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ABSTRACT 
The d i e l e c t r i c  p r o p e r t i e s  of pure  and doped  wi th  d i f f e r e n t  
concen t r a t ions  of Nd203 f e r r o e l e c t r i c  I<VO3 and LiVO 3, h a v e  
been s t u d i e d  by  using a d i g i t a l  LCR meter  VLCR-7 at f i x e d  
f r e q u e n c y  ( 1KHz ) in the  r eg ion  of t h e i r  phase  t r a n s i t i o n .  
The d i e l e c t r i c  constant  shows a s h a r p  peak at the  phase  t r a n s i t i o n  
in a l l  the  compos i t i ons .  The d i e l e c t r i c  constant  i s  found to 
i n c r e a s e  s i g n i f i c a n t l y ,  when dopant  concen t ra t ion  i s  i n c r e a s e d  
up to 0 .5  tool % Nd203, h o w e v e r  d e c r e a s e s  for  h i g h e r  concen t r a t i ons .  
The cu r i e  t e m p e r a t u r e  of a l l  the  samples  d e c r e a s e s  wi th  i n c r e a s e  
in Nd concen t ra t ion .  

Mate r i a l s  Index  : Po tass ium,  l i t h i u m ,  c a r b o n a t e s ,  neodymium,  
o x i d e s .  

I n t roduc t ion  

The e f f e c t  of i m p u r i t i e s  o n  f e r r o e l e c t r i c  p r o p e r t i e s  of a l k a l i  
metal  meta v a n a d a t e s  n a v e  p r a c t i c a l l y  not been s t u d i e d  so f a r ,  thus  
r e c e n t l y  a grea t  dea l  of i n t e r e s t  in t h e s e  m a t e r i a l s  i s  to a s c e r t a i n  
the  e f f e c t  of doping on the  f e r r o e l e c t r i c  p r o p e r t i e s .  

The most commonly measured ,  smal l  s igna l  e l e c t r i c a l  p r o p e r t y  
i s  d i e l e c t r i c  p e r m i t i v i t y  (~ ) ,  a l so  of ten  r e f e r e d  to as the  d i e l e c t r i c  
cons tant .  The d i e l e c t r i c  constant  in f e r r o e l e c t r i c  m a t e r i a l s  i s  r a r e l y  
cons tan t ,  but v a r i e s  wi th  a p p l i e d  f i e l d ,  t e m p e r a t u r e  and o t h e r  p a r a m e t e r s .  

S tud ies  on the  Raman Sca t t e r ing  of l i t h i u m ,  sodium and po tass ium 
meta v a n a d a t e s  (1) show tha t  sodium and l i th ium vanada te  a re  monocl in ic ,  
w h i l e  po tass ium vanada t e  i s  o r t h o r h o m b i c .  C r y s t a l l o g r a p h i c  s t u d i e s  
on LiVO 3 and KVO 3 were  r e p o r t e d  (2 ,3 )  and conc luded  tha t  LiVO 3 is  
monoclini~ wi th  s p~ace group C2/c ,  wh i l e  KVO~ is  o r t h o r h o m b i c  wi th  
space  group Pbcm. The s t ruc t f i r a l  s y s t e m a t i c s  v of C2/c  a l k a l i  metal  
meta v a n a d a t e s  were  c h a r a c t e r i z e d  by (VO 3 ) m  cha ins  formed by v e r t e x  
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sha r i ng  VO a t e t r a h y d r a ,  wh ich  a re  c l o s e l y  r e l a t e d  to the  s i l i c a t e  
p y r o x e n e s  C4). D i e l e c t r i c  d i s p e r s i o n  o v e r  a wlde  range of f r e q u e n c y  
d i e l e c t r i c  and p y r o e l e c t r i c  p r o p e r t i e s  fo r  sodium vanada te  at d i f f e r e n t  
t e m p e r a t u r e s  were  r e p o r t e d  in the  l i t e r a t u r e  (506). D i e l e c t r i c  p r o p e r t i e s  
of NaVO2, KVO 3, LiVO 3 and RbVO 3 and t h e i r  s o l i d  so lu t ions  were  a lso  
s t u d i e d  ~7,8) .  

The d i f fu se  phase  t r a n s i t i o n  of a r a r e  e a r t h  ions (Nd 3+, Pr  3+) 
doped  SBN was s t u d i e d  (9) by measur ing spontaneous  p o l a r i z a t i o n  (Ps)  
and the  d i e l e c t r i c  constant  (G). the  t e m p e r a t u r e  dependence  of G ~  
and t a n ~  for  BaTiOq c e r a m i c s  wi th  v a r y i n g  concen t r a t ions  of Nd ~ d  
Mn were  r e p o r t e d  (10)~. 

In t h i s  p a p e r  an a t t empt  has  been made to unde r s t and  the  e f f ec t  
of neodymium o x i d e  doping on the  d i e l e c t r i c  constant  wi th  v a r i a t i o n  
of t e m p e r a t u r e  of f e r r o e l e c t r i c  po tass ium vanada te  and l i t h ium vanada te  
at a f i x e d  f r e q u e n c y  ( I  KHz). 

Expe r imen t a l  

P r e p a r a t i o n  

P o l y c r y s t a l l i n e  a l k a l i  metal  meta v a n a d a t e s  were  p r e p a r e d  by 
usual  ce ramic  t e c h n i q u e  (1) .  Which were  grown from a s t o i c h i o m e t r i c  
of AR g rade  a l k a l i  metal  c a r b o n a t e s  and vanadium p e n t o x i d e  acco rd ing  
to r e a c t i o n .  

X2CO 3 + V205 = 2XVO 3 + CO 2 

(X K, L i ) .  The a l k a l i  metal  ca rbona te  used was p r e h e a t e d  at 473 °K 
for  =2 h.  b e f o r e  weighing ,  in o r d e r  to minimize  the  moi s tu re .  The 
d r i e d  p o w d e r  was then we ighed  and b l ended  t h r o u g h l y  wi th  VnO~. 
Th i s  mix tu re  was s l o w l y  hea t ed  in p la t inum c r u c i b l e  to a t e m p e r a t u r e  
range 973-I023°K depend ing  on the  compos i t i on  to melt  the  mass.  The 
molten mass was h e l d  at t h i s  t e m p e r a t u r e  fo r  about 5h. i n s i d e  g l o b a r  
furnace  and then  cooled  to room t e m p e r a t u r e .  

The Nd a d d i t i v e  used was a s p e c p u r e  Nd90 ~ of p u r i t y  99.9% 
(John Baker  Inc;  Colorado ,  USA). The samples  were  ~pr~epared by weighing  
Nd20 3 in d i f f e r e n t  p e r c e n t a g e  from 0.05 to 5 tool % in KVO~ and LiVO 3. 
E v e r y  ba tch  was s u b s e q u e n t l y  d r y  mixed  and then  mixeJd wet wi th  
e t h y l  a l coho l  in an agate  mor t a r .  Af t e r  the  a l coho l  c o m p l e t e l y  e v a p o r a t e d  
the  b a t c h e s  were  h e a t e d  in p la t inum c r u c i b l e  to a t e m p e r a t u r e  range 
1173-1223 °K depend ing  on the  compos i t ion  to melt  the  mass.  The molten 
mass was h e l d  at t h i s  t e m p e r a t u r e  fo r  about 5h. i n s i d e  g loba r  furnace  
and cooled  to room t e m p e r a t u r e .  The samples  were  then  ground to 
pass  a 120 mesh s i e v e .  X- r ay  p o w d e r  d i f f r a c t o m e t e r  t r a c e s  for  undoped 
and doped f e r r o e l e c t r i c  KVO 3 and LiVO~ ce ramics  were  ob ta ined  using 
P h i l i p s  X - r a y  p o w d e r  d i f f r a c t o m e t e r  wi~h CuK~ r a d i a t i o n s  to conf i rm 
s t r u c t u r e s  of p r e p a r e d  s amp le s .  
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The p e l l e t s  were  p r e s s e d  at 7.6 x 107Kgm -2 p r e s s u r e  usin8 
h y d r a u l i c  p r e s s ,  in the  form of d i s c s  ( d i a m e t e r  1 cm and about 0.1cm 
t h i c k )  and were  s i n t e r e d  on pla t inum fo i l  at 773°/< for  3 h.  i n s i d e  
a g loba r  furnace .  The two o p p o s i t e  faces  of each  p e l l e t  were  p o l i s h e d  
and s i l v e r e d  wi th  a i r - d r y i n g  s i l v e r  pas t e  to a c h i e v e  good e l e c t r i c a l  
con tac t s .  

Appara tus  and Measurements  

The d i e l e c t r i c  measurements  were  c a r r i e d  out by  using a d i g i t a l  
LCR meter  VLCR-7 based  on the  p r i n c i p l e  of ' c o m p a r i s o n  of c a p a c i t i e s '  
The c a p a c i t i e s  of the  m a t e r i a l s ,  in the  p e l l e t  form,  were  d e t e r m i n e d  
at d i f f e r e n t  t e m p e r a t u r e s  by  keep ing  the  p e l l e t  h o l d e r  in a g loba r  
furnace  and us in  8 t e m p e r a t u r e  c o n t r o l l e r .  The d i e l e c t r i c  constant  was 
c a l c u l a t e d  from c a p a c i t a c n e  measurement  da ta  at d i f f e r e n t  t e m p e r a t u r e s .  

Resul t s  and d i s c u s s i o n  

The d i e l e c t r i c  constant  as a funct ion of t e m p e r a t u r e  fo r  pure  

~ O0~ and LiVO R and t h e s e  doped  wi th  d i f f e r e n t  concen t ra t ions  of Nd20 3 
• to 5 tool ~) a r e  shown in f i gu re s  I and 2 r e s p e c t i v e l y .  
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FIG. 1 

Var i a t ion  of d i e l e c t r i c  constant  wi th  t e m p e r a t u r e  fo r  Nd20 3 doped KVO 3 
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FIG. 2 
Var ia t ion  of d i e l e c t r i c  constant  with t empera tu re  for  Nd203 doped LiVO 3 

F igures  I - 2  show tha t  the  d i e l e c t r i c  constant  i nc r e a se s  with 
t empe ra tu r e  v e r y  s lowly  up to about 473°K and a c o m p a r a t i v e l y  f a s t e r  
r i s e  beyond 473°K for undoped and doped KVO~ and LiVO2. The d i e l e c t r i c  
cons tant  a t t a ined  peak va lue  at the  t r a n s ~ i o n  t empera tu re  i nd i ca t i ng  
the cur ie  t empera tu re  of the sample ;  and then  dec reases  for h i g h e r  
t empera tu re  accord ing  to Curie - Weiss law. The Curie - Weiss law 
was obeyed  in  a l l  composi t ions  in  the  p a r a - r e g i o n  wi th in  333°K. The 
peak va lues  of d i e l e c t r i c  constant  a re  o b s e r v e d  at 593°K and 682°K 
for  KVO 3 and LiVO 3 r e s p e c t i v e l y .  These cu r i e  t empe ra tu r e s  are in 
good agreement  with those reporte,~ e a r l i e r  (7) .  

The a d d i t i o n  of Nd O.  to KVO2 and LiVO.3 shows n o t i c e a b l e  
sh i f t  in  the  cur ie  tel iper~at~re to l o ~ e r  t empe ra tu r e ,  in  agreement  
wi th  th:~ r e s u l t s  ob ta ined  by  p r e v i o u s  i n v e s t i g a t o r s  ~ 9, i0  ). These 
cur ie  t e m p e r a t u r e s  are conf i rmed by  the  ' h y s t e r e s i s  loop method ' 
us ing a modif ied  form of Sawyer  and Tower Ci rcu i t  (11).  

The peak va lues  of d i e l e c t r i c  cons tan t ,  cu r ie  t empe ra tu r e s  and 
t h e i r  e x p e r i m e n t a l  d e n s i t i e s  for doped and undoped KVO^ are  summarized 
in  t ab l e  I,  whi le  those  for  doped and undoped  LiVO3 J are summarized 
in  t a b l e  If .  
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TABLE I 

Pa rame te r s  d i s e r i b i n g  cur ie  t e m p e r a t u r e s ,  d i e l e c t r i c  cons tan t s  ( ~ m a x )  and 

d e n s i t i e s  of pure  and Nd-doped  KVO 3. 

Nd O content  Curie  Temp. @ Density/ 
2i12oi %) (T ° K) max (g cm-V) 

0 593 625 2.54 
0.05 588 788 2.63 
0.1 583 925 2.69 
0.5 578 1140 2.75 
1 571 695 2.64 
3 561 450 2.53 
5 551 360 2.48 

TABLE II 

Paramete r s  d i s c r i b i n g  cur ie  t e m p e r a t u r e s ,  d i e l e c t r i c  cons tan t s  (~ max ) and 
d e n s i t i e s  of pure  and Nd-doped  LiVO 3. 

Nd20~ content  Curie  Temp. ~ max Densi_t~/ 
{mJol %) (T ° K) (8 cm v) 

0 682 835 2.74 
0.05 675 960 2.82 
0.1 668 1030 2.87 
0.5 658 1250 2.93 
1 651 878 2.85 
3 643 672 2.78 
5 635 480 2.76 

Tab les  I - II r e v e a l  tha t  the  cur ie  t empera tu re  de c r e a se s  l i n e a r l y  
wi th  i nc r ea se  in  concen t ra t ion  of Nd203 whi le  the cu r i e  peaks  of d i e l e c t r i c  
constant  for  doped ~: ce ramics  i nc r ea se  for lower  doping concen t ra t ions  
up to 0.5 tool % Nd~O 3, however ,  dec rease  for h i g h e r  concen t r a t ions  
wi th  r e s p e c t  to undope~" ce ramics .  

The enhancement  in  d i e l e c t r i c  cons tant  on a d d i t i o n  of 0.5 mol % 
Nd On in  KVO~ and LiVO~ ceramics  is  att .r~buted to a r a t h e r  g r e a t e r  
sol~d j s t a t e  i r~e rac t i on  thJat t akes  p lace  in  the m a t e r i a l s ,  which  i s  
i n d i c a t e d  from the  i n c r e a s e  of d e n s i t y  with the a d d i t i o n  of Nd203. 

Doping wi th  r a r e - e a r t h  ions (Nd 3+) keeps  the  gra in  s ize  smal l  and 
t h e r e b y  e x p e d i t e s  d e n s i t i f i c a t i o n s .  Thus the  d i e l e c t r i c  s a t u r a t i o n  s t a t e s  
are  a t a ined  at 0.5 mol % Nd203 a d d i t i o n .  It may r e p r e s e n t  the s o l u b i l i t y  
l imi t  of Nd~O~ in  KVO~ and LiVO 3 l a t t i c e s .  S imi la r  b e h a v i o u r s  were 
o b s e r v e d  for~F~203 dopedJPZT (12) and for A1 doped BaTiO 3 ce ramics  (13).  
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The i n c r e a s e  in  d i e l e c t r i c  constant  at cu r ie  peak (~ max ) for  
lower  doping concen t r a t ions  0 .05,  0 . I ,  0.5 tool % Nd20~, may depend 
on the  t ype  of so l id  so lu t ions  formed between Nd203 rand KVO 3 and 
LiVO~. In the  p r e sen t  s t u d i e s ,  the  rep lacement  of- "K-sites in  KVO 3 
or ~.i s i t e s  in  LiVO~ ceramics  by  Nd ions i s  most p r o b a b l e .  As a 
r e s u l t  of the  formatfon of these  so l id  so lu t ions ,  an i nc r ea se  in  the 
p o l a r i z a t i o n  may be e x p e c t e d .  Th i s  i n c r e a s e  in  p o l a r i z a t i o n  a r i s e s  
from those  charge  c a r r i e r s  which tend to become t r a p p e d  and accumulate  
at l a t t i c e  de fec t s .  I t  wi l l  p roduce  an appa ren t  i n c r e a s e  in the  d i e l e c t r i c  
cons tan t .  

Conclusions  

The a d d i t i o n  of Nd 03 to KVO and LiVO 3 shows no t i ceab l e  
s h i f t  in  the  cur ie  t empe ra tu r e  to lowe~ t empera tu r e .  The cur ie  peaks  
of d i e l e c t r i c  constant  i n c r e a s e  for 0 .05,  0 . I ,  0.5 mol % NdoO ~ and 
then dec r ea sed  for h i g h e r  concen t r a t ions  with r e spe c t  to undoped c~r~mics.  
The d i e l e c t r i c  s a t u r a t i o n  s t a t e s  are a t t a ined  at 0.5 tool % Nd^O^ which z J 
i n d i c a t e s ,  good q u a l i t y  for ceramic  d i e l e c t r i c .  The doping of r a r e - e a r t h  
ion (Nd ~+) in  KVO 3 and LiVO 3 p l a y s  an impor t an t  ro le  in  modifying 
the  d i e l e c t r i c  and f e r r o e l e c t r i c  p ~ o p e r t i e s .  
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