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ABSTRACT

In thiswork chemical process for the elaboration of uranium concentrate
from uranium ore has been studied. This processis composed of successive
unitsoperations: collecting ores, crushing, milling, acidic leaching, filtration-
washing, purification-concentration by solvent extraction and uranium
precipitation. Inlast few years, organophosphorus compounds have found
wide application in nuclear establishments for the extraction; enrichment
and reprocessing of uranium. The acid leaching operating conditions allow
obtaining a recovery uranium rate of 84.62%. The uranium concentration
of the pregnant solution is approximately of 202 ppm after washing the
tailing with distilled water. Thisvaluejustifiesthe use of solvent extraction
technique to the concentration-purification of the pregnant solution. To
avoid the precipitation of uranium, the pH has been fixed at 2.24. We have
obtained at this condition good extraction efficiency. The extraction
efficiency of uranium from the pregnant solution by using DEHPA and
TBP as modifier in kerosene was found to be about 98 %. We have also
recovered or stripped 100 % of the uranium loaded on the organic solvent
using asolution of 4% Na,CO,.  © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

Uranium oreprocessing isanimportant and vital
gepinthenuclear combustiblecycle. Theextraction of
uranium fromitsores has been the subject of aconsid-
erableamount of research effort sincetheinception of
nuclear power generation and iscarried out mainly by
chemical process, consisting of successive selective
operations¥. Thereare many processes have been pro-
posed for uranium extraction fromitsores. Chemical
precipitation?, membrane processes¥, ion exchange”
8 adsorption* ¢ and solvent extraction'*¥ arethe most
commonly used methods. A large body of work exists

on separation techniquesfor uraniumwhich largely re-
liesonliquid-liquid extraction techniques; commonly
known as solvent extraction (SX)©.

Di-(2-ethylhexyl) phosphoricacid (DEHPA) isan
organophosphorus compound with the formula
(C,H,,0),PO,H. Itisused inthesolvent extraction of
uraniumaswell astherareearth metals'3. DEHPA is
used in the sol vent extraction of uranium saltsfrom so-
lutions containing the sulfate, chloride, or perchlorate
anions. Thisextractionisknown asthe“Dapex proce-
dure”. DEHPA generally exists as a hydrogen-bonded
dimer inthe non-polar organic solvents. For practical
applications, the solvent, often called diluentsistypi-
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cally kerosene™. A complexisformed fromtwo equiva:
lents of the conjugate base of DEHPA and one uranyl
ion*4. Complexesof theformula(UQ,),[(O,P(OR),]
, dsoform, and at high concentrationsof uranium, poly-
meric complexesmay form*3, Theextractability of Fe*
issimilar to that of uranium, so it must bereduced to
Fe?* before the extraction™™, The uranium is then
stripped from the DEHPA /kerosene solution with hy-
drochloric acid, hydrofluoric acid, or carbonate solu-
tions. Sodium carbonate solutionseffectively strip ura-
nium from the organic layer, but the sodium salt of
DEHPA issomewhat solublein water, which can lead
tolossof the extractant™. Theextractive capabilities
of DEHPA can beincreased through synergitic effects
by the addition of other organophosphoruscompounds.
Tributyl phosphateisoften used, aswell asdibutyl-,
diamyl-, and dihexyl phosphonates. The synergistic ef-
fects are thought to occur by the addition of the
trialkyl phosphate to the uranyl-DEHPA complex by
hydrogen bonding. The synergistic additive may a so
react withthe DEHPA, competing with the uranyl ex-
traction, resultingin adecreasein extraction efficiency
past aconcentration specific to the compound™.
Inthiswork, Chemical processesfor the elabora-
tion of uranium concentrates, from Egyptian uranium
ore (Salcrete deposits) which located at North West-
ern desert havebeen studied. It mainly consists of sec-
ondary uraniummineras. Thechemica compostionis
indicated below in TABLE 1. Batch experimentswere
carried out to choosethe optimum leaching, extraction
and gtripping conditions. Uranium efficiency wastaken
asafunction of thefollowing parameters: contact time,
temperature, phaseratio, settlingtimeand grainsize.

EXPERIMENTAL

Reagents

All reagentswere of analytical reagent gradeand
al solutionswerepreparedin caibrated flaskswith dis-
tilled water. Sulphuric acid (Riedel-de Haen 96%),
Sodium Hydroxide (Riedel-deHaen), Na,CO, (Rieddl-
deHaen), Di-ethylhexyl-phosphoric acid (DEHPA)
(Merck) and Tri-butyl phosphate (Merck).

Physical treatment of uraniumore
After therepresentation, the ore samplewascrushed
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at asizeof -60 mesh.

TABLE 1: Chemical composition of theworking uranium
ore.

Major Content Minor Content

Oxides (%) (Traces) (ppm)
SO, 53.82 uo, 1300
Al,O; 0.8 Cr 111
MgO 0.81 Ni 18
Ca0 16.83 Cu 10
Fe,0; 1.2 Zn 102
Na,0 1.68 Zr 42
K,0 0.16 Rb u.d.l.
P,Os 3.7 Y 24
SO~ 11.5 Ba 73
Loss of Pb 66
Ignition 9.09
at 1000 °C Sr u.d.l.
q.d._l. = under detection Ga 21
limit
ppm = part per million \% 7

Nb 7

Experimental of acidicleaching

5 g-gram from the crushed orewasleachedina
glass beaker after filling the beaker with the ore, we
started the addition of calculated amount of distilled
water with agitation and then added the rest amount
of sulfuric acidto completethevolumeto 5 ml-millili-
ter, where (V, o+ V. ,e0, = 5 Ml) i.e. /1 phaseratio
(S/A), to utilizethe heat evolved from the exothermic
reaction between sulfuric acid and water in warming
the mixture and so decreasing the costs of |eaching.
Theleaching of uranium isgoverned by several fac-
torssuch as: thetype of leaching acid, concentration
of leaching acid, phaseratio (S/A), contact time or
leaching time, leaching temperatureand grainsizewere
studied.

Experimental of purification and concentr ation of
uranium using DEHPA

All theexperimentswere performed ontheleach
liquor, amixtureof 10 ml of theleach liquor (202ppm-
part per million of (UO,"?) and 10 ml of [3% DEHPA+
1% TBP asmodifier in kerosene] to keep phaseratio
at (1/1) wasstirred vigorously in 50 ml beaker using
magnetic stirrer and at room temperature. Then, the
mixturewastransferred to aseparating funnel and a-
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lowed to be settled downfor 5 min-minutes. Theague-
ous and organic phaseswere separated and the aque-
ous sampleswere analyzed. In the present work we
used DEHPA to purify and concentrate uranium from
the previoudy prepared leach liquor. Thefactorswhich
control the extraction processwere studied in details
which were; the effect of DEHPA concentration, con-
tact time, diluents used, phaseratio (O/A) v/v, settling
time and percent of modifier added.

Experimental of stripping of uranium from the
loaded organic “DEHPA”

All theexperimentswere performed onthe preg-
nant organic solution DEHPA, amixture of 10 ml of
the loaded organic (194 ppm of UO,*?) and 10 ml of
thestripping agent at phaseratio (1/1) wasstirred vig-
orously in 50 ml beaker using magnetic stirrer and at
room temperature. Then, the mixturewastransferred
to aseparating funnel and allowed to be settled down
for 5 minutes. The agueous and organic phaseswere
separated and the aqueous samples were analyzed.
Thefactorscontrolling the stri pping processwere stud-
ied as, the effect of the type of stripping agent, the
effect of the concentration of the stripping agent, the
effect of contact time, the effect of phaseratio (V /
V,) andtheeffect of settling time.

Uraniumwasandyzedinal thedifferent working
agueous phases using Arsenazo |11 method*?. Ab-
sorbance of the formed uranium Arsenazo 111 com-
plex was measured at 650 nm-nanometer against
proper standard solutionsusingalLambda3 UV/VIS
spectrophotometer (Perkin- EImer, USA).

RESULTSAND DISCUSSION

Resultsof acidicleaching
The effect of thetype of leaching acid

To study this effect aseriesof experimentswere
performed using threedifferent mineral acids, H,SO,,
HCI and HNO, at the same | eaching conditions; room
temperature, (1mol/I- molar concentration) acid con-
centration, phaseratio (S/A) (1/1) andleachingtime
30 minutes. It wasfound that sulfuric acidisthe best
one with extraction efficiency 60 %. Thisresult can
beshownin TABLE 2 andillustratedin Figure 1.

TABLE 2: Effect of thetypeof leaching acid.

Acid type L eaching Efficiency (%)
H,SO, 60.00
HNO; 48.46
HCI 46.15
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Figurel: Effect of type of acid on uranium leaching effi-
ciency
The effect of H,SO, concentration on uranium
leaching efficiency
A seriesof experimentswere carried out to study

theeffect of sulfuric acid concentration ontheleaching
efficiency of uranium. The concentration of H,SO, was
varied from 0.25 mol/l to 8 mol/l at theleaching condi-
tions: phaseratio (S/A) 1/1, leaching time 30 minutes
and a room temperature. Theresultsare shown below
INTABLE 3andillustrated by Figure 2. It isclear that
theleaching efficiency increasesfrom 0.25 mol/l till we
reach 0.5 mol/l and after 0.5 mol/l it decreasesthisis
may bedueto decreasingin pH or increasing acidity.
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Figure2: Effect of H,SO, concentration on uranium leach-
ing efficiency
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TABLE 3: Effect of H,SO, concentration on ur anium leach-
ing efficiency

Acid Molarity, (M)

L eaching Efficiency (%)

0.25 47.69
0.50 63.10
1.00 60.00
3.00 58.46
5.00 55.38
6.00 53.85
8.00 52.31

Theeffect of phaseratio (SYA) on uranium leach-
ing efficiency

To study this effect a seriesof experimentswere
performed by variation of phaseratio (SA) from (1/1)
to (1/5) at theleaching conditions: room temperature,
H_,SO, concentration 0.5 mol/I and contact time 30
minutes. Theresultsareshown bedow inTABLE 4 and
illustrated by Figure 3. It isclear that theleaching effi-
ciency remainscongtant whileincreasng phaseratio.

TABLE 4: Theeffect of phaseratio (S/A) on uranium leach-
ing efficiency

Phaseratio (SA)

L eaching Efficiency (%)

U1 63.1
Y 63.1
U3 63.1
Va 63.1
15 63.1
T0 -
g
E 65
I-::; . - - - -
g
60 ¥ i } y
1 12 173 174 1/5

Phase ratio (S/A)
Figure3: Theeffect of phaseratio (S/A) on uranium leach-
ing efficiency

Theeffect of contact (leaching) timeon uranium
leaching efficiency
A seriesof experimentswere carried out to study
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theeffect of leaching timeon uranium leaching efficency.
Theleaching timewasvaried from 1/2 hr-hour to 5 hr
at theleaching conditions: phaseratio (SA) 1/1, sulfu-
ric acid concentration 0.5 mol/l and at room tempera
ture. The results are shown below in TABLE 5 and
illustrated by Figure4. It isclear that theleaching effi-
ciency increasesfrom 1/2hr till wereach 3hr and after
3hr it remainsconstant.

TABLE 5: Effect of leaching time on uranium leaching effi-
ciency

Contact time (Hours) L eaching efficiency (%)

0.5 63.10
1.0 64.62
2.0 65.38
3.0 66.15
4.0 66.15
50 66.15
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o o o
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Leaching Efficiency (%)

=1}
[t}

62

0 1 2 3 : 5 6
Contact Time (Hours)

Figure4 : Effect of leaching time on uranium leaching effi-
ciency
Theeffect of temperatureon uranium leaching ef-
ficiency

To study theeffect of temperatureon uraniumleach-
ing efficiency aseriesof experimentswerecarried out
by variation of temperature from room temperature
about 20°C-degree centigradeto 90°C at the optimum
leaching conditionsprevioudly determined: H,SO, con-
centration 0.5 mol/l, contact time 3 hours and phase
ratio (SYA) 1/1. Theseexperimentswere performedin
aclosed system to maintai n therequired temperature
almost constant. In these experiments we added the
weighted amount of the crushed ore (5g) inaglass
beaker after filling the beaker with the ore, we started
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theaddition of calculated amount of digtilled water with
agitation and then added therest amount of sulfuricacid
to completethevolumeto 5ml, where (V. +V, ,q0,
=5ml) i.e. 1/1 phaseratio (S/A), to utilize the heat
evolved from the exothermic reaction between sulfuric
acid and water inwarming the mixtureand so decreas-
ing the costsof leaching. Theresultsare shown below
inTABLE 6 andillustrated by Figure5. It isclear that
theleaching efficiency increasesfrom room tempera-
turetill wereach 60°C, after that it started to decrease
dueto evaporation and semi drynessof the matrix.

TABLE 6: Theeffect of temperatureon uranium leaching
efficiency

Temperature (°C) L eaching Efficiency (%)
20 66.15
30 67.70
40 69.23
50 69.23
60 69.23
70 63.08
80 58.46
90 55.40
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Figure5: Theeffect of temperatureon uranium leaching
efficiency
Theeffect of grain sizeon uranium leaching effi-
ciency

Tostudy theeffect of grainszeon uraniumleaching
efficiency aseriesof experimentswere carried out us-
ing different gradesof theorehavinggrain sizeranged
from -0.063 mm-millimeter (-230 mesh) to 0.75mm
(23 mesh) at the optimum leaching conditions previ-
ously determined: H,SO, concentration 0.5 mol/l, and
contact time 3 hours, phaseratio (SYA) 1/1 and tem-
perature40°C. Theresultsareshown bdow inTABLE

7 andillustrated by Figure®. It isclear that theleaching
efficiency increasesasgrain sizedecreased duetoin-
creases of surface area.

TABLE 7 : The effect of grain size on uranium leaching
efficiency

Grain Size, (mesh)

L eaching efficiency, (%)

-230 84.62
+230 64.62
- 60 60.00
+ 60 44.62
-35 43.00
-23 40.00

90 -

a0 4

=
(=]
1

60 4

Leaching Efficiency (%)

=220 ) 230 ) -60 ) 80 ) -35 ) -23
Grain Size (mesh)

Figure6: Theeffect of grain size on uranium leaching effi-

ciency

Resultsof neutralization of theobtained leach li-

quor at pH=2.24

After preparation, then filtration of theleach liquor
using theoptimum leaching conditionsprevioudy stud-
ied. Thepregnant solution should beneutralized using
sodium hydroxideand sulfuricacid tomaintain pH con-
stant at 2.24 to prevent the precipitation of uranium
during any stage of purification and concentration by
solvent extraction techniqueusng DEHPA.

Purification and concentration of uranium using
DEHPA

Resultsof purification and concentration of ura-
niumusing DEHPA

Theeffect of DEHPA concentration (%) on ura-
nium extraction efficiency

To study this effect a seriesof experimentswere
carried out by varying the concentration of DEHPA from
1%to 20% by volumein kerosene diluent at room tem-
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perature, contact time 15 minutes, phaseratio (V /V,)
1/1, settling time5 minutesand using 1% TBP asmodi-
fier to prevent theformation of third phase. Theresults
areshownbeowin TABLE 8 and represented on Fig-
ure7. Itisclear that the optimum DEHPA concentra-
tionis3%.

TABLE 8 : The effect of DEHPA concentration (%) on
uranium extr action efficiency

DEHPA Concentration (%) Extraction Efficiency (%)

01 95.00
03 96.24
05 96.24
07 96.24
10 96.24
15 96.24
20 96.24

Extraction Efficiency (%)
o g o
"

814

80

o 5 10 15 20 25 30 25

Contact time {minutes)

Figure7: Theeffect of DEHPA concentration (%) on ura-
nium extraction efficiency

Theeffect of contact timeon uranium extraction
efficiency

A seriesof experimentswere performed to study
theeffect of contact timeon theextraction efficiency of
uraniumfrom our leach liquor, amixtureof 10 ml of the
leach liquor (202ppm of UO,*?) and 10 ml (of 3%
DEHPA+ 1% TBPin kerosene) to keep phaseratio at
(1/1) wasdtirred vigoroudy in 50 ml besker using mag-
netic tirrer for various periodsof timerangingfrom5—
30 minutesand at room temperature. Then, themixture
wastransferred to aseparating funnel and allowed to
be settled down for 5 minutes. The agueous and or-
ganic phaseswere separated and the agueous samples
were analyzed. The obtained results are shown in
TABLE 9 and plotted on Figure 8. It is obvious that
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after 10 minutesthereisno considerableincreasein
uranium extraction could beregarded and so that 15
minutes coul d bethe optimum contact time.

TABLE 9: Theeffect of contact timeon uranium extraction
efficiency

Contact time (minutes)  Extraction Efficiency (%)

05 91.24
10 93.76
15 96.24
20 96.24
25 96.24
30 96.24

o =)
o @
N

Extraction Efficiency (%)
£
i

01 4

80
0 5 10 15 20 25 30 a5

Contact time (minutes)

Figure8: Theeffect of contact timeon uranium extraction
efficiency
Theeffect of diluent used on uranium extraction
efficiency

To study this effect a series of experimentswere
carried out by preparing 3% DEHPA + 1% TBP as
modifier by volumein different diluentswhiletheother
conditionswerekept constant as contact time 15 min-
utes, at roomtemperature, phaseratio (V /V,) Y1land
stlingtime5 minutes. Theresultsareshownbeowin
TABLE 10and plotted on Figure9. It isclear that the
optimum diluent iskerosene.

TABLE 10: Theeffect of diluent used on uranium extraction
efficiency
Type of diluents used

Extraction Efficiency (%)

Toluene 95.00

Xylene 93.75

Benzene 95.00

Kerosene 96.24

Diethyl-ether 93.75

Butanal 60.00
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Figure9: Theeffect of diluent used on uranium extraction
efficiency
Theeffect of phaseratio (V/V,) on uranium ex-
traction efficiency

Theeffect of phaseratio was studied using differ-
ent phaseratios (O, /A, ) ranged from (5/1to 1/3) at
roomtemperature, contact time 15 minutes, settlingtime
5 minutes, DEHPA concentration of 3% by volumein
keroseneand in presence and absence of 1% TBP as
modifier. Theobtained resultsareshownin TABLE 11
and plotted on Figure 10. From these results, in the
presence of 1% modifier it isclear that the extraction
efficiency of uraniumincreasesby increasing phasera
tio (A/O) from 3/1to 1/1, but increasing the organic
solvent rati o cause decreasing in uranium extraction ef-
ficiency thismay be dueto dilution of modifier asor-
ganic solvent ratioincreased. In absence of modifier it
isclear that theextraction efficiency of uraniumincresses
by increasing phaseratio (A/O) from 3/1to 1/1 after
that it remainsalmost constant and so the phaseratio of
(1/2) (O/A) could be cons dered themost suitable case.

TABLE 11: Theeffect of phaseratio (V /V,) on uranium
extraction efficiency

Extraction Efficiency Extraction Efficiency

?\23??6?2? (%) in presence (%) in ak_Js_ence
of modifier of modifier
3 86.33 76.33
V2 88.75 78.60
vl 96.24 86.30
2/1 93.75 86.35
31 91.24 86.38
4/1 90.00 86.40
5/1 88.75 86.38
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Figure 10: The effect of phaseratio (V/V,) on uranium
extraction efficiency
Theeffect of settlingtimeon uranium extraction
efficiency

Thesettling timeisthe minimum period of timere-
quired for thetwo phasesto be separated. Thiseffect
wasstudied at aninterval timeof 1,3,5,7, and 10 min-
utes, while keeping the operating conditions constant
asphaseratio (1/1), contact time 15 minutes, at room
temperatureand (3% DEHPA + 1% TBPin kerosene).
From the obtained resultsgivenin TABLE 12 and rep-
resentedin Figure 11, itisclear that settlingtimehasno
remarkableeffect on uranium extraction efficiency. And
S0 5minutesisquitereasonable.

TABLE 12: Theeffect of settling timeon uranium extrac-
tion efficiency

Settling time (minutes) Extraction Efficiency (%)

01 96.24

03 96.24

05 96.24

07 96.24

10 96.24

100 .
g a0

80 7 7 7 7 T T T 7 7 7 "
0 1 2 3 4 5 [ 7 8 g 10 11

Settling time (minutes)

Figurel1l: Theeffect of settlingtimeon uranium extraction
efficiency
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Theeffect of per cent of modifier on uranium ex-
traction efficiency

Theeffect of percent of modifier used wasstudied
using different volumesof TBP0.1,0.3,0.5,1, 1.5, 2
and 5% by volume whiletheother conditionswerekept
constant asphaseratio 1:1 (v/v), a room temperature,
settling time 5 minutes, 3% DEHPA in keroseneand
contact time 15 minutes. Theobtained resultsareshown
inTABLE 13 and represented on Figure 12, theresults
showed that the extraction efficiency isdirectly pro-
portional tothe percent of input TBPtill 3% TBPand
after that it remains constant.

TABLE 13: Theeffect of percent of modifier on uranium
extraction efficiency

Vol. of modifier (TBP) (%)

Extraction Efficiency (%)

01 85.00
0.3 87.50
05 90.00
01 95.00
15 96.06
02 96.21
03 96.24
05 96.24

Extraction Efficiency (%)

o : 2 2 4 5 s
Volume of TBP (%)

Figure 12 : The effect of percent of modifier on uranium

extraction efficiency

Sripping or re-extraction of uranium from the
loaded organic “DEHPA”

Resultsof stripping of uranium from the loaded
organic“DEHPA”

Theeffect of thetypeof thestripping agent on the
stripping efficiency of uranium

Six different stripping agentswere used to study

—= Pyl Paper

thiseffect, at contact time 15 minutes; the concentra-
tion of the stripping agent was 10 % per volume and
theprevioudy described operating conditions. There-
sultsaregivenbelow in TABLE 14 and plotted on Fig-
ure 13. Itisclear that the optimum stripping agent was
Na-,CO..

TABLE 14: Theeffect of thetype of thestripping agent on
thestripping efficiency of uranium

Stripping Agent Stripping Efficiency (S%)

NaCOs; 100
NaCl 4.17
NaxSO, 2.08
H,SO, 21.88
HCl 3.13
D.H,0O 2.08

Stripping
Efficiency (S %)

& & & ¢ & &
; £ F £ S

Stripping agents

Figure13: Theeffect of thetypeof thestrippingagent on the
sripping efficiency of uranium
The effect of the concentration of the stripping
agent “Na,CO,” on thestripping efficiency of ura-
nium

Theeffect of the concentration of sodium carbon-
atewas studied using different concentrations 2, 4, 6,
8, 10 and 12 % by weight whilethe other conditions
were kept constant as phaseratio 1:1 (v/v), at room
temperature, settling time 5 minutesand contact time
15 minutes. Theobtained resultsareshownin TABLE
15 and represented on Figure 14; theresults showed
that the stripping efficiency increasesfrom 2%till we
reach 4 % wherewereach 100 % stripping of uranium.

The effect of contact time on the stripping effi-
ciency of uranium

Thiseffect wasstudied at aninterva timeof 1, 3, 5,
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10, 15, 20, 25 and 30 minutes, while keeping the oper-
ating conditions constant as phaseratio (1/1), Na,CO,
concentration 4 %, settling time 5 minutesand at room
temperature. Fromtheobtained resultsgiveninTABLE
16 and represented on Figure 15, it isclear that contact
timeof 5minutesisthe optimumtimefor stripping ura-
niumefficently.

TABLE 15: Theeffect of the concentration Na,CO,onthe
stripping efficiency of uranium

Na,CO; Concentration (%) Stripping Efficiency (S%)

2 89.6
4 100
6 100
8 100
10 100
12 100
102
1004 + + + *
— B&+
é 96
E’
] 04 4
a0 -
88
0 2 4 G 8 10 12 14

Na,CO, Concentration, (%)

Figure 14 : Theeffect of the concentration Na,CO, on the
stripping efficiency of uranium

101

100 4 #

99 4

95 4

97 4

96 4

95 4

Stripping Efficiency, (8%)

94 5

93

0 5 10 15 20 25 30 3
Contact time, (minutes)

Figure15: Theeffect of contact timeon the stripping effi-
ciency of uranium
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TABLE 16: Theeffect of contact timeon thestripping effi-
ciency of uranium

Contact time (minutes)  Stripping Efficiency (S%)

01 93.70
03 96.84
05 100.0
10 100.0
15 100.0
20 100.0
25 100.0
30 100.0

The effect of settling time on the stripping effi-
ciency of uranium

Thiseffect wasstudied at aninterval timeof 3,5, 7,
10 and 12 minutes, while keeping the operating condi-
tions constant asphaseratio (1/1), contact time5min-
utes, at room temperature and 4 % Na,CO, concen-
tration. From the obtained resultsgivenin TABLE 17
and represented in Figure 16, it isclear that settling
time hasno remarkabl e effect on uranium stripping effi-
ciency. And so 5 minutesis quite reasonable. While
studying thisfactor wehavenoticed that 1 minuteisnot
sufficient for the phasesto be separated.

TABLE 17: Theeffect of settlingtimeon thestripping effi-
ciency of uranium

settling time, (minutes)  Stripping efficiency, (S%)

03 97.94
05 100.0
07 100.0
10 100.0
12 100.0
1005 -
100 4
g
: 955 4
S g
s
'g 935 4
i
4
9 |
97 5 T T ¥ T T T 1
1] Z 4 [ 8 10 12 14

Settling time, (minutes)

Figure16: Theeffect of settlingtime on the stripping effi-
ciency of uranium
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Theeffect of phaseratio (V/V,) onthestripping
efficiency of uranium

Theeffect of phaseratio was studied using differ-
ent phaseratios (O, /A, ) ranged from (5/1to 1/5) at
room temperature, contact time’5 minutes, settlingtime
5 minutes and Na,CO, concentration of 4 %. The ob-
tained resultsareshownin TABLE 18 and plotted on
Figure17. Fromtheseresults, itisclear that as(V,) or
thevolume of Na,CO, increasesmorethan (V) or the
volume of loaded DEHPA the amount of uranium
stripped decreases dueto dilution, on the contrary as
(V) increasesmorethan (V) theamount of stripped
uraniumincreasesuntil wereach 3/1 phaseratio (V /
V,) andsoit considered the best.

TABLE 18: Theeffect of phaseratio (VO/VA) onthestrip-
ping efficiency of uranium

phaseratio, (v/v),O/A

Stripped U, (ppm)

15 38.784
14 48.480
13 64.640
12 96.960
vl 194.00
2/1 387.84
31 581.76
4/1 581.76
5/1 581.76

Stripped U, (ppm)

0 } t t t t t t t i
(TS 1 N T T T VX L B T4 R VX B T
Phase ratio,( Vo/Va)
Figure17: Theeffect of phaseratio(V /V,) onthestripping
efficiency of uranium

Thegenerd flowsheet of uranium oreprocessingis
composed by thefollowing steps: exploration, collect-
ing ore, crushing, screening, milling, akalineor acid
leaching, filtration-washing of theresidue, uraniumex-

—= Full Paper

traction by solvent extraction or ion exchangeresins,
and chemical precipitation*Y, It wasfound that this
processisadapted to the specificity of uranium oreused
and iscarried out according to theflowsheet indicated
below in Figure 18. Theclasscal flowsheet of theura
nium ore processing has been applied to the Egyptian
uranium ore (Sal cretedeposits). Adjustmentshave been
effectuated to the stage of concentration - purification
by solvent extraction, according to thespecificity of ura
nium leaching sol ution obtained. To avoid the precipi-
tation of uranium, the pH was adjusted to pH=2.24.
We haveobtained at this condition good extraction ef-
fidency.

Ore

4

| Grinding or size reduction |
Sulfiwric

,
Acid
| Solid / liquid filtration I—bTailing

| Neutralization of the leach liquor at pH = 2.24 |

| Purification and concentration by solvent extraction |_> Raffinate

o
Stripping
Carbonate
Sodium
—’l. Precipitation at pH=3.8-6 |
Hydroxide af l s =

Uranium concentrate or
Yellow cake

Figure18: Theproposed flowsheet indicating the process-
ing of the Egyptian uranium or e(Salcr etedeposits)

CONCLUSIONS

Theleaching of uranium from Salcretedepositsus-
ing acidicleaching was studied with respect to various
factors. Thesefactorswerethetypeof leaching acid,
concentration of leaching acid, phaseratio (S/A), con-
tact timeor leachingtime, leechingtemperatureand grain
szewerestudied. It wasfound that Sulfuricacidisthe
most suitableone, with concentration of 0.5M, a phase
ratio (1/1), after 3 hours at 40 °C and the grain size
was-230 meshes.

The purification and concentration of uranium by
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DEHPA was studied with respect to variousfactors.
Thesefactors were the effect of DEHPA concentra-
tion, contact time, diluentsused, phaseratio (O/A) viv,
ettling timeand percent of modifier added. It wasfound
that the optimum conditionsfor extraction of uranium
from the leach liquor were [3% DEHPA + 3% TBP
modifier] inkerosene; 15 minutescontact time, 5 min-
utes settlingtime, at phaseratio (1/1) and a room tem-
perature.

The stripping or re-extraction of uranium from
|loaded DEHPA was studied with respect to various
factors. Thesefactorswerethetypeof stripping agent,
theeffect of Na,CO, concentration, contact time, phase
ratio (O/A) viv and settling time. It wasfound that the
optimum conditionsfor re-extraction of uraniumfrom
the pregnant sol ution were Na,CO, with concentration
of 4%, 5 minutes contact time, 5 minutes settling time,
at phaseratio (A/O) (1/3) and a room temperature.
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