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Abstract

The present work aims to uranium and cadmium ions sorption from commercial di-hydrate phosphoric acid using commer-
cial cation exchange resin, C100H. The influence of main factors such as shaking time, sorbent dose, and phosphoric acid
molarity have been investigated to figure out the sorption characteristics of C100H resin. The displayed results declare the
applied cation exchange resin have high tendency for U(VI) and Cd(II) sorption from crude phosphoric acid whereas about
95.8% and 82.5% of uranium and cadmium ions respectively were removed successfully from phosphoric acid. The kinetic
and isotherm of the sorption process show that U(VI) and Cd(II) sorption obey the pseudo-second order kinetic model and
Langmuir isotherm model. The sorption capacity of C100H resin for U(VI) and Cd(II) ions were 14.6 and 3.3 mg/g. The
desorption of U(VI) and Cd(II) from loaded resin were performed and the resin exhibit high stability for 6 sorption/desorp-

tion cycles.
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Introduction

Phosphate fertilizers are essential for plant growth and pro-
ductivity. Therefore, phosphate fertilizers play an important
role in the food security system [1, 2]. Hence, as the world
population increases, the food demand increases which in
turn increase the global phosphate fertilizers demand [3].
The United Nations reported that worldwide, the food pro-
duction is expected to increases by 70% by 2050 as a result
in the world population increases over 9 billion, which
means that the world demand of phosphate fertilizers is in
turn increases [3, 4].

Phosphate rock (which is a sedimentary or igneous rocks
mined from clay deposits) is the main sources of phosphate
fertilizers [5]. Phosphate rock is mainly mined and processed
to form phosphoric acid as well as elemental phosphorus.
Processed phosphate is used in several applications, for
example: fertilizers, animal feed, detergent, food, and bev-
erages [5, 6].
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Phosphate rocks naturally contain minor concentrations
of uranium as well as toxic elements such as cadmium.
The level of potentially toxic metals in the phosphate rock
depends on the type and the origin of the phosphate rock
whereas; sedimentary phosphate deposits possess much
higher concentrations of potentially hazardous elements
(uranium and cadmium) than igneous rock phosphate
deposits [5-8]. Cadmium concentration in phosphate rock
varied from 3-150 mg/kg with average concentration of
18 mg/kg, while uranium concentration in phosphate rock
is ranging from 20 to 500 mg/kg with average concentra-
tion of 100 mg/kg [7-9]. These elements are classified as
carcinogenic, non-biodegradability, and bio-accumulation
[10]. The long term application of phosphate fertilizers
increases the level of these hazards in the environment
and subsequently to the human body via the food chain
[5-7].

Mainly, phosphoric acid is produced from phosphate rock
using the sulfuric acid in the so called wet process based on
the following equation:

CasF(PO,), + 5H,S0, + 5nH,0 — 3H;PO, + 5CaSO, - nH,0 + HF

During the wet production process, most of uranium
and cadmium is transferred into the phosphoric acid and

in turn in the phosphate fertilizers [5-7]. Accordingly, the
removal of these hazardous will improve the quality of the
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phosphoric acid, and prevent their spread on agricultural
land. In addition, uranium recovery from phosphoric acid
could supply a significant part of the uranium requirement
worldwide [8].

Uranium as well as cadmium recovery from phosphoric
acid has been performed using different approaches, for
instance: co-precipitation, solvent extraction, membrane-
based separation, and adsorption on different surfaces
[11-15]. Despite of solvent extraction is the only proven
process for the recovery of heavy metals and uranium from
phosphoric acid; however, it suffers from several disadvan-
tages such as: leads to the contamination of phosphoric acid
with organic solvents, large consumption of combustible car-
riers, generating large amounts of solvent waste, and crud
formation [16-18].

Solid-liquid extraction of toxic and radioactive elements
from aqueous solutions has proven to be more advantageous,
for example: strong flexibility and kinetic properties, high
sorption power, its low rate of physical deterioration, and
the absolute insolubility of the applied solid in the aqueous
process [17-20]. Numerous solid materials have been inves-
tigated for the purification of phosphoric acid, for example:
DEHPA — TOPO solvent immobilized in calcium alginate
[21], white silica sand [22], activated bentonite [23], Cyanex
923- DEHPA encapsulating in poly(ether sulfone)-based
composite [24], and solvent impregnated charcoal [25].
However, the above materials are to somewhat cumbersome
in reuse and recovery [19, 20].

Ion-exchange and chelating resins are commonly used
for the hydrometallurgical recovery of radioactive and toxic
elements from aqueous solutions whereas they are charac-
terized by the ability to reuse for several cycles of sorption/
desorption, and acid and heat resistances [17-21]. Com-
mercial resins were applied for the recovery of radioactive
as well as toxic elements from phosphoric acid, such as:
the recovery of REEs from phosphoric acid using Lewatit
VP OC 1026, Lewatit TP-260, Amberlite IRC-747, Purolite
S940, and Tulsion CH-93 have been investigated for REEs
recovery from phosphoric acid [19, 20]. Marathon C cati-
onic exchange resin has applied for the recovery of U(VI),
CddI), Mn(II), Zn(IT) and Cu(II) from phosphoric acid [26].
Duolite ES467 (amino-phosphonic resin), and Duolite C464
(hydroxy-phosphonic resin), MTC1600H (sulfonic cationic
exchanger), MTS9500 (aminophosphonic-chelating resin),
and MTS9570 (phosphonic/sulfonic chelating reins) have
been applied to recover cadmium and uranium ions from
phosphoric acid [17, 18]. Nevertheless, these trails attempts
have never been applied industrially [19, 20, 27].

In this contribution, commercial sulfonic cationic
exchanger resin (C100H) has been applied for the sorption
of uranium and cadmium ions from industrial phosphoric
acid as an effective alternative method to the conventional
solvent extraction method. The main variables influencing
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Fig.1 The functional group of C100H resin

Table 1 Main physical and chemical properties of C100H resin

Polymer structure Gel polystyrene
crosslinked with
divinylbenzene

Appearance Spherical beads

Functional group Sulfonic acid
Tonic form as shipped H*

2.0 eq/L (H* form)
51-55% (H* form)
1.2 (H* form)
300-1200 pm

120 °C

Total capacity (min.)
Moisture retention capacity
Specific gravity

Particle size range

Temperature limit

the sorption efficiency such as: sorbent dose, shaking time,
phosphoric acid molarity, and the sorption isotherms, and
kinetics were studied. Desorption and sorbent recycle have
been performed.

Materials and methods
Materials

Purolite strong cation exchange resin (C100H) has been sup-
plied from Purolite Co. Ltd. (Qianyuan, China). The func-
tional group of the resin was shown in Fig. 1, and the main
physical and chemical characteristics of the applied resin were
presented in Table 1. The resins were washed with deionized
water and then conditioned in an acid solution of composi-
tion and pH matching the experimental conditions. Commer-
cial di-hydrate phosphoric acid sample utilized in this work
were purchased from Abu Zaabal Company for Fertilizer and
Chemical Materials (AZFC), and used without any purifica-
tion processes. The chemical properties of the crude phos-
phoric acid sample have been displayed in Table 2 as analyzed
in Nuclear Materials Authority.
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Procedures

The experimental work was performed by shaking a proper
weight of resin with 4.0 M phosphoric acid (containing 40
and 16 mg/L of uranium and cadmium ions concentration
respectively) in 10 mL in polyethylene tubes at ambient
temperature. The impact of different variables on U(VI) and
Cd(II) removal process such as shaking time (2—600 min),
sorbent dose (0.5-5 g/L), phosphoric acid molarity (2-6 M)
were investigated using batch wise route. The experiments
were carried out in triplicate and ~ 5% relative error has been
accepted. After the reaction proper time, a subsequent filtration
is performed to separate the solid and liquid phases. Uranium
concentration in the phosphoric acid has been measured using
Shimadzu UV-Visible recording spectrophotometer type UV-
60A by applying Arsenazo-III spectrophotometer method at
650 nm [28] and titrimetric method [29] while cadmium con-
centration has been measured using Atomic Absorption Spec-
trometer GBC 932 AA (UK).

The quantity of adsorbed ions (g,) has been evaluated from
the difference between the metal ion concentrations before (C,,
mg/L) and after (C,, mg/L) the sorption process based on the
following equation.

4= (Co= COX M

where g, (mg/g) is the amount of ion adsorbed at time ¢, V
(L) is the phosphoric acid solution volume and m (g) is the
resin mass. The distribution coefficient (K ;) and the sorption
efficiency percent could be described according to Egs. 2
and 3 respectively:

Co_Ce
Kd=(c—)x% @

o

Table 2 Chemical properties of commercial phosphoric acid

Element Phosphoric acid

Composition Wt %

P,04 ~24.5
SO, 2.1

F 0.7
Fe,0, 0.81

Trace elements (ppm)

Mn 536
Zn 190
Cd 16

6] 40

(1 - Ce)

E% =100 X ——— 3)

o

Modeling of sorption process
Adsorption isotherm models

The adsorption isotherm has been investigated for improving
the U(VI) and Cd(II) sorption system as well as performs the
plant design. Accordingly, U(VI) and Cd(II) sorption isotherm
has been investigated using the following isotherm models,
Langmuir, Freundlich, and Temkin Isotherm equations [Egs.
(4), (5), and (6), respectively] [30, 31].

C. 1 N C. 4

% b0, 0, @
1

logg, = logk, + - log C, 5)

In g, =1Ing,, + pe (6)

where C, is concentration of adsorbate at equilibrium
(mg/L), g, is amount of the adsorbate at equilibrium (mg/g),
b is the Langmuir constant related to affinity of adsorbent
and the enthalpy of sorption (L/mg), g,, is maximum mon-
olayer coverage capacities (mg/g), k. is adsorption capacity
(L/mg); (n) is adsorption intensity; T is the temperature (K);
R is the ideal gas constant (8.314 J/mol K), b is Temkin
constant that refers to the adsorption heat, and K (L/min)
is the equilibrium binding constant.

Adsorption kinetic models

The adsorption kinetic is important parameter for predicting
the adsorption rate of reaction as well as understanding the
adsorption mechanism. In this regards, U(VI) and Cd(II)
sorption kinetics have been investigated using The Lager-
green pseudo first-order model, the pseudo-second order
model, and Weber and Morris model, [Egs. (7), (8), and (9)
respectively] [31, 32].

k
log (g, — q,) = logq, — ﬁt )
r_ 1 1, o
9 kg g ®)
q, = Kt +C )

where ¢, is the sorption capacity at time ¢ (mg/g), K| is the
rate constant of the pseudo first-order sorption (min~'), ¢
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is time (min), K, is the rate constant of the pseudo second
order kinetics (g/mg min), K4 is intraparticle diffusion rate
constant (mg/g min'/?), C is the initial adsorption (mg/g).

Results and discussion

The following section represents the results obtained from
the application of C100H cation exchange resin for U(VI)
and Cd(II) sorption from di-hydrate phosphoric acid. The
impact of resin dose, shaking time as well as the phosphoric
acid molarity on the sorption efficiency has been investi-
gated. The sorption isotherm and kinetics were performed.
Desorption process has been achieved using several aqueous
solutions.

Influence of sorbent dose

The effect of C100H dose on U(VI) and Cd(II) sorption from
4.0 M phosphoric acid has been investigated for sorbent
dose ranging from 0.5 to 5.0 g/L while the other parameters
were fixed at 24 h reaction time and room temperature. The
obtained data have been displayed in Fig. 2 as a relation
between the sorption efficiency and resin dose. The revealed
results declares that, as the resin dose increases from 0.5 to
6.0 g/L the sorption efficiency of increases strongly from
17.8 to 97.3% for U(VI) and from 10.0 to 88.8% for Cd(II)
respectively. This behavior could be attributed to the pres-
ence of more resin active sites [18]. Further increase in sorb-
ent dose has slightly positive impact on the uranium and
cadmium ions sorption efficiency. Therefore, sorbent dose of
5.0 g/L has been selected for the other experiments.

Despite of the uranium and cadmium ions sorption effi-
ciency increases with the resin dose increases; however, it is
clear that the sorption quantity of the metal ions decreases
with the increase of sorbent dose as displayed in Fig. 2.
Numerically, as the resin dose increases from 0.5 to 6.0 g/L,
the sorption quantity decreases from 14.2 to 6.5 mg/g for
U(VI) and from 3.2 to 2.4 mg/g for Cd(II). This behavior
could be due to the available reaction sites on the resins were
not free available for reacting with uranium and cadmium
ions, and the low concentration of U(VI) and Cd(II) could
not meet the adsorption capacities of adsorbents, and thereby
decreased the g, [18, 23].

Sorption isotherm

The isotherm of the application of C100H resin for U(VI),
and Cd(II) ions sorption from industrial phosphoric acid
has been performed using the linear equations of Langmuir,
Freundlich, and Temkin models. The equilibrium isotherm
analysis is explored in Figs. 3, 4 and 5 respectively. The val-
ues of the isotherm parameters were obtained and displayed
in Table 3. The Fitting of the isotherm model was tested
using the values of the correlation coefficient.

The log g, as a function of log C, (Freundlish model plot)
for U(VI) and Cd(II) sorption has been displayed in Fig. 3.
From the figure, it is clear that the relation between log e,
and C, gives straight lines with R? equals (0.96). The hetero-
geneity factor (n) for both uranium and cadmium is higher
than 1.0 (Table 3) which indicates that the metal ions sorp-
tion using C100H is favorable [18, 33]. Uranium adsorp-
tion using C100H has higher k, value than cadmium, which

Fig.2 Effect of sorbent dose 100 - - 16 —o-Cd
on U(VI) and Cd(II) sorption [ U
efficiency, % (phosphoric acid 90 1
concentration 4.0 M; tempera- 1 r 14 -o-qe-Cd
ture 298 K; shaking time 24 h.) 80 1 =-qe-U
] F 12
B 70
3‘, ]
= 1 L
'8 60 - 10 -
S o ®
50 - r8
57 g
-
2. ] [ =
5 40 ] - 6
w n -
30 ] [
I r 4
20 1
: —N L
10 / r 2
0 ] LA A S S RN N S S R R S S R S B S N S R B S S B S B S B S S B S R F 0
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Fig. 3 Freundlich model plot for 1.4 -
U(VI) and Cd(II) sorption from 1 *Cd
commercial phosphoric acid ]
1.2 yU=0.2129x + 0.8111 muU
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Fig. 4 Langmuir model plot for 5 1
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4 1
] yCd =0.3002x + 0.2838
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11
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indicates that the utilized resin has higher tendency for ura-
nium ions than cadmium ions as shown in Table 3 [34].
Langmuir isotherm model describe the relation between
C./q, as a function of C, (Fig. 4). According to Fig. 4, it is
clear that Langmuir model exhibit linear relationship for both
U(VD) and Cd(II) sorption from crude phosphoric acid with
perfect correlation coefficient (R*=99). This means that the
sorption process could be described successfully using Lang-
muir model, which declare that the sorption of uranium and
cadmium is homogenous process, and the applied commercial
resin has equivalent and identical active sites. Furthermore,
the sorption of U(VI) and Cd(II) is monolayer and it occurs at
exact number of resin active sites. This result is matches with

Ce

the results reported with other authors [18, 35]. The displayed
data in Table 3 show that C100H sorption capacity is about
14.6 and 3.3 mg/g for U(VI) and Cd(II) respectively, which
confirmed that the applied resin has higher tendency regards
uranium ions than cadmium ions.

The natural of uranium and cadmium adsorption process
whether the sorption is favorable or unfavorable could be
declared by the dimensionless constant separation factor (R;)
based on the following equation [35, 36]:

R, =1/ +k.C,) (10

@ Springer
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Fig.5 Temkin model plot for 15 -
U(VI) and Cd(II) sorption from ] - *Cd
commercial phosphoric acid 14 ]
] mu
12 1
11
9 1 yU = 2.0825x + 6.0897
R?=0.9552
g" 8 A
6 4
5 4

3 1
] M yCd = 0.356x + 2.1866

R*=0.9508

Table 3 Isotherm parameters of Freundlich, Langmuir, Temkin iso-
therm models

Cd U

Freundlich isotherm model

n 7.8 4.7

K, (mg/g) 2.2 6.5

R? 0.95 0.97
Langmuir isotherm model

0., (mg/g) 33 14.6

b (L/mg) 1.06 0.37

R, 0.02 0.06

R? 0.99 0.98
Temkin isotherm model

b (J/mol) 6959.4 1189.7

B 0.4 2.1

KT (L/g) 465.0 18.6

R? 0.95 0.95

The sorption is favorable if 0 <R, <1, however it is unfa-
vorable if R; > 1, and the sorption is irreversible if R; =0
[35, 36]. According to the results obtained in Table 3, it
is indicated that uranium and cadmium ions using C100H
is favorable where R; equals 0.02 and 0.06 for Cd(II) and
U(VI) respectively.

Temkin isotherm model links the heat of adsorption to
the adsorbent surface [36]. The plot of Temkin isotherm
model (Fig. 5) explores a linear relationship with correla-
tion coefficient equal 0.95 for both metal ions sorption.
The Temkin constant (by) is 6.9 and 1.1 kJ/mol for Cd(II)
and U(VI) ions (Table 3) which indicated that uranium

@ Springer
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Table 4 The experimental capacity of C100H resins compared with
the sorption capacity of other sorbents for Cd(II) and U(VI) recovery
from phosphoric acid

Sorbent q, (mg/g) Refer-
cdan  uvn oo
C100H resin 33 14.6 This work
Abu Zeneima white sand 0.14 0.87 [37]
‘White silica sand n.r 0.14 [22]
0.05 M Triphenylphosphine sul- 2.88 n.r [25]
phide impregnated charcoal
0.1 M Triphenylphosphine sul- 4.18 n.r [25]
phide impregnated charcoal
Amberlite XAD-7-Cyanex-301 11.51 n.r [38]
Amberlite XAD-2-Cyanex-301 1.56 n.r [38]
Kaolinite n.r 0.65 [23]
Metakaolinite n.r 1.02 [23]
D,EHPA-impregnated charcoal n.r 0.47 [15]
MARATHON C resin 7.29 14.7 [26]
MTC1600H resin n.r 7.8 [18]
MTS9500 resin n.r 10.6 [18]
MTS9570 resin n.r 12 [18]

n.r. nor reported

and cadmium sorption using C100H commercial resin is
a physisorption process [36].

The comparison between the maximum sorption capac-
ity of C100H resin with other sorbents, available from
literature, for uranium and cadmium sorption from phos-
phoric acid has been performed and displayed in Table 4.
From the table, it is clear that C100H perform good
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sorption capacity which indicates that C100H proven per-
formance in established hydrometallurgy applications.

Effect of shaking time

Several experiments were conducted to investigate the influ-
ence of reaction time in the range of 5-600 min on Cd(II)
and U(VI) sorption from commercial phosphoric acid using
C100H resin. The other parameters have been fixed at sorb-
ent dose of 5.0 g/L resin, phosphoric acid concentration of
4.0 M and room temperature. The sorption efficiency has
been explored as a function of the shaking time in Fig. 6.
The collected data reveal that cadmium and uranium sorp-
tion process display fast sorption performance up to 60 min
(the sorption percent were about 77.5%, and 93.8% for
Cd(I) and U(VI) respectively). Further increase in reaction
time is characterized by slight increase in the sorption effi-
ciency. This means that the sorption of Cd(II) and U(VI)
shows two stage sorption behavior; (1) fast up to equilibrium
(60 min) due to the existence of free active groups on the
resin surface, and (2) slow after equilibrium time due to
the diffusion of the ions to interact with the inside active
groups [39, 40]. Figure 6 explore that as the reaction time
increases from 5 to 600 min, the sorption capacity of U(VI)
and Cd(II) increases from 0.8 to 2.8 mg/g and from 2.4 to
7.9 mg/g respectively.

Sorption kinetics
The kinetics of the sorption process is important to analyze

the sorption rate of reaction as well as predicting the sorp-
tion mechanism. Accordingly, Lagergreen kinetic model,

pseudo-second order model, and Morris—Weber model have
been applied to figure out the kinetics and mechanism of
uranium and cadmium sorption from commercial dihydrate
phosphoric acid using C100H resin. Figures 7, 8 and 9 rep-
resent the plots of Lagergreen, pseudo-second order, and
Morris—Weber models respectively, while Table 5 display
the obtained kinetic parameters. The fitting of the kinetic
model has been declared based on the agreement between
the experimental profiles and the fitted curve, as well as the
obtained R? coefficient.

According to the data explored in Table 3, it is obvious
that the relation between /g, and time display straight lines
with R? equals 0.99, and the value of sorption capacity cal-
culated (g,.,) is close to the experimental sorption capacity
(@eexp) for both metal ions which reveals that the pseudo sec-
ond order reaction model describe well the sorption of U(VI)
and Cd(II) using C100H resin. This means that the sorption
of U(VI) and Cd(II) is chemisorption process [31, 32]. This
results in consistent with other previous reports [18, 26]. The
applied resin exhibits higher sorption capacity at equilib-
rium for uranium (8.0 mg/g) than cadmium (2.9 mg/g). The
half-equilibrium time, #,, (h), and initial adsorption rate,
(mol/g h) were evaluated from equations ¢, =1/(k, g.) and
h=k, qe2 [32] and displayed in Table 5. The obtained data
obvious that U(VI) sorption exhibit the lowest half equilib-
rium time (9.4) and the highest initial adsorption rate (0.85).
On the other hand, Cd(II) sorption exhibit the highest half
equilibrium time (17.2) and the lowest initial adsorption
rate (0.17). These results indicate that C100H resin possess
higher sorption tendency towards to U(VI) than Cd(II).

Figure 9 shows the variation of sorption capacity, g,, as
a function of time. From the figure it is clear that uranium

Fig. 6 Effect of shaken time
on Cd(II) and U(VI) sorption 100 1 —-cd
efficiency, % (4.0 M phosphoric ]
acid molarity; 5.0 g sorbent/L; 90 - U
temperature 298 K) ]
80 -
o ]
°\>.’ 70 ] —4—qe-Cd
g ] ~i-qe-U
2 60 ]
= ]
g
o 50 7
2
- ] e
2 40 ] ¢
(=] 4
@ ]
30 . . .
400 600 800
20 E Time, min
10 1
o777
0 100 200 300 400 500 600 700
Time, min
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Fig.7 Lagergreen plot for 1.0
Cd(II) and U(VI) sorption from ¢Cd
phosphoric acid u
Im mU
o5 ™
" yU =-0.0053x + 0.4276
1Mo R?=0.7408
0.0 -
=
=3
@
=
¥ -0.5 - |
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Fig. 8 Pseudo second-order plot 250 -
for Cd(IT) and U(VI) sorption E ecd
from phosphoric acid
mU
200 -
1 yCd = 0.3471x + 5.9529
150 1 R? = 0.9995
—_
o
= | yU = 0.1245x + 1.1731
100 R% = 0.9998
50
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and cadmium sorption process display multi-linear relation-
ship which means that the intraparticle diffusion of cadmium
and uranium species through the polymer bead was not the
only mechanism of the sorption process [41]. The obtained
data in Table 5 declare that the first stage has fast sorption
rate and low diffusion resistance for both U(VI) and Cd(II)
ions which indicate that the sorption occurs at the sorbent
surface. On contrary, the second stage explores slow sorp-
tion rate and high diffusion resistance which indicate that the
Intra-particle diffusion occurs [41, 42].

The difference between the sorption capacity (binding
strength) of the resin towards the uranium and cadmium

@ Springer

metal ions could be explained based on the Pearson Hard
and Soft Acids and Bases (HSAB) theory, which classi-
fied the ligands of the functional groups in resins as bases
(i.e., electron donors), and the metal ions as acids (i.e.,
electron acceptors) [18, 31, 32]. In regards to the theory,
strong bases will preferentially react with strong acid and
reciprocal: weak bases with weak acids. Based on HSAB
theory, the sulfonic group is strong base, and uranium is
considered as strong acid, while cadmium is considered
as weak acid. This means that C100H resin (with sulfonic
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Fig.9 Morris—Weber illustra- 9 - cd
tion for Cd(II) and U(VI) sorp- ¢
tion from phosphoric acid 8 2U
7 9 yU-I1 = 0.0245x + 7.3196
] R?=0.9817
6
5 ] yU-1=0.932x + 0.614
] R? = 0.9805
4
e
=2 ]
3 1 A
4 - ¢ v
2 - Py
1 yCd-11 = 0.0193x + 2.3403
] R? = 0.9945
11 yCd-1=10.2917x + 0.1235
R? =0.9827
0 ;
0 5 10 15 20 25 30

Table5 The calculated parameters of the pseudo first-order, pseudo
second-order and Morris—Weber kinetic models

Cd U
Lagergreen pseudo first-order
K, (min~!) 0.009 0.012
ecal (Mg/g) 1.3 2.7
Geexp (ME/R) 28 7.8
R? 0.75 0.74
Pseudo second-order
K, (min~!) 0.020 0.013
ecal (Mg/g) 29 8.0
Geexp (ME/L) 2.8 7.8
h (mol/g h) 0.17 0.85
t, (h) 17.2 9.4
R? 0.99 0.99
Weber and Morris model
Stage 1
K, (mg/g min'’2) 0.29 0.02
C 0.1 2.3
R? 0.98 0.99
Stage 11
K, (mg/g min'’2) 0.93 0.02
C 0.6 7.3
R? 0.98 0.98

function group) will possess higher tendency towards
uranium than cadmium. This tendency is agree with the
obtained experimental results.

Effect of phosphoric acid concentration

Figure 10 explores the impact of phosphoric acid concen-
tration ranging from 1.0 to 5.0 M on uranium and cadmium
ions sorption percent using C100H cationic exchanger
resin. The experimental conditions were fixed at 5.0 g/L
resin dose, room temperature and 60.0 min shaking time.
The displayed results indicated that uranium and cadmium
sorption efficiency is negatively influenced with the vari-
ation of phosphoric acid molarity from 1.0 to 5.0 M. In
details, Cd(II) and U(VI) sorption percent reduced from
98.1 to 68.1% for Cd(II) ions, from about 98.5 to 92.8% for
U(VI) ions by varying phosphoric acid molarity from 1.0 to
5.0 M. This behavior suggests that Cd(IT) and U(VI) sorption
mechanism obey to ion exchange type mechanism at low
phosphoric acid concentration [26, 43], while as the phos-
phoric acid molarity increases (pH decreases) the sorption
mechanism is changed [43]. This performance could be due
to the increase of phosphoric acid bulk density and in turn
the increase of acid molecules accumulation over the sorb-
ent surface which affect negatively on the Cd(II) and U(VI)
ions diffusion to the sorbent surface [44]. Furthermore, the
increase of acid molarity decreases the resin’s mobile ions
and therefore reduces Cd(II) and U(VI) ions sorption per-
cent. This behavior is in good agreement with the reported
literature [18, 23, 27, 44].

The variation of phosphoric acid molarity influence on
Cd(I) and U(VI) metal ions sorption efficiency could be
due to the various speciation of Cd(II) and U(VI) ions in
the phosphoric acid. To the author knowledge, U(VI) and
Cd(II) ions exist predominantly in phosphoric acid molar-
ity higher than 2.0 M as the following species UO,(H,PO,)
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Fig. 10 Influence of phosphoric 100 -
acid molarity on Cd(II) and —#-Cd
U(VI) ions removal percent, 90 1
% (room temperature; shaking U
time 24 h; sorbent dose 3 g/L; 80 1
100 rpm)
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H,PO,*, and Cd*" [18, 23, 26]. This indicated that the
interaction between the applied C100H resin and U(VI)
and Cd(II) ions will involve the exchange of two H* ions
in case of cadmium ions, and only one H* in case of ura-
nium ion. The variation of Log K, as a function of Log
acid molarity is explored in Fig. 11. The figure declares a
linear relationship for both metal ions with slop close to
1.0 in case of uranium ions and 2.0 in case of cadmium
ions which in agreement with the obtained metal species
in literature.

Fig. 11 The relation between 1.4
Log K, and Log phosphoric ’
acid molarity 1.2

1.0
0.8
0.6
0.4

Log K,

0.2
0.0
-0.2

-0.4

Desorption investigation

The metal desorption is an important process for recy-
cling the sorbent, concentrating the hazardous pollut-
ant, as well as valorizing the metal. Accordingly, U(VI)
and Cd(II) desorption from the loaded commercial
resin, C100H, were investigated using different concen-
trations of various acidic solutions. Briefly, 0.05 g of
loaded resin is contacted with 10 mL of acidic aqueous
solutions at room temperature for 24 h. The desorption
results explored in Fig. 12 show that 1.0 M sulfuric acid

ecd mU
yU =-0.9997x + 1.153
R? = 0.9802
]
L yCd =-1.9202x + 1.044
2 _
. R? = 0.9837
¢

-0.6 T
0.1 0.0 0.1
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Fig. 12 Cadmium and uranium
desorption using different solu-
tions

Fig. 13 The proposed mecha- 100
nism diagram of the adsorption
of uranium and cadmium ions
by functional groups on C100H
resin

Desorption efficiency, %

Nitric acid

is suitable for eluting about 96% of U(VI) and Cd(II) ions
from the loaded resin. The mechanism diagram of the
adsorption of uranium and cadmium ions by functional
groups on C100H resin could be proposed as displayed
in Fig. 13.

Recycling investigation

The performance of the commercial cation exchanger
C100H resin for several cycles of uranium and cadmium
sorption/desorption has been studied. The obtained data
in Table 6 declare that the sorption and desorption effi-
ciencies remain remarkably stable for the 5 cycles: around
93.5%, and 95.5% for Cd(II), and U(VI), respectively
which reveals the feasibility of resin recycling.

00
\/
S\
§ !
Cd2+
v -0
0=
/
0
i
mCd(1n)
= U(VI)
Hydrochloric acid Sulfuric acid
Table 6 Sorption/desorption
cycles for Cd(II) and U(VI) ions Cycle no Ca(In Utvh
removal using C100H resin E (%)
95.4 96.8
94.3 96.1
93.6 95.6
92.9 94.8
92.1 94.1

Conclusion

Uranium and cadmium ions recovery from crude dihydrate
phosphoric acid has been performed using commercial cat-
ionic exchanger resin (C100H). The main parameters such
as sorbent dose, reaction time and sorption temperature, as
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well as the sorption kinetic and isotherm have been per-
formed. The acquired data display that 60 min represents
the sorption equilibrium for both metal ions. The commer-
cial resin exhibit higher sorption tendency for U(VI) than
Cd(II) ions, whereas the sorption capacity was about 14.6
and 3.3 mg/g for uranium and cadmium ions respectively.
The sorption isotherm could be described successfully
using Langmuir isotherm model. The sorption results are
obeyed to the pseudo second order kinetic model. Uranium
and cadmium desorption has been achieved using 1.0 M
sulfuric acid. The resin recycling investigation displayed
that the resin exhibit remarkable stability for five succes-
sive cycles of sorption/desorption.
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