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ABSTRACT

The adsorption of uranium (V1) from phosphoric acid onto modified carbon
has been investigated. The parameters that affect the uranium adsorption
such asgtirring time, carbon pH, solution pH, phosphoric acid concentration,
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temperature, modified carbon to phosphoric acid phase ratio and uranium
oxidation state have been studied. Al so, the factors affect on the modification
of carbon such as the solvent concentration and soaking time were

investigated. Thethermodynamic parameters (AH_

=-51.60and-53.70 kY

mol whileAS  =-166.07 and-170.03 kJmol) showed theexothermic heat of

adsorption and the feasibility of the process.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Uraniumispresent inthe environment asaresult of
leaching from natura deposits, dischargefrommill tail-
ings, emissionsfrom the nuclear industry, combustion
of coal and other fossi| fuels, and use of uranium con-
taining phosphatefertilizers. Naturaly occurring ura-
niumisamixture of threeradioisotopes (234U, 235U
and 238U), but mgjority of them are 238U isotope
(99.27%). Uraniumisaradioactive heavy metal that
can cause cancer. Its primary toxic effect when con-
sumed inwater isthat of heavy metal 2. Many pro-
cesses have been proposed for uranium (V1) removal
from solutions. Chemical precipitation, ion exchange,
solvent extraction and adsorption are the most com-
monly used methods;, each hasitsmeritsand limitation
in application. Theadsorption of uranium from Egyp-
tian crude phosphoric acid wasinvestigated® it was
found that treatment with nitric acid oxidized the sur-
faceof theactivated carbon and significantly increased

the adsorption capacity for uraniuminacidic solutions.
The surface groupsplay akey roleinthe surface chem-
istry of activated carbon asthey areimportant for ad-
sorption from agueous sol utiong” the acidic surface
shows cation exchange propertiesin agueous sol utions.
Thesurfacegroups showninthefollowingfigureare
acidicgroups.

Adsorption of uranium (V1) onanatura dinoptilolite
zeolitefrom Sweetwater County, Wyoming wasinves-
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tigated®. The genera methods devel oped for there-
covery or remova of uraniumionsfrom agueous solu-
tionsareextraction®7, precipitation®?, ion exchange™!
and sorption™2, Among those approaches, sorption
iscommonly used for therecovery of uraniumionsbe-
causeof itshigh efficiency, ease of handling, and the
availability of different adsorbents. Various kinds of
newadsorbentsfor removing and recovering uranium
have been reported**8 However, the separation pro-
cess of adsorbents from aqueous sol ution after satu-
rated sorptionisusualy complex and time-consuming.

Rapid removal of U(V1) from aqueous solutions
wasinvestigated™ using magnetic Fe,0,@S O, com-
posite particlesasthe novel adsorbent. Batch experi-
mentswere conducted to study the effectsof initia pH,
amount of adsorbent, shakingtimeand initial U(VI)
concentrations on uranium sorption efficiency aswell
asthedesorbing of U(V1). The sorption of uraniumon
Fe304@S O2 composite particleswas 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 mode and the equilibrium sorp-
tion capacitiesca culated by the mode wereamost the
same asthose determined by experiments.

EXPERIMENTAL

Activated carbon

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

Reagents

Stock solution of uranium (1000 ppm) was sup-
plied fromAccu Standard, USA. Two types of phos-
phoric acid wereused inthiswork, first isasolution of
pure phosphoric acid (44% P,O,) containing standard
solution of uranium (60 ppm) and the second typeis
impure Egyptian wet process phosphoric acid which
have thefollowing components (P,0, = 44.0%, U =
40 ppm, Fe=2.6%, Cu=0.0012%, Cd = 0.001%, F
=0.7%) was supplied from Abu-Zaabal Co., Cairo,

—= PFyll Pgper

Egypt. Abu Tartur bentonitewas used. Iron and other
heavy metal swere determined by atomic adsorption
spectrometer of model GBC 932- AAS.

Batch adsor ption experiments

The experimentswere carried out by batch tech-
nique. Adsorption experimentswerecarried 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
vessal wasimmersed in awater bath controlled at dif-
ferent temperatures. The content was agitated with a
constant stirring rateof 400 rpm, at preset times after
stirring the modified carbon was separated from the
supernatant aqueous samples (3 mL) weretaken, and
the concentration was analyzed. The amount of
adsorbed uranium was determined from the difference
betweentheinitid andfina concentrationsof uranium
inagueous sol ution using spectrophotometer.

Calculations

The percent adsorption (Y %) and the distribution
coefficient D wereca culated fromthe equations.

[LT] feed acid — [L]]mfﬁuate

Yield (Y %) = x 100

[U]feed acid
Thedigtributionratio (D) was calculated from the
equation:

Total concentration of uranium in organic phase
D =

Total concentration of uranium in aqueous phase

RESULTSAND DISCUSSION

The parameterswhich affect the uranium adsorp-
tion such as carbon pH and soaking timefor carbon
modification with D2EHPA wereinvestigated, d sofac-
torsaffect the uranium adsorption from both synthetic
solution and Egyptian phosphoric acid such as phos-
phoric acid concentration, modified carbon to agueous
phaserdtio, organic solvent concentration, stirringtime,
uranium oxideation Sate, adsorption temperatureand so-
lution pH.

Thefactor saffect the modification of thecarbon
with D2EHPA
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Effect of carbon pH

In practice, carbon pH presumably affectsthe ad-
sorption of uranium. Theuranium adsorptionis mark-
edly suppressed at carbon pH higher than 8.0, how-
ever by decreasing the carbon pH, adsorption of ura-
nium decreasesand reached itsminimumvaueat pH
2.0. Henceit can be demonstrated that, the combina-
tion of D2EHPA solvent with thebasic carbon surface
(pH =8.0) leaving thefree hydrogen ionsismore suit-
ablethanitscombination with theacidic carbon (pH =
2.0) dueto 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
carbonwhileit reached 5.0% only using acidic one.

Effect of soakingtime

Theeffect of soaking time on the adsorption pro-
cess was studied in the range of 1.0 — 60 min. The
operating conditionsused were[U] =30 ppmfor syn-
thetic phosphoric acid, modified carbon to aqueous
phaseratio=1and theadsorptiontemperaturewasroom
temperature. From (Figure 1) it isnoticed that the ura-
nium adsorption efficiency (U E corption’ %) increases
by increasing the soaking time of carbonintheorganic
solvent reached 68.8% adsorption efficiency at 60 min.
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Figurel: Effect of loading time on theuranium extraction
efficiency
Thefactorsaffect the uranium adsor ption from
both syntheticand Egyptian phosphoricacid

Effect of phosphoricacid concentration

Theeffect of phosphoric acid concentration onthe
extraction processwas studied intherangeof 0.77 —
9.2M. The operating conditions used were [U] =30
and 20 ppm for synthetic and Egyptian phosphoricacid
respectively, modified carbon to aqueous phaseratio
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=1, stirring time= 30 min and the adsorption tempera-
turewasroom temperature. From (Figure 2) it isno-
ticed that theuranium adsorption efficiency (UE, | ion?
%) 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 eorpiion’ % reached 68.8 and 76.9% for synthetic and
Egyptian phosphoric acid respectively using 3.36M
phosphoricacid.
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Figure?2: Effect of phosphoricacid concentration ontheura-
nium extraction efficiency

Effect of modified carbon to aqueousphaseratio

M odified carbon to agueous phaseratio has pro-
nounced effectson theadsorption of uranium from syn-
thetic (20 ppm U) and Egyptian phosphoric acid (30
ppm U). Figure 3 showsthe effect of modified carbon
to aqueousphaseratio. It isobvioudy 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 agqueous phase ratio equal to
2.0, whiletheuranium adsorption efficiency deceased
t0 16.7 and 20.1% for synthetic and Egyptian phos-
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Figure3: Effect of modified carbon toaqueousphaseratioon
theuranium extraction efficiency
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phoric acid respectively by applying modified carbon
to aqueous phaseratio 1.:5.
Effect of D2EH PA concentration

Theeffect of D2EHPA concentration on the ura-
nium adsorption processwas studied intherange 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 phaseratio
=1, gtirring time= 30 min and the adsorption tempera-
turewasroomtemperature. From (Figure4) itisno-
ticed that theuranium adsorption efficiency (UE, | iont
%) 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 corption’ %
reached 15.0 and 20.0% for synthetic and Egyptian
phosphoric acid respectively using 3.36M phosphoric
acid.
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Figure4: Effect of D2EHPA concentration on theuranium
extraction efficiency

Effect of stirringtime

Theeffect of stirring time on theadsorption of ura-
nium was studied in therange 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 agueous phase ratio =1 and the
adsorption temperature wasroom temperature. From
(Figureb) itisnoticed that the uranium adsorption effi-
ciency(UE_, o %) increased by increasing the stir-
ring timereached 68.8 and 76.9% adsorption efficiency
at 30 minfor 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-

—e— Synthetic acid

—s— Egyptian acid

UEadsomtion '

—= Full Paper

thetic and Egyptian phosphoric acid. Theoperating con-
ditionsused were[U] =30 and 20 ppm for synthetic
and Egyptian phosphoricacid respectively, modified car-
bon to aqueous phase ratio =1 and the adsorption tem-
perature wasroom temperature. From (Figure6) itis
noticed that the uranium adsorption efficiency (U

E corption %) increased by increasing the uranium oxi-

dation state reached 71 and 80% for synthetic and
Egyptian phosphoric acid respectively, while it U
E % decreased to reach 12.8 and 22% for syn-

adsorption’

thetic and Egyptian phosphoric acid respectively. On
theother hand, the adsorption of uraniumhexavdentis
more suitablethan tetravalent one.
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Figure5: Effect of stirringtimeon theuranium extraction
efficiency
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Figure6: Effect of uranium oxidation stateon theuranium
extraction efficiency

Effect of adsor ption temperature

Theeffect of temperature on theadsorption of ura-
niumwas studied from 25t0 60 °C. The operating con-
ditionsused were[U] =30 and 20 ppm for synthetic
and Egypptian phogphoricacid respectively, modified car-
bonto aqueousphaseratio=1. Figure 7 indicatesthat,
the percentage of uranium adsorption decreased with
increas ng thetemperatureindi cating that theprocessis
exothermicinnature so, theadsorption of uranium from
synthetic and Egyptian phosphoric acid ispreferred at
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roomtemperature.
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Figure7: Effect of temper atur eon theuranium extraction
efficiency
Effect of modified carbon size

Thesize particleof modified carbon hasanimpor-
tant effect on the uranium adsorption. Theinfluence of
this parameter was studied in therangeof 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
phaseratio =1 and the adsorption temperaturewasroom
temperature. From (Figure8) it isnoticed that the ura-
nium adsorption efficiency (UE .., %) increased
by decreasing the size particle of modified carbon
reached 68.8 and 76.9% uranium adsorption efficiency
by using modified carbon particlesize of 3.0 mm for
synthetic and Egyptian phosphoric acid respectively,
whilethe uranium adsorption efficiency increased to
90.8 and 95.6% by using small sizeof modified carbon
particle (0.075mm).

Effect of phosphoricacid pH

Themost important parameter for the adsorption
experiments, effect of pH wasexamined. ThepH val-
ues were varied between 0.5 and 6.0 + 0.2 keeping
the other parameters constant. The pH wasadjusted to
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Figure8: Effect of modified carbon sizeon theuranium ex-
traction efficiency
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therequired valuewith diluted H,SO, 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
withincreasing pH toamaximumvalue (pH 3.0+ 0.2)
and then declineswith further increaseinpH. Theinflu-
enceof pH on uranium adsorption canbeexplainedin
thefollowing way, hydrolysisof uranyl ion takesplace
asthepH variesfrom 0.5t0 3.0 and the availability of
freeuraniumionsismaximumat pH 3.0 and hencemaxi-
mum adsorption. Uraniumexigsin hydrolyzed formand
thefollowingionic specieshave beenidentified, UO™,
[(UO,),(OH),]* dimmer, [(UO,)(OH),]* trimer. Itis
these speciesthat areexchanged at thefunctiona groups
on the surface of modified carbon??. When pH in-
creases beyond 3.0 precipitation startsdueto thefor-
mation of complexesin agqueous sol ution and adsorp-
tion decreases, thus, the optimum adsorption of ura-
niumtook placeat pH 3.0£0.2.
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Figure9: Effect of phogphoricacid pH ontheuranium extrac-
tion efficiency

U Eextraction’

Srippingof uranium

Sodium carbonate sol ution was used for achieving
theuranium stripping processfrom loaded modified car-
bon. For achievethispurpose, many factorswerestudied
such as: sodium carbonate concentration, temperature
anddtirringtime.

Effect of sodium car bonate concentration

Theeffect of sodium carbonate concentration on
theuranium stripping processwas studied intherange
of 1.0-20% wt/v. From (Figure 10) it is noticed that
theuranium gtripping efficiency (U E — %) incressed
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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Figure10: Effect of sodium carbonateconcentration on the
uranium stripping efficiency
Effect of strippingtemperature

Theeffect of temperature on the stripping process
of uranium was studied from 25to 60 °C. Figure 11
indicatesthat, the stripping temperaturehasasmal posi-
tive effect on the uranium stripping from |oaded modi-
fied carbon, the uranium stripping efficiency reached
87.6% at room temperature and increased to 91.7%
by increasing thetemperatureto 60 °C. The tempera-
tureindicating that the processisendothermicin nature
30, thestripping of uranium from loaded modified car-
bonispreferred at room temperature from economic
point of view.
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Figure 11 : Effect of temperatureon theuranium stripping
efficiency
Effect of stirringtime

Theeffect of tirring timeon thestripping of ura-
niumwas studied in therange 1.0 — 60.0 min. From
(Figure 12) it isnoticed that the uranium stripping effi-
ciency (UE,, .. %) increased by increasing the tir-
ring time reached 87.6 % at 30 min. Uranium was
stripped from the loaded modified carbon with 15%
wit/v sodium carbonate sol ution. Uranium precipitation
wascarried out using hydrogen peroxideto bring down
thepH of the stripped sol ution, an addition of sulfuric
acid to the solution with aslight excess of hydrogen

—= Full Paper

peroxidewasadded. At pH of 3, theuraniumwill pre-
cipitate then uranium can be filtered as a peroxide
hydtrate, washed, dried and cal cined at 400°C to ob-
tain UO, powder.
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Figure12: Effect of stirringtimeon theuranium stripping
efficiency
Thermodynamicsstudies

Thethermodynamics parameters obtained for the
adsorption processwere cal cul ated using the equation:
INK,=AS_/R—AH_ /RT
Where, K, isthedistribution coefficient (ml/g), AS is
standard entropy (J mol*K™), AH_,_is the standard
enthalpy (kJmol?), T isthe absolute temperature (K)
and Risthegasconstant (8.314 JmolK1).

Theexperimentswere carried out at 298, 313, 323
and 333 K for uranium concentration 30 and 20 ppm
for synthetic and Egyptian phosphoric acid respectively;,
thevauesof AH_ and AS_ wereca culated from the
slopesand interceptsof linear regression of InK | ver-
sus 1000/T (Figure 13). Thevaluesof AH_ _and AS__
arereported in TABLE 1. The negative value of en-
thalpy change AH_, for the processesfurther confirms
the exothermic nature of the processand negative en-
tropy of adsorption AS reflectstheaffinity of thead-

150 1 + Synthetic acid

1.00 T ®  Egyptian acid

InD

330 340

YEgypian = 6.4636x - 20.452
R’ = 0.996

YSynthetic = 6.2073x - 19.978
R’ = 0.9848

1000/T
Figure13:In D asafunction with temperature(T)
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TABLE1: Thevaluesof AH_, _and AS,

AH 445 kJ mal™ AS.gs I mal?K?
AH ads AH ads ASads ASads
syntheticacid Egyptian acid syntheticacid Egyptian acid
-51.6 -53.7 -166.07 -170.03
sorbent materid toward uranium.
CONCLUSION

Accordingto the results obtained in this study of
extraction of uranium from both puresyntheticandim-
pure Egyptian phosphoric acid using modified carbon
with di-ethyl hexyl phosphoric acid, we can concluded
thet:

a) Themodified carbon can be used as an efficient
extracting material for uranium from phosphoric
acid.

b) Carbon pH must beintherangeof 8-9tobemore
suitableto loaded with D2EHPA organic solvent
and hencegive satisfactory results.

¢) Theobtained optimum conditionsfor adsorption
process were: phosphoric acid concentration
3.36M, modified carbon to aqueous phaseratio
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. Itisnoticed that U (V1) wasmore suitable
for adsorption by modified carbon than U (1V),
so that H,O, must be added to the phosphoric
acid before applying the uranium adsorption pro-
cess. The phosphoric acid pH must be adjusted
to beintherange of 3-4 to give highly uranium
adsorption efficiency.

d) Theresultsof uranium stripping revealed that: tir-
ring of 10% wt/v of sodium carbonatefor 30.0min
under room temperaturere-extracted 87.6% of ura-
nium from | caded modified carbon.

€) Thenegativevaueof enthalpy changeAH_, for
the processesfurther confirmsthe exothermic na-
ture of the processand negative entropy of adsorp-
tion AS_, reflectsthe affinity of theadsorbent ma-
terial toward uranium.

Fromall the above datawe can concluded that the
modified carbon can be auseful tool inthe uranium
recovery from both synthetic and Egyptian phosphoric

acidwith highly efficiency and chegp cog.
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