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a b s t r a c t

A simple and selective method was used for the preconcentration and determination of uranium(VI) by
solid-phase extraction (SPE). In this method, a column of alumina modified with sodium dodecyl sulfate
(SDS) and a new Schiff’s base ligand was prepared for the preconcentration of trace uranyl(VI) from water
ccepted 14 December 2010
vailable online 4 January 2011

eywords:
ranyl

samples. The uranium(VI) was completely eluted with HCl 2 M and determined by a spectrophotometeric
method with Arsenazo(III). The preconcentration steps were studied with regard to experimental param-
eters such as amount of extractant, type, volume and concentration of eluent, pH, flow rate of sample
source and tolerance limit of diverse ions on the recovery of uranyl ion. A preconcentration factor more
than 200 was achieved and the average recovery of uranyl(VI) was 99.5%. The relative standard deviation
was 1.1% for 10 replicate determinations of uranyl(VI) ion in a solution with a concentration of 5 �g mL−1.

fully

chiff’s base
olid phase extraction This method was success

. Introduction

Uranium is one of the emerging pollutants due to its high toxicity
nd radioactivity and most recently its persistence in environment
1]. The hexavalent uranyl ion (UO2

2+, U(VI)) was found to be the
ost stable form in vivo and is complexed in the blood by chelating

gents such as proteins and carbonates. Distribution of toxic species
nd retention in target organs such as kidneys, liver and marrow
ccurs after chelation, potentially inducing cancer and chemical
ntoxication, especially in the case of heavy contamination [2]. On
he other hand uranium is one of the contaminants that can be
ound in natural waters at ultra-trace concentration as a result of
nthropogenic activities, weathering effects and erosion of rocks
nd soil. With due attention to this instance preconcentration and
etermination of this element in environmental samples (such as
rinking and wastewaters) is an important task. The techniques
hich can be used for trace analysis of uranium generally have high

ensitivity but are complex and costly, require skilled technicians
nd large laboratory-based instrumentation such as inductively

oupled plasma atomic emission spectrometry (ICPAES) [3], induc-
ively coupled plasma-mass spectrometry (ICP-MS) [4], flourimetry
5], spectrophotometric [6] and voltammetric methods [7].

∗ Corresponding author. Tel.: +98 711 2284822; fax: +98 711 2286008.
E-mail addresses: tashkhourian@susc.ac.ir,

ashkhourian@pgu.ac.ir (J. Tashkhourian).

304-3894/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2010.12.053
used for the determination of spiked uranium in natural water samples.
© 2010 Elsevier B.V. All rights reserved.

Liquid–liquid extraction of uranium has attracted consider-
able attention [8–10]. However these classical extraction methods
are usually time-consuming and labor-intensive and require large
volumes of high-purity solvents. Solid-phase extraction (SPE)
[11–13] technique has increasingly become popular in compar-
ison with the more traditional liquid–liquid extraction methods
because of its several major advantages such as, simplicity to
operation; high preconcentration factor, rapid phase separation;
and the ability of combination with different detection tech-
niques. Among solid-phase adsorbents, sodium dodecyl sulfate
(SDS) coated alumina are very useful for preconcentration and
separation of metal complexes [14,15] because of their good phys-
ical properties such as their porosity, high surface area and good
adsorbent properties for great amounts of uncharged compounds.
Surfactant present in aqueous solution can form stable self aggre-
gates (micelles) when the surfactant concentration is above the
critical micelle concentration (CMC). The formed micelles can
incorporate hydrophobic organic compounds (HOCs), which can
increase the solubility of these compounds apparently. Surfac-
tant can also form self-aggregates at the solid surface such as
alumina, silica and ferric oxyhydroxides surface. Generally, the
alumina surface is hydrophilic and has low adsorption affinity
for organic compounds; however, when it is treated with sodium

dodecyl sulfate (SDS), alumina will acquire high adsorption capa-
bility for neutral compound. Due to the hydrophobic interactions of
micelles formed on alumina surface, the HOCs escape from aqueous
phase and become concentrated in the microscopic hydrophobic
phase.

dx.doi.org/10.1016/j.jhazmat.2010.12.053
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
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The purpose of this work is to investigate the feasibility of
bsorption of uranyl ion on SDS coated alumina modified with a
ew Schiff’s base. For obtaining maximum accurate and precise sig-
al for evaluation of this ion content, the effective parameters such
s pH of sample, amount of ligand and solid phase, type and con-
entration of eluting agent and contact time and stirring rate were
ptimized.

. Experimental

.1. Apparatus and measurement procedures

The UV/vis spectra and absorbance measurements were
btained using a Carry 3E UV–vis spectrophotometer (Varian Co.).
bsorbance measurements at fixed wavelength were performed
sing a 1-cm quartz cell (1.0 mL). The absorbance of each sam-
le was measured at 1 nm intervals using light with wavelengths
etween 400 and 800 nm. A Denver pH meter (model 270) with a
ombined glass electrode was employed for measuring pH values
n the aqueous phase. The operational column dimensions for SPE

ere 10 mm × 150 mm with a sintered glass plate at the bottom of
he column.

.2. Reagents

All chemicals used were of analytical reagent grade purity avail-
ble from Merck, Darmstadt-Germany or Sigma–Aldrich. Doubly
istilled deionized water was used throughout. The pH adjust-
ent was done by the addition of dilute nitric acid or sodium

ydroxide to prepare the desired pH solution. The �-Al2O3 (particle
ize > 0.2 mm) and sodium dodecyl sulfate (SDS) were purchased
rom Merck, Darmstadt-Germany and used as received. Stock
olution of uranyl ion at a concentration of 1000 �g mL−1 was
repared by dissolving appropriate amount of uranium nitrate
alt in double distilled water. Working solutions were pre-
ared by appropriate dilution of the stock solution with double
istilled water. Arsenazo(III), 3,6-bis[(2-arsonophenyl)-azo]-4,5-
ihydroxy-2,7-naphthalen- disulfonic acid, was obtained from
igma–Aldrich. Acetate buffer solutions were prepared by mixing
f appropriate volumes of 0.1 mol L−1 acetic acid and 0.1 mol L−1

odium acetate solutions for pH 6.

.3. Synthesis of
is(2-hydroxyacetophenone)-1,2-propanediimine (BHAPN)

A solution of 1,2-propanediamine (0.223 g, 3.0 mmol) in
bsolute EtOH (15.0 mL) was added to a solution of 2-
ydroxyacetophenone (0.817 g, 6.0 mmol) in absolute EtOH
20.0 mL) and boiled under reflux for 7.0 h. The reaction mixture
as kept in the refrigerator overnight. After several hours, the prod-
ct was obtained as yellow crystals. The crystals were filtrated and
ashed twice with cooled ethanol and dried under air (85% yields).

lemental analysis, % C19H22N2O2: C, 73.52; H, 7.14; N, 9.03; found:
, 73.21; H, 7.18; N, 8.98. IR (KBr, cm−1): 3434 (bs, �OH), 3158 (w,
H– Aromatic), 2922 (w, CH– Aliphatic), 1612 (–C N), 1571 (C C),
506 (m), 1446 (m, C C), 1382 (m), 1373 (s, C–N), 1298 (m), 1257
m), 1226 (m), 1157 (s), 1061 (m, C–O), 1029 (m, C–O), 916 (m),
29 (s), 750 (s), 644 (m), 508 (m). 1H NMR (500 MHz, CDCl3): 16.18
s, 1H), 15.96 (s, 1H), 7.54 (t, 2H, J = 7.75 Hz), 7.31 (m, 2H), 6.95 (d,
H, J = 8.25 Hz), 6.84 (d, 1H, J = 7.65 Hz), 6.83(d, 1H, J = 7.14 Hz), 4.35
sext, 1H, J = 6.35 Hz), 3.85 (dd, 1H, J = 14.20 Hz and J = 7.15 Hz), 3.81

dd, 1H, J = 14.2 Hz and J = 5.80 Hz), 2.44 (s, 3H), 2.37 (s, 3H), 1.45(d,
= 6.35).

MS (m/z, fragment): 310(M+, HOC6H4C(CH3) N(CH2)3
C(CH3)C6H4OH), 295(HOC6H4C(CH3) N(CH2)3–N C(CH3)–

6H4–), 278(C6H4C(CH3) N(CH2)3N C(CH3)C6H4–),
HO

Fig. 1. Chemical structure of BHAPN.

176(HOC6H4C(CH3) N(CH2)3–), 160(HOC6H4C(CH3) N(CH2)2–),
148(HOC6H4C(CH3) N(CH2–)), 134(HOC6H4C(CH3) N),
121(HOC6H4C(CH3)C ), 108(HOC6H4CH–C ), 96(HOC6H4CH–),
83(HOC6H4–), 66(–C6H4–).

The structure of BHAPN is shown in Fig. 1.

2.4. Spectrophotometric titration

Standard stock solutions of BHAPN (1.0 × 10−4 mol L−1) and
the uranyl ions (1.0 × 10−3 mol L−1) were prepared by dissolving
appropriate and exactly weighed of pure solid compounds in pre-
calibrated 25.0 volumetric flasks and diluted to the mark with
MeCN. Working solutions were prepared by appropriate dilution
of the stock solutions. Spectrophotometric titrations of the lig-
and were carried out by the addition of microliter amounts of a
concentrated standard solution of the uranyl ion in MeCN using a
precalibrated micropipette, followed by absorbance intensity read-
ing at 25.0 ◦C at the � = 200–800 nm.

2.5. Preparation of solid phase

A BHAPN/SDS solution was prepared by dissolving 150 mg
BHAPN and 250 mg SDS in 100 mL of double distilled water. A vol-
ume of 10 mL BHAPN/SDS solution was added to 40 mL of water
solution containing 1.5 g of the �-Al2O3 particles. While shaking the
suspension with a stirrer, the pH was adjusted to 2 with 2 mol L−1

nitric acid to form BHAPN -impregnated ad micelles on alumina
particles. After mixing for 15 min, the supernatant solution was
discarded and the remaining was used as modified solid phase. The
solid phase was dried in room temperature and was used as adsor-
bent throughout the work. The SDS concentration was fixed below
the CMC of SDS (8 × 10−3 mol L−1) to avoid formation of micelles in
the aqueous solution.

2.6. Recommended procedure

A glass column (10 mm × 150 mm) packed with 1.5 g
BHAPN/SDS/�-Al2O3 was used as the operation column. Aliquot
of 10 mL uranyl ion solution (5 �g mL−1) in acetate buffer, pH = 6
was passed through the column at a flow rate of 0.5 mL min−1. The
adsorbed uranyl ion was eluted with 5.0 mL (2 × 2.5 mL) of HCl
2 M at an elution rate of 0.5 mL min−1. Percent recovery of uranyl
ion was calculated after analyzing uranyl ion in eluate by UV–vis
spectrophotometer. The amount of U(VI) adsorbed was estimated
by the difference between the initial concentration in aqueous
solution and that found in the supernatant spectrophotometrically

using Arsenazo(III) reagent [16]. After the addition of 4.0 mL HCl,
then 0.5 mL of 0.01% Arsenazo (III) in a total volume of 10.0 mL
the absorbance of Arsenazo(III) complex of U(VI) was measured at
654 nm against the reagent blank solution.
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alumina or alumina coated with SDS show no tendency for reten-
tion of metal ions, the solid phase of immobilized Schiff’s base on
surfactant coated alumina was capable of retaining metal ion from
the sample solution quantitatively. Therefore, it was chosen as the
adsorbent for subsequent work.
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Fig. 2. FT-IR spectra of (A) Al2O3, (B) Al2O3 modified with SDS, (C

.7. Analytical characterization of solid phase

In this experiment, the synthesized solid phase support was
haracterized using different analytical methods such as FT-IR spec-
rometry, thermogravimetric (TG) analysis and nitrogen adsorption
sotherm. Fig. 2 shows the FT-IR spectra of solid support at different
tages of modification and supporting processes. Compared with
he FT-IR spectrum of alumina (Fig. 2A), the absorbance peak posi-
ioned at ∼1201 cm−1 in Fig. 2B is related to the modification of
lumina with SDS. Also, significant shift of this absorbance band to
1256 cm−1 in Fig. 2C is correlated to the formation of covalent
ond between ligand and alumina modified with SDS. Whereas
ompared with Fig. 2C, no significant differences were observed
n Fig. 2D. The TG analysis of different forms of solid support is
hown in Fig. 3. According to the thermograms, the small decrease
n the weight percentage of the alumina to ∼0.4% is related to
he desorption of water from alumina. Also, the amount of SDS
nd ligand can be evaluated in accordance with the Fig. 3B and
. These values were estimated to ∼2.64% and 0.52%, respectively.
he nitrogen adsorption isotherms of solid supports are shown
n Fig. 4 at 25 ◦C. According to the nitrogen adsorption isotherm,
he active surface areas of Al2O3, Al2O3/SDS, Al2O3/SDS/ligand and
l2O3/SDS/ligand/uranium are evaluative to 213, 242, 311 and
51 m2 g−1, respectively based on “Knudsen” equation [17]

. Results and discussion

Activated alumina can function as either cation or anion precon-
entrator depending on the pH. The adsorption of SDS on alumina

s highly dependent on the solution pH. Negatively charged SDS

as more effectively and nearly quantitatively adsorbed (about 99%
ven in 2 mol L−1 nitric acid) on the positively charged alumina sur-
aces at pH 1–4, so that organic compounds could be adsorbed on
DS-coated-�-alumina which this phenomenon greatly increases
3/SDS modified with ligand and (D) Al2O3/SDS–ligand uranium.

by decreasing the pH due to the higher charge density on the min-
eral oxide surface [18,19]. The anionic surfactant SDS is effectively
adsorbed on positively charged �-alumina surfaces via formation
of self aggregates [16], over a wide pH range, whereas very little
amount of SDS could be adsorbed on inert surface of �-alumina.
Therefore, �-alumina is essential for the preparation of surfactant-
coated adsorbents. It was also confirmed that, while solid phase of
29024019014090

Temperature(ºC)

Fig. 3. Thermogravimetric analysis of (A) Al2O3, (B) Al2O3 modified with SDS, and
(C) Al2O3/SDS modified with ligand.
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The effect of flow rate of the sample solution on the recoveries of

uranyl on modified SDS coated alumina was examined in the range
of 0.2–1.5 mL min−1. It was found that, under optimum conditions,
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ig. 4. Nitrogen adsorption isotherm of (A) Al2O3, (B) Al2O3 modified with SDS, (C)
l2O3/SDS modified with ligand and (D) Al2O3/SDS–ligand uranium.

.1. Investigation of complexation of ligand with uranyl ion

Bis(2-hydroxyacetophenone)-1,3-propanediimine (BHAPN)
ith two oxygens, two nitrogens donating Schiff base is insoluble

n water at neutral pH. It is known that the Schiff bases ligands form
ery stable complexes with transition metal ions. The resulting
omplexes have attracted increasing attention, mainly due to
heir peculiar properties and their reactivity mainly in the area of
inding small molecules.

The UV–vis spectra for the BHAPN were measured in acetonitrile
o elucidate its uranyl complex behavior, which results a decrease
n the ligand absorbance and produces a new absorbance peak at

longer wavelength (bathochromic shift). The spectra of a series
f solutions containing a constant concentration of BHAPN at room
emperature and varying amounts of the uranyl ion were obtained.
he absorption of BHAPN in MeCN shows an absorption band at
bout 315. As is obvious from Fig. 5, a new absorption band at
bout 365 nm is observed upon addition of increasing quantities
f uranyl ions to L, whereas the absorption intensity changes as a
unction of the [UO2

2+]/[L] molar ratio as shown in Fig. 5 (inset).
igh and obvious changes in the spectrum of ligand with the addi-

ion of uranyl ion indicate this ligand has strong interaction with
his ion and is an efficient ionophore for trace metal enrichment.
herefore BHAPN was used as a suitable modifier for the selective
oncentration and extraction of uranyl ions on SDS-coated alumina.
ome preliminary experiments were undertaken in order to inves-
igate the quantitative retention of metal ions by the alumina in the
bsence and presence of BHAPN and/or SDS. It was observed that
ynergic effects of BHAPN in the presence of SDS lead to increase in
ecoveries, reproducibility and extraction efficiencies of this metal
on.

.2. Effect of pH and flow rate of sample solution

The pH of sample solution plays an important role in
etal–chelate formation and subsequent preconcentration. There-
ore a series 10 mL of 5.0 �g mL−1 of uranyl ion sample solutions
ith different pH values from 1 to 10 were introduced into the
acked column and uranyl ions were desorbed by eluent after
dsorption. The initial pH of the solution was adjusted by the addi-
ion of concentrated solutions of HNO3 or NaOH and measured by
Fig. 5. UV–visible spectra of 1.0 × 10−4 mol L−1of (a) BHAPN in acetonitrile in the
presence of various concentrations of uranyl ion 1.0 × 10−3 mol L−1, inset: mole ratio
plot.

a calibrated pH meter. As shown in Fig. 6 maximum absorbance
was obtained at pH 6. The progressive decrease in the retention
of this metal ion at a low pH is due to the competition of the
hydrogen ion with the metal ions for complexation and binding
to Schiff’s base. The decrease in absorption at pH > 6 is probably
due to the precipitation of metal ions as insoluble M (OH)2 or
M (OH)+. It is mentionable that at alkaline pH due to formation
of a negative charge on the alumina surface the SDS adsorption
on alumina will be reduced that causes a decrease in extrac-
tion efficiency. To achieve high efficiency and good selectivity, a
pH of 6.0 was selected for subsequent work and in all experi-
ments the pH of solution was fixed at pH = 6 with acetate buffer
121086420

pH

Fig. 6. Effect of pH of sample source on recovery of uranyl ions (N = 3). Experimen-
tal conditions: 10 mL of sample containing 5.0 �g mL−1 uranyl ion at various pHs,
sorbent, 700 mg of BHAPN/SDS/Al2O3, eluent, 5 mL of 2.0 mol L−1 HCl.
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ig. 7. Effect of flow rate of sample source on recovery of uranyl ions (N = 3).
xperimental conditions: 10 mL of sample at various flow rates, sorbent, 1.5 g of
HAPN/SDS/Al2O3, eluent, 5 mL of 2.0 mol L−1 HCl.

he flow rate of the sample solution was lower than 0.7 mL min−1

Fig. 7).

.3. Effect of ligand concentration

Since the amount of BHAPN is also an important factor in the
reconcentration studies for the quantitative recoveries of ana-

yte ion from the working media, the influences of the BHAPN
mounts on the retention of uranyl ions on the SDS coated alu-
ina was examined in the range of 0.0–25.0 mg and respective

esults are presented in Fig. 8. As it is obvious, maximum recovery
t 10.0–15.0 mg of BHAPN could be achieved and further addition
as not significant change on recovery of uranyl ion. Subsequent

tudies for further experiments were carried out with 15.0 mg of
igand.
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ig. 8. Effect of amount of ligand on recovery of uranyl ions (N = 3). Experimental
onditions: 10 mL of 5 �g mL−1 uranyl ion at pH 6, solid phase, sorbent, 1.5 g of
HAPN/SDS/Al2O3 with different amounts of ligand, eluent: 5 mL of 2.0 mol L−1 HCl.
Fig. 9. Effect of amount of SDS on recovery of uranyl ions (N = 3). Experimental con-
ditions: 10 mL of 5 �g mL−1 uranyl ion at pH 6, sorbent, 1.5 g of BHAPN/SDS/Al2O3,
different amounts of SDS, eluent, 5 mL of 2.0 mol L−1 HCl.

3.4. Effect of sodium dodecyl sulfate concentration

The concentration (hemi-micelles, or ad-micelles) of surfactant
aggregates on mineral oxides mainly depend on the surfac-
tant/oxide weight ratio. In the absence of SDS, metal ions retained
on alumina modified with BHAPN efficiency for uranyl ion were
lower than 15%. The retention of metal ions on hemi-micelles
which have a hydrophobic surface was clearly dependent on ana-
lyte complex polarity. Therefore, addition of SDS is necessary.
The formation of minute amounts of ad-micelles was essential to
achieve complete ad-solubilization of chelates of these ions. At
surfactant concentrations higher than about 106 mg/g alumina, a
decrease in the retention percentage of ions was observed, as a
result of the formation of micelles .The adsorption amount began to
decrease when the SDS added exceeded 106 mg for 1.0 g of alumina
(Fig. 9). It can be explained by the fact that with more SDS added
its molecules began to form micelles in the bulk aqueous solu-
tion; moreover, the micelles make distribute into the bulk solution
again.

3.5. Amount of solid adsorbent

A series of different amounts of the solid adsorbent (250, 500,
750, 1000, 1250, 1500 and 1700 mg) were used for sorption of
uranyl ions from 10 mL of 5 �g mL−1 uranyl ion solutions. The
percent adsorption of uranyl ion using different amounts of the
adsorbent showed that the appropriate amount of the solid adsor-
bent could be 1.5 g (Fig. 10). On the other hand, an excess amount of
the adsorbent also prevents the quantitative elution of the retained
metals by a small volume of eluent. Therefore in the proposed pro-
cedure, 1.5 g of solid phase is recommended.

3.6. Effect of elution condition on the recovery

For the elution of uranyl from the column, some parameters, i.e.
type, volume, concentration and flow rate of eluent were inves-
tigated and optimized. The nature and concentration of eluting

agents were found to have a significant effect on the elution process
of the adsorbed ions from the solid phase. As could be seen from
Fig. 6, the uptake of uranyl ions was negligible at pH < 3; therefore,
the acidic eluents is the best solution for obtaining efficient extrac-
tion. Due to this point, various eluent solutions such as EDTA, nitric
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bent. However, it should be pointed out that the larger amount of
ig. 10. Effect of amount of adsorbent on recovery of uranyl ions (N = 3). Experimen-
al conditions: 10 mL of 5 �g mL−1 uranyl ion at pH 6, different amounts of sorbent,
luent, 5 mL of 2.0 mol L−1 HCl.

cid, sulfuric acid and hydrochloric acid was used in order to find
n appropriate eluent for desorbing of uranyl ion from adsorbent
urfaces. Since the recovery was better in the presence of HCl as
n eluent it was used as an appropriate eluent for desorbing of
ranyl ion. Flow rate of HCl solution was the first parameter to
e optimized. A volume of 10 mL of the sample containing 5 mg
−1 of uranyl ions was passed through the column at 0.5 mL min−1.
lution of the SPE column was performed with 5.0 mL (2 × 2.5) of
.0 M HCl at different flow rates between 0.2 and 1.0 mL min−1.
ig. 11 shows the effect of eluent flow rate on the extraction recov-
ry of uranyl. The quantitative recovery was observed at flow rates
.5 mL min−1. In order to find optimum volume of the elution sol-
ent different volumes of HCl from 2 to 10 mL were investigated.

he results are displayed in Fig. 12. As can be seen from the figure
uantitative elution was attained using volume 5.0 mL. The influ-
nce of HCl concentration on the elution of uranyl ions from the
dsorbent was also examined and the results are shown in Fig. 13
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ig. 11. Effect of flow rate of HCl on recovery of uranyl ions (N = 3). Exper-
mental conditions: 10 mL of 5 �g mL−1 uranyl ion at pH 6, sorbent, 1.5 g of
HAPN/SDS/Al2O3, eluent, 5 mL of 2.0 mol L−1 HCl; at different flow rates.
Fig. 12. Effect of volume of HCl on recovery of uranyl ions (N = 3). Experimental con-
ditions: 10 mL of 5 �g mL−1 uranyl ion at pH 6, sorbent, 1.5 g of BHAPN/SDS/Al2O3,
eluent, various volumes of 2.0 mol L−1 of HCl; at flow rate 5.0 mL min−1.

uranyl ions were quantitatively eluted from the column with 2.0 M
HCl solution.

3.7. Repeatability and preconcentration factor

In order to find the relative error in the determination of uranyl
ion, the recommended procedure was repeated ten times under
optimum conditions. RSD was found to be 1.1% (n = 10). Experi-
ments to determine the sample loading volume were performed by
passing increasing volumes between 10 and 1500 mL at increments
of 50 mL until 1500 mL of aqueous solutions at pH 6 containing 5 �g
of uranyl, through the solid phase column filled with 1.5 g of adsor-
the sample solution, the more time (for passing it through solid
phase) was required in the procedure. Uranyl ions were quantita-
tively recovered at the range of 10–1000 mL. At the higher volumes
then 1000 mL, the recoveries for analytes were not quantitative.
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Fig. 13. Effect of concentration of HCl on recovery of uranyl ions (N = 3). Exper-
imental conditions: 10 mL of 5 �g mL−1 uranyl ion at pH 6, sorbent, 1.5 g of
BHAPN/SDS/Al2O3, eluent, 5 mL various concentrations of HCl; at flow rate
5.0 mL min−1.
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Table 1
Percent recovery of uranyl ion in the presence of co-existing ions.

Co-existing ion Concentration (mg L−1) Recovery (%)

Al3+ 200 98.0 ± 0.7
Cl− 1000 100.0 ± 0.3
NO3

− 1000 97.0 ± 0.6
SO4

2− 1000 100.0 ± 0.4
CO3

2− 1000 97.8 ± 0.2
Mg2+ 1000 96.0 ± 0.5
Na+ 1000 98.0 ± 0.4
K+ 1000 98.1 ± 0.1
Ca2+ 1000 100.1 ± 0.7
Cd2+ 1000 96.2 ± 0.4
Co2+ 100 98.0 ± 0.3
Mn2+ 300 101.2 ± 0.8
Cu2+ 100 100.0 ± 0.3
Pb2+ 500 99.0 ± 0.6
Ni2+ 500 100.0 ± 0.4
Ba2+ 1000 97.8 ± 0.1
Fe2+ 20 100.2 ± 0.8
Fe3+ 50 100.0 ± 0.5
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Cr3+ 100 100.0 ± 0.2
Hg2+ 1000 104.0 ± 0.7
Zn2+ 20 100.0 ± 0.3

o trade off the enrichment factor and analytical speed, 1000 mL
f sample and 5.0 mL of HCl were used; therefore, an enrichment
actor of 200 was obtained

.8. Interference study and separation selectivity

To assess the possible analytical applications of the recom-
ended procedure, the effect of some foreign ions which interfere
ith the determination of uranyl ion was examined with the opti-
ized conditions. For these studies, a fixed amount of metal ion was

aken with different amounts of foreign ions and recommended
rocedure was followed. The recoveries of metal ions in these stud-

es were higher than 95%. Tolerable limit was defined as the highest
mount of foreign ions that produced an error not exceeding 5% in
he determination of investigated analyte ions by the combination
f the column solid phase extraction and spectrophotometic deter-
ination method. The results are summarized in Table 1. As it is

een, large numbers of ions used have no considerable effect on the
etermination of analyte ion.

.9. Application

The procedure of SPE and determination of uranium was tested
ith some water samples such as tap water and well water. Various

mounts of uranyl were spiked to these water samples and the rec-
mmended procedure was applied to the determination of uranyl

n these samples. The results are given in Table 2. As it is obvious
good agreement was obtained between the added and measured
nalyte amounts. These results confirm the validity of the proposed
ethod.

able 2
esults of uranyl determination in natural waters according to the recommended
rocedure (N = 3).

Sample Added (mg L−1) Found (mg L−1) RSD (%) Recovery (%)

1 Well water 1.00 0.98 0.56 98.0 ± 0.6
2 Well water 2.00 2.02 4.20 101.0 ± 0.2
3 Well water 2.50 2.47 4.50 98.8 ± 0.5

1 Tap water 1.00 0.96 3.4 96.3 ± 0.1
2 Tap water 1.70 1.65 5.5 97.0 ± 0.4
3 Tap water 2.00 1.99 2.5 99.5 ± 0.3

[

[

[

[

[

[

ous Materials 187 (2011) 75–81 81

4. Conclusion

In the presented study, a new solid phase extraction technique
was developed based on the preconcentration of UO2

+ ion in envi-
ronmental samples on SDS coated alumina prior to the determina-
tion by spectrophotometric method. Under conditions given in this
article, the determination of uranyl ion yields quantitative recov-
eries. The method is simple, accurate, and economical and can be
applied for the determination of these ions in environmental sam-
ples. The system showed reproducibility and reliability in analytical
data, with an R.S.D. value of lower than 5% on triplicate experiment.

Acknowledgments

We gratefully acknowledge the support of this work by the
Persian Gulf University Research Council. We also thank Dr. M.M.
Doroodmand for his corporation in some analytical characteriza-
tion of �-Al2O3 solid support modified with SDS and BHAPN.

References

[1] S.S. Shannon, The HSSR Program and its Relation to the Nure Effort Symposium
on Hydrogeochemical and Stream-sediment Reconaissance for Uranium in the
United States, Grand Junction, CO, 1977.

[2] P. Galle, Uranium, in: Toxiques Nucleı̌aires, Masson, Paris, 1997, pp.
185–205.

[3] O. Fujino, S. Umetani, E. Ueno, K. Shigeta, T. Matsuda, Determination of uranium
and thorium in apatite minerals by inductively coupled plasma atomic emission
spectrometry with solvent extraction separation into diisobutyl ketone, Anal.
Chim. Acta 420 (2000) 65–71.

[4] J.W. Ejnik, A.J. Carmichael, M.M. Hamilton, M. Mc Diarmid, K. Squibb, P. Boyd,
W. Tardiff, Health Phys. 78 (2000) 143.

[5] K.B. Hong, K.W. Jung, K.H. Jung, Application of laser-induced fluorescence for
determination of trace uranium, europium and samarium, Talanta 36 (1989)
1095–1099.

[6] T Madrakian, A. Afkhami, A. Mousavi, Spectrophotometric determination of
trace amounts of uranium(VI) in water samples after mixed micelle-mediated
extraction, Talanta 71 (2007) 610–614.

[7] R. Djogic, M. Branica, Direct determination of dissolved uranyl(VI) in sea-water
by cathodic stripping voltammetry, Analyst 120 (1995) 1989–1993.

[8] A. Casoli, A. Mangia, G. Mori, G. Predieri, Liquid–liquid extraction and determi-
nation of uranium (IV) with 2,6-diacetylpyridine bis(benzoylhydrazone), Anal.
Chim. Acta 186 (1986) 283–287.

[9] A. Senol, Liquid–liquid extraction of uranium(VI) from aqueous acidic solutions
using alamine TBP and CYANEX systems, J. Radioanal. Nucl. Chem. 258 (2003)
361–372.

10] A. Takahashi, Y. Ueki, S. Igarashi, Homogeneous liquid–liquid extraction of
uranium(VI) from acetate aqueous solution, Anal. Chim. Acta 387 (1999)
71–75.

11] M. Shamsipur, J. Fasihi, K. Ashtari, Grafting of ion-imprinted polymers on the
surface of silica gel particles through covalently surface-bound initiators: a
selective adsorbent for uranyl ion, Anal. Chem. 79 (2007) 7116–7123.

12] S. Sadeghi, E. Sheikhzadeh, Solid phase extraction using silica gel modified
with murexide for preconcentration of uranium(VI) ions from water samples,
J. Hazard. Mater. 163 (2009) 861–868.

13] M. Shamsipur, A.R. Ghiasvand, Y. Yamini, Solid-phase extraction of ultratrace
uranium(vi) in natural waters using octadecyl silica membrane disks modified
by tri-n-octylphosphine oxide and its spectrophotometric determination with
dibenzoylmethane, Anal. Chem. 71 (1999) 4892–4895.

14] M. Ghaedi, H. Tavallali, A. Shokrollahi, M. Zahedi, M. Montazerozohori, M.
Soylak, Flame atomic absorption spectrometric determination of zinc, nickel,
iron and lead in different matrixes after solid phase extraction on sodium
dodecyl sulfate (SDS)-coated alumina as their bis (2-hydroxyacetophenone)-
1,3-propanediimine chelates, J. Hazard. Mater. 166 (2009) 1441–1448.

15] G. Absalan, A. Aghaei Goudi, Optimizing the immobilized dithizone on
surfactant-coated alumina as a new adsorbent for determination of silver, Sep.
Purif. Technol. 38 (2004) 209–214.

16] S. Sadeghi, D. Mohammadzadeh, Y. Yamini, Solid-phase extraction-
spectrophotometric determination of uranium(VI) in natural waters,
Anal. Bioanal. Chem. 375 (2003) 698–702.

17] J. Suehiro, G. Zhou, M. Hara, Detection of partial discharge in SF6 gas using a car-
bon nanotube-based gas sensor, Sensor Actuat. B—Chem. 105 (2005) 164–169.

18] F. Merino, S. Rubio, D. Perez-Bendito, Solid-phase extraction of amphiphiles

based on mixed hemimicelle/ad micelle formation: application to the concen-
tration of benzalkonium surfactants in sewage and river water, Anal. Chem. 75
(2003) 6799–6806.

19] J. Li, Y. Shi, Y. Cai, S. Mou, G. Jiang, Adsorption of di-ethyl-phthalate from aque-
ous solutions with surfactant-coated nano/microsized alumina, Chem. Eng. J.
140 (2008) 214–220.


	Sodium dodecyl sulfate coated alumina modified with a new Schiff's base as a uranyl ion selective adsorbent
	Introduction
	Experimental
	Apparatus and measurement procedures
	Reagents
	Synthesis of bis(2-hydroxyacetophenone)-1,2-propanediimine (BHAPN)
	Spectrophotometric titration
	Preparation of solid phase
	Recommended procedure
	Analytical characterization of solid phase

	Results and discussion
	Investigation of complexation of ligand with uranyl ion
	Effect of pH and flow rate of sample solution
	Effect of ligand concentration
	Effect of sodium dodecyl sulfate concentration
	Amount of solid adsorbent
	Effect of elution condition on the recovery
	Repeatability and preconcentration factor
	Interference study and separation selectivity
	Application

	Conclusion
	Acknowledgments
	References


