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ABSTRACT KEYWORDS
The Ferruginous sandstone ore was obtained from Ramlet Hemeyir area, Uranium;
Southwestern Sinai, Egypt. It was found to contain 0.26 % U and 10 % Rare Earth elements;
REE (rare earth elements). A representative sample has been subjected Separation;
to acid agitation leaching using H,SO, by which 89% U and 93% REE Precipitation.

were released by mixing the sample with concentrated H,SO, at solid/
liquid (S/L) ratio of 1/2 for 5h at a temperature range (250 - 300°C).
After precipitation of rare earth elements and lead. Uranium was sepa-
rated from the filtrate by liquid — liquid extraction using a synergistic
system of D2EHPA/TBP in kerosene as a diluent under the following
conditions: a solvent concentration of 0.5M at pH 1, anA/Oratio of 1:1
and a contact time 10 min. The loaded organic solvent was stripped with
10% sodium carbonate at ratio 3:1. Then NaOH was added to the stripped
solution to precipitate U-cake at pH 12.0.
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INTRODUCTION

The studied sample of Ramlet Hemeyir areacon-
sists of white to pale brownish pebbly and ferrugi-
nous sandstonesfrom the topmost of El AdediaFor-
mation. El AdediaFormation in the study areaisup
to 72 mthick. The uppermost bedsof thisformation
are highly ferruginous and usually stained by man-
ganese and iron oxyhydroxides®.

Depending upon the nature of the pregnant solu-
tion and the el ement concentration several techniques
could be used to recover uranium and REE from its
ores by different leaching processes followed by

some separation techniques among which are direct
precipitation, ion-exchange and solvent extraction.
Several methods have been studied that indus-
trially applied for the breakdown of the most com-
mon rare earth minerals (monazite, bastnasite and
xenotime). The economic treatment upon high grade
concentrates of these minerals should be achieved
by physical beneficiation methods such as: (gravi-
metric, magnetic, flotation and €l ectrostatic). Extrac-
tion of rare earths from xenotime can be achieved
using sulfuric acid digestion at temperature range of
250-300 °C for 1-2 h followed by water leaching;
such leaching is uneconomic for concentrates con-
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taining lessthan 10% xenotime®.

The choice of an economic suitable technique
depends upon many factors such as the element’s
concentration in the leach liquors, the amount and
the concentration of the co-dissolved impurities as
well as the purity of desired final product. For ex-
ample, solvent extraction is preferred for auranium
concentration greater than 0.9 g U,O /L while ion-
exchangeis the best choice for a concentration be-
low 0.35 g U,O,/L1. whereas direct precipitation
requires a uranium concentration much higher than
that required for solvent extraction.

The present work is concerned with studying the
recovery of REEs and |lead followed by recovery of
U by using solvent extraction using asynergistic sys-
tem of D2EHPA/ TBPin kerosene asadiluent under
thefollowing conditions: a sol vent concentration of
05 M at pH 1, an A/O ratio of 1:1 and a contact
time 10 min. The loaded organic solvent was
stripped with 10% sodium carbonate at ratio 3:1.
Then NaOH was added to the stripped solution to
precipitate U-cake at pH 12.0.

EXPERIMENTAL WORK

Mineralogical identification

Toinvestigate the mineralogical composition of
ferruginous sandstone ore; heavy liquid separation
was performed upon a representative bulk sample.
About 1 Kg of the ore sample was washed with ex-
cess amount of tap water to get rid of the slimes.
The slimes -free sample was dried, properly sieved
by a set of sieves ranging from 500 um down to
100um (35 to 140 mesh grain size) and the obtained
size fractions were subjected to heavy liquid sepa-
ration using bromoform (sp.gr. 2.84). The obtained
heavy fractions were isodynamically separated at
(0.2,0.5,1.0and 1.5Amp.) using Frantz isodynamic
separator where the separated fractions were picked
under the binocular microscope.

On the other hand, identification of the mineral-
ogical composition of the ore sample and analysis
of the prepared products were detected by the X-
ray diffraction (XRD) model Phillips X- ray
(PW3710) with agenerator (PW1830), and Cu tar-
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get tube (PW 223/20) and it was operated at 40 Kv
and 30mA.

Methods of analysis

A number of analytical methods have been used
during the present work. Besidethe analysisof leach-
ing and separation experiments, the host rock was
first analyzed for its mgor and sometrace elements
contents.

(&) Major and trace elements analyses

The major and minor oxides were anayzed as
reported by!” for rapid silicate analytical procedure.
This procedureincludesthe preparation of two main
solutions; namely an alkaline solution for SIO, de-
termination and an acid solution for determination
of other oxides like CaO, MgO, ALLO,, TiO,, P,Q,,
total iron oxides, etc.

Uranium was analyzed by an oxidimetric titra-
tion method against ammonium metavanadate®.

Concerning the total REE, a UV-VIS
spectrphotometer (Shimadzu UV-160) was used for
itsquantitativeanalysisusing 0.015 % arsenazo (l11)
at 654 nmtaking Y asreference®.

The economic metal valuesnamely; Zn, Ni, Mn,
Pb and Cu were measured using a Unicam atomic
absorption spectrophotometer model-969 (AAS)
flametypeat A 213.9, 232, 279.5, 217 and 324.8 nm
respectively.

The produced Na,U,O, concentrate after purifi-
cation was examined under X-ray microanalyzer
(Module Oxford 6587 INCA x-sight) attached to
JEOL JSM-5500 LV scanning electron microscope
at 20KV after gold coating using SPI-Module sput-
ter coater.

Proceduresfor metal values separation

The hydrometallurgical processing of the ore
material is represented by two main stages, leach-
ing then separation of the studied metal values.

(a) Preparation of sulfateleach liquor

Acid digestion was performed by mixing differ-
ent concentrations of H,SO, with 100g ore sample
and agitating at various S/L ratio, temperature and
agitation time. The optimum conditionswere applied
to prepare a pregnant leach liquor of about 1.5liters.

A Judian Jowrual
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(b) Separation procedures
(A) Separation of total REE

The prepared leach liquor was subjected to the
precipitation of the total REE astheir oxalates. For
this purpose, different experimentswere carried out
to determinethe optimum oxalic acid concentration,
as well as the pH and the temperature required for
achieving the highest precipitation efficiency.

(B) Separation of lead

The sulfate leach liguor almost free from REE
was then subjected to Pb preci pitation; asol ution of
1%Na2S at pH 0.8 was added in order to obtain
selective precipitation of Ph.

(C) Separation of uranium

Theleach liquor freefrom lead wasfiltered, then
underwent oxidation step by addition of drops of
H202. Thisacidic solution was adjusted to have pH
of 1.0 by using ammoniahydroxide. The extraction
process of U from the sulfate liquor was performed
using diethyl hexyl phosphoric acid D2EHPA (sp. gr.
=0.98). Tributylphosphate (TBP) (sp.gr.0.979 g/ml)
was used asmodifier with similar concentration asthe
solvent. A commercial grade of kerosenewasused as

adiluent. Theworking conditionsfor the extraction
processof U from sulfate/ D2EHPA system aregiven
in TABLE 1. The stripping of U was done by 10%
sodium carbonate and its precipitation was done by
sodium hydroxide.

RESULTSAND DISCUSSIONS

Mineralogical composition

The binuclear microscopeinvestigation revealed
that most of magnetic fractions are highly mineral-
ized where xenotime which was the dominant min-
eral and had a wide distribution in 0.5 Amp., 1.0
Amp., and 1.5 Amp. magnetic fractions. It repre-
sented 32-40 % of these magnetic fractions while
zircon wasdominant in 1.5 Amp. non-magnetic frac-
tion. Iron oxides (hematite, goethite and rarely mag-
netite) separated at 0.2 Amp. magnetic fraction were
widely dispersed in these heavy magnetic fractions.
The obtained minerals as analyzed by XRD are
shown in Figure 2. These are kaolinite
AlSi,O(OH),, quartz (SIO,), goethite FeO(OH),
hematite Fe,O,, magnetite Fe,O, and xenotimeY PO,

273!
Chemical analysis
The chemical analysisisgivenin TABLE 1 for

TABLE 1: The working conditions for the extraction process of U from sulfate D2EHPA/TBP system

Contact time (min.) pH Solvent conc., (M) A/O ratio
1,5,10,15& 20 1 0.2 11
10 05,1,15&2 0.2 11
10 1 0.2,05,1&15 11
1:1,1:2, 1.3,
10 L 0.5 2:1,31& 4.1
| ﬂ{
|
i,
(
| \
rid I . J
r ;_,w,a_..‘ . _t;.«m*,___“_ﬁ__ ' e ; S .

Iéigure 1: The mineralogical composition as analyzed by EDAX
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Figure 2 : The mineralogical composition as analyzed by XRD ™

TABLE 2 : Chemical composition of the ferruginous
sandstone ore material

Major Oxides Conc., (%) Trace Elements Conc. (ppm)

SiO, 40.0 U 2600
TiO, 0.33 Ni 138
Al,O3 3.40 Pb 900
Fe;0s 23.30 B 200
Cao 1.20 Cu 165
MgO 3.20 \Y, 150
MnO 1.80 Zr 180
NaO 0.90
K0 0.70
P,0s 6.30
REO5* 12.60
L.O.I** 4.06
Total 97.79

RE,O.*: representing Y,O,; L.O.I**: loss of ignition

major oxidesand sometrace € ements. The chemical
compodtion reflectsthe previoudy mentioned minerd-
ogica composition.

Prepar ation of sulfateleach liquor

Sulfuric acid digestion was done upon arepre-
sentativeferruginous sandstone sample under thefol-
lowing optimum conditions: mixing 100g oresample
with concentrated H,SO, at 1/2 S/L ratio for 5h at
temperature range of 250-300 °C. A pregnant solu-
tion of 1.5literswas prepared by adding thewashings
totheoriginal filtrate. The pH of the produced sul-
fateleach liquor was0.2. Thisliquor was analyzed
mainly for itscontent of rare earth, iron and uranium,
TABLE 2.

T T T T T
40 50 &0

.....

Separ ation of REE by direct precipitation

The prepared leach liquor was subjected to selec-
tiveprecipitation for thetotal REE by meansof oxalic
acid. Thisisduetothefact that, the REE form stable
insol uble oxalates and thus can be used for their sepa-
ration.
2RE® +3H,C,0;, — RE,(C,0,); (solid) + 6H*

Theobtained REE-oxa atewasfiltered and washed
properly with distilled water to get rid of any impurities.
After dryness, the precipitatewasignited at 850°C for
2h. Thelatter was subjected to XRD andysistoiden-
tify itscontent. It isclearly evident that the obtained
rare earth oxide concentrate is mostly composed of
heavy rare earth oxides mainly yttrium oxide and ter-
bium oxide Figure 3. The purity wasfound to be 88%
asanayzed by UV-VIS spectrophotometer, whilethe
total recovery of REE from the ore was found to be
75.7%.

Separ ation of lead

In the present work, Pb was almost completely
precipitated at pH 0.8 from the filtrate obtained af -
ter REE precipitation by drop wise addition of a
1% Na2S solutionto thelatter with continuousstirring
a roomtemperature; viz,

TABLE 3: Analysis of the ferruginous sandstone sulfate
leach liquor

Metal ion Conc. (gm/l)
REE 6.20
U 0.154
Fe 10.60
Ca 0.384
Pb 0.05

A Tndéan ﬂa«/md
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Figure 3 : XRD analysis of the produced RE,O, concentrate
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Figure 4 : XRD analysis of the PbS precipitate

PbSO,+Na,S—»>PbSl+Na,SO,

According to Abdel Wahab, (2008) the precipita-
tion of lead sulfidecan bebetter redized withahighre-
covery of themeta ioninalower retention timeand at
low pH vauesas compared to themetd hydroxide. Af-
ter filtration, the precipitate was properly washed sev-
erd timesandidentified by meansof XRD analyssHg-
ure4. It wasfound that amixtureof lead sulfateand lead
sulfide were obtained, where 100% preci pitation effi-
ciency wasachieved asdetermined by AASandysis.

Separation of uraniumusing D2EHPA/TBP

Oneof themain concern of thiswork isto recover
the U content from the ferruginous sandstone sample.
Thefiltrate free of lead containing 10.38g/L Feand
0.15¢/L. U beside other contaminantswas subjected to
liquid—liquid extraction. For this purpose, synergistic
system of D2EHPA/TBPin keroseneasdiluentswas

Physical CHEMISTRY o

used. It isworth mentioning that to prevent thethird
phase formation of alkaline stripping of UI®,
tributyl phosphate (TBP) was used asmodifier. It was
mixed with the samevolume (1:1) and concentration
(0.5M) asthe solvent D2EHPA.. The back extraction
of the loaded solvent was done by stripping with
Na2CO3 then preci pitation with NaOH.

Extraction usng D2EHPA/TBP

Thedifferent relevant extraction factorswere stud-
iedindetail to determinetheir optimum va uesfor load-
ing U. Theseinclude: contact time, pH, solvent con-
centrationand A/Orratio.

(a) Effect of contact time

Thesulfateleach liquor of pH 1.0 was contacted
withegua volumeof thesolvent D2EHPA/TBPof 0.2M
concentration. Thecontact timewasvariedintherange
of 1-20 minutes. The obtained data were given in

A udian Joannal
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TABLE 4 : Effect of contact time upon the extraction ef-
ficiencies of U and Fe by D2EHPA/TBP of 0.2M and the
feed solution of pH 1.0 at O/A of 1:1
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TABLE 6 : Effect of solvent concentration upon U and
Fe extraction efficiencies by D2EHPA/TBP at pH 1, an
OJ/A ratio of 1:1 and contact time 10 min

Extraction Efficiencies, %

Extraction Efficiencies,%

Time, min solvent conc., M
U Fe U Fe
1 40.2 535 0.2 810 88.0
5 67.5 72.2 0.5 89.5 92.0
10 81.2 88.0 10 91.0 94.0
15 82.3 91.0 15 93.0 95.0
20 83.0 92.0

TABLE 5: Effect of pH of the sulfate feed solution upon
U and Fe extraction efficiencies by D2EHPA/TBP of 0.2
M, an O/A ratio of 1:1 and a contact time 10 min

TABLE 7 : Effect of O/A ratio upon U and Fe extraction
efficiencies by D2EHPA using a solvent concentration
of 0.5M, pH 1, and a contact time 10 min

Extraction Efficiencies,%

oH Extraction Efficiencies,% O/A ratio U Fe
U Fe 1/1 89.0 92.0
05 69.0 84.0 12 90.0 94.0
1.0 81.2 88.0 1/3 92.0 95.0
15 774 90.0 211 76.0 90.5
20 73.0 91.0 3/1 68.0 91.0
4/1 59.3 92.0

TABLE 4. Theextraction of both U and Feincreased
by increasing the contact time.

(b) Effect of pH

Theéeffect of pH of thesulfateleach liquor uponthe
extraction efficienciesof U and Fewasstudied inthe
rangeof 0.5t0 2.0 at fixed conditions of asolvent con-
centration of 0.2 M and an O/A ratio of 1:1 and acon-
tact time 10 min. From the obtained data given in
TABLEDS, itisclearly evident that, the extraction effi-
ciency of U increased from 6910 81.2% by increasing
pH from 0.5to 1. Further increasingin pH 1.5led to
decreaseintheextraction efficiency of U to 77.4%. On
the other hand, the extraction efficiency of Feincreased

1226
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asthepH of the sulfateleach liquor increase.
(c) Effect of solvent concentration

To study theeffect of the solvent molaritiesranging
between 0.2to 1.5 M, four equilibrium experiments
were performed at fixed conditionsof pH 1, anA/O
ratio of 1:1 and acontact time 10 min. The obtained
dataaresummarizedin TABLE 6. Itisclear that asthe
solvent concentrationincreases, theextraction efficien-
ciesof both U and Feareincreased (see TABLE 32).
Thus, at asolvent concentration of 1.5 M in presence
of TBP 1.5M U and Feextraction efficiencies attained
93.0 and 95.0% respectively.

mm Sodinm Oxide, ASTRM cavd No. (26-973).
Tanitm Oxide. ASTM card No. (28-1159).
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Figure 5 : XRD analysis of the U cake
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Figure 6: EDAX cake analysis of the U cake

(d) Effect of O/A ratio

Theeffect of O/A phaseratiosupontheextraction
efficienciesof U and Fewasstudied intherangeof 1/3
to 4/1 at fixed conditions of asolvent concentration of
0.5M, pH 1, and acontact time 10 min. The obtained
dataaresummarizedin TABLE 7.

Resultsof U strippingand precipitation

Uraniumwasdiripped by sodium carbonateasgiven
by theequation (79).
UO,R,H,+3Na,CO,— 2NaR,H +Na,U0,(CO,),
Theloaded organic solvent was stripped with 10%
sodium carbonateintheratio 3:1. About 96% of ura-
nium was stripped. Sodium hydroxide was used for

preci pitation asthefollowing equation:
2Na,UO,(CO,), +4NaOH — Na,U,0, +6Na,C O, +3H,0

Sodium hydroxidewas added to the strip solution
to precipitate U-cakeat pH 12.

The precipitate was subjected to XRD analysis
toidentify itscontent ashown in Figure 5. Different
spot images analysis of the obtained di-uranate pre-
cipitate were analyzed by EDAX, Figure 6. The pu-
rity attained 91.7% whilethetotal recovery o U from
the ore was found to be 78%.

CONCLUSION

A technical flowsheet for the recovery of U and
REE was constructed Figure 7. For processing of
Ramlet Hemeyir ferruginous sandstone ore material,
the Ferruginous sandstone orewas subjected to acid
agitationleaching usng H2S04. The studied optimum
conditionsinvolved containing 100g ore samplewith
200ml conc. H2S04 at solid/liquid (S/L) ratio of 1/2

nnnnn

for 5h stirring time at atemperature 2500C. From the
prepared sulfateleach liquor REE had first been selec-
tively precipitated at pH of 1.0 by addition of 35% ox-
alicacidto the sulfateleach liquor with precipitation
efficiency (98%).. Fromthefiltrate obtained after REE
precipitation, Pbwasa most completely precipitated at
pH 0.8 by drop wise addition of a1% Na2S solution
tothelatter with continuous tirring a room tempera-

Ferrugenous Sandstone
(10 % REE, 0.26 % U)

Cone. 1,50« | Leaching

Sh, (250-300) °C 4 H.O
; 2

Dissolution 4=y stirring

REE oxalate precipitation l

+
S/L separation
ppt Filtrate

| REE oxalate ppt | J2nition
8350°C, 2 h.

pH=1

35 % oxalic acid

10 % Na,CO,
O/A 3/1, Smin.

Stripping

[Organic | [Aqueous |

pH=12 T
U Precipitation
15% NaOH

PbS0, and PbS

r

REF oxide

Sod. Diuranate ppt
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ture. Uranium was separated after Pb precipitation from
thefiltrateby liquid—liquid extraction using a synergis-
tic system of D2EHPA/TBPin kerosene asadiluent
under thefoll owing conditions: asolvent concentration
of 0.5M atpH 1, anA/Oratio of 1:1 and acontacttime
10 min. Theloaded organic sol vent was stri pped with
10% sodium carbonate at ratio 3:1. Then NaOH was
added to the stripped solution to precipitate U-cake
at pH 12.0.
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