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Abstract: Hydrophobic ionic liquid Aliquat 336, a quaternary ammonium salt in combination with 20% decanol and
kerosene, was deployed to extract Europium(I1I) in the presence of salting-out agent by liquid-liquid extraction. This
extraction system circumvents the problems associated with conventional molecular solvents. The extraction behavior
has been analyzed as a function of phase contact time, extractant concentration, nitrate concentration, and
temperature. With increasing the phase contact time between the aqueous and organic phase, the percentage of
extraction gets enhanced from 8.4% to 40.1%. The increase in ionic liquid concentration has a positive influence on
the Eu (ITI) distribution ratio. The dependence of extraction of Eu(Ill) on Aliquat 336 molarity has been assessed by
regression analysis. Temperature shows an adverse effect on the extraction efficiency. The changes in heat content
and degree of randomness have been calculated as -13.52 kJmol! and 65.77]K-'mol !, respectively. The percentage

extraction of Europium (III) increases with the rise in the carbon chain length of the modifier.
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Abbreviations: Aliquat 336-tricapryl methyl ammonium chloride; [CiCaim*][Tf2N7]- 1-alkyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imides; HTTA2-thenoyltrifluoroacetone; CMPO N,N-diisobutyl-2-
(octylphenylphosphoryl)acetamide; [P66614][MA] trihexyl(tetradecyl) phosphonium N,N,N’ N’-tetra(2-
ethylhexyl)Malonate;  [P66614][NOs] trihexyl(tetradecyl)phosphonium nitrate; [P66614|[Cl] trihexyl(tetradecyl)-
phosphonium chloride; DPObis(chlorophosphoryle)decahydro-2,4-di(2-hydroxyphenyl)benzo[d];
[1,3,6]oxadiazepine; DEHDGA bis(2-ethylhexyl)diglycolamic acid;  [IN8888][DS] tetraoctylammonium dodecyl
sulphate; OHA 4-oxaheptanediamide; [Cymim*PF¢] 1-alkyl-3-methylimidazolium hexafluorophosphate.
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1. Introduction

Owing to their excellent magnetic, electrical, computer peripherals, nuclear medicine, etc. [1].
optical properties, rare earth elements are used for  The vast demand for these elements and limited
various essential applications in the field of  supply has created an imbalance in supply-demand
metallurgy, smart materials, electric motors, statistics. Hence, the design of a sustainable and
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effective pathway for the recovery and separation of
these elements is a significant challenge for the
researchers working in this area. Solvent extraction
is a very widely used separation technique that
adopts a simple procedutre to recover rare earth
elements from various primary and secondatry
resources [2-5]. Europium is categorized as a very
important element by the Department of Energy,
United States. Europium is used in permanent
magnets, phosphors, optical fibers due to its unique
optical, luminescent properties. It occurs along with
other rare earths in minerals like bastnaesite,
monazite, and xenotime.

Usage of large quantities of volatile organic
compounds as extractants results in environmental
pollution. Ionic liquids are mostly the organic salt
compounds composed of cationic and anionic
moieties. These are unique in the sense that they
have less volatility, non-flammability, low melting
point, and thermal resistance [0].
alternatives to the usual organic extractants since

These are good

these are stable liquids in a wide temperature range
of -70° to 4000 C [7]. Being highly hydrophobic, they
behave as good extractants at room temperature.
Tonic liquids are potential extracting agents used in
hydrometallurgical techniques for the separation of
lanthanides from different aqueous medium [8].
Good regeneration capacity and low aqueous
solubility have made the ammonium-based ionic
liquids more popular extractants for
extraction [9]. Ionic liquids extract either charged or
neutral metal species from the aqueous solution
depending upon the nature of metal ion, the stability
of the extracted complex as well as the nature of the
aqueous medium. High viscosity is the only limiting
factor in the use of ionic liquids on a large scale.
Larsson et al. developed a process in chloride media,
for the separation of La (III) and Ni (II) with
Aliquat 336 [10]. This method is pertinent to recycle
waste nickel-metal hydride batteries. The extraction
and separation studies of rare earth elements like
Sm-Gd and Eu-Gd have been carried out using
mixtures of Aliquat 336-TBP from nitric solutions,
and optimum condition for complete extraction was

solvent

2. Materials and Methods

Aliquat 336 (tricapryl methyl ammonium
chloride) procured from Sigma Aldrich was used
without  purification.
kerosene was used as diluent. The organic phase

Commercially  available

modifiers purchased from Merck were used.

achieved [11]. The extraction and separation of Sm
(I11) and Europium (III) using undiluted quaternary
ammonium ionic liquid have been investigated [12].
A novel non-fluorinated ionic liquid ([Pssst4][MA] in
[Psss14] [NO3] as diluent) was employed for the
extraction of Europium (III) and other lanthanides
from acidic nitrate media [13]. The comparison
between the extraction behaviors of [Psssi4][MA] in
[Pees14] [NO3] and [Peee14] [MA] in [Peee14][Cl] reveals
that nitrate media is preferred to chloride media.
Europium (III) extraction was performed using
HTTA as extracting agent in ionic liquid diluent
(ionic medium) [CiCoim™*|[Tf2N"] and a synergistic
mixture of HTTA and CMPO in [CiCuim™|[Tf2N]
(n = 4, 6, 8 10) [14]. Rout et al, [15] applied
DEHDGA exploited in the non-fluorinated green
[N8888][DS] for the
Europium (III) from aqueous phase containing
NaNO; as a salting-out agent. The comparative
study of an extraction efficiency of DEHDGA and
classical acidic extractants DEHPA or Cyanex 272
dissolved in [N8888][DS] divulge that DEHDGA is
a potential extractant for Europium (I1I) loading.
Europium (III) extraction has been carried out
exploiting OHA in ionic liquid [Comim*PFg] as
diluent where n = 4, 6, and 8 [106]. Previous literature
survey reveals that in most of cases, undiluted ionic
liquids have been used, which may lead to a lot of
extractant loss and, therefore, not viable from the
economic point of view.

In this present investigation, liquid-liquid
extraction of Europium (IlI) from nitrate feed
solution applying room temperature ammonium-
based liquid, Aliquat 336, has
systematically scrutinized. Kerosene as a diluent and
20% decanol as a modifier have been used for the

solvent extraction of

ionic been

study. The influence of wvarious extraction
parameters like contact time, ionic liquid
concentration, temperature, salting-out agent

molarity has been studied in detail. The role and
influence of different modifiers on the extraction
system have also been investigated.

Europium nitrate, Eu (NO3)3 putrchased from Loba
Chemie, was used for preparing metal stock
solution by dissolving in double-distilled water. The
desired dilution was done from the stock solution.
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All other chemicals of AR grade were used in this
work.

For the preparation of the organic phase, an
appropriate amount of Aliquat 336, 20% decanol,
and kerosene were mixed and appropriately shaken
for perfect blending. The aqueous phase containing
0.325g/L Europium (III), NaNOs3 at desired pH,
and organic phase with extractant in diluent and
modifier were stirred using a thermostat shaker for
the requisite time period in order to achieve
equilibrium. Then phases were allowed to separate.
Aqueous phase solution and raffinate were taken for
analyzing the Europium (I1I) content using a double
beam UV-Vis spectrophotometer (SYSTRONICS
2202) by Arsenazo (11I) method [17]. The pH of the
aqueous feed was measured using Systronics pH
meter.

3. Results and Discussion

3.1. Influence of phase contact time.

The influence of aqueous and organic phase
contact time on the extraction of 0.325¢/L Eu (III)
from aqueous feed containing 3M NaNOj using
Aliquat 336 + 20% decanol + kerosene has been
investigated at pH 3 by varying it from 30-75
minutes. The results show that the percentage
extraction of Eu (III) enhances from 8.4 to
40.1%with rise in a contact time of both aqueous
and organic phase and then reaches a plateau after
the stirring time of 60 minutes Figure 1. Therefore
for all further experimental studies, an equilibration

time of 60 minutes has been selected.
100
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Figure 1. Influence of shaking time for the percentage
extraction of 0.325¢/L Eu (III) from 3M NaNOj; at pH
3 employing 1.5M Aliquat 336 + 20% decanol +
kerosene at 298K and 1:1 O/A ratio.

3.2. Variation of feed nitrate

concentration.

The extraction dependency of Eu (III) on
nitrate ion strength has been examined by varying
the concentration ranging from 2.5 to 5M in the

aqueous

2.1. Extraction efficiency.

In  liquid-liquid  extraction, distribution
coefficient (D) and percentage of extraction (%E)
are the two significant parameters to measure the
extraction efficiency. Here, the extraction efficiency
of Europium (III) has been determined under the
investigated experimental conditions as follows.

The distribution ratio was calculated as
_ [Ew{ID];- [Eu (ID]F
b= [Eu (IID]F M

Where [Eu (IID]i and [Eu(Il)]r are
concentrations of Eu (III) ion in the aqueous feed
and raffinate, respectively.

The percentage of extraction (%E) was

calculated using the equation
[Eu (IID)];-[Eu IID]p
[Eu (IDIF
[EuCiD]; @)
[Eu (1ID)]F

%E = 100 *

aqueous feed along with 0.325g/L Europium (I1I)
at pH 3. The organic phase used for this study
contained 1.5M Aliquat 336, 20%decanol, and
kerosene. It was noticed that the percent of
extraction of Europium (III) rose from 30.5 to 60.2
when sodium nitrate concentration enhances from
2.5M to 5M depicted in Figure 2. This may be
because of the salting-out effect. The presence of
more nitrate salt in the aqueous solution resulted in
an increase in ionic strength, which led to a decrease
in the number of water molecules nearby the
hydration sphere of Europium (III), thereby making
it more hydrophobic [12]which enhanced its

transfer into the organic phase.
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Figure 2. Variation of percentage extraction of
0.325¢/L Eu (III) with respect to the concentration of
nitrate ion at pH 3 employing 1.5M Aliquat 336 + 20%
decanol + kerosene at 298K and 1:1 O/A ratio.

3.3. Variation in Aliquat 336 molarity.

The highly viscous extracting agent, Aliquat
336, has been found to form the third phase while
used for extraction studies of Europium (III). This
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might be caused by less solubility of the extracted
complex in the organic phase containing Aliquat
336 and kerosene. Therefore, 20% of decanol was
used as a modifier in the organic phase. It was
observed that the extraction of 0.325g/ L. Europium
(III) at pH 3 from 3M NaNO:s increased from 8.3%
to 40.1% in an increase in Aliquat 336 concentration
from 0.8M to 1.5M, Figure 3. This was probably due
to the formation of more complex Europium (I1I)
in the presence of more Aliquat 336. The plot of log
D versus log [Aliquat 336] gives a linear one with a
slope of 3.137 ~3. This confirms that 3 moles of

Aliquat 336 are involved in the extraction
equilibrium.
0
v=23.137x-0.739
-
vish | R?=0.996
o 06
0.9 A1
-1.2 T T T
0.2 0.1 0 0.1 0.2

log [Aliquat 336)
Figure 3. Plot of logD versus log[Aliquat 336] in the
extraction of 0.325¢/L Eu (III) from 3M NaNOswith
1:1 O/A ratio at pH 3 and 298K.

3.4. Extraction mechanism.

The slope (3.137) obtained from the plot of
the variation of the log-log plot of distribution ratio
against Aliquat 336 concentration describes the
extraction mechanism in which 3 moles of Aliquat
336 are participating in the extraction process. This
shows that the organic phase got loaded with
negatively charged Europium (I1I) nitrate complex,
and the extraction equilibrium has been proposed as
follows:

Eu (Nog)g(‘aq) +
3R3R'N*Clyy 5y S (R3R'N)3Eu (NO3)g(org) +
3Cleqg )

Europium (III) form hexa or pentanitrate
complex in an aqueous phase containing nitrate
ions. The hexanitrate complex of Europium (III)
has been isolated by Onghena et al, [18]. The
interaction of Aliquat 336 with anionic Europium
(III) complex is electrostatic in nature and m

3.5. Regression analysis of extraction data.

In order to clarify the correlation between
experimental and estimated values of log D, linear
regression analysis was operated with the aid of
regression analysis software present in MS-Excel
Figure 4. Experimental log D values were acquired
from the Aliquat 336 variation study for the
extraction of 0.325¢/L Europium (III) from 3M
NaNO; without disturbing the aqueous phase pH
3. Using the experimental and predicted log D
values (Table 1), standard deviation (G) was
calculated, and Table 2 enumerates the regression
statistics. The wvalue of the standard deviation
represents a good correlation between the results. A
lower p-value, ie., less than 0.05, clearly indicates
that the percentage of extraction of Europium (11I)
is governed by Aliquat 336 concentration.

Table 1. Experimental and predicted log D values for
the extraction of 0.325¢/L Europium (III) from 3M
NaNO; using 1.5M Aliquat 336 blended in 20%decanol
and kerosene at pH 3, 298K with 1:10/A ratio.

[Ahquat336] M IOgDprerimental logDPredicted
0.8 -1.043 -1.043
1 -0.723 -0.753
1.2 -0.491 -0.411
1.5 -0.174 -0.225

Table 2. Regression data for the extraction of 0.325g/L
Europium (III) from 3M NaNO3 using 1.5M Aliquat
336 blended in 20% decanol and kerosene at pH 3,
298K with 1:1 O/A ratio.

Regression statistics

Standard deviation (G) 0.050
Standard error 0.070
p-value 0.003
R squared value 0.975

0.1

¥=0.975x - 0.014
02 R=0.975

g 0.5

= os

11
15 1 05 0 05

log Dxperimental
Figure 4. Graph showing the correlation between log
Dpredicted a00d 10g DEgperimental for the extraction of
0.325¢/L Eu (I1I) from 3M NaNOj using Aliquat 336
at pH 3, 298K with 1:1 O/A ratio.

3.6. Dependence on temperature.

Aliquat 336 is highly viscous, and anticipation
regarding the effect of temperature on the
extraction using this ionic liquid as an organic phase
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is quite apparent. In this context, the extraction of
0.325¢/L Europium (III), 3M NaNOj at aqueous
phase pH 3 was carried out with the help of 1.5M
Aliquat 336 + 20% decanol + kerosene in the
temperature range 298K to 328K. It has been found
that the extraction percentage of Europium (III)
adversely affected by temperature as cleared from
the extraction behavior, which decreased from
40.1% to 20.8% with an increase in temperature.
This extraction behavior is very similar to the
previous study executed by Acharya and Mishra
[19]. All experiments were performed at 298K.
Figure 5, i.e. plot of log D vs. 1000/T, the slope
corresponds to standard enthalpy change (AHY),
and the value of standard entropy (ASY) values has
been predicted from the intercept and were figured

out as -13.52 kJmol!' and 65.77JK-'mol!,
respectively.
AH® AS©
logD = " 2303RT | 2303R )
3.6
v=0.706x + 3.435
34 F R?=0.905
Taa b
L)

3

-0.7 -0.5 -0.3 -0.1 0.1
1000/T,K!
Figure 5. Plot of logD versus 1000/T for the extraction
of 0.325¢g/L Eu (III) from 3M NaNOs3 at pH 3

employing 1.5M Aliquat 336 + 20% decanol + kerosene
with 1:1 O/A ratio.

The values of AH® and AS” suggest that the
extraction is a heat releasing process with an
increase in randomness. The positive value of
entropy reveals that Europium (III) forms the
inner-sphere complex with Aliquat 330, expelling
the water of hydration.

3.7. Role of modifiers.

Modifiers play a crucial role in the
extraction system by making the extracted complex
congenial with the organic phase and hence, remove
the third phase, which is formed during the
extraction due to the immiscibility of the extracted
complex in the organic phase. To know the
influence of modifiers, the extraction of Europium
(II) was executed with four different aliphatic
alcohols having different chain lengths, ie Cs
(propanol), Cs (hexanol), Cs (octanol), Cio (decanol)
as modifiers in the organic phase. The low dielectric
constant and enhanced chain length of the
modifiers witness a higher rate of extraction. This is
worthwhile that an increase in the number of C-
atoms in the alkyl chain of modifier increases the
hydrophobicity of extracted complex, and hence, it
solubilizes the metal complex more and thereby
speeds up the extraction process. Modifiers with
low dielectric constant exhibit less contact with the
extractant resulting enhancement in the recovery
process. The variation of percentage extraction of
Europium (III) with a chain length of modifier is
demonstrated in Table 3.

Table 3. Role of modifiers on petcentage extraction of 0.325¢/L Europium (III) from 3M NaNOj3 at pH 3 using
1.5M Aliquat 336 in kerosene at 298K and 1:1 O/A ratio.

Modifier Dielectric constant (g) D YE
(Dean, 1998)

Propanol 20.80 0.14 12.4

Hexanol 13.03 0.31 23.8

Octanol 10.30 0.49 32.7

Decanol 8.10 0.67 40.1

4. Conclusions

In this investigation, ionic liquid Aliquat
336, a conventional green solvent, has been
tested to extract Europium (III) from nitrate
medium under varying conditions of phase
contact time, temperature, nitrate ion molarity
and Aliquat 336 molarity. The extraction
efficiency of Europium (III) was observed to
enhance with a rise in nitrate ion molarity in the
aqueous feed. The extractant concentration had

a positive influence on the percent extraction
due to an increase in the amount of extractable
metal complex. The extraction was studied at
pH 3, and decanol was used as an organic phase
modifier along with diluent kerosene. The
temperature variation experiments provide
information regarding changes in enthalpy and
entropy. The increase in temperature went
contrary to the extraction process in this case.
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The modifier with less polarity (decanol)
was observed to be the best one for Europium
(III) extraction.
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