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Abstract
Uranium and iron sorption from synthetic phosphoric acid was carried out onto activated pistachio nut. This activated
carbon was modified by adding some functional groups which have great ability to attract uranium from its solution. The
different factors affecting uranium and iron adsorption have been investigated. The obtained results clear that, the sorption
preferred conditions were; solution pH of 3, shaking time of 60 min., room temperature, and adsorbent amount is 1g/L.
Based on kinetic modeling investigation, the sorption process of uranium and iron is following to pseudo-second order
mechanism. From the results, the uranium and iron sorption from synthetic phosphoric acid, with only about 3% loss of
P2O5, onto activated pistachio nut was found to occur through physical sorption process. The adsorption process has been
found to agree with the Langmuir isotherm and confirms with the concept of the matrix diffusion controls according to
Homogeneous Particle Diffusion Model (HPDM).
Keywords Uranium, Iron, Sorption, Phosphoric Acid, Activated Pistachio Nut.
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1. Introduction
Phosphoric acid has many applications. Due to its non- the equilibrium adsorption isotherms for uranium
toxic and mildly acidic nature, it is used in food flavoring, adsorption on the studied ceramic sample were determined
beverages, dental products, cosmetics, and skin care [8].
products [1]. Industrially, it is used mainly in the production
Iron is one of the most important impurities, the content
of phosphate fertilizers [2]. It is also widely used as an of iron as (Fe2O3) in fertilizer grade phosphoric acid (50%
electrolyte, etching agent, rust removal agent, pH modifier, P2O5) must be not more than 1.5% Fe2O3 [9]. The Egyptian
household cleaning agent, dispersing agent, sanitizing phosphate ores when leached with H2SO4 or recycled
agent, produce materials such as detergents, water treatment H3PO4, the produced phosphoric acid (50% P2O5) contains
chemicals, leavening agents and animal feed supplements 4 or 2.7% Fe2O3, respectively [10]. While higher iron
[3]. Phosphoric acid is however mainly used in the fertilizer content negatively affects the solubility of fertilizer P2O5 in
field where it serves as an intermediate between phosphate water [11].
ore and major end products such as ammonium phosphate,
Removal of heavy metals from phosphoric acid and
triple superphosphates, liquid mixed fertilizers, high- phosphates is environmentally important referring mainly
analysis solid mixed fertilizers and some types of nitric to their toxicity [12]. Purification of acid is necessary for its
phosphates [4]. Phosphorites actually considered as an use in foodstuffs, in animal feed additives, detergents, food
important alternate or secondary source for uranium [5]. products, toothpaste and fertilizers [13, 14]. Removal of
Uranium content of phosphate rock varies from 20 ppm to heavy ions from phosphoric acid has been studied using
500 ppm. The majority (80-90%) of uranium content in many techniques [15-19].
phosphate rock transfers to the final fertilizer product
Abdallah et al. using polyvinyl alcohol and zirconium
during mineral processing and is thus dispersed on oxide composite as adsorbent to removal iron metal through
agricultural soils, leading to the contamination of topsoils batch experiment. The optimum time is 60 min. and the
as well as ground- and surface waters [6].
achieved results imply that the removal percentages of 25
Orabi et al. using prepared amine-impregnated cellulose mg/L Fe+3 from 1 to 70% phosphoric acid are in the range
as adsorbent for uranium originated from El-Sebaiya of 85.7 and 45.6%, respectively. The experimental results
phosphate ore. The impregenation process was carried out were found to fit with Langmuir isotherm model [10].
by copolymerization between pretreated cellulose and a Sultanbayeva et al. [20] used zeolite to remove of Fe2+ and
mixture of (tri-ethyl amine and epi-chorohydrine). The Al3+ from phosphoric acid. They found that, the highest
obtained equilibrium data were found to be satisfactory degrees of acid purification were achieved in the first 5 min.
fitted with Langmuir isotherm. A maximum-metal uptake of the process with the removal of 60.2% for Fe +2, 95.4%
of 56.5 mg U/g AIC was observed at the obtained optimum for Al+3. On the other hand, El-Zahhar et al. [21] prepared
conditions [7]. Hussein et al. develop the ceramic adsorbent polyacrylamide grafted activated carbon (PA-AC) from
media in order to remove uranium from crude phosphoric chemically activated carbon of rice husk and rice straw to
acid. The adsorption capacity of the studied commercial remove iron from wet-phosphoric acid solution. They
ceramic sample was determined (about 11 mg U/g ceramic), claimed that experimental results were found to fit with
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Langmuir isotherm model with maximum sorption capacity
6.15 mg/g.
Different techniques were studied for purification of
phosphoric acid as; precipitation, ion exchange, solvent
extraction [22-28], precipitation [29-31], adsorption [3235], ion exchange and reverse osmosis were also used
[36,37].
Various modified natural materials like olive bagasse,
potato peel, soybean straw, nut shells and lots of other
agricultural wastes have been applied to produce activated
carbon [38-41].
In the present work Pistachio nuts shell (PNS) was used
to prepare functionalized activated carbon as adsorbent
material. The prepared adsorbent was characterized and
used for uranium and iron adsorption from phosphoric acid
solutions. The parameters affecting the sorption process
were studied and optimized.
2. Experimental
2.1. Chemicals and Reagents
All chemicals used in this study were of analytical grade
reagent and were used without further purification. Ferrous
sulphate, uranyl sulphate, Ethylene diamine tetraacetic acid
and bromine were supplied from Aldrich. Ammonium
meta-vanadate and potassium bromide (GFS chemicals,
USA) and each of methyl orange, phenolphthalein, ortho
phosphoric acid, and nitric acid were purchased from
Merck. Phosphoric acid, hydrochloric acid, acetic acid, and
sodium hydroxide solutions (Adwic), the last two solutions
were used to adjust the pH of the aqueous solutions.
2.2. Preparation
The preparation processes involved objected synthetic
phosphoric acid solution and activated pistachio nut.
2.2.1. Preparation of synthetic phosphoric acid
Synthetic uranium and iron - bearing phosphoric acid
solution was prepared. The prepared phosphoric acid
solution contained 44% P2O5 has thus been prepared from
Adwic 85% P2O5 phosphoric acid by proper dilution. A
known amount of uranyl sulfate and iron sulfate were
dissolved in the prepared synthetic phosphoric acid solution
to attain an assay of 150 ppm uranium and 2.5% ferric
oxide.
2.2.2. Preparation of activated pistachio nutshell
Pistachio nuts shell (PNS) was collected from the local
markets of Cairo (Egypt). It was washed with hot distilled
water to remove any adherent impurities, dried at 105 °C
for 24 hours in vacuum dryer, ground and then sieved to 12 mm. PNS soaking with acetic acid at room temperature
with weight ratio 1:3 (PNS: CH3COOH), the PNS and
acetic acid solution were mixing for 3 days with occasional
stirring. The treated shell dried at 105oC in the vacuum oven
dryer. The treated sample was activated by the continuous
nitrogen flow (100 ml/min at STP) in a programmable
electrical horizontal tubular furnace (Nabertherm,
Labothem Model R50/250/12) using a quartz tube (450 mm
× 40 mm), the activation temperature was increased at a rate
of 10 °C/min from room temperature to 600 °C and held for
2 hours. The carbonized sample was cooled to room
temperature under N2 flow, then grounded and sieved. After
that, the sample washed several times with deionized water

and dried at 110 °C. The obtained sample is designated as
the activated pistachio nuts shell, APNS.
2.3. APNS Characterizations
The textural properties of prepared activated carbons
were determined from the N2 adsorption-desorption
isotherms at -196 °C using NOVA2000 gas sorption
analyzer (Quantachrome Corporation) system. Prior to
measurement, the samples were degassed under vacuum at
150 °C and 10-5 Torr overnight to ensure a dry clean
surface. The adsorption isotherm was constructed as the
volume adsorbed (V cm3/g) versus the equilibrium relative
pressure P/P°.
A thermogravimetric analysis (TGA) was performed for
prepared activated carbon (APNS) with thermo-analyzer
([D-50] Shimadzu, Japan) at a nitrogen flow rate of 20
mL/min and a heating rate 10 °C/min up to 1000 °C.
The surface morphology and topographic analysis of the
adsorbent samples were examined by Scanning electron
microscopy (SEM) JSM-5500 (JEOL Ltd., Japan)
instrument with a 30 kV accelerating voltage, which was
dried overnight at approximately 105 °C under vacuum,
then covered with a thin layer of gold for charge dispersal.
High-resolution transmission electron microscopy
(HRTEM) and energy dispersive X-ray (EDS) spectroscopy
(JEOL 2100F TEM) was utilized to get high magnification
micrographs of the prepared samples. The instrument was
operated at an accelerating voltage of 200 kV. The samples
were subjected to ultrasonic in ethanol for 30 min and then
dropped on a carbon-coated Cu TEM grid.
Fourier transform infrared spectroscopies (FT-IR) were
conducted using a Perkin-Elmer 1720 spectrometer in the
range 400 and 4000cm-1. The samples were mixed with KBr
(1:500 ratios) then pressed under vacuum.
Supernatant pH was determined using a Jenway pHmeter (model 3510, UK). 0.2 g of the adsorbent in 25 mL
of pre-boiled distilled water was shaking for 48 h; then
filtered and the pH of the supernatant was measured. And
the pHpzc of the prepared samples was measured according
to (A.F. Hassan et al., 2013).
Bulk contents of C, H, S and N in the samples were
analyzed by 2400 Series II CHNS/O elemental analyzer
(Perkin Elmer).
2.4. Sorption Experiments
The removal of uranium and iron from phosphoric acid
solution was studied using APNS, where a constant volume
of the acid solution was mixed with the appropriate amount
of adsorbent and left with stirring to suitable time. After
stirring the acid solution was separated from the adsorbent
and the concentration of uranium, iron, and P2O5 were
measured. The removal percentage was calculated as:
R% =

Co − Ce
 100
Co

…………. (1)
Where Co and Ce are the initial and equilibrium of
uranium, iron, and P2O5 concentrations in solution (mg/L),
respectively. The amount of adsorption qe (mg/g) was
calculated from the difference of concentrations in the
aqueous solution at the equilibrium time according to
relation (2):
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qe = (C o − Ce ) 

V
m ………… (2)

Where V is the volume of solution (L), m is the weight of
the adsorbent (g). The distribution coefficient (Kd) of
uranium, iron, and P2O5 between the aqueous bulk phase
and the solid phase was calculated from the following
relation (3):
C −Ce V
Kd = o

Ce
m …………… (3)
2.5. Elution Experiments
The metal ion concentrations adsorbed onto the APNS,
can be determined as the difference between the initial and
equilibrium concentrations of the metals in the aqueous
phase. After elution the concentration of the metal was
determined in the aqueous phase after elution to determine
the elution percent for the studied metal by relation (4).

Elution % =

Ce
------------------- x 100
Co – Ce

(4)

Where Co and Ce are the initial and equilibrium metals
concentrations in the aqueous phase before and after
sorption process, respectively, and Ce gives the
concentrations of the removal metals in the aqueous phase
after elution.
2.6. Batch investigation
The sorption of uranium (VI) and iron from synthetic
phosphoric acid has been studied by using APNS. The
effect of contact time, pH, initial concentration of uranium
and iron, dose adsorbent concentration, stirring speed, and
temperature on the uranium and iron sorption efficiency
have been investigated, with concentrated on P2O5 loss
percent. Unless otherwise stated, all experiments were
carried out by contacting a fixed weight of 0.01 g adsorbent
with a fixed volume of 10 ml from the synthetic phosphoric
acid solution (44% P2O5 with 150 mg U/L and 2.5 % iron)
under the at room temperature (25˚C) for one hour stirring
time and 390 rpm as stirring of speed.

Sample
APNS

SBET
(m2/g)
1668.3

3. Results and Discussion
3.1. Surface area and pore structure
Surface area and pore structure of the prepared APNS
sample calculated from N2 adsorption/desorption technique
are illustrated in Figure (1) and summarized in Table (1).
The adsorption isotherms of the adsorbent were the
mixture of type I and IV according to IUPAC classification
[17]
at low relative pressures the sharp increase in volume
indicated adsorption in micro pores as in type I isotherm.
While type IV with H4 hysteresis loop was appeared at
intermediate and high relative pressures, indicated
monolayer–multilayer adsorption followed by capillary
condensation in narrow slit-like pores. As shown in Figure
(1) the area of the hysteresis loop increased with carboxilic
impregnation. These indicate that the APNS sample has a
mixture from the microporous and mesoporous
adsorbent.
The specific surface area SBET (m2/g) was calculated from
the linear plot of the BET equation, micropore surface area
Sµ(m2/g) and micropore volume Vµ (cc/g) were calculated
using t-plot method. The total pore volume VT(cc/g)
corresponding to the volume of N2 near to saturation at p/po
≈ 0.95. The average pore radius (r–, nm) could be calculated
according
to
the
following
equation:
2VT (ml⁄g)
r − (nm) =
103
SBET (m2 ⁄g)
(5)

Upon analysis of data in Table (1) (i) the SBET and Sµ for
APNS sample were 1668.3 m2/g and 1195.9 m2/g, where
the micropore surface area represented 71.7 % from the
total surface area. Also, the VT and Vµ were 2.375 cc/g and
0.6622 cc/g. Moreover, the Vµ is 27.9 % from the total pore
volume. (ii) The average pore radius of the APNS sample is
2.85 nm. (iii) The activation of pistachio nutshell with
acetic acid creates the high surface area, where, H3PO4 has
two important functions: it promotes the pyrolytic
decomposition of the initial material and promotes the
formation of the cross-linked structure. Moreover, H3PO4
allows the development of both micropores and mesopores
in the activated carbon [18].
Table (1): Textural parameters of APNS sample
Sµ
SEX
Sµ/SBET
VT
Vµ
Vµ/VT
(m2/g)
(m2/g)
(%)
(cc/g)
(cc/g)
(%)
1195.9

472.4

71.7

142

2.375

0.6622

27.9

2.85
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Fig. (1): N2-adsorption/desorption isotherms and pore size distribution for the APNS sample
3.2. SEM and HR-TEM
SEM images of the APNS activated carbon sample are
shown in Fig. (2) a, b. SEM images illustrated irregular
structure with cracks and crevices on the surface of the
activated carbon and some grains in various sizes in large
holes. This confirmed amorphous and heterogeneous
structures. The chemical activation process was found
effective in creating a large surface area with welldeveloped pores with different sizes shapes on the surface
of pistachio nut activated carbon. Moreover, these pores are
considered as channels to the microporous network.

TEM images for APNS are shown in Fig. (2) c-f. It is
observed that the structure of the prepared activated carbon
was consisting from pores structure with different sizes
mainly in micropore level, which also interconnected with
each other to form the internal microporous network. The
porous structure was formed by the disordered packing of
carbon sheets (graphitic layers with randomly arranged) and
clusters. TEM images were clearly confirming the nature of
the amorphous structure [19].

a

c

e

d

b

f
Fig (2): (a) and (b) SEM image of APNS sample, (c) - (f) TEM image for APNS sample
3.3. Thermal analysis
The thermal decomposition behavior of the biomass °C corresponds to the removal of physically adsorbed
(related to the chemical composition and chemical bonding water. The weight loss between 250 and 400 °C may be
in the material structure) is essentially determining the attributed to the decomposition of cellulose and
shape of the TGA profile. TGA profile of the pistachio nut hemicellulose and removal of condensable gasses
and APNS samples show in Figure (3). The TGA profile of (methanol, acetic acid, and wood tar) and incondensable
the pistachio nutshell shows 10.2 wt% weight loss at 150 gasses (H2, CH4, CO, CO2, H2O). And the weight loss in the
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range 420-700 °C can be assigned to lignins decomposition.
There is no change in weight loss over than 750 °C. where
the
lignocellulosic
structure
was
completely
decomposition. On the other hand, the TGA profile of
APNS sample show 13.5 % weight loss at about 150°C
related to desorption of adsorbed moisture, the great
physically adsorbed water over APNS than in raw material
is due to the high surface area APNS sample and the
presence of hydrophilic C-O functional groups [20, 21].
Then, there is no change in TGA profile up to 750 oC.

3.4. Surface chemistry
The surface chemistry of carbon materials is determined
by the acidity and basicity of their surface. Table (2) shows
the values of pH for adsorbents and the values of pHpzc. The
pH of APNS sample is 3.12, this indicates that this the
acidic functional groups are predominating largely on this
carbon surface. One of the most important characteristics of
carbon adsorbents is pHpzc, which indicates the point in
which the adsorbent surface charge density is zero. When
the pH value of the solution is less than pHpzc the adsorbent
reacts as a positively charged surface and when it is greater
than pHpzc the adsorbent functions as a negatively charged
surface ]. The amount of pHpzc obtained in this research
was 2.98, This low pHPZC value also showed the dominance
of acidic groups on the surface of the activated carbons. The
pHPZC value indicates that carbon produced from
phosphoric acid activation is acidic and classified as L‒
Carbon [22].
The chemical composition of the precursor (pistachio nut
shells), acetic acid‒activated carbons is given in the Table
(3). For APNS sample, it is clear that prepared APNS has
higher contents of carbon and lower contents of oxygen,
hydrogen and nitrogen compared to the raw material (PNS)
this resulted due to acetic acid activation has the
Fig (3): TGA for Pistachio nutshell (PNS) and APNS
dehydration effect and polymeric deformation. Also, the
sample
acetic acid activation led to decrease H/C ratio from 0.14 in
PNS sample to 0.03 [23,24]. Moreover, The O/C ratio
decreased from 0.97 in PNS sample to 0.25 in the OP13
sample [25].
Table (2): Physical and chemical properties of PNS and APNS samples
Bulk Density
Moisture
Ash
pHPZC or
Sample
pH
g/mL
content (%)
content
pHIEP
PNS
0.689
2.4
1.08
6.57
6.46
APNS
0.307
9.6
4.95
3.12
2.98

Sample

Table (3): Chemical composition of PNS and APNS samples
O%
C%
H%
N%
S%
(by difference)

H/C

O/C

PNS

47.3

6.41

0.2

0.24

45.85

0.14

0.97

APNS

78.21

2.0

0.43

0.01

19.4

0.03

0.25

Figure (4) illustrate the FTIR spectrum APNS sample before and after U(VI) and iron adsorption. For all spectra coming
from the oxygenated group, The spectra of activated carbon before adsorption found that the broadband located around
3415 cm−1 can be assigned to the –OH stretching vibration mode of hydroxyl functional groups [26,27]. The two strong
peaks located at 2853 and 2923 cm−1 related to C–H stretching vibration for –CH2– and –CH3. The bands at 1745 and 1716
cm−1 corresponding to C=O stretching vibration in the carboxylic group, lactones, and anhydride. The broadband located
at 1600 cm−1 attributed to C=C stretching vibration in aromatic ring of quinone and Keto–enol group [28]. The bands at
1450, 1438, 1400 and 1385 cm −1 assigned to C–O stretching in carboxylate groups. Also, The stretching vibrations of –
CH3 at 1385 cm−1 are related to methyl structures [29]. The broadband around 1300 and 900 cm −1 with maxima at 1100
and 1046 cm−1 found with oxidized carbons and have been assigned to C–O stretching in acids, alcohols, phenols, ethers
and/or esters groups [30]. Nevertheless, it is also a characteristic of phosphorous and phosphor carbonaceous compounds
present in the phosphoric acid activated carbons [31]. Assignment in this region is difficult because absorption bands are
overlapped. The peak at 1190–1200 cm−1 may be also assigned to the stretching mode of hydrogen‒bonded P–O, to O–C
stretching vibrations in P–O–C (aromatic) linkage and to POOH [32]. The shoulder at 1100 cm−1 was ascribed to ionized
linkage P+–O− in acid phosphate esters and symmetrical vibration in a P–O–P chain [33]. The bands at 875 and 793 cm−1
are due to out of plane deformation mode of C–H for different substituted benzene rings. Finally, 600 cm −1 we observed a
most intense peak corresponding to the presence of hydroxyl O–H stretching vibrations.
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Recovery, %

Recovery, %

Fig (4): FTIR spectra of APNS sample
Surface acidity and basicity is a crucial factor for
3.1.2. Effect of pH
describing the chemistry of carbon adsorbent surface. In the
The pH of the aqueous solution is an important variable
current research, the acidity and basicity of APNS were in the adsorption operation. Therefore, the effect of pH
calculated to be 1.831 meq/g and 0.081 meq/g respectively. upon adsorption of uranium and iron by APNS was studied
Results prove the acidity nature of APNS surface which is in the pH range of 0.5 to 4.0 using fixed conditions of 0.01
due to the presence of oxygen containing groups like g resin, 10 ml aqueous solution assaying 150 mg U/L and 1
carboxylic, anhydrides, lactones, phenols, while basicity h contact time at room temperature. From the obtained
could be a result of the presence of oxygen-free lewis sites, results plotted in Figure (6), one could observe that uranium
carbonyls, pyrone and chromene [33]. Observing a higher and iron adsorption efficiency increased with increasing pH
level of surface acidity than basicity for carbon adsorbent values. The highly adsorption efficiency obtained at pH
surface is in agreement with results concluded from value of 3(50% for uranium and 16% for iron), with slightly
pHpzc value. Also, the phosphoric acid activation lead to loss of P2O5. After this pH value slightly decrease of
creates a new carboxylic group [34], which will enhance its adsorption efficiency would be found. Thus, the preferable
sorption toward removal of the metallic cation (such as pH value considered 3.
uranium cation) from aqueous solution [35].
100
U
Fe
P2O5
3.5. Uranium Sorption
3.1.1. Effect of Contact Time
80
The required contact time for sorption to be completed is
important to give insight into the kinetics of the sorption
60
process a range from 5 to 120 minutes was studied as a
contact time under fixed conditions of 0.01 g resin, 10 ml
40
aqueous solution assaying 150 mg U/L and pH of 2 at room
temperature. Also, it gives information on the minimum
20
time required for considerable adsorption to occur, and also
time for equilibrium could give information about the
0
movement of uranium and ferric ions from the bulk
0
1
2
3
4
5
pH
synthetic solution toward the adsorbent surface at pH value
of 2.5. Fig. (5) shows when the contact time increases from
Fig (6): Effect of pH on sorption of uranium and iron
5 to 120 minutes, the percent of adsorption increases until
3.1.3. Effect of Initial Uranium Concentration
it remained constant (42% for uranium and 12% for iron) at
The effect of initial uranium concentration on the
about 60 minutes with 2.5% loss of P2O5., which was then adsorption efficiency of the APNS was studied. A series of
taken as the equilibrium time.
experiments were performed by contacting a fixed weight
of 0.01 g APNS against 10ml synthetic phosphoric acid
U
100
with different concentration of uranium ranged from 50 up
Fe
to 600 mg/L under fixed conditions of 0.01 g APNS, 10 ml
80
aqueous solution assaying 2.5 % iron, 60 minutes contact
Loss P2O5
time and pH of 3 at room temperature. The adsorption
60
capacity was shown in Fig. (7), uranium and iron adsorption
efficiency decreased with increasing uranium initial
40
concentration because the uranium amount increase with
the same mass of APNS. Therefore, it can be ascertained
20
that the maximum loading capacity of uranium upon APNS
is 100mg/g equivalent to 100 g/Kg APNS.
0
3.1.4. Effect of Dose adsorbent Concentration
0
50
100
150
Different weights of the adsorbent were used for
Time, min.
adsorption of uranium and iron at pH value of 3 and 60
Fig (5): Effect of contact time on sorption of uranium
minutes as contact time within dose range of 0.01 g to 0.3 g
and iron
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%. Therefore, it can be ascertained that the maximum
loading capacity of iron upon APNS is 3333 mg/g.
U
Fe
P2O5
100
80

Recovery, %

in 10 ml of synthetic phosphoric acid while the other
parameters were kept constant. The results in Figure (8)
show that a significant increase in the adsorption of uranium
and iron ions was observed with increasing the adsorbent
dose. From the obtained data it noticed that the U uptake
(mg/g) was sharply enhanced by increasing the U
concentration from 50 to 600 mg/L. Therefore, it can be
ascertained that the maximum loading capacity of U upon
APNS is 100 mg/g.
100

40
20

80

Recovery, %

60

U

Fe

P2O5
0
0.00%

60
40
20
0
0

200
400
600
800
Initial Concentration, mg/l.
Fig (7): Effect of initial uranium concentration on
sorption of uranium and iron
The greater availability of exchangeable sites for the ions,
i.e. more active sites is available for binding of uranium and
iron ions.
Further increase in adsorbent dose was produced
insignificant increase in adsorption. This finding could be
explained as a result of cluster formation by adsorbent
particles resulting in decrease of surface area and surfaceactive sites on the adsorbent [42,43].
100
U
Fe
P2O5
80

Recovery, %

60
40

2.00%
4.00%
6.00%
8.00%
Initial Concentration, %
Fig (9): Effect of initial iron concentration on sorption
of uranium and iron
3.1.6. Effect of Stirring Speed
Agitation is an important parameter in adsorption
phenomena, influencing the distribution of the clay in the
bulk solution and the formation of the external boundary
film [44]. In this respect, mechanical stirring speed effect
on uranium and iron sorption process was studied for the
different stirring speed range from 100 to 500 rpm.
however; the other parameters were fixed at APNS amount
of addition, 0.01 g, 10 ml synthetic phosphoric acid
(uranium 150 ppm iron 2.5% P2O5 44%) with pH 3, Stirring
time of 60 min and room temperature. The experimental
result was given in Fig. (10) A relation between adsorption
efficiency and mechanical stirring speed show that, as the
stirring speed increased from 100 to 500 rpm, the uranium
and iron adsorption efficiency increase with slightly
decrease of P2O5 until 400 rpm. Generally, high agitation
speed causes a decrease in the boundary layer and so
decreases the resistance of transportation. Finally, this
enhances the transfer rate to the surface of the adsorbent,
which is called diffusion-controlled mechanism [45].
100
U
Fe
P2O5
80

Recovery, %

20
0
0

0.1

0.2
L / S ratio

0.3

0.4

Fig (8): Effect of dose adsorbent concentration on
sorption of uranium and iron
3.1.5. Effect of Initial Iron Concentration
The effect of initial iron concentration on the adsorption
efficiency of the APNS was studied. A series of
experiments were performed by contacting a fixed weight
of 0.01 g APNS against 10ml synthetic phosphoric acid
with different concentration of iron ranged from 0.5 to 6.0
%. The adsorption capacity was shown in Fig. (9), uranium
and iron adsorption efficiency decreased with increasing
iron initial concentration because the iron amount increase
with the same mass of APNS. From the obtained data in
Figure (9), it noticed that the iron uptake (mg/g) was sharply
enhanced by increasing the iron concentration from 0.5 to 6

60
40
20
0

200
400
600
Stirring speed, rpm
Fig (10): Effect of stirring speed on sorption of uranium
and iron
3.1.7. Effect of Temperature
To study the effect of temperature on uranium and iron
adsorption efficiency, a series of the adsorption
experiments were performed using different temperatures
ranging from 25 oC up to 60 oC at the fixed conditions of
0.01g APNS / 10 ml synthetic phosphoric acid with pH 3.
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2.4

The obtained result was shown in Fig. (11), revealed that
uranium adsorption efficiency decreased with increasing
temperature. This indicates that the reaction is an
exothermic process.
100
U
Fe
P2O5

U at 40◦ C

U at 60◦ C

2

log(qe-qt)

1.6
1.2

y = -0.0016x + 1.99
R² = 0.680
y = -0.0053x + 1.97
y = -0.0297x + 1.99
R² = 0.823
R² = 0.983

0.8

80

Recovery, %

U at 25◦ C

0.4

60

0

40

0

20
0
20

30

40
50
60
70
Temperature, °C
Fig (11): Effect of temperature on sorption of uranium
and iron
3.2. Adsorption Kinetics and Mechanism of Uranium
The data obtained from batch experiments which were
performed at different temperatures (25–60) 0C were
evaluated by using the simple Lagergren equation [46] to
determine the adsorption rate of uranium interactions
assuming pseudo first order kinetics:

 k 
log(q e -q t )=logq e -  1  t
 2.303 

40

60
80
Time, min

100

120

140

Fig )12(: Lagergren plots for the adsorption of uranium
In order to ensure the description of the kinetics, second
order kinetic equation was applied. The pseudo second
order kinetics can be represented by the following linear
equation [47]:

1
t
1
=
+  t
2
q t K 2q e  q e 

(6)
where K2U is the second order rate constant (g.mg -1min-1).
The kinetic plots of t/qt versus t for uranium are shown in
Figure (13).
U at 25◦ C

3

U at 40◦ C

(5)

U at 60◦ C

y = 0.0082x + 0.0487
R² = 0.9917

2.5
2

where qt and qe are the amounts of uranium adsorbed
(mg/g) at time, t (min) and equilibrium time (60 min),
respectively and K1 is the pseudo first order Lagergren
adsorption rate constant (min -1). The Kl values could be
obtained by plotting log (qe – qt) versus t for adsorption of
uranium at different temperatures as shown in Fig. (12). The
values of the first order rate constant (KlU) and correlation
coefficient (R2) obtained from these plots are listed in Table
(4). The values of KlU indicate that the rate of the process
decreases with temperature.
The first order mechanism suffered from inadequacies
when applied to uranium sorption on the APNS. One of the
major discrepancies was observed when qe values obtained
from the pseudo first order plots were compared with the
experimental qe values are seen in Table (4). The
experimental qe values differed from the corresponding
theoretical values. Thus, the interaction of uranium with the
APNS does not follow the first order kinetics.

Temp,
o
C

20

y = 0.0102x + 0.1152
R² = 0.9844

y = 0.0205x + 0.2353
R² = 0.9779

t/qt

1.5
1
0.5
0
0

20

40

60
80
Time, min

100

120

140

Fig )13(: Pseudo second-order plots for the adsorption
of uranium
The plots show straight lines with good linearity
temperatures. The calculated correlation coefficients are
closer to unity for the pseudo second order kinetic model.
The calculated equilibrium adsorption capacity (q e) is
consistent with the experimental data. The K2U values show
the applicability of the above equation for the resin.
Therefore, the sorption reaction can be approximated more
favorably by the pseudo second order sorption as the
predominant mechanism.
Table (4): Data of kinetic parameters for uranium adsorption onto APNS
Lagergreen pseudo ﬁrst-order
pseudo second order

K1
(min -1)

qecal
(mg/ g)

qeexp
(mg/ g)

R2

K2
(min -1)

qecal
(mg/ g)

qeexp
(mg/ g)

R2

25

0.057

90.42

110.0

0.983

0.0016

115.84

110.0

0.991

40

0.023

93.32

90

0.823

0.0009

97.74

90

0.984

60

0.009

99.19

44

0.680

0.0017

48.79

44

0.977

3.3. Adsorption Kinetics and Mechanism of Iron
The data obtained from batch experiments which were
performed at different temperatures (25–60) 0C were

evaluated by using the simple Lagergren equation to
determine the adsorption rate of Iron interactions. The K lFe
values could be obtained by plotting log (qe – qt) versus t
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In order to insure the description of the kinetics, second
order kinetic equation was applied. The kinetic plots of t/q t
versus t for uranium are shown in Figure (15). The plots
show straight lines with good linearity temperatures. The
calculated correlation coefficients are closer to unity for the
pseudo second order kinetic model. The calculated
equilibrium adsorption capacity (qe) is consistent with the
experimental data. The K2Fe values show the applicability
of the above equation for the resin. Therefore, the sorption
reaction can be approximated more favorably by the pseudo
second order sorption as the predominant mechanism.
0.12
Fe at 25◦ C
Fe at 40◦ C
Fe at 60◦ C
0.1
y = 0.0003x + 0.0034
R² = 0.9837

0.08

t/qt

log(qe-qt)

for adsorption of Iron at different temperatures as shown in
Figure (14). The values of the first order rate constant (KlFe)
and correlation coefficient (R2) obtained from these plots
are listed in Table 2. The values of KlFe indicate that the rate
of the process decreases with temperature.
The first order mechanism suffered from inadequacies
when applied to iron sorption on the APNS. One of the
major discrepancies was observed when qe values obtained
from the pseudo first order plots were compared with the
experimental qe values are seen in Table (5). The
experimental qe values differed from the corresponding
theoretical values. Thus, the interaction of iron with the
APNS does not follow the first order kinetics.
Fe at 25◦ C
Fe at 40◦ C
Fe at 60◦ C
4.26
y = -0.005x + 4.16949
4.24
R² = 0.7995
4.22
4.2

y = 0.0008x + 0.0097
R² = 0.9802

0.06
0.04

y = -0.0002x + 4.2458
y = -0.0013x + 4.2434
R² = 0.7034
R² = 0.8926

4.18
4.16
0

50 Time, min100

0.02

y = 0.0005x + 0.0063
R² = 0.9778

0

150

0

Fig )14(: Pseudo second-order plots for the adsorption
of iron

50Time, min 100

150

Fig )15(: Pseudo second-order plots for the adsorption
of iron
Table )5(: Data of kinetic parameters for iron adsorption onto APNS
Lagergreen pseudo ﬁrst-order
pseudo second-order

Temp,
o
C
25
40
60

K1
(min 1
)
0.0025
0.0008
0.0005

qecal
(mg/ g)
2800
2000
1200

qeexp
(mg/ g)
1000
1584.8
2511.8

R2

K2
(min -1)

qecal
(mg/ g)

qeexp
(mg/ g)

R2

0.892
0.799
0.603

3.1x10-5
3.3 x10-5
5.9x10-5

2800
2000
1200

3062.07
2188.39
1314.19

0.983
0.977
0.980

Ce/qe

3.4. Adsorption Isotherm of uranium
A number of common adsorption isotherm models were
considered to fit the attained isotherm data under the
equilibrium adsorption of the APNS. Examples of these
models are Langmuir and Freundlich.
A- Langmuir Isotherm
Langmuir model suppose that, the adsorption occurs
uniformly on the active sites of the sorbent, and once a
sorbate occupies a site, no further sorption can take place at
this site [48].
8
7
6
5
4
3
y = 0.01x + 0.5638
2
R² = 0.99
1
0
0
200
400
600

Ce

Fig (16): Langmuir isotherm plot for adsorption of
uranium onto APNS
Thus, the Langmuir model is given by the following
equation:
Ce
1 Ce
(7)
=
+
q e bq 0 q 0
where: qo and b, the Langmuir constants, are the saturated
monolayer sorption capacity and the sorption equilibrium
constant, respectively. A plot of Ce/qe versus Ce would
result in a straight line with a slope of 1/q o and intercept of
1/bqo as seen in Figure (16). The Langmuir parameters are
given in Table (6).
B- Freundlich Isotherm
The Freundlich model stipulates that the ratio of solute
adsorbed to the solute concentration is a function of the
solution. The empirical model was shown to be consistent
with exponential distribution of active centers,
characteristic of heterogeneous surfaces [49].
The amount of solute adsorbed at equilibrium, q e, is
related to the concentration of solute in the solution, Ce, by
the following:
(8)
qe =K FC1/n
e

148

A. A. Abdel-Samad et.al., J. Bas. & Environ. Sci., 7 (2020) 140–153

2

This expression can be linearized to give:

1
logq e =logK F + logCe
n

1.8

Logqe

(9)

where KF and n are the Freundlich constants, which
represent sorption capacity and sorption intensity,
respectively. A plot of (logqe) versus (logCe) would result
in a straight line with a slope of (1/n) and intercept of (log
KF) as seen in Figure (17). Freundlich constants are given
in Table (7). Comparing the isotherms applied with the
experimental results, Langmuir gave the best fit, while
Freundlich isotherms did not fit well.

1.6
1.4

y = 0.2406x + 1.2409
R² = 0.9949

1.2
1

2
2.5
3
LogCe
Fig )17(: Freundlich isotherm plot for adsorption of
uranium onto mesoporous carbon
Table (7): Langmuir and Freundlich isotherms parameters for uranium adsorption onto mesoporous carbon
Langmuir model parameters
Freundlich model parameters
qo (mg/g)
b (L/mg)
R2
1/n
Kf (mg/g)
R2
100.0
0.017
0.99
4.15
17.017
0.9949

40
30

1.5

Fig (18): Langmuir isotherm plot for adsorption of Iron
onto APNS
B- Freundlich Isotherm
The Freundlich model stipulates that the ratio of solute
adsorbed to the solute concentration is a function of the
solution. The empirical model was shown to be consistent
with exponential distribution of active centers,
characteristic of heterogeneous surfaces. A plot of (logq e)
versus (logCe) would result in a straight line with a slope of
(1/n) and intercept of (log KF) as seen in Figure (19).
Freundlich constants are given in Table (8). Comparing the
isotherms applied with the experimental results, Langmuir
gave the best fit, while Freundlich isotherms did not fit well.

20
10
0
35000 36000 37000 38000 39000 40000

Ce
Table (8): Langmuir and Freundlich isotherms parameters for Iron adsorption APNS
Langmuir model parameters
Freundlich model parameters
qo (mg/g)

b (L/mg)

R2

1/n

3325.8

8.0 x10-7

0.982

0.067

Kf (mg/g)
1584.8

4

3

Log qe

Ce/qe

3.5. Adsorption Isotherm of Iron
A- Langmuir Isotherm
According to Langmuir model, the adsorption occurs
uniformly on the active sites of the sorbent, and once a
sorbate occupies a site, no further sorption can take place at
this site. A plot of Ce/qe versus Ce would result in a straight
line with a slope of 1/qo and intercept of 1/bqo as seen in Fig
(18). The Langmuir parameters are given in Table (8).
60
y = 0.00031x - 384.97
R² = 0.9821
50

1

y = -14.749x + 3.2
R² = 0.9901

2

1
4.54

4.56

4.58
4.6
Log Ce
Fig (19): Freundlich isotherm plot for adsorption of iron onto APNS
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3.6. Homogeneous diffusion model (HDM)
Homogeneous Particle Diffusion Model (HPDM) is the
kinetic model which is widely used to describe the metal
adsorption [50,51]. In this model, the extraction mechanism
involves counter diffusion of metal ions from the aqueous
solution and H+ ions from the APNS phase through a
number of possible resistances. The metal species originally
in the solution phase must diffuse across the liquid film
surrounding the APNS phase particle, transfer across the
solution particle interface, diffuse into the bulk of the APNS
phase particle and possibly interact with APNS reactive
group. The species within the APNS reactive group
simultaneously experience the same sequence in reverse
order. The two main modes were film diffusion mode (FD)
and matrix diffusion mode (MD) are given respectively, by
Equations (10) and (11) which can be used to describe the
rate of adsorption [52, 53]:
3D C …. (10)
− ln(1- X ) = K t  K =
rC 
FD

FD

Where X is the fractional attainment of equilibrium (X =
qt/qe) (assuming a constant value of the film thickness δ).
The kinetic parameters for sorption of uranium and iron on
APNS according to HPDM were estimated. The KFD values
for uranium and iron indicate that the diffusion coefficient
in the liquid film (FMD) were increases with the temperature.
From the linear plot of function - ln (1-X) versus time t at
different temperatures by using Eq. (10), as shown in figure
(20), it is clear that the straight lines passing through the
origin obtained for this relation is supported by a correlation
coefficient (R2) obtained around 0.80. Therefore, it is not
satisfactory to explain the reaction by a film diffusion mode
(FD) and the data did not fit at different temperatures.
On the other hand, the diffusion coefficients in matrix
diffusion (DMD) can be estimated by using Eq. (11). The
plots of function - ln (1-X2) versus time t at different
temperatures were shown in figure (21) for uranium and
iron. The straight lines obtained passing thought the origin
satisfactory represent the data based on the higher
correlation coefficients (R2) of 0.98.

0

FD

e

− ln(1 − X 2 ) = 2 KMDt  KMD =
3.5

25◦ C

π 2 DMD ………… (11)
r2

40◦ C

60◦ C
y = 0.0729x
R² = 0.9756

U

3

40◦ C
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y = 0.0034x
R² = 0.7333
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2
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Fig (20): Film diffusion mode plots of uranium and iron sorption on APNS at different temperatures
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Fig (19): Matrix diffusion mode plots of uranium and iron sorption on APNS at different temperatures
3.7. Uranium desorption
Different desorbing reagents were used for the
1 molar of Na2SO4, NaCl, HNO3, H2SO4, and Na2CO3.
maximum desorption efficiency of U(VI). These include:
The desorption experiments were carried out by stirring
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4 g of loaded APNS with 15 ml eluent for 30 min. The
results were summarized in Table (9), H2SO4 gives the
best desorption efficiency of 90% for uranium a comping
with 85% for iron.
Table (9): Effect of different types of eluents

Na2CO3
65
60
3.8. Case study
By stirring 0.01gm APNS with 15 ml of real sample of
phosphoric acid contains 60 ppm uranium, 2.4% Fe, and
P2O5 45% for 1 hour at room temperature. The results
showed that, uranium and iron was removed by 66% and
36% respectively with only loss of P2O5 of 3%. Elution
process carried out by stirring 15 ml H2SO4 with 4-gram
loaded APNS for 30 min., the elution gave 78% U, 68%
Fe, 3% P2O5.
3.9. Reusability of APSN
The regenerated adsorbent was used in repeated
sorption desorption regeneration cycles up to eighteen
cycles without significant decrease in sorption capacity.

4. Conclusion
Based on the results obtained from the study of the
removal of uranium and iron from synthetic phosphoric
acid by activated pistachio nutshell. the studied relevant
factors of adsorption process have actually been
optimized It was performed using one g AIC in 400 ml
synthetic phosphate solution (35%) within 100 mg/L
uranium at room temperature for 60 min. The capacity of
uranium and iron were reached 54.5 mg/g and
respectively. The elution of uranium and iron were
performed using 30 ml of one mole Na2CO3 solution
using 15 min contact time for each g of APNS. The
isotherm studies show that the adsorption of uranium and
iron could fit with Langmuir than Freundlish isotherm
model. The adsorption reaction was suggested to follow
pseudo-second-order model kinetics. APNS was used for
removal of uranium and iron from areal sample of crude
phosphoric acid supplied from phosphoric acid plant at
nuclear materials authority. The results shown that
removed of 12% and 55% for uranium and iron
respectively with loss of P2O5 about 3%. APNS could be
regenerated and reused for regeneration cycles up to
eighteen cycles without significant decrease in sorption
and breakthrough capacities. From results we can
conclude that the APNS can be used in the removal of
uranium and iron from crude phosphoric acid with highly
efficiency.
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