
Mat. Res. Bull . ,  Vol. 26, pp.  995-1000, 1991. Printed in the USA. 
0025-5408/91 $3.00 + .00 Copyright  (c) 1991 Pergamon Press plc. 

INVESTIGATION OF PYROELECTRIC CHARACTER~TICS 

OF A I 2 0 3  DOPED KVO 3 AND CsVO 3 

5.P.RasaI,  A .P.Kash id ,  N.B.PatLI and S.H.Chavan* 
Ferroelectrics Laboratory, Department of Physics, 

Shivaji University, Kolhapur - 416 004, 
INDIA. 

(Received July 9, 1991; Communicated by J .B .  Goodenough) 

ABSTRACT 
The py roe tec t r i c  p roper t ies  of undoped and atumin ium-ox ide doped 
potassium vanadate and cesium vanadate have been studied in the 
temperature range covering t h e i r  t rans i t ion points.  The values of 
py roe tec t r i c  current and coef f ic ient  of undoped and At203-doped 
KVO~ and CsVO. show a sharp peak at t he i r  Curie temperature. 
ThesJe d Curie temperatures are consistent with those investigated 
by dielectric-constant measurements and the hysteresis-loop method. 
The Curie temperatures of KVO^ and CsVO 3 doped ,with AI203 
decrease w i th ,  increasing dopant concentrat ions. 

MATERIALS INDEX : Aiuminium, potassium, cesium, vanadates. 

INTRODUCTION 

The pyroeIectric effect is the change in polarization of a 
material when i t  undergoes a variation in Zts temperature { I ) .  A dynamic 
method has been devised by Chynoweth to measure the pyroelectric effect 
in barium titanate (2). The temperature dependence of the pyroelectric 
current for a NaNO^ crystal was observed by Sawada et al.  [3). The pyro- 

z 
electric current measurements and the effects of poling and of l ight 
illumination upon the pyroelectric current in 5bSI were found by Imai et aI. 
(4). Liu and Zook have studied how the ferroelectric properties of PbTiO^ 
can be changed by the use of additives such as tr ivalent rare-eart~ 
ions (5). Lijima et al .  observed the pyroelectric properties of La-modified 
PbTiO3. thin films (6). Byer and Rcundy introduced a direct method for 
measuring pyroetectric coefficients and applied i t  to a nano-second 
response-time detector (5r Ba. )Nb^O~ (7). The dielectr ic and pyroelectric 

• X I - X  /.  b measurements were car r  led out fo r  P b3 (VO4) 2 cry stais in the Lowest 
temperature phase (phase III) by Midorikawa et al.  (8). Simiiar properties 
of the ferroelectric ceramic NaVO 3 were reported by Khan et at. [9) and 
fo r  t r i g i y c i n e  sulphate po iys terene composite by Mansingh and 
5reenivas (10) . Deb has invest igated the py roe iec t r i c  charac te r i s t i c  of 
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Ca-modified PbTiO 3 ceramics for improved LR detector performance (11). 
The pyroeiectric properties of Fe-doped LiVO 3 were investigated by Chavan 
and Kashid (12). The pyroelectric properties of ferroetectric NaVOR, KVOR, 
LiVO 3 and their solid solutions were studied by PatiL et ai. (T3). TSe 
tow-[emperature pyroetectric properties of modified TGS single crystals were 
studied by Zhang et at. (14). Kashid et at. studied the pyroeLectric 
properties of Gd-doped KVO 3 and LiVO 3 (15). 

This paper reports a study of the pyroetectricity of potassium 
v a n a d a t e  and cesium v a n a d a t e  d o p e d  w i t h  d i f f e r e n t  m o l a r  c o n c e n t r a t i o n s  
(0 .025 to  5 mot  5) of  a l u m i n i u m  o x i d e .  These m a t e r i a l s ,  be ing  f e r r o e L e c t r i c ,  
e x h i b i t  i n t e r e s t i n g  p y r o e t e c t r i c  p r o p e r t i e s  due to  d o p i n g  and h a v e  a r a c t i c a t  
a p p l i c a t i o n s  as p y r o e l e c t r i c  d e t e c t o r s .  

EXPERIMENTAL 

The  KVO 3 and CsVO 3 c e r a m i c s  used in this investigation were  
p r e p a r e d  by  t he  usua l  c e r a m i c  t e c h n i q u e  [ 16) . The c r y s t a l l i n e  s o l i d s  of 
po tass ium v a n a d a t e  and ces ium v a n a d a t e  w e r e  p r e p a r e d  f rom a s t o i c h i o m e t r i c  
m i x t u r e  of  M~COq (M = K,Cs)  and V20_ ~ t hey  we re  s l o w l y  hea ted  in  a 9 i o b a r  
f u r n a c e  u p t o  "750~C f o r  5 h r  and coo~ed to  room t e m p e r a t u r e ,  The m o d i f i e d  
v a n a d a t e s  w e r e  p r e p a r e d  by  t a k i n g  d i f f e r e n t  m o l a r  c o n c e n t r a t i o n s  of  ALO. .  
as an a d d i t i v e .  E v e r y  b a t c h  was d r y - m i x e d  and then  we t  w i t h  e t h y l  a fco~o~ 
in  an a g a t e  m o r t a r .  A f t e r  c o m p l e t e  e v a p o r a t i o n  of  a l c o h o l ,  t h e  b a t c h e s  we re  
hea ted  in a p l a t i n u m  c r u c i b l e  a t  750°C f o r  5 h r .  The f o r m a t i o n  of t he  
compounds  was c o n f i r m e d  by  scann ing them on an X - r a y  d i f f r a c t o m e t e r  us ing 
CuK~ r a d i a t i o n .  The p e l l e t s  of  t h e  samp les  we re  p r e p a r e d  in  t h e _ f o r m  o~. 
a d i s c  of  1 cm d i a m e t e r  and a b o u t  0 .1  cm t h i c k  u n d e r  7 . 6 x 1 0 "  kg m 
p r e s s u r e .  To ensure  9ood e l e c t r i c a l  con tac t ,  t he  t w o  faces of  each p e l l e t  
w e r e  e L e c t r o d e d  w i t h  a i r - d r y i n g  s i l v e r  p a s t e .  

The experimental set-up (17) consists of a furnace, digital d.c. 
m i c r o v o t t m e t e r  (VMV15, V a s a v i  ELec t ron i cs )  w i t h  p i c o - a m m e t e r  a d a p t o r ,  a 
d i g i t a l  m u t t i m e t e r  and a t e m p e r a t u r e  c o n t r o l l e r  a r r a n g e m e n t .  The t es t  samp les  
w e r e  p l a c e d  in  a s a m p l e  h o l d e r  and hea ted  s l o w l y  a t  t h e  r a t e  of  3 ° C / m i n  
i n s i d e  t h e  f u r n a c e .  The p y r o e t e c t r i c  c u r r e n t  was measured  f o r  v a r i o u s  
t e m p e r a t u r e s  and t h e  c o r r e s p o n d i n g  t i m e  was no ted  to  c a l c u l a t e  t h e  r a t e  of  
h e a t i n g .  

RESULTS AND DISCUSSION 

The measu remen ts  of  p y r o e t e c t r i c  current and c o e f f i c i e n t s  f o r  
t h e  m a t e r i a l s  KVO 3 and CsVO 3 d o p e d  w i t h  A i 2 0 3  o b e y  t h e  e q u a t i o n  g i v e n  
by  C h y n o w e t h  [ 2 ) :  

i = A ( d P s / d T )  ( d T / d t )  . . .  l l j  

w h e r e ,  ' i '  i s  t h e  p y r o e l e c t r i c  c u r r e n t ,  ' A '  t h e  e l e c t r o d e d  a r e a  of  t h e  
p e l l e t ,  ' P s '  t h e  spon taneous  p o l a r i z a t i o n ,  ' d T / d t '  t h e  r a t e  of  h e a t i n g  and 
' d P s / d T ' ,  t h e  p y r o e L e c t r i c  c o e f f i c i e n t .  The t e m p e r a t u r e  d e p e n d e n c e  of  t h e  
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py roe lec t r i c  current fo r  undoped and aluminium doped KVO 3 and CsVO 3 is 
shown in Figures 1 and 2, respec t i ve l y .  The py roe lec I r i c  coef f ic ient  
calculated by using equation [1J are presented fo r  the respect ive  mater ia ls  
in Figures 3 and 4. 

I t  is seen from Figures 1-4 that  the mater ia ls  show peak values 
of py roe lec t r i c  current and coef f ic ient  at t he i r  Cur ie temperatures. They 
increase wi th  increasing dopant concentrat ion and become a maximum at 0.1 
mot % concentrat ion; they decrease for  h igher  concentrations. These Cur ie 
temperatures are consistent wi th those obtained by us using the hys te res is -  
loop method and d ie lec t r i c -cons tan t  measurements. Samples wi th  0.025 to 
0.1 mot % concentrations of AI20~ e x h i b i t  a pronounced Curie peak, whereas 
those w i th  0.5 to 5 mot % concentrations have a broad, f l a t  peak. 

The add i t i on  of At203 to KVO 3 and CsVO. causes a decrease in 
the Cur ie  temperature, which is in agreement wi th  the resul ts obtained for 
BaTiO 3 doped wi th AI~O~ (187. The Cur ie temperatures of undoped KVO 3 and 
CsVO 3 are 318°C and" 380°C, respec t i ve l y ,  and are in good agreement wi th 
the values repor ted e a r l i e r  (19,157. 

TABLE 1 
Peak values of var ious parameters of KVO 3 

Py roe lec t r i c  Py roe lec t r i c  
AI20 3 content current coef f ic ient  Density 

~mol %) (I0-9A 7 (10-7C cm-2oc -1) ~9 m cm - 3 ) .  

O (pure7 198.0 50.5 2.48 
0.025 250.3 66.3 2 .?4 
0.050 318.1 84.3 2.85 
O. 100 448.4 118.8 2.91 
0.500 210.2 55.7 2.87 
1,000 150 .? 39.8 2 . 8 6  
3.000 110.1 29.2 2.84 
5.000 80.2 21.2 2.83 

TABLE l I  
Peak values of var ious parameters of CsVO 3 

P y roelect  r i c  P y r oelec t r i c  
A120 3 content current coef f ic ient  Density 

(mol %) ( 10-9A7 ( 10-7C cm-2°C- 1) (gm cm -3) 

0 (pure) 385.2 102.1 2.57 
0.025 400.1 106.0 2 ,?9 
0.050 457.3 121.2 2.87 
0. 100 532.5 141.1 2.97 
0.500 358.1 94.9 2.92 
1.000 312 .? 82 .? 2.89 
3. 000 260,2 68.9 2.88 
5. 000 205.4 54.4 2.87 
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Table I summarizes the peak values of the pyroeiectric current 
and pyroelectric coefficient together with the bulk densities for undoped 
KVO~ and KVO^ doped with different molar concentrations of AI~O~, while 
Table 11 summarizes those for undoped CsVO 3 and doped with different molar 
concentrations of AI~OR. Tables I and i i  reveal that the peak values of 
pyroelectric current-arid coefficients for KVO 3 and CsVO 3 ceramics containing 
0.025 and 0.I  moI % AIgO R increase with respect to the undoped ceramics, 
while they decrease f~r ~0.5 to 5 mol ~ of AIp.O 3. The enhancement in 
pyroelectric effect on addition of 0.I mol % AigO- R in KVO~ and CsVO.~ is 
correlated with an increase of density with the a~crltion of 0".I mol % AI~O 3. 
The pyroelectric saturation states are attained at 0.I mol % where the 
density is a maximum. 

CONCLUSIONS 

The Curie temperature obtained by pyroelectric measurements 
for undoped and doped ferroelectric materials are in good agreement with 
those obtained by the hysteresis-loop method and dielectric-constant 
measurements. The Curie temperature of the samples decreases with 
increasing dopant concentration of A120.. The maximum peak value of 
pyroelectr ic  current and pyroeiectric coe~icient is observed at 0.1 mol %, 
which corresponds to the composition of maximum density in each system. 
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