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Abstract

Acidic wastes containing low concentrations of uranium are generated during uranium purification and processing. This study has been
initiated to develop a suitable emulsion liquid membrane (ELM) technique for selective separation and recovery of uranium from such
wastes using trir-octylphosphine oxide (TOPO) in paraffin as a carrier and sodium carbonate as a stripping agent. The waste, having a
composition of nearly 600 ppm U(VI), 360 ppm Fe(lll), 325 ppm Ca(ll), 390 ppm Mg(ll) at an acidity of 1.2 M4IN@s used as the
feed phase. A comparison of ELM extraction was done between synthetically prepared uranyl feed solution and acidic wastes. Various
factors that affect the emulsion stability as well as percentage extraction of uranium have been optimized in order to obtain maximum
concentration of uranium from acidic wastes. An attempt was made to recover uranium without making any substantial changes to the
wastes composition. In presence of various metal ions, selective permeation of uranyl ions through liquid membrane was observed to be
more than 70%. Batch type extractions of U(VI) by the ELM method were performed to simulate a two-stage counter extraction and the
experimental findings suggest that the U(VI) concentration in the final raffinate can be lowered to below 50 ppm. Potential of the method
for the selective separation of U(VI) from acidic wastes is, thus, established.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction Selective transport of uranium(VI) from a secondary
source containing the metal ion at low concentration level
In recent years, efficient separation of radioactive metal has attracted the attention of nuclear scientists. Recovery of
ions has been studied actively in connection with the devel- uranium from aqueous wastes is of specific interest in this
opment of new, advanced processes with superior propertiesstudy. Acidic wastes generated in uranium processing plant
[1]. One such process-an emulsion liquid membrane (ELM) contains uranium along with other base metals. The selec-
process-an advanced extraction technique for the recovenytive separation and recovery of valuable uranium from the
of metal ions has received considerable attention in the pastwastes is one of the major tasks to accomplish, since it is
three decades due to characteristics, such as ease of oper@ways desirable to recover uranium from such wastes not
tion, low cost factors, high selectivity, low concentration of only for the strategic value of uranium as a fuel for nuclear
carrier, larger area for mass transfer, and higher fl{&e5s]. reactors, but also to meet stringent discharge standards.
The recent commercial applications of ELM on industrial ~ Preliminary results for the separation and recovery of
scale include the removal of zinc at a textile plant in Aus- uranium with ELMs have been reported in the literature
tria, cyanide removal from waste liquors in gold processing [7—10], however, very little is mentioned concerning the ap-
plant in China and removal of phenol from wastewd€dr plication of ELM technique on actual uranium wastes. This
The ELMs can be either WO\W or O\W\O type. The manuscript focuses on the studies carried out to concentrate
liguid membrane phase is that which separates the encapuranium from such a waste stream, using ELM technique to
sulated drops in the emulsion from the external continuous facilitate recovery of uranium.
phase. ELM provides a potentially powerful technique for ef-
fecting a diverse separation operation, while simultaneously

. .7 2. Experimental
allowing the external solute to be concentrated strongly in P

the receiving phase. 21 Chemicals
* Tel.: +91-22-5592660; fax:+91-22-5505151. TOPO (99% purity; Loba Chemie Pvt. Ltd., Mumbai),
E-mail address: pskulkarni@rediffmail.com (P.S. Kulkarni). D2EHPA (97% purity; BARC make) and TBP (98.5%
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purity; S.D. Fine Chemicals Ltd., Mumbai) were used absorption spectrophotometer (model: GBC, AVANTA-PM,

as such without further purification. Surfactant sorbitan Australia). Error in analysis of uranium was withird%.

monooleate (Span 80) was obtained from Mohini Organ-

ics (P) Ltd. Mumbai. Diluent paraffing{ = 1.28 mPas,

o = 0.83g/ml) and heavy paraffin (HPu(= 5.76 mPas, 3. Resultsand discussion

p = 0.89 g/ml) were used in the membrane preparation. A

typical batch of uranium matrix having waste composition 3.1. Extraction chemistry of uranium

nearly UVI) = 600ppm, Fdll) = 360ppm, Cdl) =

325ppm, Mdll) = 390 ppm and free acidity 1.2M HNO The choice of extractant and strippant is vital for the suc-

was directly used as the feed phase. All other chemical cess of ELM technology and this choice can be made on

reagents were of analytical grade and used as received.  the basis of liquid-liquid extraction studies of the metal. An
extensive literature is available on extractants and its appli-

2.2. Membrane preparation cation in uranium recovery. Some of the recently studied
extractants are DHDECMHS5], PC-88A[16], HDBP[17],

Membranes were prepared by emulsifying an aqueousnaphthenic acid18], g di-ketoneg19], etc.

solution of strip phase with an organic phase (1:1 ratio). ~Extractants, such as D2EHPA, TBP and TOPO have

The organic phase consisted of surfactant Span 80 (v/v) andoeen frequently used in solvent extraction studies of ura-

TOPO in diluent paraffin. The internal strip phase (sodium Nium[20-22] In the present investigation, these extractants

carbonate) was added dropwise to the stirred organic phase!Vere tried at their 0.1 M concentration in diluent and con-

The contents were stirred at 5000 rpm for 15min with a tacted with equal volumes of acidic wastes containing ura-

four-blade turbine impeller of 40mm diameter in a glass NiuM(VI). The efficiency of the extraction system was mea-
vessel of 90 mm diameter. sured in terms of distribution ratios (D), and selectivity of

uranium over the other metals present in the waJigsle 1
shows that extraction of uranium is higher in D2EHPA but
the selectivity is very poor. On the contrary, selectivity of
uranium(VI) is better for TOPO and the extraction is also
reasonable. Thus, TOPO was found to be the most effec-
tive extractant for extraction of uranium from acidic wastes
compared to the other extractants that were tried.

The extraction of uranium(VI) by TOP{23] can be rep-
resented as:

2.3. Separation of uranium from aqueous acidic wastes

The stable emulsion obtained was dispersed in the feed
of acidic wastes stream from which uranium was to be
recovered. The extraction runs were performed in a glass
vessel having 80 mm internal diameter and a six flat bladed
turbine impeller of 40 mm diameter rotating at 300 rpm.
A treat ratio (emulsion to feed phase) of 1:5 was used for
the extraction purpose. Samples of about 8 evere with- UO2(NO3)2 ag + 2HRgrg =2 UO2(NO3)2 - 2HRorg, 1)
drawn from the extractor at different intervals of time and
were filtered through a Whatman filter paper (no. 540) t0 Kex = [UO2(NOs)z - 2HR]°£Q' (2)
separate emulsion from aqueous feed phase. The loaded [UOZ(NO3)2]aq[HR]org.

emulsion was de-emulsified by thermal process for strip \hereK, is the stoichiometric equilibrium constant and HR

phase analysigl1]. Experiments on the liquid-liquid ex-  yepresents TOPO. The distribution coefficient of uranium is
traction equilibrium of uranium were carried out by mixing  yefined as:

25cn? of organic phase and 25 énof aqueous phase and
then shaking for 1 h. All experiments were carried out at Kp = [UO2(NOs)z - 2HRlorg (3)
ambient temperature (252°C). [UO2(NO3)2]aq

For the stripping of uranium from the loaded organic sol-
2.4. Analytical vent several striping agents, such as HNB»,SOy, sodium

citrate and sodium carbonate were tested. It was found that

The concentrations of uranium in the aqueous feed andsodium carbonate of 1 M stripped more than 90% of the ex-
strip phases were spectrophotometrically determined usingtracted uranium, and less than 3% of the other metals. Hence,
alkaline peroxide metho@12] (model: CHEMITO 2000,

TOSHNIWAL (P) LTD., India). The concentration of ura- Table 1

nium in the organic phase was calculated by mass balance Distribution ratios for metals present in acidic wastes

The measurement of uranium extraction and stripping iS gxtractant (0.1 M) Distribution ratios (D)

described elsewherd 3]. Free acid present in the wastes
was determined by titration with sodium hydroxide and the
interference due to metals was suppressed by complexingP2EHPA 1.22 0.24 0.03 0.02
with 3% sodium fluoridg14]. The concentrations of other i(B)Eo (i"la %‘%52 %‘%11 %‘%%)
metal ions (Fe, Ca, Mg) were determined using atomic i i i i

) Fe(lll) ca(lly Mg(ll)
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sodium carbonate was found to be the promising stripping 3.2.2. Feed phase acidity
agent. White and Ros$23], observed that increase in nitric acid
The combination of TOPO and sodium carbonate was concentration to a certain extent increases the extraction of
found to be the best during liquid—liquid extraction was used uranium but with further increase in its concentration there
in ELM studies also. The ELM process involves the extrac- is increased competition between uranyl ions and nitric acid
tion and stripping in one-step. for complexation with TOPO. In the present case, a highly
acidic wastes is causing problems on the emulsion stability
as well as on the extraction and stripping of uranium, hence,
it was decided to neutralize some of the acid using caus-
tic. Therefore, feed phase acidity was lowered from original
1.2-0.1 M, which is shown ifrig. 2 It was observed that
decrease in acidity of the feed phase increases the extraction
of uranium up to 0.3 M of the acidity. Further decrease in
acidity of the feed phase resulted in a decrease of the extrac-

15min. In th in ord heck th tion of uranium and also, the precipitation of Fe has started.
min. In the present wastes system, in order to check t ®Therefore, in the present ELM system in order to achieve

feasd|b|I|t()j/ c;}f the p:ocess same lpare(ljm_?:]rlc Cog,]pos't,'?]n Was[?aximum extraction of uranium from acidic wastes, it is
used and the results were correlated. The studies with actua ery important to maintain the acidity at 0.3 M.

acidic wastes show very low values of extraction (55%) and
stripping (15%). It was also observed that the maximum 3.2.3. \iscosity of the membrane
extraction of uranium occurs at pertraction time of 6 min,
which is very low compared to the synthetic solutions.

In order to achieve maximum extraction and stripping of
uranium, it was decided to design a new membrane formu-
lation for the recovery of uranium from acidic wastes.

3.2. Extraction using liquid membranes

In our earlier studies with synthetic solutiofis3], it was
observed that 3% (v/v) span 80, 0.05M TOPO and 0.5M
concentration of N2CO3; gave more than 90% extraction
and 80% stripping of uranium at a pertraction time (where
maximum extraction of uranium occurs in the membrane) of

The viscosity or thickness of the membrane determines
the rate of transport of uranium and pertraction time. HP
was added into the diluent to study the effect of viscosity on
uranium extraction. It was found that increase in viscosity
of membrane increases the stability and pertraction time of
. . the emulsion and hence percentage extraction of uranium,
3.2.1. Extractart/carrier concentration which is shown inFig. 3 But increase in viscosity beyond

ELIT\;Ig. 1 ShO,WS tr}e effe_ct of ITOPOfCOﬂEEﬂ;I’&tIOﬂ on .the 30% HP was found to decrease extraction of uranium due
extraction of uranium. It was found that extraction to resistance of the emulsion to mass transfer.

increases with the increase in concentration of TOPO. This
is because increase in carrier C(_)ncentrat?on will incre_as_e 2.4, Srip concentration

the.mass transfer. The decrt_aase in e>_<tract|on after 6 min. is The internal base solution always plays a critical role on
attributed to leakage of uranium from internal phase. It was
also observed that change in concentration of TOPO did not
affect the stability of emulsion.

the stability of emulsion and recovery of a metal. The in-
crease in base concentration increases the permeation rate
of solute, but, it also invites more water transfer and leads
to instability of membrang24]. Fig. 4 shows the effect of
feed phase acidity on the strip concentration. It was found

100 that final stripping of uranium increases as sodium carbonate
©0.05MO0.1M concentration was increased from 0.1 to 0.75 M, thereafter,
A0.15M x 0.2M it starts decreasing. Further, it was very interesting to note

that the osmotic balance of the ELM system was found to
be good at feed phase acidity of 0.3 M and strip phase con-
centration of 0.75M. This is because the highest recovery
of uranium at this stage was discovered to be 70%. The fi-
nal strip phase composition was found to be<1250 ppm,
Fe = 14 ppm, Ca= 10 ppm and Mg= 4 ppm. These con-
centration values compared with the feed suggest that the
process have a potential for selective separation and recov-
ery of uranium from such wastes.

Extraction [%]

3.3. Two-stage counter extraction by ELM process

0 ' ' - , ' , . , o
0 2 4 6 8 10 12 In order to achieve maximum lowering of uranyl ions in

final raffinate a two-stage counter (batch type) extraction
experiments with manual exchange of the settled phases
Fig. 1. Effect of carrier concentration on extraction of uranium. between stages were conducted. Initially, the optimum

Time (min.)
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Fig. 2. Effect of feed phase acidity on extraction of uranium.
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Fig. 3. Effect of viscosity of membrane phase on extraction of uranium.

conditions for ELM extraction of uranium from acidic An ELM extraction was performed by contacting a fresh
wastes were determined based on values obtained for stabilemulsion with waste solutions of uranium concentration,
ity of emulsion and percentage of extraction. In this study, which are supposed to be the uranium concentration in the
the most agreeable conditions were found to be 0.1 M TOPO raffinate of the first stage. The uranium concentrations in ex-
with 3% Span 80 in 30% heavy paraffin (HP) in paraffin ternal solutions before and after the extraction are shown in
and 0.3 M acidity of the feed phase. Estimating from the Table 2(Part ). The uranium concentration after the extrac-
preceding experiments, the emulsion is stable under thesetion corresponds to that of the raffinate of the second stage.
conditions for about 10 min and thus, the extraction time The results suggest that if the uranium concentration in the
for each extraction was set at 8 min. feed solution of the second stage, which is the raffinate of
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Fig. 4. Effect of strip phase concentration on uranium recovery.
Table 2 is investigated. A comparison in ELM extraction between
ELM experimental results for simulation of two-stage counter extraction \ygste stream and synthetic urany| solution shows a lot
of uranium of difference in emulsion stability, pertraction time and
Experiments  Uranium concentration in external feed phase (ppm) percentage of extraction and stripping of uranium. Hence,
Initial Final various factors, including the concentrations of TOPO,
Part | 180 18 viscosity of the diluent, feed phase acidity and stripping
175 45 concentration, were examined in order to get maximum
recovery of uranium from acidic wastes. It was found that
Part Il 600 224 . . L
600 296 higher recovery of uranium from acidic wastes was ob-

_ _ tained when the internal phase concentration of sodium
Part | fresh emulsion; Part Il: loaded emuilsion. carbonate is 0.75M and feed phase acidity is 0.3 M. Selec-
the first stage, is below 180 ppm, the uranium concentration tive permeation of uranium from various cationic impurities
in the raffinate of the second stage can be lowered to belowsuggests potential application of this method in nuclear in-
50 ppm. dustries. More than twice enriched uranium was obtained
The loaded emulsions of the first part was manually in the strip phase using these parameters. The stability and
separated from the external solutions and further used forreproducibility of the membrane with the increase in vis-
extraction experimentTable 2 (Part Il) shows the results  cosity were found to be excellent in impregnation mode.
of the extraction experiments using the loaded emulsions This is advantageous for the application of the ELM system
and initial acidic waste. Further, the strip phase analysis of to treat actual waste stream for recovery of uranium. To
loaded emulsion shows 1700 ppm of uranium and less thansimulate a two-stage counter extraction, batch type extrac-
3% of the other metal ions. But unlike Hirato et §5] tions of acidic waste by ELM method were performed. The
the uranium concentration in the raffinate after extraction experimental findings suggest that the uranium concentra-
doesn't exactly correspond to that of the first stage extrac- tion in the final raffinate can be lowered to below 50 ppm
tion in two-stage counter extraction, which may be due to When the feed containing 600 ppm is treated by two-stage
the difference between a real waste stream and a syntheti@xtraction.
solution. Thus, final uranium concentration was lowered to
less than 50 ppm by two-stage counter extraction.

Acknowledgements

4. Conclusions The author expresses sincere thanks to Shri. S.K. Ghosh,
Head, ChED, BARC and Mrs. S. Mukhopadhyay and Shri.
An ELM process using TOPO and sodium carbonate to M.P. Bellary for their kind support and keen interest in
concentrate dilute uranyl ions from agueous acidic waste this research work. The author is grateful to Shri. M.K.



214

Dixit and Shri. S.G.S. Murthy for help in atomic absorption
spectroscopic analysis.

References

[1] IAEA Technical Report Series 370, Vienna Austria, 1996.

[2] H.C. Hayworth, W.S. Ho Jr., W.A. Burns, N.N. Li, Sep. Sci. Technol.
18 (6) (1983) 493.

[3] J.W. Frankenfeld, N.N. Li, in: R.W. Rousseau (Ed.), Handbook of

P.S. Kulkarni / Chemical Engineering Journal 92 (2003) 209-214

[11] P.S. Kulkarni, K.K. Tiwari, V.V. Mahajani, Sep. Sci. Technol. 36 (4)
(2001) 639.

[12] H.J. Seim, R.J. Morris, D.W. Frew, Anal. Chem. 29 (3) (1957) 443.

[13] P.S. Kulkarni, S. Mukhopadhyay, M.P. Bellary, S.K. Ghosh,
Hydrometallurgy 64 (2002) 49.

[14] V.N. Krishnan, M.S. Visweswaraiah, Analytical Manual for Quality
Control Section Uranium Metal Plant, BARC/1994/URED/001, 1994,
p. 98.

[15] H.H. Someda, A.A. El-Zahhar, M.K. Shehata, H.A. El-Naggar, J.
Radioanal. Nucl. Chem. 228 (1/2) (1998) 37-41.

[16] D.K. Singh, H. Singh, J.N. Mathur, Radiochim. Acta 89 (2001) 573.

Separation Process Technology, Wiley/Interscience, New York, 1987, [17] Yu.S. Fedorov, B.Ya. Zilberman, S.M. Kulikov, I.V. Blazheva, E.N.

p. 840.
[4] W.S. Winston Ho, N.N. Li, in: W.S. Ho, K.K. Sirkar (Eds.),
Membrane Handbook, Chapman & Hall, New York, 1992, p. 597.

Mishin, Solv. Extr. lon Exch. 17 (2) (1999) 243.
[18] I. Mohanty, J. Murlidhar, V. Chakravortty, J. Radioanal. Nucl. Chem.
227 (1-2) (1998) 111.

[5] A.M. Sastre, A. Kumar, J.P. Shukla, R.K. Singh, Sep. Purif. Methods [19] P. Thakur, V. Chakravortty, K.C. Dash, T.R. Ramamohan, M.L.P.

27 (2) (1998) 213.
[6] W.S. Winston Ho, N.N. Li, in: R.A. Bartsch, J. Douglas Way,

Reddy, Radiochim. Acta 80 (1998) 155.
[20] T. Sato, J. Inorg. Nucl. Chem. 25 (1963) 109.

Proceedings of the ACS Symposium Series 642 on Chemical [21] sV, Bagawde, P.R. Vasudava Rao, V.V. Ramakrishna, S.K. Patil, J.

Separations with Liquid Membranes, Washington,
p. 208.

[7] 3. Bock, P.L. Valint, Ind. Eng. Chem. Fundam. 21 (1982) 417.

[8] R. Kopunec, T.H. Ngo Manh, J. Radioanal. Nucl. Chem. 183 (1)
(1994) 181.

[9] S.A. El-Reefy, Y.T. Selim, H.F. Aly, Anal. Sci. 13 (3) (1997) 333.

[10] S.A. El-Reefy, Y.T. Selim, H.F. Aly, J. Radioanal. Nucl. Chem.
228 (1-2) (1998) 21.

DC, 1996,

Inorg. Nucl. Chem. 40 (1978) 1913.

[22] T. Sato, T. Nishida, J. Inorg. Nucl. Chem. 36 (1974) 2087.

[23] J.C. White, W.J. Ross, A Textbook of Separations by Solvent
Extraction with TOPO, National Academy of Sciences, Washington,
DC, 1961, p. 44.

[24] P.S. Kulkarni, V.V. Mahajani, J. Membr. Sci. 201 (2002) 123.

[25] T. Hirato, I. Kishigamin, Y. Awakura, H. Majima, Hydrometallurgy
26 (1991) 19.



	Recovery of uranium(VI) from acidic wastes using tri-n-octylphosphine oxide and sodium carbonate based liquid membranes
	Introduction
	Experimental
	Chemicals
	Membrane preparation
	Separation of uranium from aqueous acidic wastes
	Analytical

	Results and discussion
	Extraction chemistry of uranium
	Extraction using liquid membranes
	Extractant/carrier concentration
	Feed phase acidity
	Viscosity of the membrane
	Strip concentration

	Two-stage counter extraction by ELM process

	Conclusions
	Acknowledgements
	References


