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RBSTRACT 

f 

The d i s t r i b u t i o n  coe f f i c i en t  (DC o/a)  of Nb-95 between aqueous n i t r i c  

ac id  and 30$ Tri-2-butyl phosphate (TBP) i n  - n-dodecane increased from 

-0.004 i n  0 .1  N ac id  de f i c i en t  so lu t ion  t o  0.05 i n  4 M HNO 
t r a c t a b l e  port ion of the niobium. 

unextractable.  The presence of 3% chemically degraded TBP, 7% chemically 

degraded Amsco, o r  both decreased t h e  amount of unextractable niobium t o  

<20% and degraded TBP increased t h e  d i s t r i b u t i o n  of t he  ex t rac tab le  por- 

t i o n .  

reagents  var ied inversely with the  a c i d i t y  of t h e  aqueous phase. 

m a x i m u m  DC o/a from ac id  de f i c i en t  so lu t ions  containing solvent degradation 

products w a s  -0.008. 
aqueous t o  organic values for a l l  so lu t ions  examined. 
w a s  maximum by solvents  containing both degraded TBP and Amsco, increasing 

from 6% t o  -50% as the  aqueous a c i d i t y  decreased from 5 t o  0.1 M HNO 

Niobium-95 was removed from n i t r i c  ac id  so lu t ions  containing 20 g/ l j , ter  Z r  

and Zr-95 by adsorption on unfired Vycor glass. 

for  the  ex- 
- 3  - 

Greater than 70% of t h e  niobium was 

The aqueous s o l u b i l i t y  of t h e  niobium ext rac tan t  i n  t h e  degraded 

The 

The organic t o  aqueous DC o/a were higher than the  

Niobium re t en t ion  

- 3' 

Y 
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1.0 INTRODUCTION 

The distribution of Nb-95 between aqueous solutions containing 
up to 4 - 14 

(TBP) in - n-dodecane was determined with and without chemically degraded 
TBP and/or degraded Amsco present. 

technique was developed for removing Nb-95 from nitric acid solutions 
containing macro zirconium and tracer amounts of Zr-Nb-95. 
nium distribution coefficients are also given. 

nitric acid and organic solutions of 30% tributyl phosphate 

In addition, a glass chromatographic 

A few zirco- 

The solvent extraction behavior of niobium and zirconium is of con- 

siderable importance since these elements are the major contaminants in 

product streams in the processing of irradiated uranium by TBP extraction 
from nitric acid solutions. 
of zirconium from nitric acid by TBP (1-7) - -  but few on the behavior of 
niobium. 
extraction of niobium from >2 M HNO ,and Scadden and Ballou (10) - reported 
on the separation of zirconium and niobium from nitric acid 

containing oxalic acid by using mixed butylphosphoric acids. 
presents the results of experiments made to extend the distribution co- 

efficients (DC o/.) of niobium to solutions containing ( 2  M HNO 
effects of the chemical degradation products of both TBP and Amsco 125-82. 

Many studies have been made on the extraction 

Hardy and Scargill (8, - -  9 )  presented a detailed report on the 

- 3  
solutions 

This report 

and the - 3  

Appreciation is expressed to the Analytical Chemistry Division, 

particularly the groups headed by G. R. Wilson and E. I. Wyatt, for ana- 
lytical support and to John Sur& for the development of a chemical ana- 

lytical method for zirconium. 

2.0 REAGENTS AND EXPERIMENTAL TECHNIQUES 

2.1 Purified Tributyl PhosDhate (TBP) 

. 
Q 
v' 

Technical grade TBP from Commercial Solvents Corp. was purified by 

One volume of TBP was added boiling with dilute sodium hydroxide (12). - 
to 5 vol of 0.1 N - NaOH and the mixture distilled at atmospheric pressure 
until 2 vol of distillate had collected. The mixture remaining in the 
pot was cooled to room temperature, and the TBP was separated from the 
aqueous and washed three times with equal volumes of water. The desired 
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so lu t ion  w a s  then prepared by d i l u t i o n  with Eastman Kodak p r a c t i c a l  grade 

n-dodecane. 

may be obtained i n  reproducible qua l i t y  whereas Amsco 125-82 cannot. 

"he - n-dodecane w a s  used as t h e  reference d i luent  s ince it - 

2.2 Degraded TBP and Amsco 

Two degraded solut ions were prepared, TBP and 30% TBP i n  Amsco. I n  

both cases t h e  organic so lu t ions  were mixed with an equal volume of 6 M - 

HNO and boi led .  After  6 h r  ref luxing,  t he  organic phase was removed 

and washed th ree  times with equal volumes of water. 

t h e  100% TBP contained -3 M HNO 

These organics were d i lu t ed  t o  the  desired concentration with 30% f r e sh ly  

p u r i f i e d  TBP i n  - n-dodecane. 

3 
Pr io r  t o  washing, 

and the  30% TBP i n  Amsco, -1 M HNO - 3  - 3' 

2 . 3  Niobium Tracer Solutions 

Niobium-95 t r a c e r  solut ions were prepared by a procedure based on 

t h a t  of Hardy and S c a r g i l l  (13). - 
n i t r i c  ac id  and 30% H202 were added t o  an oxa l ic  ac id  so lu t ion  containing 

1 - 5  mc of Zr-95 and i t s  associated Nb-95 daughter a c t i v i t y .  

evaporated almost t o  dryness t o  destroy the  oxalate  and then made up t o  

about 20 m l  with 2 M HNO The Zr-95 a c t i v i t y  w a s  removed by contact ing 

t h i s  so lu t ion  severa l  times ( i n  a p l a s t i c  container)  with equal volumes 

of 0.5 M - 2-thenoyl-trifluoroacetone (TTA) i n  benzene o r  xylene; t h e  r a f -  

f i n a t e  w a s  washed with benzene t o  remove the  TTli, and then a i r  w a s  bub- 

b led  through the aqueous phase t o  remove any reEidual benzene. 

l u t i o n  w a s  immediately made up t o  100 m l  with 4 t o  10 M HNO 

and heated 1 h r  at 100 C i n  a closed p l a s t i c  b o t t l e  t o  s t a b i l i z e  t h e  

niobium (9) .  - 
d i lu t ed  t o  t h e  desired a c i d i t y  p r i o r  t o  use. 

Several  m i l l i l i t e r s  of concentrated 

This w a s  

- 3' 

T h i s  so- 

as des i red  - 3  0 

T h i s  stock so lu t ion ,  whose a c t i v i t y  was >99$ Nb-95, was 

2.4 Experimental Techniques 

The Marti.n technique (11) - w a s  used t o  determine the  d i s t r i b u t i o n  

coe f f i c i en t s  (DC o/a = concentration i n  the  organic phase/concentration 

i n  the  aqueous phase) for t he  ex t rac tab le  species  of niobium as w e l l  as 

the  percentage of t h e  niobium i n  the  solut ions t h a t  i s  d i f f i c u l t  t o  ex- 

t r a c t  i n t o  and s t r i p  from the  organic phase. The organic so lu t ions  were 
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f i rs t  equi l ibra ted  th ree  times with an aqueous so lu t ion  containing the  

same concentration of n i t r i c  a c i d  as t h e  niobium so lu t ion  t o  be examined. 

The niobium so lu t ions  and t h e  pre t rea ted  organic so lu t ion  were then 

equi l ibra ted  i n  p l a s t i c  containers  with various solvent/aqueous volume 

r a t i o s .  A f t e r  contact t h e  phases were separated and centrifuged 1 5  min, 

and t h e  niobium content w a s  determined by measuring t h e  gross y a c t i v i t y  

i n  each phase. 

t he  organic phase as the  ordinate  and t h a t  i n  t h e  aqueous as t h e  abscissa  

(e.g. ,  Fig.  1). 

soluble only i n  t h e  aqueous phase and t h e  other  soluble i n  and ex i s t ing  

i n  the  same form i n  both phases, a s t r a i g h t  l i n e  i s  obtained which may 

be extrapolated t o  t h e  abscissa .  

of unextractable species,  and t h e  slope of t h e  l i n e ,  t h e  d i s t r i b u t i o n  co- 

e f f i c i e n t  of t h e  ex t rac tab le  species.  Data obtained by contacting organic 

so lu t ions  containing Nb-95 with n i t r i c  ac id  so lu t ions  containing no niobium 

were t r e a t e d  s imi la r ly .  For organic solut ions containing an ex t rac ted  

niobium species  t h a t  i s  revers ib le  as well  as one t h a t  i s  not,  t h e  s t r a i g h t  

l i n e  in t e rcep t s  t he  ordinate ,  t h e  in t e rcep t  i s  a funct ion of t h e  f r a c t i o n  

of niobium re ta ined  by t h e  organic and t h e  slope,  t he  d i s t r i b u t i o n  co- 

e f f i c i e n t s .  The method of least squares w a s  used t o  determine the best 

s t r a i g h t - l i n e  f i t  f o r  t h e  data. 

data  indicated a s t r a i g h t  l i n e  with a curved sec t ion  i n  t h e  region ob- 

t a ined  with t h e  lower organic/aqueous volume r a t i o s ,  only t h e  data f o r  

t h e  s t r a igh t - l i ne  por t ion  were used. 

A l i n e a r  coordinate p l o t  w a s  made with the  a c t i v i t y  i n  

For so lu t ions  containing two species  of niobium, one 

The in t e rcep t  i s  a funct ion of t he  amount 

I n  cases where v i sua l  inspect ion of t h e  

Examples of data  obtained by t h i s  method a r e  presented i n  Fig.  1. 

I n  the  f i rs t  experiment (Fig. l a )  the  organic/aqueous volume r a t i o s  

var ied from 2 t o  15  and t h e  contact time was 1 5  min. 

t h e  b e s t  s t r a i g h t - l i n e  f i t  of t h e  da ta  (derived by the  least squares 

method) w a s  y = 0 . 0 2 6 ~  - 9.62 x 10 , ind ica t ing  a slope (DC o/a) of 0.026 
and an in t e rcep t  a t  x = 3.70 x 10 . Since the  i n i t i a l  so lu t ion  contained 

4.26 x l o 5  c/m.ml Nb-95, 87% of t h e  niobium was unextractable.  Similar ly ,  

t h e  organic t o  aqueous value (Fig. l b )  w a s  determined by using aqueous/ 

organic volume r a t i o s  of 0.5 t o  10 and an equ i l ib ra t ion  t i m e  of  15  min. 

The expression derived from these  da ta  w a s  y = 0 . 0 1 5 ~  + 57, ind ica t ing  

The equation fo r  

3 
5 
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Fig. 1. Distribution of niobium between 1 M - HNO and 30% TBP-n-dodecane. - 
(a) Aqueous organic measurement, n = org/aq vol ratio; ib) organic to aqueous 
measurement, n = aq/org vol ratio. 
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a DC o/a of 0.015 f o r  t h e  t r a n s f e r  of niobium from t h e  organic t o  the  

aqueous phase with an in te rcept  a t  y = 57. 
the  organic w a s  1.49 x l o3  c/m-ml, 3.8$ of t h e  extracted niobium w a s  

re ta ined  by t h e  organic. 

Since the  i n i t i a l  Nb-95 i n  

The d i s t r i b u t i o n  coef f ic ien ts  for several  systems were approximated 

by t h e  multiple contact method with only three  or four  contacts.  

solut ions containing Nb-95 were contacted with equal volumes of organics 

t h a t  had been preequi l ibrated three  times with equivalent a c i d  solut ion 

containing no a c t i v i t y .  Both phases were sampled and counted. 

phase w a s  then equi l ibra ted  with consecutive equal volumes of an aqueous 

solut ion of t h e  same a c i d i t y  as t h e  feed, and t h e  r a f f i n a t e  with equal 

volumes of organic t h a t  had been preequi l ibrated with acid.  

Aqueous 

The organic 

3.0 EXTRACTION O F  Nb-95 

3 .1  30% TBP-n-Dodecane 

Most of t h e  niobium i n  n i t r i c  acid solut ions less concentrated than 

4 M - w a s  unextractable by f resh ly  p u r i f i e d  30% TBP-n-dodecane. - 

organic Dc o/a of t h e  extractable  port ion was low, ranging from -0.004 

i n  a 0.07 N a c i d  d e f i c i e n t  0.13  M Al(N0 ) 
i n  4.3 M :EN0 

decreased from >go% t o  -70% as. t h e  a c i d i t y  increased (Table 1). 

The aqueous/ 

solut ion t o  a maximum of -0.05 3 3  - - 
The percentage of the  niobium i n  an unextractable form - 3' 

The Dc o/a obtained by contacting an organic solut ion containing 

Nb-95 with n i t r i c  ac id  solut ions decreased from -0.1 a t  4 M €€NO 

at  1 M ;nVO and then increased t o  0.038 a t  0.5 M HNO 

w i t h ( 0 . 5  M KNO 
< 100 c/m.ml. 

so poor t h a t  d i s t r i b u t i o n  coef f ic ien ts  were not calculated.  The mount 

of niobium retained by t h e  organics ranged from 3 t o  8% i n  the 0 .5  M - t o  

4 M HNO 

t o  0.015 - 3  
I n  experiments - 3  - 3' 

t h e  maximum niobium a c t i v i t y  i n  t h e  organic phase was - 3' 
These data were so sca t te red  and t h e  mater ia l  balances 

t e s t s ,  ldith the  minimum a t  2 M HNO and t h e  m a x i m u m  a t  0 .5  M. - - 3  - 3  
Fifteen-minute equi l ibra t ions  were used i n  these  experiments s ince 

t h e  results of batch contacts with 30% TBP - n-dodecane with and without 

degraded TBP-Amsco present indicated no appreciable change i n  d i s t r i b u t i o n  

coef f ic ien t  w i t h  further contact t i m e .  I n  t he  preliminary tes ts  t h e  
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Table 1. Extrac t ion .of  Niobium from N i t r i c  Acid with 30% TBP-n-dodecane 

"0 Aqueous t o  Organic Organic t o  Aqueous 
Cone.? M DC o/a Unext. DC o/a % Retained - 

4 0.049 67 0.11 4 .5  
2 0.023 71  0.021 2.6 
1 0.026 87 0.015 3.8 

0.5 0.024 91 0.038 7.6 
0.014 95 b b 

(a 1 0.0067 95 b b 0.1 a.d.  

a 

0.1 

0.1  N a.d.-0.13 M Al(N0 ) 
Value could not be calculated because of t h e  s c a t t e r  of t h e  data  and 
poor mater ia lba lances .  The m a x i m u m  Nb-95 concentration i n  t h e  organic 
w a s  < 100 c / m . d .  

3 3  - - 

organic solut ions were contacted with equal volumes of 4 M HNO 

2.3 x 10 

after various t i m e  in te rva ls .  

accounts f o r  t h e  random var ia t ion  i n  t h e  d i s t r i b u t i o n  coef f ic ien ts  

(Table 2).  

containing - 3  5 c/m.ml Nb-95 f o r  5 t o  360 min and Nb-95 a c t i v i t y  w a s  determined 

The 100 ? 20% a c t i v i t y  balance probably 

3 
- 3  

Table 2. Effect  of Contact Time on Nb-95 Extraction from 4 M HNO 
Reagents degraded by boi l ing  30% TBP-Amsco solut ion 6 hr with 6 M HNO 

D.C. o/a 
63% Dodecane-U% TBP- 

Contact Time, 3$ Degraded TBP- 
mic 70% Dodecane-30$ TBP 7% Degraded Amsco 

A q  t o  Org Org t o  A q  A q  t o  Org Org t o  A q  

5 0.050 0.31 0.39 0.92 
15 0.054 0.26 0.30 0.78 

60 0.061 0.22 0.48 0.58 
120 0.061 0.27 0.50 0.76 
180 0.062 0.25 0.50 0.82 
240 0.053 0.24 0.30 0.78 

0.61 
300 
360 0.059 0.25 0.26 

30 0.053 0.22 0.44 0.64 

0.061 0.23 0.27 0.64 
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3.2 27% TBP-3% Degraded TBP i n  n-Dodecane 

The presence of 3% degraded TBP i n  27% TBP-n-dodecane - increased t h e  

DC o/a of t h e  ex t rac tab le  niobium from < 4 M HNO 

grea te r  and decreased t h e  unextractable niobium from > 60% t o  < 20% (Table 3). 
The aqueous-to-organic DC o/a ranged from 0.2 t o  0.7 for n i t r i c  ac id  con- 

cent ra t ions  of 0 . 1 t o  4 M. - 
concentrations ranged from 0 . 3  t o  1.6, with - l t o  15% of t h e  a c t i v i t y  re- 

ta ined  by t h e  organic. I n  both sets of  experiments t h e  value w a s  minimum 

with 2.0 M HNO 

0.13 M A l ( N 0  ) 

c/m*ml). 

t h e  d i s t r i b u t i o n  coe f f i c i en t  w a s  not calculated.  

a c t i v i t y  t r ans fe r r ed  ind ica t e s  e i t h e r  a very low coe f f i c i en t  (< - 10 

a large percentage of unextractable niobium. 

niobium inme  o ther  tes ts  ranged from -7 t o  1876, these  small negative 

values probably r e f l e c t i n g  t h e  lack  of precis ion i n  t h e  experiments. 

by a f ac to r  of 10 or 3 - -  

Organic-to-aqueous values f o r  t h e  same ac id  

L i t t l e  niobium w a s  ex t rac ted  from a 0.1 N - a c i d  de f i c i en t  
5 - 3' 

3 3  so lu t ion  (60 t o  170 c/m*ml. from a feed containing 2 x 10 - 
The data were sca t te red ,  and mater ia l  balances were so poor t h a t  

The s m a l l  amount of  
-4 

) or  
The percentage of  unextractable 

Table 3 .  Extract ion of Niobium-95 by 27% Pur i f i ed  TBP-TO% n- 
dodecane-3$ Degraded TBP 

Feed a t  room temperature except when spec i f ied  otherwise 

HNO Contact A q  t o  Org Org t o  Aq 
Con?., Time, Feed Age, 

M - Min hr DC o/a % Unext. DC o/a % Unext. 

4 15  <0.2 0.53 6 0.82 -1 
1 5  24 0.56 11 0.85 -1 

2 5 <0.2 0.26 -3 0.33 0 
15 <0.2 0.22 -4 0.26 2 
1 5  72.5 0.25 -4 0.30 1 
30 (0.2 0.23 -4 0.28 1 

1 5 (0.2 0.35 2 0.34 2 
15 24 0.42 4 0.52 0 
1 5  1 ( 1 0 o O c )  0.25 -7 09 33 13 

0.5 5 (0.2 0.48 -2 0.46 3 
1 5  <0.2 0.48 -2 0.45 1 
1 5  24 0.66 12 0.76 2 

0.1 15 (0.2 0.53 4 1.55 -1 
15 24 0.48 18 1.60 -1 
60 <o. 2 0.22 4 0.32 1 5  

J 
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The s m a l l  va r i a t ions  w i t h  d i f f e r e n t  feed agings and contact times, 

except with 0.1 M HNO , probably ind ica te  a lack  of prec is ion  i n  t h e  

results. The data f o r  a s ingle  a c i d i t y  show good agreement; f o r  example, 

the aqueous-to-organic Dc o/a w i t h  0.5 M HNO - 3  
I n  a graph of t h e  combined da ta  most of t h e  poin ts  a r e  on a s ingle  

s t r a i g h t  l i n e ,  ind ica t ing  a d i s t r i b u t i o n  coe f f i c i en t  of 0.48 w i t h  none 

of t h e  niobium i n  an unextractable form (Fig. 2 ) .  There i s  no explanation 

f o r  t he  l a rge  d iscreranc ies  with 0 . 1  M HNO 

- 3  

var i e s  from 0.43 t o  0.66. 

- 3’ 

6 

m 
0 

d I 

9 
x 4  

E 
- 

E 
\ V 

m 

n z 
4’ 

2 

C 

Fig. 2. 

UNCLASSIFIED 
OWL-LR-DWG. 672; 

A 

J’ 
/ e  

e i e  
drn 

I I /’ 5 , 
Extraction of Nb-95 from 0.5 M - H N 0 3  wi th  degraded TBP. 

Some of t h e  data from aqueous t o  organic equ i l ib ra t ions  made w i t h  

< 2 1 HNO deviated from a s t r a i g h t - l i n e  function, producing a downward 

curvature i n  t he  region of the lower organic/aqueoua volume r a t i o s ,  e .g .  

those w i t h  0.5 M HNO (Fig. 2) .  A probable explanation f o r  t h i s  curvature 

i s  t h e  presence of an ex t rac tan t  i n  t h e  solvent which forms a s t ronger  

complex with niobium than does TBP and i s  more soluble i n  the aqueous 

phase than i s  TBP. 

amount of t h e  ex t rac tan t  i n  t h e  system decreases, decreasing t h e  niobium 

d i s t r i b u t i o n  coe f f i c i en t .  

3 - -  

- 3  

With decreasing organic/aqueous volume r a t i o s ,  t h e  

The e f f e c t  would be most obvious i n  t h e  region 

. 
I 
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i n  which t h e  organic phase i s  contacted with t h e  grea tes t  volume of aqueous. 

These observations a r e  i n  agreement with ex t rac t ion  behavior t h a t  would 

be expected from solut ions containing di-n-butyl - phosphate (14) .  - 
The s o l u b i l i t y  of t h e  ex t rac tan t  i n  t h e  aqueous phase w a s  demonstrated 

by washing solvent containing degraded TBP several  times with equal volumes 

of 0.5 M HNO 
c/m.ml Nb-95. When a 

s ingle  aqueous feed solut ion w a s  equi l ibra ted  consecutively with two 

organic solut ions t h a t  had been washed t h e  same number of times, t h e  DC 
o/a w a s  higher f o r  t h e  second contact; t h i s  ind ica tes  a l a r g e r  amount of 

extractant  i n  t h e  system, i . e . ,  t h e  feed solut ion had not removed as much 

ex t rac tan t  from t h e  second organic phase (Table 4 ) .  

5 p r i o r  t o  equi l ibra t ion  with 0.5 M HNO containing 2 x 10  
- 3  - 3  

The DC o/a decreased with increased washings. 

T a b l e  4. Effect  of Mul t ip le  Washings on Extraction of Niobium w i t h  
Degraded TBP 

Experiment 
Number 

Number of 
Washes DC o/a 

3 
4 
5 
7 
a 

0.17 
0.14 
0.12 
0.085 
0.107 

~~ 

a The aqueous from experiment 4 w a s  equi l ibra ted  again with organic t h a t  
had been prewashed seven t i m e s .  

3 . 3  30% TBP-n-Dodecane Containing Degraded TBP-Amsco 

The amount of niobium re ta ined  by t h e  organic w a s  g rea te r  f o r  solu- 

t i o n s  of 30% TBP-n-dodecane - containing degraded TBP-Amsco than w i t h  t h e  

solut ions containing degraded TBP alone. 

- n-dodecane, 2'7% f resh ly  p u r i f i e d  TBP, 3% degraded TBP, and 7% degraded 

Amsco with t h e  TBP-Amsco degraded together as a 30% solut ion.  

niobium d i s t r i b u t i o n  coef f ic ien ts  were less than those with organic con- 

t a i n i n g  3% degraded TBP, t h i s  w a s  probably due t o  t h e  difference i n  de- 

gradation conditions (Sect.  2 .2) .  

The solvent was composed of 63% 

Although 
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The aqueous t o  organic DC o/a decreased from 4.4 a t  4 M HNO t o  0.02 - 3  
at 0.5 M HNO 

because of excessive curvature (see below) and for 0.1  N - ac id  deficiency 

because of s c a t t e r ,  t he  maximum org/aq concentration r a t i o s  observed were 

0.02 and 0.008, respect ively.  

ex t rac tab le  niobium, ex t rapola t ion  of tke s t r a igh t - l i ne  por t ion  of the data 

from t h e  tests with < 2 M HNO 

equivalent t o  0.8 t o  2.5% of t h e  o r i g i n a l  feed concentration. 

sults ind ica t e  t h e  presence of small quan t i t i e s  of extractant,which re- 

sult i n  a niobium E o/a greater than t h a t  indicated by t h e  s t r a i g h t -  

l i n e  por t ion  of the data (Table 5 ) .  

Although the DC o/a could not be ca lcu la ted  f o r  0 . 1  M " 0  - 3' - 3  

I n  t h e  determination of t h e  percentage of 

gave pos i t i ve  y interce*with values 
3 - -  

These r e -  

The organic-to-aqueous DC o/a ranged from 0.04 t o  0.6 f o r  a c i d i t i e s  

ranging from 0.1 N ac id  deficiency t o  4 M HNO 
t h e  acid-def ic ient  t e s t ,  t h e  amount of ex t rac ted  niobium re ta ined  by the 

organic increased as t h e  a c i d i t y  decreased, with a m a x i m u m  of -50% a t  

0.1 M HNO 

the organic would r e t a i n  about 500 c/m*ml. 

only 6% of t h e  a c t i v i t y  w a s  re ta ined ,  200 c/m'ml from a feed containing 

4 x lo5  c/m-ml (Table 5 ) .  

With t h e  exception of - 3' - 

5 Thus, from an aqueous feed containing -1.6 x 10 c/m'ml Nb-95, - 3' 
I n  the acid-def ic ient  t e s t  

The lo s s  of t h e  niobium ext rac tan t  t o  the aqueous phase when de- 

graded TBP w a s  present  (Sect.  3 . 2 )  w a s  a l so  observed i n  these  experiments, 

but  t h e  l o s s  increased markedly as the  aqueous a c i d i t y  decreased. 

E o/a could not be calculated from the graph of the data for 0 .1  M HNO 

(Fig. 3 )  as had been done for t h e  previous experiments. 

ex t r ac t an t  a t  low a c i d i t i e s  was confirmed by washing f resh ly  degraded 

30% TBP-Amsco w i t h  0 .1  M HNO After precautions t o  minimize organic 

entrainment had been taken, t h i s  aqueous so lu t ion  w a s  mixed w i t h  f r e sh ly  

p u r i f i e d  30% TBP-dodecane, and enough concentrated n i t r i c  ac id  w a s  added 

t o  r a i s e  t h e  aqueous a c i d i t y  t o  4 M HNO 

so lu t ion  t h e  E o/a w a s  0.55 f o r  both aqueous-to-organic and organic-to- 

aqueous experiment5 with -6% of t h e  niobium mex t rac t ab le  and re ta ined  

by t h e  organic (Fig. 4 ) .  The aqueous-to-organic Dc o/a w a s  10 times 

t h a t  with p u r i f i e d  TBP and -1.5 times t h a t  with degraded TBP and h s c o .  

Thus t h e  ex t rac tan t  t h a t  had t r ans fe r r ed  t o  t h e  0 .1  M " 0  t r ans fe r r ed  

t o  the ~ O $ J  TBP-n-dodecane - a t  the higher ac id i ty .  

The 

- 3  
The loss  of the 

- 3' 

With t h e  r e s u l t i n g  organic - 3' 

- 3  

c 
a 
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Table 5. Extract ion of Niobium-95 with Solvent Containing Degraded 
TBP and Amsco 

Room temperature except as spec i f ied  

HNO Contact Feed Aqueous t o  Organic Organic t o  Aqueous 
Con2. Time, Age, Dc 0 Dc k 

Retained b M - min hr o/a une!t. Com$ex o/a 
- 

4.0 1 5  (0.2 
4.0 15 24 
4.0 1 5  1 ( l o o p  
4.0' 1 5  1 (100 c )  
2.1 1 5  (0.2 

2.2 60 1 (100 c )  
1.1 1 5  (0 .2  

1.2 60 1 (100 c )  
0.5 15  (0.2 
0.5 1 5  24 

0.1 1 5  (0 .2 

2.1 1 5  24 
2.0 1 5  1 (1ooEc) 

1.2  1 5  1 (1oo~c)  

0.5 1 5  1 (10oOc) 

0.1 1 5  (0 20 
0.1 1 5  1 (loooc) 
0.1 60 1 (loooc) 

0.1  1ia.d. 1 5  1 (100 c )  

1.1 1 5  24 

0 .1  1 5  24 

- 

0.38 
0.37 
0.34 
0.40 

0.12 
0.13 
0.08 
0.10 

0.05 
0.06 
0.05 
0.07 

0.03 
0.02 

0.02 

d 
d 
d 
d 
d 
e 

6 - 
7 
2 
4 - 
-4 - 
3 
(0 2.5 
(0 1.9 
(0 1.3 
(0 1.4 
<O 1.7 
<O 0.8 

(0 1.8 
(0 1 . 5  
(0 2.0 

- - 

- 

0.61 
0.59 
0.63 
0.66 
0.21 
0.23 
0.24 
0.26 

0.20 
0.12 
0.22 
0.12 

0.24 
0.28 
0.09 

0.16 

0.09 
0.07 

0.10 

0.02 
0.04 

6 
6 
9 
10 
12 
9 

20 
9 
9 
12 
9 
10 

53 
14 
14 

47 
51 
51  
30 
33 
6 

~~ ~ 

63% n-dodecane, 27% pur i f i ed  TBP, 3% degraded TBP, 7% degraded Amsco. 
Amsc';; and TBP degraded by bo i l ing  30% TBP i n  Amsco 6 h r  with 6 M " N O  

(y in t e rcep t  value/or iginal  feed concentration) x 100. This value i s  
given when t h e  da ta  show e negative % unextractable >lo%, and has been 
named "% strong13 complexed " for convenience. 

Different Nb-95 stock so lu t ion  used t o  prepare the feed. 

DC o/a could not be calculated as t h e  others ;  maximum org conc/aq conc 
= 0.02. 

Much sca t t e r ;  DC o/a e i ther  < 0.008 or a major percentage unextractable.  

a 

- 3' 

C 

e - 
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Fig. 3. Aqueous to organic distribution of niobium-95 from 0.1 M - " 0 3  into 
30% TBP-n-dodecane - containing TBP-Amsco degradation products. 
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Fig. 4. Extraction of niobium-95 from 4 M - " 0 3  with 30% TBP-n-dodecane - 
containing TBP-Amsco degradation products. 
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Quali ta t ively,  t h e  addi t ion  of degraded Amsco alone t o  30% TBP-n- - 
dodecane increased t h e  percentage of ex t rac tab le  niobium but  had l i t t l e  
o r  no e f f e c t  on t h e  DC o/a. 

the unextractable niobium from 80-90% t o  -60% i n  2 M HNO 

t o  4 0 %  i n  4 M - HN03. 
-0.2, respect ively.  

contact experiments made t o  determine the e f f e c t  of adding various com- 

b ina t ions  of degraded TBP and Amsco t o  30% TBP-n-dodecane - (Table 6 ) .  The 

maximum aqueous t o  organic DC o/a f o r  both 2 and 4 M HNO w a s  obtained 

w i t h  t h e  organic solut ions containing degraded TBP and Amsco t h a t  had 

been degraded separately.  

ly, with 10% of t h e  niobium unextractable i n  both cases.  

lower value observed w i t h  TBP and Amsco degraded together  w a s  probably 

due t o  t h e  difference i n  degradation conditions as mentioned above (Sect. 

The presence of 7% degraded Amsco decreased 

and from 60-70% - 3  
The DC o/a changed from -0.1 t o  4 . 0 6  and -0.1 t o  

These values were obtained i n  a series of multiple- 

- 3  

The coe f f i c i en t s  were -0.4 and -0.8, respect ive-  

The s l i g h t l y  

2 . 2 ) .  

I n  cont ras t  t o  t h e  aqueous-to-organic experiment, t h e  maximum DC o/a 

i n  organic-to-aqueous t e s t s  were obtained w i t h  TBP and Amsco degraded 

together ,  but  t h e  so lu t ions  containing TBP degraded s ingly  re ta ined  much 

more a c t i v i t y .  

0 .5  and 0 .9  f o r  2 and 4 M “ 0  

t h e  values obtained i n  t h e  corresponding aqueous-to-organic experiments. 

The coe f f i c i en t s  t h a t  could be measured were t h e  same f o r  t h e  o ther  de- 

graded solut ions i n  both sets of equi l ibra t ions .  

material balances were so poor t h a t  t h e  coe f f i c i en t s  were not calculated.  

The coe f f i c i en t s  f o r  t h e  TBP-Amsco degraded together  were 

respect ively,  and were as much as twice - 3’ 

Some of the a c t i v i t y  

4.0 REMOVAL OF Nb-95 FROM ZIRCONIUM SOLUTIONS 

Niobium-95 may be removed from n i t r i c  ac id  so lu t ions  containing 

zirconium by adsorption on unfired Vycor g l a s s  powder (15) .  - 
solvent ex t rac t ion  experiments with zirconium had shown t h a t  t h e  sen- 

s i t i v i t y  of t he  chemical a n a l y t i c a l  methods were not s u f f i c i e n t  t o  f o l -  

low the  course of  the  zirconium i n  d i l u t e  n i t r i c  ac id  systems. 

of Nb-95 by Vycor dlass allowed t h e  use of d i r e c t  7 counting as a means 

of ana lys i s  Laor zirconium. The niobium daughter w a s  removed from stock 
6 solut ions containing -10 M HNO 

Preliminary 

The removal 

20 g / l i t e r  Z r ,  10 c/m*ml Zr-Nb-95, and - 3’ 
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Table 6. Extraction of Nb-95 from 2 and 4 M HNO, by TBP Reagents 

3 Degraded by Refluxing 6 hr with 6 M &NO 

Dodecane, '$ 70 70 63 63 63 63 
TBP? % 
Amsco, % 
Degraded Amsco, $I -- -- -- 

30 rl 30 27 27 
3 3 

7 7 7 
-- 

-- 
-- -- -- -- 3 

7 

Exp. Exp. Exp. Exp. Exp. 

-- 30 -- Degraded TBP, % 

7%- 1 2 3 4 5" 
2 M HNO 1.4 x l o 5  c/m.ml Nb-95 
- 3' 

Aq to Org 
DC o/a - 0.08 - 0.1 - 0 .2  - 0.06 - 0.4 - 0.3 
% unextractable -80 -90 -20 -60 -10 -30 

DC o/a C C - 0.2 C - 0.4 - 0 .5  
$ retained C c -60 C -50 - 2  

Org to Aq 

4 M HNO 1.8 x 103 c/m.ml Nb-95 - 3' 
Aq to Org 
DC o/a - 0.1 - 0.1 - 0.7 - 0 . 2  - 0.8 - 0.4 
% unextractable 4 0  -70 -10 -40 -10 -20 

DC o/a C c 'v 0.7 C - 0.a - 0.9 
% retained C C -40 C 4 0  -10 

Org to Aq 

a TBP and Amsco degraded separately. 
TBP and Amsco degraded as a 30% TBP in Amsco solution. 
Could not calculate because of poor material balance of activity. .e . 

50 g/liter 100 mesh unfired Vycor glass by passing the solution twice 
through two columns, 13 mm high by 10 mm dia, containing 1 g of -100 mesh 
unfired Vycor. 

to 99% Zr-95. 
and zirconium concentrations. 

The activity in the resulting solution ranged from 90 
This solution could then be diluted to the desired acid 

The coefficients obtained by chemical analysis and by 7 counting 
showed good agreement. 
between 30% TBP-n-dodecane and a solution containing -4 M HNO 
liter Z r ,  and 10 -10 
to-organic and 0.33 to 0.44 for the organic-to-aqueous tests. 
of the phases indicated coefficients of 0.25 to 0 . 5  and 0.9 to 0.4, 
respectively (Table 7). 
M HNO 

By chemical analysis, the DC o/a for zirconium 

-1 g/ - 3' r 5  c/m.ml 7 ,  ranged from 0.25 to 0.44 for the aqueous- 
A 7 count 

Hickok and Cannon give a value of 0.25 with 4 
0.0115 M - Zr, and 1 M - TBP-n-dodecane - (6). - The coefficients were - 3' 
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obtained by the multiple-contact method. 

chemical analyses, the DC o/a for zirconium between nitric acid containing 
-1 g/liter Zr and 30% TBP-n-dodecane ranged from <0.002 with 1 M HNO 
-1 with 6 M HNO 

quantity of zirconium used was convenient for chemical analysis. 

In preliminary experiments with 

to - - 3  
In the.comparison tests -4 M " 0  was used since the - 3' - 3  

Table 7. Ektraction of Zirconium from Nitric Acid with 30% TBP- 
n-Dodecane 

Multiple contact method, 5-min contacts 
tvr r.1- 
LW u / a  

" 0  Zr, y Activity, Zr-Nb, Aq-to-Org Org -to -Aq 
Chem. Y Chem. Y 
Analysis Count Analysis Count 

1.9 6.6 x Io5 0.39 0.50 0.33 0.40 

~ 3 '  - g/liter c/rn*d % 

4.3 1.08 6.2 x io4 90 
4.1 1.15 6.2 x io 99 0.25 - 0.44a 0.25 0.33 0.34 

0.30 0.31 0.44 0.35 
4.9 96 J 

Analytical difficulties. a 

Investigation of the solvent extraction of zirconium from nitric 
acid by TBP and its chemical degradation products was discontinued. 
are several publications on TBP extraction (2-6), - -  and recently an excel- 
lent study was published on the extraction of zirconium by di-n-butyl - 
phosphoric acid (7). - 

There 

. 
P 

~ 

. ... 
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