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ABSTRACT

This work presents the results of synthesis and characterization of an inorganic ion exchanger based on
tin/titanjum mixed oxides doped with europium (SnO,/TiO,:Eu’") to be used in environmental field. The
adsorption study of nickel was realized in this exchanger to recover the nickel metal which is in thorium-nickel
alloys used as electrode of discharge lamps. The studied exchanger was synthesized by neutralization of tin
chloride (IV) and titanium chloride (IIT) mixed solution and characterized by thermogravimetric measurement
(TG), Differential Scanning Calorimetry (DSC), X-Ray Powder Diffraction (XRD), Infrared Spectroscopy (IR)
and Scanning Electron Microscopy (SEM). The adsorption study showed that these inorganic ion exchangers
are good materials to recovery nickel with high weight distribution ratios (Dwy;>") and percent adsorption.

1. INTRODUCTION

The inorganic ions exchangers are adsorptions with high capacity and fast speed ionic
exchange, they have thermal, chemical and radioactive stability [1]. A class of synthetic
inorganic exchangers is the mixed exchangers that improve the separation process and also
present high selectivity for different ions [2-6].

The interest in using inorganic exchangers with rare earths ions is due to the ability of these
ions, for example, increasing the acid sites in the structure of catalysts, [7] improve the
adsorption.

In the past decade, nanometer solid materials have become more and more important due to
their special properties [8]. Nanomaterials possess a series of unique physical and chemical
properties. One of their important properties is that most of the atoms which have highly
chemical activity and adsorption capacities to many metal ions are on the surface of the
nanoparticles [9]. The surface atoms are unsaturated, and therefore, are subject to



combination with other ions by static electricity [10]. Consequently, nanometer sized
materials can absorb metal ions with great adsorption speed. Recently nanomaterials have
been used as sorbent due to their improved intrinsic properties such as chemical activity and
fine grain size in compared with the classical substances such as normal scale titanium
dioxide, alumina, etc [11-13]. Nanomaterials have high surface areas and therefore, they can
strongly adsorb many substances such as trace metals [14] and polar organic substances [15].
Nanomaterials can be prepared by various techniques such as chemical vapor deposition [16]
and sol-gel method [17,18]. From the literature survey, it can be seen that a lot of different
nanomaterials have been synthesized and used as a sorbent for trace metal preconcentration
[19-22]. Investigations of the surface chemistry of highly dispersed oxides, e.g., TiO, and
Zr0,, indicate that these materials have very high adsorption capacities and give promising
results when used for trace metal analyses of different types of solution samples [8,12].
Nano-sized materials were chemically modified by a reagent to obtain a new and selective
solid phase extractant for the preconcentration of metal ions [11,12].

Nickel has a many applications such as stainless steel production, batteries, catalysts and
alloys with different metals. One of these alloys is the thorium-nickel that is used in discharge
lamps electrode [23].

The purpose of this research is to fabricate nano TiO,/SnO; as a new solid phase extractor
and to investigate the feasibility of it for using metal enrichment. To the best of our
knowledge this is the new solid phase extractor used for this purpose. In this study, the
synthesized material was first characterized by using scanning electron microscope (SEM),
thermal analyses (TA) infrared spectroscopy (IR) and X-ray diffractometer methods (XRD)
and then used as solid phase extractor for the separation and/or preconcentration of nickel(II).

2. EXPERIMENTAL SECTION
2.1. Synthesis of Inorganic lon Exchangers

The mixed oxide SnO,/TiO,:Eu’" was prepared by neutralization of a mixing solution of tin
(IV) chloride, titanium (III) chloride and europium chloride with ammonia solution in a
reactor type batch. To this solution it was added ammonium hydroxide until neutralization,
pH 7. The molar composition of the metals solution was 0.25mols of Sn, 0.03mols of Ti and
1.05x10”mols of Eu. The particles were aged in the solution mother liquor for 48h. The
precipitated was very thin particles therefore it was opted to do the migration of chloride ions
by using cellophane membranes, and the power for the separation process was the gradient
concentration of chloride ions between the solutions. For analytical control of chloride ions in
the particle fluid it was used AgNOs test. After removal of chloride ions, the material was
dried at 110°C in a heater.

2.2. Characterization

The exchanger was characterized by thermogravimetric measurement (TG), Differential
Scanning Calorimetry (DSC), X-Ray Powder Diffraction (XRD), Infrared Spectroscopy (IR)
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and Scanning Electron Microscopy (SEM). The study of adsorption of the metal nickel was
made by spectrophotometric method with dimetilglioxime in a strongly alkaline medium in
the presence of the potassium persulphate oxidant agent [24].

3. RESULTS AND DISCUSSION
3.1 Thermal Analysis

Fig. 1 shows TG and DTG measurement to Sn0,/Ti0,:Eu** exchange. The exchanger
presented good thermal stability and it is possible observe two events of mass losses which
were attributed to the dehydration and the crystallization water loss together with losses of
hydroxyl groups respectively. These losses occur in the interval at 33 — 133 °C (8,82 %) and
131 -551°C (5,96 %) [25,26].
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Figure 1. TG/DTG curves to SnO,/TiOz:Eu®*

In Fig. 2 it is showed DSC curve where it can be see two events, the first one in 126 °C
(-3422,04 mJ) and the second in 294 °C (-82,48 mJ). It is evident the endothermic character
of the process of H,O loss and crystalline rearrangement of the studied system.
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Figure 2. DSC curve to SnO,/TiOz:Eu®*

3.2 X-Ray Powder Diffraction

The X-ray powder diffraction to mixed oxide, SnO»/TiO,:Eu’" are presented in (Fig. 3), and
shows broad peaks suggests although it is crystalline exchange it shows nanometric
crystalline size. The mixed oxide, SnOz/TiozzEu3+ presented anatase structure [1] with lines
of diffraction in 20: 27.25 (TiO,) (JCPDS 34-0180), 52.35 (Ti,03) (JCPDS 12-0754) and
34.4(Sn0O,), 38.2(SnO,) (JCPDS 41-1445) [27-30]. The X-ray diffraction was refined by
least squares fit method and the average diameter was calculated using the showing 5nm size.

i~ 3+
——Sn0O,/TiO,: Eu

Figure 3. X-ray powder diffraction SnO,/TiO,:Eu**.
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3.3 Infrared Spectroscopy

The infrared spectra, Fig. 4, shows a broad band in the region of 3413-3190 cm™" attributed to
the OH stretching, vOH, of the water and hydroxyl group linked to the metal with different
metals oxygen distances and a band in the region of ~1636 cm™ was attributed to the angular
deformation dpoy of the hydration water. The band in the region of 1026 cm™! was attributed
to the stretching vSn-O and in the region 662-564 cm™ was related to the deformation
dSn-O-Sn and the stretching vTi-O respectively [31].
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Figure 4. Infrared spectra of the SnO2/TiO,:Eu*" exchanger.

3.4 Scanning Electron Microscopy (SEM)

The micrograph of SnO,/TiO,:Eu’™ (Fig. 5) indicated that the exchange is in
agglomeration form with homogeneous surfaces. The crystalline agglomerations are
distributed by heterogeneous size and mostly with diameter <20 pm [32,33]. These results
corroborate with X-ray data and it can be concluded that nano-scale material, which is one of
the purpose of the study, could be obtained by the method described above.

[ - o ey «

Figure 5. SEM of exchange SnO./TiOz:Eu®".
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3.5 Adsorption study of nickel

The parameters of Ni*"adsorption were expressed in terms of distribution coefficients and
efficiency of the adsorption. It was studied the influence of pH and concentration of nickel in
the adsorption. Weight distribution ratios, Dw (ml.g '), were calculated according to the
following equation [34]:

Dw:[(CO_Cs)/W]/(Cs/V) (1)

where Cy and C; are the aqueous phase concentration before and after equilibration, w the
weight of resin (g) and V the volume of the aqueous phase (ml). Quintuplicate experiments
showed that the reproducibility of the Dw measurements was generally within 10.

The capacity of the inorganic ion exchanger SnO,/TiO:Eu’" for nickel sorption was
measured in batch experiments in which a weighed amount of resin (ca. 100 mg) was kept in
contact for ten minutes with 0.4 ml of a 0,3g.L™" solution of nickel nitrate. After centrifugation
and filtration, samples of the supernatant solution were analyzed for nickel by
spectrophotometric method with dimetilglioxime in a strongly alkaline medium in the
presence of the potassium persulphate oxidant agent [24]. The amount of metal sorbed by the
Inorganic ion exchanger was calculated by mass balance.

3.5.1 Influence of pH to Ni?*

The pH value plays an important role to the adsorption of ions on sorbents pH also strongly
influences the speciation and the sorption availability of the heavy metals. Therefore, the
retention of metal ions on the exchanger containing nano-scale SnO,/TiO,:Eu’" synthesized
was studied as a function of pH. For that purpose, the pH values of standard sample solutions
were adjusted to a range of 2-8 with buffer of acetic acid /ammonium acetate solutions
keeping the other parameters constant and the general preconcentration procedure was
applied. As shown in Fig. 6, the optimum pH of the sample solution was 7 for effective
adsorption of nickel(Il). At this pH value, the recovery of the nickel(Il) is calculated to be
99,96%. The decrease in the recoveries of the nickel(Il) at the lower pH values could be due
to the competition between protons and the nickel(Il) for the adsorption sites of the inorganic
ion exchanger material. Therefore, a pH of 7 was selected in further experiments.
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Figure 6. Influence of pH according in log Dw and % Adsorption versus pH.
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3.5.2 Influence of Ni?* concentration

The influence of Ni*" concentration in the recovery parameters is presented in Fig. 7. For that
purpose, the nickel concentration values of standard sample solutions were adjusted to a
range of from 0.1 to 0.7 g.L"' Ni*". The contact time and pH in the process were pre-
established be 10min and 7 respectively. The exchanger presented high values of Dy, but the
saturation is reached at the lowest concentration studied.
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Figure 7. Influence of Ni*’concentration in log Dw
and % Adsorption versus Ni**at pH 7

4. CONCLUSIONS

The synthesis of SnO»/TiO»:Eu’" exchange was effective. The exchange presented in the
form of agglomerations with homogeneous surfaces and nanometric crystalline size. It
showed good thermal stability, endothermic character and anatase structure. In adsorption
study the exchange showed to be effective with best distribution coefficient at pH 7 and high
adsorption percentage (~100%). Nano SnO»/TiO,:Eu’" composite material as a new inorganic
ion exchanger provides a simple, selective, accurate, economical, rapid and precise method
for the preconcentration and determination of nickel.
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