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Accepted 177 April 2019 (111) and erbium (111) from citric acid solution using Di(2-ethylhexyl) phosphoric acid, D2EHPA, in

kerosene were studied. The parameters affecting the extraction process were separately studied in order
to achieve the maximum possible separation between the different REEs under investigation. It was
found that from 1.0 mol/L citric acid solution at pH = 4.0, the extraction is dependent mainly on the
citric acid and D2EHPA concentration as well as temperature. From the experimental results and the
main species in the aqueous phase, a proposed extraction equilibrium of the different metal ions was
given. Conditional extraction constants for the proposed extraction equilibrium were calculated for the
different elements, and found to verify the experimental results. The order of the conditional extraction
constants follows the sequence, Er (IIT) >> La (IIT) > Pr (IIT). The thermodynamic functions associated
with the extraction reaction were evaluated and discussed. Feasibility of separation of Er(lll) from La
(1), and Pr (I11) obtained was given in terms of the separation factors between different elements at
different extraction conditions.
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Introduction

Rare Earth elements (REES) are a group of metals
which consists of yttrium and 14 elements of the
lanthanides in addition to scandium. The
unsaturated 4f electronic structure of lanthanides
gives the special properties of the REEs in many
fields such as luminescence, magnetism, catalysis,
and electronics. REEs have been used in glass
polishing, phosphors, batteries, magnets and
thermal neutron absorbents. The relatively new
applications in the electronics and other industries
have resulted to an increased demand for
lanthanide materials [1,2]. REEs are generally
obtained from minerals as a mixture from which
they are separated in groups or as individual
elements at varying levels of purity, depending on
the use. For the separation purposes, liquid-liquid

extraction is one of the main techniques used in
industry.

The rare earth elements are extracted and separated
from different acid solutions by using different
types of extractants including acidic, basic and
neutral ones [3-8]. Acidic organophosphorus
extractants, such as Di(2-ethylhexyl) phosphoric
acid (D2EHPA), were used for the separation of
the REEs using solvent extraction technique
[9,10]. D2EHPA is one of the acidic extractants
which are utilized extensively in the field of f-
elements separation. In addition, it has extensive
applications in the separation of lanthanides from
fission products [11-13].

Solvent extraction of REEs by D2EHPA from
various acidic media like hydrochloric, sulfuric
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and nitric acid solutions is reported [14-17]. It was
found that the extraction of REEs with D2EHPA
from hydrochloric acid and sulfuric acid media is
the same while it is lower from nitric acid solution.
Many efforts were devoted to find out some new
extraction systems superior to the current
saponified D2EHPA system. Recently, much
efforts have been devoted to explore some new
extraction systems superior to the current
D2EHPA-mineral acid system. Among these,
which is more effective includes the introduction
of complexing agents into the aqueous phase [18-
26]. As early as 1968, Weaver and Kappelmann
[27] wused a mixture of citric acid and
aminopolyacetic acids for preferential separation
of lanthanides from actinides without modeling of
the extraction mechanism. Toshihiko Ohnuki et al.
[28] investigated the chemical states change of
lanthanides and actinides in the presence of citric
acid solutions. The value of distribution ratio in the
presence of citric acid was lower than that in the
absence of citric acid, reflecting the formation of
Ln(ll)-citrate complexes. The results indicated
that the presence of organic acids affects the
chemical state of lanthanides and actinides.
Suneesh et al. [29] investigated the separation
between lanthanides and actinides from a mixture
of 0.1 M citric acid and nitric acid solution. Yin et
al. [30-32] studied the extraction and separation of
light rare earth elements using two complexing
extraction system based on lactic acid and citric
acid with D2EHPA, and the results showed that it
could not only improve the extraction efficiency,
but also increases the selectivity among some
adjacent rare earth elements.

In a previous work, the leaching efficiency of 1.0
mol/L citric acid solution for different lanthanides
present in phosphogypsum fertilizer (PGF), was
found to be in the order Er (89.4%) > La (81.9%) >
Pr (72.0%) [33]. Therefore, the main objective of
the present work is directed to study the effects of
D2EHPA concentration, pH, contact time,
temperature, and phase ratio on the extraction and
separation of lanthanum(Ill), erbium(lll) and
prasodymium(lll) ions from 1.0 mol/L citric acid
medium. In addition, extraction equilibrium for
different investigated ions was proposed and a
conditional extraction constant was calculated for
each of the studied metal ions and verified the
solvent extraction results.

Experimental

Materials

Stock solutions of La(lll), Pr(lll) and Er(11l) (1.0
o/L) were prepared by dissolving a known amount
of the metal oxides produced by Aldrich in a
minimum amount of concentrated nitric acid. The
solution was evaporated to near dryness, washed
with double distilled water (d.d.w) until it became
almost free from nitrate ions, then completed to
one liter with d.d.w. Required concentrations of
the investigated metal ions were prepared from the
stock solutions by dilution. Citric acid is a weak
organic acid that has the chemical formula CsHgO-.
The extractant D2EHPA which was purchased
from Aldrich is a viscous liquid with
the formula (CgH;70),PO,H, a specific gravity of
1.038 g/cm® and molecular weight of 322.4 g/mol.
It is insoluble in water but exceedingly soluble in
organic solvents. The odorless non-aromatic
kerosene was used as a diluent for the extractant
and obtained from Misr Petroleum Company,
Egypt. The total lanthanide concentrations in the
studied samples were determined
spectrophotometrically by the Arsenazo 111 method
[34]. Individual element in their mixture was
determined by ICP-OES. All other reagents were
used as supplied without further purification.

Extraction Procedure

Solvent extraction was performed by shaking equal
volumes (5.0 ml), unless otherwise given, of
aqueous and organic phases until equilibrium in
glass tubes using a water-thermostat shaker of the
type G.F.L 1083, Germany at 2981 K. After
extraction, the aqueous and organic phases were
separated completely using a centrifuge. The
concentration of rare earth ions in the aqueous
phase was determined spectrophotometrically
using a UV-visible spectrophotometer model
Shimadzu, UV-160A, Japan. The concentration of
the rare earth ions in the organic phase was
obtained by mass balance. The distribution
coefficient (D), extraction efficiency (%E) and
separation factor (SF) were calculated from the
following equations:

(€] ~[Cla
p =Yelta 1
[C]a100D ( )
0 - VY
A)E D+(Vaq /Vorg ) (2)
SF=2 3)
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Where, [C]; is the original metal concentration in
the aqueous phase before extraction, [C], is the
metal concentration in the aqueous phase after
extraction, Vg is the volume of the aqueous
solution and Vo is the volume of the organic
solution. D;and D, denote the distribution ratios of
two individual rare earth metal ions.

Results and Discussion

Factors affecting the extraction

The different factors affecting the extraction
investigated are the effect of shaking time, the pH
of the aqueous solution, D2EHPA molar
concentration, phase ratio (volume of aqueous (A)
over volume of organic phase (O)) and citric acid
molar concentration.

Effect of shaking time

The extraction of Er(111), La(lll) and Pr(lll) from
1.0 mol /L citric acid solution at pH = 4.0 was
carried out by shaking equal amounts of the
aqueous and organic phases of 0.02 mol/L
D2EHPA for different time intervals ranging from
5.0 to 60.0 min at 25°C, Figure (1). It is clear that
for Er(1ll), as the time increased from 5.0 to 10.0
min, the extraction efficiency (%E) increased from
80.6% to 93.1%, and remained almost constant up
to 60.0 min. In case of other metal ions, as the
shaking time increased from 5.0% to 10.0% min,
the %E increased from 10.5% to 10.8% and from
8.2% to 9.6% for La(lll) and Pr(l1), respectively.
This is followed by a slight decrease with further
increase of shaking time due to possible back
extraction of metal ions. Therefore, the used
shaking time for extraction of the studied metal
ions was fixed at 10.0 min.
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Figure (1): Effect of shaking time on the extraction of
Er(l11), La(lll) and Pr(lll) (500 mg/L each) from 1.0
mol/L citric acid solution using 0.02 mol/L D2EHPA in
kerosene at pH =4.0, A/lO=1.0and 25°C.
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Effect of pH

The influence of pH variation on the extraction of
the investigated metal ions in 1.0 mol/L citric acid
was carried out and presented in Figure (2). The
results indicated that for Er(lll), as the pH
increased from 1.0 to 4.0, the %E increased from
89.4% to 93.1%. In case of other metal ions, as the
pH increased from 1.0 to 4.0, the %E increased
from around 0.01% to 10.7% and from 1.9% to
10.7% for La(lll) and Pr(Ill), alternatively. The
increase in the pH values up to pH 5.0 had a slight
decrease of the %E at pH 5.0. This decrease can be
related to the possible formation of less extracted
hydrolyzed metal ions. Therefore, pH = 4.0 was
used as the pH value for further extraction
experiments of the investigated metal ions from
1.0 mol/L citric acid solution.
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Figure 2: Effect of pH on the extraction of Er(l11), La(lll)

and Pr(111) from 1.0 mol/L citric acid solution using 0.02

mol/L D2EHPA in kerosene at A/O = 1.0 and 25°C.

Effect of D2EHPA concentration

The effect of varying D2EHPA concentration in
kerosene in the ranges 0.005-0.08 mol/L on the
extraction of 0.5 g/L Er (l11), from 1.0 mol/L citric
acid medium was studied. In case of La(lll) and
Pr(111) the change of D2EHPA concentration was
within the range 0.02-0.08 mol/L. The obtained
results are given in Figure (3). It is clear that the
extraction percent increased with the increase in
concentration of D2EHPA. Due to that the rare
earth ions preferably form extracted complex with
D2EHPA. However, 0.02 mol/L D2EHPA was
used to enable better separation of Er(lll) from
other investigated metal ions.

Extraction percent (% E )
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Figure (3): Effect of D2EHPA concentration on the
extraction of Er(111), La(lll) and Pr(lll) from 1.0 mol/L
citric acid solution at pH =4, A/O =1.0 and 25°C

Effect of phase ratio

The effect of contacting the various volume ratios
of aqueous to organic phase on the extraction
process was investigated and the results are shown
in Figure (4). For Er(lll), as the phase ratio
increased from 1:1 to 1:6, the extraction efficiency
(%E) decreased from 93.5% to 12.5%. In case of
La(lll) and Pr(lll), as the phase ratio increased
from 1:1 to 1:4, the %E decreased from 10.90% to
1.48% and from 10.01% to 1.65% for the two
metal ions, respectively. This is due to the
saturation of the D2EHPA. Therefore, the phase
ratio of 1:1 was selected for the extraction

experiments.
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Figure (4): Effect of phase ratio on the extraction of
Er(111), La(lll) and Pr(l1l) from 1.0 mol/L citric acid
solution using 0.02 mol/L D2EHPA in kerosene at pH = 4.0
and 25°C.

Effect of citric acid concentration

The influence of citric acid molar concentration on
the extraction of Er(lll), La(lll) and Pr(lll) (0.5
g/L each) was studied in the citric acid
concentration range 0.0-1.5 mol/L using 0.02

mol/L D2EHPA in kerosene. The obtained results
indicated that, as the citric acid concentration
increases the extraction of metals decreases, Figure
(5). The decrease can be related to the possible
formation of less extractable metal ions citrate
complexes in the aqueous phase.
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Figure (5): Effect of citric acid concentration on the

extraction of Er(111), La(lll) and Pr(I111) using 0.02 mol/L

D2EHPA in kerosene at pH =4, O:A = 1.0 and T=25°C.

Modeling of the extraction equilibrium

The aforementioned results indicated that the
extraction of the investigated lanthanide metal ions
from 1.0 mol/L citric acid at pH 4.0 solution
increased by the increase of D2EHPA molar
concentration and decreased by the increase of
citric acid molar concentration. Further, due to the
buffering effect of citric acid, the pH of citric acid
solution has limited effect on the extraction for the
metal ions investigated. This behavior can be
modeled based on the reaction between the main
metal cationic ion species at pH 4.0, Ln*, and the
main anionic species of citric acid at the same pH.
In this concern, citric acid (HsCit) is a tribasic acid
with pKy; = 3.13, pK, = 4.76 and pK; = 6.40 at
25°C [35]. According to Medusa program
(www.kemi.kth.se/medusa), the speciation
diagram for 1.0 mol/L citric acid as function of pH
is given in Figure (6) [36]. From this figure, more
than 77.0 % in the citric acid solution is present as
[H.Cit] at pH 4.0. Therefore, it is expected that
this species represents the main anionic species
responsible for complex formation with the
different cationic lanthanide ions investigated. In
agueous solution at pH 4.0, La(lll), Pr(lll), and
Er(lll) are present mainly in the free cationic
form, [37]. Therefore, we can assume that in 1.0
mol/L citric acid solution at pH 4.0, interaction of
[H.Cit]” with different trivalent ions (Ln*) can

Arab J. Nucl. Sci. & Applic. Vol. 52, No. 3 (2019)
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form complexes of the type [Ln(H.Cit)s] in
solution.

Providing that D2EHPA is a dimer in kerosene
[17], and extract cationic species in the organic
phase, we can assume that the extraction of the
former species will follow the general extraction
equilibrium for trivalent lanthanides.

Ln(H2Cit)3 +Tl(HA)20rg 2
[Ln(H2Cit)3_n .TlA.(HA)z]Org +TlH3Clt (4)

Where (HA), denotes D2EHPA in dimer form.

The conditional extraction constant, Kc.y, at 1.0
mol/L citric acid and pH 4.0, is given by the
following relation;

[Ln(H,Cit), .nA(HA),| [HCit]

— org

coc” [Ln(H,cit), ] [(HA),]

(%)
since the distribution ratio is given by;
_[Ln(HCit), .nA(HA),],,
[Ln (H2C|t)3]aq )

The conditional extraction constant, Kce, 1.0
mol/L citric acid at pH 4.0, is given as:

_ D[HCit]
[(HA), T )

After linearization and arrangement,
Log D = Log Kce+ nLog [(HA),]- nLog[HsCit]
@)

Therefore, it is expected that the relation between
log D against log (HA), will give a linear relation
with positive slope equals to (n) and the slope of
log D against log (HsCit) will give a linear relation
with negative slope of (n). It is to be mentioned
again that the effect of hydrogen ion concentration

C.ex
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is neglected due to the slight dependency of
hydrogen ion due to the buffering action of the
high concentrations of citric acid.

The log-log plot between the D2EHPA
concentrations and the corresponding distribution
ratios, Figure(7), gave linear relations with positive
slopes of 3.0, 2.0 and 2.0 for Er(lll), La(lll) and
Pr(l11), respectively. This indicates that two dimers
are involved in the extracted species for La(lll)
and Pr(lll) except in case of Er(lll) extraction
where three dimers participates in the extracted
metal species. On the other hand, a plot between
log D against the citric acid concentrations gives
linear relations, Figure (8). The slopes of these
lines were found to be -3.0, -2.0 and -2.0 for
Er(lI1), La(lll) and Pr(Il), respectively. This
indicates that two moles of citric acid is released in
the aqueous medium during the extraction of
La(lll) and Pr(lll) while in case of Er(lll) three
moles of citric acid are released in the aqueous
medium during the extraction. These results
support the general equilibrium given in equation
(4). Subsequently, the proposed main trivalent Ln
extracted cationic species in the organic phase
from 1.0 mol/L citric acid solution at pH 4.0 are of
the types [La(H,Cit)]* , [Pr(H, Cit)]* and Er* in
the organic phase.
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Figure (6): Equilibrium diagram of 1.0 mol/L citric acid in pH range 1.0 - 5.0.
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Figure (7): The log-log linear relationships between the
extractant concentrations with the corresponding
distribution ratios in the extraction of Er(111), La(lll) and
Pr(111) from 1.0 mol/L citric acid solution at pH = 4.0, O:A
=1and 25°C.

Figure (8): The log-log relationship between the citric acid
concentrations and the corresponding distribution ratios
in the extraction of Er(l1l), La(l1l) and Pr(I1l) using 0.02
mol/L D2EHPA in kerosene at pH =4, O:A =1 and 25°C.

Different values of the conditional extraction
constant calculated based on equation (7) at
different D2EHPA and citric acid concentrations
are given in tables (1 and 2). The mean values of
Kcex for La(lll), Pr(lll) and Er(lll) extraction
given in the tables by D2EHPA were found to
equal 2.8+0.14x10?, 2.7+0.23x10>  and
1.72+0.32x10°, respectively.

Arab J. Nucl. Sci. & Applic. Vol. 52, No. 3 (2019)
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Table (1): Conditional extraction constants K¢ for Er(l111), La(l11) and Pr(111) extraction by different concentrations of

D2EHPA in kerosene*.

[D2EHPA], mol/L Koo
La(lll) x10? Pr(l11) x10? Er(I11) x10°
0.005 - - 1.44
0.01 - - 1.40
0.015 -- -- 1.48
0.02 2.75 2.50 1.66
0.04 2.69 2.50 --
0.06 2.67 2.47 --
0.08 2.69 2.50 --
Kex (average) 2.70£0.03 2.49+0.02 1.49+0.12

*1.0 mol/L citric acid at pH = 4.0

Table (2): Conditional extraction constants Kcey for Er(l11), La(lll) and Pr(l11) extraction by D2EHPA in kerosene at

different citric acid concentrations*

[citric acid], mol/L Koo
La(l11) x10? Pr(l11) x10? Er(111) x10°
0.50 2.57 2.34 1.72
0.70 2.70 2.61 1.86
1.0 2.93 2.90 1.89
1.5 3.38 3.43 2.32
Kex (average) 2.89 +0.36 2.82 +0.47 1.95 +0.26

*0.02 mol/L D2EHPA at pH=4.0

The distribution ratios for La(lll), Pr(lll) and
Er(111) are calculated from equation (8) at different
D2EHPA and citric acid concentrations. The
calculated and the corresponding experimental
values at different D2EHPA and citric acid
concentrations are presented in tables (3 and 4),
respectively. There is a great agreement between
the experimental and calculated values which
supports the proposed extraction mechanism.

Effect of Temperature

The effect of temperature on the extraction of 0.5
g/L of Er(l1l), La(lll) and Pr(l1) from 1.0 mol/L
citric acid solution by D2EHPA was studied in the

Arab J. Nucl. Sci. & Applic. Vol. 52, No. 3 (2019)

temperature range 15-65°C. The obtained results
show that by increasing temperature, the extraction
percent of the three metal ions decreased,
Figure(10). The plot of InK¢ e versus 1/T resulted
in straight lines for different metal ions,
Figure(11). Based on this linear relations, the
thermodynamic parameters were calculated from
the following relations [38].

_-AH

Ink.,, =——+C
' RT 9)
AG® = -RT InKq,
(10)
Age = AH-AG
T (11)
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Table (3): The calculated and experimental values of the distribution ratio for Er(l11), La(lll) and Pr(l11) at different

D2EHPA concentrations.

La(lll) Pr(I11) Er(ll1)
[D2EHPA], mol /L
experimented Dcatculated Dexperimented Dcatculated Dexperimented Deatculated
0.005 - - - - 0.18 0.215
0.01 - - - - 1.40 1.72
0.015 - - - - 5.01 5.81
0.02 0.11 0.112 0.10 0.11 133 13.76
0.04 0.43 0.45 0.40 0.43 - -
0.06 0.96 1.01 0.89 0.97 - -
0.08 1.72 1.79 1.60 1.73 - -

Table (4): The calculated and experimental values of the distribution ratio for Er(l11), La(lll) and Pr(l1l) at different citric

acid concentrations

La(ln) Pr(l11) Er(I11)
[Citric acid], mol/ L
experimented Dcalculated Dexperimented Dcalculated Dexperimented Dcalculated
0.50 0411 0.45 0.374 0.43 110.11 110.08
0.70 0.22 0.23 0.213 0.22 43.44 40.12
1.0 0.117 0.112 0.116 0.11 15.33 13.76
1.50 0.06 0.05 0.061 0.05 5.49 4.08

Where, AH°, AG® and AS° are standard enthalpy
change, the free energy change, and entropy
change, respectively. R is the universal gas
constant (8.314 J mole*K™), Cisa constantand T
is the absolute temperature.

From equation (9) and the slope obtained from
Figure(10), the standard enthalpy variation (AH®)
is obtained. The free energy change (AG°) is
obtained by applying equation (10) at standard
state, 298 K, and the entropy variation (AS°) is
obtained using equation (11); the calculated values
are given in Table (5).

The tabuated data showed that the extraction of
Er(lI), La(lll) and Pr(lll) is exothermic as
indicated by the negative values of AH°’. The
reaction of the three metals with D2EHPA is
spontaneous in nature as shown by the negative
sign of AG® values while the positive values of AS°
for the three elements show an increase in the
randomness of the system during the formation of
the extracted species.
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Figure (10): Effect of temperature on the extraction of
Er(111), La(lll) and Pr(1l) with 0.02 mol/L D2EHPA in
kerosene from 1.0 mol/L citric acid Solution at pH =4 and
O:A=1.

Arab J. Nucl. Sci. & Applic. Vol. 52, No. 3 (2019)



82

E.M. Abu Elgoud et al

Table (5): Thermodynamic parameters of the extraction
of Er(l11), La(lll) and Pr(11). from 1.0 mol/L citric acid
solution at pH 4.0 by 0.02 mol/L D2EHPA in kerosene at
O:A=1.

Thermodynamic parameter — Er (I1I)  La(lll)  Pr(I1l)

Enthalpy change (AH®), kJ
mole™

Free energy change (AG®),
kJ mole™

Entropy change (AS®), J
mole 'K *

-9.72 -436 -531

-1556 -6.12 -6.07

19.60 591 2.55

6.5 1
6.0 Er

5.5 1 e Er(lll) Slope = 1168.94
504 A La(lll) Slope = 524.41
45 v Pr(Il) Slope = 638.37

. 4.0
3.5
3.0
2.5 LaA . N ek
2.0 P

LnKegx

1.5+
1.0

0.0029 0.0030 0.0031 0.0032 0.0033 0.0034 0.0035

uTk1L
Figure. (11): Relation between (InKce) and (1/T) for the
extraction of Er(111), La(l11) and Pr(111) with D2EHPA in
kerosene from 1.0 mol/L citric acid solution.

Separation Feasibility
The separation between Er(lll) and La(lll) is
represented by the separation factor (SF) which is
given by the ratio of their distribution ratios at
equilibrium as follows,
D
SF(Er/ La) — D_Er
La (12)

Where, Dg and Dy, are the distribution ratios of
Er(111) and La(Ill), respectively.
From equations 8 the D of Er (I11) and La(lll) are
given as:

o _Keul(HA)F
o [HCit] 13)
and
_ Kee[(HA) P
& [H.Cit]

(14)

Substituting from equations (14 and 13)
equation (12) gives:

SF — KC.Er[( HA)Z]
(Er/ La) .
Kc[HLCit] (15)

Arab J. Nucl. Sci. & Applic. Vol. 52, No. 3 (2019)

Substituting with the mean K¢ values obtained
for Erand La:

1.72x10°[(HA),]
2.8x10°[H,Cit] (16)

[(HA),]
[H.Cit] a7

Using similar mathematical treatment, the
separation factor between Er(l111) and Pr(lI1) can be
calculated from the relations:

[(HA),]
[H.Cit] (18)

SF(Er/ La) —

SFer g =6.14x [0 —

SFer/pry =6.37x10° =—2—

The SFEqaor py Calculated from equations (17 and
18) depend on the extractant concentration and
acid concentration. The plot of the SF against
D2EHPA concentration at 1.0 mol/L citric acid,
Figure(12), indicates that as the D2EHPA
concentration increases, the separation factor
between Er (I11) and La (111), or Pr(l11) increases.

Furthermore, from the plot of the relation
between the SF and different citric acid at pH 4.0
and D2EHPA concentrations of 0.02 mol/L,
Figure(13), it is clear that as the citric acid
concentration increases, the separation factor
between Er (111) and La (I11) or Pr(l11) decreases.

The SF values given by the ratio of their extraction
constants and listed in Table 6 show that the
separation of Er (I11) from Pr(111) or La(lll) is in
the order: Sgp>SerLa

500
—e— SF
4004 (Er/ La)
——SF Erpn
™
2]
= 300 A
8
8
5 200
g
«©
Qo
&$ 100 1
0_

001 002 003 004 005 0.06
[D2EHPA], mol / L

Figure (12): Effect of D2EHPA concentration on the
separation factor (SFgrLaor pry)) @queous phase, 1.0 mol /L
citric acid solution at pH 4.0.
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Figure (13): Effect of citric acid concentration at pH 4.0 on
the separation factor (SFEpLa or pr)) by 0.02 mol /L
D2EHPA organic phase .

Table (6): Separation of Er(l11), La (I11) and Pr(lll)
extracted from 1.0 mol/ L citric acid solution using 0.02
mol/L D2EHPA in kerosene.

KCAex (Er) KC.ex (La) KC.ex (P I")
1.72x10° 2.8x102 2.7x102
SEr/La SEr/Pr SLa/Pr
122.8 127.4 1.04
Table (7): Effect of D2EHPA concentration on the

separation between Er(l11), La(l11) and Pr(111).

Separation factors

[D2EHPA], mol/ L

Er/La Er/Pr La/Pr
0.02 120.91 133.0 11
0.04 - -- 1.08
0.06 -- -- 1.09
0.08 -- -- 1.08

Based on the separation factors given in tables 6
and 7 it is clear that separation of Er(I11) from both
La(lll) and Pr(l11) can be achieved satisfactorly by
extraction of Er(lll) using 0.02 mol/L D2EHPA
from 1.0 mol/L citric acid where by separation of
La(Il) from Pr(Ill) is difficult to be achieved
under the same conditions.

Conclusion
From the experimental results the following points
were concluded:

The extraction of Er(lIl), La(lll) and Pr(lll) from
1.0 citric acid by D2EHPA was found to slightly
increased by the increase of pH values from 1.0 —
4.0. The extraction of these elements were found to
increase by increasing D2EHPA concentration and
decrease Dby the increase of citric acid
concentration at pH 4.0. Therefore,

1- The experimental results in terms of D2EHPA
concentration in the organic phase and Ln(lll)
ionsin 1.0 citric acid at pH 4.0 in the aqueous
phase may give the reaction:

Ln(HCit), +n (HA),,, o[Ln(HLit), .nA(HA), ] +nHCit

20rg

2- The mean species in the organic phase are the
following, [La(H.Cit).2A(HA)], [Pr(H.Cit).
2A(HA)] and [Er.3A(HA)], where the cationic
complexes of [La(H,Cit)]* and [Pr(H.Cit)]**
are extracted, while in the case of erpium the
free cationic species of Er* is extracted by
D2EHPA.

3- Conditional extraction constant for Er (l1),
La(lll) and Pr(lll) extraction by D2EHPA
from 1.0 citric acid at pH 4.0 solution was
found to follow the order 1.72+0.32x10° >>
2.8+0.14x10° > 2.740.23x10°

4- Separation feasibility in terms of the
conditional extraction constant indicated that
the separation factor of Er(lll) from La(lll)
and Pr(lll) increases by the increase of
D2EHPA concentration at pH 4.0 and
decreases by the increase of citric acid
concentration.
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