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ABSTRACT

Rice straw has been used as an adsorbent for impregnation of the cationic
organic solvent namely; di-2-ethylhexyl- phosphoric acid (D

2
EHPA) for the

recovery of both uranium and lanthanum from their synthesized sulfate so-
lutions. The adsorption and desorption behavior of the prepared solvent
impregnated rice straw (SIRS) toward uranium and lanthanum was investi-
gated by batch technique at different experimental conditions. Kinetic char-
acteristics of the adsorptions process have been investigated. Also, the
work has been shifted to investigate the potentiality of the prepared SIRS for
the recovery of uranium and rare earth elements from an actual sulfate leach
liquor of El-Sella ore material (South Eastern Desert of Egypt).
 2012 Trade Science Inc. - INDIA

INTRODUCTION

Solvent extraction and ion exchange techniques
have been mostly applied to the recovery and separa-
tion of metal ions from their solutions. However, recov-
ery and separation by solvent extraction requires mul-
tiuse extraction and back-extraction in order to get suc-
cessful separation. Also, ion exchange resins have lower
extraction selectivity for transition metals with respect
to alkali metals. As an alternative approach, solvent im-
pregnated resins have been proposed by
Warshawsky[25] for selective separation of metal ions
by direct adsorption of the extractant into macroporous
polymeric supports.

Impregnated resins bridge the gap between solvent
extraction and ion exchange[26]. They combine not only

the advantages of resin ion exchange for processing di-
lute solutions with specific properties of the extractants,
but also a high distribution ratio and selectivity charac-
teristic of the extractants dissolved in a liquid organic
phase with the simplicity of equipment and operation
characteristics of solid ion-exchange technology

Recently, extractant impregnated resins have been
used in the extraction of metals from a multi-compo-
nent mixture in various analytical applications. The im-
pregnated extractants include acidic organo-phospho-
rus compounds such as di (2-ethyl hexyl)phosphoric
acid[3] and bi-functional organo-phosphorus com-
pound[16]. Some other extractants such 4-(2-
thiazolylazo)resorcinol[13], bicine[4], quinoline-8-ol[7], 2-
oxo-propyl phosphonic acid dibenzyl ester[21], succinic
acid[18] 8-hydroxy quinoline[23] tiron[10], p-tert-butylcalix
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arene[11,20], o-vanilinsemicarbazone[8] and humic acid[5]

have also been used.
On the other hand, it would be greatly advanta-

geous to use agricultural wastes in a manner to benefit
from their ligno- cellulosic structure; a matter which
would be greatly friendly for the environment. Among
the former, rice straw represents an important waste
due to two main reasons. Firstly, the structure of rice
straw is greatly attractive where it is mainly composed
of cellulose and hemicellulose[22] which are quite suit-
able to be solvent impregnated resin. In this manner, it
would be possible to convert such a waste material,
which might result in heavy black clouds if burned in
open air, to a useful material. Secondly, it is also quite
important and greatly attractive to indicate that rice straw
is actually a low cost renewable lignocellulosic biomass
resource. This is due to the fact that, rice is routinely
cultivated in large quantities.

For proper preparation of rice straw to be solvent
impregnated resin, its alkali pre-treatment (merceriza-
tion) would lead to silica separation thereof and which
would thus represent an added value[19]. In addition,
this treatment would in the meantime modify the cellu-
losic structure though removal of lignin.

In the light of the above mentioned givings, this work
is designed to investigate the potentiality of rice straw
as an adsorbent for impregnation of the cationic or-
ganic solvent applied in the present work namely
D

2
EHPA (di-2-ethyl hexyl- phosphoric acid)for the re-

covery of both U and the La elements from their solu-
tions.

EXPERIMENTAL

Characterization of the working raw rice straw

(A) Chemical analysis

The working sample of the Egyptian rice straw has
been collected from the country sides of Cairo City.
This sample was first carefully washed with distilled
water, dried and was kept in polyethylene bags for 24
h till proper cooling. The dried sample was then ground
to a mesh size below 0.85 mm. The ground sample
was then subjected to different analyses to estimate its
moisture content as well as the contents of the resin and
wax, the lignin, the pentosane, the cellulose besides the

contents of the ash and the silicates and the silica
amounts in the ash according to TAPPI (1972).

(B) Infra-red analysis

Infra-red spectral analyses were studied upon the
raw rice straw, the prepared rice straw treated with
sodium hydroxide as well as the impregnated one with
D

2
EHPA. The infrared spectrometric analysis (Bruker

vector spectrophotometer model FT-IR-22Germany)
was performed in the wavelength between 1000 and
4000cm1- using KBr binding material sample pellets.
The samples prepared as pellets. The IR analysis was
conducted in the Micro Analytical Center, Cairo Uni-
versity. Infra Red absorption spectra in the mentioned
region were recorded.

Preparation of solvent impregnated rice straw
(SIRS)

Before impregnation, the rice straw was firstly pu-
rified with 50% methanol�water solution containing 4M

HCl in order to remove inorganic impurities and mono-
meric materials. After that, it was washed thoroughly
with distilled water to eliminate chloride ions

(A) Mercerization of the raw rice straw

The dry ground rice straw was first treated by so-
dium hydroxide (alkali treatment) to eliminate silica and
to modify the cellulose structure through removal of lig-
nin. This process is known as mercerization.

Two grams of dry ground rice straw of -0.85 mm
mesh size were refluxed with 15ml of sodium hydrox-
ide 6% (w/v) for 3h. The residue was filtered and
washed by distilled water until no color with phenol
phthalein (ph.ph.), The residue was then washed with
diluted HCl (5%) and then washed with distilled water
until no color with methyl orange (M.O). Finally, it was
dried giving the natural ion exchanger treated with so-
dium hydroxide. The latter alone disorder the Skelton
of liginocellulosic and the crystallinty index[19].

Cell O NaNaOHCell OH+

(B) D2EHPA impregnation upon mercerized rice
straw

For the impregnation process, the dry method was
used. One gram of mercerized rice straw (MRS) was
placed in kerosene mixture containing extractant
D

2
EHPA at different concentrations for different time

intervals under the fixed conditions of S/L ratio 1/10,
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shaking rate (180 rpm/min), the MRS mesh size of -
0.85mm at room temp. After that, the rice straw beads
were separated through a porous filter using a vacuum
pump, washed with water and dried at room tempera-
ture.

Preparation of the working solutions

(A) Preparation of U and La synthetic solutions

Synthetic solutions of uranium and Lanthanum have
been prepared from their proper salts. Different metal
solutions were thus prepared by dissolving analytical
grade metal salts in distilled water to obtain accurate
concentration ppm (mg/L) solution. From the latter, the
synthetic solutions were prepared by dilution to realize
the required concentration. The pH of these solutions
was measured and adjusted at 4.5(controlled pH) and
all the adsorption experiments were run at room tem-
perature 25±20 ?C. The metal salts used includes, the

acetate salts of U and the chloride salts of La.

(B) Preparation of El-Sella sulfate leach liquor
(case study)

Gabal (G.) El-Sella area is located at Halaib environ
(Eastern Desert, Egypt) at about 20Km west of Abu
Ramad City covering an area of about 128Km2.

For the present study, the mineralized younger gran-
ite has been used as a case study for the recovery of its
uranium and REEs contents. For this purpose the opti-
mum leaching conditions that have been determined by
Abu Khoziem[1] were applied. These include sulfuric
acid agitation leaching using 300 g/L H

2
SO

4
 concen-

tration, S/L ratio of ½, 4h as leaching time at 100oC as

leaching temperature upon an ore size sample ground
to -200 mesh.

In the present work, 500 g of G. El-Sella techno-
logical sample assaying 2480 ppm U besides 2800 ppm
REEs was leached by applying the above mentioned
optimum leaching conditions.

Extraction procedures

(A) Adsorption process

Batch adsorption tests under controlled pH of 4.5
(to avoid U & REEs precipitation) with mechanical shak-
ing (180rpm/min) were carried out by mixing of one g
of the MRS with 100 ml of the two different working
synthetic solutions of known uranium and lanthanum

concentrations in proper glass beakers. 2ml sample
solution was periodically withdrawn from the beaker at
known time intervals. Preliminary experiments have
shown that adsorption is adequately fast and the re-
moval rate was actually found to be negligible after 60
min. Therefore, 60 min was used as the contact time
for almost batch tests except in the experiment of the
effect of the initial uranium concentration.

On the other hand, for the determination of ura-
nium equilibrium isotherm, the corresponding experi-
ments were conducted by mixing 1 g of the SIMRS
with 100 ml of uranium solution using an initial metal
concentrations ranging from 100 to 5000 mg/l. In these
experiments, the mixture was shaken for a contact time
up to 3h to reach equilibrium.

For each adsorption experiment the adsorptive ca-
pacity (qe) was determined according to the following
equation;
qe = V (C0-Ce)/M

where V is the total volume of the solute solution (L),
M is the weight of adsorbent used (gm), C0 is the initial
concentration of the solute (mg/L) and Ce is the re-
sidual equilibrium concentration of the solute (mg/L).

(B) Desorption process

The loaded rice straw obtained from the previously
mentioned synthetic solutions of the two studied ele-
ments was thus subjected to desorption process. In this
process one eluant has been used namely; 150 g/L of
3/1 Na

2
CO

3
/ NaHCO

3
 solution for the uranium and

lanthanum.

Control analyses

Uranium in the different processing streams was ana-
lyzed by an oxidimetric titration method using ammo-
nium metavanadate[14]

Concerning the total REE, a visible- ultra violet
spectrometer (Shimadzu UV- 160) was used for its
quantitative analysis using 0.015 % arsenazo III at 654
nm using Ce as reference[15].

RESULTS AND DISCUSSION

Chemical composition of the raw rice straw

According to procedures adopted by Tappi
(1972), a proper sample of the working rice straw
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Mechanism of rice straw as solvent impregnated
resin

Due to the fact that repeated adsorption and des-
orption of U and/ or REEs successfully achieved, it can
thus be proposed that the applied impregnated D

2
EHPA

should have been chemically interacted with the mer-
cerized rice straw. The proposed mechanism involves
the following sequence of reactions:
1) Mercerization
2) Impregnation
3) Metal- solvent interaction
These interactions start by the breakdown of the hy-
drogen bond between C

3
 and C

6
 followed by bonding

with the working metal species.

Optimization of the impregnation process

The adsorption efficiency of the mentioned differ-
ent types of rice straws to adsorb uranium and lantha-
num from different acid media have been studied, for
this purpose, two series of adsorption experiments have
been performed using batch technique with mechanical
shaking (180rpm/min). The first one for the adsorption
of U while the other one was used for the adsorption of
lanthanum. In each series 1g of the different mentioned
types of rice straw was used in a S/L ratio of 1/100
using two samples of synthetic solution one of them as-
saying 500 ppm U and the other one assaying 500ppm
lanthanum. The pH was controlled at 4.5. After stirring
for 2h, different rice straw samples were filtered and
the obtained filtrates were analyzed for uranium and
lanthanum.

From the obtained results, TABLE 2 it was clear
that, treated the rice straw with NaOH followed by
D

2
EHPA (1mole) i.e. SIMRS is quite important for at-

taining a high uranium and lanthanum adsorption effi-
ciencies. Thus the former has reached 83 %, while un-
der the same experimental conditions, adsorption effi-
ciency of lanthanum reached 90%. It is important to
mention herein that, the modification of rice straw with
D

2
EHPA as solvent impregnated resin increases the

adsorption capacity of D
2
EHPA to about more than

20% TABLE 2. On other hand, adsorption capacity of
the MRS, also increased to the extent of 37% for U &
30% for lanthanum after a modification with D

2
EHPA.

was chemically analyzed to determinate its relative
amounts of cellulose, lignin and resin wax. The ob-
tained results TABLE 1 was greatly similar to that given
by published data.

On the other hand, according to Bishay (2010),
the elemental organic composition C�H�O of the Egyp-

tian rice straw is about 47.8% carbon, 6.0 % hydrogen
and 45.3% oxygen in addition to 0.5% nitrogen and
0.2% sulfur.

TABLE 1 : Composition of the working rice straw.

Component 
Present work 

Wt, % 
Published data.* 

Wt,% 
Hemicellulose 26.3 19-28 

Silica 23.8 --- 

Cellulose 22.6 32-47 

Lignin 15 5-24 

Ash content 9.45 --- 

Resin and wax 2.95 --- 
*= (Karimi et al (2006) & Yao et al (2008).

X = U or REEs

TABLE 2 : The effect of different treatment types of rice
straw upon U and La adsorption efficiency.

Adsorption efficiency,% 
Types of rice straw 

U Sample La Sample 

Raw rice straw 30 47 

MRS 46 60 

D2EHPA 60 70 

SIMRS 83 90 

(A) Results of D2EHPA impregnation upon the
MRS

The relevant factors affecting the preparation of the
solvent impregnated mercerized rice straw (SIMRS)
have been studied. These factors have actually included
the D

2
EHPA concentration of the loading phase, the

soaking time and medium composition as well as its
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required concentration. For studying the effects of these
factors upon proper preparation of workable SIMRS,
the loading capacities of uranium and lanthanum from
their separate synthetic solutions upon the prepared rice
straw have been determined. In this testing, the other
experimental conditions are fixed at MRS/ D

2
EHPA

phase ratio of 1/10 (g / L) at room temperature and -
0.85 mm mesh size of MRS.

(i) Effect of loaded D2EHPA concentration

To study this effect, a number of loading experi-
ments have been performed in which the D

2
EHPA con-

centration (in kerosene) has been varied between 0.5
to 2 M. On the other hand, the uranium and lanthanum
concentration in their solutions used for testing the ef-
fect of D

2
EHPA loading was fixed at 500 ppm for each.

For this testing 1g of the D
2
EHPA loaded MRS was

stirred in 100 ml of both uranium and lanthanum solu-
tions for 2h at room temperatures under the above
mentioned fixed conditions of SIMRS.

The obtained data figure 1 have evidently indicated
that uranium adsorption efficiency is sharply increased
from 35.26% to 88.0% when using 0.5M to 1.5M
D

2
EHPA. When the concentration of D

2
EHPA in-

creased to 2M, a slight increase in U adsorption effi-
ciency was observed. On the other hand, for lantha-
num the adsorption efficiency is almost complete when
the D

2
EHPA concentration increased to 1.5 mole.

(iii) Effect of medium

Three loading experiments were performed to de-
termine the best working acidic medium with the pre-
pared SIMRS. Two solutions of the three different acid
media namely; HCl, H

2
SO

4
 and HNO

3
 of fixed conc.

20 g/L for each one of them contains 500 ppm uranium
and the other containing 500 ppm lanthanum. The other
fixed conditions include soaking the D

2
EHPA of 1.5

mol concentration upon 1g of MRS of -0.85 mm mesh
size for 12h. The other fixed adsorption conditions in-
clude S/L ratio of 1/100 and 2h as soaking time at room
temp. The results shown in TABLE 3 indicate that� the

maximum adsorption efficiency has been achieved when
using both of nitric and sulfuric acids. The latter was
preferred due to its low cost and availability.

Figure 1 : The effect of D
2
EHPA concentration upon U and La

adsorption efficiencies.

(ii) Effect of soaking time

The effect of soaking time for loading D
2
EPHA

upon the MRS was studied, where a series of im-
pregnation experiments was performed under the fixed
conditions D

2
EPHA concentration of 1.5 mole, mesh

size of one gram rice straw, -0.85 mm at room tem-

perature using S/L ratio 1:10 and the applied soaking
time ranged from 2 up to 12h. The adsorption pro-
cess was performed at S/L ratio 1:100 for 2h while
the uranium or lanthanum concentration was fixed at
500 ppm. The obtained results (Figure 2) revealed
that the maximum adsorption capacity of the SIMRS
for uranium and lanthanum ions occurred after 12h as
soaking time where about 88% of uranium was
adsorbed on the rice straw while most of lanthanum
was removed from the solution.

Figure 2 : The effect of soaking time for loading D
2
EPHA

upon the MRS on U and La adsorption efficiencies.

TABLE 3 : The effect of D
2
EPHA medium with MRS upon U

and La adsorption efficiencies.

Adsorption Efficiency,% 
Acid (Conc. 20 g/l) U 

Sample 
La 

Sample 
HCl 85.98 63 

H2SO4 88.00 100 

HNO3 88.00 98 
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From the foregoing study of optimizing impregna-
tion process it can be concluded that the optimum im-
pregnation conditions can be summarized as follows:
Grain size of MRS : � 0.85 mm.

D
2
EHPA concentration : 1.5 mole.

S/L ratio (MRS/ D
2
EHPA) : 1/10

Soaking time of D
2
EHPA : 12h.

Impregnation temperature : 25 °C (room temp.)

Impregnation medium : Sulfate medium
Impregnation medium conc. : 20g/L H

2
SO

4

(B) IR spectral characteristics of the raw and op-
timized loaded SIMRS

IR spectral analysis of the raw rice straw, treated
with sodium hydroxide and impregnated with D

2
EHPA

was recorded in the wavelength between 1000 and
4000cm1- (Figure 4, a-e).

The infrared spectrum of rice straw (a) shows an
absorption broad band at 3399-3431 characteristics

Results of separate recovery of uranium and lan-
thanum from their synthetic sulfate solutions

(A) Adsorption results of uranium and lanthanum

In order to determine the optimum conditions of
the adsorption process, it was found necessary to study
the controlling factors of the process. These include,
stirring time, pH of the two samples of synthetic solu-
tions of uranium and lanthanum, as well as S/L ratio.

(i) Effect of stirring time

For studying the effect of stirring time upon ura-
nium and lanthanum adsorption efficiencies, two series
of experiments have been performed in which the stir-
ring time was varied between 15 and 120 minutes and
the initial uranium concentration fixed at 500ppm and
at 500 ppm as initial concentration of lanthanum in the
other sample. In these experiments, one gram of the

(iv) Effect of sulfate medium concentration

The effect of H
2
SO

4
 acid concentration upon the

adsorption efficiency of uranium and lanthanum was
studied between 10 to 40 g/L H

2
SO

4
 acid, while fixing

the other factors (12h soaking time, -0.85mm mesh size,
1.5M D

2
EHPA concentration with S/L ratio1:10) at S/

L ratio 1/ 100 for 2h as shaking time at room tempera-
ture. The adsorption efficiencies of uranium and lantha-
num are plotted in figure 3. The obtained results indi-
cate that lanthanum is relatively more efficient when
adsorbed upon 1 g of MRS than uranium at the me-
dium of low acid concentration (i.e. 10-20 g/L). In-
creasing the acid medium concentration to 30 and 40
g/L, uranium adsorption efficiency slightly proportion-
ally increased.

Figure 3 : The effect of H
2
SO

4
 acid medium Conc. upon U and

La adsorption efficiencies.

of the chelated OH groups. In the MRS (b) the above
band became sharper due to the conversion of most
OH groups into O-Na.

The appearance the new absorption bands at
2930cm-1 characteristics of ã

-CH2
 and 1230 cm -1 due

to the ã 
p=O

 in curve (c) reveals the incorporation of
D

2
EHPA in the MRS. The curve (d) and (e) the ap-

pearance of absorption bands at 1132cm-1 and 1447cm-

1 revealed the incorporation of U and REEs in the treated
rice straw.

a) Rice straw; b) Mercerized rice straw; c) Mercerized rice
straw with D2EHPA (SIR); d) SIR treated with U; e) SIR treated
with REEs

Figure 4 : Infrared spectra of different modified cellulose
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(ii) Effect of pH

As a matter of fact, the most important parameter
that affects the adsorption uptake is actually pH value
of the synthetic solutions. For this purpose, two series
of adsorption experiments have been performed at room
temperature, for uranium and lanthanum adsorption at
different pH. The pH of the two initial solutions have
been studied in the range of 2 to 9 using 100 ml solu-
tions of uranium (500 ppm) and lanthanum (500 ppm),
and one g sample (i.e. S/L 1/100) of the optimized
SIMRS was stirring for 15 minutes. From the obtained
results shown in figure 6, it was found that, the adsorp-
tion efficiencies of the studied metal values increase till
the pH 5. After this pH, hydrolysis takes place.

The optimum adsorption conditions:
Stirring time : 15 min.
pH : 4.5
S/L ratio : 1/100
Temp. : Room temp.

(B) Desorption results of uranium and lanthanum

The loaded SIMRS was thus subjected to desorp-
tion process of the mentioned elements. For this pur-
pose, one adsorbent was used; namely 150 g/L of (3:1)
Na

2
CO3 /NaHCO

3
 solution to remove uranium and

lanthanum, under the fixed conditions of S/L ratio of 1/
75, stirring time of 15 min. at room temperature.

The obtained results indicated that, after passing
only 15 min., about 99.6 % of the loaded lanthanum
has been desorbed, while under these conditions, des-
orption efficiency of uranium attended only 0.9%. It is

optimized SIMRS was allowed for stirring within the
uranium and lanthanum solutions at the fixed pH of 4.5
and S/ L ratio 1/100 at room temperature. The ob-
tained results are plotted in figure 5. From these results
it is noticed that by increasing the stirring time, the ad-
sorption efficiency of uranium increases and reaches its
maximum value after 120 min. On other hand, lantha-
num adsorption efficiency reached its maximum value
after only 30 min.

Figure 5 : Effect of stirring time upon uranium and lantha-
num adsorption efficiencies.

Figure 6 : Effect of pH upon uranium and lanthanum ad-
sorption efficiencies.

(iii) Effect of solid/ liquid ratio

The effect of S/L ratio upon uranium and lantha-
num adsorption efficiencies was studies using work-
ing synthetic solutions of uranium and lanthanum at
room temperature by stirring one g of the optimized
SIMRS with the metal solutions assaying 500 ppm
uranium and lanthanum at different S/L ratios ranging
from 1:100 to 1:250 for 15 min. The pH of uranium
and lanthanum solutions was adjusted at 4.5 (to avoid
the precipitation of uranium at pH 5). The obtained
results indicated that by decreasing the S/ L ratio, the
uranium adsorption efficiency was decreased. The lat-
ter was found to decrease from 90.23 to 56.00% when
the S/ L ratio decreased from 1/100 to 1/250, figure
7. On the other hand, with respect to lanthanum, the
adsorption efficiency decreased with decreasing the
S/L ratio figure 7.

Figure 7 : Effect of S/L ratio upon uranium and lanthanum
adsorption efficiencies.
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interesting to mention herein that about 90% of the ura-
nium content was desorbed after 2h under the above
mentioned desorption conditions.

(C) Combined recovery of uranium and lanthanum
from their synthetic solutions

(a) Adsorption of uranium and lanthanum from
mixture solution

To detect the effect of the adsorption process upon
mixture solution containing both of uranium and lantha-
num, it was found necessary to apply the obtained op-
timum adsorption conditions of the two different basic
solutions (one for uranium and the other for lanthanum)
upon this mixture solution.

For this purpose, a synthetic admixture solution
(100ml) containing 500ppm uranium and 500ppm lan-
thanum was contacted with 2g of the working SIMRS
(to ensure the adsorption of both the interested metal
values) under the following optimum adsorption con-
ditions:
Stirring time : 15 min.
pH : 4.5
S/L ratio : 1/50
Temp. : Room temp.

This resulted in an adsorption efficiency of about
80% for uranium and 75% for lanthanum.

(b) Desorption of uranium and lanthanum from
loaded SIMRS

With respect to the above mentioned admixture so-
lution, the loaded SIMRS was subjected to the des-
orption process under the above mentioned fixed con-
ditions of 150 g/L of (3:1) Na

2
CO3 /NaHCO

3
 solu-

tion, S/L ratio of 1/ 75, stirring time of 15 min. at room
temperature using batch technique. This resulted in a
desorption efficiency of about 90% for uranium and
99% for lanthanum.

Kinetics of adsorption process

On other hand, it was found greatly beneficial in the
present work to determine the adsorption isotherm ac-
cording to langmuir and Freundlich equations. The pur-
pose was to describe the adsorption mechanism for the
interaction of uranium and Lanthanum ions on the work-
ing adsorbent surface and to express its surface prop-
erties and its affinity towards the uranium and Lantha-
num ions.

(A) Langmuir adsorption isotherm

Langmuir isotherm (L-shaped) model was devel-
oped by Irving Langmuir 1918[12], and called the ideal
localized monolayer model. Langmuir isotherm repre-
sents the equilibrium distribution of metal ions between
the solid and liquid phases. The following equation can
be used to model the adsorption isotherm:

Ce.b1
Ce.b.maxq

q




Where q is milligrams of metal accumulated per gram
of the sorbent, Ce is the metal residual concentration in
solution; qmax is the maximum specific uptake corre-
sponding to the site saturation and b is the ratio of ad-
sorption and desorption rates[2]. The Langmuir isotherm
is based on these assumptions[12]:
� Metal ions are chemically adsorbed at a fixed num-

ber of well defined sites.
� Each site can hold only one ion.
� All sites are energetically equivalent.
� There is no interaction between the metal ions.
When the initial metal concentration rises, adsorption
increases while the binding sites are not saturated. The
linearized Langmuir isotherm allows the calculation of
adsorption capacities and the Langmuir constants and
is equated by the following equation.
Ce/q = 1/ (qmax. b) + Ce/qmax

The linear plots of Ce/q vs Ce show that adsorption
follows the Langmuir adsorption model.

The essential characteristics of the Langmuir iso-
therms can be expressed in terms of a dimensionless
constant separation factor or equilibrium parameter, RL,
which is defined as:
RL = 1 / (1 + b.q max)

Where b is the Langmuir constant and Co is the initial
concentration of metal ions in the solution. The RL value
indicates the shape of isotherm. According to[17], RL
values if between (0 � 1) indicate favorable adsorption,

if equal to (1) indicate linear adsorption and if above
(1) indicate unfavorable adsorption.

In the present work, the obtained results have thus
been linearized using the mentioned Langmuir equation
and plotting the Ce/qe vs. Ce was constructed The
Langmuir constant �q max� (measures the monolayer

adsorption capacity of solvent impregnated mercerized
rice straw was obtained as 243mg/g for uranium and
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250mg/g for lanthanum.
The Langmuir constant �b� (denotes adsorption en-

ergy) which was obtained as 0.002 and 0.0012 l/mg
for U and Lanthanum respectively. The determined high
coefficient value (r2 = 0.955 and 0.990 for uranium and
lanthanum respectively.) thus indicates a good agree-
ment between the experimental values and the isotherm
parameters and also confirms the monolayer adsorp-
tion up take of the working adsorbance surface. (Fig-
ure 8, a & b). The dimensionless parameter of �RL�

(measures the adsorption favorability) was found to at-
tain 0.0873 for uranium and 0.0734 for lanthanum (i.e.
0 < RL < 1); a matter which confirms the favorability of
the adsorption process for the uranium removal using
the modified rice straw waste. It was also, found that
when the RL value approaches to zero the irreversible
adsorption was favored.

(B) Freundlich isotherm

The Freundlich isotherm[6] is the earliest known rela-

tionship describing the sorption equilibrium. This fairly
satisfactory empirical isotherm can be used for non-ideal
sorption and is expressed by the following equation[17]:
q = Kf Ce 1/n

Where Ce is the equilibrium concentration (mg/l), q is
the amount adsorbed (mg/g) and Kf and n are con-
stants incorporating all parameters affecting the adsorp-
tion process, such as adsorption capacity and intensity
respectively. The linearized forms of Freundlich adsorp-
tion isotherm was used to evaluate the sorption data
and is represented as:

efe Clog
n
1

Klogqlog 

According to[9], n values between 1 and 10 represent
beneficial adsorption.

Both the Freundlich constants Kf and n are ob-
tained by plotting log qe versus log Ce (Figure 9, a &
b). It was thus found that the determined coefficient of
Freundlich isotherm model for working SIMRS was

Figure 8a-b : Langmuir isotherm constants for lanthanum
and uranium uptake upon the working SIMRS at room tem-
perature.

TABLE 4 : Langmuir and Freundlich isotherm constants for uranium uptake upon the working SIMRS at room temperature.

Langmuir model parameters Freundlich model parameters 
Metal Adsorbent 

Qmax (mg/g) B (mg/ L) R2 1/n K f (mg/g) R2 

Lanthanum SIMRS 250 .0020 0.9559 .261 .198 0.9938 

Uranium SIMRS 243 0.0012 0.9904 .3390 2.13 0.9657 

Figure 9a-b : Freundlich isotherm constants for lanthanum
and uranium uptake upon the working SIMRS at room tem-
perature.
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found to attain 0.95 and 0.99 for U and Lanthanum
respectively, Accordingly, it can be concluded that the
obtained experimental data was fitted to Langmuir iso-
therm and Freundlich TABLE 4.
Case study

For applying the working SIMRS for the recovery
of both uranium and REEs from their mineralization in
El- Sella granite ore material (2480 ppm uranium and
2800 ppm REEs), an actual sulfate leach liquor of both
metal values was prepared. For this purpose, the opti-
mum sulfuric acid leaching factors determined by Abu
Khoziem[1] were performed.

(A) Preparation of El-Sella pregnant solution

According to Abu Khoziem (op.cited), the opti-
mum leaching conditions of both uranium and REEs from
their mineralization at G.El- Sella (300 g/L H

2
SO

4
 acid,

agitation time 4h, S/L ratio 1/2, ore grain size �200

mesh, and 100°C as leaching temperature) were ap-

plied. Under these conditions, the obtained leaching ef-
ficiencies were 35 and 75% for uranium and REEs re-
spectively. Analysis of the prepared leach liquor is given
in TABLE 5.

prepared SIMRS under the optimum adsorption con-
ditions of:
Stirring time : 15 min.
pH : 4.5
S/L ratio : 1/50
Temp. : Room temp.
However, before performing adsorption of both metal
values, it has been found necessary to eliminate iron
from the working leach liquor in order not to compete
both metal values besides their contamination.

The obtained results indicate that the adsorption
efficiency attained 71.5% for uranium and 69% for
REEs. This realized about 89.4 and 92% from the cal-
culated theoretical adsorption efficiency for uranium and
REEs respectively.

(b) Desorption process

Desorption of the loaded SIMRS was carried out
by using the previously mentioned conditions. The working
sample of SIMRS loaded with uranium and REEs was
then desorbed in a batch wise procedure using 150 g/L
of 3:1 Na

2
CO

3
 and NaHCO

3
 at S/ L ratio of 1/75.

After 15min. of stirring time, the working slurry was
filtered and the filtrate was analyzed for uranium and
REEs. However it was found that up to 76% of the
adsorbed REEs have been desorbed from the loaded
SIMRS with a negligible % of uranium.

The filtered SIMRS which still loaded with uranium
was then stirred in a second elution step using a fresh
batch of the working eluant, and sample fractions from
the filtrate was analyzed every 30min. However, des-
orption was quite negligible before 2h, after that about
78% of the loaded uranium was desorbed.

(c) Precipitation of uranium and REEs

To prepare a proper concentrate of REEs from rich
fraction of desorbed solution, it was found convenient
to precipitate REEs as their oxalate with 20% oxalic
acid at pH 1.

On the other hand, the second eluate solution con-
taining U value was subjected to precipitation step by
adding NH

4
OH solution till pH range of 12-13 where

uranium was precipitated as ammonium di- urinate.
Finally, from the obtained results, it can be con-

cluded that the prepared solvent impregnated resin of
the present work is promising in the field of uranium
and REEs recoveries from their real ores.

TABLE 5 : Chemical composition of the prepared pregnant
solution from G. El-Sella ore material.

Component Concentration (g /L) 

U 0. 14 

REEs 1.05 

Fe2O3 3.12 

SO4
-- 174.00 

pH 1.2 

The studied SIMRS was used to recover uranium
and REEs by batch technique from this real sample so-
lution (prepared pregnant solution).

(B) Recovery of U and REEs from El-Sella sul-
fate leach liquor

Both uranium and REEs have then been recovered
from their prepared sulfate leach liquor of El-Sella min-
eralization using the prepared SIMRS. For this pur-
pose, El-Sella leach liquor was treated by the working
SIMRS through batch equilibrium technique using the
previously studied optimum conditions.

(a) Adsorption process

The adsorption process was carried out upon the
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CONCLUSION

Several methods have been applied for the recov-
ery of metal values from their leach liquors. In this re-
gard solvent impregnated resin (SIR) has been prepared
by the modification of the mercerized rice straw with
the D

2
EHPA as a suitable organic solvent for the im-

pregnation process (SIMRS). Several batch wise ex-
periments were conducted to determine the optimum
factors affecting the solvent impregnated mercerized rice
straw (SIMRS) as means for the recovery of both ura-
nium and lanthanum elements. The obtained optimum
impregnation conditions include 1.5 mole D

2
EHPA con-

centration at MRS/ D
2
EHPA ratio: 1/10, soaking time

of 12h in 20g/l sulfate solution.
The equilibrium data were found to be satisfacto-

rily fitting to Langmuir and Freundlish isotherms. Maxi-
mum- metal uptake of 243 mg U/ g SIMRS and 250
mg La/ g SIMRS was achieved.

For applying the working SIMRS for the recovery
of both uranium and REEs from their mineralization in El-
Sella granite ore material (case study) as an actual sulfate
leach liquor. The adsorption efficiency attained 71.5%
for uranium and 69% for REEs. This realized about 89.4
and 92% from the calculated theoretical adsorption effi-
ciency for uranium and REEs respectively. Elution of the
studied interesting elements has been achieved and from
their elutes proper concentrates have been prepared.
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