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Abstract: Talc usually exists as a gangue mineral in copper-nickel sulfide, molybdenite etc. In order to
separate precious metals, naturally hydrophobic talc should be depressed effectively in flotation
process. The effect of fenugreek-gum (FG) on the flotation performance of talc with different particle
sizes was studied. The depression mechanism was investigated extensively through tests of flotation,
adsorption and zeta potential, as well as infrared spectroscopy and laser particle size analysis. Flotation
results indicated that the FG had a strong depression ability for talc with the particle size of -0.074 +
0.037 mm, -0.037 mm and -0.010 mm when proper dosage of FG was added. The coarse talc was
completely depressed by 2.5 mg/ dm? FG. When the particle size decreased, more FG was required to
obtain the maximum depressing effect, which was verified by adsorption tests. FG reduced the
electronegativity on the talc surface by chemical adsorption, and flocculation of talc powders caused a
high efficient depressing effect.
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1. Introduction

Talc is the most common hydrophobic mineral associated with complex copper-nickel sulfide ore or
occurred in the ore of platinum group metals (Beattie, et al., 2006a). The Mohs hardness and relative
density of talc are 1 and 2.58~2.83, respectively. Pure talc is always pink, light gray or celadon caused
by different impurities (Chen, 2005). The molecular formula of talc is Mgs[SisO10](OH)2, and talc is
mainly composed of 31.7% MgO, 63.5% SiO,, 4.8% H>O (Liang and Xue, 1994). Talc, as a chemically
stable substance, does not react with strong acid and alkali (Deng, et al., 1995; Zhang, et al., 2014).

Talc, as a gangue, usually associates with complex sulfide ores (Jiang, 1999; Dong, et al., 2006; Jiang,
etal., 2012). Separation of talc from sulfide mineral is still a major challenge due to its natural floatability
(Li, 1998). High MgO content in sulfide concentrate requires high temperature and causes high slag
viscosity in smelting process, which definitely increases the cost of smelting process (Pietrobon, et al.,
1997; Feng, et al., 2012). Therefore, it is urgent to improve removal rate of talc as much as possible in
flotation process.

At present, many methods have been used for solving the problem mentioned above, e.g. desliming
in advance, preferential talc flotation, adding talc depressant prior to the flotation of sulfide minerals
(Chen, et al., 1999). In the industrial practice, macromolecular polysaccharides (like guar gum and
carboxy methylated cellulose) are widely used as depressant for talc in flotation process (Beattie, et al.,
2006a, b; Zhang, et al., 2011). However, polysaccharides suffer from high reagent dosage and high price,
and thus increase the cost of talc depression in flotation process (Wiese, et al., 2007). Previously, Zhao
et al. found that fenugreek-gum (FG) was superior to the guar gum for talc suppressing due to easy
preparation and low cost (Zhao, et al., 2015b). However, there is little information on depression
mechanism of FG for talc with different particle sizes.
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In this study, FG was used to depress talc, and the depressing performance of FG was investigated
by single mineral flotation tests. The effect of flocculation on talc powders was examined through laser
particle size analysis. In addition, the adsorption mechanisms of FG on talc surface were determined by
adsorption tests, zeta potential measurements and infrared spectrum analysis.

2.  Experimental
2.1 Material and reagents

A sample of pure talc was obtained from Donghai, Jiangsu, China. The talc was crushed, manually
sorted to remove quartz, ground with porcelain ball mill, and sieved into three size fractions of -0.074 +
0.037 mm, -0.037 mm and -0.010 mm, hereafter abbreviated as Ta-1, Ta-2 and Ta-3, respectively.

The chemical analysis of talc is shown in Table 1. The X-Ray diffraction (XRD) of talc is displayed in
Fig. 1. Table 1 and Fig. 1 indicate that the purity of talc is more than 90%, which meets the requirement
of flotation tests.

Table 1. Chemical analysis results of talc

Element MgO 5iO, AlLO; Fe O3 CaO
Grade(mass fraction, %) 3043 57.15 0.29 0.63 0.17
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Fig. 1. The XRD spectra of talc

Fenugreek-gum [FG, (C12HsOs)n, purity>93%], a new generation of polysaccharide gum, was
supplied by the IMUMR Flotation Reagents Limited Company, China (Zhao, et al., 2015b). The
molecular weight of FG was about 300,000. FG solution was prepared by dispersing a known weight of
FG in distilled water at 25 °C and then dissolving it in hot distilled water (80 °C). The potassium amyl
xanthate (PAX), guar gum and methyl isobutyl carbinol (MIBC) were used as collector, depressant and
frother, respectively. The pH was adjusted with sodium hydroxide (NaOH) or hydrochloric acid (HCI)
solutions. The chemicals were of analytical grade, and distilled water was used throughout
experimental tests.

2.2 Methods

Single mineral flotation experiments were carried out in the XFG flotation machine (Fig. 2) with the
impeller speed of 1900 rpm. For each test, 2.0 g mineral was placed in a 40 cm? flotation cell, followed
by stirring the slurry for 1 min after adding 35 cm? distilled water. The pH of pulp was adjusted by HCI
or NaOH for 2 min. Subsequently, the desired dosages of FG and MIBC were added in sequence into
the flotation cell and mixed for 4 min and 1 min, respectively. The conditioned slurry was floated for 3
min. Both the concentrates and tailings were filtered, dried and weighed to calculate mineral recovery
in mineral flotation.
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For adsorption tests, 2.0 g talc was mixed with 35 cm? distilled water, and desired reagents were
added in the same order as in flotation tests. The suspension was then centrifuged for 20 min and the
supernatant was analyzed using the TU1810 UV-Vis spectrophotometer.

Fig. 2. XFG flotation machine for single mineral flotation tests

2.3 Analysis

Zeta potential measurements were carried out using a Coulter DELSA440S II Type electro-kinetic
instrument. Specially, 2.0 g talc was ground to below 2 pm by agate mortar. Small quantities of talc
powders were added into a beaker with 40 cm? distilled water. Same reagents as used in flotation tests
were added, and the slurry was ultrasonicated for 3 min and magnetically stirred for 10 min. The
suspension pH adjusted using HCI or KOH. Zeta potential of samples was then measured separately.

A 2.0 g talc was added into 30 cm?® aqueous solution with or without 20 mg/dm? depressant at pH
5.5, and ultrasonically treated for 5 min. The pulp was then centrifuged and washed at least three times
with distilled water. Finally, the sediments were air-dried at room temperature. The infrared spectra of
samples were recorded using a Model Nexus 670 Fourier transform infrared spectrometer (FT-IR).

A 2.0 g talc was mixed with 35 dm? distilled water in a 1000 dm3 beaker. Next, the same reagents
were added as used in flotation test, and the slurry was stirred for 5 min. The average particle size of
pulp was finally measured with the Mastersizer 2000 laser particle size instrument.

3 Results and discussion
3.1 Effect of FG on talc flotation

The effect of pH on the flotation behavior of talc with different particle sizes is shown in Fig. 3. The
flotation recovery of Ta-1 fluctuated slightly around 85% in the whole pH range. Ta-2 also showed good
natural floatability, although the recovery was slightly lower than Ta-1. However, the floatability of Ta-
3 became very weak, and the flotation recovery was constant at 44 %.

The effect of FG on flotation behavior of talc with different particle sizes as a function of pH is shown
in Fig. 4. The dosage of FG for talc was controlled at 20 mg/dm?3 since the depression effect at 0.5
mg/dm3 was insignificant. FG essentially had no influence on flotation of Ta-1 under acidic conditions.
Fig. 3 and Fig. 4 indicated that the flotation recovery was decreased at a FG dosage of 0.5 mg/dm3. The
depression ability of FG gradually increased with the increase of pH value. The flotation recovery of
Ta-1 decreased to 45% as the pH value increased to 11.5. For the Ta-2, the recovery decreased with
increasing pH value under acidic conditions, but without obvious changes in the alkaline conditions.
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For the Ta-3, the recovery varied slightly in the whole range of pH values. Meanwhile, Fig. 4 also
indicated that in comparison with guar gum, FG showed stronger depressing effects with Ta-3, which
was in agreement with previous results (Zhao, et al., 2015b). The relationship between the pH and the
depressing effect of FG on talc suggested that the depression effect on talc became weaker and slightly

affected by pH when the particle size of talc dropped.

Fig. 3. Effects of pH values on flotation behavior of talc with different particle size
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Fig. 4. Effects of FG on flotation behavior of talc with different particle size as a function of pH
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Fig. 5. The effect of FG concentration on flotation behavior of talc with different particle size
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In this study, the depression of talc was evaluated according to copper-nickel sulfide flotation
system. Previously, Zhao et al. (2015b) proved that the preferable pH for the separation of talc from
copper-nickel ores was 5.5. Therefore, pH value of 5.5 was chosen for following experiments and
analysis.

Fig. 5 displays the effect of FG on flotation behavior of talc with different particle size at pH 5.5. Fig.
5 revealed that FG had great depressing effect on Ta-1 and Ta-1 was completely depressed by 2.5 mg/
dm? FG. For Ta-2, the flotation recovery decreased rapidly with the increase of FG dosage. Complete
depression of Ta-2 was achieved at FG dosage of 50 mg/ dm3. However, the recovery of Ta-3 was less
than 10% when the FG dosage is 200 mg/ dm?3.

3.2 Adsorption behavior of FG on talc surface

Fig. 6 shows the effect of FG on adsorption of talc at pH 5.5. The adsorption capacity of FG on Ta-1 was
better than that of smaller powders with the same dosage of FG. It was due to that the absorbed FG per
unit area decreased as the particle size reduced and specific surface area increased. There are differences
in the adsorption behavior for different dosages of FG on talc. With increasing the FG dosage, the
adsorption quantity of FG on Ta-1 surface increased slightly, the increase of the adsorption quantity on
Ta-2 became smaller, while the adsorption capacity on Ta-3 increased. When the depressant dosage of
FG increased, the adsorption density on Ta-2 increased from 0.25 mg/m? to 0.92 mg/m?, and the
adsorption density on Ta-3 increased from 0.12 mg/m? to 0.65 mg/m?. The adsorption capacity of Ta-1
was larger than that of Ta-2 and Ta-3, especially under low FG dosages. In addition, Ta-1 was basically
independent of the depressant dosage and maintained an adsorption density of about 0.9 mg/m?.
Besides, a large adsorption space for Ta-3 was observed at all concentrations of FG. The adsorption
behavior of FG on talc surface was consistent with the flotation results for talc with different particle
sizes.
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Fig. 6. The effect of FG concentration on adsorption of talc with different particle sizes (pH 5.5)

3.3 Effect of FG on the surface zeta-potential of talc

The zeta potential of talc untreated and treated with FG as a function of pH are displayed in Fig. 7. The
results indicate that talc surface was negatively charged within the pH regions. In addition, zero
isoelectric point was not detected. With the increase of pH, FG had a great influence on surface
electricity of talc. Because adsorption of nonionic FG on talc surface prevented the adsorption of
hydroxyl ions on mineral surface (Zhao, et al., 2015b), the zeta potential of talc was gradually shifted to
positive after interacting with FG, and the absolute value of zeta potential was smaller than that of
untreated talc.

3.4 Infrared spectroscopy analysis

The FT-IR spectra of talc before and after interacting with FG are shown in Fig. 8. In the spectrum of
talc, the sharp bands near 3676 cm™ and 1018 cm corresponded to the stretching vibration of -OH and
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C-O, respectively. The bands near 673 cm™! and 472cm were due to flexural vibrations of Mg-O and Si-
O, respectively (Amekura, et al., 2003). In the spectrum of FG, the characteristic bands near 3452 cm-!
and 2889 cm™ were due to -OH stretching vibration and -CH> stretching vibration, respectively. The
band near 1651 cm assigned to the stretching vibration of the ring of six-member carbon oxygen ring,
and the band near1431 cm! and 1018 cm-! were due to -COO stretching vibration and C-O stretching
vibration (Derrick, et al., 1999; Argun and Dursun, et al., 2006; Yang, et al., 2011; Hebeish, et al., 2013).
A strong sharp band of -OH appeared near 3441 cm! in the spectrum of talc after treating with FG.
Meanwhile, the band of near 1018 cm shifted to 1010 cm™ (Xia et al, 2014). The results implied that FG
was adsorbed on talc surface by chemical adsorption (Zhao, et al., 2015b). This was the reason why FG
had greater depression effect on talc.
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Fig. 7. The zeta potential of talc as a function of pH in the presence and absence of 20 mg/ dm3 FG
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Fig. 8. Infrared spectra of talc before and after interacting with 20 mg/ dm3 FG (pH 5.5)

3.5 Flocculation effect of FG on fine talc

Fig. 9 displays the effect of FG on the average particle size of talc. The average size of Ta-1, Ta-2 and Ta-
3 was gradually increased with increasing FG dosage. When the FG dosage was 50 mg/ dm?, the
average particle size of Ta-2 and Ta-3 increased from 26 pm and 7 pm to 31 pm and 11 pm, respectively,
suggesting the flocculation effect of FG for talc. Fig. 7 and Fig. 8 indicated that addition of FG decreased
the absolute value of surface charge and the inter-particle repulsion, which reduced inter-particle
dispersibility. Therefore, the inter-particle flocculation became more easily.

4 Conclusions

In this work, the effect of fenugreek-gum (FG) on the depression of talc with different particle sizes and
the depression mechanism were systematically investigated. The floatability of talc was influenced by
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the granularity, and the floatability of talc in different particle sizes followed the order: -0.074+0.037mm
> -0.037mm > -0.010mm. FG had a strong depressing effect on talc, especially for coarse talc, the -
0.074+0.037mm size fraction of talc was completely depressed by 2.5 mg/ dm?3 FG. The depressing effect
of FG for talc was influenced by particle size. Larger dosage of FG was needed in order to completely
depress talc with smaller particle size. The absolute value of talc surface charge and the inter-particle
repulsion decreased in the presence of FG, causing easier inter-particle flocculation. FG interacted with
talc surface by chemical adsorption.
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Fig. 9. The effect of FG concentration on the average particle size of talc (pH=5.5).
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