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Abstract

Zeolite as a low-cost adsorbent for the removal of uranium (V1) ions from aqueous solution under the effect of various process
parameters such as the pH of the intermediate, contact time, adsorption temperature, initial uranium concentration and S/L ratio.
The equilibrium and Kinetic characteristics of the Zeolite from acidic medium have been determined. The purpose of this
investigation was to evaluate adsorption of uranium (V1) from soil pre-contaminated with them as well as their removal using
different solutions. Citric, Maleic, Succinic, Tartaric, Lactic and oxalic organic weak acids were used for removal of metals
from soil by washing. The soil samples were collected from the surface layer (0 — 30 cm) in field of Inchass area, Sharkia
governorate, Egypt. Soils were pre-contaminated with 100 ppm uranium citrate. Experiment involved the application of the
weak organic acids in amounts of 0.5 - 3.0% to evaluate the leaching efficiency for the uranium. The practical adsorption
capacity of uranium upon the resin under the optimum conditions has been found to attain 32 mg/g which matches with
Langmuir isotherm 35 mg/g. The physical parameters including the adsorption kinetics, the isotherm models and the
thermodynamic data have also been determined to describe the nature of the uranium adsorption by the natural zeolite. The

working natural clinoptilolite found to agree with both the pseudo second order reaction and the Langmuir isotherm.

Keywords: Uranium removal, leaching agent, natural zeolite, adsorption isotherms.

1. Introduction

Uranium is one of the most serious contamination
concerns because of its radioactivity and heavy-metal
toxicity. Uranium and its compounds are highly toxic,
which is a threat to human health and ecological
balance. Many processes have been proposed for
U(VI) ion removal from industrial wastewaters and
radioactive wastes, with chemical precipitation, ion-
exchange, membrane processes, solvent extraction and
adsorption being the most commonly used methods
employed [1-6]. Natural zeolite, as aluminosilicate
mineral, has characteristics of large surface area,
strong capability of ions exchange and adsorption for
their particular tetrahedral pore framework. Moreover,
they are one of low-cost and easily obtaining materials
which have been used as an adsorption for removal of
heavy metals [7-13]. Zeolite with framework
structures is an excellent inorganic ion exchanger,
having high stability constants and resistance to
irradiation damage. Some zeolite has been used for
processing of radioactive liquid wastes, owing to the

strong affinity for toxic and problematic elements [14]
and selectivity for some radionuclides [15].
Kilincarslan et al. [16] studied uranium adsorption
characteristic and thermodynamic behavior of
clinoptilolite zeolite. Misaelides et al. [17] studied
uranium and thorium uptake by natural zeolitic
materials. Krestou et al. [18] investigated the
mechanism of aqueous U(VI) uptake by natural
zeolitic tuff. Akyil et al. [19] also studied the
distribution of uranium on zeolite and investigation of
thermodynamic parameters for the uptake system. The
use of natural materials including a clinoptilolite-
bearing rock for the uptake of uranium from aqueous
solutions in the presence of NaCl or NaHCOswas also
investigated by Ames et al. [20].The purpose of the
present study was to test the properties of zeolite as an
adsorbent for removing U(VI) ions from synthetic
solutions. The effects of several variables, such as the
initial U(VI) ion concentration, the initial pH and the
presence of salt on the adsorption of U(VI) ions were
investigated. The present work aims to evaluate the
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ability of some weak organic acids for leaching
uranium from soil pre-contaminated as well as to
evaluate the ability of different organic acids for leach
uranium from pre-polluted soils.

2. Materials and Methods
2.1. Soils

Soils used in the experiments were collected from
the surface layers (0 — 30 cm) of a field in Inchass area,
Sharkia governorate, Egypt. The soil was a sandy loam
where it was taken from field under arable cultivated
and irrigated by sewage water for about 80 years.
Some physical and chemical characteristics of this soil
are shown in Table 1.

2.2. Leaching of contaminated soil

Water acidified with phosphoric acid until pH 2 or
water was used for soil leaching test. Also, sex organic
acids namely; lactic, tartaric, succinic, maleic, oxalic
and citric acids, were used for soil washing test.

2.3. Chemicals and reagents

All chemicals used for analysis were analytical
grade reagents. Uranyl sulfate trihydrate
U0,S04.3H20 from IBI labs, Florida, USA and HCI
37%, HNOs, NaCl.

2.4. Preparation of the pregnant solutions:

e  Generally, the samples used in this work were
weighed wusing an analytical balance
produced by Shimadzu (AY 220).

e Hot plate magnetic stirrer model Fisher
Scientific.

e The hydrogen ion concentration of the
different solutions was measured accurately
using the pH- meter model (HAANA pH-
mV-temp).

e The quantitative analysis of uranium was
carried out by UV-spectrophotometer “single
beam multi-cells-positions model SP-8001”,
Metretech Inc., version 1.02 using Arsenazo
Il indicator (Sigma-Aldrich) and confirmed
by an oxidimetric titration against
ammonium metavanadate using N-phenyl
anthranilic acid indicator (Sigma-Aldrich)
[21].

2.5. Experimental procedure:

The batch procedure was performed to optimize
the basic equilibrium conditions for uranium
adsorption such as pH, contact time, temperature and
natural clinoptilolite to liquid ratio. In these
experiments, 10 ml of 100 mg U/L solution were
stirred with 0.05 g dry natural clinoptilolite 250 rpm in
a 100 ml conical flask. After mixing the zeolite with
the liquor, the two phases were decanted and the clear
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raffinate  was analyzed against the uranium
concentration. The amount of uranium adsorption ge
(mg/g) was calculated from the difference of uranium
concentration in the aqueous solution before and after
adsorption at the equilibrium time t according to
equation (1):

Vv
QeZ(Co—Ce)E (1)

where Co and Ce are the initial and equilibrium
concentrations of U (VI) in the solution (mol. L), V
is the volume of solution (L), m is the weight of the
zeolite (g). The amount of U (VI) adsorbed onto the
resin (q, mg/g) and the uptake percent (U %) were
determined using equation (2).
U %= M><1OO )
Ce

The distribution coefficient (Kg) of uranium
between the aqueous bulk phase and the solid phase
clinoptilolite was calculated from the following
equation (3):

Ko = Co—Ce LV @3)

C m

e

2.6. Optimization of the leaching process:

Due to the large number of mineral constituents in
the study ore material, it was determined that the
leaching potentialities of these essential metal values
needed to be investigated.

2.7. Effect of parameters:

The results obtained from dissolution of
contaminated soil with citric acid solution are
discussed in the following section. The effects of
reaction time, citric acid concentration, solid/liquid
ratio, and temperature on the dissolution process were
investigated in this study.

3. Results and Discussion
3.1. Effect of parameters:

The results obtained from dissolution of
contaminated soil with citric acid solution are
discussed in the following section. The effects of
reaction time, citric acid concentration, solid/liquid
ratio, and temperature on the dissolution process were
investigated in this study.

3.1.1. Effect of organic acids types:

The effect of different organic acid types on U
leaching from contaminated soil was investigated
using fixed parameters such as 1.0 M organic acid type
concentration, particle size 63um, room temperature,
stirring speed 600 rpm, stirring time 120 min, and S/L
mass ratio: 1:10 g / ml. The experimental results
shown in Fig (1) between U leaching efficiency and
organic acid type show that, depending on the type of
organic acid, the leaching percent of U is affected as
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follows: lactic acid (20.4 % U) maleic acid (32.6 % U),
succinic acid (22.9 % U), tartaric acid (53.3 % U),
citric (82.3 % U) and oxalic acid (44.6 % U). As a
result, citric acid is the acid of choice for the
dissolution of contaminated soil in other experiments

[22].
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Fig. (1): Effect of organic acid types on U dissolution
efficiency, % temperature: 25+1°C; particle size: 63 pm;
[Organic acid]: 1.0 M; stirring time: 120 min; S/L mass ratio:
1:10 g / ml; stirring speed: 600 rpm).

3.1.2. Effect of Citric Acid Concentration:

Citric acid concentration ranging from 0.2 to 1.4 M
affected the dissolution efficiency of U from
contaminated soil was studied using solid / liquid ratio
1:10 g/ ml at room temperature with stirring speed of
600 rpm and 63 um particle size. The results showed
in Fig (2) as a relation between U leaching efficiency
and citric acid concentration investigated that, the
citric acid concentration increases from 0.2 to 1.0 M
the U leaching efficiency raised from 24.0 to 82.3%.
This may be due to the increase of the H+ ions in the
solution. Further increase in citric acid concentration
has a slight effect on U leaching percentage.
Therefore, 1.0 M tartaric acid is preferred acid
concentration used for the other experiments of the
dissolution of the working sample [23].
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Fig. (2): Effect of citric acid concentration on U dissolution
efficiency, % temperature: 25+1°C; particle size: 63 pm;
stirring time: 120 min; S/L mass ratio: 1:10 g / ml; stirring
speed: 600 rpm).
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3.1.3. Effect of reaction time

This factor was investigated using a time range of
15 to 240 min at 600 rpm stirring rate, 1M Citric acid
concentration, room temperature, 63 um particle size,
and a solid/liquid ratio of 1:10g/ ml. The experimental
data are shown in Fig (3) as a relation of reaction time
indicate that the leaching percent of U increased by
about 22.0 to 83.0 % for U as the reaction time
increased from 15 to 180 min. Increased stirring time
of more than 180 minutes has a slight effect on the
leaching efficiency of U. From the results, the reaction
dissolution time was fixed at 180 min in all subsequent
experiments [24].
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Fig. (3): Effect of Effect of reaction time on U dissolution
efficiency, % temperature: 25+1°C; particle size: 63 um;
[Citric acid]: 1.0 M; S/L mass ratio: 1:10 g / ml; stirring
speed: 600 rpm).

3.1.4. Effect of particle size

The effect of particle size on U leaching was
investigated using six different particle sizes: 400 pm,
300 pm, 149 pm, 100 pm, 63 um, and 32 um. As the
particle size of the working ore decreased from 400 to
63 um, the U leaching efficiency increased from 18.0
t0 83.0 %, as shown in Fig (4). This is due to the lowest
particle size fraction having the maximum surface
area; conversion rates are inversely related to the
average initial diameter of the particles [25]. Increased
particle size of more than 63 um has a slight effect on
the leaching efficiency of U. Hence the preferred
particle size was 63 pum.
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Fig. (4): Effect of particle size on U dissolution efficiency,
% (room temperature; Citric acid: 1 M; stirring time: 120
min; S/L mass ratio: 1:10 g / mL stirring speed: 600 rpm).

3.1.5. Effect of solid / liquid ratio

At a reaction time of 120 min, a stirring speed of 600
rom, an acid concentration of 1.0 M, room
temperature, and a particle size of 63 um, Figure (5)
shows the effect of solid/liquid ratio on U dissolution.
With an increase in the solid/liquid ratio from 1 to 20
o/ ml, the experimental results indicated a continuous
increase in U from 18.0 to 84.00 %. This could be
attributed to the decrease in the migration of uranium
ions to the liquid medium as the bulk density of the
solution increases. Increases in the solid/liquid ratio at
more than 1:10 g/ml rarely affect leaching efficiency.
As a result, for the other dissolution studies, 1:10 g/ml
ore/ citric acid ratio is the optimum condition [26].
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Fig. (5): Effect of solid/ liquid ratio on U dissolution
efficiency, % (stirring speed: 600 rpm; particle size:
63 um; [Citric acid]: 1.0 M; stirring time: 120 min;
temperature: 60°C.

3.1.6. Effect of temperature

The effect of reaction temperature on the dissolution
process was studied at temperatures of 25, 30, 40, and
50 °C with a reaction time of 120 minutes, a stirring
speed of 600 rpm, a citric acid concentration of 1.0 M,
a particle size of 63 pum, and a solid/liquid ratio of 1:10
g/ ml. As shown in Fig. (6), as the temperature of the
working ore increased from 25 to 50°C, the U leaching
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efficiency increased from 82.0 to 90.0 %. By
increasing the reaction temperature from 25 to 50°C,
the dissolution efficiency of U was increased. As a
result, the optimum temperature for the other factors
experiments is 50°C [27].
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Fig. (6): Effect of reaction temperature on U dissolution
efficiency, % (stirring speed: 600 rpm; particle size: 63 pum;
S/L mass ratio: 1:10 g / ml; stirring time: 120 min; [Citric
acid]: 1.0 M).
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3.1.7. Preparation of pregnant leach liquor from
contaminated soils

An extensive study on 5.0 kg of contaminated soils
was treated using the preferred leaching conditions
(1.0 M citric acid, agitation time 180 min, S/L ratio
1/10, grain size 63um, stirring speed 600 rpm at
ambient temperature) assayed 100 mg/L U. The pH
was determined as 1.0 and was then re-adjusted by
using 10 % NaOH solution to be introduced to the
adsorption system. Batch stirring adsorption technique
was applied in the present study. Natural zeolite (NZ)
was used for uranium adsorption from leach liquor.
Uranium adsorption from the pregnant citrate leach
liquor had been studied in details using natural zeolite.

3.2.  Optimization of uranium adsorption conditions
3.2.1.Effect of pH

Uranium adsorption is strongly dependent on pH of
a solution because both degree of ionization
(speciation) and the surface charge of NZ change as a
function of pH. The effect of pH on adsorption
efficiency of uranium from citrate solution with
different pH (from 0.4 - 4.5) was investigated in Fig.
(7). The obtained results show that the adsorption
efficiency was increased with increasing pH value and
reached 70.0 % by increasing the pH of the solution to
2.5 which is measured as the preferred pH. The
speciation distribution (degree of ionization) of
uranium in citrate media was considered and
characterized in Fig. (8). The achieved results show
that the complexes of UO,?* were the chief species at
the pH range from 0- 4. Under almost alkaline and
neutral pH conditions, a U-hydroxide complex begins
to dominate the aqueous phase. In the range of pH 2.0
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to 8.5, the UO; (Cit) and UO; (Cit)* becomes the
main component of total concentration

whereas at pH 12, UO; (OH) 2.H,0O became the most
species [28].
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Fig. (7): Effect of pH on the adsorption of uranium
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Fig. (8): Speciation of uranium (100 mg/L) as a function of pH in 0.1 M Citric acid
using Medusa/Hydra program

3.2.2.Effect of contact time

The influence of contact time on the efficiency of
uranium adsorption was investigated using 10 ml of
nitrate solution evaluating 100 mg U/L was studied in
the range of 5 to 240 minutes whereas the other
conditions were kept at pH 2.5 and using 0.05 g NZ at
room temperature. The results were summarized in
Fig. (9) from the achieved results it is clear that the
adsorption efficiency of uranium was increasingly

increased as the contact time increased from 5 to 240
minutes, and the preferred adsorption efficiency
(72.0%) was reached after 90 minutes. The
equilibrium adsorption time was considered to be 120
minutes. Further increase in reaction contact time, the
interval adsorption process has been the same. This
may be associated with a decrease in the active sites of
NZ and, moreover, with a decrease in the
concentration of uranium in the solution [29, 30].
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Fig. (9): Effect of contact time on uranium adsorption efficiency onto NZ
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3.2.3.Effect of temperature

The temperature effect on uranium adsorption from
synthetic nitrate solution was examined at various
reaction temperatures ranging from 25 to 50°C under
the condition of a reaction time of 90 min, 10 mL of

in temperature from 25 to 50°C while the uranium
adsorption decreases from about 61.6 to 50%. The
most suitable adsorption temperature for the removal
of uranium in citrate solution using NZ was obtained
at 25 °C. Based on the obtained results, the room

uranium with concentration 100 mg/L at solution pH temperature  represents the selected reaction
2.5 with 0.05g NZ. The results in Figure (10) indicate temperature [31, 32].
that the uranium adsorption decreased by the increase
100
X 80
>
2
S 60
S 4
a
S
3 20
<
o4 —
20 25 30 . 35 40 45
Contact Time, min.
Fig. (10): Effect of temperature on uranium adsorption efficiency
3.2.4.Effect of NZ dosage sharply by increasing the adsorbent dose from 0.005 to

Under the condition that the NZ weight from 0.005
to 0.1 g, the uranium concentration is 100 mg/l and the
pH is 2.5, for 120 min the effect of adsorbent dose on
the uranium adsorption efficiency and uranium
absorption rate was investigated.

As shown in Fig. (11) the experimental data was found
to the adsorption efficiency of uranium improved

0.1 g. Additional increases in NZ concentration from
0.08 to 0.1 g was unable to produce important removal
due to low uranium concentration in solution. This
behaviour can be recognized as the improvement in the
adsorption active sites and NZ surface area. Maximum
adsorption efficiency of uranium removal value of
32.0% was attained at adsorbent dose of 0.05 ¢
adsorbent in 10 ml citrate solution [33, 34].
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0 +—————— g
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Adsorbent Dose, g

Fig. (11): Effect of NZ dose on adsorption of uranium

3.2.5. Effect of Initial Uranium

The uranium adsorption efficiency of NZ was
examined as a function of the uranium initial
concentration from 50 to 700 mg/L at a pH value of
2.5 for 90 min and using 0.05 g CHG at room
temperature. As presented in Fig. (12), it was found
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that the adsorption efficiency of uranium was
decreased from 95.0 to 52.8% with increasing the
uranium concentration from 50 to 700 mg/l whereas
the uranium uptake was increased from 8.4 to 32.0 mg
U/g. This decrease in the adsorption efficiency can be
interpreted that the number of active sites on NZ is
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decreased due to affinity of the uranium ions to bind
with the active sites as a result of initial uranium
concentration increase [35, 36]. Thus, the maximum

saturation capacity of NZ was maintained at 32.0 mg
U/g NZ.

30 E —— Adsorption Efficiency, % —@— U Uptake, (mg/g 35
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3.3. Adsorption Kinetics and Mechanism

The kinetic models were used to investigate the
mechanism of adsorption. The adsorption Kinetics
studies and mechanisms were employed as a function
of temperatures (25 - 40 °C) and estimated by pseudo-
first-order (Lagergren equation) and pseudo-second-
order models to describe the rate-controlling step of
the adsorption interactions. The obtained results of
batch experiments were evaluated using two models
equations to evaluate the rate of the adsorption
interactions [37, 38].

K
Log(g-—Qq:) = Logg-— ( !

— |t
2.303j

Pseudo-first-order

Where g and ge are the amounts of uranium adsorbed
at certain time t (mg/g) and equilibrium (240 min.),
respectively. Equilibrium adsorption capacity ¢e
(mg/g) values and rate constant K; (min') of pseudo-
first-order were obtained from the intercept and slope
of the plot log (ge—qy) versus t for uranium adsorption
at several temperatures as presented in Figure (13 A).
As summarized in Table (1), the values of correlation
coefficient (R?) for the pseudo-first-order kinetic are
ranged from 0.962 to 0.588. In addition to, the
calculated maximum adsorption capacity (Qeca) is far
away from that is achieved experimentally (Qeexp)-
Pseudo first order mechanism data did not fit when
applied on uranium adsorption by NZ [37, 38].
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. (12): Effect of initial uranium concentration on uranium adsorption efficiency onto NZ

L
K quz

1
qe

Pseudo-second-order

Kz (min?t) refers to the pseudo-second-order rate
constant and ge (Mmg/g) equilibrium adsorption capacity
values were obtained experimentally from the slope
and intercept of plot t/g: versus t as illustrated in Fig.
(13 B). The pseudo-second-order plot displays straight
lines with good linearity with different temperatures.
As shown in Table (1), experimental equilibrium
adsorption capacity (feexp) Of uranium adsorption over
NZ was 15.52, 12.0, and 8.31 mg/g at 25, 30 and 40
°C, respectively. Additionally, an extremely high
correlation coefficient (R?) was obtained ranged from
0.992 to 0.991 closer to unity for all concentrations at
the four different temperatures. The kinetic model
provides the best agreement between the calculated
values of ge and the experimental ge data. The results
suggest that the uranium adsorption mechanism on NZ
followed the pseudo-second-order.
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Fig. (13 A): Pseudo-first-order plot of uranium
adsorption on NZ

Fig. (13 B): Pseudo-second-order plot of uranium
adsorption on NZ

Table (1): kinetic parameters for adsorption of uranium onto NZ adsorbent

Temp, Lagergren pseudo first-order Pseudo second-order
C o [Kumin ) |gecar (Mg/ 0) Jaeexo (Mg/g) | RZ [Ka(min™) |Geca(mglg) | gees (mglg) | R?
25 0.033 14.4 2134 | 0962 | 00041 | 144 1552 | 0-990
30 0.012 112 2205 | 0772 | 0.0043 | 112 12.00 |0-990
40 0.007 76 2289 | 9988 | 0.0083 76 g13 | 0991

3.4. Adsorption Isotherms

Adsorption isotherms play an important role in
determining the maximum adsorption capacity of NZ.
The relationship between the adsorption capacity of
its equilibrium concentration was
investigated using several models in order to correlate
the experimental data of the adsorption isotherms
obtained through batch experiments. In general, the
Langmuir and Freundlich isotherms are the most
widely used isotherm models for NZ applications in
aqueous solutions. The Langmuir and Freundlich
model [39, 40] was used to measure equilibrium data.
The isotherm of the Langmuir describes the adsorption
of uranium ion to ligand sites (NZ) in a single layer on
the NZ surface; the energy of adsorption is constant
and has no interaction with the adsorbed species. In
addition, there is no migration of uranium in the
surface plane. The following equation of the linear
form of the Langmuir isotherm was used[39, 40]: :

uranium and

C.
Qe

Ce

1

+
Q max

KLq max

Omax IS the maximum adsorption capacity of saturated
monolayer (mg/g), K. is the Langmuir constant or
equilibrium adsorption constant (L/mg), C. (mg/L)
represents the equilibrium concentration of uranium
while ge (mg/g) is the amount of uranium adsorbed at
equilibrium per unit mass of NZ. gmax and K. were
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estimated from the linear graph of C¢/qe against C. as
presented in Fig. (14).

20

y =0.0287x + 1.817
R?=0.9791

15

10

Ce/qe

Fig. (14): Langmuir isotherm model of U (VI) adsorption
onto NZ

On the other hand, the Freundlich isotherm model
assumes that the energy of adsorption exponentially
decreases as the adsorption active sites (NZ) are fully
occupied. The Freundlich isotherm determines the
adsorption which occurred on the heterogeneous
surface and the interaction among the adsorbed
molecules (multilayer adsorption). The Freundlich
equation with linear form can be expressed as
follows[39, 40]:
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Logge = LogKr +% LogCe

where Qe represent the equilibrium adsorption

capacity (mg/g), C. represent the equilibrium
concentration of uranium in solution (mg/L), KF is
Freundlich constant which represent the adsorption
capacity and n is Freundlich constant which represent
adsorption intensity. Kr and n can be derived from the
intercept and slope of the linear graph of log ge against
log Ce as illustrated in Fig. (15). The Langmuir and
Freundlich constants are represented in Table (2).

16 y = 0.3012x + 0.6669

R? =0.9631

0.5 1 15 2 25 3
log Ce

Fig. (15): Freundlich adsorption isotherm model of U
(V1) adsorption on NZ

Table (2): Langmuir and Freundlich constants for uranium
adsorption on NZ
Langmuir model

Freundlich model

parameters
Omax KL R? n Ks R2
3508 00124 0979 3104 4.126 0.963

parameters

From the obtained data of the equations of the
Langmuir and Freundlich isotherms, it was found that
the uranium adsorption on NZ correlates quite well (R?
> 0.9) with the Langmuir equation compared to the
Freundlich  equation under the  considered
concentration range. In the Freundlich isotherm
model, The Kr had a low value, and the n value
indicated that the Freundlich isotherm was insufficient
to describe the adsorption process of uranium into NZ.
According to the Langmuir isotherm model, the
maximum value of the correlation coefficient R? of the
straight lines was near to the unity which displays a
good linear relationship. In addition to the max and Kp
calculated from the intercept and the slope of
Langmuir plot were found to be 35.08 mg/g and
0.0124 L/mg respectively. It can be established that the
employed adsorption system follows the Langmuir
adsorption isotherm, which is sufficient to define the
adsorption equilibrium of uranium on the NZ
adsorbent.

3.5. Elution Experiments studies
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The regeneration and reuse from the loaded NZ has
been examined using the subsequent different eluent;
CH3COONa, NaOH, Na,SO4, HNO3, H2S04, Na,COs,
NaCl, and HCI. The uranium elution was performed
using a batch technique at room temperature. The
elution experiments studies were occurred by shaking
0.1 g loaded NZ and 10 mL of 1 molar for eluting
media for 1 hour at 250 rpm. The obtained result of
uranium desorption from the NZ using different
solutions was evaluated systematically and shown in
Table (3). From the results obtained, it is clearly
obvious that a promising result was achieved with HCI
among the eluents used in this study, where (HNOs,
H>SO4, and HCI) wash of metal-loaded NZ released
72.9 %, 84.6%, and 93.8%, respectively, while the
others eluent give low elution efficiency.

Table (3):Uranium recovery from loaded NZ using
different solutions

Eluent Type, 1.0 molar Efficiency, %
H2S04 84.6
HCI 93.8
HNO3 72.9
CH3COONa 28.5
Na2SO4 30.7
Na2COs 42.8
NaOH 38.2

3.6. Reusability Study Experiments

The advantage of using a NZ is the ability to
regenerate after reaching capacity. For this purpose,
reusability is the most significant feature of an
advanced adsorbent. For economy and originality, NZ
must be reusable, and because of the reversible
adsorption process, regeneration of the absorbent is
possible [41]. Hence, the reusability of the NZ
adsorbent, the cyclic adsorption-desorption study was
carried out. From the data in Table (4), it was found
that the adsorption efficiency of the NZ decreases
slightly with each cycle. Even after 5 cycles, the
adsorbent still shows high adsorption efficiency. The
results obtained confirmed the possibility of using NZ
adsorbents to adsorb uranium from citrate solutions.

Table (4): Adsorption-desorption cycle for recovery of
uranium with NZ

No. of Sorption Desorption
cycle Efficiency, % Efficiency, %
1 83.8 74.5
2 62.3 55.8
3 38.9 32.9
4 22.9 15.9
5 5.7 3.6

3.7. Characterization of the natural zeolite
3.7.1. XRD analysis

The XRD patterns of the natural zeolite confirming
the mineralogy by using X ray Diffraction analysis
which was applied to detect the crystallinity of the the
natural zeolite The NZ powder showed The sharp
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feature peaks around 26 = 7.1°, 20.3°, 38.5°,58.4 and
65.9° were attributed to the crystalline structure of the
NZ powder as shown in Fig. 16.
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Fig. (16): XRD patterns of NZ before uranium adsorption

3.7.2. Energy dispersive X-ray (EDX) spectroscopy
and Surface Morphology Studies of NZ

EDX and analysis of NZ was accomplished to
determine the chemical composition (elemental
analysis) before and after loading the uranium ion. The
natural zeolites before loading was analyzed by EDX
consist of mainly Si, Na, and Al as revealed in Fig.
(17A). NZ after adsorption of uranium ions was
characterized by EDX showed the occurrence of Na,
Si, Fe, K, and U. The results confirmed the uranium
adsorption by NZ as presented in Fig. (17B).
The SEM images in Figs. (17A, B) Display the
configuration of the NZ before and after the adsorption
of uranium. The surface morphology of the NZ
contains a porous structure which allows the uranium
molecules to diffuse into hydrogel, causing swelling.
Generally this means that the organized NZ has a
porous structure that supports to the adsorption of
uranium from aqueous solutions. Then, the uranium
solution was spread in the NZ and well spread on the
surface of the NZ.
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Figs. (17): EDX spectrum and SEM images of NZ (A)
before uranium adsorption and (B) after adsorption of

uranium

3.8. Characterization of the soil
3.8.1. XRD analysis

The XRD patterns of the soil confirming the
mineralogy by using X ray Diffraction analysis which
was applied to detect the crystallinity of the soil. The
soil powder showed the sharp feature peaks around
20 = 28.1°, 32.3°, 40.5°, and 55.4 were attributed to
the crystalline structure of the soil powder as shown in
Fig. 18.

3.8.8.8 5.8 8.8 8 B 3 B

5:\ H...‘ A‘l A 4 A l l hla‘inL‘JlL

2Thets (Coupled TwoThetaiThets) WL=1.54060

@

Fig. (18): XRD patterns of soil before uranium adsorption

3.8.2. Energy dispersive X-ray (EDX) spectroscopy
and Surface Morphology Studies of soil

EDX and analysis of soil was accomplished to
determine the chemical composition (elemental
analysis) before and after loading the uranium ion. The
natural zeolites before loading was analyzed by EDX
consist of mainly Mg, Si, K, Fe and Al as revealed in
Fig. (19A). Soil after adsorption of uranium ions was
characterized by EDX showed the occurrence of Mg,
Si, Fe, K, Al and U. The results confirmed the uranium
adsorption by soil as presented in Fig. (19B).
The SEM images in Figs. (19A, B) Display the
configuration of the before and after the adsorption of
uranium. The surface morphology of the soil contains
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a porous structure which allows the uranium
molecules to diffuse into soil, causing swelling.
Generally this means that the organized soil has a
porous structure that supports to the adsorption of
uranium from aqueous solutions. Then, the uranium
solution was spread in the soil and well spread on the
surface of the soil.
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Figs (19): EDX spectrum and SEM images of soil (A)
before uranium adsorption and (B) after adsorption of
uranium

4. Conclusion

In this study, the leaching of u from contaminated
soil using citric acid solution has been investigated.
The results showed that the reaction rate increases with
time, hydrogen ion [h+] concentration, liquid/ solid
mass ratio, while leaching temperature and stirring
speed have a slightly effect on the leaching rate.
Natural zeolite was characterized by x-ray diffraction
(xrd), and scanning electron microscope (sem). Nz has
been tested for uranium adsorption from citrate
solution. The adsorption kinetics mechanism obeys a
pseudo-second-order rate equation and the adsorption
process was well fitted with the langmuir isotherm
model with a maximum monolayer adsorption
capacity of gmax = 35.0 mg u/g nz at ph 2.5 for 120
minutes’ contact time at ambient temperature. The
uranium desorption from the nz by using 1 m hcl
achieved 93.8% desorption efficiency.
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