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ABSTRACT

Different processes for recovering uranium from raffinates and effluents generated throughout
the nuclear fuel cycle are implemented. The adsorption process has been widely adopted in the
uranium recovery from aqueous solution, due to its simplicity, rapid Kkinetics, wide
applicability, cost-effectiveness and non-secondary contamination. Adsorption performance is
directly determined by the appropriate adsorbents for the target compounds. Zeolite is one of
the most commonly used materials for adsorption due to its low cost, high chemical and
thermal stability. However, its relatively low sorption capacity limits its performance and
feasibility. Many modification strategies have been used to improve its performance.
Desilication and dealumination are among the processes that improve accessibility to active
sites located inside the zeolite framework and can limit diffusion constraints through the
creation of a secondary network of large pores (mesopores) connected to native micropores. In
this study, the synthesized and modified NaA zeolite were characterized by powder X-ray
diffraction (XRD), thermogravimetric analysis (TGA), Fourier transform infrared spectroscopy
(FTIR) and nitrogen adsorption-desorption analysis. Uranium adsorption capacities were
found to be around 42 mg/g, 27 mg/g and 10 mg/g for desilicated NaA, NaA and dealuminated
NaA respectively. The desilicated NaA material showed better selectivity compared to the
starting material. The adsorption of UO,?* ions follows the Langmuir isotherm and the pseudo-
second-order kinetic model. The values of uranium desorption 36%, 82% et 87% for NaA,
desilicated NaA and dealuminated NaA have been reached using 1M HNO; for one treatment
cycle. The treatment of the real effluent with the three adsorbents showed a recovery of around
62% in uranium for NaA and desilicated NaA, for dealuminated NaA it was around 19%
following the coadsorption of competing metal ions.

1. Introduction

During the operation of nuclear installations, from the
extraction or processing of uranium to the production of
uranium dioxide, significant quantities of aqueous
effluents are generated, which represent a significant
nuisance due to the presence of transuranic elements,
hence the separation and/or recovery of uranyl ions is
essential. Several investigations have been carried out for
the effective removal or recovery of uranium, a wide range
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of different treatment processes like precipitation, co-
precipitation [1], electrodeposition [2], electrocoagulation
[3], microbiological methods [4], solvent extraction [5],
ion exchange [6], membrane filtration [7] and adsorption
[8-10] have been developed. Adsorption has proven to be a
very effective and widely used method in industry and
ranks second after precipitation in terms of frequency of
use or study. Among microporous solids, we find porous
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and crystalline zeolites; they are used in many separation
processes thanks to their physicochemical properties. Their
porous structure generates a large specific surface area,
which gives them different properties such as high cation
exchange capacities, adsorption efficiency and resistance
to radiation [11]. Zeolites make it possible to efficiently
extract radionuclides and other toxic metals such as iron,
cadmium, copper, chromium, and lead from effluents [12].
Despite the application of zeolites in different fields, in
certain cases, their use still encounters problems of
diffusion of the molecules adsorbed in the microporous
network. The latter is linked to the shape, size and
connectivity of the intra-framework channels. This internal
characteristic of certain zeolites generates confinement
effects, which themselves can impose severe constraints
such as the difficulty of accessing active sites. This is why
a large research effort has been developed in the field of
porous materials to find materials with interesting
properties in the adsorption of bulky molecules. For this
purpose, a booming field such as new hierarchical
microporous solids is beginning to provide effective and
original solutions to these diffusion problems. Several
processes used have led to obtaining hierarchical zeolites
and have opened new perspectives by showing improved
performance compared to untreated ones. The framework
of zeolites is likely to be modified either during synthesis
or after synthesis (post-synthesis) [13]. The thermal or
chemical treatment of a zeolite inevitably leads to a
modification of its Si/Al ratio. Various approaches have
been proposed, either the direct development of
mesoporous materials or the development of mesoporous
zeolites using several processes such as dealumination
[14], desilication [15], organic complex (template) [16,
17], use of polymers, solid matrices, etc. to generate
additional porosity and remedy the problem of restricted
pore openings in zeolitic crystals.

In our work, we will see the effect of combining
dealumination and desilication treatments on the structure
of the NaA zeolite prepared from gel composed of a source
of silicon and aluminium and elaborated by hydrothermal
synthesis. Hierarchical zeolites will be obtained using
alkaline and acidic treatments to prevent dealumination
and desilication and will be evaluated for the ability to
remove the hexavalent uranium from aqueous solutions
under various conditions such as pH, contact time, S/L
ratio and different uranium concentrations and to
determine the optimum procedure. Adsorption isotherms
have been analysed by Langmuir, Freundlich and Dubinin-
Radushkevich models. The kinetics of recovery was also
studied. In conclusion, we highlight the performances of
different materials in uranyl ions adsorption from effluents
generated during the processing uranium ore.

2. Materials and Methods
2.1. Synthesis of the adsorbent

The LTA zeolite was synthesized hydrothermally from a
gel with the following molar composition: 1.1Na,O 1.26
SiO, Al,03 92H,0, the gel was brought in a stainless steel
autoclave to a temperature of 90°C in an oven for 72
hours. At the end of the synthesis, the product is filtered,
washed with distilled water and dried at 105°C in an oven.
[18]. Desilicated zeolite NaA was prepared by alkaline
treatment of zeolite NaA, using NaOH solution [19] at a
concentration of 1 M as a desilication agent and a ratio
(Liquid/Solid) of 10 mL/g. The dealuminated NaA zeolite
was prepared by acid treatment of the NaA zeolite, using
the HCI solution [20] at a concentration of 0.1 M as a
dealuminating agent and a ratio (Liquid/Solid) of 10 mL/g,
before the dealumination we must obtain the ammoniacal
form of the zeolite then the protonated form. Obtaining the
ammoniacal form of the NaA zeolite consists of heating,
under reflux, the NaA material in a 0.1 M ammonium
nitrate solution with a ratio RS/L=50 g/L. The zeolite is
filtered and washed with distilled water up to pH=7, dried
in an oven at 60°C and finally calcined for 4 hours at
550°C to obtain the protonated form (H-NaA).

2.2. Characterization

The synthesized material is analyzed by a BRUKER AXS
D8 Advance type X-ray diffractometer with Cu-Ko (A=
1.5406 A) in the range of 5-60°. The infrared spectra were
recorded over a range of 400-4000 cm™ by a PERKIN
ELMER UATR Two spectrometer. The thermal analysis
of the sample was carried out on a LABSYS
thermoanalyzer of SETARAM TGA/TDA type in the
temperature range from 298 to 1073K with a heating rate
of 10°C/min. The surface area measurement was
conducted by the BET method, pore size distribution and
pore  volume with the BJH model using
MICROMERITICS ASAP 2010 device.

2.3. Reagents

1 g¢/L stock uranium solution (from the uranium
purification laboratories of the Draria Nuclear Research
Center, declared in the framework of IAEA guarantees)
was prepared by dissolving a quantity of uranyl nitrate salt
UO, (NO3),6H,0 (Merck, 99% purity) in distilled water.
Uranium solutions from 10 mg/L to 300 mg/L were
prepared from the 1 g/L stock solution by appropriate
dilutions. The pH is adjusted with nitric acid HNO; and
sodium hydroxide NaOH.
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2.4. Instrumentation

The uranium (V1) concentrations are determined by a UV-
visible spectrophotometer (Cintra 40 with GBC software).
The adsorption experiments were carried out using the
batch protocol using an HS 500 Jankel & Kunkel Ika-Werk
model shaker. The Hanna Instrument model 2210 pH
meter is used for pH reading. A Heraeus Labofuge 601
model centrifuge is used to separate the liquid from the
material. A Prolabo oven is used to dry the produced solid.
Flame atomic absorption spectroscopy is used to determine
the concentrations of impurities in the effluent.

2.5. Adsorption experiments

The different experiments are carried out in closed
ployethylene bottles of 100 mL capacity, where we
introduce 0.1 g of the different materials with 10 mL of
uranium ion solution of know concentration. The mixture
is stirred using a shaker at room temperature. The two
phases are separated by centrifugation. The filtrates
obtained were analyzed spectrophotometrically using
Arsenazo 1l method [21, 22] at 652 nm. The calculation of
the uranium adsorption efficiency is given by the
following formula:

_ C,-C,
%d'adsorption = o x100 @

0
Co: Initial concentration of uranium (mg/L),
Cs. Final concentration of uranium (mg/L),
The adsorption capacity Qe is calculated from the
following equation:

Q. =(C,-C, ){%} (2

C.: Concentration of uranium at equilibrium (mg/L),

V: Volume of solution (L),

m: Mass of the adsorbent (g).

The optimization tests were carried out for an initial
uranium concentration of 100 mg/L. For the isothermal
study, the uranium concentration varied from 10 to 300
mg/L; the experiments were carried out at room
temperature.

3. Results and Discussion

3.1. Characterization of the adsorbents elaborated

The purity of the materials elaborated NaA, desilicated
NaA and dealuminated NaA is verified by X-ray
diffraction. The diffractograms are compared to that of
structural type NaA. The diffractogram is typical of a
Linde A crystal structure Fig.1.Dealumination and
desilication treatments of Linde zeolite result in significant

changes in the intensity, width and position of the XRD
peaks, but no structural collapse or peak broadening or
baseline separation was observed, which would be
characteristic of the presence of an amorphous phase [23].
The result of the FTIR analysis is illustrated in Fig.2., this
analysis was carried out to identify the formation of the
NaA framework. It shows that the treatment did not
modify the zeolite framework. Desilcated and
dealuminated zeolites exhibited typical Linde A. The
characteristic bands at 1400-400 cm™ are attributed to
zeolite structure. The band at 464 cm™ and 462 cm™ relates
to the bending vibration of tetrahedral T-O, like AlO, and
SiO, in the zeolite [24]. The bands at 579 and 574 cm™ are
assigned to the external vibration of double four-rings [25].
The signal at 720 cm™ is due to the symmetric stretching
vibration Al-O. The bands at 771cm™, 776 and 788 cm™
are attributed to symmetric elongation of Si-O-Al and Si-
O-Si. The bands at 1008, 1032 and 1021 cm™ were
assigned for the internal vibration of (Si, Al)-O
asymmetric stretching. The band located around 1643 cm’
! 1639 cm™ and 1638 cm™ were attributed to the bending
of —OH groups due to the possible adsorption of moisture
[26]. The band at ~3460 cm™ is also related to asymmetric
stretching of —OH because of physically adsorbed water or
surface hydroxyl groups. This band is wider in the
desilicated sample than the parent NaA due to the higher
surface area caused by the treatment process. It can be seen
that the FTIR spectra are in agreement with XRD patterns
and confirm the presence of NaA structure even with the
treatment process on the desilicated and dealuminated
samples.

The thermogravimetric curve for NaA, NaA desilicated
and NaA dealuminated, shown in Fig.3. indicates a total
mass loss of the order of 18.7%, 27.88% and 16%
respectively between 50 and 1000 C°, which corresponds
to dehydration or elimination of physisorbed water
between 50 and 200°C. The water mass loss increases with
the decrease in the SiO,/Al,O5 ratio, this result is in
agreement with the literature, the hydrophobicity increases
with the increase in the Si/Al ratio [27, 28]. This result
means that desilication has taken place. The desilication
treatment was accompanied by significant weight loss; the
same result was found [29]. Nitrogen adsorption made it
possible to evaluate the specific surface areas of NaA,
desilicated NaA and dealuminated NaA materials. For the
NaA material, the specific surface area value is 771.63
m?/g, for desilicated NaA the specific surface area value is
888.42 m?/g and for dealuminated NaA the specific surface
area value is 330.62 m?/g.
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Table 1: Data obtained from adsorption isotherms

Adsorbent Specific surface Microporous
area BET (m%/g) volume (cm®/g)
NaA 771.63 0.26
Desilicated NaA 888.42 0.32
Dealuminated NaA 330.62 0.11

We note that the desilication process was able to slightly
increase the specific surface area following the departure
of silicon from the crystal structure and the process
therefore created sorption sites due to the enlargement of
the surface area [30]. On the other hand, the process of
deamination reduced the specific surface area of the NaA
material. The textural properties of the NaA zeolite were
not modified; there was no significant difference in the
surface area which went from 771 m%g to 888 m?/g, this
slight increase observed in the SBET after desilication is
also reported in the literature [31].
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Fig 1. XRD patterns of the NaA zeolites
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3.2. Effect of pH on the adsorption of uranyl ions

The effect of pH on the adsorption of uranyl ions was
studied in the range from 1.5 to 9.0. The results of the
experiments are illustrated in Fig 4. The recovery rate of
uranium by the three adsorbents is much greater at acidic
pHs. The adsorption percentage is at a maximum at pH 2.5
where the adsorption percentage is 96.36% for the NaA
zeolite and 96.88% for the desilicated NaA. For the
dealuminated NaA, the maximum adsorption is at pH 6
with a percentage of around 64.77%, this is due to the
hydrolysis of the uranyl ion and its release, the uranyl ions
UO,™ in this pH zone between 1 and 4 are free and
available, which means that adsorption is favoured, there is
no precipitation of uranium in these zones. Even at low
pH, there is competition between H* ions and the UO,**
ion for active sites [32]. The formation of bonds between
the uranyl ion and the material results in the displacement
of the sodium ion from the active sites by the latter, with a
further increase of the pH value, the sorption capacity
decreases. The formation of stable complexes uranium
species [UO,(OH)*,(UO)3( OH)s",(UO,)(OH),J*.... etc)
[33, 34] could be the main reason for the subversion of the
adsorbent [35].
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Fig 4. Effect of pH on the adsorption of uranyl ions by the
materials elaborated.
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3.3. Effect of contact time on uranium recovery

The effect of contact time on the adsorption of uranyl ions
on the three materials was studied over a time interval
ranging from 2 to 360 min Fig 5. The adsorption efficiency
of uranyl ions on NaA, desilicated NaA and dealuminated
NaA materials increases with time until a plateau is
obtained. The maximum adsorption efficiency is obtained
for a contact time of 2 hours for the three materials. The
kinetics of the recovery of U(VI) consisted of two phases:
an initial rapid phase where sorption was fast and a lower
second phase. Initially, all active sites on the adsorbent
surface are vacant and the solution concentration is high.
After that period, few active sites on the adsorbent are
available, so only a very small increase in the sorption is
observed. A contact time of 2 hours is retained as the time
necessary to reach equilibrium.
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Fig 5. Effect of contact time on the adsorption of uranyl ions on
the materials elaborated.

3.4. Effect of the solid/liquid ratio on the adsorption of
uranyl ions

The adsorbent dose is an important parameter because
it can determine the capacity of an adsorbent for a given
initial metal ion concentration. The effect of the ratio
(solid/liquid) on the adsorption of uranium (VI) was
studied using different ratios (3, 5, 7, 10 and 15 g/L). The
results are presented in Fig 6. The adsorption capacity of
uranyl ions increases with the increasing mass of the
adsorbent, which implies an increase in the number of
binding sites available for the adsorption of metal ions.
Maximum elimination of U (VI) ions has been achieved,
and the maximum adsorption of uranium by the materials
is reached for a solid/liquid ratio of 7g/L, with an
adsorption percentage of 94.43% for the NaA zeolite. and
93.43% for desilicated NaA, and dealuminated NaA the
maximum is reached for a ratio of 10 g/L with an
adsorption percentage of the order of 63.10%. Beyond this
ratio, we notice a decrease in the quantity adsorbed, this is
due to the saturation of the active sites during the
adsorption process [36].
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Fig 6. Effect of the solid/liquid ratio on the adsorption of uranyl
ions by the materials elaborated.

3.5. Effect of concentration on the adsorption of uranyl
ions

The effect of varying the initial concentration of uranium
on its adsorption by the three materials was studied in the
concentration range of 10 to 300 mg/L Fig 7. The
percentage of adsorption of the uranyl ion on the three
adsorbents decreases with the increase in the concentration
of uranium, this is due to the high mobility of the UO,**
ion in diluted solutions and therefore to its greater
interaction with the adsorbent. The adsorption efficiency
tends to decrease when the initial concentration of uranyl
ions increases [37]. At lower concentrations, all uranium
molecules present in the medium can interact with the
adsorption sites located on the surface of the adsorbent,
hence higher adsorption efficiencies were obtained. On the
other hand, at higher concentrations, lower adsorption
yields were observed due to saturation of the adsorption
sites [38].
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Fig 7. Effect of the initial concentration of uranium on the
adsorption of uranyl ions by the materials elaborated.
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capacity onto NaA, desilcated-NaA and dealuminated-NaA
materials.

The adsorption capacity increases with the increase in the
concentration of uranium until reaching the maximum of
10 mg/g for dealuminated NaA with an S/L ratio of 10 g/L,
beyond this ratio the adsorption capacity will decrease.
NaA reaches the maximum of 27 mg/g with a ratio of 7g/L
and the formation of a plateau corresponds to the
saturation of the adsorbent. A maximum value of 42 mg/g
for the desilicated NaA material was obtained in the
concentration range of 10-300 mg/L, the variation of the
capacity is linear, and the latter shows that the number of
free sites remains constant during adsorption, this means
that the sites are created during adsorption by solute
molecules which have modified the substrate texture by
opening pores.

3.6. Modeling of adsorption isotherms

The sorption isotherm reveals the nature of the adsorption
which is directly linked to the surface properties of the
adsorbent materials and their affinity with the adsorbate. It
also gives an idea about the adsorbate ions distribution on
the solid—liquid interface at equilibrium.  Langmuir,
Freundlich and Dubinin-Radushkevich (R-D) models were
tested for the simulation of the uranium adsorption
isotherm data.

3.6.1. Langmuir isotherm
The Langmuir model [39] is based on the hypothesis

which says that the maximum adsorption capacity
corresponds to complete coverage of a monolayer of

molecules on the surface of the adsorbent, without
interaction between the adsorbed molecules. The Langmuir
equation for a homogeneous surface is presented by the
following relation:

C,

1 C,
= 4 @3
Q. KQuax Qu

Qe: Quantity of solute adsorbed per unit mass of the
adsorbent at equilibrium (mg/g),

K: Langmuir constant (L/mg),

Qmax: Maximum quantity adsorbed per unit of mass
(mg/g),

Ce: Concentration of the solute in the liquid phase at
equilibrium (mg/L).

Figure 9 presents the adsorption isotherm of uranium on
the zeolites NaA, desilicated NaA and dealuminated NaA
at room temperature. The Langmuir constants, Qmax and
K can be obtained from the slope and the linear intercept.
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Fig 9. Isotherm of adsorption of uranyl ions on NaA, desilicated
NaA and NaA dealuminated according to the Langmuir model.

3.6.2. Freundlich isotherm

The Freundlich isotherm [40] is a model which represents
adsorption on heterogeneous multilayer surfaces. The
linear form of the Freundlich equation is given by the
following equation:

LogQ, = LogK. +£.LogCe (4
n

Kr (mg/g): Freundlich constant associated with adsorption
capacity,
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1/n: Freundlich constant associated with adsorption
intensity.

Figure 10 presents the adsorption isotherm of uranium on
the zeolites NaA, desilicated Na and dealuminated NaA at
room temperature according to the Freundlich model.
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Fig 10. Isotherm of adsorption of uranyl ions on NaA, desilicated
NaA and NaA dealuminated according to the Freundlich model.

3.6.3. Dubinin-Radushkevich isotherm (D-R)

The Dubinin-Radushkevich (D-R) isotherm [41] assumes
that the surface of the material is heterogeneous. This
model is more general than the Langmuir and Freundlich
isotherm, it can be used to describe adsorption on both
types of homogeneous and heterogeneous surfaces. The
linear form of the equation of (D-R) is given by the
following equation:

LnQ, = LnQ, — Ke? 5

K (KJ%/mol?): Adsorption energy constant,
Qm: Adsorption capacity,
€ the Polanyi potential is given as follows:

&= RTLn(lJriJ (6
Ce

R: Ideal gas constant (8.314 J/mol.K),

T : Temperature in Kelvin (K).

The values of Qm and K are deduced from the graph

Ln Qe=f (€%), and the adsorption energy Ea is calculated

from the equation:

1

NCS "

If 1<ka (KJ/mol)<8, the dominant mechanism is
physisorption. If 8< Ea (KJ/mol) < 16, chemisorption wins
[42].

Fig.11. presents the adsorption isotherm of uranium on the
zeolites NaA, desilicated-Na and dealuminated-NaA at
room temperature according to the Dubinin-Radushkevich
(D-R) model.
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Fig 11. Isotherm of adsorption of uranyl ions on NaA, desilicated
NaA and NaA dealuminated according to the Dubinin-
Radushkevich (D-R) model.

The isotherm constants, as well as the values of the
correlation coefficients of the Langmuir, Freundlich and
Dubinin-Radushkeviche (D-R) isotherms, are mentioned

in Table (2,3 and4).

Table 2: Constant of the isotherms of Freundlich model and the
R? values of the adsorption of Uranyl ions on the materials NaA,
desilicated NaA and dealuminated NaA

Adsorbent Freundlich
model
K n R?
(mg/g)
NaA 9.42 4.13 0.92
Desilicated 3.88 1.65 0.99
NaA
Dealuminated 1.38 2.53 0.90
NaA
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Table 3: Constant of the isotherms of Langmuir model and the R?
values of the adsorption of Uranyl ions on the materials NaA,
desilicated NaA and dealuminated NaA

Adsorbent Langmuir
model
Qmax KL R?
(mg/g) (L/mg)
NaA 27.03 0.79 0.999
Desilicated 20.40 0.38 0.990
NaA
Dealuminated 8.26 0.19 0.997
NaA

Table 4:; Constant of the isotherms of D-R-model and the R2
values of the adsorption of Uranyl ions on the materials NaA,
desilicated NaA and dealuminated NaA

Adsorbent D-R-model

Qm KD-R Ea RZ

(mol/g) (mol/L)  (KJ/mol

)

NaA 1.24.10*%  2.10° 15.81 0.950
Desilicated 1.09.10° 5.10° 10 0.989
NaA
Dealuminated  1.26.10%  3.10° 12.91 0.930
NaA

From the values of the correlation coefficients of the
Freundlich, Langmuir and Dubinin-Radushkevich (D-R)
models given in Table 1, it follows that the Langmuir
isotherm model turned out to be suitable for describing
single-component sorption of uranyl ions by the zeolite
NaA, desilicated NaA and dealuminated NaA, the
maximum sorption responds to the saturation of a
monolayer of ions on the surface of the sorbent, and there
is no transmigration from the adsorbate to the surface of
the zeolite, the model is based on the chemical interaction
between the sorbent particles and assumes a constant
number of free active sites [37]. The type of adsorption of
uranyl ions on NaA, desilicated NaA and dealuminated
NaA materials is chemical because the value of Ea is
greater than 8 KJ/mole [43].

3.7. Adsorption kinetics

Two Kinetic models were used to examine the reaction
mechanism (pseudo-first order, and pseudo-second order)
[44, 45].

The equations related to the pseudo-first order and pseudo-
second order kinetic models are given as follows:

Pseudo —first-order model:

K
Lo Q)= LogQ, — —tads ¢ 8
9(Q.-Q,) 9Q. 2303 (

Pseudo-second-order model:

o1 ’

Q h Q

K1ads (min'l): Constant of the pseudo-first order,

Koags (@/mg. min): Constant of the pseudo-second order,
Qe: Quantitie of uranium (VI) adsorbed in (mg/g) at
equilibrium,

Qt: Quantitie of uranium (V1) adsorbed in (mg/g) at time t.
The values of Qe, Kiags and Kyaqs Were determined from the
graphs shown in Figures 12 and 13.
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§‘n ' y=-0016x-0.169 g o ¥ o= 008+ 0,17
LI » R=0515 2 a2 T Rie0515
50 100 b ‘ﬁ'
-0,5 A [+ I 50 100
. 0.2 . .
1 * *
0,4
1,5 - 0,6
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R:= 0,936

Log Qe-Qt

time (min)

Fig 12. Pseudo-first order kinetic model of uranium adsorption on NaA,
desilicated NaA and desaluminated NaA materials
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Fig 13. Pseudo-second order kinetic model of uranium adsorption
on NaA, desilicated NaA and dealuminated NaA materials.

The Kinetic parameters of the models, first and second
orders of the adsorption of uranium on NaA, desilicated
NaA and dealuminated NaA materials are illustrated in
Table 5.
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Table 5: Pseudo-first order and pseudo-second order constants for NaA,
desilicated NaA and desaluminated NaA materials.

Adsorben Pseudo —first-order Pseudo-second-order
ts Qe Kia R Qe  Kaus h R?
mg/g  min® mg g/mg mg/g
lg min min
NaA 0845 0.036 051 9.0 0684 5555 0.999
8 5 09
Desilicate 1185 0.018 051 91 0.092 7.752 0.999
d NaA 4 5 74

Dealumin 1793 0.051 0.93 6.1 0.135 5128 0.
ated NaA 6 73

©
©
(o]

According to the results in Tables (2,3and4), the
adsorption of uranyl ions is correctly described by the
pseudo-second-order kinetic model, with R* > 0.99.
According to Ho and McKay [43], the adsorption is of the
chemisorption type, with the formation of valence bonds
between the surface functions of the NaA zeolite material
and the uranyl ions. It is more likely to be predicted that
during the adsorption process, valence forces are formed
through the sharing of electrons between the uranyl ions
and the adsorbent [46].

3.8. Desorption and regeneration

To estimate the reversibility of uranium sorption,
desorption experiments using different concentrations of
nitric acid (0.01; 0.05; 0.1; 0.2; 0.5 and 1N) with a ratio
solid/liquid of 7g/L for NaA and desilicated NaA and
10g/L for dealuminated NaA were carried out at room
temperature. The results are presented in Figure 14.

100
£ 9 ®Naa
5
Z 80 L M Desilicated NaA
T Deatuminated NaA
H u caluminated
2 60 * [ |
2 50
£
s 40 *

30 - -

20 0 ¢

10

o |
] 0,5 1 1,5
Concentration HNO, (N)

Fig 14. Effect of nitric acid concentration on desorption
efficiency uranium on NaA, desilicated NaA and desaluminated
NaA materials.

The desorption percentage increases with increasing nitric
acid concentration for all three materials, this nitric acid
concentration is sufficient for the desorption process for
the desilicated NaA and dealuminated NaA materials and
possible for the NaA material, it is necessary to increase
the concentration of nitric acid under these conditions.

For the NaA material the maximum desorption does not
exceed 36%, but for the desilicated NaA and dealuminated
NaA materials, the percentages reach almost 82% and 87%
respectively for one treatment cycle.

3.9. Application of the materials developed NaA,
desilicated NaA and dealuminated NaA in the treatment of
real uranium effluent

This part concerns the application of the materials, NaA,
NaA desilicated and dealuminated NaA in the treatment of
uranium effluents from an ore processing operation. These
effluents are diverse and contain significant quantities of
uranium and toxic metals whose concentrations are
variable and often exceed the required standards (Table 4).
Treatment by adsorption on the materials NaA, desilicated
NaA and dealuminated NaA using the conditions optimal
adsorption conditions determined in this work on synthetic
uranium solutions. The analysis results are presented in
Table 5.

Table6: The concentrations of elements in a real uranium effluent

Element Uranium Fe Mg Cu Zn Mn Ni Cd

Concentration 11491 4.594 2.033 0.331 1.5 0.210 0.001 -

(mg/L)

Table 7: The percentage of adsorption of uranium on the different
materials elaborated

Material NaA Desilicated Dealuminated
NaA NaA

% adsorption of 62.41 63.68 19.10

uranium

The best adsorption efficiency is achieved with NaA and
desilicated NaA materials; the use of these materials in the
recovery of uranyl ions is essential.

4, Conclusion

The development of a material with hierarchical porosity
with a large specific surface area, capable of recovering
uranyl ions as much as possible from aqueous effluents
was our objective. We demonstrated that the
dealumination of zeolite NaA with acid revealed changes
in the hydrophilic behavior of modified zeolite and the
desilication process was able to slightly increase the
specific surface area following the departure of silicon
from the crystal structure and the process therefore
creating sorption sites due to the enlargement of the
surface area. The recovery process depends on several
agents such as initial pH, contact time S/L ratio, and initial
uranium concentrations. The experimental data for U (VI)
is consistent with the pseudo-second-order kinetic model
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of the recovery isotherm models tested, the Langmuir one
gave the best fit to the experimental data for U (VI),
revealing that the uptake of U(VI) ions can occur via the
chemical mechanism and formation of a monomolecular
layer. It was found that the recovery capacity is 10 mg/g,
27 mg/g and 42 mg/g for dealuminated NaA, NaA and
desilicated NaA respectively.

Furthermore, the adsorbents after the removal of uranium
could be regenerated for repeated use using 1M HNOs.
The optimized parameters have been applied to the

uranium effluents. It has been found that the uranium (VI)
recovery yields are 62 %, 63% and 19% for NaA,
desilicated NaA and dealuminated NaA respectively.

The results allow us to state, that the desilication might be
a promising sorbent suitable for uranium (VI) recovery
from aqueous solutions.
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