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Sri K Venkanna , Lecturer in Physics Presented Paper in “National seminar” held at Andhra
Loyala college, organized by department of Physics Vijayawada dated: 27-02-2023.
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Sri K Venkanna , Lecturer in Physics Presented Paper in “International seminar” held at
Andhra Loyala college, organized by Department of Electronics, Vijayawada dated: 22-02-
2023.
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Sri K Venkanna , Lecturer in Physics Presented Paper in “National Conference” held at
Vignan university, organized by Department of Physics (BS), Guntur dated: 25-03-2023.
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Sri K Venkanna , Lecturer in Physics Attended a “National Seminar” held at GDC(W),
Srikakulam dated: 03-03-2023.
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Sri K Venkanna, Lecturer in Physics Attended a “National Conference” held at GDC(W),
Srikakulam dated: 01-02-2020.
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Sri K Venkanna , Lecturer in Physics Attended a “National Science academia workshop” held
at M R College, Vizianagaram dated: 14-12-2022.
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Sri P S Jaggarao, Lecturer in Physics participated in “National Seminar” held at Dr V S K
GDC, Visakhapatnam dated: 19-12-2014
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Sri P S Jaggarao, Lecturer in Physics participated in “National Level Workshop” held at
Andhra university, Organized by Department of Nuclear Physics, Visakhapatnam dated: 05-
02-2015.
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Sri P S Jaggarao, Lecturer in Physics participated in “UGC Workshop” held at DrV S K
Government degree college, Visakhapatnam dated: 06-07-2015.
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Sri P S Jaggarao, Lecturer in Physics participated in “AP GCGTA Workshop” held at Andhra
university, Visakhapatnam dated: 10-10-2015.
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Indiam Journal of Pure & Applicd Physics
Vol. 31, January 1993, pp, 4347

Dielectric and resistivity properties of lanthanum doped

Ba(Cu,,Ta,,

3 and Ba(CU,,;Nbg:_x)();

K Sambasiva Rao. P S Jaggn Rao & K Ramas Rao
Depanment of Physics, Andthra University, Visakhapatmam 530 003

and

AV Prasada Reo. A Tsaac Robin & R P Tandon®
School of Chemistry, Andhra University, Visakhapatnam $30 003

Received 27 April 1992; revised received 4 August 1542

A serics of samples of the systems Ba, ., La,(Cu,Tay )0, and Ba,_,Las,(Cu,, Nb, )0,
where 1-0.0('D. 0.025, 0,050, 0.075 and 0.100 have been prepared by the usual ceramic technique.
X-ray diffraction data indicated that they are of tetragonal symmetry. Dielectric properties of

Ba{Cu,,,Tay ;)0 (BCT) revealed a diffused phase 1

wn. Cune t atures obtaned from di-

cbcctr}c measurements were compared with differential thermal analysis studies. Doping of lantha-
num in BCT and _Bu(Cu,.,Nh,‘_.)O, (BCN) decreased the curie temperatures of BCT and BCN. DC
ressstivity studies in modified and unmodified BCT and BON indicated & positive temperature coef-

ficient (PTC) behaviour,

1 Introduction
The discovery of barium titanate as ferroelec-
tric material stimulated a further search and crea-

been weighed in required proportion to give the
following compositions:

tion of perovskite-type and oxygen-octahedra fer- | Ba(Cu, ,Ta, ;)0, BCT
roclectrics. Time has shown barium titanate ap- 2. Bag o ilag,{Cu,, , Tay, ,JO, 0,05 La-BCT
'y D n nr o1 & Tge v'ng'g.v;;c fermo and 3. BagyelagCuy,Ta; )0, 010 La-BCT
8 oel cs i ovskites 3 .
structure. Perovskite-type 'f):rmclocmc's are f?mnd : BaarrsL ol Cuy i Ta, '.)O' S leE0T
1o be outstanding materials in view of their device - Bay mola30(Cu,, , Ta, 10,  0.20La-BCT
applications, eg. BaTiO,, lead zirconate titanate 6. BalCu, Nb, )0, BCN {
(PZT). Some copper containing perovskites 7 Ba, gy La, o [Cu, Nb,,,JO,  0.05La-BCN !
Ba(Cuy, ‘Taf'_‘K)‘ and Ba(cu""N?f"."O‘ ,havc 8. Bay yqolay, [ Cu, WNb, )0, 0.10 La-BCN
emevaes ey A e ot 9. Buyobay (i N 0, 013 LaBCN
’ ) R 10, Bag,plag/Cu, Nb, )0, 020 La-BON

to be ferroclectric having high curie temperatures
of 470 and 380°C respectively, with tetragonal
symmetry, Literature survey revealed that no fur-
ther expenimental investigations have been made
on these matenals, Systematic dielectric and resis-
tivity studics have been made on these materials
for the first time by the present authors.

Present paper describes preparation, diclectric
and resistivity studies on lanthanum modified bar-
ium copper tantalate (BCT) and barium copper
niobate (BCN) systems.

2 Material Preparation

The constituent raw materials, BaCO,, CuO,
Ta,O., Nb,O, and La,0, of reagent grade have

* National Physical Laboratory, New Delhi 110 012

Ceramic samples have been prepared by the
usual sintering technique, Actual procedure adop-
ted for the preparation of materials s depicted in
Fig, 1.

3 Experimental Techniques

The dielectric measurements were carried out
at 1 kHz using DIGITAL LCR METER TYPE
VLCR 6. The temperature is monitored by a Cr-
Al thermocouple. The dc resistivity was measured
by two-probe method using Keithley Model 614
Electrometer.

Powder X-ray diffraction (XRD) patterns  of
these materials have been obtained with the dif-
fractometer at RSIC, Nagpur University, Nagpur
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Weighing ':\:;“'l(‘"::' ™0, Table | - Lattice parameters of La-modified BCT and BCN
LTI S No Composition an1 r{M
Mining | 1n aloohol. 4 e 1 BCN 40804 4.1397
Dryive 2 005 La-BCN 40424 41853
3 0.10 La-BCN 40611 41639
Caicination (950°C /4 he twice 4 0,15 La-BON 40756 41695
Mixing with binder 57 PVA S 020 La-BCN 40533 41307
Pressing peflets (dia = 15 mm, 1= 1.1 mm & oy 423 42359
for BCT) 7 0.05 La-BCT 40156 42147
dia = 14 mm, 1= | 7 mm 8. 0.10 La-BCT 40416 41618
for BON
9 0,15 La-BCT 40260 41980
Binder burn ot | 450°C 1 he 10. 0.20 La-BCT 40350 4.1800
Flring  1200°C "4 he
turc obtained from the diclectric measurement is
Polaiing[3 e AYO; pordar 319°C. A typical DTA trace has been shown in
Electroding sr dry silver paste Fi&_ 3. Similarly. in the casc of 0.05 La'B.CT ‘h_c
cured at 1400°C /1 hr cunie temperature obtained from the dielectric
measurement is 270°C, while the value obtained
Fig 1 - Procedure for sample preparanon from DTA is 297.3°C.

As the concentration of lanthanum in BCT in-
creases, the curie temperature decreases from 319

4 Results and Discussion to 199°C and the peak dielectric constant in-
e creases with lanthanum content except for 0.20
4.1 Dielectric properties La-BCT (Fig. 2). Similar behaviour has been ob-
The X-ray diffraction studies in the above ma-
tenals, labelled 1-10, showed single-phase final — BCT ‘["’
product with tetragonal symmetry throughout the 00 0.05 ca BCT g%:.
unmodificd and modified compositions. The lat- R Ty Ve {esa
tice parameters a and ¢ as computed from the B—00 1% La-8CT P/ 1 [
XRD data are shown in Table 1, which are in o—e010 Lonct g X \ %o
good agreement with the values reported in litera- ‘i‘ \
ture for BCT and BCNY. # 1 \ X
Dielectric constant as a function of temperature A [ ! o 1™
has been measured at 1 kHz in the temeprature * ;' p b ] 5
range between room temperature and 450°C. For 1ee }'s,-{ ~ »e 3
diclectric and  resistivity  measurements  silver - ¥ z
coated disc samples having dimensions around = 1s0 Y e ¥
1.1 mm thickness and 15 mm diameter of BCT, 3 | / \ H
14 mm diameter and 1.7 mm thickness of BCN § no'r B2 4 § 1200 &
cured at 400°C for onc hour arc used - f / g
Fig. 2 illustrates the variation of dielectric con- ¢ |
stant with temperature for BCT and lanthanum  § S e
modified BCT. A maximum dielectric constant of E
179 was obtained for BCT at 319°C indicating its 199
cune temperature. The observed curie tempera-
ture is much below the value of 470°C reported | o0
by Venevisev'
Differential thermul analysis studies have been . . . doe

made on BCT and the cune temperature is ob- %0 240 0 400 4w
tained from the peak temperature of exotherm rewreratune (c)

Ty) The sample BCT exhibited 10(1;1'(,’ s the Fig. 2~ The vaniation of dielectric constant with temeprature
cunic temperature. However, the curie tempera- for modified ued unmaodified BCT




(Re-accredited by NAAC with 'A" Grade, Affiliated to Andhra University)
YELLAMANCHILI - 531055, ANDHRA PRADESH

DEPARTMENT OF PHYSICS

RAO et al: LANTHANUM DOFED BalCu,/, Tay, 0, & BalCu, 5 Nby,, Oy

- e —

e

//\

H

e

| P S .

“w -

-

™ e e am e w
eecnanee &)

Fig 3- DTA trace of BCT

served in different perovskite systems, for exam-
ple lead zinc niobate-lead titanate-barium titanate’
system, barium titanate zirconate’ and lanthanum
doped lead titanate systems®.

Further, it is ewvident that a diffused phasc
transition (DPT) is observed in the compositions
from 1 to 5. In para region ie., above T and
equation’ of the following form has been obeyed:

S € o 7
r & 2e10

where ¢, and & arc maximum dielectric constant
and intensity of diffusivity, respectively. The & va-
lues for compositions  1-5 were computed to be
70, 73, 73.5, 52 and 40 K respectively, which in-
dicate a decrease in diffusivity with increase in
lanthanum concentration in BCT.

The diclectric constant as a function of temper-
ature in BCN and lanthanum doped BCN has
been shown in Fig. 4. It is clear that at 400°C a
maximum diclectric constant is observed in un-
modified barium copper niobate, This transition
temperature is very much nearer to the value of
3R0°C reported on BCN by Venevtsev', The
transition temperatures noted from  the DTA
traces in case of BCN and 005 La-BCN are
426.3 and 289°C, respectively. Though the trans-
ition temperatures 7; and T, for both the systems
BCT and BCN reflect the same trend, they do
not coincide exactly. The reason for this discre-
pancy is under investigation.

It can be noticed from Fig 4 that lanthanum
madification in BCN facilitated a decrease in cu-
ric temperature from 400 to 193°C and an in-
crease in peak diclectric constant. Similar behav-
iour has been observed in different perovskite

45
[ S bW
Ol D.0F La-BCw
e 010 L ~0tw
— 0. 1) LA
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Fig 4~ The variation of dielectric convant with iemperiture
for modified and unmodifiod BCN

systems like barium sgrontium titanate and banum
calcium titanate®. Curie-Weiss law has been obey
ed in the para region of the compositions, 6 to
10, and the curie constants have been computed
for all the compaositions. Curie consiant of the or-
der of 10° K has been observed in all the five ma-
tenials.

In both the systems BCT and BON, the de-
crease in curie temperature with increase of lan

thanum may be attbuted to the decrease
in  polarizability of Awsite cations  (lor
example a(Ba’*) = 1.55 x 10 ** cm’, whilc

alla’ )= 1.04 x 107 cm’). Under these circum
stances the dipoles at the large caton sic mteract
weakly with those at the Ta®" and Nb
BCT and BON, respectively, resulting in o ik
crease of L. Similar phenomenon has been re-
ported for the systems {Na, ;La; . JPb, 11O and
{14, ,La, ,JPh, TiO, [Refs 9, 10]

sIes 1
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Toble 2 - Dretectric, DTA and resitivity data of lenthanum doped BCT and BCN
" o Tc E, (eV]
Composition Cune temp. 7 [ - . A 156::" Pyt — -- -
I.' C ’l" .‘
weT we w0l 42 T19 700 480 1190 s ol ‘::;
0.081.8-BCT 70 2073 W 203 730 230 713 60 017
010 La-BCT 244 - 1 462 7S 0.16 397 s 021 012
0.15 La-BCT 221 1 491 520 047 176 ss 027 026
4
020 La-BCT 199 26 423 400 025 088 55 015 01
CxI0°K
BON W00 4263 42 1531 OB 0.36 5.02 68 012 0N
005 La-BCN 242 M98 48 2279 1S 0.19 038 60 021 02
010 La-BON 226 - 52 2351 12 021 029 so 004 008
(115 La-BON e - s7 367 18 0.18 023 so 002 006
0.20 La-BON 193 - & 337 320 0.14 018 so 008 007
The room temperature and peak temperature :
diclectric constants, gy, &y respcglwely. curie o-or La-ce
temperatures obtained from both diclectric mea- " ca-ocw
surements (7,) and DTA (7}, the intensity of dif- | e 0:20 800N
fusivity (4} and cunc constants (O) for pure and
La-modified BCT and BCN samples are given in
Table 2 b | 1¢
4.2 DC Resistivity Properties . |
Variation of dc resistivity with temperature in .
unmodificd and modified BCT and BCN has ¢ ;
been studied in the temperature range from room L 034F o
temperature 10 230°C by applying a small voltage o °
of 10V, The dc resistivity versus temperature for ‘_?o sk 2
the two systems is depicted in Figs 5 and 6, . -
It is obvious from these figures that an anoma- ¢ 5
lous behaviour is evident in both the sysiems.  Fous Jae
That is, there is an initial increase of resistivity 1o & =
4 maximum ot a particular temperature, followed %
by a gradual decrease. This type of positive tem- i
perature coefficient (PTC) anomalous behaviour
in ferroclectrics can be explained by Heywang" o.00h 1,
model when the temperature corresponding to the ‘
maximum resistivity comneides with their respec-
tive 7 wvalues. But, in the present study the tem- e 3
peratures corresponding 1o the maximum resistiv- .
ity arc well below their respective 7 values in un- ol W R e el Y
modified and madified BCT as well as in BCN - ot 0 RO Wo X0 o

One of the reasons for this behaviour may be due
to the vacancy of barium sites in BCT and BCN
as @ result of aliovalemt lanthanum doping in |

< : 1 8 = DC ressstivity ver g Y X
place of B’ However, this type of behaviour ' Ln;n::l\nf'n‘c:'tg("llmr e
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o—o 8CY where E, is the activation energy, k is the Boltz-
D—O0 0.0% La-BCT munnmmummdp,isacomum.'rhevahfsd
&8 0.10 La-BCT E, in both the regions of all the compositions
o—o 0,18 La-BCT have been computed from the above equation and
$—b 0.20 La-BCT tabulated in Table 2, along with oy, p; and tem-
perature of maximum resistivity ( 7, °C).

5 Conclusions ) w

In view of the above observations, it is con-
cluded that, the systems BCT and BON are mono-
phasic and tetragonal. Substitution of lanthanum
in BCT as well as in BCN to an extent of
x=0100 in Ba, ,la,(Cu,Ta,;)0; and
Ba, _,La,(Cu,,,Nb,,,)O, did not alter the crystal
structure. Nevertheless progressive addition of
lanthanum caused a decrease in 7, with a simul-
taneous increase in peak dielectric constant. BCT
and La-modified BCT samples exhibited diffused
phase transition. Both the compositions of BCT
and BCN showed resistivity maxima with a PTCR
behaviour. Addition of lanthanum did not show
any significant effect on the conductivity propert-
ies of BCT and BCN.

RESISTIVITY (@) fl-em
-
o
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