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ABSTRACT

In this study, the effect of chromium (I11) oxide and niobium (V) oxide addition on
phase formation, microstructure, dielectric and ferroelectric properties of lead
zirconate titanate ceramics was investigated. For understanding the mechanism of
chromium (I11) oxide and niobium (V) oxide addition, the study was divided into
three sections. First, the effect of sintering temperature on the electrical properties of
1 wt% niobium (V) oxide addition in lead zirconate titanate ceramics. From this part,
a suitable sintering temperature of 1250°C was found. Secondly, the effect of single
chromium (I11) oxide addition in lead zirconate titanate ceramics and the effect of
single niobium (V) oxide addition in lead zirconate titanate ceramics were studied.
It was found that the addition of chromium (I11) oxide in quantity of 0.1- 0.6 mol%

revealed the soft behavior. Further increase in chromium (I11) oxide content from 1- 3



mol%, the ceramics revealed the hard behavior. However, the addition of niobium (V)
oxide only revealed the soft behavior.

Finally, the effect of co-doped of chromium (I11) oxide and niobium (V) oxide
was investigated. The part of the study was divided into; (i) chromium (I11) oxide
addition fixed at 0.2 mol% with varying niobium (V) oxide concentration and (ii)
niobium (V) oxide addition fixed at 3 mol% with varying chromium (I11) oxide
concentration. In case (i), it was found that the shifted of highest value of maximum
dielectric constant at 1 mol% Nb single-doped PZT based ceramics to 2 mol% Nb co-
doped with fixed 0.2 mol% Cr PZT ceramics might be due to the effect of phase
formation. The coercive field decrease while the remanent polarization tends to
increase with increasing niobium concentration from 1-3 mol% because Nb contents
reduce the oxygen vacancies. Further increase in niobium concentration results in a
drop of the remanent polarization and coercive field because lattice distortion
becomes larger. (ii) The maximum dielectric constant tend to decrease with increasing
Cr doping concentration from the concentration of 0.1 to 1 mol%. Further increase in
Cr concentration, the maximum dielectric constant increase dramatically. It is
believed that the high value of maximum dielectric constant is due to the effect of the
mobile charged from the high solubility of dopants and energy activation. The
electrical coercivity and the remnant polarization do not show a systematic trend at
low concentration of Cr doping while, the observations clearly indicate the hardening

behavior at higher concentration because of more solubility of Cr.



Vi

A

A a a J a = 4
¥or509INNHNUT navosmsanIasdion (111) oon leauay
TuTedien (V) eonloaneauianma liihves

a o
R CHG G ll‘ﬂ!,‘VlLuﬂ

Y a 4
Y, wetesunl 1nygITI
a2 a o a o J
USayan InenaasauNuma (Jagadaas)
d' =3 a a d v A Qy =X
amznssuMsNdanuIneniinus HEl. A3, 39ANT  BNTISTY U35 IUNITUMNI
IR AT WA oHUMm NITUMS
a d 4
A3. BTWIA W13 I59U NITUNI
U |}
UNAAELD

9

ao o a 4
Tuauddteil ldimsdnywavesmaanlasdion (1) eonlsduayluledion (V)
4 1 a 9 vAa ad a wAa 4 ad a
ponlad Ao manala Tassadunngama aulidlaoiannin uazautiaus 1so@nnsn
a o A o F) a =\ 4
vouysnaaes lawa lnmmua evinnudhlenalnvesmsianlasdion (1) eonlyd
= 4 a 4 09/' aov dy 9 1
vagluledon (V) eonlyd  veussrinmawes lawa lnnmaiiy  Tuanuidoi lauis
= 3 1 A 1 9Y o = a A a A 1
msanmesndudwdiuie  diuusnlaiimsfne  onnavesguuaimIwNlinane

antiama Iihveusrsiaaames Tamwa Inmmuaniimsmady luTeden  (v)  eonlad

a J 4 g’ v 4 a ! o o a
U5 1 weswua Tagvimtn Lﬁ@ﬁTQﬂ!WQNﬂﬁLWWﬁMNWﬁN FMTUMTIATOULLTINN



vii

2 { a s 7
a3 e e ninmsdnTasden (1) eenlyduaz luleeon (V) eonlesd 31n
= ' Aaa A o
MIANEINUNQAUHNNNIZTUAD 1250°C
1 A Y= a = 4 a a
drunaed ldanywavesmuanInsdeon (1) oon lsanuuned Lay naveImMsLay
=\ s a a 4 = 1
TuTedion (v) eonlaauuuiaen lugsidamawes lama lnmuma 1nwamsAnyInuI N3
wulasdien (1) eonlydludSuim 0.1- 0.6 Wesiwud laslua Inadeaufamaliihves
a va 1 va <
s inaaes laua lnmua Taguaasauidnuueey (soft) azuAAIANUALV LU
\ A a a I { a
(hard) amindSnama@uily 1- 3ulesiwud Taslua luvaimadululeden (V)
aon lad uansauiiAuuusey (soft) naenrNLlSuamsAy
1 ) a L Y] a
dauganelamimsdnmavesmaanIasdion (1) eon laa sy TuTedoy (v)
o a o [ . a = J
p0n 1y lusinaames lama Inmwa Tasvdadly ) maaulandey () eenlyd
a { 4 o ] ] a a J a 1 Y]
YTanad 0.2 Weoswsud lasTua saudumsan luledon (V) oon lad USunaaan i was
i) maanluTedien (V) eonled USuaasn 3 nlesivudlaslva saufumaay Tasdiey
4 a 1 o a 4 a 1
am oonlaa USuaaegny lunsdlvesmsanlasiioy (1) oonlya USuanen 0.2
wesirud lagTua Jauiuulsanlsunanmsdyluledon (v) eenlesd  1nmsdnyINUN
[ { ad a { a 4 a
Tunsdl () Ansiladidnnsngegaiuans o madn TuTedion (V) oonlaauuui@entsum
1 osisud IagTua wou 'l uaasn madululodon (v) eonled 1S 2 wesiwudlae
Tua Wiesnneninavesmsnama  awwavalimanas Juvazi nan lsssuraaumae
' 4 v U 4 1
suumua)suna luTedey (V) eonlad Miuauain 1693 nlesiwud laglua wodSua
A 2 aa ] v @ A A A A
mndudninaly  avwavhaes Inan lsFuvaanielimanas 189N UAYDY

Y A dgl S, J A ad a A A A a =
Taseadanunay nsal (ii) mﬂw”lﬂamﬂmﬂqqq@aﬂm Wolmsmusuna lasaiew (1)



viii

7 = 7 2 A~ A a a v Ay ad a
’E’]’E)ﬂulclfﬂ 1N 0.1 D31 Lﬂﬂil%u@ﬂﬂﬂjﬂa Lil’f)iJﬂﬁL‘INiJﬂﬁiﬂﬂ!’ﬂﬂW‘U’Nﬂ?ﬂ\?ﬂqﬂﬂmﬂﬂﬁﬂ
=] d? d' o d‘ a [ a d'
q\iq@ UATUINUYU mmummnwmzuﬂﬂﬂw L‘LlE]\171)1ﬂfﬂi‘ﬂiNTﬂ!ﬂJ@Q@]’JW]MﬂNTﬂLLﬁ%Qﬂ
Y v ¥ ] o A A '
ﬂszqumﬂwawmmwmau ﬁ‘LlHJﬁ“UiNLLﬁ$IW@ﬂiM%u‘Viana@ Lﬂaauuﬂaﬂﬂﬂ”lmmm

o Aa a = J o Y v vAa <3 A~
He Glu‘]J'iiJTﬂ!ﬂ’]'i!@]iJ“U@QIﬂﬂiJﬂﬂJ (I aaﬂhlclfﬂmu’muaﬂ UALTAITNUALVUUHUINYDY

USmarmaay Tasden (1) oon'lags luaSiamn



