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ABSTRACT
The potentiality of applying white sand for the purification of wet process
phosphoric acid via adsorption of metallic impurities has batchwise been
studied across U(VI), Zn(II) and Cd(II). Besides representing a low cost
procedure for acid purification from hazardous metals, possible recovery of
the adsorbed uranium would represent an important added value. The
relevant adsorption factors are studied together with both the corresponding
thermodynamic characteristics and equilibrium isotherms. From the latter,
the Langmuir isotherm was found to be better in interpreting the obtained
data. Thus, the theoretical capacities estimated for the studied metal cations
U(VI), Zn(II) and Cd(II) upon Abu Zeneima white sand have been found to
attain 0.87, 2.23 and 0.14 mg/g while the practical capacities at the studied
optimum conditions have attained 0.44, 1.59 and 0.11 mg/g respectively.
The thermodynamic parameters have shown that the exothermic nature of
the study system due to the obtained negative enthalpy (ÄH) whereas the
negative entropy (ÄS) reflects the affinity of the white sand towards the
studied metal cations.
 2014 Trade Science Inc. - INDIA

INTRODUCTION
The phosphorite deposits in Egypt, represented by
Duwi Formation are mined in three major localities; Red
Sea Coast (Safaga-Qusier), Nile Valley (El Sibaiya)
and Western Desert (Abu Tartur). The phosphorite ore
as a raw material for phosphatic fertilizers and phosphoric acid, also considered as natural sources of uranium[1]. The concentration of uranium in phosphorite is
ranging from less than 100 to 300 ppm[2]. The uranium
in the phosphorites of Wadi Mishash east Luxor ranges
from 50 to 270 ppm[3], from 45 to 160 ppm at El Sibaiya
and from 86 to 106 ppm at Safaga, Red Sea[4]. Phosphoric acid is generally produced in Egypt by the wet
process method, where the phosphorite rocks are
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treated mainly with sulfuric acid. Wet process phosphoric acid (WPPA) contains a number of organic and
inorganic impurities that affect the grade of the acid.
Some of these inorganic impurities are heavy ions such
as uranium, zinc and cadmium which are considered as
hazardous substances besides possible recovery of uranium as a secondary resource, while uranium causes
environmental problems due to its radioactive properties, it is considered in the meantime as a strategic element with a high inherent value. On the other hand, Zn(II)
and Cd(II) have been distinguished as a very dangerous substances because of their toxicity, persistence,
bioaccumulation and carcinogenicity. The presence of
these impurities is indeed the reason behind which 95%
of the acid produced by the wet process is directly used
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as fertilizers and not in other applications as foodstuff,
pharmaceutics and sugar industry[5]. The purified phosphoric acid can thus be used as raw materials for the
production of detergents, food products, and alimentary supplies for cattle, toothpaste and fertilizers[6,7].
Removal of such inorganic impurities from wet process phosphoric acid has actually been studied using
many techniques, involving precipitation[8,9], liquid–liquid extraction[10-16], solid–liquid extraction[17], sorption
of heavy ions from phosphoric acid solution by impregnated charcoal with triphenyl phosphine sulphide extractant[18], and membrane technologies such as electrodialysis (ED), reverse osmosis besides
nanofiltration[19-22]. Applications of these techniques are
however limited due to a number of disadvantages; viz,
limited efficacy, high costs of organic solvents, difficulty
in recovering all the solvent from both the raffinate and
the purified acid as well as environmental pollution by
some by-products. Promising techniques that have recently been applied include mainly, bentonite and activated carbon for the purification of wet process phosphoric acid from some impurities[23,24].
Due to the wide range of application the white silica
sand as an effective adsorbent of heavy metal cations,
the objective of the present work has been directed for
its application for the purification of WPPA from the
highly toxic impurities. Special emphasis has been concerned with the three metal cations; namely, U(IV),
Zn(II) and Cd(II).
Silica is indeed the most common substance on the
earth where it represents a main constituent of most
rocks as well as in plants such as bamboo, rice and
barley. The general formula of silica is SiO2 or
SiO2.2H2O where most of its forms have the tetrahedral structure in which each atom occupies the centre
of the tetrahedron while the oxygen atoms are on the
apex in a regular form. The active surface which may
participate in any chemical or physical interaction is limited to the external surface of the crystalline particles.
The surface functional groups in silica would actually
play a significant role in the adsorption process of metal
ions. In the other words, silica can be regarded as a
plane of oxygen atoms bound to the silica tetrahedral
layer and hydroxyl groups that are associated with the
edges of the silica structural units, it a manner to provide surface sites for the chemisorption of metal ions

(Donald, 1998 in Awan et al, 2003)[25]. Accordingly,
the surface functional group can be represented by the
following silanol group; viz,
 Si - OH

Where the surface hydroxyl groups dissociate in water
to form deprotonated sites and which serve as Lewis
bases towards metal cations (Mn+); namely,
 Si - OH + Mn+   Si - OM(n-1)+ + H+

(1)

2 ( Si - OH) + Mn+  ( Si - O)2M(n-2)+ + 2H+

(2)

or else the adsorption reaction can generally be represented as follows.
Mn+ + m(SiOH)  M(OSi)m(n”m)+ + mH+

(3)

n+

Heavy metal cations M may also hydrolyze in
aqueous solutions and would then be adsorbed in the
hydrolyzed forms according to the following reactions:
Hydrolysis: Mn+ + H2O  M(n-1)+OH + H+

(4)

Adsorption:  Si - OH + M(n-1)+OH   Si - OM(n-2)+ OH + H+

(5)

As a matter of fact, the metal surface bonding (adsorption) reaction would be favored by the properties
of the metals that favor its hydrolysis i.e. its high charge,
small radius and polarizability (Murray, 1994 in Awan
et al, 2003)[25].
MATERIALS AND METHODS
Materials
Abu Zaabal WPPA
A sample of the crude concentrated phosphoric acid
has been kindly provided by Abu Zaabal Fertilizer and
Chemicals Co., Cairo, Egypt. Analysis of the latter has
been achieved using the wet chemical procedures of
Shapiro and Brannock (1962)[26]. From this analysis, it
was shown that its assay of P2O5 attains up to 43.5%.
Therefore it was found convenient to dilute it down to
29% P2O5 to simulate the WPPA.
White silica sand
A natural white sand sample was collected from
Abu Zeneima, south western Sinai, Egypt. It was ground
and sieved to -200 mesh grain size (75 µm). Complete
chemical analysis of the collected sand sample was
achieved using the wet chemical procedures of Shapiro
and Brannock (op.cited)[26].
Experimental procedures
chemical technology
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Prior to the experimental purification procedure of
Abu Zaabal WPPA using Abu-Zeneima white sand, it
was first repeatedly washed with hot distilled water followed by treatment of the washed sand with 1 M hydrochloric acid for 24 h. After filtration, the sand was
twice washed with distilled water followed drying. On
the other hand, the prepared wet process phosphoric
acid (29% P2O5) was mixed with a bentonite sample
collected from Abu Tartur area in a concentration of
11.67 g/l for 30 min. in a manner to separate the suspended materials. To enhance settling of the latter, polyacrylamide to the extent of only 0.5 mg/l was added as
a flocculating agent whereas the relatively pure green
acid was obtained[15].
Several series of batch adsorption experiments of
the three study metal ions (U VI, Zn II and Cd II)
from Abu Zaabal diluted phosphoric acid were then
performed using the treated Abu Zeneima white sand.
The purpose was to optimize the different parameters
such as adsorbate concentration or dose, contact time
as well as the temperature. All these experiments were
achieved in duplicate tests to establish the accuracy
of the procedure. To realized these objectives, a
known volume of the working crude phosphoric acid
(10 ml) was mechanically shaker at a rate 150 rpm
with known weights of the adsorbate in a 100 ml conical flask. Except otherwise sited, all the experiments
were carried out at room temperature for 24 h. Filtration of the slurry was then performed and the working
metal ions concentration in the filtrate was determined.
Concerning the effect of the initial concentration of
the study three metal ions upon their adsorption a synthetic 5.1 M phosphoric acid sample (29.2% P2O5)
was prepared from phosphoric acid (85%), (ADWIC,
El-Nasr Pharm.). In the latter, different concentrations
of the three study metal values were dissolved from
their corresponding reagents of Winlab, England;
namely UO 2 (CH 3 COO) 2 ·2H 2 O, ZnSO 4 ·7H 2 O,
3CdSO4·8H2O.
Analytical procedures
Analysis of the major oxides of Abu Zaabal concentrated crude phosphoric acid and the working natural white sand was attained using Shapiro and Brannock
procedures[26]. In the latter, SiO2, Al2O3 and TiO2 have
been spectrophotometrically analyzed using Unicam
chemical technology
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UV2-100 UV/Vis Spectrometer according to standard
methods of analysis while Na and K oxides have determined by the flame photometric technique. The
Fe2O3, MgO and CaO have however been titrimetrically determined. In the meantime, the concentration
of the trace elements in the working phosphoric acid
has been determined through atomic absorption for
Zn(II) and Cd(II) while the inductively coupled plasma
optical emission spectrometry (ICP-OES) has been
used for U(VI) and the other trace elements. On the
other hand, for control analysis of the study metal values; viz, zinc(II) and cadmium(II) in all the stream acidic
was performed using atomic absorption whereas,
uranium(VI) in these solutions was spectrophotometrically measured[27].
RESULTS AND DISCUSSION
Materials characteristics
The analytical results of Abu Zaabal concentrated
crude phosphoric acid are shown in TABLE 1. From
these results, the P2O5 assays 43.5% and the Fe2O3
content attains 2.3% while F- assays 0.9% and the other
constituents are less than 1% except SO42- which assays 1.5%. The study metal values were found to attain
51, 170 and 11 mg/l for U(VI), Zn(II) and Cd(II) respectively. However, this provided concentrated acid
was first diluted to simulate the WPPA down to 29%
TABLE 1 : Analysis of interested components of Egyptian wet
process phosphoric acid

Constuents Conc. % Constuents Conc. ppm (mg/l)
P 2O 5
43.5
Zn
170
Fe2O3
2.3
Mn
623
CaO
0.4
Th
0.9
0.9
U
51
F
0.4
Cd
11
SiO2
0.2
As
9
Na2O
0.07
Pb
27
K 2O
MgO
0.4
Cu
20
0.6
Cr
129
Al2O3
1.5
Co
32
SO42Ba
0.7
Ni
38
Sr
50
Y
41

CTAIJ, 9(6) 2014

Mohamed F.Cheira et al.

227

Full Paper
P2O5 upon which the adsorption experiments or any
purification procedure would be carried out before its
concentration through evaporation. Accordingly, the
assay of the study metal values in the dilute acid has
been decreased to 34, 93 and 7 mg/l for U(VI), Zn(II)
and Cd(II) respectively.
On the other hand, the collected white sand sample
has also been completely analyzed after its proper water and acid leaching. The obtained results are shown in
TABLE 2 while indicates a purity of up to 99.11% of
the treated sand sample.
TABLE 2 : Chemical analysis of natural white sand sample
Constuents
SiO2
Al2O3
TiO2
Fe2O3
CaO

Conc. %
99.11
0.11
0.02
0.19
0.01

Constuents
MgO
Na2O
K2O
H2O
U

Conc. %
0.0
0.14
0.01
0.05
0.0

Sorption parameters of the studied metal ions
Effect of adsorbent dose
The effect of the natural white sand dose on the
removal efficiency of U(VI), Zn(II) and Cd(II) ions from
the working phosphoric acid was studied in the range
from 10 to 100 g/l while the other parameters were
fixed at room temperature and 24 h as contact time.
From the obtained results in Figure 1 it is clearly evident that the adsorption of the interesting metal ions
increases by increasing the adsorbent dose until attain-

ing an adsorbent concentration of 80 g/l. This is due to
a greater availability of the surface area and in turn the
corresponding exchange site. Any further increase of
the adsorbent did not cause any significant change in
the adsorption efficiency. This may be interpreted as
due to the formation of clusters of the adsorbent particles in a manner to result in decreasing the available
surface area. At this concentration, the maximum removal % of U(VI), Zn(II) and Cd(II) were found to be
70, 75 and 80% respectively. It has also to be indicated herein that the realized variable adsorption efficiency can be due to the fact that, the preference of an
adsorbent for a specific metal ion may be explained on
the basis of electronegativity of the metal ions and also
their ionic radius[28].
Effect of contact time
The effect of the contact time on the removal efficiencies of U(VI), Zn(II) and Cd(II) from the working
acid by Abu Zeneima white sand was carried out between 2 and 28 h while the other parameters were kept
constant at room temperature and using 80 g/l dose
concentration. The obtained results in Figure 2 indicate
that the removal efficiencies of U(VI), Zn(II) and Cd(II)
ions have gradually increased by increasing the contact
time till reaching their maximum efficiencies at 24 hour.
This relatively long contact time might be interpreted as
due to the relatively high acidic nature of the working
WPPA.

Figure 2 : Effect of the contact time on the removal efficiencies of U(VI), Zn(II) and Cd(II) ions from the crude dilute
phosphoric acid by Abu Zeneima white sand
Figure 1 : Effect of the natural white sand dose on the removal
% of U(VI), Zn(II) and Cd(II) ions from the crude diluted phosphoric acid

Effect of temperature
The effect of temperature on the purification prochemical technology
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cess of the crude phosphoric acid from the working
metal ions using natural white sand was carried out in
the range from 298–338 °K. The operating conditions
used involved an adsorbent concentration dose of 80
g/l for 24 h contact time. From the results showed in
Figures 3 & 4 it is clear that the removal efficiency and
the distribution coefficient (Kd) have decreased with
the increasing temperature. This indicates that the process is exothermic in a manner that the removal of each
metal ion is favored at low temperatures. This may be
attributed to the relative increase in the escaping tendency of the metal ions from the solid phase to the bulk
phase by increasing the temperature and or increased
weakness of adsorptive forces between the active sites
of the adsorbent and the adsorbate species as well as
between the adjacent molecules of adsorbed phase[29].

Effect of initial metal ion concentration
The effect of the initial metal ions concentration
U(VI), Zn(II) and Cd(II) on their removal was however studied using the prepared synthetic 5.1 M phosphoric acid (29.2% P2O5) in which different concentration of the studied three metal ions have been dissolved. In these experiments the other parameters were
kept constant at room temperature for 24 h and using
80 g/l of Abu Zeneima white sand. In these experiments,
metal ions concentrations were ranging from 10-51, 30170 and 2-11 mg/l for U(VI), Zn(II) and Cd(II) respectively. The obtained data shown in TABLE 3 have
illustrated that, both the removal % and the distribution
coefficients have been decreased with increasing the
initial concentrations of U(VI), Zn(II) and Cd(II). Thus,
at the lower initial metal concentrations, sufficient adsorption sites are available for the sorption of metals
ions whereas at higher metal ions concentrations the
available adsorption sites have not increased. Hence
the removal efficiency of the metal ions was decreased
with increasing the metal ions concentrations.
Thermodynamic parameters of the study adsorption procedure

Figure 3 : Effect of temperature on the removal efficiencies of
U(VI), Zn(II) and Cd(II) ions from the crude diluted phosphoric acid using Abu Zeneima white sand

The thermodynamic parameters including the change
in the standard free energy ÄG (kJmol-1), enthalpy ÄH
(kJmol-1) and entropy ÄS (Jmol-1k-1) for the study sorption of U(VI), Zn(II) and Cd(II) from the Abu Zaabal
phosphoric acid by Abu Zeneima white sand were calculated using the following Vant hoff’s equations[30]:
G   RTLnK d

(6)

G  H  T S

(7)

S H

(8)
R RT
where R is the universal gas constant (8.314 J/mol K)
and T is temperature (K).
Accordingly, the values of enthalpy ÄH and entropy
ÄS were calculated from the slopes (-ÄH/R) and intercepts (ÄS/R) of the ln Kd versus 1/T plot (Figure 5).
The obtained values of ÄG, ÄH and ÄS for the sorption
of the metal ions U(VI), Zn(II) and Cd(II) are reported
in TABLE 4. It has to be mentioned in this regard that
the obtained negative value of the enthalpy change (ÄH)
for the process further confirms its exothermic nature
while the negative entropy (ÄS) reflects the affinity of
LnK d 

Figure 4 : Effect of temperature on the distribution coefficient (Kd) of U(VI), Zn(II) and Cd(II) ions from the crude diluted phosphoric acid using Abu Zeneima white sand
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TABLE 3 : Effect of initial concentrations of U(VI), Zn(II) and Cd(II) on their removal % and distribution coefficient (Kd) from
synthetic 5.1 M phosphoric acid using Abu Zeneima white sand

C0 mg/l
10
20
30
40
51
-

U(VI)
Removal %
80.0
77.8
75.6
72.5
70
-

Kd
50.0
43.81
38.73
32.95
29.16
-

C0 mg/l
30
60
90
120
150
170

Zn(II)
Removal %
88.6
85.8
83.3
80.0
78.0
75.0

Kd
97.15
75.53
62.35
50.0
44.32
37.5

C0 mg/l
2
4
6
8
11
-

Cd(II)
Removal %
91.0
88.8
85.6
82.3
80.0
-

Kd
126.38
99.11
74.30
58.12
50.0
-

TABLE 4 : Thermodynamic parameters for U(VI), Zn(II) and
Cd(II) adsorption from Abu Zaabal crude phosphoric acid by
Abu Zeneima white sand

ÄG (kJmol-1)

ÄH (kJmol-1)
ÄS (Jmol-1k-1)

T(°K)
298
308
318
328
338
-

U(VI)
-10.07
-10.10
-10.13
-10.16
-10.19
-9.23
-2.82

Zn(II)
-13.28
-13.35
-13.42
-13.50
-13.57
-11.12
-7.25

Cd(II)
-16.82
-16.94
-17.06
-17.18
-17.30
-13.24
-12.00

creases as getting further from the adsorption surface.
The Langmuir isotherms of the working system have
been obtained by contacting the adsorbent at a fixed
the adsorbent material towards each metal ion. The
dose 80 g/l with the adosrbate solution at different connegative free energy values (ÄG) indicate the feasibility
centrations after an equilibration time of 24 h. The
of the process and its spontaneous nature.
Langmuir isotherm is represented by the following equaAdsorption isotherms
tion:
The adsorption isotherm is one of the most impor- 1
1  1  1 
(9)
tant tools to understand the mechanism of an adsorp- q  q 0   bq 0   C 

 e 
e
tion system where it relates the concentration of a solute on the surface of the adsorbent to its concentration where qe is the amount of metal ions adsorbed per unit
in the fluid with which it is in contact. From the available weight of the working Abu Zeneima white sand (mg/g),
metal ions concentration in the soluisotherm models both Langmuir and Freundlich iso- Ce is the equilibrium
0
therms were selected to be applied in the present work. tion (mg/l), q is the maximum metal ions uptake per unit
mass of adsorbent (mg/g) and which is related to adLangmuir isotherm
sorption capacity while b is the Langmuir constant (l/
The Langmuir equation is probably the best known mol). The latter is exponentially proportional to the heat
and most widely applied adsorption isotherm. Langmuir of adsorption and is related to the adsorption intensity.
sorption isotherm models indeed the monolayer cover- Thus, a plot of 1/qe vs 1/Ce should be linear if Langmuir
age of the sorption surface where the energy of ad- adsorption is operative a matter which would permit calsorption is constant with no transmigration of adsor- culation of Langmuir constants. Accordingly, it can be
bate in the plane of the surface[31]. This model supposes found from the obtained data in Figure 6 that the equilibthat adsorption takes place at a specific adsorption sur- rium adsorption isotherms of U(VI), Zn(II) and Cd(II)
face and that the attraction between the molecules de- from Abu Zaabal wet process phosphoric acid using Abu
Figure 5 : Plot of LnKd versus 1/T of the studied adsorption
systems
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Figure 6 : Equilibrium adsorption isotherms for U(VI), Zn(II)
and Cd(II) removal from Abu Zaabal crude phosphoric acid by
Abu Zeneima white sand at room temperature

Zeneima white sand as an adsorbent have increased with
increasing both the Ce and qe values. The considerably
increase of the Ce values for a small increase in qe is
possibly due to less active sites being available at the end
of the adsorption process and / or the difficulty of the
edge molecules in penetrating the adsorbent U(VI), Zn(II)
and Cd(II) ions partially covering the surface sites. Therefore, to optimize the design of a sorption system to remove U(VI), Zn(II) and Cd(II) from Abu Zaabal wet
process phosphoric acid, it is important to set the most
appropriate correlation of the equilibrium curve. The
obtained linear relation indicates that the adsorption of
the studied metal ions obeys langmuir isotherm (Figure
7). The Langmuir parameters have been calculated from
the 1/qe vs. 1/Ce plot, where q0 = intercept-1 and b =
slope-1 × intercept (Figure 7 and TABLE 5).
The favorable nature of adsorption can be expressed
in terms of a dimensionless separation factor of equilibrium parameter, which is defined as follows

Figure 7 : The linearized langmuir plot for U(VI), Zn(II) and
Cd(II) adsorption from Abu Zaabal crude phosphoric acid by
Abu Zeneima white sand at room temperature

concentration of the adsorbate in solution[32]. The obtained value of RL was found to be less than one indicating favorable adsorption.
Freundlich isotherm
In the present work the Freundlich model has also
been applied to estimate the adsorption intensity of the
sorbate on the sorbent surface[33]. In all cases, the
Freundlich isotherm would predict the saturation level
of the sorbent by the sorbate in a manner that the surface coverage is mathematically predicted, indicating
multilayer sorption of the surface. The Freundlich equation is represented as follows:
q e  K f C e1/ n

1
RL 
(1  bC 0 )

(10)

where b is the Langmuir constant and C0 is the initial
chemical technology
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1
LogC e
n

(12)
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Figure 8 : Freundlich adsorption isotherm for U(VI), Zn(II)
and Cd(II) adsorption from Abu Zaabal crude phosphoric acid
by Abu Zeneima white sand at room temperature

where qe (mg/g) is the equilibrium concentration of the
studied metal ions in the solid phase, Ce (mg/l) is the
equilibrium concentration of the metal ions in the liquid
phase, Kf (mg/g) is the adsorption capacity and n is the
intensity of adsorption.
The adsorption data obtained of the studied three
metal ions on Abu Zeneima white sand from Abu Zaabal
crude phosphoric acid have thus been fitted to the
Freundlich model by plotting Log qe versus Log Ce (Figure 8). The obtained linear plot enables Kf and n to be
determined and where their values are represented in
TABLE 5. From the latter, it can be concluded that
Langmuir isotherm describes the study system much
better than that of Freundlich. These conclusions have
mainly been based by comparing the achieved practical capacity of the studied metal cations with the theoretical capacity calculated from Langmuir equation
shown in TABLE 5. Thus U(VI), Zn(II) and Cd(II)
practical capacities of Abu Zeneima white sand have
attained 70, 75 and 80 % at the studied operating conditions i.e. 0.44, 1.59 and 0.11 mg/g respectively. Comparing these results with the theoretical capacities calculated for these metal cations from Langmuir equation, it has been found to attain 0.87, 2.23 and 0.14
mg/g respectively. In the otherwords, the achieved capacities have attained 50.5, 71 and 78.5% of the theoretical values for U(VI), Zn(II) and Cd(II) respectively.

TABLE 5 : Langmuir and Freundlich adsorption constants for U(VI), Zn(II) and Cd(II) ions from Abu Zaabal crude phosphoric
acid by Abu Zeneima white sand at room temperature

q0 (mg/g)
0.87

n
1.353

U(VI)
b (l/g)
0.064
U(VI)
Kf (mg/g)
0.061

R2
0.999

2

R
0.997

Langmuir constants
Zn(II)
q0 (mg/g)
b (l/g)
R2
2.227
0.05
0.999
Freundlich constants
Zn(II)
n
Kf (mg/g)
R2
1.59
0.161
0.993

CONCOLUSION
This study has been interested in the purification of
Abu Zaabal WPPA using Abu Zeneima white sand from
some of its metal impurities; namely uranium(VI), zinc(II)
and cadmium(II) as being undesirable in the acid due to
their hazardous effects besides possible recovery of the

q0 (mg/g)
0.139

n
1.623

Cd(II)
b (l/g)
1.075

R2
0.997

Cd(II)
Kf (mg/g)
0.069

R2
0.994

uranium values. From the obtained results, it has been
concluded that the optimum conditions of adsorption
of the studied metal cations involve 80 g/l of the working white sand for an equilibration time of 24 h at room
temperature where the realized adsorption efficiencies
of U(VI) Zn(II) and Cd(II) have attained 70, 75 and
80% respectively. However, it was found that the distribution coefficient of the study metal cations decrease
chemical technology
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as the temperature was increased. The negative values
of the enthalpy change (ÄH) of the process confirmed
the exothermic nature of the study system while the negative entropy (ÄS) values indicate the applicability of the
study adsorption process which was proved to be spontaneous in nature due to the obtained negative values of
ÄG. The Langmuir and Freundlich adsorption isotherms
have been applied on the experimental procedures however the former has better explained the study system.
Using the natural white sand as an adsorbent of metal
impurities from WPPA can indeed be considered as a
promising economic technology for the purification procedure of the acid given its proven efficiency.
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