
Advanced method for extraction of uranium (VI) from synthetic
and Egyptian phosphoric acid using modified carbon

INTRODUCTION

Uranium is present in the environment as a result of
leaching from natural deposits, discharge from mill tail-
ings, emissions from the nuclear industry, combustion
of coal and other fossil fuels, and use of uranium con-
taining phosphate fertilizers. Naturally occurring ura-
nium is a mixture of three radioisotopes (234U, 235U
and 238U), but majority of them are 238U isotope
(99.27%). Uranium is a radioactive heavy metal that
can cause cancer. Its primary toxic effect when con-
sumed in water is that of heavy metals[1,2]. Many pro-
cesses have been proposed for uranium (VI) removal
from solutions. Chemical precipitation, ion exchange,
solvent extraction and adsorption are the most com-
monly used methods; each has its merits and limitation
in application. The adsorption of uranium from Egyp-
tian crude phosphoric acid was investigated[3] it was
found that treatment with nitric acid oxidized the sur-
face of the activated carbon and significantly increased
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the adsorption capacity for uranium in acidic solutions.
The surface groups play a key role in the surface chem-
istry of activated carbon as they are important for ad-
sorption from aqueous solutions[4] the acidic surface
shows cation exchange properties in aqueous solutions.
The surface groups shown in the following figure are
acidic groups.

Adsorption of uranium (VI) on a natural clinoptilolite
zeolite from Sweetwater County, Wyoming was inves-
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ABSTRACT

The adsorption of uranium (VI) from phosphoric acid onto modified carbon
has been investigated. The parameters that affect the uranium adsorption
such as stirring time, carbon pH, solution pH, phosphoric acid concentration,
temperature, modified carbon to phosphoric acid phase ratio and uranium
oxidation state have been studied. Also, the factors affect on the modification
of carbon such as the solvent concentration and soaking time were
investigated. The thermodynamic parameters (H

ads.
 = -51.60 and -53.70 kJ/

mol while S
ads.

 = -166.07 and -170.03 kJ/mol) showed the exothermic heat of
adsorption and the feasibility of the process.
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tigated[5]. The general methods developed for the re-
covery or removal of uranium ions from aqueous solu-
tions are extraction[6,7], precipitation[8,9], ion exchange[10]

and sorption[11,12]. Among those approaches, sorption
is commonly used for the recovery of uranium ions be-
cause of its high efficiency, ease of handling, and the
availability of different adsorbents. Various kinds of
newadsorbents for removing and recovering uranium
have been reported[13-18] However, the separation pro-
cess of adsorbents from aqueous solution after satu-
rated sorption is usually complex and time-consuming.

Rapid removal of U(VI) from aqueous solutions
was investigated[19] using magnetic Fe

3
O

4
@SiO

2
 com-

posite particles as the novel adsorbent. Batch experi-
ments were conducted to study the effects of initial pH,
amount of adsorbent, shaking time and initial U(VI)
concentrations on uranium sorption efficiency as well
as the desorbing of U(VI). The sorption of uranium on
Fe3O4@SiO2 composite particles was pH dependent,
and the optimal pH was 6.0. In kinetics studies, the
sorption equilibrium can be reached within 180 min,
and the experimental data were well fitted by the
pseudo-second-order model and the equilibrium sorp-
tion capacities calculated by the model were almost the
same as those determined by experiments.

EXPERIMENTAL

Activated carbon

The granular activated carbon used was supplied
by Ubichem Limited, UK, size of 3-6 mm. The acti-
vated carbon was modified by soaking it in 2.86 M
D2EHPA for 60 min and then filtered dried and before
use for extraction of uranium from phosphoric acid so-
lutions.

Reagents

Stock solution of uranium (1000 ppm) was sup-
plied from Accu Standard, USA. Two types of phos-
phoric acid were used in this work, first is a solution of
pure phosphoric acid (44% P

2
O

5
) containing standard

solution of uranium (60 ppm) and the second type is
impure Egyptian wet process phosphoric acid which
have the following components (P

2
O

5
 = 44.0%, U =

40 ppm, Fe = 2.6%, Cu = 0.0012%, Cd = 0.001%, F
= 0.7%) was supplied from Abu-Zaabal Co., Cairo,

Egypt. Abu Tartur bentonite was used. Iron and other
heavy metals were determined by atomic adsorption
spectrometer of model GBC 932- AAS.

Batch adsorption experiments

The experiments were carried out by batch tech-
nique. Adsorption experiments were carried out in me-
chanically agitated beakers containing 50 mL of phos-
phoric acid with uranium concentration of 60 mg /L
agitated with different amount of modified carbon, the
vessel was immersed in a water bath controlled at dif-
ferent temperatures. The content was agitated with a
constant stirring rate of 400 rpm, at preset times after
stirring the modified carbon was separated from the
supernatant aqueous samples (3 mL) were taken, and
the concentration was analyzed. The amount of
adsorbed uranium was determined from the difference
between the initial and final concentrations of uranium
in aqueous solution using spectrophotometer.

Calculations

The percent adsorption (Y%) and the distribution
coefficient D were calculated from the equations:

The distribution ratio (D) was calculated from the
equation:

RESULTS AND DISCUSSION

The parameters which affect the uranium adsorp-
tion such as carbon pH and soaking time for carbon
modification with D2EHPA were investigated, also fac-
tors affect the uranium adsorption from both synthetic
solution and Egyptian phosphoric acid such as phos-
phoric acid concentration, modified carbon to aqueous
phase ratio, organic solvent concentration, stirring time,
uranium oxidation state, adsorption temperature and so-
lution pH.

The factors affect the modification of the carbon
with D2EHPA
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Effect of carbon pH

In practice, carbon pH presumably affects the ad-
sorption of uranium. The uranium adsorption is mark-
edly suppressed at carbon pH higher than 8.0, how-
ever by decreasing the carbon pH, adsorption of ura-
nium decreases and reached its minimum value at pH
2.0. Hence it can be demonstrated that, the combina-
tion of D2EHPA solvent with the basic carbon surface
(pH = 8.0) leaving the free hydrogen ions is more suit-
able than its combination with the acidic carbon (pH =
2.0) due to the positive charge nature of the basic car-
bon which combined with the negative charge present
on the solvent. On the other hand, the uranium adsorp-
tion efficiency reached 68.8 % by using basic modified
carbon while it reached 5.0% only using acidic one.

Effect of soaking time

The effect of soaking time on the adsorption pro-
cess was studied in the range of 1.0 � 60 min. The

operating conditions used were [U] =30 ppm for syn-
thetic phosphoric acid, modified carbon to aqueous
phase ratio =1 and the adsorption temperature was room
temperature. From (Figure 1) it is noticed that the ura-
nium adsorption efficiency (U E

adsorption
, %) increases

by increasing the soaking time of carbon in the organic
solvent reached 68.8% adsorption efficiency at 60 min.

=1, stirring time= 30 min and the adsorption tempera-
ture was room temperature. From (Figure 2) it is no-
ticed that the uranium adsorption efficiency (U E

adsorption
,

%) decreased by increasing the phosphoric acid con-
centration reached 16.7 and 21.3% adsorption efficiency
at 9.2M phosphoric acid for synthetic and Egyptian
phosphoric acid respectively, while the uranium
E

adsorption
, % reached 68.8 and 76.9% for synthetic and

Egyptian phosphoric acid respectively using 3.36M
phosphoric acid.

Figure 1 : Effect of loading time on the uranium extraction
efficiency

The factors affect the uranium adsorption from
both synthetic and Egyptian phosphoric acid

Effect of phosphoric acid concentration

The effect of phosphoric acid concentration on the
extraction process was studied in the range of 0.77 �
9.2M. The operating conditions used were [U] =30
and 20 ppm for synthetic and Egyptian phosphoric acid
respectively, modified carbon to aqueous phase ratio

Figure 2 : Effect of phosphoric acid concentration on the ura-
nium extraction efficiency

Effect of modified carbon to aqueous phase ratio

Modified carbon to aqueous phase ratio has pro-
nounced effects on the adsorption of uranium from syn-
thetic (20 ppm U) and Egyptian phosphoric acid (30
ppm U). Figure 3 shows the effect of modified carbon
to aqueous phase ratio. It is obviously indicated that,
by increasing the modified carbon to aqueous phase
ratio the uranium adsorption markedly increases. The
uranium adsorption efficiency reached 78.7 and 82.0%
for synthetic and Egyptian phosphoric acid respectively
by modified carbon to aqueous phase ratio equal to
2.0, while the uranium adsorption efficiency deceased
to 16.7 and 20.1% for synthetic and Egyptian phos-

Figure 3 : Effect of modified carbon to aqueous phase ratio on
the uranium extraction efficiency
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phoric acid respectively by applying modified carbon
to aqueous phase ratio 1:5.

Effect of D2EHPA concentration

The effect of D2EHPA concentration on the ura-
nium adsorption process was studied in the range 0.10
� 2.86M. The operating conditions used were [U] =30

and 20 ppm for synthetic and Egyptian phosphoric acid
respectively, modified carbon to aqueous phase ratio
=1, stirring time= 30 min and the adsorption tempera-
ture was room temperature. From (Figure 4) it is no-
ticed that the uranium adsorption efficiency (U E

adsorption
,

%) increased by increasing the D2EHPA concentration
reached 68.8 and 76.9% adsorption efficiency at
2.86M D2EHPA for synthetic and Egyptian phospho-
ric acid respectively, while the uranium E

adsorption
, %

reached 15.0 and 20.0% for synthetic and Egyptian
phosphoric acid respectively using 3.36M phosphoric
acid.

thetic and Egyptian phosphoric acid. The operating con-
ditions used were [U] =30 and 20 ppm for synthetic
and Egyptian phosphoric acid respectively, modified car-
bon to aqueous phase ratio =1 and the adsorption tem-
perature was room temperature. From (Figure 6) it is
noticed that the uranium adsorption efficiency (U
E

adsorption
, %) increased by increasing the uranium oxi-

dation state reached 71 and 80% for synthetic and
Egyptian phosphoric acid respectively, while it U
E

adsorption
, % decreased to reach 12.8 and 22% for syn-

thetic and Egyptian phosphoric acid respectively. On
the other hand, the adsorption of uranium hexavalent is
more suitable than tetravalent one.

Figure 4 : Effect of D2EHPA concentration on the uranium
extraction efficiency

Effect of stirring time

The effect of stirring time on the adsorption of ura-
nium was studied in the range 1.0 � 120.0 min. The

operating conditions used were [U] =30 and 20 ppm
for synthetic and Egyptian phosphoric acid respectively,
modified carbon to aqueous phase ratio =1 and the
adsorption temperature was room temperature. From
(Figure 5) it is noticed that the uranium adsorption effi-
ciency (U E

adsorption
, %) increased by increasing the stir-

ring time reached 68.8 and 76.9% adsorption efficiency
at 30 min for synthetic and Egyptian phosphoric acid
respectively.

Effect of oxidation state

The oxidation state was varied from 100 to 650
mv to study the effect of uranium adsorption from syn-

Figure 5 : Effect of stirring time on the uranium extraction
efficiency

Figure 6 : Effect of uranium oxidation state on the uranium
extraction efficiency

Effect of adsorption temperature

The effect of temperature on the adsorption of ura-
nium was studied from 25 to 60 °C. The operating con-

ditions used were [U] =30 and 20 ppm for synthetic
and Egyptian phosphoric acid respectively, modified car-
bon to aqueous phase ratio =1. Figure 7 indicates that,
the percentage of uranium adsorption decreased with
increasing the temperature indicating that the process is
exothermic in nature so, the adsorption of uranium from
synthetic and Egyptian phosphoric acid is preferred at
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room temperature. the required value with diluted H
2
SO

4
 and NaOH. Fig-

ure 9 shows the influence of pH on the uranium ad-
sorption from synthetic phosphoric acid on the modi-
fied carbon. The percentage of adsorption increases
with increasing pH to a maximum value (pH 3.0 ± 0.2)

and then declines with further increase in pH. The influ-
ence of pH on uranium adsorption can be explained in
the following way, hydrolysis of uranyl ion takes place
as the pH varies from 0.5 to 3.0 and the availability of
free uranium ions is maximum at pH 3.0 and hence maxi-
mum adsorption. Uranium exists in hydrolyzed form and
the following ionic species have been identified, UO2+

2
,

[(UO
2
)

2
(OH)

2
]2+ dimmer, [(UO

2
)

3
(OH)

5
]+ trimer. It is

these species that are exchanged at the functional groups
on the surface of modified carbon[20]. When pH in-
creases beyond 3.0 precipitation starts due to the for-
mation of complexes in aqueous solution and adsorp-
tion decreases, thus, the optimum adsorption of ura-
nium took place at pH 3.0 ± 0.2.

Figure 7 : Effect of temperature on the uranium extraction
efficiency

Effect of modified carbon size

The size particle of modified carbon has an impor-
tant effect on the uranium adsorption. The influence of
this parameter was studied in the range of 0.075, 0.85,
1.7 and 3.0 mm. The operating conditions used were
[U] =30 and 20 ppm for synthetic and Egyptian phos-
phoric acid respectively, modified carbon to aqueous
phase ratio =1 and the adsorption temperature was room
temperature. From (Figure 8) it is noticed that the ura-
nium adsorption efficiency (U E

adsorption
, %) increased

by decreasing the size particle of modified carbon
reached 68.8 and 76.9% uranium adsorption efficiency
by using modified carbon particle size of 3.0 mm for
synthetic and Egyptian phosphoric acid respectively,
while the uranium adsorption efficiency increased to
90.8 and 95.6% by using small size of modified carbon
particle (0.075 mm).

Effect of phosphoric acid pH

The most important parameter for the adsorption
experiments, effect of pH was examined. The pH val-
ues were varied between 0.5 and 6.0 ± 0.2 keeping

the other parameters constant. The pH was adjusted to

Figure 8 : Effect of modified carbon size on the uranium ex-
traction efficiency

Figure 9 : Effect of phosphoric acid pH on the uranium extrac-
tion efficiency

Stripping of uranium

Sodium carbonate solution was used for achieving
the uranium stripping process from loaded modified car-
bon. For achieve this purpose, many factors were studied
such as: sodium carbonate concentration, temperature
and stirring time.

Effect of sodium carbonate concentration

The effect of sodium carbonate concentration on
the uranium stripping process was studied in the range
of 1.0� 20% wt/v. From (Figure 10) it is noticed that

the uranium stripping efficiency (U E
stripping�

 %) increased
by increasing the concentration of sodium carbonate
reached 87.6.0% using 15.0% (wt/v) solution of so-
dium carbonate.
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Effect of stripping temperature

The effect of temperature on the stripping process
of uranium was studied from 25 to 60 °C. Figure 11

indicates that, the stripping temperature has a small posi-
tive effect on the uranium stripping from loaded modi-
fied carbon, the uranium stripping efficiency reached
87.6% at room temperature and increased to 91.7%
by increasing the temperature to 60 °C. The tempera-

ture indicating that the process is endothermic in nature
so, the stripping of uranium from loaded modified car-
bon is preferred at room temperature from economic
point of view.

peroxide was added. At pH of 3, the uranium will pre-
cipitate then uranium can be filtered as a peroxide
hydtrate, washed, dried and calcined at 400°C to ob-

tain UO
3
 powder.

Figure 10 : Effect of sodium carbonate concentration on the
uranium stripping efficiency

Figure 11 : Effect of temperature on the uranium stripping
efficiency

Effect of stirring time

The effect of stirring time on the stripping of ura-
nium was studied in the range 1.0 � 60.0 min. From

(Figure 12) it is noticed that the uranium stripping effi-
ciency (U E

stripping �
 %) increased by increasing the stir-

ring time reached 87.6 % at 30 min. Uranium was
stripped from the loaded modified carbon with 15%
wt/v sodium carbonate solution. Uranium precipitation
was carried out using hydrogen peroxide to bring down
the pH of the stripped solution, an addition of sulfuric
acid to the solution with a slight excess of hydrogen

Figure 12 : Effect of stirring time on the uranium stripping
efficiency

Thermodynamics studies

The thermodynamics parameters obtained for the
adsorption process were calculated using the equation:
ln K

D
 = S

ads
/R �� H

ads
/RT

Where, K
D
 is the distribution coefficient (ml/g), S

ads 
is

standard entropy (J mol-1K-1), H
ads

 is the standard
enthalpy (kJ mol-1), T is the absolute temperature (K)
and R is the gas constant (8.314 J mol-1K-1).

The experiments were carried out at 298, 313, 323
and 333 K for uranium concentration 30 and 20 ppm
for synthetic and Egyptian phosphoric acid respectively,
the values of H

ads 
and S

ads
 were calculated from the

slopes and intercepts of linear regression of ln K
D
 ver-

sus 1000/T (Figure 13). The values of H
ads

 and S
ads

are reported in TABLE 1. The negative value of en-
thalpy change H

ads
 for the processes further confirms

the exothermic nature of the process and negative en-
tropy of adsorption S

ads
 reflects the affinity of the ad-

Figure 13 : ln D as a function with temperature (T)
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TABLE 1 : The values of H
ads

 and S
ads

Hads kJ mol-1 Sads J mol-1K-1 

Hads 
synthetic acid 

Hads 
Egyptian acid 

Sads 
synthetic acid 

Sads 
Egyptian acid 

-51.6 -53.7 -166.07 -170.03 

sorbent material toward uranium.

CONCLUSION

According to the results obtained in this study of
extraction of uranium from both pure synthetic and im-
pure Egyptian phosphoric acid using modified carbon
with di-ethyl hexyl phosphoric acid, we can concluded
that:
a) The modified carbon can be used as an efficient

extracting material for uranium from phosphoric
acid.

b) Carbon pH must be in the range of 8-9 to be more
suitable to loaded with D2EHPA organic solvent
and hence give satisfactory results.

c) The obtained optimum conditions for adsorption
process were: phosphoric acid concentration
3.36M, modified carbon to aqueous phase ratio
equal to 2.0, the uranium extraction increased by
increasing the D2EHPA concentration at an opti-
mum stirring time 30.0 min under room tempera-
ture. It is noticed that U (VI) was more suitable
for adsorption by modified carbon than U (IV),
so that H

2
O

2
 must be added to the phosphoric

acid before applying the uranium adsorption pro-
cess. The phosphoric acid pH must be adjusted
to be in the range of 3-4 to give highly uranium
adsorption efficiency.

d) The results of uranium stripping revealed that: stir-
ring of 10% wt/v of sodium carbonate for 30.0 min
under room temperature re-extracted 87.6% of ura-
nium from loaded modified carbon.

e) The negative value of enthalpy change H
ads

 for
the processes further confirms the exothermic na-
ture of the process and negative entropy of adsorp-
tion S

ads
 reflects the affinity of the adsorbent ma-

terial toward uranium.
From all the above data we can concluded that the

modified carbon can be a useful tool in the uranium
recovery from both synthetic and Egyptian phosphoric

acid with highly efficiency and cheap cost.
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