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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 ,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
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work hasbeen shifted to investigate the potentiality of the prepared SIRSfor
the recovery of uranium and rare earth elements from an actual sulfateleach
liquor of El-Sellaore material (South Eastern Desert of Egypt).
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INTRODUCTION

Solvent extraction and ion exchange techniques
have been mostly applied to therecovery and separa-
tion of metal ionsfromtheir solutions. However, recov-
ery and separation by solvent extraction requiresmul-
tiuseextraction and back-extractionin order to get suc-
cessful separation. Also, ion exchangeresnshavelower
extraction selectivity for transition metal swith respect
toakai metds. Asan dternativegpproach, solventim-
pregnated resins have been proposed by
Warshawsky!®! for sel ective separation of metal ions
by direct adsorption of the extractant into macroporous
polymeric supports.

Impregnated res nsbridge the gap between solvent
extraction andion exchange’?. They combinenot only

theadvantagesof resinion exchangefor processng di-
lute sol utionswith specific propertiesof theextractants,
but also ahigh distribution ratio and selectivity charac-
teristic of theextractantsdissolved inaliquid organic
phasewith the simplicity of equipment and operation
characteristicsof solidion-exchangetechnology
Recently, extractant impregnated resinshave been
used inthe extraction of metal sfrom amulti-compo-
nent mixturein variousandytica applications. Theim-
pregnated extractantsinclude acidic organo-phospho-
rus compounds such asdi (2-ethyl hexyl)phosphoric
acid® and bi-functional organo-phosphorus com-
pound*®, Some other extractants such 4-(2-
thiazolylazo)resorcinol™, bicind“, quinoline-8-ol™, 2-
oxo-propyl phosphonic acid dibenzyl ester?Y, succinic
acid*® 8-hydroxy quinoling?! tiron™, p-tert-butylcalix
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arend*? | o-vanilinsemicarbazond® and humic acid®
have al so been used.

On the other hand, it would be greatly advanta-
geousto useagricultural wastesin amanner to benefit
fromtheir ligno- cellulosic structure; amatter which
would begreatly friendly for theenvironment. Among
theformer, rice straw represents animportant waste
dueto two main reasons. Firstly, the structure of rice
straw isgrestly attractivewhereitismainly composed
of celluloseand hemicelulosg? which arequite suit-
ableto besolvent impregnated resin. Inthismanner, it
would be possibleto convert such awaste materia,
which might result in heavy black cloudsif burnedin
openair, toauseful materia. Secondly, itisalso quite
important and greetly attractivetoindicatethat ricestraw
isactudly alow cost renewablelignoce lulosic biomass
resource. Thisisdueto thefact that, riceisroutingly
cultivated inlargequantities.

For proper preparation of rice straw to be solvent
impregnated resin, itsalkali pre-treatment (merceriza-
tion) would lead to silicaseparation thereof and which
would thus represent an added value*®. In addition,
thistreatment wouldin themeantime modify thecdlu-
losic structurethough remova of lignin.

Inthelight of theabove mentioned givings, thiswork
isdesigned 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,EHPA (di-2-ethyl hexyl- phosphoric acid)for there-
covery of both U and the Ladementsfrom their solu-
tions.

EXPERIMENTAL

Characterization of theworkingraw ricestraw
(A) Chemical analysis

Theworking sampleof the Egyptianricestraw has
been collected from the country sides of Cairo City.
Thissamplewasfirst carefully washed with distilled
water, dried and was kept in polyethylene bagsfor 24
htill proper cooling. Thedried samplewasthen ground
to amesh size below 0.85 mm. The ground sample
wasthen subjected to different analysesto estimateits
moisture content aswel | asthe contentsof theresinand
wax, thelignin, the pentosane, the cellulosebesidesthe

contents of the ash and the silicates and the silica
amountsintheash accordingto TAPPI (1972).
(B) Infra-red analysis

Infra-red spectral analyseswere studied uponthe
raw rice straw, the prepared rice straw treated with
sodium hydroxide aswell astheimpregnated onewith
D,EHPA. Theinfrared spectrometric anaysis (Bruker
vector spectrophotometer model FT-IR-22Germany)
was performed in the wavel ength between 1000 and
4000cm* using KBr binding material samplepéllets.
Thesamplesprepared aspellets. The IR analysiswas
conducted intheMicroAnalytical Center, Cairo Uni-
versity. InfraRed absorption spectrain the mentioned
region were recorded.

Preparation of solvent impregnated rice straw
(SIRS)

Beforeimpregnation, therice straw wasfirstly pu-
rified with 50% methanol—water solution containing 4M
HCI inorder to removeinorganicimpuritiesand mono-
meric materials. After that, it waswashed thoroughly
with distilled water to diminatechlorideions

(A) Mercerization of theraw ricestraw

Thedry ground rice straw wasfirst treated by so-
dium hydroxide (akali treetment) todiminateslicaand
tomodify thecd lulosestructurethroughremovad of lig-
nin. Thisprocessisknown asmercerization.

Two grams of dry ground rice straw of -0.85 mm
mesh sizewererefluxed 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.), Theresidue wasthen washed with
diluted HCI (5%) and then washed with distilled water
until no color with methyl orange (M.O). Findly, itwas
dried givingthenatural ion exchanger treated with so-
dium hydroxide. Thelatter alonedisorder the Skelton
of liginocdlulosicandthe crysta linty index™9.

Cell—OH*

(B) D,EHPA impregnation upon mercerizedrice
draw

For theimpregnation process, the dry method was
used. Onegram of mercerized ricestraw (MRS) was
placed in kerosene mixture containing extractant
D,EHPA at different concentrationsfor differenttime
intervalsunder thefixed conditionsof S/L ratio 1/10,

NaOH ———— > Cell—O Na
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shaking rate (180 rpm/min), the MRS mesh size of -
0.85mm at room temp. After that, therice straw beads
were separated through aporousfilter usng avacuum
pump, washed with water and dried a room tempera-
ture.

Prepar ation of theworking solutions
(A) Preparation of U and Lasynthetic solutions

Synthetic solutionsof uranium and Lanthanum have
been prepared from their proper salts. Different metal
solutionswere thus prepared by dissolving analytica
grademetal saltsindistilled water to obtain accurate
concentration ppm (mg/L) solution. From thelatter, the
synthetic solutionswere prepared by dilutiontoredize
therequired concentration. ThepH of these solutions
was measured and adjusted at 4.5(controlled pH) and
all the adsorption experimentswererun a room tem-
perature 25+20 ?C. The metal salts used includes, the
acetate saltsof U and thechloridesatsof La

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

Gabd (G) El-Sdlaareaislocated at Hdab environ
(Eastern Desert, Egypt) at about 20Km west of Abu
Ramad City covering an areaof about 128Km2.

For thepresent study, theminerdized younger gran-
ite hasbeen used asacase study for therecovery of its
uranium and REEs contents. For thispurposethe opti-
mum leaching conditionsthat have been determined by
Abu Khoziem® were applied. Theseinclude sulfuric
acid agitation leaching using 300 g/L H,SO, concen-
tration, S/L ratio of ', 4h as leaching time at 1000C as
|eaching temperature upon an ore size sampleground
to -200 mesh.

Inthe present work, 500 g of G. El-Sellatechno-
logica sampleassaying 2480 ppm U bes des 2800 ppm
REEswas|eached by applying the above mentioned
optimum leaching conditions.

Extraction procedures
(A) Adsor ption process

Batch adsorptiontestsunder controlled pH of 4.5
(toavoidU & REESspredi pitation) with mechanica shak-
ing (180rpm/min) werecarried out by mixing of oneg
of theMRSwith 100 ml of thetwo different working
synthetic solutions of known uranium and lanthanum
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concentrations in proper glass beakers. 2ml sample
solution was periodicaly withdrawn from the besker at
known timeintervals. Preliminary experimentshave
shown that adsorption is adequately fast and the re-
moval ratewasactually found to be negligible after 60
min. Therefore, 60 minwas used asthe contact time
for dmost batch testsexcept in the experiment of the
effect of theinitia uranium concentration.

On the other hand, for the determination of ura-
nium equilibriumisotherm, the corresponding experi-
ments were conducted by mixing 1 g of the SIMRS
with 100 ml of uranium solution usinganinitiad meta
concentrationsranging from 100 to 5000 mg/l. Inthese
experiments, themixturewas shaken for acontact time
up to 3hto reach equilibrium.

For each adsorption experiment the adsorptive ca-
pacity (ge) was determined accordingtothefollowing
equation;
ge=V (CO-Ce/M
whereV isthetota volume of the solutesolution (L),
M isthewelght of adsorbent used (gm), COistheinitia
concentration of the solute (mg/L) and Ceisthere-
sidua equilibrium concentration of thesolute (mg/L).
(B) Desor ption process

Theloaded rice straw obtained fromtheprevioudy
mentioned synthetic solutions of thetwo studied ele-
mentswasthus subjected to desorption process. Inthis
process one el uant has been used namely; 150 g/L of

3/1 Na,CO,/ NaHCO, solution for the uranium and
lanthanum.

Control analyses

Uraniuminthedifferent processing Sreamswasana-
lyzed by an oxidimetric titration method usingammo-
nium metavanadate¥

Concerning thetotal REE, avisible- ultraviolet
spectrometer (Shimadzu UV- 160) was used for its
quantitativeanalysisusing 0.015 % arsenazo 11 at 654
nmusing Ceasreference™,

RESULTSAND DISCUSSION

Chemical composition of theraw ricestraw

According to procedures adopted by Tappi
(1972), a proper sample of the working rice straw
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was chemically analyzed to determinateitsrelative
amountsof cellulose, ligninand resinwax. The ob-
tainedresultsTABLE 1 wasgreetly smilar tothat given
by published data.

On the other hand, according to Bishay (2010),
theeemental organic composition C-H-O of'the Egyp-
tian rice straw isabout 47.8% carbon, 6.0 % hydrogen
and 45.3% oxygen in addition to 0.5% nitrogen and
0.2% sulfur.

TABLE 1: Composition of theworkingricestraw.

Component Present work Published data.*

Wt, % 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 295

*= (Karimi et al (2006) & Yao et al (2008).

M echanism of ricestraw as solvent impregnated
resin

Dueto thefact that repeated adsorption and des-
orption of U and/ or REEssuccessfully achieved, it can
thusbe proposed that the gpplied impregnated D,EHPA
should have been chemically interacted with the mer-
cerizedricestraw. The proposed mechanisminvolves
thefollowing sequenceof reections:

1) Mercerization

2) Impregnation

3) Metal- solventinteraction

Theseinteractions start by the breakdown of the hy-
drogen bond between C_ and C, followed by bonding

withtheworking metal species.
0
. HO — llr/—{z?R
Cell-OH 08, Cell-ONa*  ———
@) (i1)
(“1/0}2 0 or
0— p—OR 0— P—OR
i‘uz Icu2 X
0 ——0
v Acid o
OH H V] e 0’ H 0
OH (iii) OH
H OH 8 H OH =

X =Uor REEs

Optimization of theimpregnation process

The adsorption efficiency of thementioned differ-
ent types of rice strawsto adsorb uranium and lantha
num from different acid mediahave been studied, for
thispurpose, two seriesof adsorption experimentshave
been performed using batch techniquewith mechanica
shaking (180rpm/min). Thefirst onefor theadsorption
of U whiletheother onewasused for the adsorption of
lanthanum. Ineach series 1g of the different mentioned
types of rice straw wasused ina S/L ratio of 1/100
using two samplesof synthetic solution oneof themas-
saying 500 ppm U and the other one assaying 500ppm
lanthanum. The pH wascontrolled at 4.5. After stirring
for 2h, different rice straw sampleswerefiltered and
the obtained filtrates were anal yzed for uranium and
lanthanum.

From the obtained results, TABLE 2 it wasclear
that, treated the rice straw with NaOH followed by
D,EHPA (Imoale) i.e. SIMRSisquiteimportant for at-
taining ahigh uranium and lanthanum adsorption effi-
ciencies. Thustheformer hasreached 83 %, whileun-
der the sameexperimenta conditions, adsorption effi-
ciency of lanthanum reached 90%. It isimportant to
mention hereinthat, themodification of rice straw with
D,EHPA as solvent impregnated resin increasesthe
adsorption capacity of D,EHPA to about more than
20% TABLE 2. On other hand, adsorption capacity of
the MRS, dsoincreased to theextent of 37%for U &
30% for lanthanum after amodificationwith D,EHPA.

TABLE 2: Theeffect of different treatment typesof rice
straw upon U and L aadsor ption efficiency.

Adsor ption efficiency,%

Typesof ricestraw

U Sample La Sample
Raw rice straw 30 47
MRS 46 60
D,EHPA 60 70
SIMRS 83 90

(A) Results of D,EHPA impregnation upon the
MRS

Therdevant factorsaffecting the preparation of the
solvent impregnated mercerizedrice straw (SIMRS)
have been sudied. Thesefactorshaveactualy included
the D,EHPA concentration of theloading phase, the
soaking timeand medium composition aswell asits

Tnorganic CHEMISTRY
A Tndian W



ICAIJ, 7(2) 2012

E.A.Khaled et al. 75

required concentration. For studying the effectsof these
factors upon proper preparation of workable SIMRS,
theloading capacities of uranium andlanthanum from
their separate synthetic sol utionsupon the preparedrice
straw have been determined. In thistesting, the other
experimenta conditionsarefixed at MRS/ D, EHPA
phaseratio of 1/10(g/ L) at room temperature and -
0.85 mmmeshsizeof MRS.

(i) Effect of loaded D,EHPA concentration

To study thiseffect, anumber of loading experi-
ments have been performedinwhichthe D,EHPA con-
centration (in kerosene) has been varied between 0.5
to 2 M. Ontheother hand, the uranium and lanthanum
concentrationintheir solutionsused for testing the ef-
fect of D,EHPA loading wasfixed at 500 ppm for each.
For thistesting 1g of the D,EHPA loaded MRS was
stirred in 1200 ml of both uranium and |anthanum solu-
tions for 2h at room temperatures under the above
mentioned fixed conditionsof SIMRS.

Theobtained datafigure 1 haveevidently indicated
that uranium adsorption efficiency issharply increased
from 35.26% to 88.0% when using 0.5M to 1.5M
D,EHPA. When the concentration of D,EHPA in-
creased to 2M, adlight increasein U adsorption effi-
ciency was observed. On the other hand, for lantha-
num the adsorption efficiency isdmost completewhen
the D, EHPA concentrationincreased to 1.5 mole.

——U —a—La

0 05 1 15 2 25
D2EHPA concentration (mole)

Figurel: Theeffect of D,EHPA concentrationuponUandLa
adsor ption efficiencies.

(i) Effect of soakingtime

The effect of soaking timefor loading D,EPHA
upon the MRS was studied, where a series of im-
pregnation experimentswas performed under thefixed

conditions D,EPHA concentration of 1.5 mole, mesh
size of onegram rice straw, -0.85 mm at room tem-

—= Fyl] Paper

peratureusing S/L ratio 1:10 and the applied soaking
timeranged from 2 up to 12h. The adsorption pro-
cesswas performed at S/L ratio 1:100 for 2h while
the uranium or lanthanum concentration wasfixed at
500 ppm. The obtained results (Figure 2) reveaed
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 therice straw while most of lanthanum
wasremoved from the solution.

100

80 i

70 B

60 -
50
40
30
20
10

Agsorption efficiency, %

2 4 8 12 18
Time/hrs

Figure2: The effect of soaking time for loading D,EPHA
upontheM RSon U and Laadsor ption efficiencies.

(iii) Effect of medium

Threeloading experimentswere performed to de-
terminethebest working acidic mediumwiththe pre-
pared SIMRS. Two solutionsof thethreedifferent acid
medianamely; HCI, H,SO, and HNO, of fixed conc.
20g/L for each one of them contains500 ppm uranium
and theother containing 500 ppm lanthanum. The other
fixed conditionsinclude soaking the D,EHPA of 1.5
mol concentration upon 1g of MRS of -0.85 mmmesh
sizefor 12h. The other fixed adsorption conditionsin-
clude YL ratio of 1/100 and 2h assoaking timeat room
temp. Theresultsshownin TABLE 3indicatethat, the
maximum adsorption efficiency hasbeen achieved when
using both of nitric and sulfuric acids. Thelatter was
preferred duetoitslow cost and avail ability.

TABLE 3: Theeffect of D,EPHA mediumwithMRSupon U
and Laadsor ption efficiencies.

Adsor ption Efficiency,%

Acid (Conc. 20 g/l) U La
Sample Sample
HCI 85.98 63
H,SO, 88.00 100
HNO; 88.00 98
—==mmr>  [1o1ganic CHEMISTRY
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(iv) Effect of sulfatemedium concentration

Theeffect of H,SO, acid concentration upon the
adsorption efficiency of uranium and lanthanum was
studied between 10to 40 g/L H,SO, acid, whilefixing
the other factors (12h soakingtime, -0.85mmmesh size,
1.5M D_EHPA concentrationwith S/L ratiol:10) at &/
L ratio 1/ 100 for 2h asshaking timeat room tempera:
ture. Theadsorption efficienciesof uraniumand lantha-
num are plotted in figure 3. The obtained resultsindi-
catethat lanthanum isrelatively 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-
creasi ng the acid medium concentration to 30 and 40
g/L, uranium adsorption efficiency dightly proportion-
alyincreased.

—a—REEs

£ g — - a
E 80 - /,//j;.- R
g 70 o
5 o
§ 50

40
g 30

20

10

0

10 20 30 40
H2504 concentration

Figure3: Theeffect of H,SO, acid medium Conc. upon U and
Laadsor ption efficiencies.

From theforegoing study of optimizingimpregna-
tion processit can be concluded that the optimumim-
pregnation conditions can be summarized asfollows:

Grainszeof MRS : —0.85 mm.
D,EHPA concentration . 1.5mole.
SlLratio(MRS D,EHPA) @ 1/10
Soakingtimeof D,EHPA  : 12h.
Impregnationtemperature  : 25°C (room temp.)
Impregnationmedium ;. Sulfatemedium
Impregnationmediumconc. : 20g/L H,SO,

(B) IR spectral characteristicsof theraw and op-
timized loaded SIMRS

IR spectral analysisof theraw rice straw, treated
with sodium hydroxideand impregnated with D,EHPA
was recorded in the wavel ength between 1000 and
4000cm?* (Figure 4, a-¢€).

Theinfrared spectrum of rice straw (&) showsan
absorption broad band at 3399-3431 characteristics

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

The appearance the new absorption bands at
2930cm* characteristicsof y ., and 1230 cm * due
tothey b0 in curve (c) reveas the incorporation of
D,EHPA inthe MRS. The curve (d) and (€) the ap-
pearance of absorption bandsat 1132cm* and 1447cnr
! reveded theincorporation of U and REEsinthetreated
ricestraw.
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a) Rice straw; b) Mercerized rice straw; c) Mercerized rice
straw with D2EHPA (SIR); d) SIR treated with U; €) SIR treated

with REEs
Figure4: Infrared spectra of different modified cellulose

-
IS0

Resultsof separaterecovery of uranium and lan-
thanum from their synthetic sulfatesolutions

(A) Adsor ption resultsof uranium and lanthanum

In order to determine the optimum conditions of
theadsorption process, it wasfound necessary to study
the controlling factors of the process. Theseinclude,
gtirring time, pH of thetwo samplesof synthetic solu-
tionsof uraniumand lanthanum, aswell asS/L ratio.

(i) Effect of stirringtime

For studying the effect of stirring time upon ura-
nium and lanthanum adsorption efficiencies, two series
of experimentshave been performedinwhichthe stir-
ring timewasvaried between 15 and 120 minutesand
theinitia uranium concentration fixed at 500ppm and
at 500 ppm asinitia concentration of lanthanuminthe
other sample. In these experiments, one gram of the
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optimized SIMRSwasallowed for stirring within the
uranium and lanthanum solutionsat thefixed pH of 4.5
and S/ L ratio 1/100 at room temperature. The ob-
tained resultsareplottedin figure5. From theseresults
itisnoticed that by increasing the stirring time, the ad-
sorption efficiency of uraniumincreasesand reachesits
maximum value after 120 min. On other hand, lantha:
num adsorption efficiency reached itsmaximum vaue
after only 30 min.

120

o
> 100 - = & 5 i
: o
g s0{ ¥
i
§ 60
g
E_ 40 4
4 20 4
q

] T ; T ; ; ;

0 20 40 60 80 100 120 140
Time (min.)

Figure5: Effect of stirring time upon uranium and lantha-
num adsor ption efficiencies.

(ii) Effect of pH

Asamatter of fact, themost important parameter
that affectsthe adsorption uptakeisactualy pH value
of the synthetic solutions. For thispurpose, two series
of adsorption experimentshave been performed a room
temperature, for uranium and lanthanum adsorption at
different pH. ThepH of thetwoinitial solutionshave
been studied in therange of 2 to 9 using 100 ml solu-
tionsof uranium (500 ppm) and lanthanum (500 ppm),
and one g sample (i.e. S/L 1/100) of the optimized
SIMRSwasstirring for 15 minutes. From the obtained
resultsshowninfigure6, it wasfound that, the adsorp-
tion efficienciesof thestudied meta va uesincreasetill
thepH 5. After thispH, hydrolysistakes place.

120

100 A

80 A

60 A

40 -

20 A

Acbsoption dfidawvxy (09

pH
Figure6: Effect of pH upon uranium and lanthanum ad-
sorption efficiencies.
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(iii) Effect of solid/ liquid ratio

Theeffect of S/L ratio upon uranium and lantha-
num adsorption efficiencieswas studies using work-
ing synthetic sol utions 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 ratiosranging
from 1:100to 1:250 for 15 min. The pH of uranium
and lanthanum solutionswas adjusted at 4.5 (to avoid
the precipitation of uranium at pH 5). The obtained
resultsindicated that by decreasingthe S/ L ratio, the
uranium adsorption efficiency wasdecreased. Thelat-
ter wasfound to decreasefrom 90.23 to 56.00% when
the S/ L ratio decreased from 1/100 to 1/250, figure
7. Ontheother hand, with respect to lanthanum, the
adsorption efficiency decreased with decreasing the
SL ratiofigure?.

100 A —_

o N

11150

Actksorption efficency (Ya)
2]
=]

I 17200 | | 1/250 |
S/L ratio
Figure7: Effect of S/L ratioupon uranium and lanthanum

adsor ption efficiencies.

1/100

Theoptimum adsorption conditions:
Stirringtime : 15min.

pH : 45
Sl ratio > /100
Temp. : Roomtemp.

(B) Desor ption resultsof uranium and lanthanum

Theloaded SIMRSwasthus 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,CO3 /NaHCO, solution to remove uranium and
lanthanum, under thefixed conditionsof S/L ratio of 1/
75, girringtimeof 15min. at room temperature.

The obtained resultsindicated that, after passing
only 15 min., about 99.6 % of theloaded lanthanum
has been desorbed, while under these conditions, des-
orption efficiency of uranium attended only 0.9%. Itis
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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
fromtheir synthetic solutions

(a) Adsor ption of uranium and lanthanum from
mixturesolution

To detect the effect of the adsorption processupon
mixture sol ution contai ning both of uraniumand lantha:
num, it wasfound necessary to apply the obtained op-
timum adsorption conditions of thetwo different basic
solutions (onefor uranium and theother for lanthanum)
uponthismixturesolution.

For this purpose, asynthetic admixture solution
(200ml) contai ning 500ppm uranium and 500ppm lan-
thanum was contacted with 2g of theworking SIMRS
(to ensure the adsorption of both theinterested metal
values) under thefoll owing optimum adsorption con-
ditions
Stirringtime : 15min.

pH 1 4.5
SlLratio : /50
Temp. : Roomtemp.

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

(b) Desor ption of uranium and lanthanum from
loaded SIMRS

With respect to theabove mentioned admixture so-
lution, the loaded SIMRS was subjected to the des-
orption processunder the above mentioned fixed con-
ditions of 150 g/L of (3:1) Na,CO3 /NaHCQ, solu-
tion, S/L ratio of 1/ 75, gtirringtime of 15 min. at room
temperature using batch technique. Thisresultedina
desorption efficiency of about 90% for uranium and
99% for lanthanum.

Kineticsof adsor ption process

Onother hand, it wasfound greetly beneficid inthe
present work to determinethe adsorptionisotherm ac-
cording tolangmuir and Freundlich equations. The pur-
posewasto describetheadsorption mechanismfor the
interaction of uraniumand Lanthanumionson thework-
ing adsorbent surface and to expressits surface prop-
ertiesand itsaffinity towardstheuranium and Lantha
numions.

(A) Langmuir adsor ption isotherm

Langmuir isotherm (L-shaped) model wasdevel -
oped by Irving Langmuir 19182, and called theideal
localized monolayer model. Langmuir isotherm repre-
sentstheequilibrium distribution of meta ionsbetween
thesolid and liquid phases. Thefollowing equation can
be used to model the adsorptionisotherm:

_gmax.b.Ce
~ 1+b.Ce

Whereqismilligrams of metal accumulated per gram

of the sorbent, Ceisthemetal residua concentrationin

solution; gmax isthe maximum specific uptake corre-

sponding to the site saturation and b istheratio of ad-

sorptionand desorption rates?. TheLangmuir isotherm

isbased on these assumptiong*?:

» Metd ionsare chemically adsorbed at afixed num-
ber of well defined Sites.

+ Eachsitecanhold only oneion.

+ All gtesaeenergeticdly equivaent.

» Thereisnointeraction betweenthemetd ions.

Whentheinitial metal concentration rises, adsorption

increaseswhilethebinding sitesarenot saturated. The

linearized Langmuir isotherm alowsthecalcul ation of

adsorption capacities and the Langmuir constantsand

isequated by thefoll owing equation.

Celg =1/ (gmax. b) + Celgmax

Thelinear plots of Ce/q vs Ce show that adsorption

followsthe Langmuir adsorption model.

Theessential characteristicsof the Langmuir iso-
therms can be expressed in terms of adimensionless
congtant separation factor or equilibrium parameter, RL,
whichisdefinedas:

RL=1/(1+b.gmax)

Wherebisthe Langmuir constant and Coistheinitia
concentration of meta ionsinthesolution. TheRL vaue
indicatesthe shape of isotherm. According to*”, RL
vauesif between (0— 1) indicate favorable adsorption,
if equal to (1) indicatelinear adsorption and if above
(1) indicate unfavorable adsorption.

Inthe present work, the obtained resultshavethus
been linearized using thementioned Langmuir equation
and plotting the Ce/ge vs. Ce was constructed The
Langmuir constant “q max” (measures the monolayer
adsorption cgpacity of solvent impregnated mercerized
rice straw was obtai ned as 243mg/g for uranium and
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250mg/gfor lanthanum.

TheLangmuir constant “b” (denotes adsorption en-
ergy) which was obtained as 0.002 and 0.0012 I/mg
for U and Lanthanum respectively. Thedetermined high
coefficient vaue(r? =0.955 and 0.990 for uranium and
lanthanum respectively.) thusindicatesagood agree-
ment between the experimentd va uesand theisotherm
parameters and al so confirmsthe monolayer adsorp-
tion up take of the working adsorbance surface. (Fig-
ure8, a& b). Thedimensionless parameter of “RL”
(measurestheadsorption favorability) wasfound to at-
tain 0.0873 for uranium and 0.0734 for lanthanum (i.e.
O0<RL < 1); amatter which confirmsthefavorability of
the adsorption processfor the uranium removal using
themodified rice straw waste. It wasal so, found that
when theRL vaueapproachesto zerotheirreversible
adsorption wasfavored.

(B) Freundlichisotherm
TheFreundlichisotherm!® istheearliest knownrda:

20 -
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Figure8a-b : Langmuir isother m constantsfor lanthanum
and uranium uptakeupon theworking SIMRSat roomtem-
perature.
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tionship describing thesorption equilibrium. Thisfairly
satisfactory empirica isotherm can beused for non-ided
sorption andisexpressed by thefoll owing equation*™:
g=Kf Celn

Where Ceistheequilibrium concentration (mg/l), qis
the amount adsorbed (mg/g) and Kf and n are con-
gantsincorporating al parametersaffecting theadsorp-
tion process, such asadsorption capacity and intensity
respectively. Thelinearized formsof Freundlich adsorp-
tion isotherm was used to eval uate the sorption data
and isrepresented as:

logg, =logK +1IogCe
n

According tol¥, n values between 1 and 10 represent
beneficia adsorption.

Both the Freundlich constants Kf and n are ob-
tained by plottinglog ge versuslog Ce (Figure 9, a&
b). It wasthusfound that the determined coefficient of
Freundlichisotherm model for working SIMRS was

4
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.. -’
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E 1 y=1.2613x +1.9503
- R’ =0.9938
1
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| ‘ | ‘ T
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25 o
«®
Yy 0.?669)(*-0‘339
24 R*-09657 €&
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1-
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Figure9a-b : Freundlich isotherm constantsfor lanthanum
and uranium uptake upon theworking SIMRSat roomtem-
perature.

TABLE 4: Langmuir and Freundlich isotherm constantsfor uranium uptakeupon theworking SIM RSat roomtemper ature.

Langmuir model parameters

Freundlich model parameters

Metal Adsor bent > >
Qmax (mg/g) B (mg/L) R 1/n Kt (mg/g) R
Lanthanum SIMRS 250 .0020 0.9559 .261 .198 0.9938
Uranium SIMRS 243 0.0012 0.9904 .3390 2.13 0.9657
—==mmr>  [1o1ganic CHEMISTRY
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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 experimenta datawasfitted to Langmuir iso-
thermand Freundlich TABLE 4.

Case study

For applying theworking SIMRSfor therecovery
of both uranium and REEsfromtheir mineraizationin
El- Sellagranite orematerial (2480 ppm uranium and
2800 ppm REES), an actud sulfateleachliquor of both
metal valueswas prepared. For this purpose, the opti-
mum sulfuric acid leaching factors determined by Abu
Khoziem!® were performed.

(A) Preparation of El-Sella pregnant solution

According to Abu Khoziem (op.cited), the opti-
mum leaching conditionsof both uraniumand REEsfrom
their minerdizationat GEl- Sdlla(300g/L H,SO, 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 obtai ned |eaching ef-
ficiencieswere 35 and 75% for uranium and REEsre-
spectively. Andysisof theprepared leachliquor isgiven
inTABLEDS.

TABLES5: Chemical composition of theprepared pregnant
solution from G. El-Sellaorematerial.

Component Concentration (g /L)
U 0.14
REEs 1.05
Fe,0s 312
SO,” 174.00
pH 1.2

The studied SIMRS was used to recover uranium
and REEsby batch techniquefromthisreal sampleso-
[ution (prepared pregnant solution).

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

Both uranium and REEs havethen been recovered
fromtheir prepared sulfateleach liquor of EI-Sdlamin-
eralization using the prepared SIMRS. For this pur-
pose, El-Sdllaleach liquor wastreated by theworking
SIMRS through batch equilibrium technique usingthe
previoudy studied optimum conditions.

(a) Adsor ption process
The adsorption process was carried out upon the

prepared SIMRS under the optimum adsorption con-
ditionsof:
Stirringtime : 15min.

pH 1 4.5
Sl ratio : 1/50
Temp. : Roomtemp.

However, before performing adsorption of both metal
values, it hasbeen found necessary to eliminateiron
from theworking leach liquor in order not to compete
both metal va uesbesidestheir contamination.

The obtained resultsindicate that the adsorption
efficiency attained 71.5% for uranium and 69% for
REEs. Thisredized about 89.4 and 92%fromthecal-
cul ated theoretical adsorption efficiency for uraniumand

REESrespectively.
(b) Desor ption process

Desorption of theloaded SIMRS was carried out
by usngtheprevioudy mentioned conditions Theworking
sampleof SIMRS | oaded with uranium and REEswas
then desorbed in abatch wise procedureusing 150 g/L
of 3:1Na,CO,and NaHCO, at S/ L ratio of 1/75.

After 16min. of tirringtime, theworkingdurry was
filtered and thefiltrate was analyzed for uranium and
REEs. However it was found that up to 76% of the
adsorbed REEs have been desorbed from the loaded
SIMRSwith anegligible% of uranium.

Thefiltered SIMRSwhich till loaded with uranium
wasthen stirred in asecond el ution step using afresh
batch of theworking e uant, and samplefractionsfrom
thefiltratewas analyzed every 30min. However, des-
orption wasquite negligiblebefore 2h, after that about
78% of theloaded uranium was desorbed.

(o) Precipitation of uranium and REEs

To prepareaproper concentrate of REEsfromrich
fraction of desorbed solution, it wasfound convenient
to precipitate REEs astheir oxa ate with 20% oxalic
acidat pH 1.

Ontheother hand, the second €l uate solution con-
taining U va ue was subjected to preci pitation step by
adding NH,OH solutiontill pH range of 12-13 where
uranium was preci pitated asammonium di- urinate.

Finally, from the obtained results, it can be con-
cluded that the prepared sol vent impregnated resin of
the present work ispromising in thefield of uranium
and REEsrecoveriesfromtheir real ores.
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CONCLUSION

Several methods have been applied for therecov-
ery of metal valuesfromtheir leachliquors. Inthisre-
gard solventimpregnated resin (SIR) hasbeen prepared
by the modification of the mercerized rice straw with
the D,EHPA asasuitable organic solvent for theim-
pregnation process (SIMRS). Severa batch wiseex-
perimentswere conducted to determine the optimum
factorsaffecting thesolvent impregnated mercerizedrice
straw (SIMRS) asmeansfor therecovery of both ura-
nium and lanthanum e ements. The obtained optimum
impregnation conditionsincdude 1.5 moleD,EHPA con-
centrationat MRS/ D EHPA ratio: 1/10, soaking time
of 12hin 20g/l sulfate solution.

Theequilibrium datawerefound to be satisfacto-
rily fitting to Langmuir and Freundlishisotherms. Maxi-
mum- metal uptake of 243 mg U/ g SIMRS and 250
mg La/ g SIMRSwasachieved.

For applying theworking SIMRSfor therecovery
of both uraniumand REEsfromtheir minerdizationin El-
Sdlagraniteorematerid (casestudy) asan actud sulfate
leach liquor. Theadsorption efficiency attained 71.5%
for uraniumand 69%for REES. Thisredlized about 89.4
and 92% fromthe cal culated theoreticd adsorption effi-
ciency for uraniumand REESrespectively. Elution of the
sudiedinteresting e ementshasbeen achieved and from
their elutes proper concentrates have been prepared.
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