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ABSTRACT

An impure crude uranium concentrate is produced at Gattar pilot plant in
which the ore material is processed by acid heap leaching followed by ion-
exchange resin. Before proper refining of such a concentrate by the well
developed solvent extraction techniques, it was found necessary to apply
aprior upgrading procedureto diminish the associated i mpurities. Ammonium
carbonate is used for this purpose and the two relevant factors that would
minimizethe latter are studied, namely the (NH,),CO, concentration and the
required timefor effective settling of the precipitated impurities. Accordingly,
it has been possible to increase the uranium assay in the working concentrate
from about 36 up to 68% while that of Fe and V for example have been
decreased from 1.22 and 1.53 % down to only 0.01and 0.029 % respectively.
In refining of the upgraded product by solvent extraction, such impurities
and the other remaining elements would be easily decreased to the
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permissiblelimits.

INTRODUCTION

Oneof themost important stepsinthemanufacture
of thenuclear fud cycdleisthe uraniumrefining and con-
version which goesfrom theyellow caketo threedif-
ferent uranium products, namely uraniumdioxide(UQ,),
natural metalic uranium (U) and uraniumtetrafluoride
(UF,). Therefining stepisindeed aprocessof minimiz-
ing the concentration of the harmful impuritieswhich
awaysdefect nuclear fud fabrication and performance.
Uranium refiningiscurrently carried out through two
main technological routes. Thefirst routeisadry refin-
ing processwhich employsfractiond distillation of im-
pureuranium hexafluoridefor the production of reactor
grade UF Y. The second refining routeis awet pro-
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cessinwhich solvent extraction technology isapplied
to produce nucl ear grade products; namely uranium tri-
oxide (orangeoxide; UO,) or elsetheammonium ura-
nyl tricarbonate?. Thelatter productswould then be
convertedto UO, and metallic uranium. The applied
solventsincludetriakyl phosphates, tria kyl phosphine
oxides, diakyl phosphoricacid aswel ashigh-molecular
welght long-chaintertiary amines.

Uranium preci pitated fromits bearing sol ution over
awidepH range, acid or akaline, depending upon the
solution type and precipitant used®*®.. In the produc-
tion of yellow cakeby preci pitation techniques, themost
commonly used method wasammonium hydroxidepre-
cipitation to formammonium diuranate™. Although the
yellow cake produced either by NH,OH or by MgO/
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Mg (OH), wasof high quality, hydrogen peroxidewas
used to precipitate uranium asuraniumtrioxide® 3. The
pH of the solution, temperature and duration of pre-
cipitation asperoxideareof vita importanceinthepro-
duction of pureuranium peroxide™¥. Inall thewet re-
fining processes solvent extraction technique are ap-
plied using different typesof organic sol ventswith spe-
cia emphasison TBP and tertiary amineg®> 19,

In Egypt, severd promising uranium minerdizations
have been discovered in both the Eastern and western
Desartsaswell asin Sinai and which are either associ-
ated withigneousor sedimentary host rocks. Among
these, that of Gabal Gattar in North eastern Desert rep-
resents aninteresting uranium prospect that ismainly
hosted inyounger granites (G-1 to G-XI11) except the
GV occurrencewhichislocated in El-Hammameat sedi-
mentary rocks. Inthisminerdization, uraniumismainly
found assecondary mineralswhich areessentialy rep-
resented by uranophane and beta uranophaneg*”8.,

After successful laboratory scale studiesfor ura-
niumrecovery fromthe G Gattar minerdized younger
graniteoccurrences, it was decided to construct an ex-
perimental pilot plant at the sitefor testing the studied
flowshest. Inthispilot plant, acrude uranium concen-
trate (yellow cake) iscurrently produced through acid
heap |eaching followed by concentration and purifica-
tion through ani on-exchangerecovery unit. Inthe heap
leaching of theorematerial, uraniumisleached by 20-
40 g/l H,SO, acid and from the obtai ned leach liquor
uranium isthen recovered through itsadsorption by a
gpecial anion exchangeresin. Uraniumisafterwards
eluted from theloaded resin with 1M NaCl solution
acidified with about 0.05M sulfuric acid solution fol-
lowed by precipitation with NaOH sol ution assodium
diuranate. However, andysisof thelatter hasreveded
that itisactualy ahighly impurelow grade product (~
36 % U) besidesthe presence of several harmful ele-
ments (metalsand nonmetals). Thislow quality con-
centrate can beattributed to the difficult working con-
ditionsaswell astotherelatively poor quality of the
adopted resin. For exampleit hasbeen ascertained that
vanadiumwhich assaysup totheextent of 1.53%inthe
obtained concentrateisconsidered aserioushighly un-
desired contaminant. Thisisduetothefact that it would
render the subsequent conversion of the concentrate
into uranium meta or other uranium compoundssuch

asthehexa-flouridemuch moredifficult bes desexert-
ingapenalty if its content expressed as VO, exceeds
2 weight percent of the concentrate®. Vanadium can
actualy beremoved by addition of ammonium carbon-
atewhereit would be converted to the yellow ammo-
nium metavanadate precipitateat apH vauethat ranges
from5t010; viz:

2NavO, + (NH,),CO, —
2NH, VO, + Na,CO,

Choiceof (NH,),CO, versusNa,CO, hasactually
behind itsefficiency in precipitating vanadium. Inthe
meantime, metathes s(doubl ereplacement reection) with
aconcentrated sol ution of ammonium sulphatecan dso
be occasionally used to lower the sodium content, a

matter which allowsfor partial conversion of the so-
diumdiuranateinto ammonium diuranate, viz:
Na,U,0, + (NH,),SO, —
(NH,),U,O, + 2Na" + SO7

Ontheother hand, theferric sulphate, intheleach
solution could substantialy react with al the phosphate
in solutionto form ferric phosphate (FePO,) precipi-
tateaswell asthe applied carbonateto precipitatefer-
ric hydroxideat pH 10 according to thefollowing reac-
tion:
Fe,(SO,) ,+ 6(NH,),CO,+6H,0 —

3(NH,),S0, + 6(NH,)HCO, +2Fe(OH),

Concerning, theother associated impuritiesinclud-
ing calcium, magnesi um, aluminum, zinc, etc. they could
actually be precipitated to alarge extent by increasing
the pH up to 10 during application of the suggested
procedure of ammonium carbonateleaching.

Fromtheabovegiving, it wasfound gresatly inter-
esting to apply asuggested procedurefor upgrading
G Gattar crude yellow cakeviaits proper treatment
with ammonium carbonate. Thelatter would indeed
upgrade the working concentrateto alevel suitable
for therequired final refining and conversion tech-
nigues. Inthisregard, thetwo relevant factorsinthis
treatment and that would minimizethe different asso-
ciated impuritieswouldinvolvethe (NH,),CO, con-
centration and in turn the leach solution pH besides
therequiredtimefor effective settling of the precipi-
tated impurities. Accordingly, it hasbeen possibleto
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minimizethelatter and increasetheuranium assay in
the obtained uranium concentrate by thistreatment
from about 36 up to 68%. The present work thus pro-
videsindeed arelatively smple and inexpensive pro-
cessfor aconsiderabl e decrease of theimpuritiesas-
sociated with uranium in the prepared G. Gattar pilot
plant crude yellow cake with ammonium carbonate
solution.

EXPERIMENTAL

Material characterization

Thehighly impureworking yellow cake (sodium
diuranate) whichisproduced at G. Gattar pilot plant
hasfirst been chemically andyzed using both quditative
and quantitativeanalytical procedures. Thelatter have
involved several anaytical wet and instrumental tech-
niques.

For the upgrading procedure suggested in the
present work, aproper 1L sulphate solution hasbeen
prepared by dissolution of 10 g of the crude concen-
tratein 30 g/l sulphuricacid solution. During dissolution
thegrossamount of silicaand other insol ubleshavebeen
removed asinsol uble residue which wasthenfiltered
and washed until having 1 litre clear solution of the
working crude uranium concentrate. Thelatter hasa so
been subj ected to complete chemical analysis.

Na,U,0, +3H,S0, -
200,50, +Na,S0, + 3H,0

U0,S0, + SO7 — UO,(SO,)>
UO,(SO,); +SO; — UO,(SO,);

Experimental procedures

Severa upgrading experimentswere performedto
optimize thementioned two relevant factors. Inthese
experiments, 25 ml samplesof theprepared crudeura
nium concentrate solution were progressively treated
withanincreasingly anount of (NH,),CO, rangingfrom
0.375upto4.125 gm (equivaent pH 3to 10). During
these experiments, thedifferent impuritieswoul d gradu-
aly precipitatewhileuraniumwould dsogradudly pre-
cipitate as (NH,),U.O, until apH of about 7 behind
whichitwould selectively dissolveagainintheform of
theuranyl carbonate complex; viz:

—= Fyll Poper

2NaU0,(S0,), +3(NH,),CO, —7
(NH,),U 0, +4Na,SO, + 2(NH ,),S0, +3C0, T

(NH,),U 0, +6(NH,),CO,+3H 0 _PH>T
2(NH ,),UO,(CO,),+6NH ,OH

In each experiment, the obtained preci pitate was
|eft to settledown after which thedurry was subjected
tofiltration and the precipitate wasthoroughly washed
whilethe obta ned filtrate and washing were compl eted
toaknownvolumebeforebeing directed for theanay-
sisof both uranium and impurities. On the other hand,
thefinal filtrate obtained at pH 10 hasthen been sub-
jected to adjust its pH to 12 using 30% sodium hy-
droxideto form the upgraded sodium diuranate pre-
cipitateasfollows:

2(NH,),U0,(CO,),+14NaOH —*12_,
Na,U,0,+6Na,CO,+8NH ,OH+3H,0

Analytical procedures

Inductively Coupled PlasmaOgptica Emission Spec-
trometry (ICP-OES) and X -ray fluorescencetechniques
wereused to qualitatively identify the composition of
both theworking uranium ore concentrate and the ob-
tained purified yellow cake (sodium diuranate). How-
ever, the quantitative analysis was then used for the
determination of theimpuritieslike Si, Al, Pand Ni us-
ing Unicam UV 2-100 UV/Vis Spectrometer accord-
ing to standard methods of anaysis??. The concentra
tions of the other elements have been determined
through the | CP-OES technique using the proper stan-
dards.

Concerning the uranium concentration whether in
thecrudeor purified yellow cakeaswell asinthein-
creasngly purified solutionshavedl thetimebeing mea
sured by the ICP-OES technique and confirmed by an
oxidimetrictitration us ng ammonium metavanadate?,

Chemicalsand reagents

Sulfuricacid (98%, prolabo), anmoniasolution (25
30% prolabo), sodium hydroxide (99%, prolabo),
ammonium carbonate (99%, E-Merck purified prod-
uct), yellow cake (sodium diuranate) from G. Gattar
plant and other anal ytical reagentsare used. All chemi-
casused areof anaytical reagent grades.
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RESULTSAND DISCUSSION

Material characteristics

Asmentioned abovetheworking G Gattar pilot
plant crude uranium concentrate has compl etely been
analyzed using the mentioned procedures and the ob-
tained resultsareshownin TABLE 1. Fromthesere-
aultsitisclearly evident that besides Ca(2.12%) and
Fe (1.22%), both V and REEs (Ce, Sm, Th, Ho and
Tm) assay up to 1.53 and 1.09%.

On the other hand, the prepared solution of the
working crude uranium concentrate (pH 0.85) hasad so
been completely analyzed and the obtained resultsare
giveninthefirst columnof TABLE 3.

TABLE 1: Chemical analysis of uranium and associated

major impuritiesin G.Gatter pilot plant crudeyellow cake
(sodium diuranate)
Element Wt. % Element Wt. %

U (%) 35.8000 Na 4.2794
Ag 0.0668 Ni 0.0266
Al 0.0886 P 0.0742
Ca 21222 S 0.0120
Cd 0.0046 Sr 0.0490
Co 0.0086 Y 1.5270
Cr 0.0094 Zn 0.0095
Cs 0.0320 Ce 0.0202
Cu 0.0164 Sm 0.6708
Fe 1.2234 Th 0.1888
K 0.2612 Ho 0.1080
Mg 0.4377 Tm 0.1024
Mn 0.0174

Resultsof theupgrading procedure

Giventhehighly impuritiesof G Gattar pilot plant
uranium concentrate (sodium diuranate) asshownin
TABLE 2 in comparison with Swedish products?, it
was decided to subject the former to an efficient up-
grading procedures.

Choice of (NH,),CO, asan upgrading meansfor
theformer hasactualy been based upon economicrea-
sons. Two relevant factors haveindeed been chosen;
namely (NH,),CO,amount andinturnthepH besides
thetimeallowed for proper settling of the precipitated
impurities
(a) Effect of ammonium car bonateamount/pH

A seriesof 25 ml samplesof the prepared clarified

solution (pH 0.85) hasbeen used to study theinfluence
of the progressive addition of equal quantities of am-
monium carbonate powder (0.375 g) and inturn the
progressiveincrease of the pH of each solution. The
studied sampl e solutionswereleft eachtimefor one

TABLE 2: Chemical composition of G.Gattar pilot plant crude
yellow cake (sodium diuranate) compar ed to swedish prod-
ucts(sodium diuranate)

Production

Cru_de yeI_Iow cake_as period Pilot plant

clomen SUIUILEN g oey  Sodu,

pilot plant (%) diuranat‘g?; o) (%)
U 35.80 72.00 70.70
Ag 0.0668
Al 0.0886
As - 0.0010 <0.000 5
B - 0.000 05 0.000 05
Br - <0.000 5 <0.000 5
Ca 21222 0.15 0.03
Cd 0.0046
Cl - 0.0005 0.0005
Co 0.0086
Cr 0.0094
Cs 0.0320
Cu 0.0164
F - 0.000 7 <0.000 5
Fe 1.2234 0.05 0.02
| - <0.005 <0.001
K 0.2612 0.03 0.01
Mg 0.4377
Mn 0.0174
Mo - 0.015 0.03
Na 4.2794 7.4 7.6
Ni 0.0266
P 0.0742 0.010 0.12
S 0.03 0.10
Si 0.0120 0.02 0.02
Sr 0.0490
Th - <0.005 <0.005
\Y 1.5270 <0.000 5 <0.005
Zn 0.0095
Ce 0.0202
Sm 0.6708
Th 0.1888
Ho 0.1080
Tm 0.1024

(-) not detected
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day to ensure compl ete settling down of theobtained  analysisof both uranium and theimpuritiesthat have

precipitatesbeforethelr filtration and proper washing.
All the obtai ned sol utions were then subjected to the

not been preci pitated and the obtai ned resultsareshown
inTABLES3.

TABLE 3: Analytical resultsand pH values of uranium (g/l) and impurities(mg/l) in the prepared crudeuranium cake
solutionsafter progressivetreatment with ammonium car bonate

Amount NH,COs (g) 0 0375 0750 1125 1500 1875 2250 2625 3000 3375 3750 4.125
pH 0.85 3 4 45 6 6.6 7.3 8 8.7 9 10 10
Element
U (g/l) 3.58 3.34 3.15 3.12 2.75 0.008 0.001 0.009 1.87 3.44 3.56 3.56
Ag 668 661 665 661 663 654 662 660 661 662 660 660
Al 886 870 856 845 800 810 781 7 712 432 321 321
Ca 21222 20276 19873 18932 17876 15235 13651 11876 9362 3517 910 910
Cd 46 45 45 43 43 37 35 30 29 25 22 22
Co 86 80 78 e 75 76 75 71 73 70 71 71
Cr 94 83 79 73 71 70 69 67 55 50 40 40
Cs 320 315 300 299 286 277 265 259 251 195 165 165
Cu 164 155 144 142 140 137 134 133 120 115 111 111
Fe 12234 11244 10677 9781 8563 7673 6925 5452 1342 652 160 160
K 2612 2563 2427 2364 1986 1854 1813 1767 1754 1674 1612 1612
Mg 4377 3751 3522 3628 2970 2457 2142 1934 1851 1833 1802 1802
Mn 174 155 152 141 134 125 119 108 97 88 82 82
Na 42794 40235 3809 3608 28951 18515 15946 13086 9100 6321 5202 5202
Ni 266 260 256 247 236 242 231 199 156 119 104 104
P 742 700 688 665 642 632 624 420 333 212 124 124
Si 120 70 68 67 70 50 52 64 51 51 51 51
Sr 490 447 423 388 367 361 251 252 201 182 188 188
Y, 15270 13112 12234 11732 10162 9025 6861 4996 3432 1012 979 979
Zn 95 90 88 85 82 74 70 66 49 36 21 21
Ce 202 192 169 162 156 145 130 100 Q0 50 26 26
Sm 6708 6018 5813 5409 5215 4202 3937 2781 2256 1450 1050 1050
Tb 1888 1810 1665 1525 1451 1378 1266 1165 966 499 267 267
Ho 1080 992 834 731 635 567 467 356 305 192 129 129
m 1024 980 928 864 768 674 559 459 348 189 112 112

From theobtained results, it isclearly evident that
beside of increasing the pH va ue, the concentration of
mogt of theimpuritiesintheworking crudeuranium cake
sol utions has decreased with increasing theamount of
ammonium carbonate. Theminimum concentration of
theseimpuritieshas actually been obtained after addi-
tion of upto 3.75 g of the ammonium carbonate pow-
der and where the pH has amounted to 10. Further
addition of (NH,),CO, has not affected the pH which
remained at 10 and & so there hasbeen no further pre-
cipitation of impurities. Itisinterestinginthisregard to
indicate that uranium hasamost been completely pre-

cipitated at pH 7.3 and started to re-dissolve at pH 8
until pH 9whereit hasalmost been completely re-dis-
solved at pH 9. Concerningincreasing thelatter to pH
10 hashowever led to further precipitation of Cafrom
3.52 downto 0.91 g/l, of Fefrom 652 to 160 ppm, of
Pfrom 212 to only 124 ppm and of REEsfrom 2.38to
1.58 g/l. It canthus be concluded that under thework-
ing conditions, 1 L of the prepared sul phate sol ution of
G Gattar pilot plant crude uranium concentrate (3.589
U/l') would require 150 g (NH,) ,CO, to increaseiits
pH to 10 and where an adequate decreasein the assay
of theassociated impurities could beredlized. Further
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addition of 159 (NH,),CO, hasneither increased the
pH nor realized any decrease of the uranium associ-
atedimpurities.

(b) Effect of thesettlingtime of the precipitates

For studying the effect of settling timerequired for
efficient collection of precipitated impuritiesfromthe
prepared sol ution of theworking crude yellow cake,
the pH of a series of 25 ml samples therefore was
adjusted at pH 10 using 3.750 g ammonium carbon-
ate. The obtained precipitateswerethen | eft to settle
downfor different time period ranging fromonly 1 hr
up to 3 days. After proper filtration and washing of
the precipitated impuritiesthe obtained filtrateswere
then analyzed for both the uranium and the still dis-
solved impuritiesin thefiltrate using ICP-OES and

TABLE 4: Effect of settletimeupon the separ ation efficiency
of theimpuritiesprecipitated at pH 10 upon theassay of U (g/
[) and theassociated impurities (mg/l) of G.Gattar pilot plant
purified uranium concentr ate solution

Time 0 1hr 4hrs lday 2days 3days

Element

U (g/l) 3.58 2.56 2.97 3.57 3.56 3.56
Ag 668 660 660 660 660 660
Al 886 350 341 322 322 322
Ca 21222 1200 1076 912 912 912
Cd 46 40 34 22 22 22
Co 86 82 81 71 71 71
Cr 94 60 53 41 41 41
Cs 320 202 188 167 167 167
Cu 164 121 119 109 110 110
Fe 12234 259 187 160 160 160
K 2612 2613 2022 1612 1612 1612
Mg 4377 2132 1970 1801 1801 1801
Mn 174 109 102 82 82 82
Na 42794 15202 15032 5202 5202 5202
Ni 266 124 114 104 104 104
P 742 162 141 123 123 123
Si 120 60 52 50 51 50
Sr 490 213 216 188 188 188
\% 15270 1329 1174 979 979 979
Zn 95 45 40 21 21 21
Ce 202 67 43 26 26 26
Sm 6708 1955 1765 1050 1050 1050
Tb 1888 365 347 267 267 267
Ho 1080 444 388 129 129 129
Tm 1024 365 327 112 112 112

the other required techniquesand theresultsare shown
inTABLE4.

From the obtained data, it isclearly obviousthat
the concentration of most of theimpuritieshhasgradu-
aly decreased totheir minimum vaueswithincreasing
the settling timeof the obtained preci pitatesfrom 1hr to
1day. Theresfter, the concentration of both uraniumand
associated impuritieshasamost been kept constant up
to 3days. Therefore, it can be concluded that one day
isquiteenough for complete settling of the precipitated
impurities
Sodic decomposition

A sampleweighing, 20 g of G Gattar pilot plant
crude uranium concentrate was suspended in 100 ml of
digtilled water followed by adding 50 g of sulphuricacid

TABLE 5: Chemical composition of theupgraded purified
uranium concentratein comparison with G.Gattar pilot plant
crudeconcentrate

Element Purified yellow Crude yellow
cake (%) cake (%)
U 67.96 358
Ag 0.0131 0.0668
Al 0.0120 0.0886
Ca 0.0800 21222
Cd 0.0020 0.0046
Co 0.0054 0.086
Cr 0.0030 0.094
Cs 0.0111 0.0320
Cu 0.0078 0.0164
Fe 0.0100 1.2234
K 0.00320 0.2612
Mg 0.0812 0.4377
Mn 0.0081 0.0174
Na 6.3678 4.2794
Ni 0.0066 0.0266
P 0.0012 0.0742
S 0.0030 0.0120
S 0.0132 0.0490
v 0.0288 1.5270
Zn 0.0021 0.0095
Ce 0.0031 0.0202
Sm 0.1060 0.6708
Tb 0.0272 0.1888
Ho 0.0131 0.1080
m 0.0113 0.1024
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(98%) and the volume wasthen completed to 1 litre
with distilled water. Theinsoluble matter of thelatter
wasthenfiltered to clarify theturbid solution. After-
wards, theinsol ublematter hasbeendried anditsweight
wasfoundto attain 1.5 g. To the obtained clarified so-
lution 150 g of ammonium carbonate was added to
adjust itspH up to 10. From the prepared ammonium
uranyl tricarbonate solution most of theassociated im-
purities havebeen preci pitated and which werefiltered
off after being left for oneday for efficient settling down.
Thelatter wasthen dried at 105 °C and where its weight
wasfoundtoattainupto8.5g.

Recovery of uranium from the ammonium uranyl
tricarbonatefiltratewasachi eved through sodic decom-
position by the addition of 30 % sodium hydroxide so-
lution where uranium in the form of pure sodium
diuranate hasbeen precipitated at pH 12. After proper
drying of thelatter, itsweight has attained 9.55g. To
determinethe uranium associated impurities, the ob-
tained purified cakewas subjected to quaitative analy-
gsusing X-ray fluorescencetechniqueasshowninFg-
urel. Onthecther hand, acompletequantitativeandyss
by |CP-OES has been performed for both uranium and
theassociated impuritiesin comparisonwiththe G Gattar
pilot plant crude uranium concentrate (TABLES). From
the obtained results, it can be concluded that the pre-
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Figurel: X-ray fluorescencequalitativeanalysisof thepre-
pared purified yellow cakefrom the crudeconcentrateof G.
Gattar pilot plant by two scan
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cipitated Na,U,0O, attains apurity of 90.5%. On the
other hand, itisclearly evident that anoticesbledropin
theco-associated impuritieshasindeed been obtained.

A proposed flowsheet for the upgrading of G.
Gattar pilot plant crude uranium concentrate using
ammonium carbonate has been formulated and is
showninFigure2.

G. Gattar pilot plantlsulfate leach liquor

Eluation

. Effluent | s S
| Anion Exchange ‘ TV IaCl / 0.05M H, S0,

-

| ‘ i NaOH
Crude Cake pH75-8

Filtrate R ~
Filtration

+

|
‘ H,S0,
Filtration ‘

|
| Dissolution
|

Insolubles

(NELD,C O

| Cake Upgrading | pH 10

Precipitated |

impurites Filtration |

TaO

| Sodic Decomposition ‘ piL 12

Filtrate |

Recycle Filtration ‘

| Dryingati10°C |
i

\ Na,U,O., \
Figure?2: Formulated flowsheet for upgrading G. Gattar crude
uranium concentrateinto highly purified sodium diur anate

CONCLUSION

An upgrading procedure using ammonium carbon-
ateispresented for the highly impure G. Gattar pilot
plant sodium diuranate product (35.8 % U). Thetwo
relevant factorsstudied invol ved adj ustment of the sul-
phate sol ution of crude cake by ammonium carbonate
at pH 10 and allowing a settling time of one day for
efficient precipitation of theimpurities.

A highly purified final product of sodium diuranate
with 90.5 % purity and assaying up to 67.96 % U has
been obtai ned by sodic decomposition of the prepared
highly pure ammonium urany! tricarbonate sol ution at
pH 12. Using ICP-OES for analysis of the purified
product reveals a high purity product of quite low
amountsof associated impurities. A flowsheet summa:
rizing theworked procedure has been formulated.
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