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C A T  TON EXCHANGE SE.PAK A T ION O F  D I V A L E N T  M E T A L  IO N S

F R O M  R A R E  E A R T H S *

J a m e s  S.  F r i t ?  a n d  B a r b a r a  B G a r r a i d a  

I n s t i t u t e  f o r  A to m ic  R e s e a r c h  a n d  D e p a r t m e n t  of C h e m i s t r y  

Io w a  S t a t e  U n i v e r a t t y .  A m e i ,  Io w a

A b s t r a c t - T h e  d i v a l e n t  m e t a l  ion*  o f  c a l c i u m ,  m a g n e s i u m ,  n i c k e l ,  

a n d  s t r o n t i u m  a r e  e l u i e d  f r o m  a c a t i o n  e x c h a n g e  c o l u m n  w i t h  1. 5M 

n i t r i c  a c i  1 a n d  s e p a r a t e d  f r o m  t r i v a l e n t  r a r e  e a r t h s ,  a l u m i n u m  a n d  

y t t r i u m .  P r i o r  s e q u e n t i a l  e l u t i o n  o f  o t h e r  m e t a l  i o n s  w i t h  h y d r o c h l o r i c  

a c i d  in a c e t o n e - w a t e r  o r  w*th d i l u t e  h y d r o f l u o r i c  a c i d  d o e s  no t  i n t e r f e r e  

w i t h  t h e  p r e s e n t  s e p a r a t i o n  m e t h o d .

I N T R O D U C T I O N

S e v e r a l  e x c e l l e n t  i o n  e x c h a n g e  m e t h o d s  f o r  t h e  s e p a r a t i o n  of 

m e t a l  io r  s  i n t o  g r o u p s  h a v e  b e e n  d e v e l o p e d  in  t h e  l a s t  f e w  y e a r * .  M a n y

e l e m e n t s  a r e  t a k e n  u p  by  a n  a n i o n  e x c h a n g e  c o l u m n  f r o m  a q u e o u s  o r

7 9 21,10n o n a q u e o  ,a h y d r o c h l o r i c  a c i d  ’ o r  f r o m  h y d r o f l u o r i c  a c i d  s o l u t i o n s .

L i k e w i s e ,  m a n y  m e t a l  c a t i o n s  c a n  b e  e l u t e d  f r o m  a  c a t i o n  e x c h a n g e

c o l u m n  w t h  d i l u t e  a q u e o u s  h y d r o b r o m i c  a c i d ,  * h y d r o f l u o r i c  a c i d ,

h y d r o g e n  p e r o x i d e ,  '  o r  h y d r o c h l o r i c  a c i d  in  a c e t o n e - w a t e r  s o l u t i o n .

In t h e s e  e p a r a t i o n s ,  a l u m i n u m ( I I I ) .  c h r o m i u m ( T I I ) ,  r a r e  e a r t h s ( I I I ) .

y t t r i u m ^  II) , a l k a l i n e  e a r t h s ( I I ) ,  m a g n e s i u m ( I I ) ,  a n d  n i c k e l O D  m a y

r e m a i n  as  a  g r o u p  b e c a u s e  t h e y  p a s s  t h r o u g h  a n  a n i o n  e x c h a n g e  c o l u m n

a n d  a r t  n o t  e l u t e d  f r o m  a  c a t i o n  e x c h a n g e  c o l u m n  b y  t h e  m e t h o d  l i s t e d  a b o v e

C o n t  i b u t i o n  N o .  1191. W o r k  w a s  p e r f o r m e d  in  t h e  A m e s  L a b o r a t o r y  ot  

th e  U S. A t o m i c  E n e r g y  C o m m i s s i o n .  H o s t  n o t i c i
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F r i t *  and K i rn ik e r^ *  i f p * n f e d  m e ta l  c a t io n s  of d i f f e r e n t  c h a r g e  

type hy e lu t io n  f r o m  an e t h y i e n e d i a m m o n i u m - f o r m  c a t io n  e x c h a n g e  

c o lu m n .  F o r  s e q u e n t i a l  s e p a r a t i o n s ,  e lu t io n  of m e t a l  ions  with a 

v o la t i le  a n d  f r o m  a h v d r o g e n - f o r m  ca t io n  e x c h a n g e  c o lu m n  t* 

a d v a n ta g e o u s .  S t r e l o w 11 e lu t e d  be ry l l iu m (II )  f r o m  a  c a t io n  e x ch a n g e  

c o lu m n  with 1M h y d r o c h l o r i c  o r  1. 2M n i t r i c  ac id  and  th u s  s e p a r a t e d  it 

f r o m  a lu m in iu m ,  i r o n ,  r a r e  e a r t h s ,  and y t t r i u m .  Edge  and A h r e n s 1 

c o n c e n t r a t e d  r a r e  e a r t h s  f r o m  s i l i c a t e  ro ck  s a m p l e s  by p r i o r  e lu t io n  

of the bulk of o th e r  m e ta l  ions  with 3M h y d r o c h l o r i c  a c id .

In the p r e s e n t  w o rk ,  a  s c h e m e  is p r e s e n t e d  fo r  the  ion e x ch a n g e  

s e p a r a t i o n  of c a lc iu m (I I ) .  s t ron t ium fIT) ,  m a g n e s :u m ( I D ,  and nickel(II)  

f r o m  the t r i v a l e n t  io n s ,  a lu m in u m (I I I ) ,  r a r e  e a r th s ( I I I ) ,  and y t t r iu m (II I ) .  

T h e s e  d iv a len t  m e ta l  ions a r e  e lu ted  a s  a g ro u p  f r o m  a h y d ro g e n  f o r m  

c a t io n  e x ch a n g e  c o lu m n  u s ing  I. n i t r i c  a c id  a s  the  e lu e n t .  Fo l low ing  

th is  s e p a r a t i o n ,  the  t r iv a le e *  m e ta l  ions  a r e  s t r i p p e d  f r o m  i»ie c o lu m n  and 

t i t r a t e d  with EDTA.

E X P E R I M E N T A L

1°n E x c h ange  C o l u m n

C o nven t iona l  g l a s s  ion e x ch a n g e  columns (I. D. 1. 2 cm )  w e r e  f i l led

to a bed he igh t  of 16 c m  with a  s l u r r y  of w a t e r  and r e s i n .  E lu en t  was
/

ad d ed  to the c o lu m n  f r o m  a  c y l i n d r i c a l  s e p a r a t o r y  funnel  which  was 

i n s e r t e d  in the top of the  c o lu m n  th ro u g h  a o n e - h o l e d  r u b b e r  s t o p p e r .

T h is  m e th o d  a l low ed  d r o p w i s e  add i t ion  of e lu e n t  so  tha t  ♦he top  of the 

r e s i n  bed was  not d i s t u r b e J .

'

♦



*

fori E m< hang*- fc***in

D n w e x  SOW X#, 100*200  m e s h ,  h v d r o g e n - f i r m  c a t i o n  e * < h a n g e  

r « « i n  w a s  u s e d .  B e f o r e  u s e ,  t h e  re t i n  w a s  c l e a n e d  by b a t  k - w ash ing ;  

to remove the  f in e  p a r t i c l e * .  T h e  r e s i n  w * i  th en  w a s h e d  with  10% 

a m m o n i u m  c i t r a t e  (pH 1 , 1 * 1 ,  3M h y d r o c h l o r i c  a n d ,  and f i n a l l y  

w ith  w a t e r  un t i l  a n e g a t i v e  c h l o r i d e  te * t  w a s  o b t a in e d  w i th  s i l v e r  c h l o r i d e .  

T h e  r e s i n  w a s  th en  a ir  d r i e d .

P r o c e d u r e  f o r  S e p a r a t i o n

An a l iq u ot  of  0.  0SM  s o l u t i o n  of  the n i t r a t e  or p e r c h l o r a t e  salts* 

of  the  m e t a l  ion*  c o n t a i n i n g  the d e s i r e d  a m o u n t  of m e t a l  w a*  d i l u t e d  to 

25 m l  w i th  w a t e r  and ad d ed  to  the c o l u m n .  T h e  m e t a l  io n  w a s  th e n  e l u t e d  

at a f l o w  r a te  o f  2 m l / m i n .  In s i n g l e  ion  e l u t i o n s ,  1 0 - m i  f r a c t i o n s  w e r e  

c o l l e c t e d  and t e s t e d  for  p r e s e n c e  of  the m e t a l  Ion. in the  s e p a r a t i o n  of  

m i x t u r e s ,  a s i n g l e ,  l a r g e  f r a c t i o n  w a s  u s e d  o f  a v o l u m e  s l i g h t l y  l a r g e r  

than the a m o u n t  n e e d e d  fo r  c o m p l e t e  r e m o v a l  of the ion .  If s u b s e q u e n t  

i o n s  w e r e  r e m o v e d  w ith  a d i f f e r e n t  e l u e n t ,  the c o l u m n  w a s  r i n s e d  w ith  

20  m l  o f  w a t e r  b e t w e e n  e l u t i o n s .

When a n o n a q u e o u s  m e d i a  w a s  u s e d  for  e l u t i o n  o f  s o m e  m i x t u r e  

c o m p o n e n t s ,  the s o l u t i o n  o f  m e t a l  s a l t s  w a s  e v a p o r a t e d  to  a v o l u m e  ot 

1 to  2 m l .  C o n c e n t r a t e d  n i t r i c  a c i d  w a s  ad d ed  d u r in g  e v a p o r a t i o n  to  

p r e v e n t  h y d r o l y s i s .  P r i o r  to  l o a d in g  t h i s  m i x t u r e  onto  the  c o l u m n ,  

the c o l u m n  w a s  e q u i l i b r a t e d  by p a s s i n g  15 m l  o f  60% a c e t o n e - 0 .  1M 

h y d r o c h l o r i c  a c id  th r o u g h  at m a x i m u m  f lo w  r a t e .  A f te r  q u a n t i t a t i v e l y  

t r a n s f e r r i n g  the  m i x t u r e  to  the  c o l u m n ,  the  f lo w  rate  w a s  a d j u s t e d  to
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a p p r o x i m a t e l y  0 . 4 m l / m i n  f o r  *11 n o n a q u e o u i  s e p a r a t i o n s

A n a l y s i s

A f t e r  e l u t i o n ,  t h e  c o l l e t  t e d  f r a c t i o n s  w e r e  e v a p o r a t e d  n e a r l y  

l «  d r y n e s s  a n d  a n a l y s e d  f o r  t h e  m e t a l  by t i t r a t i o n  w i th  0.  0 $ M  E D T A ,  4

R E S U L T S

A s t u d y  w a s  m a d e  o f  t h e  e l u t i o n  o f  i n d i v i d u a l  m e t a l  i o n s  f r o m  a 

16 x 1. 2 c m  c o l u m n  w i t h  h y d r o c h l o r i c  a n d  n i t r i c  a c i d s .  T h e  b e s t  e l u e n t  

a p p e a r s  to  be  l .  5M n i t r i :  a c i d  ( s e e  T a b l e s  I a n d  IT) W i th  l o w e r  c o n 

c e n t r a t i o n s ,  t h e  e l u t i o n  i s  t o o  s l o w :  2M n i t r i c  a c i d  c a u s e s  s o m e  o f  t h e  

r a r e - e a r t h  e l e m e n t *  to  b r e a k  t h r o u g h  to o  e a r l y .  H y d r o c h l o r i c  a c i d ,

1. 5 t o  2 M, i s  p r o m i s i n g  f o r  t h e  s e p a r a t i o n  o f  d i v a l e n t  m e t a l  i o n s  f r o m  

r a r e  e a r t h s  a n d  y t t r i u m  b u t  a l u m i n u m  b r e a k s  t h r o u g h  v e r y  e a r l y .

C h r o m i u m ( T I I )  s p l i t s  i n to  tw o  b a n d s  u p o n  e l u t i o n  w i t h  1. 5M n i t r i c  

a c i d .  O n e  b a n d  i s  e l u t e d  a n d  th e  o t h e r  r e m a i n s  o n  t h e  c o l u m n .  T h e  

f i r s t  c h r o m i u m ( i n )  a p p e a r *  in  the  e f f l u e n t  in  t h e  120-  to  1 3 0 - m l  f r a c t i o n .  

C h r o m i u m ( f l l )  i s  a n  i n t e r f e r e n c e  in  t h e  p r o p o s e d  s e p a r a t i o n .

T h e  e f f e c t  o f  l o a d  w a s  n e x t  s t u d i e d .  T h e  n o r m a l  0 .  2*>mmole  l o a d  

u s e d  f o r  s i n g l e  i o n  e l u t i o n s  w a s  i n c r e a s e d  to  1 m m o l e .  T h i s  i n c r e a s e  

h a d  no  e f f e c t  o n  t h e  v o l u m n  o f  l .  5M n i t r i c  a c i d  r e q u i r e d  f o r  e l u t i o n  

o f  d i v a l e n t  m e t a l  i o n s .  H o w e v e r ,  i n c r e a s i n g  t h e  l o a d  o f  t h e  t r i v a l  >nt 

m e t a l  io n  c a u s e d  i t  t o  b r e a k  t h r o u g h  e a r l i e r .  F i g u r e  1 s h o w s  t h e  s i g n i f i 

c a n t  d e c r e a s e  in  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  of t r i v a l e n t  m e t a l  i o n s  w i t h
«

i n c r e a s i n g  l o a d ,  [t a p p e a r s  t h a t  1 m m o l e  i s  t h e  m a x i m u m  l o a d  f o r  a  

t r i v a l e n t  m e t a l  i o n  w i t h  a  c o l u m n  o f  t h e  d i m e n s i o n s  u s e d .  T h e  lo a d

(
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T A B L E  !. E L U T IO N  O F  INDIVIDUAL M E T A L  IONS FROM A

1 .2  X CM CAT ION -EX CH A N G E COLUMN WITH NITRIC ACID

N i t r ic  Acid
B r e a k - T h r o u g h , , ml

Ion E lu en t 0. 25 m m o le 0. 5 m m o le 1. 0 m m o le

Al‘ 5
**

1. 5M > 3 0 0 >300 130

2. 0M 150 m  «•* •  m

C , * J 1. 5M 120 •» m

D / s 1. 5M > 500 >300 220

2 (>M 130 m  m
* *

Lu‘ 5 1. 5M >500 >300 •  a*

2 .0 M 130 * * * •

T t J I .  §M >500 >350 240

2. 0M 170 «• m a» •

Y b * 3 1 . 5M >500 >350 - -

2. 0M 130 • • - -

T A B L E  H. E L U T IO N  O F  0. 25 MMOLE O F  INDIVIDUAL M E T A L

IONS WITH 1. 5 M NITRIC ACID (COLUMN 1.2  X 16 CM)

Ion B re ak  - T h ro u g h , ml E lu t ion  C o m p le t e ,  m l

~  +2
C a 60 160

M g*2 70 130

Ni+2 70 130

40 170



h
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r e c o m m e n d e d  fo r  s e p a r a t i o n  of m i x t u r e s  is 0. 5 m m o le  o r  l e s s  of tota l
m

t r i v a l e n t  m e ta l  ion and 0. 5 m m o le  o r  l e s s  of to ta l  d iv a len t  m e ta l  ion. 

L a r g e r  lo ad s  can ,  of c o u r s e ,  be e m p lo y ed  with c o lu m n s  of l a r g e r  

d i m e n s i o n s .

M ix tu r e s  co n ta in in g  0. 25 o r  0. 5 m m o le  of a d iv a len t  m e ta l  ion 

and 0. 25 o r  0. 5 m m o le  of the t r i v a l e n t  m e ta l  ion w e r e  ad d ed  to a ca t io n  

e x c h a n g e  c o lu m n  in d i lu te  a c id  and the d iva len t  m e t a l  ion was  e lu ted  

with 200 m l  of 1. 5M n i t r i c  ac id .  T hen  the t r i v a l e n t  m e ta l  ion was 

s t r i p p e d  f r o m  the  c o lu m n  with 200 m l  of 3M n i t r i c  ac id .  E a c h  f r a c t i o n  

w as  e v a p o r a t e d  to r e m o v e  e x c e s s  ac id  and the m e ta l  ion p r e s e n t  was  

t i t r a t e d  with  EDTA. The fo l lowing tw o -c o m p o n e n t  m i x t u r e s  w e r e  all  

s e p a r a t e d  s u c c e s s f u l l y .

C a * 2 f r o m  Al+3 , Dy+3, Lu+3, N d * 3# and  Y b+ 3

Mg+ 2 f r o m  Al+ 3, D y ° . Lu* 3, Nd * 3, Y * \  and Yb+3

N i* 2 f r o m A l ° . d / 3, L u  3, N d * \ v+3 * j  vwf3Y , and  Yb

S r * 2 f r o m A»*J . Dy*3. L u 0 , Nd * 3. v >3 . . + 3Y , and  Yb

M ix tu r e s  c o n ta in in g  1 00 m m o l s  of y t t r iu m (II I )  and C. 10 m m o l s  of 

n ickei(II)  o r  m a g n e s iu m ( I I )  w e r e  s e p a r a t e d  s u c c e s s f u l l y .  A m ix t u r e  of 

1. 0 m m o l s  m agnes ium (TI)  p lu s  0. 25 m m o le  of lu te t ium (II I ) ,  and a m ix t u r e  

of 0. 25 m m o l s  s t r o n t iu m ( I I )  p lus  1 .0  mmols*>f d y sp ro s iu m ( I I I )  w e r e  s ’so 

s e p a r a t e d  q u a n t i t a t iv e ly .  A n a ly s i s  of all  da ta  o b ta in e d  (63 ind iv idua l  

d e t e r m i n a t i o n s )  show s an  a v e r a g e  r e c o v e r y  of 100. 0% with  a  s t a n d a r d  

d e v ia t io n  of 0. 2%.
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It i s  i n t e r e s t i n g  to  k n o w  w he  t he  r p r i o r  s e p a r a t i o n *  p e r f o r m e d  

on  t h e  s a m e  c o l u m n  w i t h  o t h e r  e l u t i n g  a g e n t s  w o u l d  e f f e c t  t he  s e p a r a t i o n  

of  d i -  a n d  t r i v a l e n t  m e t a l  i o n s  w i t h  1. SM n i t r i c  a c i d .  T o  c h e c k  t h i s ,  a 

m i x t u r e  c o n t a i n i n g  s i x  d i f f e r e n t  m e t a l  ior  i w a s  r e s o l v e d  c o m p l e t e l y  by 

s e c  l e n t i a l  e l u t i o n s  w i t h  0 .  12 h y d r o b r o m i c  a c i d ,  0.  5 M h y d r o b r o m i c  

at id,  0.  ' M  h y d r o c h l o r i c  a c i d ,  1M h y d r o c h l o r i c  a c i d ,  a n d  1. §3M n i t r i c  

a i  id .  A n o t h e r  m o r e  c o m p l i c a t e d  m i x t u r e  w a r  s e p a r a t e d  by s e q u e n t i a l  

e l u t i o n s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  of  h y d r o c h l o r i c  a c i d  in a c e t o n e ,

0. \%  h y d r o g e n  p e r o x i d e - 0 .  01 M p e r c h l o r i c  a c i d ,  0.  1 M h y d r o f l u o r i c  

a r i d ,  a n d  1. SM n i t r i c  a c i d .  T h e  r e s u l t *  g i v e n  in T a b l e  IfT s h o w  e x c e l l e n t  

r e c o v e r y  o f  al? o f  t h e  s a m p l e  c o m p o n e n t s .  T h u s  it a p p e a r s  t h a t  t h e s e  

p r i o r  e l u t i o n s  h a v e  a  n e g l i g i b l e  effe« t on  t he  s e p a r a t i o n s  u s i n g  1. $M 

n i t r i c  a c i d  a s  t h e  e l u e n t .

m
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T A B L E  HI. S F F A R  ATIONS ON A lb X I 2 C M  C AT TON - E X C H A N G E  C O L U M N

4

ion L oad E D T A  T i t r a t i o n s
M i x t u r e s lm  m o l e s ) E l u e n t T h e o r y  ( m il  A c tu a l  (m i l T7TT m  mT

0. 10 *5 m l  60% A c e to n e • 0. IM MCI 2. 05 2 04 -0.  01

C d + 2 0. 10 50 ml 40% A c e to n e - 0. SM H O 2. 05 2. 05 • + 0 . 0 0

z „ 42 0. ’ 0 25 m l  60% A c e to n e 0. SM HC1 2. 02 2 02 +0. 00

+ 3 f2 0  m l  70% A c e to n e - 0 SM HC1
F e * J 0. 10

(20 m l  80% A c e to n e - 0 SM HC1 • 2. 04 2. 05 + 0 01

r V * 0 10 55 m l  80% A c e to n e - 0 . 5 M H O 2. 06 2. 06 40 00

VO42 0. 10 70 m l  0, 3% H 20 2 - 0. 01 M HCL,04 2 03 2 03 >0 00
« N t »

M n f 2 0. 10 *0 m l  92% A c e to n e - l .O W  HC1 2. 05 2. 04 -0 01

A . 4 ’ 0 10 200 m l  0. 1M HF «■» 2. 05 2 04
9

-0  01

» 42 0. 10 200 m l  1. 5M HNO ^ 2. 0 * 2 08 -0.  01

r 4 ’ 0. 10 250 m l  2 0M HNO ^ 2. 04 2. 04 4 0. 00

H , 42 0 25 120 m l  0 12M H B r 4. 98 4 }9 40 01

W * ’ 0 25 60 m l  0. 6 M H Hr 5. 06 5. 07 40. 01

c 42 0 25 150 m l  0 IM  HF 5. 11 5. 10 -0 01

F . 41 0. 25 200 m l  I . 0 M  H F 5. 13 5 1 1 -0. 02

N i* 2 0 25 200 m l  1 5M HNO^ 5. 04 5 05 40.  01

r 4J 0. 25 250 m l  2. 0M HNO^ 5. 02 5. 03 40.  01

m
*
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