mg/L TG was added into



3882

flotation pulp, both molybdenite and talc were
completely depressed, illustrating the strong
depressive effect of TG on the two minerals.
Figure 3(b) shows the influence of pH on the
depressive effect of TG on molybdenite and talc.
The results indicated that TG can completely
depress the flotation of molybdenite and talc at pH
of 3—11, reflecting its extensive applicability.
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Fig. 3 Effect of TG on flotation of molybdenite and talc
at different TG dosages (a) and pH values (b)

The results of Fig.3 showed that both
molybdenite and talc were depressed by TG, and
thus one of them must be activated by a collector to
achieve their flotation separation. It is universally
known that PBX is a widely used sulfide mineral
collector without collection on silicate minerals.
Besides, it has been proven in practice that adding
some polar collectors such as xanthate in the
flotation of molybdenite is beneficial to the
flotation [21-24]. Sequentially, the effect of PBX
on the flotation of TG-treated molybdenite and talc
was investigated. As depicted in Fig. 4(a), when
PBX dosage increased from 0 to 1.0x 10" mol/L,
the flotation recovery of molybdenite increased
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sharply from 0 to 89.7%. With increasing the PBX
dosage to 2.0x10*mol/L, the flotation recovery of
molybdenite continued to increase to 93.8%,
illustrating that molybdenite pre-inhibited by TG
could be activated by PBX and had excellent
floatability. In stark contrast, talc was always
completely depressed by TG regardless of collector
dosage.

Figure 4(b) shows the effect of PBX on the
flotation of molybdenite and talc at various pH
values. As shown in Fig. 4(b), pH had no influence
on the depression effect of TG on talc. At pH 3-9,
the flotation recovery of molybdenite remained
above 90%, and it was slightly lower at pH=11,
attributing to the oxidation of molybdenite under
alkaline conditions. On account of the above results,
TG can inhibit both molybdenite and talc. The
difference is that after PBX was used, molybdenite
can restore its original floatability while talc was
still inhibited completely by TG, which provided a
possibility for the flotation separation of the two
minerals.
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Fig. 4 Effect of PBX on flotation of molybdenite and talc
at different PBX dosages (a) and pH values (b)
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The flotation experiment of artificial
molybdenite—talc mixtures was carried out to
investigate the depressive effect of TG on talc and
the collective effect of PBX on molybdenite. It can
be seen from Table 2, at pH 9, a molybdenum
concentrate with molybdenite recovery of 96.52%
and Mo grade of 32.67% was obtained in the
absence of depressant. The high yield and low Mo
grade indicated that when molybdenite was
collected, a major of talc also floated into
concentrate. When 50 mg/L TG was added, a
molybdenum  concentrate  with  molybdenite
recovery of 84.42% and Mo grade of 46.05% was
obtained. By contrast, molybdenite recovery
decreased by 12.1% while Mo grade increased by
13.38%, indicating that most of talc was depressed
during molybdenite flotation.

Table 2 Flotation results for mixed minerals (1:1 mass
ratio of molybdenite to talc) in absence and presence of
depressant TG at pH 9 (2.0x10* mol/L PBX, and
2.0x10 *mol/L MIBC)

Mo  Molybdenite

Depressant  Product  Yield/% arade/% recovery/%
Concentrate 52.45  46.05 84.42
SOT“f L hilings 4755 937 15.58
Feed 100.00 28.61 100.00
Concentrate 85.00  32.67 96.52
None Tailings 15.00  6.67 3.48
Feed 100.00 28.77 100.00

3.2 Adsorption mechanism of TG on

molybdenite surface

The results of Fig.3 showed that both
molybdenite and talc were depressed by TG,
inferring the adsorption of TG on the surfaces of
two minerals. In previous research, we explored the
adsorption mechanism of TG on talc surface
through zeta potential and XPS measurements and
speculated that TG was adsorbed on talc surface
mainly through physical interactions. Among them,
hydrophobic interaction, i.e., the behavior of two
hydrophobic species coming together to avoid the
water, was considered as the main driving force and
hydrogen bond may also play a role [25]. However,
the adsorption mechanism of TG on molybdenite
surface remains unknown. Hence, in this study, we
focused on the adsorption of TG on molybdenite
surface and the competitive adsorption relationship

between TG and PBX on molybdenite surface.

X-ray photoelectron spectroscopy (XPS) is
often used in flotation studies to reveal the action
mechanism between organic molecules and mineral
surfaces. Hence, the XPS spectra of molybdenite
before and after TG treatment were first determined
and the corresponding results are shown in Fig. 5.
From Fig.5, the elements on molybdenite
surface were the same before and after the addition
of TG, including Mo, S, C and O, but atomic
concentrations were changed. Specifically, the
concentrations of Mo, S, C and O on bare
molybdenite surface were 20.82, 37.68, 28.39 and
13.1 at.%, respectively. After TG addition, the
concentrations of Mo and S decreased to 15.56 and
32.12 at.%, while the concentrations of C and O
increased to 38.68 and 13.64 at.%, respectively,
which supported the adsorption of TG on
molybdenite surface.

Molybdenite :MML)LW

Mo 3d
T~

Ols S2p

Molybdenite

at.%
Element - -
Molybdenite Molybdenite + TG~ D-value

Mo 3d 20.82 15.56 -5.26
S2p 37.68 32.12 -5.56
Cls 28.39 38.68 10.29
Ols 13.1 13.64 0.54

1400 1200 1000 800 600 400 200 O
Binding energy/eV

Fig. 5 XPS survey spectra for molybdenite before and
after TG treatment

Figure 6 shows the XPS narrow scanning
spectra of C 1s, O 1s, Mo 3d, S 2p of molybdenite
before and after TG treatment to further reveal the
chemical state of each element. From Fig. 6(a), the
peak fitting of the C 1s for bare molybdenite gave
one peak at 284.80 eV attributing to the C—C
adventitious After the
addition of TG, two new peaks appeared at
286.63 and 288.76 eV, which came from C—O and
C=0 [26—28]. The fitted O 1s spectra before or
after TG treatment only gave one peak at 532.51
or 532.58 ¢V, which was contributed to C—O
(Fig. 6(b)). In the fitted Mo 3d spectra for bare
molybdenite, the peak at 299.64 ¢V was assigned as
MoS,, while the other at 226.49 eV was related to

carbon contamination.
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Fig. 6 XPS narrow scanning spectra of C 1s (a), O 1s (b), Mo 3d (c), and S 2p (d) of molybdenite before and after TG
treatment
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S 2s, whose region strongly overlaps Mo 3d region.
It is worth noting that after TG addition, the binding
energy of Mo 3d of MoS, moved to 229.32 ¢V,
inferring the changing of electron density on Mo
atoms. Similar changes could be also found from
fitted S 2p spectra before and after TG treatment
(i.e., decreasing from 162.47 to 162.14¢V,
Fig. 6(d)). All of the above findings suggested that
TG was adsorbed on molybdenite surface by
chemisorption.

3.3 Competitive adsorption mechanism of PBX

and TG on molybdenite surface
3.3.1 Contact angle measurement result

The flotation results showed that PBX and TG
had competitive adsorption on the surface of
molybdenite, and the adsorption capacity of PBX
on the surface of molybdenite was stronger than
that of TG on the surface of molybdenite. Therefore,
PBX can replace the adsorbed TG molecules on the
surface of molybdenite to some extent. The contact
angle FTIR spectroscopy, and
ToF-SIMS were conducted to prove it. It can be
seen from Fig. 7 that the surface contact angle of
bare molybdenite was 54.8°, which was similar to
that reported in previous literatures [29—31]. At this
point, molybdenite had a good floatability as
proven in the single mineral flotation experiment.
After treatment with TG, the contact angle of
molybdenite decreased to 38.5°, indicating the
adsorption of TG on the surface of molybdenite.
After the TG-treated mineral was then treated by
PBX, the contact angle of molybdenite increased to
62.5°, stating the further adsorption of PBX on the
TG-treated molybdenite surface.

measurement,

3.3.2 FTIR analysis

The FTIR spectra of molybdenite before and
after TG and PBX treatment were measured. Firstly,
the FTIR spectra of reagents TG and PBX were
measured to determine the major functional groups
in reagents molecular. As seen from Fig. 8(a), four
kinds of peaks can be distinguished in the tested
TG sample. It has been well documented that the
absorption band at 3392 cm' is related to the
hydroxyl (—OH) while the bands over ranges of
1416-2149 cm™ ' are attributed to carbonyl (C==0)
groups. The absorption peak at 2929 cm™
corresponds to the vibration of —CH, groups,
while that at 1026 cm ™' was indicated as clues for
stretching vibrations of polyol carbonyl (C—O),
ether and alcoholic groups [32—35]. As for PBX,
four kinds of peaks can be identified in the tested
sample. Among them, the absorption peak at
3401 cm ™' is ascribed to the vibration of hydroxyl
(—OH), which comes from the moisture absorbed
by PBX. The absorption peaks at 2960, 2934 and
2872 cm’ correspond to the stretching vibration
of —CHj;, —CH,; and —CH groups, while those
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Fig. 7 Contact angles of molybdenite before and after
treatment with TG and PBX
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Fig. 8 FTIR spectra of TG and PBX (a), and molybdenite
before and after reagents addition (b)
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located at 1612, 1467, 1368 and 620 cm ' are in
connection with the deformation vibration of
—CH;, —CH, and —CH groups. The absorption
peaks over the range of 1109-1280cm ' are
attributed to the stretching vibration of C—0O, C—S
and C=S [36].

The FTIR spectra of molybdenite before and
after treatment with TG and PBX are shown in
Fig. 8(b). In the FTIR spectra of molybdenite with
TG treatment, the possible absorption peaks of TG
were seen on molybdenite surface at around 3435,
1610 and 1020 cm™', attributed to the stretching
vibration of —OH, C=0 and C—O respectively,
validating the contact angle measurement and
single mineral flotation experiment results that TG
was adsorbed on molybdenite surface and inhibited
its flotation.

When PBX was used, the possible absorption
peaks of PBX appeared on molybdenite surface
at around 2967, 1631, 1416, 1345 and 1262—
1002 cm™" corresponding to the stretching vibration
of — CHj, deformation vibration of — CHs,
—CH, and —CH groups and stretching vibration
of C—0, C—S and C==S, respectively, indicating
the adsorption of PBX on molybdenite surface. This
demonstrated that the pre-adsorption of TG on
molybdenite surface could not hinder the further
adsorption of PBX. These were in good agreement
with the contact angle measurement and the single
mineral flotation experiment results that the
pre-inhibited molybdenite by TG could obtain
excellent floatability after the interaction with PBX.
3.3.3 ToF-SIMS analysis

The chemical statement of molybdenite
surface after interaction with TG or TG+PBX can
be detected by ToF-SIMS. In this study, ToF-SIMS
measurement was conducted to determine the
chemical composition of molybdenite concentrate
and tailings surfaces. And the negative-ion
ToF-SIMS spectra and images were selected to
characterize the reagents adsorption on molybdenite
surface.

In negative-ion spectra of molybdenite tailings
obtained by TG treatment alone (Figs. 9(a, b)), the
ions detected in the m/z range of 0—200 were O
(m/z 16), OH (m/z 17), CH, (m/z 25), S (m/z 32),
C,HO (m/z 41), CHO, (m/z 45), C,H;0, (m/z 59),
C;H;30, (m/z 71), C3H;0, (m/z 87), SO4H (m/z 97),
CsHoOCS, (m/z 149), and MoS; (m/z 193),
indicating the adsorption of organic molecule TG

on molybdenite surface. It is noted that the ion
intensities of O (m/z 16), OH (m/z 17), CH,
(m/z 25), C,LHO ™ (m/z 41), CHO, (m/z 45), C,H;0,
(m/z 59), C;H;0, (m/z 71) and C;H;30; (m/z 87) on
the molybdenite concentrate obtained by TG + PBX
treatment were lower, while the ion intensities of S~
(m/z 32), C4HoOCS, (m/z 149), and MoS; (m/z 193)
were higher (Figs. 9(c, d)), compared with those on
the molybdente tailings obtained by only TG
treatment. More specifically, normalized intensities
(NI) of OH (m/z 17) and CHO, (m/z 45) on
molybdenite tailings were 1.21x102and 2.00x1072,
respectively, while normalized intensity (NI) of
C,HoOCS; (m/z 149) was 6.81x107". It was
noteworthy that OH (m/z 17) and CHO, (m/z 45)
represented the adsorption of TG, while C4;HyOCS,
(m/z 149) represented the adsorption of PBX. On
molybdenite concentrate obtained by TG+PBX
treatment, normalized intensities (NI) of OH
(m/z 17) and CHO; (m/z 45) were 8.38x107° and
9.97x107, respectively, lower than those on
molybdenite tailings obtained by only TG treatment;
normalized intensity (NI) of C;HyOCS, (m/z 149)
was 1.08x107°, higher than that on molybdenite
tailings obtained by only TG treatment. The results
of ToF-SIMS suggested that in the flotation system
with TG and PBX, TG and PBX competed to
adsorb on the surface of molybdenite, and the
pre-adsorption of TG molybdenite surface could not
hinder the further adsorption of PBX onto it.

3.4 Discussion

Molybdenite and talc are naturally floatable
minerals and the two minerals have high flotation
recovery with the addition of proper frother. TG has
a heterpolar molecule with a large number of polar
groups on the hydrocarbon skeleton, with hydroxyl
and carboxyl groups throughout the molecule.
When TG is added to the flotation pulp, part of the
hydroxyl group and carboxyl group in TG
molecules interact with molybdenite and talc
surface through hydrogen bonding, hydrophobic
interaction or chemical action, while the other
polar groups move outward to form a hydrophilic
adsorption layer, which enhances the hydrophilicity
of the mineral surface.

PBX has a heteropoly molecule, which is
composed of hydrophobic butyl group and
hydrophilic xanthic acid group. According to the
principle of “similarity attracts”, PBX has selective
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Fig. 9 Negative-ion ToF-SIMS spectra (a—d) and images (e—j) of surface of molybdenite tailings obtained by TG
treatment alone (a, b, e, f, g) and molybdenite concentrates obtained by TG + PBX treatment (c, d, h, 1, j)

collection effect on sulfide minerals containing S basal and edge planes. The basal planes are formed
atoms on the mineral lattice surface. Molybdenite by the breakage of weak van der Waals forces
has a layered structure with two orientation surfaces: between layers (S—S bonds) while the edge planes
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are generated by the rupture of strong covalent
Mo—S bonds. WEI and LI [22] explored the
reasons for the differences in the properties of
molybdenite “surface” and “edge” through density
functional theory and discussed the effects of water,
kerosene, and xanthate on the surface of
molybdenite. They found that the adsorption energy
of PBX on the molybdenite “surface” is positive,
while the adsorption energy on the molybdenite
“edge” is negative, indicating that PBX can be
adsorbed on the molybdenite “edge”, but cannot
be adsorbed on the molybdenite “surface”, and
PBX is adsorbed on molybdenum “edge” by the
bonding interaction of the S atom in its C—S single
bond with Mo atom at the molybdenite “edge”,
which is consistent with the results of previous
studies [21,23].

The polar xanthic acid of PBX can be
adsorbed firmly on the surface of molybdenite,
while the hydrophobic butyl group is arranged
directionally outward, which causes the hydro-
phobic surface of molybdenite. The results of
contact angle test, FTIR measurement and
ToF-SIMS analysis show that in the flotation
system containing TG and PBX, TG and PBX had
competitive adsorption on the surface of
molybdenite, and the pre-adsorption of TG on
molybdenite could not hinder the subsequent
adsorption of PBX on the surface of molybdenite.
Therefore, as shown in the flotation results,
molybdenite maintained a high flotation recovery,
while the flotation of talc was seriously inhibited by
TG, thus achieving the flotation separation of the
two minerals.

4 Conclusions

(1) TG was a non-toxic, environmentally
friendly and highly efficient organic depressant of
molybdenite and talc and could completely depress
the flotation of the two minerals in the absence of
collector.

(2) In the flotation system consisting of TG
and PBX, molybdenite showed excellent
floatability while talc was severely depressed and
the flotation separation of the two minerals was
verified successful by artificial mixed minerals
flotation experiment.

(3) XPS analysis show that TG was adsorbed
on molybdenite surface by chemisorption, and

meanwhile hydrogen bonding and hydrophobic
interaction may also play a role in the adsorption
process. The results of contact angle test, FTIR
measurement and ToF-SIMS analysis showed that
in the flotation system containing TG and PBX, TG
and PBX had competitive adsorption on the surface
of molybdenite, and the pre-adsorption of TG on
molybdenite could not hinder the subsequent
adsorption of PBX on the surface of molybdenite.
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