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ABSTRACT

Extraction of U(V1) from concentrated Egyptian phosphoric acid with syn-
ergistic mixture of di-nonyl phenyl phosphoric acid (DNPPA) and di-butyl
butyl phosphonate (DBBP), was investigated. The distribution of U(VI)
was studied at different concentrations of DNPPA, DBBP, phosphoric acid
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and other parameters. The data on the effect of temperature on the extrac-
tion showed that the enthal py changeis-11.5 KJ/mol. Uranium extracted by
DNPPA-DBBPisfurther subjected to asecond cycle of extraction and scrub-
bing impurities. Theuraniumisfinally converted to ahigh purity UO, prod-
uct using precipitation with hydrogen peroxide and heat treatment at 375°C

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

World rock phosphates ores estimated to produce
considerableamount of phosphoric acid for the use of
thefertilizer industry. During the process of phosphoric
acid production, 75% to 90% of uranium was present
inthesedimentary rock extracted with phosphoric acid.
Hencetheacid product contai ning uranium up to 300
mg/L becomesapotential sourceof uranium. Theex-
traction of uranium fromH_PO, hastwo main advan-
tages. produce uranium as by product and to prevent
thepollution of soil by theradionuclidepresent in wet
process phosphoric acid*,

At current global rate of consumption, phosphatic
uranium can meet the global demand for 440 yearsas
against a life of 86 years for known uranium re-
sources*. Theseparation of uranium from phosphoric
acid may be carried out using different separation tech-

niqueslikeion-exchange™, membraneseparation® and
preci pitation**8 have beeninvestigated. Synergistic
mixturesof D2EHPA and TOPO, D2EHPA and DBBP,
DOPPA and TOPO or DNPPA and TPP have been
reported asasuitablefor extraction of uranium from
acidic mediumg?36713,

In the present work applied and kinetics study for
the entrained sol vent separation for DNPPA+ DBBP/
WPA system has been described. The activation en-
ergy, enthal py of activation and entropy of activation
for uranium extraction from concentrated Egyptian
phosphoric with DNPPA+ DBBP has been studied.

EXPERIMENTAL

Solvent
DNPPA was synthesi sed by the following proce-
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dure®™, A mixtureof di- and mono-estersof nonyl phe-
nyl phosphoric acid was obtai ned by reacting p-nonyl
phenol with phosphorus oxy-chloridein the presence
of pyridineinmoleratio of 2:1:2. Thereaction mixture
was hydrolysed with excess of 6 M HCI at 80°C for
12 h. Thedi-and mono-esters were separated by ex-
traction from benzene solutionwith 70% methanol. The
unreacted nonyl phenol and neutral compoundswere
separated by loading the benzene layer with neody-
mium Nd, and precipitating the Nd diester salt in ex-
cessacetone. Di-ester was obtained by dissolving the
salt in benzeneand stripping the Nd with oxalic acid.
The concentrations of mono- and di-esterswere de-
termined by potentiometrictitrationwith akai inetha-
nol medium. The di-(2-ethylhexyl) phosphoric acid
(D2EHPA) used wereobtained fromindigenoussources
whilecommercidly availabledi-butyl butyl phosphonate
(DBBP) andtri- butyl phosphate (TBP) of 95 % purity
wereused for thework. The kerosene used wasfrom
MISR-Petroleum Ltd. Company, Egypt and hadasmain
properties: specific gravity 0.8; flash point 70°C; initid
boiling point 200°C; fina boiling point 250°C; aromat-
ics< 1%.

Phosphoricacid

The Egyptian phosphoric acid used inthisstudy is
44%P.0.. Itsaverage chemical compositionisshown
inTABLE 1. Beforethe extraction process, theacid
was cooled down to atemperature of 30°C, filtrated
for removal of suspended solid particles, treated with
activated carbonfor removal of solubleorganic matter,
whichisvery important factor for the success of ura-
nium recovery and findly oxidized with hydrogen per-
oxidetill EMF>450mV.

Analytical procedures

Uraniumwasall thetimeanalyzedinthedifferent
working agueous phasesby theArsenazol || method 9.
Absorbance of theformed uranium Arsenazolll com-
plex was measured at 650 nm against proper standard
solutions. For thispurpose, aLambada3 UV/VIS spec-
trophotometer (Perkin-Elmer, USA) was used.

Theextraction and stripping experimentswerecar-
ried out by equilibrating aqueous and organic phases
(25 ml each) in 100 ml separating funnels, itisvery
important to notethat no third phase or any precipita:
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tion was observed during the extraction processand
uranium were analyzed in the agueous phase and the
content in the organi c phase was ca cul ated by differ-
ence. From latter values, the distribution coefficients
D, were properly determined where,

volume of
aqueousphase

volumeof (1)
organicphase

concentration of

uranium in organic phase
concentration of

uranium in aqueous sphase

Du=

RESULTSAND DISCUSSION

Effect of DNPPA concentration on uranium extrac-
tion

The effect of DNPPA concentration on selective
uranium extraction efficiency fromWPPA was studied,
aseriesof extraction experimentswasperformed using
DNPPA/K erosenein various concentrations (0.1 to
0.8M). Inthese experiments, the other extraction con-
ditionswerefixed at avorg/Vaq ratioof 1/1andusing5
min. shaking time at room temperature. From the ob-
tained resultsshowninfigurel, itisclearly obviousthat
theuranium distribution coefficient increasewithincress-
inginitial DNPPA concentration.

Effect of DBBP concentr ation on ur anium extr ac-
tion at constant DNPPA

The synergistic effect of DBBP concentration on
the extraction percent of uraniumfromWPPA, 9.2 M,
hasbeeninvestigated. A set of experimentswere per-
formed by shaking the treated phosphoric acid with
DBBP having concentration ranging from (0.1t0 0.5
M) at constant DNPPA concentration (0.6 M) andin
Vorg/Vaq ratio equal 1.0 for 5.0 min at room tempera-
ture (25°C). The obtained results shown infigure 2,
indi catesthat theuranium distribution coefficient increase
with increase DBBP concentration up to 0.3 M fol-
lowed by dight increase at higher DBBP concentration.

Fromtheseresults, itisclear that DBBPhasagood
synergitic effect ontheextraction of uraniumfrom com-
mercial Concentration phosphoric acid. A plot of log
D, Vvs.log[DBBP] at constant DNPPA concentration
of 0.6 M ispresented graphicaly infigure 3, showsa
dopeof ~1, whichindicatesthat 1 moleuraniuminor-
ganic phaseisassociated with 1 moleof DBBP.
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TABLE 1: Chemical composition of phosphoricacid produced
by Abu-Zaabal Co, Egypt

Constituent % Constituent mg/L
P,05 44.00 Mn 673.3
S0, 6.10 Zn 358.9

Fe 2.50 U 62.0
Ca 0.26 Pb 53.9
Mg 0.17 Ni 7.8

TABLE 2: Effect of aqueous/ or ganicphaseratioon uranium
digribution ratiofrom Egyptian concentrated phosphoricacid,
9.2M,by 0.6 M DNPPA + 0.3M DBBPin kerosene

U concentration, ppm

ag/org phaseratio D ratio
aq Org
11 12 50 4.16
2:1 17 45 5.29
31 29 33 341
41 37 25 2.7

Effect of DNPPA concentr ation on ur anium extrac-
tion at constant DBBP

To study the effect of DNPPA concentration onthe
extraction of uranium from 9.2 M WPPA at constant
0.3 M DBBP concentration, Equal volumes(25mL.) of
DNPPA and 0.5 M DBBP/keroseneand 9.2 M phos-
phoric acid were mixed together. The extraction was
carried out by mixing the equilibrated DNPPA and
DBBP/kerosene sol utions with the aqueous phases
mentioned previously atV  /V_ =1, DBBP=0.3M
and T =25°C. Theresultsrepresented infigure4 shows
that the uranium distribution coefficient (D ) increases
with increasing the DNPPA concentration. Theplot of
log D, vs.log [DNPPA] M isshowninfigure5 and
indicatesalinear relationship with slope~ 1.Thiscon-
trastswith theresultson DNPPA-TBPsystem where
second-order dependence has been observed®.

Effect of aqueous/ Organic phaseratio

Theeffectof theV_/V phaseratio onuranium
extractionfromWPPA, 9.2 M, wasinvestigated at aq
/ org phaseratio varying from 1.0to 4.0. All experi-
mentswere performed using DNPPA & DBBP mix-
ture, 0.6M & 0.3 M respectively, in kerosene for a
mixingtimeof 5.0 minute T =25°C. Fromtheobtained
resultsshowninTABLE 2, itisclear that by increasing
V /V,,, phaseratio theuranium extraction ratio was
decreased. Subsequently, arelativedecreaseinthedis-

—=  Fyll Peper

tributionratioisexpected and deviationin thedistribu-
tionratioisnoticed.

Effect of shakingtime

To study theeffect of the shaking time on uranium
extraction efficiency from WPPA, 9.2 M, by 0.6 M
DNPPA + 0.3 M DBBP/kerosene,a series of extrac-
tion experimentswasperformed using different shaking
timesranging from 1 up to 8 min. In these experiments,
theother extraction conditionswerefixed at aV aq/ Vi
=2, T=25°Cfor varioustimeintervas. Figure6 shows
the variation of uranium distribution coefficient (D)
againsttime. Itisclear that 5 minuteisthe minimum
timetoreach theequilibrium.

Effect of phosphoricacid concentration

Theextraction of uraniumfromWPPA intherange
of (4.06, 5.79,6.90 and 9.23 M) by 0.6 M DNPPA +
0.3M DBBP/kerosene at an organic to aqueous phase
ratio(V, g/ e 1/2), and a 25°C wasexamined. From
the obtained dataplotted infigure 7, it can be shown
that uranium distribution coefficient (D ) decreasewith
increas ng the concentration of phosphoricacid. By using
thelog-log plot of D and phosphoric acid concentra-
tionasshowninfigure 8, thelinear relationship with
slopeof ~-3indicatesthat 3 molesof acid areliber-
ated for extraction of 1 moleof uranium. Based onthe
aboveresults, plaugbleextraction equilibriumispostu-
lated as:
UO,2+ (HX),+DBBP— UO,X,DBBP + 3H* @)
where (HX),isDNPPA.

Sability test of theextracting

In two parallel experiments, aliquots of 0.6 M
DNPPA + 0.3M DBBP/keroseneweremixed with 9.2
M WPPA at room temperature and at 70°C, respec-
tively for 15 days. Samples of the organic phasewere
withdrawn at interval sand uranium extraction test was
carried out. No detectable changein uranium distribu-
tion coefficient (D ) wasfound during thisperiodindi-
cating good stability of the solvent towards strong acid
and temperature.

Effect of temperatureon uranium extraction

Theextraction of uraniumfromWPPA, 9.2 M, at
different temperaturewasinvestigated. Theextraction
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Figurel: Variation of uraniumdistribution coefficient (D )
against DNPPA concentration, H,PO,=9.2M ,Vorg/vaq =17
=25°C
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Figure3: Theplot of uraniumdigtribution coefficient (D ) Vs

log[DBBP] M, at constant DNPPA, H,PO =9.2M,V [V _ =

1,DNPPA=0.6 M, T =25°C
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Figure5: Theplot of uraniumdigtribution coefficient (D ) Vs
log[DNPPA] M, at constant DBBP, H,PO,=9.2M,V, /V_ =
1,DBBP=0.3M,T=25°C
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Figure2: Effect of DBBP concentration on uraniumdistribu-
tion coefficient (D ) at constant DNPPA, H,PO,=9.2M, Vorg/
V,=1DNPPA=0.6M,T=25°C
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Figure4: Variation of uraniumdistribution coefficient (D )
against DNPPA concentration at constant DBBP, H_PO =
9.2M,V [V, =1,DBBP=03M,T=25°C
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Figure6: Variation of uraniumdistribution coefficient (D )
againsttime, H,PO,=9.2M,V_ /V_=1/2, DNPPA=0.6M,
DBBP=0.3M,T =25°C
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Figure7: Variation of uraniumdistribution coefficient (D)
againgt H,PO, concentration, Vorg/Vaq =1/2,DNPPA=0.6M,
DBBP=0.3M, time=5min, T=25°C
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Figure9: Variation of uraniumdistribution coefficient (D)
against temperature, Vorg/Vaq =1/2, DNPPA=0.6 M, DBBP=
0.3M,time=5min

experimentswere carried out by contacting phospho-
ric acid with a0.6 M DNPPA + 0.3M DBBP/kero-
senefor SminuteswhiletheV, /V_ phaseratiowas
fixed 1/2 but the temperaturewasvaried.

Theresultsare presented infigure9 asarelation
between temperature and uranium distribution coeffi-
cient (D ). Fromthe obtained data, it can be noticed
that D, isdecreased by increasing thetemperaturewhich
demonstratesthe exothermic nature of the extraction
process. Thereforethe applied temperature wasroom
temperature 25°C. The effect of temperature on the
distribution coefficient can be quantified by making use
of the Vant Hoff equation, which rel atesthe chemical
equilibrium congtant with temperature:

—=  Fyll Peper
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Figure8: Effect of phosphoric acid concentration on ura-
niumdigtribution coefficient, Vorglvaq =1/2,DNPPA=0.6 M,
DBBP=0.3M,time=5min, T =25C
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Figure 10 log D, as a function of 1000/T, Vorg/ Vi = 1/2,
DNPPA=0.6M,DBBP=0.3M, time=5min

dInK/dT =AH/R.T? ©)
By integration,
InK =(-AH/R)(T) +c¢ 4

whereciscongtant. And sincethedistributionratioD is
related by definition to the equilibrium constant K the
previous equation can bewritten as:
InD =(-AH/R)(LT) (5)
Theplotof log D against /T yieldsastraight line
equation with slope (x) = -AH®°/2.303 R. Figure 10
shows that extraction uranium by 0.6 M DNPPA +
0.3M DBBP/kerosene from Egyptian wet process
phosphoric acid decreasewith temperature. An entha py
change of -11.5 kJmol was determined by using eg. 5

) CHEMICAL TECHNOLOGY

Hn Tndéan g%wumé



70 Uranium recovery from concentrated phosphoric acid

CTAIJ, 6(1) 2011

Full Paper ==

inthegiven rangeof temperature, whichindicatesthat
theextractionisan exothermic process.

Srippingof uranium from extract

Uranium stripping from the loaded extract using
raffinateisgenerally the most economictechniquein
theindustry. There are many other efficient stripping
reagents such asammonium carbonate, anmonium hy-
drogen fluoride and aHF-H_SO, mixture. Hydrazine
carbonate has al so been recently reported as an effec-
tive stripping agent!*”; this hasthe advantage that no
additiond cationsareintroduced into the process. Re-
ductive stripping with concentrated phosphoricacid can
also be used™¥, and is adopted for the present work
sincetheresulting strip solution, concentrated in ura-
nium, can form thefeed for asecond cycle of solvent
extraction directed at obtai ning apure uranium prod-
uct.

Uranium isstripped fromoaded organic with pure
phosphoric acid containing 10 g/l Fe*?to reduce the
less stripped uranium form (V1) to the more stripped
uranium form (1V). Thedifferent parametersthat af-
fected in uranium stripping processwereinvestigated.

The preferred stripping resultswere found to be
pure phosphoric acid concentration: 8-10 M; tempera:
ture: 60-70°C; contact time: 4 min; org/ ag phaseratio
isequd 20 and five stagesweresufficient for stripping
about 98.4 % of totd uraniuminloaded organic®. The
loaded organic containing 382 mg/l U,O, yielded a
product solution containing 7.09 ¢/l U, O,.

Uranium recovery from strip solution

The obtai ned strip solution wasfound to contain
uranium inaconcentrated form, which, however, isnot
suitablefor direct precipitation dueto the presence of
highlevel of impurities. Thestrip solution can be pro-
cessedinasecond cycleof extraction-stripping withan
additional scrubbing step by sulfuricacidto obtaina
high purity uranium cake. Thehigh selectivityisanim-
portant factor in the sel ection of the solvent for the sec-
ond cycletaken in consideration the co-extracted rare
earths, iron and phosphates. Theextractant usedinthe
second cycle was 1.5 M D2EHPA+ 0.2 M TPP, as
per earlier reports®.

From the loaded organic phase, uranium was
stripped with 1 M ammonium carbonate solution. The
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strip liquor wasfiltered to removetracesof iron pre-
cipitate. Theuranium tri-carbonate sol ution contained
excessammonium carbonate and pH wasfound to be
8.3.

Uranium precipitation wascarried out using H,0,.
To bring down the pH of the solution, an addition of
sulphuricacidtothesolutionwithadight excessof H,O,
was added after the solution had been filtered to re-
movethetracesof iron hydroxideprecipitate. Theneu-
tralization was carried out with sulphuricacid. InapH
range of 3-4, the uranium precipitation was compl ete
(<99%). Uranium peroxide hydrate (UO,.H,0) was
filtered, washed, dried and calcined at 375°Cto obtain
UO, powder with high purity.

ABBREVIATIONS

DNPPA : Dinonyl phenyl phosphoricacid
K - Equilibrium congtant
DBBP  : Di-butyl butyl phosphonate
AH® . Standard entha py (kJ/moal)
D2EHPA : Di (2-ethylhexyl) phosphoricacid
V > Volume
TOPO : Tri-octyl phosphineoxide
X . Slope
TBP . Tri-butyl phosphate
AH . Enthdpy (KJmoal)
WPPA  : Wet process phosphoric acid
D, . Didribution coefficient
Aq . Aqueousphase
E . Extraction efficiency
Org > Organicphase
EMF . Electromotoiveforce
DOPPA : Dioctyl phenyl phosphoricacid
T . Absolutetemperature (K)
R . Universd gasconstant (8.314 JK-*mol?)
[] : Concentration of speciesin bracketsM
Vo, g/V A Volumeratio between organic phaseand
agueous phase
CONCLUSION

Thesynergisticextractant DNPPA + DBBPinkero-
seneasadiluent can be used for recovery of uranium
from concentrated Egyptian phosphoric acid. Thesol-
vent isstableand an organic phase composed of 0.6M
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DNPPA and 0.3M DBBPinkeroseneasadiluent at
room temperaturefor 5 minutesisoptimal for smulta:
neous extraction of uranium. An extraction mechanism
for uranium hasbeen postul ated based on theresults of
dopeandysis. High-purity uraniumisrecovered from
the strip solution by asecond cycleof extraction with
D2EHPA-TPP mixture where in scrubbing step has
been incorporated and stripping isperformed by an al-
kaline solution. From theresulting a kalineuranium so-
lution, aprecipitation processyields high purity ura-
nium peroxidewhichisfiltered, washed, dried and cal-
cined at 375°C.
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