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ABSTRACT

The Ferruginous sandstone ore was obtained from Ramlet Hemeyir area,
Southwestern Sinai, Egypt, which contains 10 % (REE) rare earth elements.
A representative sample has been subjected to acid agitation leaching us-
ing H,SO, where 93% of the REE content was released by mixing the ground
sampleto (-100 mesh) with concentrated H,SO, at solid/liquid (S/L) ratio of
1/2 for Shat atemperature ranged from (250 - 300°C).

The REE was precipitated in the oxal ate form from the prepared sulfateleach
liquor. Next sel ective extraction of 98% Y was achieved by contactingY was
extracted by di-(2-ethylhexyl)phosphoric acid (D2EHPA) with the agueous
solution of nitric acid leaching of the REE cake. Stripping was done by hot
H.,O (80°C). Finally, aprecipitation with oxalic acid was done followed by
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ignition at 950°C. A yield of 95% Y oxide was produced.
© 2015 Trade Science Inc. - INDIA

INTRODUCTION

The studied sample of Ramlet Hemeyir areacon-
sistsof whiteto pa e brownish pebbly and ferruginous
sandstonesfrom thetopmost of El AdediaFormation
whichisupto 72m thickness. The uppermost beds of
thisformationarehighly ferruginousand usudly stained
by manganese and iron oxyhydroxides*2.

Y ttrium and REE arefinding increasing gpplication
inthefield of hightechnology, such asnuclear reactor,
laser, super conductors, batteries and transport of hy-
drogeninthe post-hydrocarbon economy®l.

Severd methodshavebeenindustrially applied for
the breakdown of the most common rare earth miner-
as(monazite, bastnasiteand xenotime). Theeconomic
treatment upon high grade concentrates of these miner-
a sshould be achieved by physical beneficiation meth-

odssuchas: (gravimetric, magnetic, flotation and elec-
trostatic). Extraction of rare earthsfrom xenotimecan
be achieved using sulfuric acid digestion at temperature
range of (250-300°C) for 1to2h followed by water
leaching; suchleachingisuneconomicfor concentrates
containing lessthan 10% xenotime*3,

Depending upon the nature of the pregnant solution
and theelement concentration severd techniquescould
be used torecover REE fromitsoresby different leach-
ing processesfollowed by some separation techniques
amongwhich aredirect precipitation, ion-exchangeand
solvent extraction.

Different solvents, such asdi-(2-ethylhexyl) phos-
phoricacid (D2EHPA)®, Tributyl phosphate(TBP) and
tri-n-octyl phosphine oxide'®, carboxylic acid deriva-
tived®s amines'%and ketones¥, were used to extract
REE from aqueous sol utions.
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Theextract REE ionsareusualy stripped by mix-
ing theloaded solvent with aqueous mineral acids. In
thisarticleyttrium was stripped by hot water.

EXPERIMENTAL WORK

Mineralogical | dentification

Toinvedtigatetheminera ogica compaosition of fer-
ruginous sandstone ore; heavy liquid separation was
performed upon arepresentative bulk sample. About 1
K g of the ore samplewaswashed with excessamount
of tap water to get rid of the slimes. The slimes-free
samplewasdried, properly sieved by a set of sieves
ranging from 500 pm down to 100um (35 to 140 mesh
grain size) and the obtai ned sizefractionswere sub-
jected to heavy liquid separation using bromoform
(sp.gr. 2.84). The obtained heavy fractions were
isodynamically separated at (0.2, 0.5,0.8,1.0and 1.5
Amp.) using Frantz isodynamic separator wherethe
separated fractionswere picked under the binocular
microscope. On the other hand, identification of the
mineraogical composition of theoresampleand anay-
sisof the prepared products were detected by the X-
ray diffraction (XRD) modd PhillipsX- ray (PW3710)
with agenerator (PW1830) and Cu target tube (PW
223/20). It was operated at 40 kV and 30 mA.

Methods of Analysis

A number of analytical methods have been used
during the present work. Besidetheanalysisof leach-
ing and separation experiments, the host rock wasfirst
analyzed for its mgjor and sometrace elements con-
tents.

Major and Trace ElementsAnalyses

Themajor and minor oxideswereanayzed asre-
ported by Shapiro and Brannock (1962) for rapid sili-
cateanalytical procedure. Thisprocedureincludesthe
preparation of two main solutions, namely anakaine
solutionfor SO, determination and an acid solution for
determination of other oxideslike CaO, MgO, Al O,,
TiO,, P,O,, tota iron oxides, etc.

Concerning the total REE, a UV-VIS
spectrphotometer (Shimadzu UV-160) was used for
itsquantitativeanaysisusing 0.015 % arsenazo(l 1) at
654 nmtakingY asreference”.
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Theeconomic metal valuesnamely; Zn, Ni, Mn,
Pb and Cu were measured using aUnicam atomic ab-
sorption spectrophotometer model-969 (AAS) flame
typeat A 213.9, 232, 279.5, 217 and 324.8 nm re-
Spectively.

Thefinal productsof REE concentratesandY were
andyzed by X-ray microandyzer (Module Oxford 6587
INCA X-sight) attached to JEOL JSM-5500 LV scan-
ning electron microscope at 20kV after gold coating
using SPI-Module sputter coater.

Proceduresfor Metal Values Separation

Thehydrometalurgica processng of theoremate-
ria isrepresented by two main stages, leaching then
Separation of thestudied metal values.

Preparation of SulfateL each Liquor

Acid digestion wasperformed by mixing different
concentrations of H,SO, with 100g ore sample and
agitating at various S/L ratio, temperatureand agitation
time. Theoptimum conditionswere applied to prepare
apregnant leach liquor of about 1.5liters.

Separ ation Procedures

Separ ation of Total REE

The prepared leach liquor was subjected to the
precipitation of thetota REE astheir oxalates. For this
purpose, different experimentswere carried out to de-
terminetheoptimum oxaic acid concentration, aswell
asthepH and thetemperaturerequired for achieving
thehighest preci pitation efficiency.

Separation of Yttrium from REE Concentrate

ForY recovery by di-(2-ethylhexyl) phosphoricacid
(D2EHPA), theextraction and stripping experiment were
performed in separating funnelswheretheorganicand
the agueous phases were shaken for the proper time.
Thetwo phaseswerethen allowed to separate and an
aliquot sampleof the aqueous phasewas analyzed for
itsmeta content whilethemeta contentintheorganic
phase was calculated by subtraction from the total
element’s concentration in the leach liquor. On the other
hand, the agueous strip solution was analyzed for Y
transfer fromtheloaded solvent.

For performing yttrium extraction stage; first, the
obtained REE cake was solubilized in 15ml of 31.5%
nitric acid. Secondly, the nitrateleach liquor was ad-
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justed to pH 7.5-8.0then 120g/L ethylene-diamine- wasdoneby using different stripping agents: (1-4) M
tetracetic acid (EDTA ) was added to aqueoussolu-  HNO,, (1-4) M HCI, H,O and hot H,O (80°C).

tion then it was contacted with 2M D2EHPA in kero- Y ttriumwas pre cipitated from the stri p sol ution by
seneat organic/aqueous(O/A) : 3/1. Findly stripping  meansof 10% oxdic acid. Theobtained Y-oxa atewas
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Figurel: ESEM photomicrographsand EDAX analysisof xenotime separ ated after 1sodynam separ ation at 0.2 Amp

CHEMICAL TECHNOLOGY
Au Tudian Yournal




CTAIJ, 10(6) 2015

N.A.Abd-El fattah et al.

237

filtered and properly washed with distilled water to get
rid of any impurities. After dryness, the precipitatewas
ignited at 950°C for 3hr.

RESULTSAND DISCUSSIONS

Mineralogical Composition

Thebinuclear microscopeinvestigationreved ed that
mogt of magneticfractionsarehighly minerdized where
xenotimewhichwasthe dominant minera had awide

TABLE 1: Chemical compodtion of theferruginoussandstone
orematerial

Major Conc., Trace Conc.
Oxides (%) Elements (ppm)
SO, 42.0 u 2600
TiO;, 0.33 Ni 138
Al,O3 3.40 Pb 900
Fe,0s 26.0 B 200
Cao 0.02 Cu 130
MgO 3.20 \Y 150
MnO 1.80 Zr 180
N&aO 0.90 Cr 160
K,O 0.70

P.Os 3.60

RE,Os* 12.60

L.O.I** 4.06

Tota 98.61

RE,O,*: representing Y,O."L.O.I1**: loss of ignitio

COMis's

—= Fyll Paper

distributionin0.5Amp., 1.0Amp., and L.5Amp. mag-
netic fractions. It represented 32-40 % of these mag-
netic fractionswhilezircon wasdominantin L.5Amp.
non-magnetic fraction. Iron oxides (hematite, goethite
and rarely magnetite) separated at 0.2 Amp. magnetic
fractionwerewiddy dispersed in theseheavy magnetic
fractions. Figure 1 showsthe SEM image of xenotime
separated after |sodynam separationat 0.2Amp. The
obtained mineralsasanalyzed by XRD are shownin
Figure 2. These are kaolinite Al Si,O,(OH),, quartz
(S0,), goethite FeO(OH), hematite Fe,O,, magnetite
Fe,O, and xenotimeY PO,.

Chemical Analysis

Thechemicd andysisisgiveninTABLE 1 for ma:
jor oxidesand sometrace e ements. Thechemica com-
position reflectsthe previously mentioned minera ogi-
ca composition.

Preparation of SulfateL each Liquor

Sulfuric acid digestion was done upon arepresen-
tativeferruginous sandstone sampleby varying differ-
ent factorstill reaching thefoll owing optimum condi-
tions: mixing 100g oresamplewith concentrated H,SO,
at 1/2 S/L ratio for 5h at temperature range of (250-
300°C). A pregnant solution of 1.5literswas prepared
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H. : Hematice, ASTM card No. (13-554).
Lt Quantz, ASTM card No. (5-0490).

N. : Xenotime, ASTM card No. {11-254).
G | Goethite, ASTM card No. (17-536).
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Figure2: XRD analysisof themineral ogical composition
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by adding thewashingsto theorigind filtrate. The pH
of the produced sulfateleach liquor was0.02. Thisli-
quor was analyzed mainly for itscontent of rare earth,
ironanduranium, (TABLE 2).

Separation of REE by Direct Precipitation

The prepared leach liquor was subjected to selec-

tive precipitation for thetotal REE by meansof oxalic
acid. Thisisduetothefact that, the REE form stable
insoluble oxalates and thus can be used for their sepa-
ration®,
2RE* +3H,C,0,»RE,(C,0,), (solid) + 6H"
For thispurpose, pH of the prepared leach liquor was
raised from 0.2t0 2.5 by means of ammoniasol ution.
Somefactorsaffecting the REE preci pitation using ox-
aicacidwerestudied asfollows:

Effect Of Ph

Effect of pH on REE precipitation efficiency was
studied at pH values (2, 1.5, 1, 0.8 and 0.5) by addi-
tion of 35% oxalic acid to fiveprepared leach liquors
having pH of 2.5 at 25°C. Theobtained dataplottedin
Figure 3 showed that REE precipitation efficiency in-
creased from 12%to 98% by decreasing pH valuefrom
2.0to0 1.0then decreased to 10% by further decrease
inpH vaueto 0.5.

It wasreported by Woyski and Harris (1963) that
the oxa ate precipitation of REE waspreferred at apH
value between 1.1 and 1.5 where the acidity can be
adjusted by ammoniasol ution.

Effect of OxalicAcid Concentration

Thisfactor was studied by adding different con-
centrations of oxalic acid (5, 10, 15, 20, 25, 30, 35
and 40 %) to eight prepared sulfateleach liquorseach
of pH 1.0 with continuous stirring at 25°C. After set-
tlingandfiltration, REE wereandyzedin thefiltratesto
caculatetheir preci pitation efficiencies. Theobtained
dataplottedin Figure4 showed thet, increasingtheacid
concentration from 5% to 35% increased REE pre-
cipitation efficiency from 26%to 98% where pH vaue
wasfixed at pH 1.0. Thismay be dueto commonion
effect. Thisbehavior wassmilar to that found by Chung
et al., (1998). Further increasing of oxalic acid con-
centrationled to adlight increasein the precipitation

effidency.

CHEMICAL TECHNOLOGY

TABLE 2: Analysisof theferruginoussandstonesulfateleach
liquor

Metal ion Conc. (gm/l)

REE 6.20

U 0.154
Fe 10.60
Pb 0.05
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Figure3: Effect of pH on REE precipitation efficiency
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Figure4: Effect of oxalicacid concentration on REE precipi-

tation efficiency
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Figureb: Effect of temperatureon REE precipitation effi-
ciency
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Y. : Yttrium Oxide (Y203), ASTM card No. (25-1200).
Th. : Terbimm Oxide (THb203). ASTM card No. (23-1418).
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Figure6: XRD analysisof theproduced RE,O, concentr ate.

Effect of Temperature

Effect of temperature upon REE precipitation effi-
ciency was studied at different temperatures 25, 50,
70, 80 and 100UC while the other factors were fixed
at 35% oxalic acid and pH of 1.0. The obtained data
plotted in Figure 5 showed that, increasing temperature
had adight effect on REE preci pitation efficiency.

From the aboveresults, it can be concluded that
the optimum conditionsfor REE precipitation can be
summari zed asfollows: adding 35% oxdicacidtoleach
liquor of pH 1.0 at 25°C, yielded 98% REE precipita-
tionefficiency.

Theobtained REE-oxa atewasfiltered and washed
properly with distilled water to get rid of any impurities.
After dryness, the precipitate wasignited at 850°C for
2h. Thelatter was subjected to XRD anaysisto iden-
tify its content. It isclearly evident that the obtained
rare earth oxide concentrate is mostly composed of
heavy rare earth oxidesmainly yttrium oxide and ter-
bium oxide Figure6. 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%.

Yttrium Separation from REE Concentrate

Duetothegreat importanceof individual REE, it
was decided to usethe prepared REE, O, concentrate
to separate apure yttrium product.

According to Gruzensky (1961), more than 120
organic solventshave been tested as possibleextractants
of yttrium and REE ionsfrom different salt solutions.
Thesetests showed that nitrate saltsaremorereadily
extracted than the chlorides.

For Y ttrium extraction, anitrate aqueousfeed was

239
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TABLE 3: Effect of stripping agent typeupon Y stripping
efficiency (O/A = 2/1, contact time=20min).

. Stripping Y stripping
itrelr?tplng Temp.,(C)  agent efficiency,
9 conc.,(M) (%)
25 1 0.1
25 2 0.1
HNO 25 3 0.4
25 4 0.4
25 1 0.3
25 2 0.3
HCl 25 3 0.6
25 4 0.6
25 - 19
H:0 80 98

TABLE 4: Effect of grippingtimeuponY stripping efficiency
(O/A =2/1, dtripping agent hot H,O)

Time, (min) Y stripping efficiency, (%)
5 69
10 82
15 91
20 98

prepared by dissolving the REE,O, concentrate in
31.5%nitricacidwith S/L ratio 1/3for 2hat 70°C. The
nitrate sol ution (10ml) containing about 261g/L Y ,O,
wasthen subjected to the yttrium extraction process by
D2EHPA and EDTA. Thenitrateleach liquor was ad-
justed to have pH of 7.5-8.0 in presence of 120g/L
EDTA was contacted to 2M D2EHPA at O/A of 3/1.
Theextraction efficiency of Y reached about 99%0°.

Y ttrium re-extraction from thel oaded organic phase
wasachieved by usng different timesand different strip-
ping agents; namely H,O at room temperature (25°C)
and (80°C), and the acids HCl and HNO, with differ-

e e T Crisai ot T \—"I T T T T
10 15 20
Energy (keV)

Figure7: EDAX analysisof Y product
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Figure8: Flowsheet for theseparation of REE and Y from Ramlet Hemeyir ferruginoussand stone

ent concentrations. Theresultingre-extractionefficien-  with respect to others at O/A of 2/1 for 20 minutes
cieswereshowninTABLE3& TABLE4. TABLE3 contacttime.
showsthat hot H,O (80°C) was the best stripping agent Y ttrium was preci pitated from the prepared stripped
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solution by addition of 10% oxalic acid gradudly tothe
solutionwith stirring until almost completionof Y pre-
cipitation. Theobtained Y oxalate precipitate wasfil-
tered, washed, dried then calcined at 950°C for 3h to
obtanY O, product. Thespotimageanaysisby EDAX
of the product wasfoundto contain 95%Y (Figure?),
thiswas matched with that obtained by the UV-VIS
spectrophotometer. Theworking flow sheet of thewhole
processisgivenin Figure8.

CONCLUSIONS

Thesulfuricacid digestion of Ferruginoussandstone
orewasdone and using H,SO,. Optimum conditions
involved: mixing concentrated H,SO, at solid/liquid (S/
L) ratio of /2 for Shstirringtimeat temperaturerange
of (250 - 300°C). From the prepared sulfate leach li-
quor REE had first been sdlectively precipitated at pH
of 1 by adding 35% oxalic acid to the sulfate leach
liquor to obtain REE of purity 88%.. For Y ttrium ex-
traction, anitrate agueous feed was prepared by dis-
solving the RE, O, concentratein 31.5% nitric acid with
S/L ratio 1/3 for 2h at 70°C. The yttrium extraction
processby D2EHPA in presence of EDTA extraction
efficiency reached about 99%. Y ttrium re-extraction
from theloaded organic phase wasachieved by using
Hot H,O at 80°C. Yttrium was precipitated from the
prepared stripped solution by addition of 10% oxalic
acid gradualy to the solution with ftirring until amost
completionof Y precipitation. TheobtainedY oxdate
precipitate was filtered, washed, dried and then cal-
cined at 950°C for 3h to obtain Y, O, product.
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