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Removal of U(VI) ions from aqueous solutions was investigated using synthetic akaganeite-type nanocrys-
tals. Nanocrystals of iron oxyhydroxides were synthesized with two different methods and then compared
their adsorption capacities. Akaganeite (3-FeOOH) was synthesized in the laboratory by precipitation
from aqueous solution of Fe(Ill) chloride and different precipitating agents. The relative importance of

test parameters like solution pH, contact time, temperature and concentration of adsorbate on adsorption
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performance of akaganeite for U(VI)ion were studied. Typical adsorption isotherms (Langmuir, Freundlich,
Dubinin-Raduskevich) were determined for the mechanism of sorption process. Also the thermodynamic
constants (AH°, AS° and AG°) were calculated. The product materials were examined by powder X-ray
diffraction for crystalline phase identification and scanning electron microscope (SEM).

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Uranium is one of the most important heavy metals because
of the chemical toxicity and radioactivity. Excessive amounts of
uranium have entered into environment through the activities of
nuclear industry. It is usually found in the environment in the hex-
avalent form. The toxic nature of uranium(VI) ions, even at trace
levels, has been a public health problem for many years. For this rea-
son, removal of uranium from wastewater is of greatimportance [1].

Various techniques are employed for the removal of uranium
ions from wastewaters and radioactive wastes. Precipitation, mem-
brane processes, ion exchange, solvent extraction and adsorption
are the most common used methods [2,3]. For adsorption of ura-
nium(VI) from wastewater, many researchers have used various
solids, which are natural, organic and inorganic; for example, coir
pith [4], zeolite [1,5,6], cork biomass [7], goethite [8], activated car-
bon [2], and cement [9].

Metal oxides or hydroxides of iron, aluminum and manganese
play a very important role in the sorption of contaminants in
wastewater systems [1]. Iron oxides and oxyhydroxides are of tech-
nological importance as catalysts, sorbents, pigments, flocculents,
coating, gas sensors and size-selective anion-exchange materials
[10]. Iron-based adsorbents are useful due to their economic and
safety merits. Iron-oxyhydroxide is known to occur commonly as
goethite (a-FeOOH), akaganeite (3-FeOOH), and lepidocrocite (y-
FeOOH)[11]. These minerals have high sorption capacities for metal
and anionic contaminants such as arsenic, chromium, lead, mer-
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cury, selenium, phosphate and uranium [12].

Akaganeite ([3-FeOOH), a natural product of the corrosion of
iron in chloride-containing environments, has a tetragonal struc-
ture consisting of double chains of edgeshared octahedra that share
corners with adjacent chains to form channels running parallel
to the c-axis. Among the iron compounds, the iron oxyhydroxide
phase akaganeite, 3-type FeOOH, has a large tunnel-type structure
where iron atoms are strongly bonded to framework [13]. This tun-
nel structure makes (3-FeOOH an especially interesting material in
the areas of catalysis and ion exchange [14].

Qo0/0H at z=0 O O/OH at z=1/2
O Featz=0 0 Featz=1/2

The sketch of the 3-FeOOH framework [13]
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In this work, sorbent, akaganeite (3-FeOOH) was synthesized in
the laboratory by precipitation from aqueous solutions of Fe(III)
chloride and two different precipitating agent and adsorbents
obtained were called as Akaganeite-1 (AK-1) and Akaganeite-2 (AK-
2). This paper deals with the investigation of the best separation
and recovery conditions of uranium on akaganeite adsorbent as a
function of the initial uranium concentration, pH, shaking time and
temperature. The thermodynamic parameters such as free energy
(AG®), enthalpy of adsorption (AH°) and entropy (AS°) were cal-
culated. The applications of the isotherm models have been studied
to explain the adsorption characteristics of the akaganeite.

2. Experimental
2.1. Materials

Synthesis of AK-1 was like that, 0.1 M NaOH solution was slowly
added to 500 mL of a 0.1 M FeCls solution in a 2L beaker at room
temperature until the pH of the mixture was attained around 10.
The mixture was stirred magnetically during the addition of the
NaOH solution. The suspension was further stirred for 1 h. The pre-
cipitate was separated by centrifugation, washed with deionized
water until neutral and finally dried in air at room temperature
[11].

AK-2 was prepared by precipitation from an aqueous solution
of iron(1Il) chloride (0.506 M with respect to Fe3*). For the hydroly-
sis process an aqueous solution of ammonium carbonate (0.002 M)
was added dropwise at a constant flow rate. Vigorous mechanical
stirring was applied in order to achieve good mixing and the addi-
tion of ammonium carbonate was stopped when the pH was 8.0.
The reaction mixture was stirred for an additional 30 min at the
adjusted reaction temperature. The reaction product was decanted
in a cellulose membrane for the removal of chlorine anions and
subsequently was freeze-dried in a benchscale instrument (Christ
Alpha 1-4) [15].

All chemicals and reagents used for experiments and analyses
were of analytical grades. A stock solution of 1000 mg L~1 U(VI) was
prepared by dissolving an appropriate amount of UO5(NO3),-6H,0
in deionized water. The initial pH of the working solutions was
adjusted by addition of HNO3 or Na;COs. Dibenzoyl methane-tri-
n-octyl phosphine oxide (DBM-TOPO), salicylic acid was obtained
from Merck Co. The buffer solutions (pH 4, 7 and 9) to calibrate
the pH-meter Model 8521 from Hanna Instruments were also pur-
chased from Merck.

2.2. Characterization of the materials

Powder X-ray diffraction (XRD) data were collected on
a SHIMADZU XDD-6000 diffractometer with Cu-X radiation
(A=1.5405A). The data were collected at room temperature in the
range of 26 between 5° and 70°. The diffractogram of akaganeite is
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Fig. 1. XRD pattern of AK-2.

shown in Fig. 1. As shown in Fig. 1, this adsorbent has low crys-
tallinity with d values. Similar result has been obtained in the
literature [13,16].

Scanning electron microscope (SEM) images were taken on Jeol
Jsm 6060 scanning electron microscope. The SEM images were
shown in Fig. 2. The SEM images showed that akaganeite prepared
under conventional conditions had the similar morphology. The
crystallites in both products had similar cigar-like shapes and sim-
ilar crystal sizes.

2.3. Batch adsorption experiment

Batch adsorption experiments were carried in a thermostated
shaker bath, GFL-1083 model. AK-1 and AK-2, which have 75 um
particle size, (0.01 g) were added to 10 mL solution containing var-
ious uranium concentrations at different temperatures for various
contact time. The pH was adjusted by adding HNO3; and Na,COs3
to the solutions at the each experiment. The suspension was fil-
trated by using Whatman filter paper no: 44. A simple and sensitive
spectrophotometric method was used in the experiments to deter-
mine uranium in solution. The uranium remained in solution was
analyzed with the DBM-TOPO as complexing agent at 405nm
against reagent blank employing spectrophotometric method on
Shimadzu UV-1601 UV-VIS spectrophotometer [17,18]. The amount
of adsorbed uranium was estimated from the difference of the ura-
nium concentrations in the aqueous phase before and after the
adsorption. The influence of specific process parameters such as
initial uranium concentration, pH of the solution, contact time and
temperature was determined by calculating uranium(VI) sorption
by akaganeite and changing a parameter and keeping other param-
eters constant. Each experiment was repeated three times and the
results given are the average values. The percentage adsorption of
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Fig. 2. SEM patterns of akaganeite (a) AK-1 (x10,000, 1 wm) (b) AK-2 (x10.000, 1 pum).
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Table 1
Conditions of the leaching processes

Parameter Uranium-acidic leachate solution
Amounts of ore 500g

Solid/aqua ratio 2/3

Concentration of reagent 175 kg H,SO4/ton

Leaching time 3h

Temperature 24°C

uranium from aqueous solution was computed as follows:

Adsorption% = Gint = Ctin 1 (1)
Cint

where Gi; and Cyjp, are the initial and final uranium concentration,

respectively.

After obtaining the optimum adsorption conditions of the aka-
ganeite, the uranium adsorption capacities were determined. 0.01 g
of the adsorbents contacted with 10mL of 2380mgL-! of stan-
dard uranium solution at 30°C for 24 h. The adsorption capacity
for UO,2* was determined spectrophotometrically using salicylic
acid method as complexing agent at 468 nm against reagent blank
[19]. The amount of adsorbed uranium was estimated from the
difference of the uranium concentrations in the aqueous solution,
before and after adsorption. Each experimental result was obtained
by averaging the data from three parallel experiments. According
to this method, uranium adsorption capacities of AK-1 and AK-
2 were calculated as 0.49 mmol g~! adsorbent and 0.38 mmol g~!
adsorbent, respectively.

2.3.1. Desorption experiments

AK-1 and AK-2, which are loaded at optimum uranium adsorp-
tion conditions were used for desorption studies. Desorption of
uranium was achieved using different concentrations of HCl and
HNO3. Loaded sorbents were contacted with acid solutions for var-
ious contact time at 30°C in the thermostated shaker. The final
uranium concentration in the aqueous phase was determined with
a Shimadzu UV-1601 UV-VIS spectrophotometer by measuring
absorbance at Amax of 405 nm. The desorption ratio was calculated
from the amount of uranium adsorbed on the sorbents and the
final uranium concentration in the desorption medium, using the
following equation

amount of metal ion desorbed

Desorption ratio (%) = amount of metal ion adsorbed 100

2.4. Application of akaganeites

The uranium solution from matrix medium on the akaganeite
was studied by batch technique. Acidic leach solution including ura-
nium was used as matrix medium. The ore samples were taken from
Koprubasi-Manisa district in Western Aegean Region in Turkey. It is
well known that there are uranium anomalies in these districts and
uranium exploration of this ore sample was accomplished by radio-
metric and chemical analysis at Ege University, Institute of Nuclear
Sciences [20-22]. The leaching solution was obtained under the
conditions given in Table 1.

A known weight, i.e., 0.01 g of the akaganeites was equilibrated
with 10 mL of leaching solutions containing uranium at a fixed tem-
perature (30°C) in a thermostated shaker for 2 and 1 h for AK-1 and
AK-2, respectively. After equilibration, the suspension was filtered
with Whatmann 40 paper. The amounts of uranium and other ele-
ments in the solutions were determined by Perkin Elmer Optima
2000 DV Inductively Coupled Plasma-Optical Emission Spectrom-
eter (ICP-OES) on the basis of initial concentration.
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Fig. 3. The effect of pH on the uptake of U(VI) by AK-1 and AK-2 (m: 0.010g, c:
50mgL-1,v: 10mL, t: 2h).

Also a synthetic matrix solution including some heavy metals
was prepared and equilibrated with 10 mL of matrix solutions at
a fixed temperature (30°C) in a thermostated shaker for 2 and 1h
for AK-1 and AK-2, respectively. After equilibration, the suspension
was filtered with Whatmann 44 paper. The amounts of uranium and
other elements in the solutions were determined by Perkin Elmer
Optima 2000 DV ICP-OES on the basis of initial concentration.

3. Results and discussion
3.1. Effect of the pH variation

The effect of pH on the adsorption capacity of akaganeite was
investigated using solution of 50mgL~! uranium(VI) for a pH
range of 2.0-8.0 at 25°C for 120 min. After sorption equilibrium,
the concentration of the metal ion in the filtrate was determined
by spectrophotometer. The experimental results are presented in
Fig. 3, where the uranium removal is plotted against the solution
pH. As shown in Fig. 3, the uranium removal by akaganeite was
strongly depended on variations of the solution pH. Maximum ura-
nium attenuation was obtained as 99.32% at pH 4.0 for AK-1 and as
99.03% at pH 6.0 for AK-2. At higher acidic conditions, uranium(VI)
uptake was minimal due to increasing positive characteristic of the
surface of adsorbent. Since the species to be adsorbed are also pos-
itive, the adsorption is not favored. Besides this, H* ions present at
higher concentration in the reaction mixture compete with posi-
tive ions for the adsorption sites resulting in the reduced uptake of
uranium. On the contrary, as the pH increases the adsorbent surface
becomes more negatively charged and therefore the adsorption of
positively charged species is more favorable. As pH increased from
2.0 to 6.0, the amount of U(VI) adsorbed on akaganeite increased
with pH. At pH values higher than 9.0, uranium(VI) occurs in the
solution only in the form of carbonate-complex ions that are highly
negative charged. So they could competed to bound the adsorption
sites with uranium(VI) and beside this occupation of adsorption
sites with uranium(VI) ions is decreased as concentration of dis-
solved carbonate and bicarbonate anions increased [1].

3.2. Effect of uranium concentration

To study sorption equilibrium, uranium(VI) solutions contain-
ing 50-250mgUL~! were kept in contact with akaganeite for 2h
at pH 4.0 for AK-1 and at pH 6.0 for AK-2 while keeping all other
parameter constant. The results are shown in Fig. 4. The percentage
adsorption of U(VI) decreases with increasing uranium concentra-
tion in the aqueous solution. In the diluted solutions, the mobility of
uranyl ions (U0, )?* is high. For this reason probably the interaction
of this ion with the adsorbent was increased.

3.3. Effect of contact time

The adsorption experiments were carried out for contact times
ranging from 15 to 360 min with fixed amounts of adsorbent (0.01 g)
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Fig. 4. The effect of concentration on the uptake of U(VI) by AK-1 and AK-2. (for AK-
1;¢c:50mgL-1, v: 10mL, t: 2 h, pH 4.0, m: 0.010g; for AK-2, c: 50mgL-1, v: 10mL, ¢:
2h, pH 6.0, m: 0.010g).
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Fig. 5. The effect of contact time on the uptake of U(VI) by AK-1 and AK-2. (for AK-1;
c: 100mgL-", v: 10mL, pH 4.0, m: 0.010 g, for AK-2; c: 150 mgL-1, v: 10mL, pH 6.0,
m: 0.010g).

at ambient temperature (25°C) while keeping all other parame-
ters constant. Fig. 5 shows the variations of percentage adsorption
with contact time for U(VI) at pH 4.0 and pH 6.0 for AK-1 and AK-
2, respectively. According to obtained data, the highest value of
adsorbed U(VI) ion on the AK-1 was reached 95.09% for 120 min
and 96.72% for 60 min for AK-2. The uranium adsorption is fast and
attains equilibrium in about 60 min after mixing.

3.4. Effect of temperature

The temperature dependent data were obtained by varying
temperature from 25 to 50°C while the other parameters were
kept constant. Fig. 6 shows the effect of temperature on the batch
adsorption of U(VI). It was observed that the uptake of uranium for
AK-1 was slightly increased with increasing temperature from 25 to
50°C. However, the rise in temperature caused to slightly decrease
the percentage removal of U(VI) for AK-2.

100 1 WAK-1
[ g
] o] by SAK-2
90 *]
S
_5 80 1
B
o 701
<
< 60
50 T T - - . - S
20 25 30 35 40 45 50 55
Temperature °C

Fig. 6. The effect of temperature on the uptake of U(VI) by AK-1 and AK-2. (for AK-
1; ¢: 100mgL-1, v: 10mL, pH 4.0, t: 120 min, m: 0.010g, for AK-2; c: 150mgL~"', v:
10mL, pH 6.0, t: 60 min, m: 0.010g).
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3.5. Sorption isotherms

The sorption data have been subjected to different sorp-
tion isotherms, namely Langmuir, Freundlich and Dubinin-
Radushkevich (D-R). These isotherm equations are commonly used
for describing adsorption equilibrium for water and wastewater
treatment applications. The adsorption isotherms thus obtained are
depicted in Figs. 7-9.

The sorption data for U(VI) in the concentration range used was
fitted using Langmuir equation. The values of b and Q° were calcu-
lated from Eq. (2). According to Langmuir model, adsorption occurs
uniformly on the active sites of the sorbent and once a sorbate
occupies a site, no further sorption can take place at this site. The
Langmuir equation has the form:

Ce 1 Ce

@ abtQ @
where ¢e is the amount adsorbed at equilibrium (mgg~1), Ce is the
equilibrium concentration (mgL-1), b is a constant of the sorption
equilibrium (Lmg~1), and Q° is the saturated monolayer sorption
capacity (mgg1) [2,4].

By plotting Ce/ge versus Ce, Q° and b can be determined if a
straight line is obtained. The Langmuir adsorption isotherms are
given in Fig. 7.
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Fig. 9. D-R isotherm for AK-1 and AK-2.
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Table 2
Values of Langmuir, Freundlich and Dubinin-Radushkeviche (D-R) constants
Adsorbents Langmuir model Freundlich model D-R model
R? Q° (mmolg!) b(gL™") R? Kr (mmolg—!) n R? Xm (mmolg1) E (kjmol-1)
AK-1 0.99 0.53 44.64 1.00 0.08 4.62 0.97 0.66 1.34
AK-2 0.97 0.74 28.98 0.91 0.07 4.17 0.97 1.42 0.80

The empirical Freundlich equation based on sorption on a het-
erogeneous surface is as follows [23-25]:

e = Ke x C/" 3)

This expression can be linearized to give

log ge = log Kr + nlolﬁ (4)
where Kr and n are the Freundlich constants, which represent sorp-
tion capacity and sorption intensity, respectively. A plot of logge
versus log Ce would result in a straight line with a slope of (1/n)
and intercept of log Kg as seen in Fig. 8.

According to isotherm models mentioned above, adsorption
constants are calculated from the equations derived from the
isotherm curves. The higher correlation coefficients showed that
Freundlich model is suitable for AK-1 and Langmuir model is
suitable for K-2 adsorption equilibrium of uranium in studied con-
centration ranges.

The sorption D-R isotherm model is applicable at low con-
centration ranges and can be used to describe sorption on both
homogeneous and heterogeneous surfaces. This is postulated
within an adsorption “space” close to sorbent surface. If the surface
is heterogeneous and an approximation to a Langmuir isotherm is
chosen as a local isotherm for all sites that are energetically equiv-
alent then the quantity 812 can be related to the mean sorption
energy, ¢, which is the free energy of the transfer of 1 mol of U(VI)
ions from infinity to the surface of the sorbent. It can be represented
by the general expression:

In Cyqs = In X — Be? (5)

where X, is the maximum sorption capacity and B is a constant
related to energy and ( is the Polanyi potential:

5=RTln<1_:Ce) (6)

where R is a gas constant in kjmol~! and T is the temperature
in Kelvin. If InC,qs is plotted against &2, 8 (molK~1)? and Xn
(mmol g~1) will be obtained from the slope and intercept, respec-
tively. The sorption energy can also be worked out using the
following relationship [26]:

1
/2B

The constants of isotherms and correlation coefficient values of
Langmuir, Freundlich and Dubinin-Radushkeviche (D-R) models
were given in Table 2.

E= (7)
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Fig. 11. A plot against InKd to 1/T for removal of U(VI) from AK-2.

3.6. Thermodynamic studies

The thermodynamic parameters obtained for the sorption pro-

cess were calculated using equations:
AS°  AH°

R~ RT (8)
where Ky is the thermodynamic stability constant, AS° is stan-
dard entropy (Jmol-1K-1), AH° is standard enthalpy (k] mol-1),
T is the absolute temperature (K) and R is the gas constant
(8.314]mol-1K-1).

The adsorption processes were carried out 25-50°C for U(VI)
concentration of 100 and 150 mgL-! for AK-1 and AK-2, respec-
tively. The values of AS° and AH° were evaluated from the slope
and intercept in the diagram, Figs. 10 and 11. The standard Gibbs free
energy (AG°) values (k] mol~1) were calculated from the equation:

AG® = AH® — TAS® (9)

The values of AH°, AS° and AG® are reported in Table 3.

The positive values of AH° suggest the endothermic nature of
adsorption of U(VI) ions on the AK-1 and AK-2. The negative values
of AG®°, indicate feasibility and spontaneous with the high prefer-
ence of U(VI) for AK-1 and AK-2. The positive values of entropy show
the increasing randomness at the solid/solution interface during

ll‘le =

Thermodynamic parameters for U(VI) sorption on Akaganeite as a function of temperature

Adsorbent AH° (k] mol~1) AS° (kJmol!) AG® (kjmol-1)

293K 30K 313K 323K
AK-1 40.60 0.21 —-20.93 —23.03 —25.13 -27.23
AK-2 24.88 0.16 —-21.42 —23.00 —24.58 —26.16
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Table 4 60 7 WAK-1
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(d
Reagent Desorption of AK-1 (%) Desorption of AK-2 (%) i 40 - o <.> g
(<]
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Fig. 13. Effect of contact time to desorption of U(VI).
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Fig. 12. Effect of acid concentrations to desorption of U(VI).

the adsorption process. Also positive entropy of adsorption reflects
the affinity of the adsorbent for U(VI). The adsorption is endother-
mic, therefore, the amount adsorbed at equilibrium must increase
with increasing temperature, because AG° decreases with increas-
ing temperature of the solution [27-31].

3.7. Desorption experiments

After 100 and 150 mgL-! of uranium had been adsorbed on
AK-1 and AK-2, respectively, the adsorbents were treated with
desorptive solutions to recover the adsorbed uranium from the
adsorbents. Desorption of uranium was also performed by batch
technique. Some desorptive reagents given in Table 4 were treated
with loaded adsorbent to recover uranium from the adsorbent.
As seen in Table 4, no significant uranium desorption with
HNO;3 for AK-1 and HCI for AK-2 was observed. The desorption
yields were lower with other desorptive reagents. Other des-
orption parameters were investigated to increase the desorption
yield.

3.7.1. Effect of desorptive reagent concentration

Akaganeite (AK-1) and (AK-2) (0.01 g) loaded with maximum
amounts of the U(VI) of 100 and 150 mgL~!, respectively. The ura-
nium desorption from AK-1 and AK-2 was studied as a function of
0.01, 0.05, 0.1 and 0.5M HNOs3 and HCI solution employing for 2 h
shaking time at 30°C. Fig. 12 shows the dependence of uranium
desorption on HNO3 and HCl concentration. Maximum desorption
(50.07% for AK-1 and 34.45% for AK-2) is achieved from 0.1 M HNO3
and 0.01 M HCl solution which is selected as a desorptive medium,
respectively. The amount of uranium desorbed by AK-1 was maxi-

Table 6
Adsorption yields of the elements for akaganeite treated with acidic leach solution

mum at 0.1 M of HNO3, whereas above and below 0.1 M, there was
a decrease in uranium desorption.

3.7.2. Effect of desorption time

The uranium desorption from loaded AK-1 and AK-2 has been
investigated as a function of equilibrium time in the range of
60-300 min. The results are given in Fig. 13. Desorption yield
decreases slightly with increasing shaking time and attains equilib-
rium within 15 min corresponding to 14.45%. Therefore, in further
experiments 15 min equilibrium time was used. The results of the
effect of contact time to desorption is shown in Fig. 13.

3.7.3. Effect of desorption stage

Table 5 shows the desorption yields of uranium from AK-1 and
AK-2 after several desorption stages. The uranium recovered from
AK-1 and AK-2 with two desorption stages. The desorption yield
for AK-1 and AK-2 was decreased with increasing the desorption
stages. After two desorption stages, 56% and 37% of the initially
sorbed uranium were desorbed on AK-1 and AK-2, respectively and
50% of U(VI) desorbed from AK-1 in the first stage.

3.8. Applications of akaganeite adsorbents

As mentioned above, the adsorbents can take up uranium from
the aqueous solution containing only uranium. However, the ura-
nium uptake decreases when the adsorbents are treated with
solution containing matrix elements. To determine the matrix
effect on the uranium uptake, 10 mL of synthetic matrix solu-
tion and leach solution which was obtained from ore samples
taken from Koprubasi-Manisa district in Western Aegean Region in
Turkey (pH 2.0) and its adjusted optimum adsorption condition (pH
4.0 and pH 6.0) of AK-1 and AK-2, respectively were treated with
0.01 g of AK-1 and AK-2. The initial leach solution and the treated

Element Initial concentration Adsorption yield of Adsorption yield of Adsorption yield of Adsorption yield of
(mgL1) AK-1 (%) (at pH 2) AK-1 (%) (at pH 4) AK-2 (%) (at pH 2) AK-2 (%) (at pH 4)
U0o,%* 237.50 40.38 41.09 39.91 39.32
Ca?* 784.40 52.62 53.08 55.90 55.02
Cu® 19.01 39.71 35.45 36.45 33.77
Mg?* 217.10 59.22 58.72 60.06 59.83
Fe?* 124.60 0.00 96.02 34.76 95.87
A3* 204.00 34.70 31.37 30.78 28.82
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Table 7
Adsorption yields of the elements for akaganeite treated with synthetic matrix
solution

Element Initial concentration Adsorption yield Adsorption yield
(mgL-1) of AK-1 (%) of AK-2 (%)
U0,2* 40 2091 9.35
AB* 20 4.32 3.00
cd* 20 0.00 0.00
Cu?* 20 7.54 12.97
Fe?* 20 1.75 1.80
Ni%* 20 4.00 7.68
Pb?* 20 25.31 15.54

leach solutions with adsorbents were analyzed for uranium and
other matrix elements. Table 6 shows the adsorption yields of ura-
nium and other matrix elements onto adsorbents. The elements in
the leaching solutions were analyzed by Perkin Elmer Optima 2000
DV ICP-OES.

For both of the adsorbents, adsorption yield of U(VI) is nearly
40%. Mg is better sorbed on AK-1 and AK-2 stronger than Al, Ca and
Cu.The general beliefis thatiron (II) hydroxide precipitation begins
at a pH of about 2.2 and is complete at a pH of 3.3. Iron precipitation
begins at low pH values. If pH is neutral or higher, iron precipitation
is probably the most important quantity. It explains that why iron
adsorption yield is high at pH 4 about 96%. According to results,
adsorption of U(VI) from matrix leach solutions by akaganeite is
higher than similar literatures [32].

Uranium sorption from the synthetic matrix medium on the
adsorbents was studied by batch technique. This synthetic matrix
solution includes 40 mgL-! of U0,2* and 20mgL-! of Pb2*, Ni2*,
Cu?*, Cd?*, FeZ*, AI3* cations. A known weight (0.01 g) of AK-1 and
AK-2 was equilibrated with 10 mL of synthetic matrix solution at
pH 4.0 and pH 6.0 for 2 and 1 h at 25°C for AK-1 and AK-2, respec-
tively. The amounts of the metals in the solution were determined
by ICP-OES. The results are given in Table 7.

The results show that adsorption yields are quite low for both of
the adsorbents. The results for leach solution and synthetic matrix
solution indicated that element concentration is very important
for adsorption process on the adsorbents. Adsorption yield on the
adsorbents is decreased with decreasing elements concentrations.

4. Conclusion

According to the results obtained in the study of the adsorption
of uranium(VI) onto akaganeite, it can be concluded that AK-1 and
AK-2 which are synthesized with two different methods and differ-
ent precipitating agents can be used as an adsorbent for removal of
low concentration U(VI) from aqueous solutions. AK-1 has a higher
adsorption capacity than AK-2. The maximum U(VI) removal in AK-
1 was obtained as >99% at pH 4.0 £ 0.1 at initial concentration of
50mgL-! and amount of akaganeite equal to 0.01 g.

The experimental results have been analyzed by Langmuir, Fre-
undlich and Dubinin-Radushkevich (D-R) adsorption isotherms.
The main energy of adsorption E,q = 1.34 and 0.80 k] mol~! was cal-
culated from the D-R adsorption isotherm. The application of the
Langmuir and Freundlich models to experimental results showed
that the adsorption equilibrium data of AK-1 and AK-2 fitted to
Freundlich and Langmuir.

Various thermodynamic parameters, such as AG°, AH° and AS°,
were calculated from the experimental data. The thermodynamics
of U(VI)ion/akaganeite system indicate spontaneous and endother-
mic nature of the process.

Desorption of metal ions from adsorbent was performed in low
acid concentrations. The quantitative desorption of uranium from
both adsorbents is quite difficult. The adsorbents can be used for
the quantitative removal of uranium from aqueous solutions.

Adsorption of U(VI) onto AK-1 and AK-2 from synthetic and
acidic leach solutions is also performed. It is found that the amount
of uranium adsorbed differs markedly depending on the matrix ele-
ments and medium. It has been shown that the uptake of uranium
from aqueous solutions by the adsorbents varies with the chemical
species of uranyl ion and competitor ions in the medium.

The experimental studies showed that akaganeite could be used
as an economic, effective and low-risk sorbent material to remove
toxic and radioactive U(VI) ions from wastewaters.
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