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The Synergistic Extraction of Sm(NO3)a 
and Gd(N03)a by a Mixture of Tributyl 
Phosphate and Aliquat 336 in AMSCO 
and Ammonium Nitrate Medium 

CHUN-HUI HUANC and RENATO C. BAUTISTA 

AMES LABORATORY USDOE 
DEPARTMENT OF CHEMICAL ENGINEERING 
IOWA STATE UNlVERSlTY 
AMES, IOWA SO011 

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. 
was found to be larger than 3. This is one of the best systems for 
the separation of Sm and Gd. 
pure TBP or pure Aliquat 336, but cannot be extracted by a mixture 
of TBP and Aliquat 336. 

The separation factor of Sm and Gd 

NH4N03 was found to be extracted by 

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 studies are the slope and the equimolecu- 
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THE SYNERGIC EXTRACTION OF Sm AND Gd 1669 

lar  series method. The slope method is most appropr ia te  f o r  simple 

reac t ions .  In complex reac t ion  s y s t e m  such as the  synerg ic  

ex t r ac t ion  systems, the  other equi l ibr ium reac t ions  tak ing  place 

simultaneously must be taken i n t o  account i n  add i t ion  t o  the  main 

equilibrium reac t ion .  The equimolecular series method can a l s o  

give the  composition of t he  complexes but t h e  so lu t ion  is not 

unique and becomes very complicated with mul t i reac t ion  systems. 

The d i f f e r e n t  r eac t ions  taking place i n  the  TBP-Aliquat 336- 
Sm(N03)3 o r  Gd(N03)3-NH,+N03 synerg ic  system are presented i n  t h i s  

work. 

EWERLMENTAL 

The r a r e  e a r t h  oxides used i n  t h i s  work have a p u r i t y  g r e a t e r  

than 99.9% with respec t  t o  o the r  lan thanides  and were obtained from 

the  Materials Preparation Center of the  Ames Laboratory. The rare 
e a r t h  oxides used i n  the  standard samples have a pur i ty  of 99.999% 
by emission spectroscopy. 

Aliquat 336 was provided by the Henkel Corporation. Its 

quaternary s a l t  content is about 90%. The quaternary ammonium 

chlor ide  is made by the methylation of a s t r a i g h t  chain sa tu ra t ed  

symmetrical t e r t i a r y  ammine R3CH3Nk1’, where R is a mixture of 8 

t o  10 carbon chains with C8 predominating. 

verted completely i n t o  n i t r a t e  by contac t ing  with 2.0 M NH,+N03 f o r  

f i v e  o r  s i x  times u n t i l  no white p r e c i p i t a t e  is formed when AgN03 

was added i n t o  the  s t r ipp ing  so lu t ion .  

The ch lor ide  is con- 

The concentrations of the  r a r e  ea r ths  were determined by EDTA 
t i t r a t i o n .  In the  Gd and Sm binary system, the  concent ra t ion  of Gd 
was determined by atomic absorp t ion  and the  concent ra t ion  of Sm w a s  
ca lcu la ted  from the  d i f f e rence  between the  t o t a l  r a r e  e a r t h  concen- 

t r a t i o n  obtained by EDTA t i t r a t i o n  and the  concentration of Gd 
obtained by atomic absorption. 

Ammonium ion  i n  organic phase was s t r ipped  with 0.2 N $SO, 
i n t o  the  aqueous phase. The ammonium ion  was measured with an 

ammonia e lec t rode  Model 95-10 made by Orion Research Inc. 
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RESULTS AND DISCUSSIONS 

HUANG AND BAUTISTA 

Influence of Different Factors on the Synergic Ext rac t ion  

The ex t r ac t ion  conditions have a l a rge  influence on the  
synergic e f f ec t  i n  t h i s  system. A s e r i e s  of organic so lu t ions  
containing a t o t a l  concentration of 0 .6  M but with d i f f e r e n t  molar 

r a t i o s  of TBP and Aliquat 336 i n  AMSCO d i luen t  were contacted wi th  

0.1 M rare e a r t h  nitrate and 4.0 M NH4N03 so lu t ion  at pH 3. 

maximum synergic d i s t r i b u t i o n  r a t i o  ie observed a t  a mixture con- 

cent ra t ion  containing 0.4 M TBP and 0.2 M Aliquat 336. No synergic 

e f f e c t  is observed under the same condition when the d i luen t  used 

is  toluene. The results are given i n  Table 2 and shown i n  Fig. 1. 

It shows tha t  a d i luen t  containing an alkane is much b e t t e r  than an 

a ry la ted  alkane. 

ne i ther  the Aliquat 336 or  the TBP alone nor t h e i r  mixture 

ex t rac ted  the r a re  ear ths .  

The 

When chloroform (CHC13) i s  used as  the  d i l u e n t ,  

The e f f e c t  of the same concentration of d i f f e r e n t  s a l t i n g  out 

agents on the ex t r ac t ion  is shown i n  Fig. 2. The two curves show 

the var ia t ion  of the d i s t r i b u t i o n  r a t i o  with the various molar 

concentration r a t i o  of TBP and Aliquat 336. The maximum synergic 

d i s t r i b u t i o n  r a t i o  is a t  the  same t o t a l  mixture concentration con- 

ta in ing  0.4 M TBP and 0.2 M Aliquat 336. The maximum d i s t r i b u t i o n  

r a t i o  i s  equal t o  12.4 fo r  4.0 M U N O 3  and is only 0.525 f o r  4.0 M 
NH4N03. 

t h i s  ex t rac t ion  system. 

LiN03 is a much b e t t e r  s a l t i n g  out agent than NH4N03 f o r  

The a c i d i t y  of the aqueous phase a l s o  has a l a rge  influence on 

the synergic ex t rac t ion .  

Table 2 and Table 3 show tha t  various molar r a t i o s  of TBP and 

Aliquat 336 a t  a t o t a l  concentration 0.5 M i n  toluene ex t r ac t  

samarium and gadolinium from 4.0 M NH4N03 but not i n  1.7 M HN03. 
This is due t o  the coextraction of HN03 i n  t h i s  system. 

t r i bu t ion  r a t i o  of HN03 with various molar r a t i o s  of TBP and 

Aliquat 336 a t  a t o t a l  concentration 0.5 M i n  toluene is shown i n  
Fig. 3. 

A comparison of the f i r s t  set of da ta  i n  

The d is -  

The maximum synergic ex t r ac t ion  d i s t r i b u t i o n  r a t i o  appears at  

the  point where TBP t o  Aliquat 336 molar r a t i o  is equal t o  2. 
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0.05M Sm ( N O 4 3  

ALIOUAT 336 lQ0 0 d 2 0  40 60 80 looTBp 

M O L E  PERCEN rAGE 

Fig. 1. Effec t  of d i luen t  on t h e  e x t r a c t i o n  of TBP-Aliquat 336- 
R E ( N 0 3 )  3-NH4N03 system. 

Although the predominant component of the  organic phase i s  TBP, it 
somehow re t a ins  the  charac te r  and property of amine i n  ex t r ac t ing  

r a r e  ear ths .  The d i s t r i b u t i o n  r a t i o  of rare e a r t h s  decrease wi th  

increase  i n  the  atomic number. 

TBP and 0.2 M Aliquat 336 is used t o  e x t r a c t  i nd iv idua l ly  Nd(N03)3 

OK Sm(N03)3 OK C Y ~ ( N O ~ ) ~  a t  pH 3 and 4.0 M NH4NOJ, t he  d i s t r i b u t i o n  

r a t i o s  a re  1.197, 0.8393, 0.3825, respec t ive ly .  The ca lcu la ted  

For example when a mlxture of 0.4 M 
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separation factor is only 2.19. 

when extracted from a mixture of Sm and cd is greater than 3 and 
this is given in Table 2. 
smaller when the diluent AMSCO is replaced by toluene. 

decreases when the NHbNO3 salting out agent is replaced by U N 0 3  

regardless of the L i N 0 3  concentration. This synergic extraction 

system results in lower viscosity compared with using Aliquat 336 

The separation factor BSm/a 

The separation factor BSm/a becomes 
It also 
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1 1 1 
(55 0.4 0.3 0.2 0.1 0.0 
I 1 TBP 

0.0 0.1 0.2 0.3 0.4 0.5 

ALIOUAT 336 ' 
M O L A R I T Y  

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. 
association between TBP and Aliquat 336 was found to be very 
strong. 
the following series of reactions : 

The degree of 

The reactions in the organic phase can be represented by 
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1676 HUANG AND BAUTISTA 

+ 
2T + T2 

An-1 + A A, 

where T represents  TBP, A represents  Aliquat 336 and n i s  a posi-  

t i v e  i n t e g r a l  which is equal o r  g rea t e r  than 2. The i n t e r a c t i o n  

reac t ions  can be represented by the  equations 

T + A n =  TAn 

T 2 + A  T A  n 2 n  

where n i s  a pos i t i ve  i n t e g r a l .  

The predominant reac t ion  is  assumed t o  be 

T2 + A T+ 

141 

[ 5 1  

on the  bas i s  of our experimental da ta  (4) .  There are a series of 

spec ies  i n  d i f f e r e n t  s t a t e s  of aggregation on the  bas i s  of t h e  

ca lcu la ted  aggregation equi l ibr ium cons tan ts  of Aliquat 336. These 

are A, A p ,  Ag * * *  A, with A being the  prodominant spec ies .  
i s  known t o  dimerize i n  hexane so lu t ion .  Within the  concent ra t ion  

range of the  present work, t he  TBP monomer is the  prodominant 
species.  In a mixture of Aliquat 336 and TBP, t he  a s soc ia t ion  of 

Aliquat 336 with dimeric TBP is m c h  s t ronger  than with monomeric 

TBP, hence the  TBP equi l ibr ium w i l l  move toward the  formation of 

dimeric TBP spec ies (4) .  For example, i n  a so lu t ion  of 0.4 M TBP i n  

hexane, the  t o t a l  concentration of monomer and dimer spec ies  (o r  

apparent molarity) i s  0.297 M, where the  monomer and dimer concen- 

t r a t i o n s  are 0.193 M and 0.104 M, respec t ive ly .  When 0.2 M Aliquat 

336 is  introduced i n t o  t h i s  so lu t ion ,  t he  t o t a l  concentration of 

monomer and dimer spec ies  measured by osmometry i s  reduced t o  0.242 

M. This is smaller than the  0.4 M TBP and 0.297 M t o t a l  concentra- 

t i o n  of both monomer and dimer. In o ther  words, when t h e  new 

s o l u t e  i s  added t o  the  TBP so lu t ion ,  t he  t o t a l  number of aggrega- 

t i on  i n  so lu t ion  is  decreased. This may be explained by the  

aseoc ia t ion  of Aliquat 336 spec ie s  with TBY spec ie s ,  e s p e c i a l l y  

TBP 
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0.9 

with the TBP dimer. The t o t a l  number of aggregation i n  the  system 

is theref ore  reduced t o  l e s s  than the  o r i g i n a l  number. 

The maximum d i s t r i b u t i o n  r a t i o  f o r  t he  ex t r ac t ion  of samarium 

and gadolinium using the  mixture with TBP-Aliquat 336 i s  found when 

the TBP concentration equals 0.4 M and the  Aliquat 336 concentra- 

t i o n  equals 0.2 M. This i s  shown i n  Figure 4. On t h e  bas i s  of the  

above information it i s  concluded t h a t  t he  main ex t r ac t ion  equi- 

l ib r ium reac t ion  is 

I I I I 

- 

I- 
m - 
n 

0.1 

ALIOUAT 336 

o Sm (NO,) ,  

A Gd I No313 
- 

I 1 I I 

0.6 0.50 0.40 0.30 0.20 0.10 0.0 

0.0 0.10 0.20 0.30 0.40 0.50 0.60 
I I I I I TBP 

M O  LA R I TY 

Fig. 4. Synergic ex t r ac t ion  of Sm and Gd with TBP-Aliquat 336 
system. 
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1678 HUANC lqND BAUTISTA 

- 
R3CH3NNO3*2TBP + RE* + 3N03- R3CH N+RE(N03), *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: 

+ RE(N03)3*3TBP [71 

181 

- - +  3 TBP + RE* + 3N03 
3 R3CH3NN03 + RE* + 3N03 - +  

+ RE(N03)3e3R3CH3NN03 

Other Significant Extraction Equilibrium Reactions in the Synergic 
System 

a. The extraction of NH4N03 with TBP 
In 1968 Chifu (7) reported that UN03 was extracted by TBP as 

the 2TBP*LIN03 complex. 
rium constant was reported to be 0.2. 

The logarithm of the extraction equlllb- 

The data shown in Table 3 indicates that TBP also extracts 
NH4N03, but the equilibrium constant is not as large as that for 

LIN03. In Fig. 5 is plotted the logarithm of the distribution 
ratio of ammonium ion, log KD,N,,+ versus the logarithm of the 
concentration of monomeric TBP, log[TBPl~. A straight line with 
a slope of 1.84 is obtained. This result suggests that the 

extraction equilibrium reaction is 

[91 
- +  2 TBP + NH4+ + NO + NH4N03*2TBP 3 

The logarithm of the extraction equilibrium constant as given in 
Table 3 is equal to -3.3920.02. 

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

Ammonium thiocyanate can be extracted hy trialkyl- 
methylammonium thiocyanate (8). The data shown in Table 4 indicate 
that R3CH3NN03 can also extract NH4N03. 
ammonium ion in the organic phase 'increases with increasing concen- 
tration of R3CH3NN03. It also increases with increasing concentra- 

tions of the NH,+N03 salting out agent in the aqueous phase. 
logarithm of the extraction equilibrium constant for this reaction 

The concentration of 

The 
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1679 THE SYNERGIC EXTRACTION OF Sm AND Gd 

LOGARITHM OF TRIBUTYL PHOSPHATE 
CONCENTRATION, LOG [TBP] 

Fig. 5. Ext rac t ion  of NH4N03 with TBP. 

is -2.6520.08 when the  aggregat ion of quaternary ammine is neg- 

l ec t ed .  

l a r g e r  if the  aggregat ion of the  quaternary amine is taken i n t o  

cons idera t ion .  

NH,,N03 t o  a much l a r g e r  ex ten t  than TBP. 

This e x t r a c t i o n  equi l ibr ium cons tan t  w i l l  become even 

These r e s u l t s  i n d i c a t e  t h a t  Aliquat  336 can e x t r a c t  

Non-synergic Ext rac t ion  of N?I,NO, with TBP-Aliquat 336 

When NH4N03 is ex t r ac t ed  by the  mixture  with var ious  mole 

r a t i o s  of Aliquat  336 and TBP, the  ammonium ion  content  i n  the  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL
E 
4.
 

Ex
tr
ac
ti
on
 
of
 
NH
rN
Oj
 w
it
h 
Al
iq
ua
t 

33
6.
 

In
tt
ia
l 
Co
nd
it
io
ns
 

Eq
ui
li
br
iu
m 
Co
nd
it
io
ns
 

1.
 O

O
x 1

 0-
2 

2.
50

~ 1 
0-
3 

0.
30
 

4.
00
 

I.
 0
 Ix
 lo

-’
 

2.
53
~ I 

0
-j

 
1.

 I
~
X
I
O
-
~
 
2.

88
~1

0-
~ 

1.
2%
 

3.
23
~ L

O-
3 

3.
 L

O
 

4.
0c

 
1.

40
x1

0-
2 

3.
5@
~1
0-
~ 

1.
3D
x1
0-
2 

3.
25
~1
0-
3 

I. 
7 5
x 

9.
50
 

4.
00

 
1.
82
~ 

1
.
8
C
~
1
0
-
~
 

2.
02

x 
10

-2
 

0.
60
 

4.
00

 
I. 
92
x 

10
-2

 
1.

 R
 Ix

 1
0-
2 

2.
00

 
8.
70
6 

10
- 

3.
no

 
I.
 2
5x
 

5.G
O 

2.
4D
x 
10
- 

9. 
60

 

4.
38

~ 1
 0

-j
 

4
.5

5
~

1
0

-~
 

4
.s

k
io

-3
 

5.
05
~ I 
0-
3 

4
. 8
Dx
 1

0-
3 

4.
5 
3x
 1

0-
3 

4
.
3
5
~
1
0
-
~
 

4.
17

~ I 
0-
3 

4.
8 
Ix
 1(
r3
 

-2
.6
0 

0.
29

0 
-0

.5
38

 
-2
.6
0 

n. 
29
0 

-0
.5

38
 

-2
.5

4 
0.
28
8 

-0
.5
41
 

-2
.4
9 

0.
38
7 

-1
1.

41
2 

-2
.4
6 

0.
38
6 

-0
.4
13
 

-2
.4

0 
0.
38
7 

-0
.4

12
 

-2
.3
6 

0.
48
2 

-0
.3
17
 

-2
.3
L 

0.
48
2 

-0
.3
17
 

-2
.3
s 

0.
48

2 
-0
.3
17
 

-2
.3
0 

0.
58
0 

-0
.2

37
 

-2
.3
2 

0.
58

1 
-0
.2
36
 

-2
.3

4 
0.
58
2 

-0
.2

35
 

-2
.3
6 

0
.5

9
1

 
-0
.2
28
 

-2
.3
8 

0.
58
7 

-0
.2
31
 

-2
.3

2 
0.
57
6 

-0
.2
39
 

-2
.6
6 

-2
.6
6 

-2
.6
0 

-2
.6
8 

-2
.6
5 

-2
.6
8 

-2
.5
9 

-2
.7

0 
-2
.6
4 

-2
.6
7 

-2
.6
9 

-2
.7
1 

-2
.4

3 
-2

.6
3 

-2
.7

7 

Av
er
ag
e 

lo
g 

Ke
q 

- -2.
65
50
.0
8 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



THE SYNERGIC EXTRACTION OF Sm AND Gd 1681 

THE INIT IAL CONDITIONS OF 
AQUEOUS PHASE 
A 4.0M N H 4  N O 3  
o 4.0M N H 4  N O 3  O.IM Gd ( N 0 3 ) 3  
o 4.0M N H 4  N O 3  0.1 M Sm ( N 0 3 ) 3  r a 

1 0 - 3  1 I I 

ALIQUAT336 u.60 0.50 0.40 0.30 0.20 0.10 c 
TB P 

0.0 0.10 0.20 0.30 0.40 0.50 0.60 
M O L A R  I TY 

Fig. 6. The ex t r ac t ion  of NH4N03 with TBP-Aliquat 336 system under 
d i f f e r e n t  i n i t i a l  aqueous conditions.  

organic phase decreases with decreasing Aliquat 336 concent ra t ions .  

This i s  shown i n  Fig. 6. This i nd ica t e s  t h a t  the  assoc ia ted  

spec ies  of the  two ex t r ac t an t s  do not synerg ica l ly  e x t r a c t  NH4N03. 

When Gd(N03)3 o r  Sm(N03)3 i s  present i n  the  i n i t i a l  aqueous phase, 

the  ex t r ac t ion  of NH4N03 is  decreased due t o  the  coext rac t ion  of 

Sm(N03)3 and/or Gd(N03)3. 
system is  g rea t e r  than Gd(N03)3, r e s u l t i n g  i n  a l a r g e r  decrease of 

the  ammonium ion  concentration i n  the  organic phase. 

f u r t h e r  support t he  idea  t h a t  TBP-Aliquat 336 ne i the r  syne rg ica l ly  

e x t r a c t s  NH4N03 nor coext rac ts  NH4NO3 with gadolinium and 

samarium. 

The e x t r a c t a b i l i t y  of Sm(N0,J3 i n  t h i s  

These r e s u l t s  
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SUMMARY AND CONCLUSIONS 

HUANG AND BAUTISTA 

The synergic e x t r a c t i o n  of samarium and gadolinium i n  the  TBP- 

Aliquat 336-Gd(N03)3 o r  Sm(N03)3-NH4N03 system have been s tudied .  
The maximum synergic d i s t r i b u t i o n  r a t i o  was obtained a t  0.4 M TBP 

and 0.2 M Aliquat-336. Various molar r a t i o s  of TBP and Aliquat 336 

a t  a t o t a l  concentration of 0.60 M in AMSCO were used t o  e x t r a c t  

Sm(N03)3 and Gd(N03)3 from 4.0 M NH4N03 so lu t ion  a t  pH 3. 
This synergic ex t r ac t ion  system r e s u l t s  i n  lower v i s c o s i t y  

compared t o  using Aliquat 336 alone. 

3.11 is obtained compared t o  2.86 using Aliquat 336 a lone  and 1.05 

using TBP alone. This is one of the  best systems so f a r  reported 

i n  the  l i t e r a t u r e  f o r  the  separa t ion  of Sm and Gd. 

A higher s epa ra t ion  f a c t o r  of 

The composition of the  e x t r a c t a b l e  complex was found t o  be 

R3CH,N+RE(N0,),'*2TBP. 

TBP o r  pure Aliquat 336, but cannot be syne rg ica l ly  ex t r ac t ed  by a 

mixture of TBP and Aliquat 336. NH4N03 is not a component pa r t  of 

t he  ex t r ac t ab le  complex. 

NH4N03 w a s  found to  be ex t r ac t ed  by pure 
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