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Abstract Selective separation of uranium using

bis(2,4,4-trimethylpentyl)phosphinic acid in xylene and

C8mimNTf2 was investigated. For ionic liquid based sys-

tem, the extraction kinetics was found to be slower with the

predominance of ion exchange mechanism through

[UO2(NO3)�2L]?, while for xylene based system solvation

mechanism. The nature of the extracted species was found

to be different in both the media as observed in lumines-

cence study. Ionic liquid based system was more radiore-

sistant than that of molecular diluents. Na2CO3 was

successfully used for stripping. The selectivity was inves-

tigated by processing simulated high level waste of pres-

surized heavy water reactor origin.

Keywords Ionic liquid � Cation exchange � Solvation �
Luminescence � SHLW � Molecular diluents

Introduction

For safe handling of radioactive waste and effective uti-

lization of uranium sources, it is required to develop effi-

cient and selective separation procedure for U. Significant

effort have been reported in the literature demonstrating the

effective extraction/separation behaviour of lanthanides

and actinides either for the recovery of valuables from the

nuclear waste or for the safe management of the radio-toxic

nuclear waste involving selective ligands in molecular

diluents [1–7].

On the other hand, in modern era, the world-wide

research is going on for the development of ‘green’ sepa-

ration process without generation of short term or long term

risk on the environment. Therefore, the alternative to the

use of volatile organic solvents (VOC) need to be explored.

Due to the favourable properties like low vapour pressure,

wide liquid range, high flash point, high degree of stability

towards chemical and radiation etc. ionic liquid finds

application in the field of chemical synthesis, electro-

chemistry, and analytical chemistry including separation

science [8–16]. Though ionic liquids have been explored for

the processing of nuclear waste [17–25], a comparative

evaluation of ionic liquid vis a vis molecular diluents on

overall metal ion extraction process was not found in the

literature very frequently. Therefore, the main objective of

the present investigation was to develop a ‘green’ separa-

tion method for uranium from nuclear waste solution. Room

temperature ionic liquid in combination with ligand was

chosen as ‘green’ solvent and different aspects of separation

like mechanism, kinetics, species involve in separation,

stripping of U from loaded organic phase, radiolytic sta-

bility of the solvent system in presence of gamma irradia-

tion, selectivity etc. were evaluated and compared with the

normal molecular diluent based solvent system.

In understanding the extraction mechanism or the

interaction between the metal ion and the ligating site, XPS

and EXAF studies were found to be very important and

have been reported in the literature to enhanced seques-

tration of selenite in water using nanoscale zero valent iron

immobilization on carbon nanotubes, to understand reten-

tion mechanisms and microstructure of Eu(III) on
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manganese dioxide, for the determination of colloidal

pyrolusite, Eu(III) and humic substance interaction, the

interfacial interaction of nickel(II) on titanate nanotubes

and colloidal diatomite, radionickel and humic substance

interaction [26–30].

Apart from the management of the radioactive waste in a

‘greener’ way, the chemistry of actinides and lanthanides in

ionic liquid was reported to be interesting and different than

that in molecular diluents. Moreover, slight structural mod-

ification in ionic liquid moieties can be utilized to fine tune

the extraction procedure [31–33]. The presence of difference

extracted species in ionic liquid and molecular diluent

indicated the predominance of different extraction mecha-

nism in both the media [34–36]. Ion exchange mechanism

was reported to be common for lower homologue of methyl

imidazolium based ionic liquid while for higher homologue,

the mechanism converted to solvation mechanism with

similar extraction efficiency via same extracted species as

reported for molecular diluent [25]. Interesting reports were

found in literature on the extraction mechanism of UO2
2? ion

by TBP in ionic liquid [25, 37, 38]. The extraction profiles of

U in C10mimNTf2 was found to same as of dodecane,

molecular diluents, revealing the predominance of same

mechanism, ‘ion exchange’, while differed significantly in

C4mimNTf2 and C8mimNTf2. In both these ionic liquids

initially ‘cation exchange’ mechanism was reported to be

operative while beyond certain feed acidity it was ‘solvation’

mechanism which predominated. In C4mimPF6, initially

solvation mechanism was found to be operative where as

existance of anion exchange mechanism was reported at

higher feed acidity [38]. In recent days, several studies have

been reported on extraction and complexation of uranium in

ionic liquid medium [39–41].

Based on the above background, a comparative evalu-

ation was carried out on the extraction of uranyl ion using

bis(2,4,4-trimethylpentyl)phosphinic acid in C8mimNTf2

and xylene. It included the understanding of extraction

mechanism, speciation, kinetics, selectivity, stripping and

radiolytic stability. Finally the suitability of the solvent

system was demonstrated by processing the simulate high

level waste (SHLW) solution of pressurized heavy water

reactor (PHWR) origin.

Experimental

Instrument and operating conditions

The analysis was carried out using inductively coupled

plasma atomic emission spectroscopy (ICP-AES) with

capacitively coupled device (CCD) as detector system.

Operating conditions and instrumental specifications are

listed in Supplementary Table 1.

Reagents and standard solutions

Standard solutions for all the elements were prepared from

CertiPUR� ICP standard reference material solution of

individual elements (E-Merck, Darmstadt, Germany) by

proper dilution. Supra pure HNO3 (E-Merck, Darmstadt,

Germany) and quartz double distilled water were used

throughout the study. Multi-point standardization was

carried out using standard in the range of 0.05–500 mg/L

for each analytical line after proper peak search, auto

attenuation etc. For the analyses of each sample 5 repli-

cated measurements were carried.

Uranyl stock solution was prepared by dissolving spec

pure U3O8 in concentrated HNO3. Xylene was procured

Prabhat Chemicals, Gujrat Mumbai, whereas oxalic acid

and Na2CO3 were produced from Thomas Baker Chemical

limited and Qualigens fine Chemicals, Mumbai, India,

respectively. Bis(2,4,4-trimethylpentyl)phosphinic acid

(L) was procured from Anhui Jinao Chemical Co., Ltd.,

China while xylene was procured from A.B.Enterprise,

Mumbai, India C8mimNTf2 has been procured from Global

Nanotech, India with purity more than 99 % and was used

for extraction process without further purification. bis(tri-

fluoromethane)sulfanilamide lithium salt (LiNTf2) has

been procured from Aldrich Chemistry, USA. The struc-

tures of bis(2,4,4-trimethylpentyl)phosphinic acid and C8-

mimNTf2 have been shown in Fig. 1.

Method

All the solvent extraction experiment was carried out using

aqueous phase and organic phase in the ratio 1:1 respectively.

Fig. 1 Structures of Bis(2,4,4-trimethylpentyl)phosphinic acid and

C8mimNTf2
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Then it was shaken for 2 h at room temperature and allowed to

achieve complete equilibration. Then it was allowed to settle for

10 min followed by centrifugation around 300 s and suit-

able aliquots were taken for subsequent study. Since in most

cases, two-phase system is of analytical interest, an organic

solvent and aqueous are involved, D can be expressed as

D ¼ ½A�org

.
½A�aq

The subscripts org and aq refer to the organic and aqueous

phases respectively. The separation factor was evaluated as

S:F:M ¼ DU

DM

All the experiments were carried out in five replicates and

the average of these replicates was reported to coat any

value. The error associated with any value was shown as

error bar in most of the figures (in Figs. 8, 9, data were

presented with an error of less than 5 %). In Table the data

were presented in the format below

Data ¼ Average of the 5 replicates

� 3 times of the standard deviation 3rð Þ
of the replicates

The 3r was chosen to report the true value to exsit in the

range with 99.8 % confidence level. Similar approach was

also observed in the literature for the presentation of the

data point in the Figures and Tables [42–45]. In these

above literatures a detailed study was reported on the

sorption behaviour of Eu3?, arsenate and Cu using tech-

nologically important muliwalled carbon nano tube or

graphene oxide with appropriate modifications.

Results and discussion

More surface physical nature such as porosity character-

istics (surface area, pore volume and pore diameter) and

surface chemical nature such as acidic sites and basic sites

(Boehm titration) of the materials are very useful to explain

experimental results and possible mechanisms in case of

solid–liquid equilibrium while in the present case where

liquid–liquid equilibrium is concerned, a very simple

strategy is followed in understanding the extraction

mechanism and the species involved in separation.

Extraction profile of uranium in xylene and ionic

liquid: extraction mechanism

The distribution ratio values of uranyl ion were varied as a

function of feed nitric acid concentration and the patterns

were found to be entirely different, i.e. for ionic liquid based

systems the DU values were found to decrease with increase

in feed acidity while for xylene based solvent system, the DU

values initially decreased to a minimum value at 0.5 M

HNO3 followed by gradual increase and a plateau (Fig. 2).

These facts revealed that for ionic liquid based solvent

system, ‘ion exchange’ mechanism predominated [46–50]

whereas in case of xylene based system, though ‘ion

exchange’ mechanism predominated initially, beyond 0.5 M

HNO3, ‘solvation mechanism’ predominated [25, 49]. If the

reaction proceeded through cation exchange mechanism,

then the cationic extracted species could be exchanged with

the cations of ionic liquid i.e. C8mim? as shown by Eq. 1; if

the overall extracted species was anionic then NTf2
- ion

from ionic liquid phase came to the aqueous phase for

maintaining the overall charge neutrality as expressed in

Eq. 2. In solvation mechanism, the neutral species was to get

extracted (Eq. 3).

UO2þ
2aq

þ m:NO�
3aq

þ n:LIL þ 2 � mð ÞC8mimþ
IL

¼ ðUO2ðNO3Þm:n:LÞ
2�m
IL þ 2 � mð ÞC8mimþ

aq
ð1Þ

UO2þ
2aq

þ m:NO�
3aq

þ n:LIL þ m� 2ð ÞNTf�2IL

¼ ðUO2ðNO3Þm:n:LÞ
m�2
IL þ m� 2ð ÞNTf�2aq

ð2Þ

UOþ2
2aq

þ m:NO�
3aq

þ n:LIL ¼ UO2ðNO3Þm:n:LIL ð3Þ

where ‘aq’ and ‘IL’ referred to the aqueous and ionic liquid

phase, ‘m’ and ‘n’ referred to the number of nitrate ion and

ligand molecules attached to the thorium atom. At higher

feed acidity, H? ion also competed with the UO2
2? ion

which led to decrease in DU value in ‘cation exchange’

mechanism. As shown in Eq. 3, NO3
- ion was required for

the formation of neutral species in ‘solvation mechanism’,

and was the main reason for increase in DU value with feed

acidity, the plateau beyond that was the fate of competition

Fig. 2 Extraction profile of uranium at different feed acidity using

0.35 M Cyanex-272 in C8mimNTf2 and Xylene at 300 K with

equilibration time 2 h, aqueous: organic 1:1
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of H? with UO2
2?. The acid profiles only gave the indi-

cation about the predominate mechanism while to ascertain

it through the species involved, variation in NO3
-, NTf2

-,

C8mim? etc. in the aqueous phase were required to

investigate.

Effect of ligand variation on DU: determination

of metal–ligand stoichiometry

The DU values were found to increase with increase in

bis(2,4,4-trimethylpentyl)phosphinic acid concentration

indicating the direct participation of the ligand in the

extracted species. If the equilibrium constants of the above

equations were considered as kex, then it can be expressed as

For cation exchange mechanism

kex ¼ ½ðUO2ðNO3Þm:n:LÞ
2�m
IL �

½UO2þ
2aq
�

ð
½C8mimþ�

aq

½C8mimþ�IL
Þ2�m 1

½L�nIL
1

½NO�
3 �

m

aq

ð4Þ

For anion exchange mechanism

kex ¼ ½ðUO2ðNO3Þm:n:LÞ
m�2
IL �

½UO2þ
2aq
�

ð
½NTf�2 �aq

½NTf�2 �IL
Þm�2 1

½L�nIL
1

½NO�
3 �

m

aq

ð5Þ

For solvation mechanism

kex ¼ ½UO2ðNO3Þm:n:LIL�
½UO2þ

2aq
�

1

½L�nIL
1

½NO�
3 �

m

aq

ð6Þ

If the free ligand concentration was varied at a particular

feed acidity and at particular temperature then equations

could be simplified as below, where k0ex is conditional

extraction constant. It was assumed that at a particular

temperature the partition coefficients for C8mim? and

NTf2
- were constants.

k0ex ¼ DU

½L�nIL
ð7Þ

logDTh ¼ logk0ex þ nlog½L�IL ð8Þ

So a plot of log DU versus the logarithm of the concen-

tration of ligand should resulted straight line (Fig. 3) with

slope ‘n’ i.e. the number of ligand molecules attached with

each UO2
2? ion. The present investigation revealed the

formation of 1:2 metal ligand stoichiometry in both

molecular diluents and ionic liquid (the extraction was

carried out from 3 M HNO3 and in ionic liquid ion

exchange predominated while in xylene solvation pre-

dominated). The conditional extraction constant (k0ex) and

the Gibb’s energy change (DG, Eq. 9) [46, 48] during

extraction were summarized in Table 1, revealing the

spontaneity of the extraction process. The extraction of

uranyl ion in ionic liquid was found to be thermodynami-

cally more favored than that in xylene.

DG ¼ 2:303RT logk0ex ð9Þ

The metal ligand stoichiometry was again evaluated for the

xylene system in 0.1 M HNO3 feed acidity, where ‘ion

exchange’ mechanism was found to be predominating and

it was also found to be 1:2 (Supplementary Fig. 1).

Effect of nitrate variation on extraction of uranium

To ascertain the nature of the species involved in extraction

it was required to know the participation of NO3
- in the

extracted species which could also throw some light on the

extraction mechanism. Figure 4 depicted the variation of

DU values as a function of NO3
- concentration in aqueous

phase (at a particular ligand concentration, Eqs. 4, 5, 6

could be simplified as Eq. 10). In both the case, the NO3
-

concentration in aqueous phase was found to favour the

complexation, revealing the presence of NO3
- in the

extracted species. But in ionic liquid based separation one

NO3
- was found to be associated with single uranyl ion

whereas presence of two NO3
- in the extracted uranyl

complex was observed for xylene based separation (Sup-

plementary Table 2). This fact also suggested that the

overall extracted species was neutral for xylene based

system while singly charged cation for ionic liquid based

system provided there was no participation of other ion in

the extracted species.

k00ex ¼ DU

½NO�
3 �

m
IL

ð10Þ

logDTh ¼ logk00ex þ mlog½NO�
3 �IL ð11Þ

Fig. 3 Variation of DU as a function of Cyanex-272 concentration in

C8mimNTf2 and Xylene at 3 M HNO3 with aq: or 1:1, equilibration

time 2 h at 300 K
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Effect of C8mim1 ion variation in aqueous phase

on extraction of uranium

If the extraction proceeded via Eq. 1, i.e. C8mim? would

come to the aqueous phase from the organic phase in place

of uranium complex, then the presence of C8mim? in

aqueous phase would lead to move the equilibrium in the

backward direction i.e. the DU value should decrease.

Otherwise, i.e. if the reaction proceeded through Eqs. 2 or

3 no such effect would be expected on the DU values. In

view of these DU values were varied as a function of

C8mim? ion in the aqueous phase (in the form of

C8mimBr), which revealed that one C8mim? got exchan-

ged by per uranium extracted species (slope = -1), i.e. the

overall charge of the extracted species was one positive

([UO2(NO3)�2L]?) for ionic liquid based system. For

xylene case, the DU value was found to be insensitive

towards the variation of C8mim? concentration in the

aqueous phase, which indicated probably the complex

getting extracted was [UO2(NO3)2�2L]. Figure 5 showed

the variation of logDU versus log[C8mim?] in the aqueous

phase.

To ascertain the cation exchange nature of the

extraction system in case of ionic liquid based system,

effect of NTf2
- anion in the aqueous phase (in the form of

aqueous soluble salt, LiNTf2), on the extraction efficiency

of U by bis(2,4,4-trimethylpentyl)phosphinic acid was

investigated (Supplementary Fig. 2). The results revealed

that there was no participation of NTf2
- anion in the

extracted species.

Photoluminescence investigation of the extracted

uranyl-bis(2,4,4-trimethylpentyl)phosphinic acid

ligand complex

Photoluminescence study was routinely used for probing

the local environment around metal ion in the complex [51–

54]. Uranyl complexes in room-temperature ionic liquids

and molecular diluents were investigated through lumi-

nescence spectroscopy to understand the nature of the

complex in a detail manner. Figure 6 showed the emission

profiles of the bare uranyl ion in HNO3 and uranyl complex

in xylene and C8mimNTf2 whereas the decay profiles were

shown in Supplementary Fig. 3. This investigation revealed

that the nature of the extracted species in xylene and

C8mimNTf2 was entirely different and both the extracted

species were found differ from the bare uranyl ion. The

mono exponential nature of the decay profile revealed the

existence of single species in organic phase while the life-

time of the complex in ionic liquid and xylene was found to

Table 1 Determination of metal–ligand stoichiometry, conditional extraction constant (k0ex) and change in Gibb’s free energy (DG) for

U-Cyanex-272 complex in C8mimNTf2 and Xylene respectively

Diluent Slope Metal:ligand Intercept k0ex DG (kJ/mol)

C8mimNTf2 2.14 ± 0.05 1:2 1.59 ± 0.07 38.94 ± 0.08 -(9.13 ± 0.08)

Xylene 2.03 ± 0.09 1:2 1.38 ± 0.08 23.90 ± 0.09 -(7.92 ± 0.07)

Fig. 4 Variation of DU as a function of NO3
- ion, aq:or = 1:1, at

300 K, ligand conc. = 0.35 M, diluents C8mimNTf2 and Xylene

Fig. 5 Variation of DU as a function of C8mim? ion in the aqueous

phase from 3 M HNO3, aq:or = 1:1, at 300 K, Cyanex-272

conc. = 0.35 M
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be different (sxylene = 221 ls and sionic liquid = 346 ls)

which again suggesting the different nature of the complex.

In case of uranyl ion, the difference between two nearby

humps in the emission spectra was a measure of the sym-

metric stretching frequency of O=U=O moiety. On com-

plexation if there was any perturbation in the U–O

stretching, that would be reflected in the luminescence

spectra of uranyl ion. The symmetric stretching frequency

for U in 3 M HNO3 was found to be 822.44 cm-1 which

was similar with that of UO3, xH2O complex (805 cm-1)

[54]. On complexation with bis(2,4,4-trimethylpentyl)pho

sphinic acid, the starching frequency of O=U=O bond

decreased to 627.71 cm-1 in ionic liquid while it further

decreased in xylene medium (330 cm-1). This fact sug-

gested that on the approach of ligand, the U–O bond

strength decreased and this bond became weaker might be

due to steric effect. The data also revealed that in xylene, the

ligand molecules came closer to the uranyl moieties than in

ionic liquid which led to the weakening of U–O bond and

was reflected in the emission profile. The ground state fre-

quency of symmetric stretching vibration of UO2
2? in

C10mimBr and C4mimNTf2 were reported to be 750 cm-1

[55] and 825 cm-1, respectively [56]. The uranyl-TOPO

complex in ionic liquid and molecular diluents was also

reported to have different stretching frequency [57].

Extraction kinetic

Time required to attain the equilibrium distribution ratio

value was one of the important aspect for any separation

procedure. In the present investigation, the DU value was

found to increase gradually up to 15 min followed by a

plateau at DU = 3.8 in xylene based separation system

whereas for ionic liquid based separation the DU value was

found to increase gradually with the time of equilibration up

to 60 min followed by a plateau at DU = 5. Comparatively

slower kinetics was observed for ionic liquid based solvent

system which can be attributed to the higher viscosity

coefficient the ionic liquid compared to the molecular dilu-

ents, xylene. Figure 7 presented the extraction kinetic

behaviour of uranyl using bis(2,4,4-trimethylpentyl)phos-

phinic acid into C8mimNTf2 and xylene. Similar slower

kinetics was also observed for the extraction of Am3? by

diglycolamide functionalized ligands in ionic liquid [47, 48]

and even for the extraction of Sr2? by substituted crown ether

in different ionic liquid [49].

Fig. 6 Luminescence spectra of UO2
2?-bis(2,4,4-trimethyl

pentyl)phosphinic acid complex in HNO3, xylene and C8mimNTf2

Fig. 7 Extraction kinetics of UO2
2? by bis(2,4,4-trimethylpentyl)

phosphinic acid in ionic liquid and xylene, aqueous phase 3 M HNO3,

aq:or = 1:1, at 300 K, Cyanex-272 conc. = 0.35 M

Fig. 8 Stripping of U from bis(2,4,4-trimethylpentyl)phosphinic acid

complex in C8mimNTf2 and xylene (aq:or 1:1)
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Stripping of UO2
21 from organic phase

The stripping behavior of uranyl ion from ionic liquid and

molecular diluents was investigated thoroughly. Lowering

of aqueous phase acidity was not at all successful as the DU

value at lower acidity was also found to be very high.

Therefore, aqueous phase complexation was found to be

necessary for the quantitative back extraction of uranium

from organic phase. 0.05 M oxalic acid, Na2CO3 and

EDTA solutions were used for the present investigation. It

was found that from ionic liquid phase only *78, 97 and

40 % uranium can be back extracted by oxalic acid,

Na2CO3 and EDTA in a single step with a phase ratio of 1,

whereas from xylene they were *85, 99.5 and 65 %,

respectively (Fig. 8). Na2CO3 was found to be the most

effective strippant. Similar observation was also seen for

stripping of hexavalent actinides from diglycolamide

functionalized ionic liquid phase [58, 59]. The investiga-

tion was further extended for quantitative stripping of

uranium (more than 99.9 %) and it was found that, two

contacts of Na2CO3 was found to be successful for ionic

liquid as well as molecular diluents based systems while

using oxalic acid as strippant, five contacts were required

for ionic liquid based system and four for xylene. Even

after employing five contacts of EDTA, 40 and 99 % of

uranium can be back extracted from C8mimNTf2 and

xylene, respectively using EDTA solution. % of U back

extracted after each contact of the strippant was shown in

Supplementary Fig. 4.

Radiolytic stability of the solvent system

One of the criteria for choosing the solvent system for the

processing of radioactive waste solution is the radiolytic

stability. The solvent systems had to expose continuous

radioactive exposure during processing of radio toxic ele-

ments. For the present study the bis(2,4,4-trimethylpentyl)

phosphinic acid in ionic liquid and in xylene were exposed

to gamma irradiation up to 1500 kGy and using the irra-

diated solvent system the efficiency for the extraction of U

was monitored and was found to decrease gradually. It was

observed that after 500 kGy the Du became 92 and 81 % of

their original values for C8mimNTf2 and xylene, respec-

tively while after 1000 kGy they came down to 80 and

54 %, respectively. The ionic liquid based solvent system

was found to be more radio resistant than the molecular

diluents based system. After an exposure of 1500 kGy, the

the DU values became 70 and 30 % of the original for

C8mimNTf2 and xylene, respectively. Figure 9 summa-

rized the radiolytic stability of bis(2,4,4-trimethylpentyl)

phosphinic acid-C8mimNTf2 and bis(2,4,4-trimethylpentyl)

phosphinic acid -xylene systems after exposure of different

amount of gamma dose.

Application of solvent system for processing

of SHLW of PHWR origin

The success of a developed solvent system lies in pro-

cessing the nuclear waste solution. In view of this

bis(2,4,4-trimethylpentyl)phosphinic acid in xylene and

C8mimNTf2 was applied for processing of simulated high

level waste (SHLW) solution of pressurized heavy water

reactor (PHWR) origin. Both the systems were found to

extract Y, Zr and Ru from the aqueous phase partially i.e.

more than 10 % but less than 50 % while such partial

extraction was observed for La, Ce, Pr, Nd and Sm in case

of molecular diluents based system. Sr, Mo, Pd, Ba, Cr,

Mn, Fe, Ni and Na were found to be almost unextracted by

both the solvent systems with separation factor more than

100 compared to uranium. Bis(2,4,4-trimethylpentyl)

phosphinic acid in C8mimNTf2 was found to be more

selective for U than that in xylene. Table 2 summarized the

analytical results obtained by feeding the raffinate into the

plasma after extraction of SHLW with bis(2,4,4-

trimethylpentyl)phosphinic acid in xylene and C8mimNTf2

alonwith the distribution ratio values and separation factors

of these metal ions.

Conclusions

A systematic study was carried out to evaluate bis(2,4,4-

trimethylpentyl)phosphinic acid in C8mimNTf2 and xylene

for the extraction of uranium. ‘Cation exchange’ mecha-

nism was found to predominate for ionic liquid based

system while for xylene though initially ion exchange

mechanism was found to be operative, salvation mecha-

nism predominates at higher feed acidity. The metal ligand

Fig. 9 Radiolytic stability of bis(2,4,4-trimethylpentyl)phosphinic

acid in C8mimNTf2 and xylene
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stoichiometry was evaluated as 1:2 with participation of

two NO3
- for xylene and one for C8mimNTf2. Lumines-

cence investigation revealed that the nature of the extracted

species in ionic liquid and in molecular diluents was not

same. The mono exponential nature of the decay profile

revealed the presence of single species in the extracted

complex. The extraction in ionic liquid was found to follow

slower kinetics compared to molecular diluents system can

be attributed to the viscosity effect. 0.05 M Na2CO3 was

found to be suitable for the almost quantitative stripping of

uranium from the organic phase. Ionic liquid based solvent

system was found to be more radio resistance than that of

molecular diluents based system. Y, Zr and Ru were found

to be co extracted by these solvent systems while pro-

cessing SHLW of PHWR origin.
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