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Dielectric  and  hysteresis  properties  of  the  undoped  and  aluminium  doped  ferroelectric  potassium  vanadate


S  P Rasal,  A P Kashid, D V Pawar and S  H Chavan*


Fcrroelecincs Laboratory, Physics Department, Shivtji University,  Kolhapur-416 004, India 


R e c e iv e d   16 J u ly   1 9 9 1 , a c c e p te d 2 7  F e b ru a r y   1992


A bstract  :  Dielecinc  and  hysteresis  properties  of pure  and  aluminium  doped  potassium
 vanadate have been  studied ui the temperature range covering their transition points. ITic method 
 based on the  ‘comparison of capacities’  is used fordiclectnc measurements  and  hysteresis  loop 
 method is used for coercive field measurement. 'Hie dielectric constant and coercive field of KVO3  


doped  with  AI2O3  at different concentrations ( 0 to 5 mol % ) arc remarkably  depending on  the 
 doping concentrations, 'fhe peak values of dielectric constant and coercive field increase for 0.025, 
 0.05 ahd 0.1  mol% however, they decrease for 0.5,  1.0, 3.0 and 5.0 mol % of AI2O3 with respect 
 to  pure  KVOj.*  It  is  seen  that  the  Cune  temperature  of  KVO3  decreases  with  increasing 
 aluminium concentrations.


Keywords  :  Ferroelectnciiy, diclecirical hysteresis properties, doping, coercive field, phase 
 transition.


PA-CS  Nos.  :  77.80.Bh,  77.80.Dj,  77.84.-s


1 .  I n t r o d u c t i o n


The most commonly  used small signal electrical property is dielectric permittivity, {e) often 
 referred to as dielectric  constant.  Dielectric constant in  polar materials  is  rarely  a constant, 
 but varies with the applied  field, stress and temperature and other parameters.  Polar dielectric 
 materials characteristically  have much  higher values of diclecu-ic constant than  that of non


polar  dielectric  materials.  In  addition  most  of  polar  materials  show  a  large  increase  in 
 dielectric constant at a temperature in the region of a phase transition temperature.


The presence of hysteresis loop is the basic characteristic of a  ferroelectric  material. 


The  hysteresis  loop  representation  enables  us  the  measurement  of  the  spontaneous 
 polarization and the coercive field of the ferroelectric material.


At Curie  temperature  very  high  value of dielectric constant  was  reported by  Mitsui 
 and  Westphal  [1].  Dielectric  dispersion  over  a  wide  range  of frequency,  dielectric  and 
 pyroelectric  properties  of  sodium  vanadate  at  different  temperatures  were  reported  by 
 Matsuda [2]. Tawfik et al [3]  have studied the electromechanical and dielectric properties of


To whom all correspondence should be addressed.
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(2)aluminium  doped  barium  litanaic  ceramics.  Influence  of  alkali-rare  earih  ions  on  the 
 synthesis  dielectric  and  ferroelectric  properties  of  barium  tiianate  were  reported  by 
 Marulhikumar and Sambhasiva Rao  [4]. Patil ei al [5]  studied the influence of neodymium 
 doping on the dielectric properties of ferroelectric potassium vanadate and lithium vanadate.


The dependence of a coercive  field  upon thickness of a single crystal of BaTiOs was 
 reported by  Weider [6] while its theory was reported by Janovec  [7]. A theoretical treatment 
 based on the assumption that the coercive field is determined by the velocity of the forward 
 growth of the domains,  was given  by  Abe  [8].  Sawada et al  [9]  discussed  the  temperature 
 and amplitude dependence of the coercive field for KNO3 crystals. The studies on dielectric 
 hysteresis of ferroelectric potassium  vanadate and  lithium  vanadate doped  with gadolinium 
 oxide were carried out by  Kashid el al  (10]. Dielectric hysteresis of undoped and dysprosium 
 doped ferroelectric potassium vanadate was studied by Patil et al [11].


The  aim  of present paper  is to evaluate  the dielectric  constant and coercive  field  of 
 KVO3  ceramics  doped  with  different  molar  concentrations  of  AI2O3  and  to  study  their 
 variation  with  temperature.  Also  the  paper  icporis  the  effect  of  additive  on  transition 
 temperatures of respective samples.


2.  E x p erim en tal  d etails
 2.1.  Preparation of samples :


The  crystalline  solid  of  potassium  vanadate  was  prepared  by  dry  mixing  of  equimolar 
 proportion  of  K2CO3  (LOBA-CHEMIE  CO.  99.9%  purity)  and  V2O5  (LOBA-CHEMIE 
 CO.  99.9%)  followed  by  firing  at 750°C  for  5  h  and  grinding.  The  desired  quantities  of 
 highly  pure  (99.99%)  AI2O3  ranging  from  0.025  to  5.0  mol  %  were  added  to  KVO3  and 
 well  mixed  with  ethyl  alcohol  in  a agate  mortar.  Every  batch  of mixtures  was  heated  in  a 
 platinum  crucible  at  750°C  for  5  h  inside  a  globar  furnace.  The  samples  prepared  were 
 confirmed  by  scanning  them  on  an  X-ray  diffractometer  with  C uK a  radiations  at  room 
 temperature. The lattice parameters for undoped AI2O3 doped KVO3  were calculated  by using 
 indexing  reported  by  Fcigcison et a/  [12]  and  arc  summarized  in  Table  2.  The  pellets  of 
 these  samples  in  the  form  of disc  of 1  cm  diameter and  about 0.1  cm  thick  were prepared 
 under  7.6  x  lo’  kg m“^ pressure and  were  sintered on  platinum  foil  at  350°C  for  3  h  in  a 
 furnace. The pellets were polished and to achieve good electrical  contact, the two opposite 
 surfaces of each pellet had been silvered with thin layer of air drying silver paste.


2.2.  Mea.surements :


The dielectric constants were calculated by  “comparison of capacities” using a digital LCR 
bridge  (VLCR  7,  Vasavi  electronics)  at  a  frequency  of  1  KHz  across  the  specimen  under 
test.  The  capacities  of  the  materials,  in  the  pellet  form,  were  determined  at  different 
temperatures  by  keeping  the  pellet  holder  in  a  globar  furnace  and  using  temperature 
contfollcr arrangement.



(3)Dielectric and hysteresis properties etc 757


The  coercive  field  was  measured  by  hysteresis  loop  obtained  on  an  oscilloscope, 
 using modified form of Sawyer and Tower circuit [13]. The  field amplitude across pellet was 
 1  KV/cm  by  using  50 Hz a.c. electric field. The half width of the hysteresis loop enables us 
 the measurement of the coercive  field at various temperature by calibrating the screen of the 
 oscilloscope.


3 .  R esults  and  discussion


The  dielectric  constant  as  function  of  temperature  for  pure  KVO3  and  that,  doped  with 
 different concentrations of AI2O3 (0.025 to 5.0 mol %) are shown  in Figure  1. The Figure  1 
 shows  that  as  molar  concentrations  of  AI2O3  increases,  the  peak  dielectric  constant  (c) 
 increases  up  to  0.1  mol  %  however,  decreases  for  higher  concentrations.  The  dielectric


Figure  1.  Vanaiion of diclcclnc consiani wiih lcm|icrdiuri: for AI2O3 doped KVO3.


constant increases as  temperature  is  increased and shows  peak  value at certain temperature 
 indicating  the Curie  temperature of the  sample  and  then  decreases  further  with  increase  in 
 temperature.  It  was  found  that Curic-Weiss  law  is obeyed  in  the para  region  in each  of the 
 compositions.  The  addition  of A I2 O 3  to K V O 3  shows  noticeable  decrease  in  the  Curie
 temperature  which  is  in  good  agreement with  the  results obtained  by  Tawfik et ul  [3].  The 
 Curie  temperature of pure K V O 3  is in  good agreement with  tliat reported earlier by Chavan
 and  Suryavanshi  [14], Patil ct al  [15].


The peak  values of dielectric constant and  coercive field, Curie  temperature and  the 
experimental densities for doped and undoped  KVO3 are summarized in Table  1.



(4)T sb le   1.  Parameters describing Curie icmperalufc, dieleciric consunt  coercive fidd (£c)ma«


and density of pure and AI2O3 doped KVO3.
 AI2O3 Content 


(mol %)


Curie temp 


CQ (Vcm')


Detisity 
 (gm cm~^)


0 . 0 0 0 318 1352 345 2.48


0.025 305 1405 365 2.74


0.050 294 1472 373 2.85


0 . 1 0 0 280 1642 447 2.91


0.5(H) 274 1228 335 2.87


1 . 0 0 0 263 1035 195 2 . 8 6


3.000 234 746 152 2.84


5.000 186 374 45 2.83


The Table  1  reveals that the dielectric constant and coercive field are maximum at 0.1 
 mol  %  doping  of AI2O3  in  KVO3.  This  can  be  studied  from  the  pronounced  increase  of 
 density on addition of AI2O3. The maximum dcnsification  is observed at 0.1  mol % doping 
 of AI2O3 at  which  the dielectric  saturation  state  is  attained.  It may represent the solubility 
 limit of AI2O3  in  KVO3  lattices,  which  is  in  good  agreement  with  the  results obtained  by 
 Tawfik et al \ 3\.


Figure  2.  Variation of coercive field with temperature for AI2O3 doped KVO3.


The  temperature-dependence of the coercive field Ec for pure  KVO3  and  that doped 
with different concentrations of AI2O3 is shown in Figure 2. The hysteresis loops for KVO3 
and doped with 0.1  and 5  mol%  are shown  in  Figure 3  (a, b, c).  From Figures 2 and  3  it is



(5)temperaiure and  further it decreases  with  increa^-  ^  of
 temperature,  indicating  the  Curie tem no  '  emperature and  vanishes at a certain


^ p e r a u , , ,   i„ve„iga«,  „   ,h„  b y «   J p
 Dielectric and hysteresis properties etc



10**c 15f®c


Figure  3.  Ferroeleciric hysteresis loops for (a) pure KVO3, (b) 0.1  mol % AI2O3 doped KVO3  


and (c) 5 mol % AI2O3 doped KVO3, at different lemperaturcs.


It is seen  from Table 2 that there is no appreciable change in  the lattice parameters. 


The  values  are  found  to  agree  with  the  results  of earlier  workers.  Hence  from  lattice 
 parameters we conclude that all samples are in single phase.


4 .  C o n clu sio n s


The peak  value of dielectric constant and coercive field  increases  for 0.025  to 0.1  mol  %, 
 however,  it  decreases  for  0.5  to  5.0  mol %  doping  concenU’ations  and  undoped K V O 3  


ceramic material shows ferroelectric behaviour upto 318®C. The Curie temperature of doped 
 KVO3 decreases with increase in dopant concentration of AI2O3.


6A(7)



(6)T ab le  2.  Lattice parameters of pure and AI2O3 doped  KVO3 in different concentrations.


A u th o r S a m p le L a tu cc p ara m e ie rs


a(A'’) b(A°) cCA'O


F c ig c lso n  et a /   [12] 


P re se n t  w o rk


K V03 5 .7 0 10 .8 2 5 ,2 2


K V03 5 .6 9 9 1 0 .7 9 3 5 .1 9 5


+  .0 2 5   m o l %  A I2O3 5 .6 9 2 1 0 .7 8 2 5 .1 9 8


*»■  .0 5   m o l %  A I2O3 5.701 1 0 .7 7 9 5 .1 9 5


■»-  . 1  m o l %  A I2O3 5 .7 2 5 1 0 .7 9 2 5 .0 9 9


+  .5  m o l  %   A I2O3 5 .7 1 7 1 0 .7 8 3 5 .1 8 3


+ 1  m o l %  A I2O3 5 .1 7 4 1 0 .7 7 9 5 .1 9 2


+  3  m o l %  A I2O3 5 .7 0 9 1 0 .7 4 5 5 .1 8 7


+  5  m o l  %   A I2O3 5 .7 0 4 10.721 5 .1 8 0


The  peak  value  of  dielectric  constant  or  vanishing  of  coercive  field  indicate  the 
 transition  temperature  of  the  sample.  Thus  the  doping  of A1  in  KVO3  plays  an  important 
 role in modifying the dielectric and ferroelectric properties.
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