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The Synergistic Extraction of Sm(NO3)s
and Gd(NOz3)s by a Mixture of Tributyl
Phosphate and Aliquat 336 in AMSCO
and Ammonium Nitrate Medium

CHUN-HUI HUANG and RENATO G. BAUTISTA

AMES LABORATORY USDOE

DEPARTMENT OF CHEMICAL ENGINEERING
IOWA STATE UNIVERSITY

AMES, IOWA 50011

ABSTRACT

The synergic extraction of Sm and Gd using a mixture of tri-
butyl phosphate and Aliquat 336 is presented. The influence of
diluents, salting out agents and acidity on the synergic extrac-
tions have been investigated. The separation factor of Sm and Gd
was found to be larger than 3. This is one of the best systems for
the separation of Sm and Gd. NHL‘NO3 was found to be extracted by
pure TBP or pure Aliquat 336, but cannot be extracted by a mixture
of TBP and Aliquat 336.

INTRODUCTION

The synergic extraction of rare earths with a mixture of qua-
ternary ammonium base salt and TBP have been reported by several
authors (1-3). The reported compositions of the extractable rare
earth complexes formed are given in Table 1. The experimental
methods used in determining the composition of the extractable

complexes in the various studles are the slope and the equimolecu-
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lar series method. The slope method is most appropriate for simple
reactions. In complex reaction systems such as the synergic
extraction systems, the other equilibrium reactions taking place
simultaneously must be taken into account in addition to the main
equilibrium reaction, The equimolecular series method can also
give the composition of the complexes but the solution is not
unique and becomes very complicated with multireaction systems.

The different reactions taking place in the TBP-Aliquat 336-
Sm(NO3); or Gd(NO3)3—NH,‘N03 synergic system are presented in this

work.,

EXPERIMENTAL

The rare earth oxides used in this work have a purity greater
than 99.9% with respect to other lanthanides and were obtained from
the Materials Preparation Center of the Ames Laboratory. The rare
earth oxides used in the standard samples have a purity of 99.999%
by emission spectroscopy.

Aliquat 336 was provided by the Henkel Corporation. Its
quaternary salt content is about 90%. The quaternary ammonium
chloride 1s made by the methylation of a straight chain saturated
symmetrical tertiary ammine R3CH3N+C1‘, where R is a mixture of 8
to 10 carbon chains with Cg predominating. The chloride is con-
verted completely into nitrate by contacting with 2,0 M NH,’NO3 for
five or six times until no white precipitate is formed when AgNOa
was added into the stripping solution,

The concentrations of the rare earths were determined by EDTA
titration. In the Gd and Sm binary system, the concentration of Gd
was determined by atomic absorption and the concentration of Sm was
calculated from the difference between the total rare earth concen-
tration obtained by EDTA titration and the concentration of Gd
obtained by atomic absorption.

Apmonium ion in organic phase was stripped with 0.2 N H,S50,
into the aqueous phase. The ammonium ion was measured with an

ammonia electrode Model 95~10 made by Orion Research Inc.
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RESULTS AND DISCUSSIONS

Influence of Different Factors on the Synergic Extraction

The extraction conditions have a large influence on the
synergic effect in this system. A series of organic solutions
containing a total concentration of 0.6 M but with different molar
ratios of TBP and Aliquat 336 in AMSCO diluent were contacted with
0.1 M rare earth nitrate and 4.0 M NH NO, solution at pH 3. The
maximum synergic distribution ratio is observed at a mixture con-
centration containing 0.4 M TBP and 0.2 M Aliquat 336. No synergic
effect is observed under the same condition when the diluent used
is toluene, The results are given in Table 2 and shown in Fig. I.
It shows that a diluent containing an alkane is much better than an
arylated alkane. When chloroform (CHCl;) is used as the diluent,
neither the Aliquat 336 or the TBP alone nor their mixture
extracted the rare earths,

The effect of the same concentration of different salting out
agents on the extraction 1is shown in Fig. 2. The two curves show
the variation of the distribution ratio with the various molar
concentration ratio of TBP and Aliquat 336. The maximum synergic
distribution ratio is at the same total mixture concentration con-
taining 0.4 M TBP and 0.2 M Aliquat 336. The maximum distribution
ratio is equal to 12.4 for 4.0 M LINO; and is only 0.525 for 4.0 M
NH,NO,, LiNO; {s a much better salting out agent than NH NO, for
this extraction system.

The acidity of the aqueous phase also has a large influence on
the synergic extraction., A comparison of the first set of data in
Table 2 and Table 3 show that various molar ratios of TBP and
Aliquat 336 at a total concentration 0.5 M in toluene extract
samarium and gadolinium from 4.0 M NH,NO, but not in 1.7 M HNO,,
This 1s due to the coextraction of HNO; in this system. The dis-
tribution ratio of HNO; with various molar ratios of TBP and
Aliquat 336 at a total concentration 0.5 M in toluene is shown in
Fig. 3.

The maximum synergic extraction distribution ratio appears at

the point where TBP to Aliquat 336 molar ratio is equal to 2.
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Fig. 1. Effect of diluent on the extraction of TBP-Aliquat 336~
RE(NO3) 3—NH,NO; system.

Although the predominant component of the organic phase is TBP, it
somehow retains the character and property of amine in extracting
rare earths. The distribution ratio of rare earths decrease with
increase in the atomic number. For example when a mixture of 0.4 M
TBP and 0.2 M Aliquat 336 is used to extract individually Nd(NO3)3
or Sm(N03)3 or Gd(NO3)3 at pH 3 and 4.0 M NH“Noa, the distribution
ratios are 1.197, 0.8393, 0.3825, respectively. The calculated
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Fig. 2. Effect of salting out agent on the extraction of TBP-
Aliquat 336-RE(NO3); system.

geparation factor is only 2.19.

The separation factor Bgn/gd

when extracted from a mixture of Sm and Gd 1s greater than 3 and

this is given in Table 2.
smaller when the diluent AMSCO is replaced by toluene.

The separation factor Bgp/gq becomes

It also

decreases when the NH,NO; salting out agent is replaced by LiNO,

regardless of the LiNO; concentration.

This synergic extraction

system results in lower viscosity compared with using Aliquat 336
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Fig. 3. Extraction of nitric acid with TBP-Aliquat 336 system.

alone and results in a higher separation factor when compared to

using TBP alone.

Main Extraction Equilibrium Reactions in the Synergic System

An equilibrium dimerization constant of 2.76 for TBP in hexane
has been determined by the authors (4). Aliquat 336 in hexane was
found to have a series of aggregation equilibria. The degree of
assoclation between TBP and Aliquat 336 was found to be very
strong. The reactions in the organic phase can be represented by

the following series of reactions:
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T+ T (1]

An-1 + A ¢ A (2]

where T represents TBP, A represents Aliquat 336 and n is a posi-
tive integral which is equal or greater than 2. The interaction

reactions can be represented by the equations

T+A ¢ TA £3]
n n

2 n 2'n (4]

where n 18 a positive integral.

The predominant reaction is assumed to be
T, + AFTA [5]

on the basis of our experimental data (4). There are a series of
species in different states of aggregation on the basis of the
calculated aggregation equilibrium constants of Aliquat 336. These
are A, Ay, A3 v+ A, with A being the prodominant species. TBP

is known to dimerize in hexane solution. Within the concentration
range of the present work, the TBP monomer is the prodominant
species. In a mixture of Aliquat 336 and TBP, the association of
Aliquat 336 with dimeric TBP is much stronger than with monomeric
TBP, hence the TBP equilibrium will move toward the formation of
dimeric TBP species(4). For example, in a solution of 0.4 M TBP in
hexane, the total concentration of monomer and dimer species (or
apparent molarity) is 0,297 M, where the monomer and dimer concen-
trations are 0.193 M and 0.104 M, respectively. When 0.2 M Aliquat
336 is introduced into this solution, the total concentration of
monomer and dimer species measured by osmometry is reduced to 0.242
M, This is smaller than the 0.4 M TBP and 0.297 M total concentra-
tion of both monomer and dimer. In other words, when the new
solute is added to the TBP solution, the total number of aggrega-
tion in solution is decreased. This may be explained by the
association of Aliquat 336 species with TBP species, especially
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with the TBP dimer. The total number of aggregation in the system
is therefore reduced to less than the original number.

The maximum distribution ratio for the extraction of samarium
and gadolinium using the mixture with TBP-Aliquat 336 is found when
the TBP concentration equals 0.4 M and the Aliquat 336 concentra-
tion equals 0.2 M. This is shown in Figure 4. On the basis of the
above information it is concluded that the main extraction equi-

1librium reaction is

DISTRIBUTION RATIO OF Sm or Gd, Kp, e

o Sm(NO3)3
a Gd ( NO3)3

e
T
1

ALIQUAT 336 L ) 1 1 !
oie 0.50 040 0.30 020 O.IO OO

TBP
0.0 0.lI0 0.20 O3O 040 0.50 O.GO

MOLARITY

Fig. 4, Synergic extraction of Sm and Gd with TBP-Aliquat 336
system.
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R,CHNNO,+2TBP + RE''' + 3N0,” & R,CH N'RE(NO;), +2TBP  [6]

where RE = Gd or Sm.
The other extraction reactions previously reported (5,6) are
not very significant since very little free extractant is available:

3 TBP + RETTT + 3N0,” % RE(NO;),e3TBP (7]

+ -
3 RyCH3NNO; + RE + 3NO; + RE(NOj)j3+3R;CH3NNO, [8]

Other Significant Extraction Equilibrium Reactions in the Synergic
sttem
a. The extraction of NH ,NO; with TBP

In 1968 Chifu (7) reported that LiNO; was extracted by TBP as
the 2TBP-L1N03 complex. The logarithm of the extraction equilib-

rium constant was reported to be 0.2.

The data shown in Table 3 indicates that TBP also extracts
NH NO;, but the equilibrium constant is not as large as that for
LiNO3, 1In Fig. 5 is plotted the logarithm of the distribution
ratio of ammonium ion, log KD,NHu+ versus the logarithm of the
concentration of monomeric TBP, log{TBP]y. A straight line with
a slope of 1.84 is obtained. This result suggests that the

extraction equilibrium reaction is

+ - 3>
2 TBP + NH4 + NO3 + NH4N03-2TBP [9]

The logarithm of the extraction equilibrium constant as given in
Table 3 1s equal to -3,39%0.02.

The Extraction of NH NO, with the Nitrate Form of Aliquat 336

Ammonium thiocyanate can be extracted by trialkyl-
methylammonium thiocyanate (8). The data shown in Table 4 indicate
that RyCH NNO; can also extract NH,NO;. The concentration of
ammonium ion in the organic phase 1ncreases with increasing concen-
tration of RyCH4NNO3. It also increases with increasing concentra-
tione of the NH,NO3 salting out agent in the aqueous phase. The

logarithm of the extraction equilibrium constant for this reaction



13: 30 25 January 2011

Downl oaded At:

THE SYNERGIC EXTRACTION OF Sm AND Gd 1679

T T —T T
F
& 46l 4
X
O
=
3 -as .
=
=)
8
S .44l 4
<<
[T
O
Q
£ 43 .
o
4
o
}—
@ -42 .
E
]
(o]
w4 b SLOPE=1.84 i
=
I
=
[* 4
S -a0f -1
9

1 A 1 i
Z0.60 -070 -080 -090
LOGARITHM OF TRIBUTYL PHOSPHATE
CONCENTRATION, LOG [TBP]

Fig., 5. Extraction of NH NO; with TBE.

is -2.65%0.08 when the aggregation of quaternary ammine is neg-
lected. This extraction equilibrium constant will become even
larger if the aggregation of the quaternary amine is taken into
consideration. These results indicate that Aliquat 336 can extract

NH,NO, to a much larger extent than TBP.

Non-synergic Extraction of NH,NO, with TBP-Aliquat 336

When NH,NO, is extracted by the mixture with various mole
ratios of Aliquat 336 and TBP, the ammonium ion content in the
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THE INITIAL CONDITIONS OF
AQUEQUS PHASE

5 4,0M NH4q NO3

o 4.0M NHg NO3z O.IM Gd (NOz)3
o 4.0M NHgNO3 0.l M Sm (NO3)3

AMMONIUM ION CONCENTRATION IN THE ORGANIC PHASE

1073

ALIQUAT 336 0.60 0,50 0.40 0.30 0.20 0.0 .0
[ 1 ' ] 1 1 ITBP
0.0 0.0 0.20 0.30 0.40 0.50 0.60

MOLARITY

Fig. 6. The extraction of NH NO; with TBP-Aliquat 336 system under
different initial aqueous conditions.

organic phase decreases with decreasing Aliquat 336 concentrations.
This is shown in Fig. 6. This indicates that the associated
species of the two extractants do not synergically extract NH, NO;.
When Gd(NO3)3 or Sm(NO3)3 is present in the initial aqueous phase,
the extraction of NH,NO; is decreased due to the coextraction of
Sm(NO3) 3 and/or Gd(NO3)3;. The extractability of Sm(NO3); in this
system 1s greater than Gd(NOj);, resulting in a larger decrease of
the ammonium ion concentration in the organic phase., These results
further support the idea that TBP-Aliquat 336 neither synergically
extracts NH,NO; nor coextracts NH NO; with gadolinium and

samarium.
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SUMMARY AND CONCLUSIONS

The synergic extraction of samarium and gadolinium in the TBP-
Aliquat 336-Gd(N03)3 or Sm(N03)3-NH“N03 system have been studied.
The maximum synergic distribution ratio was obtained at 0.4 M TBP
and 0.2 M Aliquat-336. Various molar ratios of TBP and Aliquat 336
at a total concentration of 0.60 M in AMSCO were used to extract
Sm(N03)3 and Gd(N03)3 from 4.0 M NH“NO3 solution at pH 3.

This synergic extraction system results in lower viscosity
compared to using Aliquat 336 alone. A higher separation factor of
3.11 is obtained compared to 2.86 using Aliquat 336 alone and 1.05
using TBP alone. This is one of the best systems so far reported
in the literature for the separation of Sm and Gd.

The composition of the extractable complex was found to be
R4CH,NRE(NO,) ™+ 2TBP. NH,NO, was found to be extracted by pure
TBP or pure Aliquat 336, but cannot be synergically extracted by a
mixture of TBP and Aliquat 336. NH, NO; is not a component part of

the extractable complex.
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