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Abstract

A nano-iron oxide modified Amberlite IRA402 resin was prepared by the reaction of iron (II) and iron(l1l) ions
in the presence of ammonium solution. The modified resin has been characterized by transmission electron
microscopy, FTIR, X-ray diffraction, and scanning electron microscope images. In a batch experiments,
uranium adsorption was evaluated using the modified Amberlite resin. The adsorption parameters studied were
pH, contact time and the sorbent amount. The maximum adsorption capacity of the modified resin for uranium
was 267.85 mg/g. Finally, modified Amberlite IRA-402 could be successfully used for separation of uranium

from Sinai claystone leach liquor more than Amberlite IRA-402 without any modification.
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1. Introduction

Uranium is an important element in the development and utilization of nuclear power. A number of methods
have been developed for the recovery of uranium, including extraction (solvent extraction, chromatographic
extraction), precipitation (chemical precipitation, co-precipitation), exchange (ion exchange), flotation and
adsorption, and each has its merits and limitation in the application [1-5]. lon exchange and sorption are the
most popular methods which have been widely practiced for uranium removal or recovery [6,7]. Uranium
sorption on various natural sorbents and resins is important from economical and environmental viewpoints [8].
Numerous adsorbents such as Chitosan, activated sludges, organic biomass, zeolites, clays, metal oxides and
carbons were developed for the adsorption of uranium [3, 9-13]. However, the separation process of adsorbents

from aqueous solution is usually complex and time-consuming after saturated adsorption.

Nano materials are new solid materials that have attracted to solid phase extraction methods substantially due to
their special and unique properties (such as high surface-volume ratios, high reactivaties, etc.) [14,15].
Recently, magnetic nanoparticles as adsorption materials have been employed for removal of trace metals from
water samples[16-18]. Magnetic nanoparticles are particularly attractive due to their unique properties such as
excellent magnetic responsivity, high dispersibility, relatively large surface area and easiness of surface
modification which enable them to have a wide range of potential applications in biological, environmental and
food analysis [19,20]. The surface modification of resin with magnetic nanoparticles plays an important role in
the selective preconcentration and separation of metals. The modification process occur through , a
homogeneous distribution of inorganic nanomaterials on surface of the organic polymer leading to improve the
interfacial interactions between them to give a new composite materials with improved performance for
application and properties such as (physical and chemical properties, dielectric and mechanical properties,
electrical conductivity, thermal stability, flame retardancy, and resistance to chemical reagents) compared with
their individual constituents [21-23]. Nanoscale particles typically aggregate in the individual state, but give
well dispersion through the modification process with the polymer matrix. The surface-functionalization of
nanoscale particles is an essential step to form nanostructured hybrid composites. The lack of filler—matrix
bonding or coupling often leads to the preparation of hybrid materials with nonisotropic properties and relatively
poor mechanical behavior, which limits their application. Therefore, enhanced dispersion of nanofillers in the
bulk of different organic matrices through surface modification is a challenge and technically required [24].
Moreover, the effects of wetting, permeability, fouling, and corrosion in the formed composite can be
suppressed, or at least mitigated, by treating the surface of the inorganic filler. The high surface reactivity of
most inorganic fillers facilitates their surface modification and functionalization. Selected metal oxide nanoscale
particles, such as zinc oxide, titanium oxide, copper oxide, magnetite , and maghemite. Magnetic nanoparticle,
particularly Fe;O,4 nanoparticle had gained increasing attention because of its unique magnetic properties and
feasibility of preparation [25]. Because of the desirable properties and application of metal oxide/polymer
hybrid nanocomposites, its synthesis has attracted increasing attention and many researchers have begun seeking

new strategies for engineering nanocomposite materials.

In this study, the modified Ambelite IRA420 with nano iron was prepared and characterized. Consequently, the

objective of this study is to assess the feasibility of using Ambelite IRA420 with iron nanoparticles for uranium
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recovery, which can improve uranium extraction, and to optimize the factors to impact maximum extraction
efficiency. The most important factors used are sample pH, the amount of the sorbent at a certain uranium

concentration and contact time (min).
2. Experimental
2.1 Instrumentation

The surface morphology of Fe;O, and distribution of Fe3O4 on the resin was performed in the ESEM LAB,
Nuclear Materials Authority, Cairo, Egypt, using the Philips XL30 Environmental Scanning Electron
Microscope (ESEM) attached with an energy dispersive X-ray analyzer (EDAX) unit. Transmission electron
microscope (TEM) images were obtained using a JEOL JEM-2100 instrument using an accelerating voltage of
200 kV. Samples were ultra-sonicated in ethanol for 15 min and then dispersed on copper grids. Fourier
transform infrared (FTIR) spectra were measured at room temperature in the wavenumber range (400-4,000 cm™)
on a Jasco FT/IR-6100. X-ray diffraction (XRD) was carried out with a Philips X-ray unit, Nuclear Materials
Authority, Cairo, Egypt, model PW 223/20 operated at 40 kV and 20 mA. The UA-3 (Sintrex UA-3) uranium

analyzer is used for the measurements of uranium in aqueous solutions.

The pH was measured using HANNA Instruments 8519 digital pH-meter. Calibrations of the electrode were
carried out with standard buffer solutions, using pH values of both 7.00 and 4.01. The routine equipments used
in this study were: drying oven (Qallenhamr), Analytical balance (Sartorous), magnetic stirrer and hot plate
(IKA- Combimag ret.). Water distiller (Haeous) and equipments for classical extraction and measurements
such as; burettes, conical flask, porcelain  evaporating dishes, measuring  spoon, filtration  systems,

desiccators and usual glass wares.
2.2 Chemicals and Reagents

Analytical grade chemicals were used throughout this work. Sigma-Aldrich, USA was used for the preparation
of nano iron. Amberlite IRA 402 were from Merck, USA. Stock solution of uranium (1000 ppm) was prepared
by dissolving an accurately weighed amount of uranyl acetate (Fluka) in distilled water. Other working

solutions of uranium were prepared by diluting the stock solution with distilled water.
2.3 Preparation of modified ion exchange

The nano Fe;04 synthesis is based on reacting iron (I1) and iron (I11) ions in an aqueous ammonia solution

to form magnetite, FesO4, as shown in eq (1).
2FeC|3 + FECIZ + 8NH; + 4H,0 —» Fe;O, + 8NH4C| (1)

This magnetite may be prepared in less than 2 h in an easy and economical method in which 1.0 ml of
FeCl, solution and 4.0 ml of FeCl3 solution was Combined. Place a magnetic stirring bar in the flask and

begin stirring vigorously. Add dropwise by buret 50 ml of 0.7 M aqueous NH; solution into the flask. We
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have found that the slow rate of addition is critical. Magnetite, a black precipitate, will form immediately.
Stir throughout the addition of the ammonia solution. Cease stirring and allow the precipitate to settle (5-
10 min). The formed Fe;0,4 washed several times using deionized water and then dried in an oven at 100°

C over night.

The modified ion-exchange was carried out in situ by mixing 2g Amberlite IRA-402 resin with 4 mL of 1 M
ferric chloride (1 M FeClz in 2 M HCI) and 1 mL of 2 M ferrous chloride (2 M FeCl,in 2 M HCI) solution
with stirring. Continuous stirring throughout the addition of 50 mL 1 M aqueous ammonia solution for 5
min was made. Excess reagent was removed by subsequent washing of the resin with deionized water. It

was finally dried in an oven at about 100 C for 24 h forming a new sorbent.

2.5 Methods

Fifty mg of the modified resin (MAIRA 402) were mixed with 50 ml of 750 ppm uranium solution acidified
with sulfuric acid for 30 min. After solid-liquid separation, uranium was analyzed by the Sintrex UA-3 uranium
analyzer. Each experiment was carried out three times and the average results were calculated. Extraction

efficiency and the adsorption capacity of uranium on the sorbent surface were calculated using the following

equations:
) C,—
Extraction,% = ———x100 2)
Co
C,-C
q(mg/g) = % 3)

Where Cy and C are initial and final uranium concentration in solution, respectively, V is the volume of the

uranium aqueous solution, m is the amount of the sorbent and q is the capacity of the sorbent.

3. Result and discussions

3.1 Characterization of modified ion exchange

Microphotograph of both AIRA402 and MAIRA402 are shown in figure 1A & B, respectively. The used
Amberlite IRA-402 is anion exchange resin and has physical form of pale yellow translucent spherical beads as
shown in Figure (1A), with particle size from 0.600-0.750 mm, its matrix is a styrene divinylbenzene
copolymer and functional group of trimethyl ammonium. Figure 1B shows that the resin produced after

modification is dark red. It was believed that the red color represents the formation of iron-resin bond.

3.1.1 SEM analysis

The SEM images of prepared nano-FesO4 (AIRA402) and MAIRA402 samples are shown in Figures 2 and 3
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Figure 2: SEM images of prepared nano-Fe;Oy,.

The average size and shape of the synthesized magnetite nanoparticles were obtained using SEM (Figure 2). The
surface morphology of the SEM image shows irregular shapes. In addition, we can find that Fe;O4 nanoparticles
appear to aggregate during the process of filtration and drying because of the large specific surface area
(surface-to-volume ratio) and high surface energy. The surface of the AIRA402 was coated with the prepared
nano-Fe;0, after the modification process.

Figure 3: SEM micrograph of the AIRA402 (A), MAIRA402 (B)
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3.3.2 TEM analysis

TEM analysis of the prepared nano-Fe;O, and digital diffraction pattern of MAIRA402 was shown in Figure 4A
& B, respectively.

Figure 4: TEM images of nano magnetic Fe;O, nanoparticles (A) and digital diffraction pattern of MAIRA402
(B)

The TEM images (Figure 4A) show that FesO,4 nanoparticles are highly agglomerated into clusters, probably
due to the drying and filtration process. As well as, the high surface area and magnetic dipole-dipole
interactions between particles. The TEM diffraction ring (Figure 4B) shows that the Fe;O4 nanoparticles exhibit
a crystalline state after modification with AIRA402.

3.1.3 FTIR analysis

FTIR used to identify the modification with FesO,4. The IR spectra of nano Fe;O4 and MAIRA402 were
compared and shown in figure (5).
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Figure 5: FTIR spectra of the prepared nano Fe;0,4 (A) and MAIRA402 (B)
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The FTIR spectra (5A) shows several absorption bands at 3413, 1632, 890, 798, 610, and 456 cm™. The
characteristic peaks of Fe;O, occurs at 456 and 610 cm™ which attributed to the bending and stretching vibration
of the Fe-O bond, respectively (Figure 5A). The Fe;O,4 peaks appeared in the same regions with a noticeable
slight shift in spectrum B at 457, 602 cm™ (Figure 5B). The slight shifts in normal stretching and bending modes
of the Fe-O bonds suggest that nano-Fes0, particles are homogeneously distributed throughout the surface of
Amberlite IRA 402 as a composite material.

The characteristic peaks that occurs at 798 and 890 cm™ which can be assigned to Fe-O-H bending vibrations,
changed to a bands of very weak intensity at 800 and 870 cm™,
FeOOH in the prepared MAIRA402 sample.

confirming the presence of a small amount of -

The band at 1632 cm™ is usually attributed to the OH bending vibrations and the broadest band at 3413 cm™
should be attributed to the OH stretching vibration combined with Fe atoms. The FT-IR results suggest the
presence of bound water in the Fe;O, structure. The OH peaks appeared in the same regions with a slight shift
in spectrum B at 1633 and 3429 cm™. It is concluded that the Fe;O, nanoparticles is successfully bound to the

surface of resin.
3.1.4 XRD analysis

The XRD pattern for prepared nano FesO, and MAIRA402 samples are shown in Figure 6A & B respectively.
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Figure 6: X-ray diffraction pattern for (a) prepared nano Fe;O, sample (b) MAIRA402 sample

As shown in Figure (6A), six characteristic peaks for nano Fe;O4 (Mg), 26= 35.325, 41.650, 50.825,63.270,
68.015 and 74.675 was identified, These peaks are agree with the database of standard magnetite iron oxide of
(ASTM Card No: 86-1359).

Figure (6b) represents the XRD pattern of MAIRA402 sample showing the characteristics peaks of Fe;O,
which are slightly shifted to 35.392, 41.690, 50.90, 63.281, 68.025 and 74.689 with very weak intensities
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resulting from the formation of MAIRA402 and clarifying the stability of the crystalline phase of Fe304
nanoparticle after the modification with Amberlite IRA-402. It was also concluded that nano Fe;O, was

successfully immobilized on the surface of Amberlite IRA-402.
3.2 Uranium recovery experiments
3.2.1 Standard uranium solution

A standard uranium solution of 1000 ppm was prepared by dissolving 1.78 g of uranyl acetate in (1L) double
distilled water. Sulfuric acid was added to enhance the formation of uranyl sulfate complexes such as
UO,(S0.),> and UO,(SO,);". Different factors have been carefully applied in order to obtain the optimum
extraction of uranium into the studied resin (MAIRA402). These factors include pH, time, and the amount of the
sorbent at a certain U concentration. To study the effect of these factors on uranium extraction, different series

of experiments have been performed.
3.2.1.1 Effect of pH

The pH has a great effect on the uranium adsorption through MAIRA402 in aqueous solution and the binding
sites located at the adsorbents surface. The pH was varied from 3 to 4, to discover the optimum pH for the
sorption of uranium on the MAIRA402, while the other parameters were kept constant. We should keep the pH
at this range because at pH below 3, the extraction efficiency decreased as magnetite nanoparticles soluble in
acidic solutions. Increasing the pH more than 4, the uranium starts to precipitate, until all uranium precipitate at
pH=7.5. Also at pH more than 6, the binding ability of the sorbent to the uranyl ions will decrease, because of
the strong basic medium affect on the bending sites on surface of the sorbent leading to decrease the extraction

efficiency.

Fifty ml of 750 ppm standard uranium solution (contain 37.5mg), the time of agitation 30 minutes, at room
temperature, and 0.05g (50mg) of MAIRA402. The results were shown in Table (1)

Table 1: Effect of pH upon uranium extraction

PH 3.3 3.6 3.9 4.2
U, extraction, % 28 31 38 37

From the results given above, it is clear that the recovery percent of uranium ions was increased by increasing

pH to give a greater value at 3.9. Uranium adsorption capacity (q) of 14.25 mg was obtained.

3.2.1.2 Effect of agitation time

The effect of agitation time on uranium adsorption was studied at the interval (10 — 100 minutes) while the other
factors were kept constant at 50ml of 750 ppm standard uranium solution, pH 3.9, at room temperature and

0.05g of MAIRA402. The steering process should be slow, therefore, don’t affect the resin cohesion. The
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obtained results are tabulated in Table (2)

Table 2: Effect of time upon uranium extraction

Time, minutes 10| 20| 30|40 |50 |60 |70 |80 |90

U, extraction, % | 20 | 29 |38 |45 |52 |60 | 71| 79| 79

The obtained data summarizes the results from the adsorption of uranium at different time, by increasing the
time the adsorption increase until reached to the saturation point in 80 min of uranium adsorptioncapacity (q)

29.62 mg was obtained. After that, no significant change in the adsorption of uranium was obtained.

3.2.1.3 Effect of the sorbent amount

The effect of sorbent amount on uranium adsorption was studied by taken different amounts of sorbent (0.03-
0.15g), while the other factors were kept constant at 50ml of 750 ppm standard uranium solution, the time of
agitation 80 minutes, pH 3.9, at room temperature and 0.05g of MAIRA402.The obtained results are tabulated in
Table (3)

Table 3: Effect of sorbent amount upon uranium extraction

The sorbent amount | 0.03 | 0.05 0.07 009 |012 |013 |0.14 |O0.15
U extraction, % 74 79 83.5 88 95 97.5 100 100

From the results given above, it is clear that the recovery percent of uranium ions was increased by increasing
the sorbent amount until all uranium (37.5 mg) had been completely adsorbed on 0.14 g MAIRA402, and any
excess of the sorbent amount doesn’t change in uranium extraction efficiency, but leads to more unsaturated

sites on the new sorbent.

Finally, 500 ml of 750 ppm uranium at the optimum conditions (pH= 3.9, agitation time 80 minutes, at room
temperature), the all uranium amount was successfully adsorbed on the 1.4 g of MAIRA402 with a maximum
adsorption capacity (0ma) = 267.85 mg/g of MAIRA402 that compared with only 206 mg/g for AIRA402

without any modification at the same experimental conditions.

3.2.2 Sinai leach liquor

A typical leach solution from the claystone leaching test contains 600, 700 ppm of total iron and uranium
respectively was prepared. Oxidation by H,O, followed by precipitation at pH 4 has been proposed to minimize
the harmful effects of interfering ions such as iron and alumina oxide upon the resin, since resin has higher

affinity toward the interfering ions than uranium.

The uranium absorption optimum condition (pH=3.9, agitation time 80 minutes and at room temperature) with a

maximum adsorption capacity qma = 267.85 mg/g of MAIRA402 has been applied to claystone leach liguor,
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92.5 % uranium extraction was obtained. This indicates that MAIRA402 would likely be feasible for absorption

of uranium from claystone in the presence of iron and alumina.

4, Conclusions

The modification process occurs through; a homogeneous distribution of inorganic nano-magnetite with the
organic polymer leading to improve the interfacial interactions between them to give a new composite materials
with improved performance for application and properties, the new composite was characterized by
transmission electron microscopy, FTIR, X-ray diffraction, and scanning electron microscope images. In a batch
experiments, uranium adsorption was successfully with the maximum capacity of the modified Amberlite resin
267.85 mg/g, The adsorption parameters studied were pH, contact time and the sorbent amount Finally,
modified Amberlite IRA-402 could be successfully used for separation of uranium from Sinai claystone leach

liquor.
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