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Abstract

In this work, uranium adsorption from Egyptian phosphoric acid onto chemical modified Olive Stones has been
studied by two methods (HsPO4 and ZnCl,) at 800°C was used to carbonized. The relevant factors affecting uranium
adsorption onto our Olive Stones Activated Carbon adsorbent were studied. These factors involved phosphoric acid
concentration, the contact time, adsorbent weight, initial uranium concentration and the temperature were investigated.
The theoretical capacity of Olive Stones Activated Carbon adsorbent is about (47.8, 46.08) mg/g for O.S-H3PO,, O.S-
ZnCl; respectively. The optimum adsorption conditions were choiced in two methods and P»Os ineffective by these
conditions. The sorption process of uranium U(VI) follow Langmuir isotherm model with pseudo-second order
mechanism and exothermic nature and spontaneous process according to studying (enthalpy change, entropy change and
Gibbs free energy change). More Than 80 % of the loaded uranium amount on the Olive Stones Activated Carbon

adsorbent has been eluted using 0.1 M HNOs as an efficient eluent.
Keywords: Activated Carbon, Olive stone, uranium U(V1), HsPO4, ZnCly, Sorption.
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1. Introduction

Uranium is a naturally occurring radioactive material
(NORM) that could be found in our environment. In
addition to the naturally occurring amount, industries such
as mining, ore processing, fossil fuel extraction,
commercial aviation, and use of uranium-containing
phosphate fertilizers, do increase the amount of uranium in
the environment. Because of its radioactivity of naturally
occurring uranium is only marginal, and chemotoxic,
Uranium is considered as one of dangerous environmental
waste [1, 2].

Phosphoric acid is one of the most important and useful
mineral acids. Commercially, phosphoric acid is
manufactured using different processes, the most
commonly used are: thermal and wet-process. The wet-
process involves reaction of phosphate rock with an acid
(mainly sulfuric acid) [3]. Wet-process phosphoric acid
(WPA) is an important unconventional source of uranium.
The quantities of available uranium vary within a deposit
and between different mineral fields (from 20 to 200
ppm). Considering the total amount of phosphate rock,
uranium recovery from this resource is an alternative to
uranium production from uranium ores [4]. Several
methods have been investigated to remove uranium from
WPA such as precipitation [5], ion-exchange [6],
membrane separation [7], solid-liquid [8] and liquid-liquid
extraction [9], Solvent-In-Pulp [10]
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Among these techniques, the adsorption method using
an efficient adsorbent has been considered most feasible. It
has been shown that adsorption is not only a removal
process, but it also allows enrichment and pre-
concentration of uranium. The uptake of uranium on
various solids such as activated carbon [11]
montmorillonite [12], kaolinite [13], zeolite [14], titanium
nanotubes [15]. Activated carbons are made from
materials rich in carbon through carbonization and an
activation process. A porous structure and its adsorption
properties can be obtained in carbonaceous materials via
either chemical or physical activation, and leading
industrial materials due to its well-developed pore
structure and adsorption properties [16-19]. Chemical
activation involves the impregnation of the precursor
material with a chemical activating agent followed under
temperatures,  nitrogen atmosphere,  Zinc chloride
(ZnCly), potassium hydroxide (KOH) and phosphoric acid
(H3PO.) are widely used as chemical activating agents
[20-23] .Olive stone used in this study, due to its high
surface area, high adsorption capacity, microporous
structure and special surface reactivity .It would add value
to these agricultural commaodities, help reduce the cost of
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waste disposal, and provide a potentially cheap alternative
to the existing commercial carbons [24-26]. The
preparation of activated carbon from olive stone using a
base leaching or acid-washing process has not been well
studied.

In view of the above, the current paper has focused on
with the preparation of activated carbon from olive stone
using chemical activation by H3PO, and other method by
ZnCl, then studying the factors affecting the sorption
processes of U (VI) ions from Wet-process phosphoric
acid (WPA). Equilibrium adsorption isotherms are
analyzed to obtain the Langmuir and Freundlich constants.

2. Experimental Section

2.1. Materials and Reagents

All reagents used were of analytical reagent grade. Olive
stone (O.S.) was obtained from Qaha for preserved food
Co., uranyl acetate, crude high strength phosphoric acid
under study was produced from Abu Zaabal Company for
Fertilizer and Chemical Materials (AZFC), its chemical
composition is given in (Table 1).

Table 1: Chemical analysis of crude high strength
phosphoric acid produced from AZFC.

Component Concentration
P20s ~44.0 %
Ca 0.44 %
S04~ 5.84 %
SiO, 0.96 %

F 1.20 %
Fe 2.40 %
U 50 ppm

The green phosphoric acid was subjected to prior
treatment process, as following; first cooling down to
room temperature (25 + 1°C), then treated with clay for
suspended solid particles removal, after that treating with
granular charcoal in order to remove soluble organic
matters and finally oxidation with hydrogen peroxide till
EMF > 450 mv.

Thermostat shaker water bath having a temperature
variation of + 0.5°C wused for batch equilibrium
experiments was obtained from Joshi Scientific
Corporation. Inductively coupled plasma optical emission
spectrometer (Optima 2100DV, Perkin-Elmer) was used to
determine uranium (VI) and P.Os. Whatman-42 grade
filter paper was used for filtration and an oven of Meta-
Lab, model MSI-66 was used to dry the sorbent beads.

2.2. Preparation of activated carbon:

Olive stone, as an agro-residue byproduct, was chosen
as a precursor for the production of activated carbons by
one-step chemical activation using two methods, first
method 50% HsPO4. In each experiment 30 gm drying,
crushed of olive stone was soaked in 50% phosphoric acid
(BDH) [27-29]. The O.S mass was soaked in 150 mL of
H3PO, solution, slightly agitated to ensure penetration of
the acid throughout, then the mixture was heated to 80 °C
for 1 h and left overnight at room temperature to help
appropriate wetting and impregnation of the precursor.
The impregnated mass was dried in an air oven at 80 °C
overnight then, admitted into the reactor (ignition tube),

which was then placed in a tubular electric furnace open
from both ends. The temperature was raised at the rate of
50°C/10 min. to the required end temperature. The
carbonization process was carried out at temperature of
800 °C for 1.5 hr. The product was thoroughly washed
with hot distilled water, and finally dried at 110°C [27-29].
and second method by ZnCl, ratio of 1:2 (O.S./ ZnCly)
[30-32] The O.S mass was soaked in 150 mL of ZnCl;
solution, then the same condition and steps as first method.
Impregnation with ZnCly, first results in degradation of the
cellulosic material and, on carbonization, produces
dehydration that results in charring and aromatization of
the carbon skeleton and creation of the pore structure [33].

2.3. Characterization of activated carbon:

The texture characteristics were determined by the
standard N, adsorption isotherms, followed by their
analysis to evaluate the porous parameters. Nitrogen
adsorption isotherm was conducted at liquid nitrogen
temperature using NOVA 1000e Quanta chrome. Surface
area (SBET), mean pore diameter (d) and total pore
volume (VP) were determined. The elemental analysis was
measured by CHNS-O elemental analysis. The Physico
chemical characterization of O.S carbon was summarized
as Table (2)

Table 2: Physico chemical characterization of the studied
Olive Stone sample.
Olive Stone sample

Parameters Values
C% 44.2
H% 1.9
N% 0.4
S% 0.04
0% 12.9

Lignin 30.5

Moisture 11.8

bulk 0.99

2.3. 1. Scanning Electron Microscope (SEM)

Morphology of sorbent beads was examined by
scanning electron microscope (SEM) using QUANTA 200
with >10 kV accelerated voltage.

2.3. 2. Fourier Transform-Infrared spectroscopy
(FTIR):

Infrared spectrum (FTIR) for the sorbent beads was
examined using the mid-infrared region from 4000 cm™ to
5000 cm™* using FT-IR spectrometer (Bomen, Hartman &
Braun, and model MB-157, Canada) under ambient air
condition using KBr as a diluent.

2.4. Sorption methodology

Batch sorption experiments were performed by shaking
0.01 g of activated carbon with 15.0 mL of the commercial
Wet-process phosphoric acid (WPA) in a thermostated
shaker bath at (25 + 1°C), uranium ion of 50 ppm
concentration; contact time of 180 min, After the
corresponding time interval, the solutions were filtered
through a 0.45 pm pore size membrane. Uranium
concentration in the filtered solutions was determined
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using an inductively coupled plasma optical emission
spectrometer (Optima 2100DV, Perkin-Elmer).

The amount of the uranium sorbed was calculated by the
difference between the equilibrium concentration and the
initial concentration. The amount of uranium retained in
the solid phase ge (mg/g) was calculated using the
following relation:

v
.=(C, -C,)x—
6 =(C, e)xm @)

Where C, and C. are the initial and equilibrium
concentrations (mg/L) of ions solution, respectively, V is
the volume of solution (L) and m is the weight (g) of the
adsorbent. The removal percent of ions from the aqueous
phase is calculated from the following relation:

c,-C

Uranium adsorption % =—2——2x100 (2)

(o]

The distribution coefficient (Kg) of uranium
between the aqueous bulk phase and the solid phase was
calculated from the following relation:
_G-C Vv

C, m
3. Results and discussion
3.1. Surface area of adsorbent:

©)

Kq

The surface area and the porous structure of adsorbents
were measured by N2 adsorption isotherm at 77 K using
surface area and pore size analyzer where the obtained
pore diameter was <0.003. The obtained data shows that
BET constant value (¢ =3.5), which is related to the
affinity of the solid with adsorbate. The value of c is the
higher the interaction. Also, Figure 1 gives an indication
that N2 adsorption isotherms of carbon Olive Stone are
type | curve. The later depicts monolayer adsorption and
this graph can be easily explained using Langmuir
adsorption isotherm, then Type | Adsorption Isotherm is
obtained. The BET surface area was 12.799e+00 m?#g,
total pore volume wasl.34e-02 cc/g and radious of this
material was 2.10e+01A° [34].

Volume M2 adsorbed (cc/G. STP)

Fig (1): N2 adsorption-de-sorption isotherms for the
Olive Stone sample.

3.2. The Factors Effecting of Uranium Adsorption.

The influence of several parameters on the sorption
behavior of the prepared carbon has been studied, by batch
technique, in order to find out the preferred sorption
conditions for uranium removal from Wet-process
phosphoric acid. These parameters include shaking time
(5-240 min), initial uranium ion concentration (50-600
ppm), acid concentration (10-44 %P,0s), and carbon
amount (0.33-2 g/l).

3.2.1. Effect of carbon type:

The olive stone precursor was treated by different
methods producing different types of activated carbon.
The types of prepared activated carbon have a significant
effect on the capacity of the sorption of U (VI) ion as
shown in Table (3). The results obtained indicated that
there is a high variation in the efficiency of some type of
prepared activated carbon toward U (VI) ion. From the
data obtained, it was found that olive stone impregnated
with 50%H3POs, heated to 800°C and 600°C ZnCl; ratio
1:2 carbonization temperature is the best one for sorption
of the U (VI).

Table (3): Effect of carbon type on sorption (percent removal) of U (V1) ions.

Temperature, °C 0.S-ZnCl; %
0.S-H3PO4, % Olive Stone%
1/1 12 1/3
400 45.56 68.22 70.2 46.19 15.55
500 55.8 76.5 75.9 55.50 25.28
600 60.62 ump 85.91 86.33 83.64 30.81
800 41.14 86.21 86.64 = 9255 32.7

3.2.2. Effect of contact time

The adsorption of U(VI) ions onto activated carbon was
studied as a function of shaking time 15 mL of uranium
solution 50 ppm (P20s : 44%) was shaking with 0.02g of
activated carbon for different intervals of time ranging
from 5 to 240 min. Figure 2 shows the variety of

adsorption percentage of uranium with shaking time.
during the first 180 min of the experiment, the
concentration of U (VI) adsorbed on the activated carbon
on two modifications O.S-ZnCl,, 0.S-H3PO4 increases
from 20, 30% at 5 min. to 77, 87% at 180 min.,
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respectively with the prolonged time. From 180 to
240 min, no high significant change of U (VI)
concentration is observed. The results indicate that the
adsorption equilibrium is reached after only 180 min.
Similarly, the adsorption of U (VI) [35, 36] on the
activated carbon also occurs quickly and 180 min are

enough to achieve the adsorption equilibrium in O.S-
HsPO,4 and O.S-ZnClz.
100 4 —+-0.5-H3P04

—-0.5-ZnCL.2
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Fig (2): Effect of contact time on U (VI) adsorption onto
0.S- H3PO4 and O.S-ZnCl.. (15 mL of solution 50 ppm U

(P20s: 44%), 0.02g carbon, room temperature 25+10C)

3.2.3. Effect of initial uranium concentration

The effect of uranium concentration was studied by
using more than experimental different uranium-
containing varying initial concentrations from 50 to 600
mg/L, at a fixed mass of activated carbon (0.02 g). Figure
3 shows that the removal efficiency of uranium decreases
as the initial uranium concentration increases from 90,
80% at 50 mg/L to 10% at 600 mg/L respectively O.S-
HsPO4 and O.S-ZnCl.. This may be due to the fact that
uranyl ions (UO2?*) in diluted solutions have higher
mobility, so that interactions between ions and the
adsorbent increase [37]. Maximum removal of uranium
was observed at 50 mg/L uranium concentration.

100 4 ——OS-3P04

=05 UncLz

90

80 A

70 4

60 ]

50 4

40 |

Adsorption efficiency, %

30

20 o

10 |

0

o 100 200 300 400 500 600 700

Uranium ion concentration, ppm
Fig (3): Effect of initial uranium concentration on U (V1)
adsorption onto O.S- H3PO,4 and O.S-ZnCl,. (15 mL of
solution (P,Os: 44%), 180 min., 0.02 g carbons, room
temperature 25+10C)
3.2.4. Effect of phosphoric acid concentration
The effect of phosphoric acid concentration is the most
important parameter for the adsorption experiments. In
this study, the acid concentrations were varied between
10% and 44%, keeping the other parameters constant,
shaking time 15 mL of uranium solution 50 ppm was

shaking with 0.02 g of activated carbon for 180 min.
Figure 4 shows the effect of phosphoric acid concentration
on the adsorption of U (VI) ions onto activated carbon by
two modifications 0.S-H3;PO4, O.S-ZnCl,. The percentage
of adsorption slight decreases with increasing phosphoric
acid concentration from 90 to 80%. The effect of
phosphoric acid concentration on uranium adsorption can
be explained in the following way: increasing
P,Os concentration is associated with the increase of
hydrogen protons in the solution which can compete
uranium adsorption on the surfaces of carbon particles
[38].

100 4 —+—0.5-H3PO4

-m-0.5-ZnCL2

% ] %Q;::—:-
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Acid concentration, %

Fig (4): Effect of phosphoric acid concentration on U (V1)
adsorption onto O.S- H3PO4 and 0.S-ZnCl,. (15 mL of
solution 50 ppm U ,180 min., 0.02g carbon, room
temperature 25+1°C)

3.2.5. Effect of the temperature

The effect of temperature on the sorption of uranium
ions from phosphoric acid by 0.S-HsPO4 and O.S-ZnCl;
was studied in the range 25-60 +1°C. The other
parameters were fixed at uranium initial concentration of
50 mg/ L, sorbent amount of addition of 0.02 g/ 15 mL,
and contact time of 180 min. From the results shown in
Figure 5, it is clear that increasing the temperature from
25-60°C leads to decrease the adsorption percent from
90% to 40% for O.S-H3PO4and from 83% to 26% for O.S-
ZnCl,. This behavior indicates that the uranium sorption
process by O.S-HzPO4 and O.S-ZnCl; is an exothermic
process. Room temperature will be the chosen temperature
for the other sorption investigation.
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Fig (5): Effect of Temperature on U (V1) adsorption onto
0.S- H3PO4 and 0.S-ZnCl,. (15 mL of solution 50 ppm U
(P20s: 44%), 0.02g carbon, 180 min.)
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3.2.6. Effect of Adsorbent Weight

Sorption efficiency as a function of Adsorbent amount
(0.33-2 g/L) was executed on uranium ion of 50 ppm
concentration; contact time of 180 min, and reaction
temperature of 25 £1°C. The experimental data was shown
in Figure 6. The results revealed that the sorption
efficiency is directly related to the Adsorbent amount, i.e.
it increases with increasing Adsorbent amount. The
maximum sorption efficiencies reached 90% and 83% for
0.S-H3PO4 and 0O.S-ZnCly, respectively in amount
1.33g/L, when 1.33 g/ L of each modification was used.
This was attributed to increasing the number of binding
sites available to catch uranium ion [39-41]. Further
increase in the Adsorbent amount of addition up to 2 g/ L
has slight effect on the uranium sorption efficiency.

100 4 —4-0.5-H3PO4

-m-0.5-ZnCL2

90 1
sn%
-mé
60 1

50 1

Adsorption efficiency, %

40 7
30§
20 1

10 4

01
0 0.5 1 1.5
Amount of addition, g/ L

Fig (6): Effect of Adsorbent Weight on U (V1) adsorption
onto O.S-H3PO4 and 0O.S-ZnCl.. (15 mL of solution 50
ppm U (P20s: 44%), 180 min., room temperature 25+10C)

3.3. Sorption isotherms studies

Sorption isotherm describes an equilibrium state
between the sorbent and the sorbate at constant
temperature. Equilibrium isotherms are used to determine
the capacity of adsorbents for metal ions. Several isotherm
models were reported, of which two different sorption
isotherms namely Langmuir and Freundlich were
considered to fit the experimental data obtained during the
current study.

Freundlich isotherm

Freundlich equation is derived to model the. The
Freundlich isotherm can be used for the multilayer
sorption and for the sorption on heterogeneous surfaces
and is expressed by the following equation [42]:

ge = Kf Cl/n (4)

A linear form was obtained by taking logarithms to find
the parameters Kf and n:

log ge = log Kf + (1/n) log Ce (5)

where Kf and (1/n) are constants that indicate sorption
capacity (mg/g) and sorption intensity, respectively, and
are obtained by plotting log ge vs. log Ce, Figure 7a and
Table 4).

~

25

Langmuir isotherm
The Langmuir adsorption model is based on the
assumption that maximum adsorption corresponds to a
saturated monolayer of solute molecules on the adsorbent
surface. The Langmuir equation can be described as the
following [43]:
Celge = 1/Q0b + Ce/Q0 (6)

where ge is the amount of sorption per unit mass of
polymer at equilibrium (mg/g), Ce is the equilibrium
concentration of the solute in the bulk solution (mg/L), Qo
is the monolayer adsorption capacity (mg/g) and b is the
Langmuir constant, which can be considered as a measure
of sorption energy.

The obedience of the sorption process to Langmuir
isotherm model was confirmed by the linear plot, with R2
= 0.99, obtained when (Ce/ge) was plotted against Ce
(Figure 7b). The numerical value of constants Qo and b
evaluated from the slope and intercept of the straight lines
(Figure 7b).

The maximum uptake amounts of U (VI) obtained
experimentally, 47.85 and 46.08 mg/g for O.S-H3PO,4 and
0.S-ZnCl,, respectively, were of a good agreement with
the theoretical values calculated from the isotherm studies,
Table 4.

(A)

]
]
1
)
]

14 (8

0
0 100 200 300 400 500 600
Ce

Fig (7): (a) Freundlich and (b) Langmuir isotherm plots for
sorption of uranium ion on O.S-H3PO4 and O.S-ZnCl,
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Table 4: Freundlich and Langmuir isotherm parameters for the sorption of uranium on 0.S-HsPOsand O.S-ZnCl,.

0.S-H3PO4 0.S-ZnCl;
Kf (mg/ g) 32.65 19.27
Freundlich isotherm model n 16.26 7.27
R? 0.93 0.98
Qm (mg/qg) 47.85 46.08
b (L/ mg) 0.149 0.049
R? 0.99 0.99
Co 0.S-H3PO4 0.S-ZnCl;
50 0.118 0.290
Langmuir isotherm model 100 0.063 0.170
RL 200 0.032 0.093
300 0.022 0.064
400 0.016 0.049
500 0.013 0.039
600 0.011 0.033

A comparison of the adsorption capacity of O.S- H3sPO. and O.S-ZnCl, with some other sorbents is provided in (Table

5)

Table 5: The experimental capacity of O.S- H3PO,4 and O.S-ZnCl, compared with the sorption capacity of some other

sorbents:

Type sorption capacity, (mg/ g) Ref.
polyethyl eniminephenyl phosphonamidic acid 39.6 [44]
succinic acid impregnated amberlite XAD-4 12.3 [45]
gel-amide 28.9 [46]
gel-benzamide 18.6 [47]
natural clinoptilolite zeolite 0.7 [48]
0.S-H3PO4 Activated Carbon 47.85

- Present work
0.S-ZnCl;, Activated Carbon 46.08

3.4. Kinetic studies

Two Kkinetic models, namely pseudo-first order and
pseudo second order, were applied to the experimental
data to investigate the mechanism of the sorption process.
The linear form of pseudo-first order equation is given as
[49]:

Log (qe — ) = Logge — 5ozt 7)

where qt is the sorption capacity at time t (mg/g), ge is
the sorption capacity at equilibrium (mg/g) and K1 is the
rate constant of the pseudo-first-order sorption (1/min).
From the slope and intercept of the linear interpolation of
Log (ge-qt) versus t (Figure 8a) the values of K1 and ge as
well as R2 were determined and listed in Table 6. The R2
values obtained from the pseudo first-order Kinetic plots
are good enough to assume the fitting of the sorption
process to this kinetic model. However, the calculated ge
values do not match the experimental values for the
sorption process (Table 6). Thus, the pseudo first-order
model was excluded.

In the pseudo-second order, the model assumes that the
adsorption capacity is proportional to the number of active

sites on the surface of the absorbent. The linear form of
pseudo-second order equation is expressed as follows [50]:

() Ll 8
9/ K292 4qe @)

K2 is the rate constant of the pseudo-second-order
kinetics (g/mg min). Moreover, the initial sorption rate (h)
(mg/g min) can be calculated by usage of the following
equation:

h = K,q; C))

The values of K2, ge and h were calculated from the
slope and intercept of the straight lines obtained when t/qt
was plotted against t (Figure 8b) and were given in Table
6. As presented in Table 6, for the pseudo-second order
kinetic model, the obtained correlation coefficients, R2
values were higher than 0.99 and the values of ge,exp
from the experimental data were very close to the
calculated ge values. Therefore, the sorption process of
U(V1) ion on O.S- H3PO4, O.S-ZnCl; is said to follow the
pseudo-second order kinetic model. This means that, the
overall sorption process is dependent on the amount of
uranium ions which exist in solution and the number of
active sites on 0.S-HsPOsand O.S-ZnCl..
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Fig (8): Pseudo first order (a) and pseudo second-order (b) plots for the sorption of uranium using O.S-H3PO,and O.S-
ZnCL,.
Table (6): The calculated parameters of the pseudo first-order and pseudo second-order kinetic models
for adsorption of uranium by using 0.S-H3PQO4, O.S-ZnCl,.

Lagergreen pseudo first-order

pseudo second-order

Ki(min?) gea(mg/g) Qeep(mg/g) R*  Kp(min™) geca(Mg/g) qeep(mMg/g) R
0O.S- H3PO4 0.022 65.3 105.0 0.92 0.0007 111.1 105.0 0.99
0.S-ZnCl, 0.021 77.9 92.0 0.94 0.0005 99.0 92.0 0.98

3.5. Thermodynamic studies

The van’t Hoff relation [51] can be used to calculate the
enthalpy changes associated with the adsorption process of
uranium (V1) ions from Egyptian phosphoric acid by O.S-

HsPO,4 and O.S-ZnC|2.

i X ! +C 10
2303R T (10)
where R is the universal gas constant, and C is a

constant.

From the plot of log Kq versus (1/ T) Figure 9, a straight
line was observed, from which AH (the enthalpy change)
can be calculated.

logK; = —

3.1 4 +0.S-HIPOL

m0S Znc12

2.9 4

H.PO, = 0.968x - 0.4122

R” = 0.984

2.7

2.5 4

Log Ky

23 4
Zn Cly = 1.3895x% - 1.845

R? =0.9819

1.7 4

1.5

2.8 29 3 31 3.2 3.3 34
(1000/T), K’

Fig (9): Variation of log Kq with 1/T for uranium
adsorption by O.S-H;POsand 0O.S-ZnCl;

The Gibbs free energy change, A G was also calculated
based on the logarithmic value of the distribution ratio Log
Kg at 20 £ 1 °C according to the following equation:

—AG = 2.303 RTlogK,; (11)

Also, the entropy change, AS was obtained from AG and
AH with the following equation:

AG = AH — TAS (12)

The thermodynamic parameters of the adsorption of
uranium (V1) ions by O.S-H3POsand O.S ZnCl; are given
in Table 7 swhere AH, AG, (kJ mol?) and AS (J mol! K1),

Table 7: Thermodynamic parameters for uranium
adsorption using 0.S-H3POsand 0.S-ZnCl,

AH AG AS
0.S- HPO, -18.534 -16.133 -8.06004
0.5-ZnCl,  -26.605 -15.952 -35.7486

The magnitude and sign of the enthalpy change (AH)
associated with the sorption process will consist of: (1)
enthalpy change for dehydration (AHq) which can be
expected to be positive because energy is required to break
the ion-water and water—water bonding of the hydrated
metal ions, and (2) enthalpy change for complexing (AHc)
which will make AH more negative due to the formation
of metal complex [52]. While the negative sign of the free
energy change value indicated the spontaneous
phenomenon of uranium (VI) ions adsorption and the
value sign of the entropy variation suggested that the
system exhibit a disorder.

3.6. Uranium elution:

Uranium elution from the loaded O.S-H3sPO4 and O.S-
ZnCl, has been investigated using the following solutions;
H2S04, HNO3, HCI, and Na,CQOs. Desorption experiments
were carried out by shaking the loaded O.S-HsPO. and
0.S-ZnCl, sample (0.05 g) with 25 mL of the eluent
solution (0.1 M). The elution efficiency has been
calculated systematically and presented in Table 8. The
obtained date shows that HNOs solution is the preferred
for uranium elution from the loaded O.S-H3zPO4and O.S-
ZnC|2
Table 8: Uranium desorption from loaded O.S-H3PO4and
0.S-ZnCl; by different solutions.
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Efficiency, %

Eluent solution

0.S-H3PO4 0.5-ZnCl;
0.1 M H2S0O4 54.1 64.4
0.1 M HNO3 75.4 82.8
0.1 M HCI 41.9 57.3
0.1 M Na,COs 25.2 38.9

3.7. Characterization of adsorption

3.7. 1. Scanning electron microscope:

Scanning electron microscope has been utilized to detect
the change in adsorbent (carbon) morphology before and

g b, -

after uranium sorption. The SEM photographs of O.S-
H3PO, and O.S-ZnCl; surface cross section before and
after the sorption of uranium (VI). Analysis of SEM
images revealed that structure before the sorption of
uranium Figure 10 (A, B) respectively has been changed
by uranium capture. Additionally, the pores were
changed after U (VI) sorption Figure 10(C, D)
respectively which emphasizes the filling of such pores
by U (V1) due to intermolecular interaction.

» ) -
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Fig (10): SEM images for O.S-H3POsand O.S-ZnCL; (A and B) before and (C and D) after sorption of uranium (V1),
respectively.

3.7. 2. FTIR spectroscopy:

The infrared spectra of adsorbents were obtained from a
Fourier Transform Infrared Spectrophotometer (FTIR)
using the KBr disc. The loading capacity of carbon
derived from olive stone depends on the porosity, pore
content and functional group reactivity on the surface. IR
spectrum was used to qualitatively interpret the functional
groups on the carbon modification.

The carbon showed the broad bands at 3500 and 1081
cm which may be due to hydrogen bonded -OH and P-O.
Thus, the surface OH groups probably interact with water
molecules adsorbed by the carbon samples from the
environment. (Figurell). Carbons OS, 0.S-H3PO, and
0.S-H3PO4 loaded U show an absorption band at 1384 cm-
! which may be due to -NH bending. The shoulders at
3600 and 2300 cm™ denote the presence of asymmetric
and symmetric stretching C-H vibrations of CH3 group.
The bands at 1019 and 1314 cm™? in O.S-H3PO4 and O.S-
H3PO4 loaded U may be due to the stretching P-OH or S-O
stretching vibrations and P-S stretching respectively.

Comparison of the spectra shows that the intense bands
at 1625 cm-%, which could indicate a greater concentration
of COO- or to skeletal C-C aromatic vibrations and the
band at 1077 cm-1, may be due to phenolic OH groups in
the sorbent O.S-H3PQOg, as a result of greater oxidation of
the carbon surface by air at 800°C. Some of bands
disappear due to the chemical reaction which happened
between adsorbate and adsorbent. (Figure12). Carbons OS,
0.S-ZnCL; and 0O.S-ZnCl; loaded U show an absorption
band at 1384 cm* which may be due to -NH bending. The
shoulders at 3676 and 3419 cm™ denote the presence of
asymmetric and symmetric stretching C-H vibrations of
CHs; group. the stretching band at 3439 cm_1 is
ascertained to the hydroxyl group. The bands at 1019 O.S-
ZnCL due to the stretching P-OH. The absorption bands
stretching at 3600 cm-! modes and 1011 cm-! became
wider, which change significantly before and after
uranium adsorption (Figure 13).
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Fig (11): FTIR spectra of the plank olive stone carbon (O.S.) (A).
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Fig (12): FTIR spectra of olive stone activated carbon by phosphoric acid before uranium adsorption (O.S-H3PQy) (B)
and after uranium adsorption (C).
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Fig (13): FTIR spectra of olive stone activated carbon by ZnCL, (O.S-ZnCL;) (D) before uranium sorption and (E),
after uranium adsorption.
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4. Conclusion

The obtained data reflects the possibility of recovery
uranium U(VI) from Egyptian crude phosphoric acid using
0.S-H3PO4and 0.S-ZnCl; and H,0, must be added to the
phosphoric acid before applying the uranium adsorption
process. Not less than 90% and 83% for O.S-H3;PO,4 and
0.S-ZnCl,, respectively at the optimum adsorption
conditions of concentration of 44% of P,0s, U (VI)
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