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a b s t r a c t

The effect of lead ions on cassiterite flotation with salicylhydroxamic acid as collector was assessed by a
combination of microflotation tests, adsorption experiments, zeta-potential determinations, and X-ray
photoelectron spectroscopy (XPS) analysis in this work. Microflotation tests confirmed the contribution
of lead ions to cassiterite flotation at an increased floatability of 12.12% compared with that in the
absence of lead ions. The adsorption experiments demonstrated that the adsorbed amount of SHA onto
cassiterite surfaces was greatly increased after treatment with lead ions. The results of zeta-potential
determinations indicated that the cassiterite surface was activated by the adsorption of lead species in
the form of Pb(OH)+, and the higher adsorption capacity of SHA onto the mineral surface was obtained
after modifying with lead ions. XPS analysis revealed that lead ions adsorbed onto the mineral surface
through the interaction between lead species and oxygen sites of cassiterite surfaces. This occurrence
increased the number of active sites on the mineral surface and improved the collector attachment.
These results consistently indicated that the activity of the cassiterite surface increased after pretreat-
ment with lead ions and enhanced the flotation behavior.

� 2017 Elsevier B.V. All rights reserved.

1. Introduction

Tin is an important metal with extensive applications, such as in
soldering, plating, alloy production, chemistry, and metallurgy. In
nature, the metal mainly exists in the form of cassiterite (SnO2).
In the past, gravity-separation technology has been utilized to
enrich tin minerals from ores, and flotation method is employed
to remove sulfide minerals from tin concentrations to further
increase tin grade [1–3]. With the progressive exploitation and
exhaustion of rich tin resources, low-grade, and refractory ores
are processed and considered for tin-mineral extraction. Tin miner-
als in such ore body type are finely disseminated. Given the brittle
nature of cassiterite, the recovery of fine and ultrafine cassiterite
particles should be the core of work. However, the gravity concen-
tration technique is restricted by the exceedingly fine particle sizes
of cassiterite [4–6]. For these reasons, the froth flotation method
has been given increased attention for the recovery of fine and

ultrafine cassiterite particles from low-grade tin ores and gravity
tailings [7–9].

Froth flotation is an effective method for separating target min-
erals from gangue minerals depending on their surface differences
in physicochemical properties. The selection and application of an
appropriate collector are vital to the mineral flotation process.
Numerous collectors have been developed and employed to exam-
ine the flotation performance of cassiterite minerals. Xu and Qin
[10] investigated the interaction between cassiterite and sodium
oleate using flotation experiments, solution measurements, and
surface analysis. Alkane dicarboxylic acids were found as a suitable
collector for effectively floating cassiterite particles at a low dosage
of reagents [11]. The finely disseminated tin minerals could be
recovered with a high-grade tin concentration using styrene phos-
phonic acid as a collector, and the collection was confirmed
through laboratory and plant tests [12]. Li et al. [13] demonstrated
that a-hydroxyoctyl phosphinic acid showed a collection ability
and selectivity for cassiterite superior to those of styrene phospho-
nic acid. The involved interaction mechanism was studied by sur-
face analysis techniques. Sulfosuccinamate was introduced to
serve as collector for cassiterite flotation, and chemical bonding
occurred between sulfosuccinamate and cassiterite surfaces
[14,15]. Janczuk et al. [16] studied the wettability of cassiterite

http://dx.doi.org/10.1016/j.seppur.2017.01.053
1383-5866/� 2017 Elsevier B.V. All rights reserved.

⇑ Corresponding authors at: Faculty of Land Resource Engineering, Kunming
University of Science and Technology, Kunming 650093, PR China.

E-mail addresses: fqckmust@126.com (Q. Feng), shmwen@126.com (S. Wen),
cabdxx@163.com (Q. Cao).

Separation and Purification Technology 178 (2017) 193–199

Contents lists available at ScienceDirect

Separation and Purification Technology

journal homepage: www.elsevier .com/ locate /seppur

http://crossmark.crossref.org/dialog/?doi=10.1016/j.seppur.2017.01.053&domain=pdf
http://dx.doi.org/10.1016/j.seppur.2017.01.053
mailto:fqckmust@126.com
mailto:shmwen@126.com
mailto:cabdxx@163.com
http://dx.doi.org/10.1016/j.seppur.2017.01.053
http://www.sciencedirect.com/science/journal/13835866
http://www.elsevier.com/locate/seppur


conditioned with sodium dodecyl sulfate and found that cassiterite
particles were suitable for flotation at acidic pH. Besides fatty acid,
phosphonic acid, sulfosuccinamate, and dodecyl sulfate, various
hydroxamic acid collectors were also utilized to float cassiterite
[17–20]. Among these hydroxamic acid collectors, salicylhydrox-
amic acid (SHA) was considered as an effective and selective collec-
tor for cassiterite flotation, and the flotation mechanism was
systematically studied [21,22].

However, the individual usage of SHA did not attain the desired
floatability despite the presence of increased collector dosages. The
potential reason may be the deficiency of active sites on the cassi-
terite surface, which led to the inadequate adsorption quantity of
SHA onto the mineral surface. A commonly used method to
increase the number of active sites is to introduce additional active
metal ions onto the mineral surface [23–25]. When benzohydrox-
amic acid was employed as a collector, lead nitrate served as an
activator to improve the recovery of fine cassiterite particles from
tin tailing [8]. Choi et al. [15] also found that lead ions could acti-
vate mineral surfaces to increase cassiterite recovery wherein sul-
fosuccinamate was employed as collector. Lead ions were also used
to activate rare earth [26], wolframite [27], hemimorphite [28],
rutile [29], and quartz [30] to enhance collector adsorption onto
the mineral surface. Nevertheless, minimal information is available
in published literature as regards the activation mechanism of lead
ion in the cassiterite flotation with SHA as collector.

In the present work, the positive influence of lead ions on cas-
siterite flotation with SHA as collector was exhibited using
microflotation experiments. The activation mechanism was inves-
tigated by solution measurements, zeta-potential determinations,
and XPS analysis.

2. Experimental

2.1. Materials and reagents

Cassiterite sample used in all the experiments was derived from
Yunnan Province, China. For microflotation experiments and
adsorption measurements, the cassiterite sample was crushed
and dry ground in an agate torsion mortar. The ground products
were sieved using a standard screen to achieve a particle fraction
of �38 + 20 lm cassiterite. The rest of the samples were ground
continuously and received a proportion finer than 5 lm for zeta-
potential determination. The X-ray diffraction (XRD) pattern of
the representative sample in Fig. 1 demonstrates that only the
diffraction peak of cassiterite is detected. The measured result of

X-ray fluorescence (XRF) analysis indicates that 97.33% SnO2 was
included in the cassiterite sample, which further confirmed that
the sample used was of high purity with a small quantity of min-
eral impurities.

SHA was employed as a collector, and lead nitrate (Pb(NO3)2)
was supplied with a lead-ion source. Potassium nitrate (KNO3)
was obtained as background solution to guarantee the ionic
strength of measured solution during zeta-potential determina-
tion. Solution pH values were regulated using 0.1 mol/L hydrochlo-
ric acid and 0.1 mol/L sodium hydroxide stock solutions. All
reagents employed in the present study were of analytical grade,
and pure deionized water was used throughout testing.

2.2. Flotation studies

Flotation experiment was conducted at room temperature in a
small-scale flotation machine, and 2.0 g of pure cassiterite samples
were added into a 40 mL flotation cell. The mineral suspension was
first conditioned with 1 � 10�4 mol/L Pb(NO3)2 stock solution
before SHA was added as necessary. Subsequently, various concen-
trations of SHA solutions were poured into the pulp suspension
and subjected to flotation before the pulp pH was regulated to
pH 7.5. After the collected products were filtered and dried, the
weight distribution between the floated and unfloated cassiterite
particles was calculated to determine the corresponding
floatability.

2.3. Adsorption experiments

The adsorption experiments of SHA onto the cassiterite surfaces
treated and not treated with lead ions were conducted in a thermo-
static water bath at 298 K. Pure cassiterite particles (2 g) were dis-
persed into 100 mL of aqueous phase in the absence and presence
of 1 � 10�4 mol/L lead ions. After the mineral suspensions were
conditioned for 30 min, the SHA stock solution of a desired concen-
tration was injected to interact with the mineral surface, and the
mixture was stirred for another 30 min. The resultant suspension
was immediately subjected to solid–liquid separation using a cen-
trifuge, and the separated liquid was collected to quantitatively
analyze the SHA concentration using a UV–Vis spectrophotometer
(UV-2700, Shimadzu, Japan). The adsorbed amount of SHA on the
cassiterite surface was calculated using the following equation:

C ¼ ðC0 � CÞ � V
m

ð1Þ

whereC is the adsorbed amount of SHA on the cassiterite surface in
the absence and presence of lead ions; C0 and C are the concentra-
tions of SHA in the pulp suspension before and after the SHA inter-
acts with the mineral surface, respectively, for the desired time; V is
the volume of the resultant solution; and m is the weight of cassi-
terite particles.

2.4. Zeta-potential determination

The zeta potential of the cassiterite samples was determined
using a Brookhaven ZetaPlus instrument. The ionic strength of
the cassiterite suspension in all the measurements was maintained
using 5 � 10�3 mol/L KNO3 background solutions. The mineral sus-
pension (0.01% mass fraction) was dispersed in electrolyte solu-
tions and magnetically stirred for a desired time by a magnetic
stirring apparatus. This step was performed in the presence of
desired reagent concentrations at a determined pH regulated
through HCl or NaOH stock solutions. After 10 min of settling of
the resultant suspensions, the pH was measured and recorded,
and the fine mineral particles were transferred to the measure-
ment vessel for zeta-potential determination at room temperature.Fig. 1. XRD pattern of the pure cassiterite samples.

194 Q. Feng et al. / Separation and Purification Technology 178 (2017) 193–199



Download English Version:

https://daneshyari.com/en/article/4990038

Download Persian Version:

https://daneshyari.com/article/4990038

Daneshyari.com

https://daneshyari.com/en/article/4990038
https://daneshyari.com/article/4990038
https://daneshyari.com

