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ABSTRACT KEYWORDS
Besides being a xenotime-bearing, the ferruginous sandstone of Separation;
Southwestern Sinai and which belongs to the Adediya Formation of the Uranium;
Cambrian age has also been proven to be relatively uraniferous. A Xenotime;

technological sample of this ore material has been collected from Wadi El
Sahu area and was found to assay up to 15.43% RE,O, and 0.071% U. The
latter involves alkali agitation leaching of the ore material and where the
studied optimum conditions includes 90 g/l Na,CO, concentration, 30 g/l
NaHCO, concentration at a S/L ratio of 1/2 for 4 hrs agitation time at room
temperature and using an ore grain size ground to -200 mesh. Under these
conditions, auranium leaching efficiency of 97.2 % has been obtained. From
the obtained leach liquor, U was separated through two techniques; namely

Carbonate leaching.

direct precipitation and a prior application of anion exchange resin.
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INTRODUCTION

Exploration of uraniuminWadi El Sahu of South-
western Sinai (East of Abu Zenima) hasreveal ed that
two major mineralizationsare present. Thelatter are
indeed associated with thick sedimentary succession
whilebel ong to Cambrian and lower Carboniferousin
age. Whiletheformer involves sandstones, siltstones
and conglomerates, thelatter involves Um BogmaFor-
mation whichincludesMn-Feorelenseswith mottled
shale, siltstone and sandy dolostone at the top. The
mineralization associated with AdediyaFormationis
essentialy axenotime-bearing ferruginous sandstone
whichasoincludesareatively moderate U concentra-
tionwhichismainly associated with theiron oxidesand

clay minerals*. From theferruginous sandstone beds
of Wadi El Sahu, atechnologica samplewascollected
to study therecovery of U and REEsand inwhichthese
metal values assay 0.071% U and up to 15.43%
RE,O..

Depending upon the nature of the uranium preg-
nant solution and its concentration, several techniques
could be usedfor itsto recovery uranium. Thesetech-
niquesinvolvemainly direct precipitation, ion-exchange
resinsand organic solvents?. Thus, for auranium con-
centration greater than 1 g U/l solvent extractionispre-
ferred whilefor aconcentration below 1 g U/l ion ex-
changeresinwould be the best whereasdirect precipi-
tati on requiresindeed amuch higher uranium concen-
tration (severa tensof gramsU per litre).
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Asamatter of fact, anion exchangeresnsareactu-
ally quitesuitableto extract and concentrate uranium
fromitslow-grade pregnant solutionsdueto their abil-
ity to selectively adsorb uranium from either sulfate or
carbonateleachliquors. Thisisduetothefact that ura-
niumispresent in such liquorsas anionic complexes.
After uraniumisloaded upontheresin, it could bed uted
by asuitablesalt solution to obtain arelatively highly
pure concentrated uranium el uates.

Xenotime, the RE phosphateminerd, isactudly one
of thethreeprincipal RE minera stogether with mona-
zZite and bastanasite, however, itsREEsbelong mainly
to the heavy elements contrary to thesetwo minerals.
On the other hand, xenotime is arefractory minera
which requires adequately severe conditions for its
breskdown. Accordingto Viyayaakshmi et d 19, itsacid
breakdown involves attack or leaching with concen-
trated H,SO, (98%) at 250 to 300°C for 1to 2 hours.
Thisattack iscond dered economic for theworking ore
material since its xenotime content exceeds 10%
xenotime. Alternatively, xenotime concentrate can be
processed by fusion of thefinely ground orewith mol-
ten caustic soda at 400°C™ or else by roasting with
Na,CO, at 900°C for several hours®.

Alkali carbonate (sodium or lesscommonly am-
monium) issometimesused for uranium leaching from
itsoresthat arehigh in carbonate gangue mineraslike
calcite, dolomite, etc. Thisdependson thefact that the
carbonate anion formswith uranium stablesolubleura-
nyl carbonate complex [UO,(CO,) ]**". It can be ap-
plied to both primary and secondary minera deposits,
however after oxidation of theformer. Alkdi carbonate
leaching has several important advantagesover acid
leaching includingitssdectively where comparatively
pure solutionsare readily obtained besi deits non-cor-
rosivenature. Also, the consumption of thereagent by
theoreislow and uranium can bereadily recovered
fromtheleachliquors. Findly, thecarbonate solutions
can beregenerated for further leaching recycle. How-
ever, therearesomelimitationsto the use of carbonate
leaching dueto its mild nature so that some uranium
minerasarenot solubilized by carbonateleach solu-
tions. Moreover it requiresfairly finegrindingof theore
inorder to obtain reasonablereactionsrates. Alterna-
tively, carbonate leaching could be performed under
relatively high pressureand temperaturein suitableau-

toclaves®.

Inadkali carbonateleaching, uranium shouldbedso
initshexavaent oxidation state. Pyrolusiteandironare
not effectiveoxidantsinthedkaineleaching circuit due
totheinsolublenature of Mnor iron carbonate. Gener-
aly, sodium chlorateisusedin carbonateleaching cir-
cuit. The carbonate reaction with U® can be repre-
sented by thefollowing reection:

UO, +3Na,CO, +H,0 - Na,uO,(CO,), +2NaOH

Sodium hydroxideresulting inthe abovereaction
wouldincreasethe solution pH; amatter which would
lead to uranium precipitation. Thereforeinorder to pre-
vent pH risngto avauea which reprecipitaion of ura-
nium will occur, sodium bicarbonateisused to buffer
the hydroxide formed® and the overall reaction can
thus berepresented asfollows:

UO, +1/20,+Na,CO, +2NaHCO,— Na,UO,(CO,),+H,0

Finaly it might beinteresting to mention that pres-
enceof sulfide(eg. pyrite) or sulfateminerds(e.g. gyp-
sum) isharmful for carbonate |l eaching where high con-
sumption of therelaively expensive sodiumionwould
occur. According to Thunaes™, the sulfide content
should not exceed 0.4 - 0.5% equivaent sulfur.

EXPERIMENTAL

M aterial characterization

Thecollected technol ogica samplerepresentingthe
ferruginous sandstoneof theAdediyaformation of Wedi
El Sahuwasfirg subjected to completechemica anay-
sisof themajor oxidesaswell asfor someinteresting
trace d ementsbes desthetenor of the economic metal
vaues. Ontheother hand, for minera identification, the
congtituent minerd grainshave properly been separated
viathe heavy liquid bromoform before being subjected
toXRD analysis.

Alkalineagitation leaching procedureof uranium

For studying theleaching of uranium fromthework-
Ing Xenotime-bearing ferruginous sandstone ore mate-
rid, agitationleachingwasapplied. Inthistypeof leach-
ing, aweighed oresample (5 gm) isagitatedinNa,CO,
and NaHCO, solutionsof different concentrationsand
indifferent SL ratiosat different temperaturesfor dif-
ferent timeperiods. Themain relevant agitation leach-
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ing conditionswerestudied including the concentration
of sodium carbonate aone, the S/L ratio, theleaching
time and temperature besides the effect of sodium bi-
carbonateaddition aswell astheoregrainsize. At the
end of each leaching experiment, the ore slurry was
filtered, theresidue was properly washed and the ob-
tained leach liquor and washingswerecompletedtoa
proper volumefor U analysis.
Analytical procedures
Chemical analysis

For thedetermination of thechemica compostion,
about 50 g sampleweight was separated by quartering
from thefinely crushed representative samplebefore be-
ing ground down to— 200 mesh size. The pulverized
samplewasthen anayzed using the conventional wet
chemical proceduresgiven by Shapiro and Bannock!®
whereSO,,AlO,, TiO,and P,O, were spectrophoto-
metrically anayzed. Whileboth Naand K were deter-
mined by flame photometry and iron oxide was deter-
minedtitrimetricaly usng sulfosdicylicacid asanindica:
tor. Also, CaO and MgO weredeterminedtitrimetrically
through murexideand black T indicatorsrespectively.
Ontheother hand, theandyzed trace e ementsincluding
Cr, Ni, Cu, Zn, Zr, Pb, Sr and Ga besides Mn were
estimated by the atomic adsorption technique using
Unicam 969 modd spectrometer fitted with auto gasbox.

For theworking meta values, ZREEswere spec-
trophotometricaly determinedintheorigina sampleand
inthedifferent stream solutions using arsenazo (111)
whiletheprepared RE,O, find product, XRFwasused.
Ontheother hand, uranium wasvolumetrically ana-
lyzedintheorigina sampleandinthedifferent stream
solutions using ammonium metavanadatein the pres-
enceof diphenyl sulfonateindicator after itsprevious
reduction by ammonium ferrous sulfate*?.
Uranium extraction proceduresfrom alkalineme-
dium

Thestudy of theleaching characteristicsof U from
Wadi El Sahu ferruginous sandstone orematerial was
performed by dkaineagitationleaching technique. This
isfollowed by the proper uranium recovery from the
obtained carbonateleach liquor.
i) Direct precipitation

Inthistechnique, U wasdirectly precipitated using
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10% NaOH solutiontill apH of 7.5followed by car-
bonate purification of the precipitate.

i) Anion exchangerecovery

Inanion exchangeresin, U wasselectively recov-
ered from the obtained soaking leach liquor using
Amberlite|RA-400followed by itseluationwith acidi-
fied NaCl solution. The obtained U eluate was then
subjected to its precipitation as sodium di-uranate
(Na,U,0,.2H,0) viapH adjustment using 10% NaOH
solutionuntil pH 7.5.

Extraction proceduresof REEs

The uranium-free oreres due hasindeed been sub-
jected to pug leaching for xenotimebreakdown using
concentrated H,SO, (98%) at 250°C for 2 hrs. fol-
lowed by water |eaching of REES. Thelatter werethen
recovered by their direct preci pitation using oxdicacid
asREEsoxdates.

Mineralogical identification

A part of thetechnol ogical samplewas a so sub-
jected to heavy mineral separationtechniquewhichin-
volved disaggregation of themineral grainsby soaking
inwater followed by proper declamingand drying. The
deslimed dry samplewas then screened using ame-
chanical shaker and wherethe sizefraction—1 to +
0.062 mm (about 18 to 230 mesh) was subjected to
heavy liquid separation using bromoform (Sp.gr. 2.81).
Themineral grain constituents of the obtained heavy
fraction were picked under the binocular microscope
and subjected to minerd ogical identification by means
of XRD.

RESULTSAND DISCUSSION

Material characteristics

Resultsof theaverage mgor chemica composition
of theworking Wadi El Sahutechnologica sampleare
giveninTABLE 1. Fromthelatter, itisclearly evident
that besides 15.43% RE,O, and 7.04% P,O,
(xenotime constituents), the oreismainly composed of
SO,,AlL O, and, Fe,O, andto amuch | esser extent of
TiO,, MgO, Ca0, Na,0, K,0 and P,O,.The silica
content thus attains 42.45% while Al,O, and Fe,O,
assayed 8.5% and up to 20.00% respectively. While
Ca0 and MgO assay of 0.80% and 0.67% respec-
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tively, Na,0O and K, O attain only 0.20 and 0.45% re-
spectively. Onthe other hand, analysisof uraniumand
sometrace elementsin theworking ferruginous sand-
stonesampleindicated that U amountsto 0.071% while
Pb and Sr attain about 0.15% and 0.66% respectively
(TABLE2).

TABLE 1: Chemical composition of Wadi El Sahu ferrugi-
noussandstoneorematerial

co::/l staiutarent Wt..%  Major constituent  Wt.,%
SO, 42.45 MgO 0.67
TiO, 0.56 MnO 0.05
Al,Os 8.50 Na,O 0.20
Fe,0; 20.00 K,0 0.45
RE,O; 15.43 P,Os 7.04
CaO 0.80 L.O.I* 2.50
Total 98.65

L.O.l.*: loss of ignition

TABLE 2: Analytical assay of U and sometraceelementsof
Wadi El Sahu ferruginoussandstoneorematerial

Trace Trace

dlement Conc.,ppm dlement Conc.,ppm
Cr 153 U 710
Ni 94 Zn 232
Zr 646 Cu 9
Pb 1475 Sr 6599
Ga 14

Asmentioned above, minerd separation techniques
involving the heavy liquid bromoform have been ap-
plied upon apart of theworking technologica sample.
The obtained heavy minerd fraction was subjected to
XRD andysis. Thelatter hasindicated that the princi-

counts/'s

pa minera congtituentsinvolvequartz (SO,), hematite
(Fe,0,) and keolinite Al,Si,O(OH), together with
xenotime (Y PO,) whose REEsbelong mainly tothe
heavy species(Figurel).

Itisworthy to mention herein that theferruginous
sandstoneoremateria doesnot show any uraniummin-
eral inamanner to suggest that the analyzed uranium
content (0.071%) ismost probably adsorbed uponthe
iron oxidesand clay minerdstogether withaquitesmal
amount of rare earths. On theother hand, it hasto be
indicated hereinthat the xenotimeminerd presentinthe
working oremateria isdevoid of any U or Thashas
previously proved by Amer et al.[M,

i) Effect of Na,CO, concentration

To study the effect of Na,CO, conc. upon the
leaching efficiency of uranium from thestudied orema:
teria, aset of leaching experimentswas performed us-
ing different concentrations of Na,CO, ranging from
15t0 105 g/l. Theother leaching conditionswerefixed
at roomtemperature (25°C) for 4 hrs in a S/L ratio of
1/2 and using the ore ground to -200 mesh size. The
obtained leaching efficienciesareplottedin Figure 2

From the obtained data, itisclear that theleaching
efficiency of U increasesfrom 14t0 69 % by increasing
the concentration of Na,CO, from 15t0 90 ¢/l respec-
tively. Further increasein the carbonate concentration
t0 105 g/l hasan adverseeffect on U leaching efficiency
which was decreased to 64 %. Thisdecreaseis most
probably dueto the generation of OH- duringleaching;
amatter whichwouldresult risnginpH toapoint where
diuranate would precipitate. Theexpected reectionsare
asfollows:

Q.
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*  M,H,G.K
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: Goethit ard No. (17-836).
: Kaolinite, ASTNM card No. (

6-0221).

40 =0 60

Figurel: XRD patter n of themain mineral constituentsof the obtained bulk heavy fraction of Wadi El Sahu ferruginous

sandstoneorematerial
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Figure2: Effect of Na,CO conc. upon leaching efficiency of U from El Sahu xenotime-bearing ferruginoussandstoneore

material
UO,+3Na,CO,+H,0—>NaUO,(CO,),+2NaOH
2Na,u0,(CO,),+6NaOH - Na,U,0,+6Na,CO,+3H,0
Therefore, it can be concluded that aNa,CO, con-
centration of 90 g/l would be considered asasufficient

concentrationfor about 70% U leaching fromthework-
ing oremateria under the applied conditions.

i) Effect of solid/liquid ratio (S'L)

Theeffect of SL ratio upontheleaching of uranium
fromtheore material under consideration wasstudied
fromtheratio 1/1to 1/2.5when gpplying Na,CO, conc.
of 90 g/l, 4 hrs asleaching time at room temperature

100 -
80 -
60 -
40 -

20 4

Leaching Efficiency of U, %

0 T

(25°C) and using the ore ground to -200 mesh size. Data
of theobta ned leaching efficiencies plotted in Figure 3.
From the obtai ned resuilts, it can be concluded that
theleaching efficiency of uraniumincreaseswithincreas-
ingthe S/L ratiofrom /1 to 1/2 wherethe correspond-
ingleaching efficienciesof uraniumincreasefrom22to
69 % respectively. Further increasein S/L ratioto 1/
2.5 had anadverseeffect on U leaching efficiency which
decreased to 65 %. Thisdecrease may beinterpreted
asbeing dueto re-precipitation of uranium by thefor-
mation of NaOH and thusaS/L ratio of 1/2would be
consdered asan optimum va uefor 69 % uraniumleach-

0 1/1

1/1.5 1/2 1/2.5

S/L Ratio
Figure3: Effect of SL ratioupon leaching efficiency of U from El Sahu xenctime-bearing ferruginoussandstoneorematerial
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Figure4: Effect of agitation timeupon leaching efficiency of U from El Sahu xenotime-bearing ferruginoussandstoneore

material
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ing efficiency under theapplied conditions.
iii) Effect of agitation time

To study theeffect of agitation timeupon theleach-
ing efficiency of uranium, aset of leaching experiments
hasbeen performed at different timeperiodsranging
from 1 to 6 hrs. The other leaching conditionswere
fixed at a Na,CO, conc. of 90 g/l, /2 S/L ratio at
room temperature (25°C) and using the ore ground to
-200 mesh size. The corresponding leaching efficien-
cieshavebeen plotted in Figure4.

From the obtained results, itisclear that theleach-
ing efficency of U fromtheworkingoreincreased from
191069 % by increasingthe agitationtimefrom1to 4
hrsrespectively. Further, increasein theleaching time
at 5 & 6 hrshasnot improved theleaching efficiency
theresfter.

iv) Effect of leachingtemperature

Theeffect of leaching temperature upontheleach-
ing efficiency of uranium from theworking orewasin-
vestigated a 50 and 75°C under the fixed experimental
conditions of 90 g/l Na,CO, conc., S/L ratio of 1/2,
leaching timeof 4 hrsand using the oregroundto-200
mesh sze. Theobtained dataareillustrated in Figure5
incomparisonwith that obtained at 25°C.

Fromtheobtained results, it isclearly evident that
by increasing the leaching temperatureto 50 and 75

100 -

B0 -

Wl ls

S0

40 -

Leaching Efficleney

°C, the leaching efficiency of U has however decreased
from 69 down 58 and 46 % respectively. Thisismost
probably to increased reaction which would increase
NaOH formation and which might haveledto U re-
precipitation.

v) Effect of NaHCO, addition

From the obtained moderate U |eaching efficien-
cieswhen using Na,CO, alone as aleachant, it was
found necessary to add NaHCQO, so asto neutralize
theformed NaOH. Accordingly, aseriesof leaching
experimentswere performed in which sodium bicar-
bonate was mixed with the 90 g/l sodium carbonatein
aweight ratio of Na,CO./ NaHCO, of 18/1, 9/1, 6/1
and 3/1. Thefixed leaching conditionsinvolved aS/L
ratio of 1/2 at 25 °C for 4 hrs and using the ore ground
to-200 mesh s ze. Thecorresponding leaching efficien-
cieshavebeen plottedin Figure 6.

From the obtai ned resuilts, it can be concluded that
the leaching efficiency of uranium hasincreased by
NaHCO, additionand that thisincreaseisobtained with
decreasing theweight ratio of Na,CO,/NaHCO,. Thus,
by decreasing the weight ratio of Na,CO,/NaHCO,
concentration from 18/1to 3/1, thecorresponding leach-
ing efficiencies haveincreased from 77 upto 97.2 %
respectively. Therefore, it can be concluded that the
weight ratio of Na,CO,/NaHCO, of 3/1 would be con-

\
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S0 TS
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Figure5: Effect of leaching temperatur eupon leaching efficiency of U from El Sahu xenotime-bearing ferruginoussandstone

orematerial
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Figure6 : Effect of Na,CO,/ NaHCO, conc. upon leaching efficiency of U from EI Sahu xenotime-bearing ferruginous

sandstoneorematerial
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sidered as an optimum weight ratio for about 97 %
uranium leaching. Thisincreasein U leaching efficiency
isactually dueto presence of NaHCO, which prevents
the solution pH from rising by theformed NaOH tothe
point wherediuranatewould precipitate. Actudly, this
result of working at room temperature provethat ura-
niumisloosely adsorbed upon theiron oxidesand clay
minera and notinvolvedinthexenotimeminerd of the
working orematerid.

vi) Effect of oregrain size

Thedecreased grainsizeof theinput orematerid is
actudly moreimportantinadkalineleachingthaninacid
leaching. Thisisduetothefact that the effectivesurface
areashould beincreased to obtain better contact with
therdativey wesk dkaineleaching agent. Accordingly,
it wasfound necessary to investigatethe high leaching
efficiency exceeding 97 % at grain sizes coarser than
200 mesh size. For this purpose, aset of leaching ex-
perimentshasbeen performed using theprevioudy sud-
ied optimum conditions, however using different ore
samplesground to coarser mesh sizesbeginning from
“asreceived”’ to -150. The obtained data are illustrated
inFigure 7 in comparison with obtained at -200 mesh
gze

Fromtheobtained results, it isclearly evident that

100
80

60 -

Leaching E fliciency of U,%
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theleachingefficiency of uranium fromthe“as received”
samplewhosegrain size exceeds 20 mesh, attain only
22 %. Complete grinding of thereceived ore samples
from-60to-150 mesh size, hasincreased the U leach-
ing efficiency from 44 to 85 %, amatter which necess-
tates the grinding working ore to -200 mesh size to
obtain U leaching efficiency exceeding 97 %. Fromthe
above studied akalineleaching factorsfor U from El
Sahu xenotime-bearing ferruginous sandstoneorema:
terid, it can be concluded that the optimum conditions
for dissolving up to 97.2 % of the U content can be
summarized asfollows:

- Alkali concentration : 90 g/l Na,CO,/ 30 g/l NaHCO,

-S/L ratio :1/2

-Time 4 hrs.

- Temperature : room temperature
-Oregrainsize :-200 mesh

Uraniumrecovery

In the present work, it was decided to recover U
from the prepared pregnant alkaineleach liquor of El
Sahu xenotime-bearing ferruginous sandstone ore ma-
terial by using two techniques: namely thedirect pre-
cipitation techniqueand the prior application of anion-
exchangeresintechniqueusngAmberlite|RA-400. For
thispurpose, an dkalineleach liquor was prepared by

Fat
o

20 -60

-100

-150 -200

Ore grain size. mesh

Figure7: Effect of theoregrain sizeupon theleaching efficiency of U from El Sahu xenotime-bear ing ferruginoussandstone

orematerial

TABLE 3: Chemical composition of the prepar ed pregnant
solution of U from El Sahu xenotime-bearing ferruginous
sandstoneorematerial

Metal ion Conc., g/l
U 0.230
COs* 48.40
HCO5 19.80
pH 9.7

gpplying the previoudy studied optimum leaching con-
ditionsupon 1 Kg of theworking ore. After filtration,
theoreresiduewasthoroughly washed and thewashings
were added totheorigind filtrate making upto 3liters
leachliquor. The pH of the produced pregnant solution
wasfoundto attain 9.7 and assay 0.230 ¢/l U asshown
inTABLE 3whiletheCO,* and HCO, attain 48.4 and

19.8 g/l respectively.
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Direct precipitation of uranium

Intheapplied direct precipitation technique, it was
found more convenient to obtain auranium oxide prod-
uct viapreparation ammonium diuranate. Accordingly,
the pH of the obtained alkaline pregnant liquor was
decreased to 5.2 using nitric acid. Thiswasfollowed
by addition of ammonium hydroxideto the obtained
uranyl nitratesolutiontill apH valueof 10-12. At this
pH, amuch more pure ammonium diuranate product
was preci pitated which wasthen calcined at 850°Cfor
1 hr. The obtained uranium product has al so beenttitri-
metrically analyzed against ammonium metavanadate
and wasfound to attain up to 96 %. Theinvolved reac-
tions can berepresented asfollows.

Na,UO,(CO,), + 6HNO,— UO,(NO,), + 4NaNO, +3CO, +
3H,0

2UO,(NO,),+6NH,OH — (NH,),U,0,+4NH NO, +3H,0
Recovery of uranium viaanion exchangeresin

i) Uranium adsor ption

Another 3litersof the carbonateleach liquor pre-
pared by leaching 1 Kg of the working ore material
under the studied optimum leaching factorswere sub-
jected to aprior anion exchangeresin recovery using
Amberlite|IRA-400. However, before U adsorption,

100 A~
80

60

U adsaorption, %

the pH of the prepared |each liquor wasfirst adjusted
at 9.0. Thelatter wasthen passed through aresin col-
umn containing 7.5 ml of wet settled Amberlite IRA-
400 anion exchangeresin (w.s.r) using acontact time
of 5min (flow rateof 0.6 ml/min.). Theobtained efflu-
ent was collected every 150 ml for uranium analysis.
The obtained results are plotted as an adsorption or
loading curvein Figure 8. Thesolution throughput vol-
ume passi ng through the resin was continued until the
effluent or the output uranium concentration wasthe
same as that of the influent or the input feed. The
adsorbed uranium content on theresin wasthen prop-
erly caculated and wasfound to attain 0.57 gmwhich
isequivalent to 76 g U/L w.sr. Thelatter isequivaent
to about 84% of thetheoretical capacity determined by
El Hazek (1965) of 1.52 meg/ml w.s.r. (about 90 g U/
L w.sr.).

i) Uranium elution

Inthepresent work, the chlorided ution syslem has
been used and madewith 1M sodium chloridesolution
acidifiedwith 0.15N H_SO,. Thiseluant solution was
passed through the saturated resin sample using acon-
tact timeof 6 min (flow rate of 0.5 ml/min) after wash-
ing theworking resin column by distilled water. The
obtained €l uate solution was collected every 25 ml for

L] ¥ L]
0O 1 2 3 4 5 o

L ¥ A ¥ ¥ ¥ ¥ ¥ A L] A A
7 8 9 10 11 12 13 14 15 16 17 18 19 20

-

Volume throughput (150 ml)
Figure8: Adsorption curveof uranium from sulfateleach liquor
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Volumme throughput (25 ml)
Figure9: Uranium elution curvefromthesaturated Amberlite| RA-400resin column

Tnorganic CHEMISTRY
A Tndian W



ICAIJ, 9(1) 2014

S.F.Mohamed et al. 27

uraniumanaysis. The obtained resultsareand plotted
inFigure9asaneution curve.

From the obtained resultsof uraniumelution, itis
clearly evident that the e uted uranium content fromthe
used column attained 0.49 g. Thiscorrespondsto an
elution efficiency of about 86% of the adsorbed ura-
nium content upon theused column (76 gU/L w.str.).
i) Uranium precipitation

After collecting the obtained € uate samples, the pH
of the obtained sol ution wasadjusted to about 7.5using
10% NaOH solutionwhere uraniumwas precipitated as
sodium di-uranate(Na,U,O,). After filtration and calci-
nation of theobtained product, it wassubjectedto EDAX
analysisFigure 10fromwhichitisclearly evident that
uranium isthe main product assaying up to about 87 %
besdesonly quitelow levelsof theassociatedimpurities.

counts/’s
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Ontheother hand, uraniumintheobtained product was
also titrimetrically analyzed against ammonium
metavanadate and was found to assay about 88%.

After collecting theobtained € uate samples, thepH
of the obtained solution was adjusted to about 7.5 us-
ing 10% NaOH sol ution where uranium was precipi-
tated assodium di-uranate (Na,U,0,). After filtration
and calcination of the obtained product, it was sub-
jected to EDAX analysisFigure 10 fromwhichitis
clearly evident that uraniumisthemain product assay-
ing up to about 87 % besides only quitelow level s of
the associated impurities. On the other hand, uranium
intheobtained product wasa sotitrimetricaly anayzed
agangt ammonium metavanadate and wasfoundto as-
say about 88%.

625+

400

225+

100

Mineral ASTM #
(H)Sodium Diuranate: 28-1159

(T)Sodium Diuranate: 26-0973

0
L), o s o s

22Theta

Figure 10 : XRD analysis of the obtained Na,U,O, product from El Sahu xenotime-bearing fer ruginous sandstone ore

material
CONCLUSION

A technol ogical flowsheet Figure 11 for the selec-
tiverecovery of uraniumfrom Weadi El Sahu xenotime-
bearing ferruginous sandstone ore material (710 ppm
U) hasbeenformulated. Thelatter involvesadkali agita:
tion leaching of the ore material and wherethe studied
optimum conditionsincludes 90 g/l Na,CO, concen-
tration, 30 g/l NaHCQO, concentrationat aS/L ratio of
1/2 for 4 hrs agitation time at room temperature and
using an ore grain size ground to -200 mesh. Under
these conditions, auranium leaching efficiency of 97.2
% hasbeen obtained. From the obtained leach liquor,
U was separated through two techniques; namely di-

rect precipitation and aprior application of anion ex-
changeresin. Intheformer, theliquor wasacidified us-
ing HNO, solutiontill apH of 5.2 followed by direct
preci pitation using ammonium hydroxide. The precipi-
tate wasthen calcined at 850°C for 1 hr. to obtain on
U.O,. Inthe second technique, U was selectively re-
covered fromtheobtained leach liquor usngAmberlite
IRA-400 and from the obtained elute, U was precipi-
tated as sodium di-uranate (Na,U,0O,.2H,0). Theob-
tained precipitate was calcined at 850°C for 1 hr. to
obtainonNa,U,O.. Thetwo productswere then ana-
lyzed by both EDAX andtitrimetricaly. Theformer in-
dicated a U purity of 96 % and 87 % for the direct
preci pitation technique and the prior application of an-
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ion exchangeresin respectively. Ontheother hand, the  cipitationtechniqueand that theprior gpplicationof anion
titrimetric techniqueindicated aU purity of about 96 %
and 88 % for the product obtained by the direct pre-

90g/1 Na,CO,,30g/l NaHHC O,

exchangeresinrespective

El Sahu xenotime-bearing

ferruginous s:

andstone ore

l

S/L ratio 1/2,25 °C,

Agitation Leaching

4 hrs,-200 mesh

HNO;

A 4

pH 5.2 1

Uranyl nitrate
Soluion

NH,OH
pH 10-12

h

Direct ppt.

Filteratio

Precipitate

A

Calcination
850°C, 1hrs

v
U,05

recipitate

l

Calcination
850°C, 1hrs

v
Nagl-207

] . To waste
Filteration
OR
Elution
.\‘aCl(lMi] 1
IX IX
E ffluent
v
IT Cake 10%NaOH
precipitation pH7.5

Figure1l: Proposed technical flow sheet for selectiveof uranium from xenotime-bearing ferruginoussandstone
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