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ABSTRACT

In this study uranium extraction was carried out by agitation in a separate
batch operation. After equilibrium, the solution and resin mixture wasfiltered
and the remai ning uranium was analyzed in the sol ution. A carbonate leach
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liquor with 300 ppm uranium was used against Amberlite IRA 402 (Cl). The
extraction efficiency reached to 90% in one stage (pH of the leach liquor
equal 8, 20 min agitation time, resin to solution ratio is 1/20 at room
temperature). Elution step was achieved by 1M sodium chloride with resin
toliquidratio of 1/10 and 20 min agitation time at room temperature. These
conditions led to nearly complete elution of the adsorbed uranium on the

used resin. © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

The extractive metallurgy of uranium is well
established industry and some of the processesin use
utilizeion exchangeresin™. lon exchangeoperationin
itssimplest termsinvolving the redistribution of the
counter ionswith those present intheliquid phasg?.
Historically, operation were performed statistically
through fixed beds of ion exchange resin placed in
columns. Sometechnical advantages were expected
through dynamic ion exchange. Acceleration of ion
exchange reaction by agitation isalogic imagination.
Dynamic ion exchange in a separate batch was
applied®. In carbonate medium, uranium forms a
definiteuranyl carbonate complex:

U0, + 3C0," «—» U0, (CO3); ™ .

The ion exchange reaction means selectively

adsorption of uranyl carbonate anion asfollow:

4R X + U0y (CO:): “— (R U0y CO:): +4X

WhereR* representsthefixed ion exchangesitesof the
resin, X = NO, or Cl~. The above reactions are
reversible, and the uranium may be desorbed or eluted
from theresin by shifting the reactionsto the | eft>¢l,
Thisisusudly accomplished with thesolutionscontaining
ether nitrateor chloridesdts™.

InNuclear Materid Authority, uraniummineraized
granite samplewasfinely grounded and subjected to
leaching using mixtureof sodium carbonateand sodium
bi carbonate solution. Uranium concentration in the
produced leach liquor was 300 ppm uranium. lon
exchange experimentswereholdin aglassbeaker with
suitablevolumeand agitationwasperformed by dectrica
motor with a suitable power supplied with turbine
mixtureadjusted at 300 rpm. To determinetheuranium
concentration, known aiquot wastaken fromtheleach
liquor after extraction. The uranium extraction
percentages were performed spectrophotometrically
usingArsenazo |11 method asfollow!®:
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% U UPtﬂke = (C nitial = C remam) X100/C initial
WhereC .. and C . aretheinitial and remain
concentration of uranium in aqueous solution
respectively.

In the elution expermints, uranium recovery
percentagewas cal cul ated asfollow:
% U RECO\-’EI‘Y = (Clﬂad - Cremain) X100/ Cload
WhereC__andC__. aretheconcentration of uranium
loaded and remain onto the resin respectivel y919,

EXPERMITAL

Uranium extraction experimentswere carried out
by using 1gram of theresin against suitable volume of
leach liquor. Therelevant factorsof uranium extraction
were studied.

Effect of pH

Totest theeffect of pH of theleach liquor onthe
extraction of uranium, 1gram of resinwastaken against
20 ml of carbonateleach liquor at room temperature
and pH intervalsfrom 2 to 12 for 20 minute agitation.

Effect of agitation time

By fixingthepH of theliquor at asuitablevaue, the
uranium extraction wascarried out to test the effect of
agitationtimeintimeinterva 2to 100 minutewithresin
toliquidratio of 1/120 at room temperature.

Effect of resintosolution ratio

Thisfactor wasinvestigated under pre-determined
pH and agitationtime, then intervd ratiosvaried from
1/5to 1/80.

Effect of Temperature

By fixing the pre-tested factors, the temperature
effect wasinvestigated in temperatureintervasvaried
from room temperatureto 80°C.

RESULTSAND DISCUSSION

Anaysistakesplacefor the carbonateleach solution
after precipitation using sodium hydroxide. Theresult
indicatethat the main e ements present inthe solution
are 63.34% uranium (300 ppm) and some el ements
present in small quantitieslike S0.1%, Al 4.37%, K
6.21%, Ca2.6%, and Si 16.54%.
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The influence of certain factors affecting the
extractionincluded pH, shakingtime, temperature, resin
tosolutionratio (R/S), and effect of adding carbonate
ions.

Effect of pH

An uptake measurement under controlled pH was
doneusing 1M NaOH & 1M HNO, by taken solutions
of different pH intervalsfrom 1.3t09.8 by placinglg
of resinin around flask containing 20 ml of the metal
ion solution under investigetion then shakingfor 20 min.
at room temperature 28+1 °C on a Vibromatic-384
shaker at 300 rpm. Then solutionwastekenfor analyss.
From thedataobtainedin Figure (1) it wasfound that
the maximum extraction take place at pH between 8.8
- 9.8.
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Figurel: Effect of pH on theextraction of uranium
Effect of shakingtime

M easurementsto definethe equilibrium timewas
doneat pH =9.8 by shaking 20 ml of metal ionsolution
from 2 min. to 1220 min., at room temp. 28+1°C. The
results given in Figure (2) show that the extraction
increase asthe shaking timeincreasethentheextraction
processbecome nearly stable after 20 min, whichmean
that theequilibriumtimetake placeafter 20min

Effect of temperature

Theeffect of temperature on the adsorption of metal
ionswas carried out at different temperature 28, 40,
50, 60 and 70 °C by placing 1g of resin in aseries of
flaskscontaining 20ml of metal ion solutionsat desired
pH and shakingtime. Fromthedatain Figure (3) it was
found that extraction decrease with increasein temp.
therefore, the optimum temperatureis 28 °C.
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Figure?2: Effect of shakingtimeon theextraction of uranium
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Figure3: Effect of temperatureon uranium extr action

Effect of R/Sratio

Theeffect of resnto solution ratio on theextraction
of metal ionscarried out at different ratios 1.5, 1:10,
1.:20, 1:30, 1:40, 1:60, 1:80 by placing 1g of resinina
seriesof flaskscontaining different volumes(ml) of metd
ionsolutionsat fixed pH, shakingtimeand temperature.
Thedataisplotted in Figure (4) which show that asthe
volume of theleach solution increase the extraction
decreases because the concentration of metal ion
increased, withfixed resn gtes Themaximum extraction
was 88.3% at 1:5 ratio, but we choosetheratio 1:30
which give83.3% to besuitablefor pilot scale.

Extraction isotherms

Theresultsobtained for the extractionisotherms of
uranium from carbonate mediareflect theefficiency of
anionic resin (Amb. IRA402) for the extraction of
uranium. Thegenera adsorptionisothermscalculated
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Figure4: Effect of resntosolution (R/S) on uranium extrac-
tion
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Figure5: General adsorption isotherm

and representedin Figure (5). Thedistribution of each
meta ion betweenthesolid liquidinterfaceat equilibrium
has been applied to different isotherms.

Langmuir equation can bewritten ag™:
Ce/qe=1/bQ,+Ce/Q,
WherebisLangmuir constant, Q° (Mg ,./9 o) 1S
themaximum amount of metd taken up. Fromthedope
and theintercept of thelinear relation, Q° for U(V1)
wasfoundtobe8.12(mg /9 ..): @xdbfor U(VI)
is2.55

Elution process

To recover uranium from the loaded resin using
different eluents, certain affected factorswere studied.
Thesefactorsarethe concentration of e uent solution,
shaking time, temperature, and resin to solution ratio
(R/Sratio). Uranium was|oaded from the carbonate
leach liquor ontheresinto maketheresin contain 270
mg/gresin.
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Effect of using different eluents

Recovery of uranium from theloaded resin (Amb.
402) tekesplaceusing different reagents. M easurement
was done using different concentrations of NaCl,
Na,SO,, Na,CO,, and KNO,. By placing 1 g of the
loaded resinin around flask containing 20 ml of the
prepared sol utionsthen shaking for 20 min. at room
temperature 28+ 1 °C. From the data obtained from
Figure(6) it wasfound that the maximum recovery teke
place by 1.25M NaCl & 1M KNO, with values of
60.3% and 67.6%, respectively. Although therecovery
incaseof nitrateismuch moreeffectivethan chloride
but we preferred sodium chloride from the economic
point of view.
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Figure 6 : Effect of different conc. of different eluentson
uranium recovery fromtheloaded resin, shakingtime=20
min., R/Sratio=1:20, temperature=28+1°C.

Effect of shakingtime

Effect of shaking time on uranium recovery from
theloaded resin hasbeeninvedtigated. Theshakingtime
wasvaried from 1 to 120 minutes. The obtained results
represented in Figure (7) indicatethat the recovery of
uranium increased as the time increase then the
extraction process become nearly stable after 5 min,
which mean that the equilibrium take place after Smin.

Effect of temperature

Recovery measurementstake place by taking 20
ml of NaCl solution with 1g of the loaded resin at
optimum conc. of NaCl, and time and temperature
variesfrom 30 to 80°C. Obtained results represented
in Figure (8) indicate that the recovery of uranium
doesn’t change with the change in temperature.
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Figure7: Effect of shakingtimeon uraniumrecovery from
theloaded resin, NaCl concentration 1.25M, R/Sratio = 1:20,
temperature=28+1°C.
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Figure8: Effect of temperatureon uranium recovery from
theloaded resin, shakingtime=5min., NaCl concentration
1.25M, R/Sratio=1:20.

Effect of resin to solution (R/S) ratio

Recovering of uranium at different R/Sratiosfrom
1:5101:160 hasbeen investigated. The obtained results
arerepresented graphically in Figure (9). It wasfound
that the recovery of uranium from the loaded resin
decreasegradudly asthevolumeof thesolutionincrease
whichindicatethat theresn steshashigh affinity toward
thechlorideionsrather than uranium complexes. The
maximum recovery was 99.3% at 1:5ratioswhich give
the maximum recovery with the minimum volume
(volumereduction).

Analysisof recovered uranium

The recovered uranium by sod. chloride was
precipitated using sodium hydroxide. EDAX analysis
of the precipitated uranium indicated that it is present
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Figure9: Effect of resinto solution ratio (R/S) on uranium
recovery fromtheloaded resin, shaking time=5min., NaCl
concentration 1.25M, temperature28+1°C.

asmagjor congtituent of 90 %, and theresidue contains

minor amountsof Al, Na, K, Si, and PFigure (10).
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Figure10: EDX analysisof theuranium solid product ob-

tained fromion-exchangeextr action appr oach using NaCl as

recovering agent.

CONCLUSION

From this study we can conclude the following

advantage of agitation of resinin separate batches:

Agitation accel eratesion exchangereaction.
Highly shorteningin operationtimecomparingwith
classicd fixed bedstechnique.

Maximum utilization of resin capacity.
Excluding classica parameters such asporosity
andretentiontime.

Agitationion exchangeisvery closer to solvent
extraction technique but without possibility of third
phaseformation.
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