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JOURNAL OF LIQUID CHROMATOGRAPHY, 4(1), 85-95 (1981) 

J .P. Ilavnt and K.P. Siitgh Muktswat 
Department, of  Cheiiiistry, 

Aliearlr Nus l i i a  U n i v e r s i t y ,  
AligarI1-202O(Ji ( I n d i a )  . 

A new i n o r g a n i c  ion-exchanger taiitaluui s e l e n i t e  h a s  been  
synt i ies izei l  hy rnixing 0 . 1 O P i  Ta,O a i d  O. lOE!  h'a2Se03. Thr ion-exchmce 

2 5  
p r o p c r t i e s ,  chrn t ica l  s t a b i l i t y ,  1'GR enii 1)3 a b s o r n t i o n  have been 
s t t r d i e d .  Some i n d u s t r i a l l y  i n i ~ o r t a n t  segara t io l i s  of  Fe3+ fr0:ii fib2+, 
C l r L ' + ,  Ki2+, co2+ , zn2+, vo2+, ~1'+ mil nas- Q+ froin c e 2 + ,  srL)+, tfq2+ 

have been ac:'ieved on the  colirimis o f  tantnliuii s e l e n i t e .  S e p a r a t i o n  
o f  Pe5+-Ni2+ can be q i p l i e r l  t o  s e p a r a t e  aild deterniine Fe3+ from 
nicl ie  1 ? l e c t r o p t a t i w  b a t h .  

O u t  o f  the var jor is  inor_n,anic ion-exchangers  s t u d i e d  r e c e n t l y ,  
t h e  t a n t a l i m  based  ion-exchangers have r e c e i v e d  scai i t  a t t e n t i o n .  

S t u d i e s  on tan ta lua i  pentoxide have been  r e p o r t e d  b y  Abe add I t o  (I) 
and Chidley,  e t  n l .  ( 2 ) .  S t u d i e s  on tantaluni  phosphate  by Kraus and 
P h i l l i p s  ( 3 ) ,  t au ta luoi  s i i t j u o n a t e  by Qures i i i , e t  a1.(4) and tantalum 
a r s e n a t c  by Rairat and Flujtaba ( 5 )  have a l so  been r e p o r t e d .  Fur t i ie r -  
inore, o n l y  few s t u d i e s  h a w  beeu r e p o r t e d  oil s e l e n i t e  baser! i n o r g a n i c  
ion-exch inqers .  Cos ta  and Jeroniolo (6) p r e p a r e 0  z i rconium s e l e n i t e  
aiid used f o r  t h e  s e p a r a t i o n  of  in g r o q  m e t a l  ioiis us ing  paper  
chrornatoqrnniiic techi i ique.  Quresu i ,  e t  a l .  ( 7 , 8 )  prepared  t i t a n i u m  
s e  l e u i t e  and s t a i i a i c  s e l e r i i t e  aiid s e p a r a t e 4  m e t a l  i o n s  b y  ion-excnange 
coluis i  c i i r~ ;~ la tograpl ry .  A s e a r c h  o f  l i t e r a t u r e  showed t h a t  n o  such 
s t u d i e s  have been r e p o r t e d  on tan ta lum s e l e n i t e .  Therefore ,  t h e  
s t u d i e s  011 t a n t a l u m  s e l e n i t e  were explored i n  t h e  f i e l d  of  ion-exchange 

a5 

Copyright Q 1981 by Marcel Dekker, Inc. 
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86 RAWAT AND MUKTAWAT 

chrotnatograsiiy by  actrievinq the s e l e c t i v e  s e p a r a t i o n  of  Fe3' froui A 

t i m b e r  of coiiucoi~ i n t e r f e r r i u g  m e t a l  io l i s  on t h e  coluuin of tan ta lum 
s e l e n i t e .  
c o n t e u t  as  impur i ty  i n  n i c k e l  e l e c t r o p l a t i n g  s o l u t i o n s .  

The s e p a r a t i o n  can  b e  a p p l i e d  t o  t h e  d e t e r m i n a t i o n  of Fe3+ 

Re ar: cn t s spil-AJy a r a  t u s -_- 
Tantaluin peritoxide (F luka)  , sodjuiii s e l e i i i t e  (B.D.H.)  were used.  

A t rniperat i i re  c o , l t r o l l e d  SIC0 sllalrer, Bauscli ant? h u b  S p e c t r o n i c  20 

and k l i c o  pH irietcr iiiodel L i - i 0  were used f o r  shaking ,  syec t rophoto-  
m e t r i c  and p'! measurcineuts r e s p e c t i v e l y .  For  IN s t u d i e s  spectroiuom 
2000 (Budapest) i n f r a r e d  spec t rophoto ine ter  was iiscd. 

S y n t h e s i s  

The taritalum s e l e n i t e  sariiples were prepared  b y  mixing 0.1M 
t an ta lum peatoxif ie  and O . i M  s o d i u i  s e l e n i t e  s o l u t i o n  in t h e  r a t i o  1:l 

under  coiiditic3us g i v e n  ill Table  1. The sodium s e l e n i t e  s o l u t i c i i  was 
added t o  tan ta lum pentoxide  s o l u t i o n  and d e s i r e d  c o n c e n t r a t i o n  oi' acid 
was a d j u s t e d  b y  addiug  aqueous arnrflonia. Sample 3 was prepared  b y  

TABLE i 

S y n t h e s i s  mid P r o p e r t i e s  o f  Tantalum S e l e n i t e  

--I --- -I-_ 

Sample Condi t ions  of s y n t h e s i s  P r o p e r t i e s  
NO. 

Conc .of Temperature Appearance Ion-exch m g e  Composition 
€igS04 a t  a t  which of exchanger  c a p a c i t y  Ta: Se 

which i n  H+ form meq/g f o r  H+ 
ex el1 a g e  r prepared 
prepared 

- 
_I- 

1 4 ,5011 25TO Light  r e d  1.18 1:1.50 
2 4.5OM 60yC Light  g r e y  0.96 i t 1 . 4 5  

3 4.5OM Refluxed at L i g h t  g r e y  0.50 1: I .38 

4 O . i O M  25'C Light  r e d  0 .a9 1:1.15 
100 O C  
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SYNTHESIS OF TANTALUM SELENITE a7 

0 

r e f lux ing  the  mother l i quor  of sauple  1 f o r  24 liours a t  100 C .  The 
p r e c i p i t a t e  was kept  overn ight  w i t h  mother l iquor .  I t  was f i l t e r e d  off, 
washed with deminaralized water and d r i e d  In oven a t  40 C. The d r i ed  
product broke I n t o  smal l  g ranules  when inmersed I n  water .  The 
g ranu les  were then  dr ied  aiid placed i n  2.OM IINO f o r  24 hours with  
occas iona l ly  shaking anA i n t e r m i t t e n t  clldngiiig o f a c i d  t o  couvert  
them i n t o  hydrogen forvi. The chetliical compositioii of t h e  products  
synthes ized  was deterii ined b y  es t ima t ing  t m t a l u i i  by Pyrogn l lo l  
method ( 9 )  and selenium by sulplicrtlioxide lnrthod (10).  

0 

3 

RESULTS ANiNDI SC l!SSION 

The condi t ion  of  s y n t h e s i s  and some bas i c  p r o p e r t i e s  of  
d i f f e r e n t  saiuple o f  tantalwn s e l e n i t e  a r e  sumuiarized i r t  Table I.  

Ion- exch anBe_ c a pac it 

The ion-exchmge capac i ty  o f  Tantalum s e l e n i t e  (Saniple 1 )  
was a l s o  determined f o r  d i f f e r e n t  uni and d i v a l e n t  metal  i ons  by 
column opera t ion  and was found t o  be 1.12, 1.13, 1.45, 1.10, 3.05, 
1.12 and 1.30 f o r  Li', Na', K+, Mg2+, Ca2+, Pmx v Sr2+ and Da2+ 
re spec t ive ly .  The exch mge capac i ty  By gi-aviuietric procedure ( t i )  
was a l s o  measured a s  1.12, 1.18, 1.22 and 1.53 f o r  pY2+, Ca 
and Ba2+ re spec t ive ly .  
capac i ty  by  column procedure i n d i c  I t e s  tiiat t h e  exchange c a p a c i t y  by 
gravimet r ic  procedure is  s l i g h t l y  h i g h r r  than t h e  column procedure 
capac i ty .  This i s  due t o  some adsorp t ion  of  metal i o n s  01) t he  
exchanger (12) .  

2+ , Sr2+ 
A comparison of t h e s e  r e s u l t s  w i th  t h e  exchange 

Disso lu t ion  of tantalum s e l e n i t e  

To determine the  s o l u b i l i t y  of tantalum s e l e n i t e  i n  d i f f e r e n t  
so lven t s ,  0.5 g of exchanger was taken w i t h  50 m l  of t h e  s o l u t i o n  
concenred a t  room temperature f o r  6 hours .  Afte'r removing the  
undissolved ma te r i a l  tantalum and s e l e n i t e  were determitied i n  the  
f i l t r a t e  c o l o r i m e t r i c a l l y  with py roga l lo l  ( 9 )  and diauiinobenzidiiie ( 1 3 )  
r e spec t ive ly .  The r e s u l t s  show t h a t  t h e  amount of t an ta lum and 
selenium d i s s o l w d  i n  50 m l  i s  n e g l i g i b l e  i n  demineralized water,  
N a N O j ,  NH NO 3, €JN03, H2S04,  H C l ,  a l coho l  and a c e t i c  ac id .  
d i s s o l u t i o n  Of tantalum s e l e n i t e  i s  upto c e r t a i n  e x t e n t  i n  NH40H, NaOH 
and o x a l i c  ac id .  

The 

The r e s u l t s  of Table i f u r t h e r  r e v e a l  t h a t  t h e  ion-exchange 
capac i ty  and chemical s t a b i l i t y  a re  cons iderably  a f f e c t e d  by t h e  
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at3 RAWAT AND MUKTAWAT 

condi t io i i s  o f  p r a n a r a t j o n .  Thc rc’Liu1 t s  a r c  111 diircw , i t  r7i tli t h e  
r e s u l t s  of Nnncollaq ( 1 4 )  who fotuid t i i d t  t i l e  i.,ethod o f  n r c n r r o l i o n  
of amorphous ion-eschnngor has R coiisiclerable e f f e c t  oti c o i t p o s i t j o i ~  
and t h c  rlerfree o f  I ivdrat ion.  These tiso f a c t o r s  a r e  r c s p o n s i l ~ l c  f o r  
t h e  ion-excl: m:e c a p a c i t y  and t h e  cbprnical s t e l ~ i l i t > -  01 t h e  !irocluct. 

I on- csc l ia r i~c  P o t  en t ioni c t  r i c  T i t r a  t i o n  s - 
The p€! t i t r a t i o n  o f  saiiiple i werc perforinerl b y  the  method of 

Topp and Pe!i!)er (15) w i t h  L i o n ,  NnOJ!, KO11 an(? nr!iieous NIL3 i ; i t h  t , l i c i r  
r e s p e c t i v e  s a l t s  of  lctioim c o n c c ~ i t r a t i o i i s .  The b n c k w r d  ;)!I t i t r n t i o i l s  
were a 1  L.D perforliierl by talc ii.g 50 ml NaOIi @.IN w i t h  t h c  adc’itiori of  
0 . IN HN03 and w a t e r  t o  eialcc up t h o  voliii:ie 100 n i l .  

f o u r  h o u r s  aiid t h e  pl! was mensured. The e f f e c t .  Of hydroxyl  i o n  oii t h e  
pi1 of e q i r i l i b r a t i i i g  s o l u t i o i i s  a r e  g i v e n  i i i  F i p ; s . l  ail!) 2 .  ‘ h e s e  
r e s u l t s  show tl!at t an ta lum s e l e n i t e  i,! hydrogen forui bclluvcs its A 

uionohasic acicl. W e  results i i i  Fie .2  forward aiid backwarti L i t r a t i o n  
curve f o r  ~ a +  i o n s  sug::est n r e v e r s i b l e  1)etiaviniir 0 1  tite exciiaiigex, 
as  a v e r y  siiiall h y s t e r e s i s  loop i s  ohseivet i .  The CoIiceiitratioii o f  
NaOH WAS 0.13; i n  w h i c h  i n a t e r i d  d i s s o l v e s  n e ~ + l i : i b l y .  

A f t e r  shulcilig f o r  

a K O H - K C I  
0 L i O H  - L i C I  

NH4OH - NH4CI 

0 10 2 0  30 4 0  5 0  

V o l u m e  o l o l k o l i  added ( m l  ) 

Figure  1 P o t e n t i o m e t r i c  t i t r a t i o n  f o r  tan ta lum s e l e n i t e .  
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SYNTHESIS OF TANTALUM SELENITE 89 

0 I0 2 0  30  4 0  5 0  

V o l u m e  o f  N o O H  added ( m l )  

Fizwre 2 Po t e n t  iotse t r. i c t i t  ra t i o n  f o r  ta l i  t R l w i i  se 1 e.: it e 

' a '  Fon.:arc!, '1)' I3ac:cwarcl v i  t l t  0 .IF: NaOTI nnd 0 .tX KeC1 . 

I l i  s p e c t r a  of  tantalinil s t . l cn i  t c  i t 1  hyrlrogen 101%: were 

meast~red i i t  nu jo l .  iitedia. l'hc r e s l r l t s  show t i i a t  t h e  tantaluiu s e l e i i i r e  
,yives  t h e  c l i a r a c t e r i s t , i c  peaks.  A broad peak i i i  t h e  r a n g e  

2900-3600 CIII w i t h  a maxina a t  7400 cm-' r e p r e s e n i s  t h e  i n t e r s t , i t i a l  
w a t e r  f r e e  water  w i t 1 1  n u j o l .  
t o  t h e  deforniatiori v i b r a t i o i i  o f  i n t e r s t  ? . t i a l  i ; a t c r  anc? of OH f r o t i p s .  
The weak pea!is a re  a t  i l j 0  cm-' al:d 1050 c:;!-' au:l very stroil:; penk 
i s  t h e  r e c i o n  650-300 ciii-'. These p e i d ; ~  a r e  d t x  t o  tilt s t r e t c d i n g  
v i b r a t i o n  of  tlle PI-0  boiid i . e .  'Pa-0 a i t l  ge-0. So:ue 01 t h e  pealis in 
tilis If1 s p ~ c t r i i u  resembles  w i t h  t h e  Ii: s t t i c l i :> :>  oi' soiliulil s e l e n i t e  
perrorneri by I I i l l n r  arid iiiilicins (1.6). 

-i 

 TI^? st roi ig  p a i r  a t  1050 cni-i corresnoncis 

The rruol T r  ea toien t 

To exatiiide t h c  e f f o c t  o f  dryi , i f?  teuiprra t ,we  oil the ioii-exci.oiigc 

p r o p e r t i e s  of t h e  m a t e r i a l ,  t h e  sample was d r i e d  a t  v a r i o u s  
teitiperatiires i u  a r in f I le  f u r n a c e  f o r  2 hours .  A d e c r e ~ s ~ ~  i i i  thr 
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90 RAWAT AND MUKTAWAT 

iori-euch:lu:e cep n c i t y  i ~ i  ti1 1 .ICI c c l s ~ , i e  t e u n e r a t i t r e  I S  p l o t t c t i  i n  
Fiq.7. Thert,,o:raviiuctric a n a l y s i s  of  sniiiFle 1 i n  tlydr0:cn fort,! w < - q  

p e r f o n i c d  a t  a r a t e  o f  5 /niio. The r e s u l t s  of  YG.1 sl107, t l l ? t  t h e  
iceiIrht l a  s o r  thr savple i n  If’ for:d upto ‘25OoC i s  due Lo tile rr i i~ov~ l  

of e x t e m r t l  wnter  iao lecr~lcs  in t h e  s t ructure .  Abovc this tcmprr:ittire 
u p t o  500 C t h e  iveipiit l o s s  is nearly c o d s t a n t .  I t  shoim t l i ,  t tl,ere 
i s  n o  loss o i  o t h e r  w a t e r  molecules .  A shary, i n c r e a s e  i l l  vci-,lit  l o s s  
i q  oiErvrtl when tile tempera ture  i s  rHised up to  850 C. S i y i i f i c d i t  
s t r u c t u r a l  clia.i,res i u u s t  occur  Qpr t h i s  t e i n p e r n t i ~ e  r o n g c  mtl coiideu- 
s a t i o n  m y  t&ie p l d c e  i . e .  ifldy b? t h e  formation of o x i d e s .  

0 

0 

0 

The e f f e c t s  o e t h e  dry ing  tea ipera ture  on t h e  iou-esch,inge 
c a p a c i t y  a r e  c ivcn  i n  Fiz.3. These r e s i i l t s  i u d i c n t e  t h a t  this ioii- 

e s c l i w g e  m a t e r i a l  can be  used upto 100 C without  ~nuch l o s s  of ion-  
exclimi:e c a p a c i t y .  T h i s  ion-exchanger, t h e r e f o r e ,  p o s s e s s e s  tile 
h i g h e r  cop a c i t y  i n  coinparison t o  o t h e r  s e l c n i t e s  and tau ta luni  based 
e x c h a g e r s .  Above 100 C tempera ture  t h e  ~ a p a c i t y  d e c r e a s e s  
coiitiiiuously u p t o  7 0 O o C .  

0 

0 

T o S e  
I S n S e  ’ T o S b  
O r i s e  

Figure  3 

0 ZOO 4 0 0  600  8 0 0  
Tern.(*C j 

Ion-exchange c a p a c i t y  of  v a r i o u s  s e l e i i i t e s  and tan ta lum 

based  exchangers  as a f u n c t i o n  of drying t empera ture .  
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SYNTHESIS OF TANTALUM SELENITE 

D i s t r i b u t i o n  S tud ie s  

91 

K d  va lues  of iiretal i ons  were determined by ba tch  process 

on sample 1 i t 1  d i f f e r e n t  systems 

where I i s  the  voluuic o f  0.002M %DTA u s e d  t o  t i t r a t e  c a t i o n  so lu t ion  
i n i t i a l l y  ancl F is t h e  ZDTA vo1utr;e needed f o r  catioii  t i t r a t i o n  a f t e r  

equi l ibr ium.  
and 0.5 g exchange was taken. 

The t o t a l  volume o f  e q u i l i b r a t i n g  s o l u t i o n  n a ~  50 m l  
The r e s u l t s  a r e  given in Table 2 .  

Separa t ions  

Sonie a n a l y t i c a l l y  important and i n d u s t r i a l l y  u s e f u l  
s e p a r a t i o n s  were achieved on t h e  b a s i s  o f  Kd va lues  01 metal ions. 

TABW 2 

Dis t r ibu t ion  c o e f f i c i e n t s  of me ta l  i o a s  on tan ta lum s e l e n i t e  -- --- - 
I I I I 

Cation DMi O.1M O.1M 1.OM 0.iM O.OiI! 1 0 . O O I M  ‘0.000IM 
NaN03 NH NO €NO3 HN03 HNO3 IIN03 HX03 

4 3  

B a2+ 2210.0 1400.0 1462.0 62.0 328.4 800.0 1180.0 2150.0 

Sr2+ 8.2 

Ca2+ 0 .o 
C U 2 +  22.0 

Mn2+ 0 .o 
N i 2 +  2.4 

A 13+ 21  .o 

Mg2+ 1.4 

co2+ 5 -6 

Fe ’+ T.A. 

vo 2+ 30 .O 

zn2+ 0 .o 

0.0 5.0 

1.0 7.0 

0.0 0.0 

18.0 18.0 

0.0 6.0 

0.0 2.5 

4.0 8.2 

20.0 4.4 

T.A. 1550.0 

49.0 3.6 

g .o 2.0 

2 .o 2.6 2.6 7.0 7 .o 
0 .o 4 .O 6.5 15.9 16.5 

0 .o 0 .o 0 .o 1 .5  1 *5 

2 .o 3.0 13.0 17.0 18 .o 
4 .o 6.0 24.0 27.0 27 .O 

I .o 2.5 2.5 2.5 5 -0 

0 .o 1.5 3.8 a .o 15.0 

0 .o 3 -0 5 -0 6 .O 8 .O 

2 .o 7.5 115.0 455.0 780.0 

7 .O 18.0 32.0 40.0 43.0 

0 .o 6.0 I1 .O 19.0 19 .o 

T.A. = Tota l  Adsorption 
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E 2.0 

l.OMHNO3 +l.  OMNoNOj 

a4 1.0 

5 

2 4.0 

2.0 

0 
O.02SM NoNO3 J . O M H N O ~ + l .  OMNaN03  

-I- 2.01zLLh=- 1 .o 0 

0 2 0  40 6 0  8 0  100 120 
Volume o f  e / u o t e ( m / )  

Figure 4 a  Separations achied oii tantalum s e l e n i t e .  
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;;kk; ).OM HNO +O.OSMNH NO? 

0 
0 30 4 0  60 60  100 120 140 

Volume o I eluate ( m l )  

Figure 4b Separations achi  wed on tantalum s e l e n i t e .  
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94 RAUAT AND MUKTAWAT 

The separations were performed using the ion-exchange column 
chromatographic technique. The order of  e lu t ion  and e luen t s  are  
presented in Fig.4. 
s e l e n i t e  f o r  the separat ion of Fe3+ and Be2+ was made. 
t h a t  the se l en i t e8  of Mg, Ca, Sr ,  N i ,  Cu, Co, Mn, Zn and A 1  have been 
prepared by mixing the carbonates of the  respective metal  ions with 
selenious acid (17). 
are  soluble i n  water a s  well  as  i n  d i l u t e  mineral acids .  Therefore 
f e r r i c  and barium should be adsorbed more strongly than the remaining 
ca t ions  under study. Hence e l u t i o n  of  Ma, Ca, Sr, N i ,  Cu, Co, Mn, Zn 
and A 1  has been made with demineralized water o r  0.34 sodium n i t r a t e  
while the elut ion of f e r r i c  and barrium with i . O M  n i t r i c  acid adding 
i . O M  sodium n i t r a t e  o r  ammonium n i t r a t e .  The e lu t ion  of  f e r r i c  and 
barium is not  sharper than other metal  ions a l so  f o r  the same reason. 

In order  t o  explain the e f f ec t iveness  of tantalum 
It  was found 

Except f e r r i c  s e l e n i t e  and barium se l en i t e  a l l  

The i n d u s t r i a l  u t i l i t y  of  these separations was checked by 
separating Fe3+ from N i 2 +  i n  a e l ec t rop la t ing  bath solut ion.  
presence of Fe3+ i n  the e l ec t rop la t ing  bath solut ion of n i cke l  produces 
black spots on e l ec t rop la t ed  shiny surfaces.  It was found t h a t  f o r  
two samples taken from the  same e l ec t rop la t ing  bath the i ron(II1)  
content was I 8 9  and 201 ng i n  2 m l  bath solution. 

The 
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