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ABSTRACT

Theextraction processof uranium from El-Missikat by anion exchangeresin
(Lewatit MonoPlus M500) wasinvestigated. The extraction condition con-
tact time, temperature, pregnant feed pH, resin/ leach liquor ratio and agita-
tion rate were studied. The optimum process operating parameters were pH
of 1.8; contact time 30 min.; Resin-leach liquor ratio (R/L) 1:50 and agitation
rate 200 rpm at temperature 25°C. The extraction efficiency of uranium was
about 95%. The experimental data were well interpreted with a shrinking
core model with surface diffusion control. The extraction, process follows

the kinetic mode!:

1-(1-X) = kap ff C dt with an apparent activation energy of 20.1 kJ/mole.
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INTRODUCTION

The study area of Gabal El-Missikat is one of
the most important localities in the central Eastern
Desert of Egypt for occurrence of uranium deposits;
El-Missikat covers an area of about 80 km?and in-
cludes Gabal El-Garraand Gabal El-Gidami in ad-
dition to Gabal El-Missikat!¥. El- Missikat uranium
prospect area lies at about 3 km, midway between
Safaga, on the red Sea coast and Qena in the Nile
Valley. It is roughly bound by longitudes 33° 15° -
33° 28° E and latitudes 26° 24° - 26° 30° N where
the mineralogical studies revealed the presence of
uranium minerals such as uranophane, uraninite,
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soddyite and renadite?.

Gabal El-Missikat consists of rocks are essen-
tialy compound of quartz, potash feldspars, sodic
plagioclase and biotite. The main accessory miner-
als are sulfides, magnetite, zircon, apatite, fluorite,
titanite, monazite, xenotime, uranothorite, rutileand
uraninite. Hematite, epidote, muscovite and chlorite
are present as secondary minerals®,

The industrial application of ion exchange is
widespread and ranges from water softening,
wastewater treatment’™ and analytical chemistry!® to
the purification of high cost pharmaceutical deriva-
tived” as well as precious metalg¥. Although the
resins used in these operations are generaly effi-
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cient, they tend to degrade asthey age. Thisleadsto
increasing regeneration and rising cost owing to
higher eluant usage and the subsequent disposal of
increased amount of eluate.

The aim of thiswork isto investigate a simple
extraction process of relatively low grade uranium-
REE ore material from El-Missikat, Eastern Desert,
Egypt by using Lewatit MonoPlus M500. This pa-
per considersthe kinetic aspects of uranium extrac-
tion. The effectsof the main system variableson the
extraction ratewere examined, thekinetic model and
the apparent activation energy were determined

EXPERIMENTAL

Characterization of thesulphateleach liquorm

The sulphate leach liquor loaded with the dis-
solved uranyl ions obtained from the previousleach-
ing step after which the solution pH was adjusted at
the required working value¥. The loaded solution
was contacted with the Lewatit mono plus M500
anion exchangeresin. The stock of leach liquor was
adjusted to the optimum pH for the pregnant feed
solution to beintroduced to theion exchange extrac-
tion system. TABLE (1) shows the concentration of
Uranium, REEs, and Fe, O, in sulphateleach liquor.
Series of experiments was carried out upon 10 ml
sample portion of sulphate leach liquor. Uranium
extraction efficiency was cal cul ated according to the
following equation:

Extraction Metal ion conc.

Extraction Efficiency of Uranium, % = x100

Original Metal ion cone.

Analytical proceduresand instrumentation

The ore was analyzed for its maor and minor
elementsusing the reported methods.
1- Generdly, the samples used in this work were
weighed using an anaytical balance produced
by Shimadzu (AY 220).

= Fyf] Peper

2- Thehydrogen ion concentration of the different
solutionswas measured accuratel y using the pH-
meter model (HAANA pH-mV-temp).

3- Total REE wasdetermined by arsenazo |11 where
the absorbance of its complex was measured at
the wavelength 650nmi*9 by using UV-spectro-
photometer “single beam multi-cells-positions
model SP-8001”, Metretech Inc., version 1.02.

4- ICPmodel (Prodigy Axial high dispersion ICP-
OES-USA) used for determination individual
REE.

5- An atomic absorption model GB.C.A.A, was
used for measuring trace el ements.

6- TheX-ray fluorecencetechnique (XRD) wasused
toidentify theunknown mineralsusingaPHILIPS
X’UNIQE II spectrometer analyzing crystal.

7- Uraniumwasdetermined by titration against am-
monium M etavanadate™!

RESULTSAND DISCUSSION

Extraction results

Effect of contact time on uranium extraction ef-
ficiency

Theeffect of contact time on the extraction effi-
ciency of uranium wasinvestigated for EI-Missikat
leach liquor using the studied anion exchangeresin
for various contact times from 5 to 90 minutes. The
other experimental parameters were kept constant,
involving R/L ratio of /50 for resin, auranium ini-
tial concentration of 480 ppm, pH of 1.8 with Lewatit
at ambient temperature (= 25°C). Theresultsof ura
nium extraction efficienciesfor theresinweregraphi-
cally plotted in Figure (1). It is worthy to mention
that, the extraction kinetics of resins determinesthe
required time to reach equilibrium during adsorp-
tion from the pregnant leach liquids. Thiswill con-
sequently determine the maximum residence time
required for the solution-resin contact during extrac-

TABLE 1 : Chemical composition of the prepared pregnant solution from El-Missikat

Components Concentration, g/l
Uranium 0.665
REEs 0.350
F&0; 6.38
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Figure 1 : Effect of contact time on uranium extraction efficiency
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Figure 2 : Effect of pH on uranium extraction efficiency

tion in the fluid-bed column and would affect both
flow rate and resin/solution ratio during operation.
From the obtained data, asharp increase in the ura-
nium extraction efficiency for theresin was observed
by increasing the contact timefrom 1 to 30 minutes
to reach 95.4 after 30 min. with Lewatit and. Pro-
longation the contact timeto 90 minutes shows dlight
influence on re-extracting uranium from the resin.
Therefore, the contact time of the phasesfor 30 min.
may be enough.

Effect of pregnant feed pH on uranium extrac-
tion efficiency

From the previous mentioned studies on uranium
extraction systems using strong base anion exchange
resins, it was thought that the pH of the pregnant
leach solution might beinfluenced. Thusan attempt
to choose the suitable operating pH that verifies
maximum resin equilibrium exchange capacity for
uranium, pH of theleaching solution was varied from

1.5t0 1.95. The other experimental conditionswere
fixed at an R/Sratio of 1/40, auranium initial con-
centration of 480 ppm, mixing theleach liquor with
theresin for 30 minutes at ambient temperature (=
25°C). The result of uranium extraction efficiency
for the resin was graphically given in Figure (2).
From the obtained results, the uranium extraction
efficiency using Lewatit wasincreased from pH 1.5
to 1.8 and then dlightly decreased in extraction effi-
ciency with thepH up to 1.9.

Effect of resin/ leach liquor ratio (R/S) on ura-
nium extr action efficiency

Theeffect of resin/ leach liquor ratio (R/S) from
1/15 to 1/50 was studied under the conditions of
uraniuminitial concentration such a480 ppm, pH of
1.8 for Lewatit 30 minutes at ambient temperature(=~
25°C). Theresult of uranium equilibrium exchange
capacity for theresin was graphically plotted in Fig-
ure (3).
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Figure 3 : Effect of LewatitM P-500/solution ratio on uranium extraction
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Figure 4 : Effect of extraction temperature on uranium extraction efficiency

Theresultsof resin/solution ratio effect revealed
that the uranium concentration on the used resinin-
creases gradually with the pregnant feed solution
from 1/15 to 1/50 for theresin. Uranium extraction
with 1/50 ratio was then fixed constant for Lewatit
with the feed solution ratio to 1/50. As aresult, the
resin/ leach liquor ratio of 1\50 was the more effi-
cient ratio for the Lewatit resin.

Effect of extraction temperatureon uranium ex-
traction efficiency

Thetemperature of the extraction processinthe
range from 25 to 65°C was studied its effect on ura-
nium extraction efficiency for El-Missikat leach li-
quor using the sudied anion exchangeresin. The other
experimental conditions were fixed at an R/Sratio
of 1/50 for the Lewatit resin, auranium initial con-
centration of 480 ppm, pH of 1.8 with 30 minutes
contact time. Theresult of uranium extraction effi-
ciency for the resin was graphically plotted in Fig-
ure (4).

From the obtained data, it was observed that a
sharp decrease in the uranium extraction efficiency
from 97.9% to 94.7 for Lewatit with increasing the
extraction temperature from 55 to 60°C. So it was
better to hold extraction at room temperature.

Effect of initial uranium concentration on extr ac-
tion efficiency

Initial uranium concentration of the studied feed
solution has an effect on the equilibrium extraction
by anion exchangeresingd®?. Thisinturn, hasaclear
effect upon boththeresintoliquid ratio and the num-
ber of contacts needed for resin saturation. Both ef-
fects would consequently provide some basic data
to choose the suitable concentrations and number of
stages. To study this factor, the effect of initial ura-
nium concentration wasinvestigated in therange of
500 to 1700 ppm under thefixed conditionsof an R/
L ratio of 1/50 for the resin, mixing the solution of
200 rpm, pH of 1.8 with 30 minutes contact time at
ambient temperature. The results of uranium equi-
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Figure 5 : Effect of initial uranium concentration on uranium extraction
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General model Exp2: 7
f(x) = a*exp(- kit) + c*exp(- ka*t) E
Coefficients (with 95% confidence bounds): -

a = 407.5 (288.2, 526.7)
k1 = -0.1957 (-0.3063, -0.08504)
¢ =72.5(-36.02, 181)

kp = 0.01204 (-0.0455, 0.02142) .

Goodness of fit:
SSE: 1715
R-square: 0.9898
Adjusted R-square: 0.9821 ]
RMSE: 20.71

|5\Dw L
Time, min
Figure 6 : Effect of Time on uranium extraction
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librium exchange capacity for the resin were graphi-
cally represented in Figure (5). From the results, it
is clear that the uranium extraction efficiency in-
creases from 75% to 94% with the initial uranium
concentrations from 500 to 1700 ppm for Lewatit.
Accordingly, increasing the uranium concentration
of the pregnant leach solution would increase ura-
nium extraction efficiency for the Lewatit resin
MonoPlus M500.

Extraction kineticsof uranium
Effect of time

Linear regression was frequently used to deter-
minethe most fitted model throughout the yearsand
the method of |east squares has been frequently used
for finding the parameters of the models. However,
transformations of non-linear isotherm equationsto

linear formsimplicitly alter their error structureand
may also violate the error variance and normality
assumptions of standard least squares'# 1 ¢, By
using nonlinear stepsfor determining thetype of re-
action and the isotherm, Figure (6) presents the ef-
fect of the reaction time on the uranium extraction
rate at 25°C under conditions of pH of 1.8; contact
time 30 min.; Resin-leach liquor ratio (R/L) 1:50
and agitation rate 200 rpm. Theresultsshow that the
extraction rate of uranium increases asthetimein-
creases. In order to obtain the kinetic equation and
the apparent activation energy for the Extraction of
uranium in the experimental datain Figure (6) were
correlated to various kinetic models for solid-lig-
uid reactions. Several equations were studied in-
CI Ud| ng[l7, 18, 19, 20]:

1-3 (1X) 22 + 2 (1-X) = Ko, [ C dlt (1)
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1-(1-X) =k, fof Cdt 2)
X, =Ko [ C dt (3)
1- (1-X) @ = kg, [, Cdt (4)

Seps for determining the type of reaction and
theisotherm

Thenonlinear fitting uranium concentration vs.
time

From this Figure (6): there is a pseudo shifted
first order reaction;

aand careinitia concentrations of the main and
shifted reaction respectively

t : time of reaction in min and

k, and k, are rates of the main and shifted reac-
tion respectively

Definiteintegration of thegained equation

£ _
J,Cae k1f+ce—k2t) at

—=== Pyl Peper
Plot f (x,) vsintegration

t
Model equations arein the form f () = Sfo € ¢

Where the slope S and the function f (X) are
different for each controlling mechanism. Theinte-
gral on the right hand side of this equation can be
easily estimated by arithmetic means by nonlinear
fitting. The values of this integral are shown in
TABLE(2). InFigure7, thefunction f (X)) isplotted
against theintegral for all models. The next step is
to find out which function islinear with zero inter-
cept. Theresultsare shown in TABLE 2.

Where X isfilm diffusion control, D_isthe ef-
fective diffusion coefficient of fluid phase reactant
inthesolid (ash), k_ isreaction kinetics control and
k. issurface diffusion controlled step.

It isobviousthat the best fit is given by the sur-
face diffusion controlled equation. The slope of the
lineis 0.003 L/mg min =k_and from which the ap-
parent activation energy =AG*=-R*T*In (k ap) =
AG*= (-8.134*298* In (0.0003))/1000

TABLE 2: f (X)) versust data

time Keo jﬂt Cdt X; D, ke Ke

0 0 0 0 0 0
5 1.65E+03 6.29E-01 1.93E-01 2 82E-01 4.84E-01
10 2 47TE+03 7.42E-01 3.00E-01 3.63E-01 5.94E-01
20 3.33E+03 9.21E-01 6.07E-01 5.72E-01 8.16E-01
30 3.90E+03 1.00E+00 1.00E+00 1.00E+00 1.00E+00
45 4.60E+03 1.00E+00 1.00E+00 1.00E+00 1.00E+00
60 5.18E+03 1.00E+00 1.00E+00 1.00E+00 1.00E+00
90 6.07E+03 1.00E+00 1.00E+00 1.00E+00 1.00E+00

1.2 crgurrexf  srseeis kD eoeilboes ke A ks
ks = 0.0003x
1 kf = 0.0003x i

R?* = 0.937
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Figure 7 : the application of the shrinking-core models
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Figure 8 : Pseudo first order reaction
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Figure 9 : Fritz-Schlunder isotherm for uranium extraction using anion exchange resin (Lewatit mono plus M500)

AG*=20.097 kamol1'K1 To determinetheorder of thisreaction theknown

Determination theorder of reaction models were tested for first and second orders us-
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ing non-linear technique and the best one is the
Pseudo-first-order kinetic model (Lagergren’s rate
equation). Inthismodel, thekineticratein differen-
tial form and its analytical solution by integration
and rearrangement can be expressed as
dg/dt=k(qe-qt)

-k
(q-a)= gre

(a-9)/g=p kKt
; k isthe reaction rate
Figure (8) representsthisrelation

Deter mination theequilibrium isotherm

For the determination of adsorption isotherm,
many known models were tested from two to five
parameters and the best models are four-parameter
models and further detailed studies are going to be
accomplished in the nearest future work. Figure (9)
representsthe Fritz-Schlunder mode that fitsthere-
lation between equilibrium concentration Ce and
guantity of uranium adsorbed ge

CONCLUSIONS

Uranium can be easily extracted from Uranium/
REE ore by using anion exchange resin (Lewatit
MonoPlus M500). Using conditions of pH 1.8; con-
tact time30 min.; Resin-leach liquor ratio (R/L) 1:50
and agitation rate 200 rpm at temperature 25°C, gave
extraction efficiency of about 97% for uranium. The
reaction order of the uranium adsorbed by thisresin
ispseudo first order reaction. Hence, the extraction
rate of uranium strongly matches with the Fritz-
Schlunder model. Theextraction kineticsof uranium
showed that the rate of uranium extraction using
Lewatit MonoPlus M500 is surface diffusion con-
trolled and follows the shrinking core model 1- (1-

X) % =K, J,, € dt with an apparent activation en-
ergy of 20.1 kJ/mol.
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