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Abstract

This aim of study is to investigate the solid solution in the binary system of potassium
sodium niobate - bismuth zinc titanate (K ,Na, NbO,- BiZn Ti,,O,) in terms of perovskite
phase formation, phase transition, morphology and electrical properties. The polycrystalline
samples of (7-x) K Nay,;NbO, - xBiZn,.Ti,,O, whenx = 0.0 — 0.3, was prepared by the solid
state reaction and two stage mixed oxide methods involving the use of high-purity starting oxides
and controlled atmosphere sintering. Phase development of calcined powders, the crystal structure
and phase transitions of sintered ceramics were analyzed by X-ray diffraction (XRD), thermal and
dielectric measurements. The morphology analyses were undertaken by scanning electron
microscopy (SEM). In the solid state reaction method, the pure perovskite phases were obtained
for compositions containing only 10 mol % BZT. For compositions above this amount, a complex
mixture of phases was observed. However, the complete solid solution of perovskite phase,
prepared by two—stage mixed oxide, was retained up to 20 mole % BZT content. The
experiments in this study suggest that the two-stage mixed oxide method helps to stabilize the
perovskite phase better, when compared with the conventional method. XRD results showed that
a single phase perovskite structure was formed in the ceramics with x < 0.25. For the ceramics
with x = 0.30, a small amount of secondary phase Bi,Ti,0, with a cubic structure was formed. The
ceramics with a perovskite structure showed an orthorhombic phase at 0.00 < x < 0.010 and
became rhombohedral at 0.010 < x < 0.015 before transforming to a cubic phase at 0.015 < x <
0.25. In addition, Dielectric and DSC results showed that the phase transition temperature of

orthorhombic—tetragonal (T, ;) and tetragonal-cubic (T,) decreased when a small amount of BZT



was added. As the amount of BZT concentration increased, the ceramic became denser and well

developed grain morphology with almost no porosity was finally obtained.

Keywords : Lead-free piezoelectric, K Na, NbO,, BiZn,Ti, .O,, perovskite structure,

dielectric properties
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1957 BaTiO, Qﬂwmuﬁmﬂummuﬂﬁz@uuuwmwu (Multilayer capacitor)
wad o o ds ad a
1961 wuanyAsudneeimes IsBiannsn PMN
e{d? F L 1= e ~ |
1969 PLZT Nugiaunisnadou(Hot press) wuNilauiianiauiaai laaiau
[ day o [ o a d = o -:5’
1977 mEduanzdddusvesigames sBmnvs ngnaniy
a s g ) as o d o' a o o
1981 wmatialya-wa lagnwenndudmiumawesoudlaunles Isidnnsa

2 a A g o o' a g a d’i‘I ) @ = = o
1997 Hﬁﬂl“ﬁ\ilﬂﬁfﬁmﬂ\‘iillaﬂlcﬁﬂﬁlwﬂiTiﬂlﬂﬂﬂiﬂﬂ@lu'ﬁmﬁ1ﬁiﬂlwUI“]J”V]TIHW]L%EI?

o ) 3 9 = [ ns: < 3
d MU PZT 1 gaunylay Jatfe tazame Tutl ne. 1952 [3] nasnmiu Anamoiy
a daa o W = @ oA = wa =t ad a
singnlinnudiayIugamnnssuandeilogiiv ilewin PzT SamiAmadio Tadidnnsn
~ 1 | { o <3 as a 3
i laaeuinn aunsafissn/asundanunalifumdsnu i 1das Taomwizusnusose
. & g 1 " = [%
i@ (Morphotropic phase boundary ¥58 MPB)  gudlusessossvnunasonTudasoany

s w i 1 o = a =1 o as ~
mnszlavea lasidandmssnhuyed Tadlouiulamdlomiu 52 : 48 fagilii 2.12

[ "
=

d’} o A = o = w oA W a & =
ueNINil PZT Gailguingilgiigada 380 °C (1 MPB) uazdaiimduiszandgnin Iviugana

au

Y

P o v A e’/’ = = ad a 1 3 = J i .
e msiaset i ldae Tanaladionings navdwdemamndunes (Sintering)
3y an 1 LY a 1 g = a = a =
s lFgungilhigaunmin Baluniniy mawfemasniind Pzt IMTanuuTaniqauas

v
ANUrUMUHgINTINsamsen 18 ligeonn [2, 3, 13]
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T 500-

g Paraelectric

o 4004

2 g

g 300- Ferroelectric
g- tetragonal
[«}]

[

\  Ferroelectric
200 rhombohedral \

N
100- \// N

|/ ) 1
*/ -
100% 100%
Lead [ | Lead
Zirconate titanate

% Composition

s 2.2 wla laezunsuvosas Tuszun Pbzro, - PHTIO, [4]

25 %ﬁ@lﬁﬂima!ﬁﬂﬂ?ﬂq%ﬂﬁ Az (Lead — free piezoelectric material)

= k2 3 &3 @ =t a g a An Yo a 1
DAL Lﬁﬂl*}fﬂﬂﬂmmﬂ‘ﬂmmﬂ (PZT) Lﬂu’JﬁﬂLWUI“ﬁ@laﬂﬂﬁnﬂklﬂ'ﬁﬂﬂ'ﬂlluﬂllaﬂ]ﬁ

v
Y

14 y e 4 4 ' =] qy 3 J 1
awue Wesndaudamslwihhddes edlsfem pzT fllaeiuiluesdisznovag
' & g @ a1 Y a = kY 3 '
N 60% - lawda  Guilulavgwinfideliidananizdefunademiluediaunn

1 A 9 = o da o =Y o ' c? 1 as Y] 5

Taemw1zoe198s iimsivamysinginsaidannsolndmaii lignas [4] auiuilszmea
: = 2 o o @ oA
A B9 ldpariuanuddyluEesiifluediann Taeluil a.a. 2006 avnmgTsy EU) 18

=1 & o~ o o 1 9/ 9 = P=l 19 o
ponszidoum  aalilaanudidyedaesde lasdousn iilusaiivuiidienismideaereann

da o a  d b o~
gilnsald@nnseting (Waste from electrical and electronic equipment H30 WEEE) #4iilanu
1 awv 9 a da o = e 9 =] YV = [ A aw a 3
N vIEnARaegUnItiBannIoln Tz AR U RS DA LAY IN TAR DT ENALIDINAATY

9 @ a & o [ o " - @ o 1 1 P
Tagazdvaiuanangud Inaiohindu luhaenSosenuauienduiunldlvd - diuded

3 = VY o " 9 & 8 3" g = . e .
aeq ifluszidivnhdremsarnguamaiwdaududi bl lulsgmaaundn (Restriction of certain

. o a i e A w
hazardous substances 130 RoHS) tenIunuuaziindidudaeg flmsniduduasie
y_ o o 4 ' @ o
vioasdesiuiuesnlsynen Tdun azna (Pb) Usen (Hg) unafion (Cd) 1enazInaud
Tasiow (') polybrominated biphenyls (PBB) L@ polybrominated diphenyl ether (PBDE)
& A = a9y dyya =t o 4 oA e

(8] wonninty Yszmadgilu v waznmdld fldsueensydeuludnyugiinu@oniy

v Ao A o Qs

31 Y= A o A A v a W a ! 9 =
UUﬂ’J‘ﬂUﬂllﬂiJﬂ'ﬁﬁuﬂ?iuﬁ'ﬂﬂu“ﬁuLﬂfJ'Jﬂu iﬂﬂl]ut_n Uﬁﬁ’]ﬁlﬂquqﬂ'ﬂlﬁnﬂnlﬁﬂy’]

afte

A

e
e

[ =) a g a 9/ o P = ad a aa
AUAIN Llagwmu']ﬁ'lﬂw‘ﬂi“ﬁﬂmﬂﬂiﬂhl'iﬂ1'i@]$ﬂ'§ lw@ll’]“lﬂﬂll‘ﬂuﬁ’]'iLWfJT“ﬁ'E)LaﬂmﬁﬂﬂﬂJﬁ'ﬁ

YR~ o o o @ Y e o oo P a a
ﬂ:ﬂ’JLﬂumﬂﬂ’i&ﬂ@’U‘ﬁﬁﬂ ﬂ\“ﬂuLlﬂﬂ]ﬂﬂjiﬁwanﬁlu3%&]1“115ﬁ’]ﬁiuigﬂﬂu’]u’]%”]ﬁﬁwuuﬂlﬂ

& i T AN Yo A ~ d
"chlu‘lﬂﬁﬁﬁ)ﬁﬂ‘ﬂmum ‘i&:‘U‘U’c’f’Iﬁ‘ﬂllﬂ'iUﬂm%Jﬁuslﬁl e ﬂ1§1uﬁ$ﬂuzwumﬁicﬁﬂﬂicﬂlﬂﬂu



. Yaveayanan wizseundimanazly -

TuTeiwa (KNa)Nb0,) uuiSen lnnuua (BaTio,) uazdiasinlwdonTnnuua (Bi, Na, TiO,)

73 4:; aﬂl s 1 =1 e :; 1 d. =1 =1 ar
HAAIAIAITIN 2.2 109 N5 Wszuuasnaniaudania Wi Teawu donlSouiouny

¥
o g/ '

o a o a o M oA [} =] wa (=1
maei lsdianain limsazninguong  ednlsia  suiAvesenslunquildsdoond
= ad a da v o o @ & & o & VoA A £ o =
ﬁ'litthI“‘ﬁElmﬂVISﬂﬂhﬂxﬂ]lﬂuﬂﬂﬂﬂ‘izﬂ'ﬂ‘U‘Hﬁﬂ ﬂ\‘mui]’!L‘l.J‘lJﬂEJNUQ‘YIﬂgﬁlﬁld“i’]'lﬂ'liﬁﬂﬂ']

3 3 o = ad a 1 ; Yt a a @ A & '
aua  uazwannmaie lamaninlungull  Midsz@nimmviaiounSouinndias

'
~ as

a o a { as [
e ladanninninznuilueen Usznounanae 1)

] b
maan 2.2 auliinme IihvesssiivTsdmnnsn 1 msaznaialueAanaz agiiu

Materials £, Loss % kp k,, TC(GC) Ref.
BT 1700 0.01 190 0.36 0.50 115 [18,19]
BaTiO,-CaTiO-Co 1420 0.005 150 0.31 0.46 105 (18]
KNN(HP) 500 02wy Z127 0.46 0.60 420 [7, 20]
KNN 290 0.04 80 0.35 0.51 420 [21]
KNN-Li(7%) 950 0.084 235 0.42 - 460 [22]
KNN-LF4" 1570 - 410 0.61 - 253 [23]
KNN-SrTiO,(5%) 950 - 200 0.37 - 277 [24, 25)
KNN-LiTa0,(5%) 570 0.04 200 0.36 - 430 [22, 26]
KNN-LiNbO,(6%) 500 Y pssze £ 0.42 0.61 460 [27]
KNN-LiSbO,(5%) 1288 0.019 283 0.50 - 392 [28]
BNT-BKT-BLT’ 1550 0.034 216 0.40 - 350 [29]
BNT-BT' 665 0.028  64(d,) 0.3(k,) - - (30]
NN-BT10% 1000 0.015 147 - - 235 [31]
BNT-BKT50% 825 0.03 150 0.22 - 320 [32]

HULYA " Texture ceramic, b;ﬁ MPB HP; Hot pressed BNT;Bi, ;Na, NbO, NN; NaNbO,

BKT; Biy K, ,NbO, BLT; BijLi, NbO, BT;BaTiO,ita KNN; K, ,Na, NbO,

o

oD
an
fms
)
o0
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2.6 AP RELTRNIGIN (Solid solution)
A 3 < g = o o Y 3 A
‘mﬁ]w'ﬁE]’m'i‘ﬂﬁxﬂ@‘uuu’mﬂ%azmmﬂmuﬂmmﬂuﬂu”lﬂ ﬂﬁiuﬂﬂ’]WﬂJ@ﬂL'ﬁﬁ'ﬂﬂﬁ@

e 3 s A ' = 3 3
VDLV Tﬂﬂﬂ’]ﬁgﬁ’]ﬂiuﬁQWHSﬂJﬂ\iuﬂN LTUNI TIREAUUDILUS (Solid solution)

2.6.1 HaURIVHIABNRNIAL looRUNNNaneMINAAITazABUDINTS [33]
~] 3 4 1o @ ]
anuenusa lumsagaeluanwueds (Solid Solubility) 1y Juaguileivraiods
[ g g ] ] 1 | T
IFU VUIAUDIVBIDZABY JuaUddlanAToU tag TaTsadenanuedms s unisheguos

o a 9/ [ 1 ) [~4 [l
asidelulassadevesssnanuanaeiueenlyl  Taemsazawluaniuzvewisiiog 2

=
LU Ao

[ Ed
2.6.1.1 @rszazaeve Ny iaunuil (Substitutional solid solution) 1UnIAIl
=R Ao Y w s = Y]
151Usenoy azeoN Mo lopounivuialndRoInt HEunu lAeMIUNUNDLADNYDINULAY
o 4 = a:iogj dugf < =t [~ = @ ~
A Famsagaeriaunuiny onednwuuiusadoy vaznuy ludusadeuasgdn 213
=] i =) { a3 @ o " W 1 o
WU myazaesdatnunuuliivszdey  ozneuvoesIRIzad R MLaTLog 1Ty
¥ '
sallell W50 M3EEEIv890 ADUTIIABYT 1A NAIHLINYD0ZADNILIINGSDIBAINUNY
o o =) o R~ = = ~ o [ 1 ~
dmsumsazatesiaunu oy ldiusadovegiimsFesivesezponduau ludlusziioy
{ ] y_ & { g P} =2 o
Tagenshzdn ldunuinazanslulasead iz gounuiszdeinnuaiienani Ao
1. SAllpznaunse lopaudvniaaiany lany 14%
2. UA1AUT (Valency) IM113
1 @ T 1] [ o EY e "
3. Aasadu IW#n1uail (Blectronrgativity) aanuiise wily Linaanuais

fnona i

® .. .. .. .. .. ..... ......
0 0.0 0.0 0 0 06 00
o 0.6 0 ® © 000
® 06000 ® 0 0 000
® 00 0.0 ® 00 00
@ .. .. .. .. .. i .. .. .. ....
@ .. .. .... .. @ .. .. .. ....
@ .. .... .. .. ... .. .. .. ..
00 000 ® 006 000
® 0.0 00 ® 00 00
00000 00000
3 ~ 1) S
EL‘U‘UL‘]J‘H?%HJU‘U Llﬂukllllﬂuﬁglﬂﬂfﬂ

, L. .
310 213 uarpsnImuBIM T Az MEVRITIWTHAIN U
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E)
2.6.1.2 aTazaveMTe YHAUNSNAD (Interstitial solid solution) NI TDLADY
A P Y ) =1 3 a 9/ 1 A 1
#30 lopouv0ImsNIzuNIngd  Avslvinamanonazamsounsnid lleglundnesgning
A o 9 ] Y] al 2 o i Y =0
pzaonvosmsniulaseaindan degin 214 Feenwnsoildlassaiwanvesasgn

B4
Hmovsonamsingy 1 duiusuihldmusadems I8 lulsunmdee

! 3 a o
51N 2.14 uamInIAza VBT TAININA?
2.6.2 Tnunanwesla@aesluloiun (K, Na, NbO,; KNN)
Tnunenday TandenluToia (K, Na, NbO, #30 KNN) laiguiinisinenluil a.e. 1954
. o @ v < =
T Shirane wazamz [8] IdMimsfinimswauiuszrndensagaovoudeaearialy
a1 1 @ wa o s a o a
dadauaienu Ao Twunaden lulewa (KNbO,) Hauiailuwes 1581GnnInuuusisual
: =) wa o a o a g a
(Nomal ferroelectric)  tag Ianden luTomwa  (NaNbO,) Hamiidiiluneufios 1sa1annsn
3 . ' 3 At a1 o
(Antiferroelectric) MINMSANEINDIT @sazavvoiNnldadiuvesmsiily K, :Na, ;NbO,
= a " ’ ' o =3
whiyTnusosnoma (Morphotropic phase boundary %30 MPB) serinumlaens Issouiinaes
A da a a 3 1 o % = - 9 3 4
wianTuanfiamafimasuanaianu naasasgln 215 KNN Jlassasrailumosona lnd
= 5+ & < 1 1 ] 9 a a [V |
Taoil losouwns Nb™ aaivinadn 9zaglug09919n3 wilaniued FCC MiAaInnIinEe
Y, o + s a = = 9 = 9
awedlesou K uog Na' fuleesuauvesoandny Ngamniivios KNN wiilaseasig
o a o | o & g ] o )
uuvees 1ssenin Hgmugimanasuelszinm 200 ¢ suilumslasumaoss Issendn
3 a A o 1
TihilumnsgTnuea  uazligunginidszina 400 Cc  Tagiimsulasuulasvlann
de ad a =1 a g a Ao g a a
o3 TsoiannInmnse Tnuea lddluwinddnnin fAtmailuaiin
3 a 3 a g a O A wa d ' =) 4
KNN uiaqmles lsdannsn limsazmniiauiama i leawuatanie - (4, =
130 pC/N &, = 0.46 P, =20.0 uC/em’ E_=13.4 kV/iem &, =500 uag T, = 450 C) [20]
1 <3 =) o A Yy ¥ A dea i u;j
pg1elsnaw Tunszuiumswmdunesves KNN e l# Idmsingnianuvuiuiugany
: : o
awsawson Idennuin (109910 Na,CO, uag K,CO, Hiyanasumaifl Av 851 uag 891 C

o _ £ 1 Y a 3 =) a 4 ~
aufay “]Na'ﬂﬂﬁslﬁlﬂﬂﬂ'l‘i'i&‘l’iﬂ‘u@ﬁﬁﬁ‘I/Nﬁ@ﬁ‘]iuﬂﬂ@ﬂ‘mm“ﬁ‘i13Jﬂ°3§ G1‘1«!‘]] f.7. 1962 Jaeger
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wazamy [7] “lﬁ’ﬁ1msﬁﬂyuﬂ'%'ﬂmﬁﬂunﬁﬁugﬂmnﬁﬂ% KNN 5&M319MsSdunosiy
Un@ fumsnadou (Hot pressing) Wudh aruvumiuduingd ldvinnsnadeugendins
W1 Fumesuulng Taeiiauminy 99 uay 94 % @@y (AMUNUILUA M EEYDS
KNN (111 4.51 glem™) 8 Tndniu s iingi 18onmsnadon Tautamalrfhiiandinms
w1 Funesuuulnd uaasdagui 2.16 01 lsfau nsztaumsnadeu dealddunuiigs 5a

1 o o
Tz lumsiutlugaemnssy
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| SRR B i i NE I PR | I 05, 5.7 A
1400 1300
L Liquid g -1300°
12001~ Tiqua +Solid . Fr00°
L [4
- 1000 Solid i P
O i Pra
2_ so0- Fe I s00°
@ L —— 4
5 aoof 400°
& .
F.
£ T Fr. | F {2007
5 300] ! : T2 ™ 300
= i :
£ 200 ‘ 200°
()]
b= 100, 100°
__E"’L'lg temp
-emp. 5
o Tﬂ'n ""'--.____ -0
N S TGSy
- o -0t
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T ~NTE? DA A T —
Y 10 20 30 40 50 60 70 B0 S0 92 94 96 93 |

KNbO, Mol % NaNbO, [note change of scale at 90%) NaNbO,

il 2.15 srudsTgnaveeds luszuy KNbO, - NaNbo, [3]

50 5
xn. ! M
= 40
S 4 <
g 10 N4 \?
o — \‘ |
) ~
£ 2 T
4 o HOT- PRESSED X
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2 o7 -
Nkl ]
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@O , ¥
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Molar Composition in percent

e} e =] a d a ] :i a oo a a gy
3N 216 audamadielwdianninuazmni ladidnnInfigunginesvesanslussuy

EY

KNbO, — NaNbO, [7]
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= 9 1 =Y e et T A = = wa o =) a g a AA
04901077 KNN uﬁuummﬂﬂﬁwm LLﬂLﬂJ@L‘]JEEJ’Ume‘UfTi.IlIﬁﬂiJﬁ'l‘iLWUIGh'ﬂLﬂﬂW'iﬂ“ﬂiJ

a

=

v g o 9 1 @ wad‘sf 1 [N =1
aenutlusenlsznoudn WU KNN gUTUUaNa0en14In ﬂﬂﬂﬁﬂ‘ljﬂﬁm‘iﬂlli"h"ﬂllﬂ"h'

4 Ea
KNN - Tdfianumuiugeiniidon  feildmslunguilldsuanuaulanmindse

= o

i sundelugae 4-5 YAk dsemanieg ldeszmindeanudfyvesdunadon
o3| ' Yt A a Y a w Ja a A kY @ 3 2 o
duediann Tasldlimsweoewaaviodn ldnaadusinduiivdedunadon duin Jaflu
o o -::‘ o Y v aw 9 o e; da o a 9/ q') @ A aaj 11&
mgnadagyih ldindse Idvundumaulvasmlesadanialdmsazmiudnasmils Tag
. o = v [ wa
Tudl f.et. 2004 Saito uazame [23] ldhimsAnmwamsiio (Dope) oliuljaauiiang
a o o a da 4 = .
Ilfhveuwsiing KNN IdvimseToussiindiiiesdilsenoudy (K.Na,Li)(Nb,Ta,Sb)O,
1 T Yt wa = a g a aa £ YA o
WU sdnsnmson ldleutiamaiie Taddaniaifn Feladifesiy pzT Tasmwy

LF4T i1 d,,un d,, gatia 416 uag 354 pO/N W 1e uaasnegalii 2,17

600
PZT
.LF4T
v LF3T
il
< 300 o LF4
% .,OThlS study bFs .PZT'l
% 200 | 2 OLFQLH
BaTiO, (Bi,Na,K)#m
~ K,Na)NbO
50 Conventional ( ) 3
lead-free family
0 | L i :

0 100 200 300 400 500
Curie temperature (°C)

gﬂﬁ 217 mafSeudfienautiafieTydidnninszninmadioTadidnnin ¥asaz i
sumadoladidnninafinzdaiuesdissnoundn (@5 LF1 LF2 uas LF3 §
gasi Tl (K, ,Nay ), Li }(Nb,  Ta O, Taed (x.y) i1 (0.06,0)
(0.04,0.10) 1A (0.03,0.20) MUAAL LF4: (K, ,Na, .,Li, ,,)(Nb, .. Ta, ,,Sb, ,,)0,
LF3T,LF4T: Texture ceramic PZT1: Pb(Zr0_52TiO_4S)O3 PZT2:
Pby ssa{Zi 4Ty 52)5576Nb6.,40; PZT3: Texture ceramic A% PZT4: {(Pb, ;.Ba; 1s)s 5655

0.48

Lag 405} (Z1,5,Tig 42)O, ) [23]
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Tuithfeai Guo wazame [27] TdimsfinynmsnausuvesansiioTadidnnin 2 aiia
flv KNN 11U LiNbO, (LN) Wy FedSinaues LN fivannnd 6% ua ssavaiuveus
I@vzilaoumann oodlssouin Tilumnsz Tnuoa uazdaunsawumariaamuys v
194 K,Li;Nb,0,, 14 ifedSumuns LN iimnnnit 8 %ua uazdanuh idieSinaves LN
wnnnauseln i 9 ldwusosdema (MPB) sevnaeaons Isseuiniumnszlnuoa
oglur29 0.05 < x < 0.06 Fuiugiiauians i lanuiiga fe d, = 200 - 235 poN
k, =038 - 044 k = 044 — 0.48 wanedaglii 2.18 () uagdamudn qquﬁﬂ%’qaa‘fmf}@

s 4 & o i
99AUIEZNOUVDY LN INNUY tannagUn 2.18 (V)
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! s = a = ] e
i 2.8 awiiamelwihwesarsiieTediann3n (-)KNN - xLN Tag (1) auiianig
= ad a 1 4y ad  a "o ot
e Tadannsn (v) masn laddnninuasmadszaoumsgadonis

ladidnnsn [27]
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Ao ludl A.A. 2006 Zhang uazame [28] Taaulafinyiwsiing luseuy (K, Na, )NbO

Y o <2 " = 1 3 o )
— LiSbO, (KNN-LS) Tagl@viimsanenlusisuinusesaoma (MPB) se1ie 0o Issouiin

" 4 _ .
fu mnszlnuen deilosrtsznenidiu 0.948(K, Na, JNbO, — 0.052LiSbO, Heraafagy 2.19

Tastianiama i Taaauunn fo @,

+=265pC/N, £, =1380 1az T, =368 °C
()
004 101 | 100°C
l100 110 Tetragonal 002 102 112
- 200 ;% 211
A | Jl JJL M L
=
S Mixed phase l
2 44
= |
7] — il
e L G A
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. 0.20
S 7000 F KNN-LS5.2 i
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S 4000} i : 2
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A ] dy o A ot = l- 3 P ad a
3N 219 (M) puumsdeanuvesdidendigungiinieg uaz (v) Aneiladidnnsnuay

1o =) =g a a o
Adalsgneumagaudena ladianninvouasiing 0.948(K, Na, JNbO, -

0.052LiSbO, [28]
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1 o a — a d a

aowlull a.a. 2007 Zao uazame [34]  1@nsAny s ingme Tedidnnsnluszuy
i ' by

(1-x)Nay K, NbO, — xBi, K, ,TiO, WU ioSmmues Bi K, TiO, uuniu 1iianis
- o a o a a ad a o o
wasumanin 9o Isseuin litlumnsz TnueauazAr0nwis18:@anMsn MINEIaY Hano It

o = [ [ o = ar 1 [l
gamnnsanuuInuIosRaa(MPB) 181119803 Isseunnumnsy Inueasylurie 0.02 <

a & g 1 & wa a o = 1 H

x < 0.03 uaasnszl 2.20 (0 Fulugrenauiamaneladdonsnlaawungs Ao d,, = 192

pC/N k, = 0.45 uaz T, 0g1u93 370-380 “C narmanagal 2.20 (v)
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2.63 Daaingannnuua (Bizn, T, O,; BZT)

= 9 L4 o P 3+ T o ]
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24 A+ T o 1 ~ a g =1 El 3|
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M3V BZT U 0ATIAIUTENIN c/a 130 ANuThimnsy Inuoa (Tatragonality) d1151)
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2 & 4 Vo 4 =t w o ' .
uClem’ FauilumrngaiionSouifouduTnssathawosenaladdug wu PbTIO, (c/a = 1.06

U

ag P, =57 uClem’) [9]

3 221 Taseadawesenalndues BZT [9]

Y [ = = a H an
M15190 2.3 AUANNFHITADS VD BZT ﬁ@mwﬂu@mq [9]

U

Temperature(OC) a=b(A) ¢ (A) v (f&}) c/a
23 3.82190 4.62803 67.601 1211
250 3.83353 4.61682 67.8484 1.204

500 3.85019 4.59973 68.1862 1.195
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A13U (Silver plate) #An TABUTHN Heraeus 31 C1000

¢ A A
aunsalazinseslioNlFlumsnanes

3.2.1
3:2.2
3213
3.24
3.2.:5
3.2.6
2.
3.2.8
3.2.9
3.2.10
3.0
302812
37213
3.2.14
3215
3.2.16
3247
3.2.18
3.2.19
3.2.20)
3.2.24
3.2.22

3.2.23

3.2.24

3.2.25
3.2.26

nsztloawanadnuioudiile
T o a a a
AnNUAYttrium stabilized zerconia mmmﬁ'umuquﬂﬂma Suanung 250 nsy
1 [ 4 a s s

gNUA Yttrium stabilized zerconia YAIFUFIUAUINAA 2 TRAWAT 250 A5

o
nszA1ENBYA (Foil)

o a aa

TANDT YHIA100 500 LAz 1000 Haaans
UALM AN F NS UNIUETS VUIR 5 HURLIAT
Foudnais
mun
ASLNTY
v = o as : 5
000UUA TN I VNI (Alumina crucible)
ATNUATT

¥

o o
ATLAIHNI WU UVDS 600 800 LaL 1000

o =
17054
W 1A oU (Hot plate) Wan J0BUSEW Fisher Seientific
4 .

109ANMUAW ( Dessicator)

ra o o ar @ 4 T o =
i lavzdmiuantu gl vunaduriuguinag 1.5 auames
1n50909 la1A3an Waa 1auLSEN Fisher Scientific
ATDIFIAINDAANVAZIDEA 0.0001 NSU HAR TABUSHN Fisher Seientific
17309 Berlincourt i@ quasistatic meter
m?amﬂdauwmmmuugﬂm
A3 09UART (Grinder — polisher)

A'i = = o = 5 & .
nsesarieIsTuTsa mesuoa o lada (Differential thermal analysis,
DTA) Wa® IaeUSEN Perkin Elmer g'u DTA 7

A a ¢ O ] o 2 ; .
NIDIAATIZUMNTYYLTIUIN uﬂiﬂﬂi‘ﬂﬂ’ﬂiﬁﬂu (Thermogravimetric analysis;
TGA) Wan lAUTEN Perkin Elmer

y [ 4 o a s o
113993 IANSABNVUYEISITENT ( X - ray diffractometer, XRD) WA
Tﬂﬂﬂ?ﬁﬂ Siemens 5:‘14 D8 Advance
17794 LCR meter HAA 1aUUTHN Hewlett-Packard Inc. 14 HP-4284

1309 IAFMNDTTA WA TAvYTIN Radiant Technologies, Inc. 714 RT6000HVA
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3.2.27 ﬂﬁ@ﬁi}ﬁ‘l’liiﬁﬁ&gﬂmBHLLUUﬁQﬂ51ﬂ (Scanning electron microscope) LEO
74 LEO 1455 VP
3.228 gavmsgunnilszua 200°C wan Invu5HM Fisher Scientific
3.229 e Irlihigamaiige 1200°C #Aa Taun3HM Nabertherm
A a s  d - - ow .
3.2.30 A5090aA5119Tnd Wan 1AuUTHY Fight

4 a = a o d a a w i
3.2.31 nTeeaviesuden aunuiie AneIsnos Wan 1asuSEN Perkin Elmer

3.3 ASTUIUMISINSUNHINAN KNN — BZT

= =S g =Y aaa o
3.3.1 ﬂ1‘§LﬂiﬁNNQNﬂﬂﬂ?ﬂ!ﬂﬂuﬂﬂ{]ﬂ‘iﬂ]ﬁﬂ"lﬂz‘l]ﬁ)d!!mﬂ
o = ) aaa =] g
PIMTIAT UUNIHAD (I-x)KNN - xBZT TﬂﬂrﬂﬂuﬂﬂgﬂSﬂmmuwﬂumd (Solid state

ar u:; qs.: c{/:s = q" 9 U
reaction)  UAAIAIZUN 3.1 MnensaduRTANULTENFEY TANA K,CO, Na,CO, Nb,0,

v b
v |

Bi,0, ZnO uag TiO, laveduaunisiaiii 3.1 Al

(1-0)K,CO(s) + (I-x)Na,CO,(s) + 2(1-x)Nb,0,(s) + (2)Bi,0,(s) + (2x)ZnO(s) + (2x) TiO,(s)
———»  4[(I-0K, Na, NbO,~xBiZn, Ti,0,](s) + 2(Ix)CO,(g) (3.1)
4 ar L} é r— o )
o x AndadiulasTua F98a10.10 0.20 ax 0.30

& =1 ~ z:’lu '
141N a15 K,CO, taz Na,CO, umsnminsagannuinuazeylugivos lansamle

=

o usj 1 o o o o I~ [}
(Hydrate phase) farunowmi i1y szdeniildeunigaivgd 230°c dlunaietailos 24
@ ' i ) = ' a A o ke 47 @ 1 P
Flua Aewduen Wl lumsmsouasde 1 SumsmSouninmsdamsdadumudadui
doams dearumsdl 3.1 udniunldlunseiloawaradin Ausseanua Yirium stabilized
. = ¢'| ) U dli =y Y a 9 4o 1 3
zerconia tAveMueand llimesaolumsvasau Uarhldaiin udnilusdesnaumsdin
4 " =] @ ° '
INTEIUATEENANS (Ball — milling) 1Tunatiy 18 F1Tue s ldudedrmamurinlinm
) 9/ o 9 T [l I~ o Y 9. (= ;’f [
sounsBunUMIURANTIAIsuumman 1hldenliudsatin sxmiuismaneaulszanm 1
at d‘l o U 9 a dr. 1 =Y (e §
3y e ldnaeudomain DTA uaz TGA ey asgamgilumsuna lmidely) e
{ 1 1 a = a o o’ 1 ad
werwiimaouwialdludawogiiun Yarhldaiin udni ldwnunalsniluggangiiiniden
a a [~ ™ @ 3 = o @
M3AATIZH DTA uaz TGA 1lunm 2 1113 8nT1msTu/asgungii 20" C/min lasody
e o o { 3 o c:. = =Y
wrvdsmisuaa lnfdaaaalugali 32 amiuihmed1dldassaevsiiaveuradlomain

v
P a &
MIAEAVUVITITONT Ao 1)
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K,CO, | | Na,CO, § Nb,O, | | B0,

Zn0O TiO

RS

- o o 4
oungamgii 230 Ciilu ||

a1 24 ¥4

i

s
3
%
§
E

uagesazHaNmsuuUinalugnua (Ball milling) Tuenmuea iflunar 18 Falaa

e

— - e B e e
L R R S N S A R R R DA B

T I R T
A R S e R o TR TR RS

FEMYRMUDAN 120 C /10 B,

.z ) : 22
DTA,TGA d
S ———
VR e T
>

XRD

= as g a = adad [aaa =1
;il‘i.l‘n 3.1 UHUATEAIUUADUNTMTOUNIHAN KNN - BZT 'IﬂU?ﬁ?“ﬁﬂﬂﬂiﬂ?ﬂﬂ’]ﬂzﬂjﬂﬁu'ﬂﬂ

(Solid state reaction)

.

Temperature

time

! v ¢ ad o
U 3.2 wwudsiaaamsimuna lad (1_fe gamgiinldlunswuna )

a a

o RS
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a a ¢ d o
3.3.2 MamsENpIRanAIsmatam singeen lyauuuaeItHRa M
o =) a o o o o’: ar =
TAMmsmi o (7-)KNN - xBZT faumailaiindeon leduuuassiunounansdagii

3.3 laBiSu9InNSIAS oL KNN fou laeodoaunisn 3.2
K,CO,(s) + Na,CO(s) + 2Nb,0,(s) — 4K, Na, [NbO(s) + 2CO,(g) (3.2)

MIATOURY KNN 39 Taeo1de s mamudeddumsmsoumdiomaiind §isoianiug

d o o 1 9 v ¥ oA 3 o a 9 ' Y =
ousAsAna A luIten 3.3.1 navuihweidumskauudnldasludivegiiu
A o o o o o ) s é’i’ a o .
Weimsruaa laningungi 900°C Wunm 2 ¥3Tus sasmsiu/asgungil 20°C/min

o o @ o ot o y @ Y =

Tavordounudamsuna ladduanlugdn 32 simhuineildluaseaeudomaiinms
;:ly o et ¢ A M o a d o
o7 1uvasisiend (ivetudunsiinveunawesowa lnAod1eauysel

3 o = &4 a 9 Qs 4 " A = o
INIUTIH KNN Usgnsimssn ldunauiy Bi,0, ZnO uag Tio, IHOIATUITI UM

(1-x)KNN —xBZT lavh x fisutly 0.1 0.2 uaz 0.3 Tawordoaunish 3.3

(I-x)K, {Na, ;NbO,(s) + (2)Bi,0,(s) + (x/2)ZnO(s) + (x/2)TiO (s)

———  (1-9K, Na, NbO,~(x)BiZn, Ti, .O,(s) (3.3)

MIMTBNRA KNN - BZT 9291 Iagoids3smsmuneldumsns susdomainidnaann
laduuuialy dfindnnedaluiadod 331 vntriahmeiiimmsraundanldad
favegiin TachWaiin udnivluimamuna lmifoanai s0°c dhuam 4 92w §a91
nmﬁwﬁﬂqmwgﬁ 20°C/min Tavordfunmuifimsuna lanidananslugili 3.2 mnihniwei
18 lnsnaevaiinveana drumaiinmsasuunyeiadondaeld

imsanunSsufeumaiamawSonnzioiimmeay  Tupsdunszimmanii
ATaNig wiamniy iownaiauaztoulafiaian 11 lumsduasieinain
(1-)KNN — xBZT Tawit x i 0.005 0.010 0.015 0.020 0.025 0.030 0.050 0.100 0.150

0.200 0.250 LA 0.300 Ao 14/
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Whinat 24 ¥21u4

R R
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vadesuaznanmsuuuilndlegaua (Ball milling) luremuea Whnar 18 $31ua

= -

R R P

S O R R B e S

sZIHenaMUoaT 120°C /10 h

S

v

=

]

wnunalyinaamal 900°C

Wwina 2 ¥alua

=Y

u

|3 T e T e

TR

AR S R ST Y R R

A 4

TN EIRFPRRTE] I
|

Ha KNN U3qns

Bi,0,

¢ -}
= #
]
U] )

TiO,

uagestazHaNm suUUAlund18gnua (Ball milling) luemuen ifhuna 18 ¥alua

o e SRR DR S

T R «U] .

sEIMgeMuUeaNn 120 C/10 h

2 354

Sosath

B

SRR BT RS watins

¢ Bl
wouaalasl |

vt

\ 4

HIHDN KNN-BZT |

R e T
EHNRRA AN o

Pt s

T el e et g ]

XRD

=
i

R A AR IS h i e P AR

307 3.3 unudsaasduneunsas urme KNN - BZT Tav3sindeen lemuuaoiunou

(Two stage m

ixed oxide)
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= a d
3.4 DISUIUNTAIBNLE IINNY

Ce

Yo = a o o A = P o ° &
hlﬁm']ﬂ'iﬁmifJiJL%"i']ﬂJﬂslfIﬂfJﬂ']iu']N\ﬂ’]l@lﬁﬂllnlﬂﬂSﬂﬂgﬂig'ﬂ’]ﬂ! 1.5 54 UININIToRvU

e

71 (Pressing) Taold PvA anwuiduduiosas 5 Tamimiinitudnlszan (Binder) ial¥ws

o g A:g qy [ ' L4
meiuldann  Taoduglisuouliidnsaznan Dise)  vinadurkmguinas 13
a a o o (=Y o 9 2 ] a g [ ) =
Hadwas Mimsda luwiiui lavedranaioswwaluszuylelasandronnudu 3 du funm

4 E? A o ; o o a o v
1wl deldduaundadugiuds (Green body) vhlilimsmndumesiuuiialiTaslddqe
¥ ¥
=) a . o a v A = <
pgiiuMUUAeIFU  (Double crucibles)  Tagtiuorruniuudaiesludlsogiuivuiamn
£ Y E4
nniuhmInauIuauAIene KNN - BzT siniulladhidain udnihlillddoeqiin
1 o g a = 1 ' [ a
wnalvgudnavivdenseglun - TasuSnusessesznhadisfurvesdioogiiuiuiag
3 99 ¥ a o\ 2 o
mnlinaudiens KNN — BZT Bnaasaniia iensuguussoimalumsmnuasilosiuns
£ T i E
- szmvvesmseennnyuiulusznienhimamn ldinnfiga  vimiunaudlonsogiunld
3 - oA a w = & o = o o
wudeegiivvnalug Jarhldadin fugun 34 s llenduneiigamgiiieg

ol

Alumina powder

KNN-BZT powder
Sample

Alumina crucible

T Fl ¥
U 3.4 msvaGeasuauludlisegiviuuuanadu (double crucibles)

= 7 a o 1 = o <3|
Tunszuaumsndumesvoussiiing szdoshmswusigungi 500°C a1

"
o

& & X & ' i o o & o 4
SRR DATUNNUUUDIYUNNN 2°C /min ou Wofida PvA aon'ld mimiudatimsdiy

ag Vv é’ [} -~ qcis) = L4 o 1 )
panillvgeiude landegamgindesmsndumes Taskimawnurdunar 2 $lug

L]

¥ Il
9NIIMIVU/A990IgUNYHN 5 C /min uAAIAIg1? 3.5



41

Ts

Temperature

500 'C

time

a; w a o A ad a/ a o,
E‘lh"l 3.5 HNUHILTAINITIHIYUIADT (Tsﬂﬂ qmwﬂuwhﬂluﬂmmmumas)

a

3.5 MINTIVAVUNGANITINNIWANNFOM [37]

3 =4 o/

b4
o = @ 1 4
1%ﬂ1ﬂ1‘iﬂﬁﬁﬂﬂWﬂﬂﬂiiNVI'Nﬂ'ZI"IiJ%Jﬂu‘UE'NHQHﬁlJtT"I‘EFNﬂH m‘lnmunmmxma"lcﬂu

& o o 1 ad [ ' 1 B 9 o
Faillse Towilumsmanesgauginnnsanluniswnaaland  Teomwizediavaduilu

W

ad a

msdndei linnunneny  doyah Idvzanemindeyaninedeeiugigunginnams

= A 1 1 a ' o o
nlasunlaaavesms Fazyislumadensgungilunisuna lnildunuadld dmin

¥
S w A

3 o = = oo L) d y
AUl ldimsAnunganssumannudouvenaraunds ldmumsunalanl  droaTe

=y o = :’ w Y Y = o = a =1
ansimsgy@ahviinlaglinnuiow (TGA) wag  almlaiiswdvamosuoaou lade

o

Vv
a o o
(DTA) TaolFanzlumsimsizviaail

pgaungilunsiingizd 50— 1300°C
é’ﬂﬂmsﬁmmqmﬂqﬁ 10°C
UTinavesasaantia 20— 30 mg
vssnman 1 lunsdnse A lu Tasiou (N)
975105 Inaueenies 1w Insmu 20 mL/min

d : LY
3.5.1 Innzimsgaanihvminlaglinnudeu (TGA)

=

=] A A g Yo : w W l A~ = '
Lﬂutﬂiﬂﬂﬂﬂﬂi“ﬁ'}ﬂuﬁmUﬂ‘llﬁlﬂﬁ"l'iﬂ?ﬂﬁﬂﬁ LlJ@lJﬂ']iHJﬂﬂul&ﬂﬁﬂnﬂ“ﬁ’l@@mﬂgﬂ 117
° a A Y o a
nanes wiiluszuuia nTesezlsznoudlemisn (Fumace) 3 TUsunsuniuquguugil
@ =1 @ o’} w 9
(Temperature Programmer) ﬂ']‘iJﬂJJ‘]J'iSU"IﬂWﬁ AUAU ummwumwaumuﬂw1mﬂ5:na‘u

=] 4 = a o ey @ < " a do  d
TGA ihunseadenlFlumsimzdmnianennuionveiag  Wungumaiiansuiy
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) a a as ar ' 1 a o a = a = o
fT']“r‘T'i‘Uﬂ'IS'}Lﬂi1$ﬁﬁﬂﬂm$m1ﬂ']$ﬂﬂﬂ'}ﬁﬂﬂ1\3 q U IWﬁLﬂJ@i TITIUNTY MTOUUNTY
= o s a A = s wea Y o =S o
wsiind Tavg wazdagnalUdu q msdmsgdauianeanudon Wumsimazims

b
o

{ e = = a = = d
nlasundasania manenmniemauniivesTagniuiugungiuaznm wan1sinazrz

Tidoyanuiiy  audanmennwden adosnmaennuiou  @dssamdomaialfase
v ]

pONAATY  UardRBEMIAIUNITUIUMINIA NN ouYesTan  TaoimsAnyniming
vwlidedimsuldounlatgungd  anwdeuiiiageanionts  Weianisnldeunlag
o 4 v & v = -
gamgiinionm  wasmalasuulasvinavesiog  Fununeldmsultounlasgumgi

=)
HIolan

ada

d ¢
3.5.2 navlvlesiswysamesueasinlada (DTA)
ielmafalgnsounil msnfasuma niemsulAsuaoiuzuosns s ldiRams
n:i 3 = dy ) et d‘q =) = aaa
nldsulamennuiowisduaunsansnaenlalagds DTA doinsanmaRalase
1 . b 4 ¥ ¥ 0
Tuaumish 3.0 uag 3.2 wud Uffseuniininavuiu msdsdurzdosgandaaudh e

¥
= =

s 3 ar 4 o 0 kY
amiuszsznhauan loooununenlesou Welimsgandwuesi lifamsigumaiigau

U

1
=1

AR NMIede ihlddunenamvesgungilin 1d 3un91 Exothermic peak tagiomsih

aan ar =1 s @ 1 = o d
ﬂgﬂﬁmnmanﬁwm F13RIVYIIEUNTANWNTINUDONU (Endothermic peak)

= a 9/ a a=°l’ o = d
3.6 ﬂTjﬂﬁ?‘ﬂﬁﬂUWE]ﬂﬂ‘iﬁﬂﬂ'l'jlﬂﬂ!wﬁﬂﬂmﬂﬂuﬂﬂ1§!ﬂﬂ’3!ﬂﬂ’ﬂ€lﬂ‘§\3ﬁ!@ﬂ“ﬁ (XRD)
o @ oAy v o a o ° - a
msdmedwn ldvinmawuaalaniuazmsimndunos  llvmsdnsmginisums
Py - ¢ : A & g Sl ST lq o a ¢
QUAVUYBISITONT (X-ray diffractrometor ¥30 XRD) Guihuniosiionldlumsasiviigad
ar et 1o o 1 3 r dy w
EAANYAN I 1a 015879619 (Non-destructive method)  1agl9mann1saenyuueasad
4 P k) - a [l — ] a =3 o 9/ o
PNy NANNITNUMTINANUOIMITAIDENMIINANIRY Han TR IR Idezgniia )
= - o 9 A o o a i a &
nlsvuifsudugudoynasgiu eszyigninessszaeuvessdretna Tavindndanes
- = Y I~ n’z’ 2 w =) =v dy 1 [ = 1
UANHUENSEEIAIv0ZADNTUTY 9 FeanbaznsEoaniazuanaeny U lunanusas
~ 4 o 1 [ A v oad o £ o 3 a o v aad o
¥ua Futluaunnz@ lipSIddnEANN T NUNANIEI IRIARNINI T avess sdidndanya
1 dy =~ f é T [
seuumant Taudlulidawnguesuusn (Bragg's law) @aesannsamszozriasening

9 o o
seu1v1d Tesoduaunisn 3.8
2dsin® = nA (3.8)

) d A9 FEUZHINTEMINITSUILUOINAN hk

A A a J @ o
0 fo HUNINANTTIAEIUUHUDITITLONY
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o =
n A9 @ weulen (n = 1,2,3,.....)

y v ot ' 3
A e anvrnauvessidenan ldvindhnewmaliail.s4056 A

v
s

¥
Tuamideil 181Fan11z lunmsdnsziagil

gamgilumsiasgr 35"
34 20 3R - ?:uqﬂ 20°—80°
Step size ' 0.02°
Time step 1 sec

Sy v

z::y [ o o g =
oyai lanaramsenuvesadens  awisaunldwisedsznoumanil w3

e

3 = g '

i1

s s -] o =Y as =§
IATaa I aNaNUBIIsA0619 14 vennmiudeauisaimmsmuiamSinave unandna
= I~{ ol A 4 a @
assahudumeseda lndiineiuluFaSouioudumanlanlaoy  (Pyrochore)  Taw

DIAYHUNITN 3.9 [17]

| X100

. h, perov.
UsTuavaaandan (%wt) > (3.9
|

perov. I pyro.

o
1319 I o anudugagavesiia XRD veavmmnosavla lnd

perov.

Lo A0 Anudugegavasiia XRD voarlawmlant/aon

3.7 MIASIVFOVANUANIIMYMN

r 7] d
3.7.1 MIHIMANNHUMYY (Density HID 8) UAZAIANUHMUUTHANT (% TD)
° oot 1 =Y fad A ar s I a a 1
mmammanurnunuuIsussiingnmiend Tagerdondnnmsuesisanag finan
l!lnfl “d:i 1 < = aa ‘95: . o n’z’ A a d? =
N e guvesidsasluvourad szlusangaifatunuvewdaiuTaousangaihaiu
1 o f @ P i = o ad o o =) o
AwnnhminvesmangnunuidlSuesveseuder  3Emsilaswesdingn
Yo LA iy o o dg @ y J
w3enIdihunduluihndu Tasldbndumudamsdndiuna 5 $1lue e liiud'lyl
= a o a o o & vy v 2 a oy Y o @
ununemieieglugnguvoudamsiing ninmiuns 3 1dEusuiegamgies udwihmss
o . ar g s ey 4 ¥ o o d a o Y 3
hrinasingnonh lasmsunuiveni du w, simiuiudamsiing 1oy lduds
- a o a ' & 5 & P ow g
Tugdoviigangil 120°c unaedindos 24 $Tus udriah luFmmhninluememih

k4 o o 1 [ {
W, 1333 shimsfuamanunuiua s 3.10 [38]
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W
. (3.10)
W, —W

=

i a :
2 ANUYUINUUVDIUL I T1UNY (g/cm‘)

v

f

-~ : ar a S W 9 :’

w, fie hminveassidngnda lalui (g)
- o Y a o o Y :’

w, Ao dmtnveusiinagg 1d i (g)

by

P Ao ANUMWIMUUYENTI A gaNINIA (g/em)

dyw ° " 1 o @ =
‘LJE)ﬂ’ﬂ']ﬂuﬂﬂf’ﬂll"liﬂﬂ’]u3&1!'14']ﬂTﬂ'ﬂll'ﬂH"iLm'uﬁ‘LIW"V'I‘ﬁVL@EIJ%'IﬂﬁiJﬂWEVI 3.11

%D =2 %100 Gy
Prp

A A sl o " @ ' -
Lo %TD A0 Lﬂaiwuﬂmmwumuumﬂuﬂumm*r'rmuuumawqu;]

= " o 1 3
P A ANUMMULUYDIATAIOEN (gem®)
Prp fB ANUHUILUYDINTAIDSNAUNGYE (g/em )

' @ a a o d - -
3.7.2 mimmmmﬂmmaawsmncﬂmamsmwumm (Firing shrinkage)

as o a d a o = ar s o d @
MAINTINS TR0 g 1ANhFUNINATIVIAN AR VOIS 1INT 1A

Vv
W TugUuoeamanadndalsunns (Volume Shrinkage) Iaofuannian5iasvesiuany

ADULALHAIMTFNTIADS lau0INoanI5N 3.12
2
V=mn Xd (3.12)

= =1 = o
(19 V  fe dSuasveadiaeiiing (ecm’)
o

A <1 a o

I3 A0 IANVDUUALYIIUNY (cm)
=
fl

< a
B ANUVUIVDUUALYTIUNY (cm)

Y &2 o a [ a o 4 = ) =) T a 4
LLﬂ’J"\]Qu'lﬂiﬂ’lﬂiﬂﬂ\iﬂWiLN'I“ﬁumﬂi (V2 ) uTL”lJSEJ‘]JWIEi“lJﬂUﬂﬁN?ﬁ‘iﬂ@Nﬂ?‘iLW?“ﬁHlﬁﬂi

4 o Y o o ar o
(V) wivesunnnniosaznisnadiveussiiing lase1doaunis 3.13
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§ = —— X 100 (3.13)

é.ll =1 g s a «
LU S D IDUAZNITHAGNIVDILYITIUNY

= 1 o = e o w
V,V, Ao dfinasneutaznaimswndumes amdiay

3.8 MsasvaaUaNdama vy
o ar [ P a o =y 1w S a o = o o
wimsasndamasilainnin wasmdalsgneumsgydoladidnninvouasiingh
= Y A e; = = = o a St Y
w3y ldfeuiumsnlaouulaswesgungiivazanud  Tasduasindidesnisnadoun
b 1 '

mmsvaliGounazunuiuniaesmih laoldiniostaas (Grinder — polisher) NiinszATH
o o = P a a o
NIWILDT 600, 800 LAZ 1000 MIUMAY (5 1HNGN lanaunIdseum 1.5 daawas ¥
3/ & o a e = ° ' & 9 )
ANuazoIARdunseIdanT lating Wunar 30 Wil ey ldanuiuludougunnil

o =1 ) o ¥ ' o J = T a e
100 C iunan 1 $le Faanumu uiuguinaauaziuivrhdaveaas ingnag
a o o eg: = =Y gy, =Y Jg
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Abstract The binary system of (/-x)(K2Nay2)NbO;—xBi(Zn,, Ti;2)03; x = 0.0-0.30 ceramics was
fabricated by conventionally mixed oxide and two-stage mixed oxide methods. Phase development
of calcined powders and the crystal structure of sintered ceramics were analyzed by X-ray
diffraction (XRD). The microstructure analyses were undertaken by scanning electron microscopy
(SEM). In the conventional method, the perovskite phases were obtained for compositions
containing only 10 mol % KNN. For compositions above this amount, a complex mixture of phases
was observed. However, the complete solid solution of perovskite phase, prepared by two—stage
mixed oxide, was retained up to 20 mole % BZT content. The experiments in this study suggest that
the two-stage mixed oxide method helps to stabilize the perovskite phase better, when compared
with the conventional method.

Introduction

Piezoelectric materials based on Pb(Zr 4 Ti)O3 (PZT) ceramics have been widely used, due to their
excellent piezoelectric and dielectric properties at the morphotropic phase boundary(MPB) [I].
However. the use of lead-based ceramics has caused serious environmental problems because of the
high toxicity of lead oxide [2]. Alkali niobate KosNagsNbO; (KNN), a solid solution of
ferroelectric KNbO; and antiferroelectric NaNbQs, is thought to be a promising candidate for lead-
free piezoelectric ceramics because of its high Curie temperature (420 °C) and large
electromechanical coupling factors [2]. Bi(Zn»Ti;n)05 (BZT) is a ferroelectric, which has a Zn™'
and Ti*" complex on the B-site of ABO; perovskite structure, with a tetragonal symmetry [4, 5].
The BZT exhibits a high 7. and tetragonality enhanced through solid solution with PbTiOs[4].
However, BZT is unstable in pure form and can only be stabilized under high pressures or in solid
solutions with other perovskite end members [3, 4]. In order to develop lead-free piezoelectric
materials, KNN was used for this research to stabilize the BZT perovskite phases in a solid solution.
Both the conventionally mixed oxide and two-stage mixed oxide methods have been used in
synthesizing the KNN-BZT ceramic. Finally, a comparison of the important dielectric properties
was made to identify the optimum processing conditions.

Experimental

The (1-x)(K2Na2)NbO3—xBi(Zn 2 Tijn)0s: x = 0.0-0.30 lead-free ceramics were prepared by the
conventionally mixed oxide and two-stage mixed oxide methods. Both methods used high purity

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of the
publisher: Trans Tech Publications Ltd, Switzerland, www.ttp.net. (ID: 161.246.1 .37-20/08/08,02:48:39)
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AR grade KoCO; (99.0%), Na,CO5; (99.5%), BirO3 (99.5%), NbyOs (99.9%). ZnO (99.0%) and
TiO, (99.0%). Alkali carbonates were used as a starting material, which had been treated carefully
by a special drying process before use. These powders were placed in an oven at 230°C for 2 days
and then stored in a moisture-free vessel. For the conventionally mixed oxide method, KNN-BZT
ceramics were prepared by mixing starting reagent powders in the desieved stoichiometry and ball-
milling in polyethylene, with ethanol and stabilized zirconia (YTZ) media, for 18 h After drying.
the mixture was calcined at 850°C for 4 h. For the two-stage mixed oxide method, (KgsNag s)NbO5
(KNN) powders were prepared first, followed by a reaction with Bi»O3, NbyOs and TiO, to form the
KNN-BZT solid solution. Uncalcined powders were weighed according to the following chemical
reaction equation and characterized by TG-DTA (Perkin Elmer). The microstructure analyses were
undertaken by scanning electron microscopy (SEM, Leo 1455VP). The calcined powders, with
polyvinyl alcohol (PVA) added as binder, were pressed into pellets of 15 mm diameter and ~ 2 mm
thickness, and sintered at 1,000°C in KNN-atmosphere for 2 h in a closed alumina crucible. For
dielectric measurement, sample surfaces were polished and painted with silver paste. Dielectric
properties were measured using an LCR meter (HP-4284. Hewlett—Packard Inc.).

Results and Discussion

TG-DTA curves are given in Figure 1(a) and (b) for the conventional method (K,CO3, Na,COjs,
Bir0O;, NbyOs, ZnO and TiOs) and two-stage method (KNN, Biz0;, ZnO and TiO,), respectively.
The TGA curve, showing overall weight loss, was equal to 32.5% for the conventional method and
~24.5% for the two-stage method. The DTA curve showed an endothermic peak positioned at
around 114-197°C and 115-179°C for the conventional method and two-stage method, respectively,
which associated with the decomposition of water molecules. Furthermore, the TGA curve showed
a 4.37 % and 3.51% weight loss at between 400°C and 600°C for the conventional method. which
associated with the decarbonation of K;COj and Na,COj, respectively. However weight Joss was
not observed at all in the same temperature for the two-stage method.  The endothermic peaks,
appearing at 850°C for both methods, should be correlated to the phase transition of perovskite
structure because there was no weight loss on the TGA curves. These data were used to define the
calcined temperature of the perovskite phase.
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Figure 1 TG-DTA curves for the powder mixture of the starting reagent for (a) the conventionally

mixed oxide method and (b) the two—stage mixed oxide method.

XRD patterns of the sintered (/-x) KNN — xBZT ceramics for both methods are shown in Figure
2(a) and (b). In the conventional method, the perovskite phases were obtained for compositions
containing only 10 mol % KNN. For compositions above this amount, a complex mixture of phases
was observed. However the complete solid solution of perovskite phase prepared by two stages was
retained up to 20 mole% BZT content. The experiments in this study suggest that the two-stage
method helps to stabilize the perovskite phase better, when compared to the conventional method.
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Figure 2 XRD patterns of the (/-x)KNN - xBZT powders calcined at 850 "C for 4 h, obtained by
(a) the conventional mixed oxide method and (b) the two-stage mixed oxide method.

ftm

Figure 3 SEM micrographs of the (/-x)KNN —xBZT powders calcined at 850 °C for 4 h, obtained
by the conventional mixed oxide method with (a) x = 0.1, (b) x = 0.2, and two-stage mixed oxide

method with (¢)x=0.1 and (d) x =0

VA

Figure 3 (a), (b), (c) and (d) show SEM micrographs of KNN-BZT powders for both methods, in
which the average particle size was seen to increase with increasing BZT. However, there were no
significant changes in grain size in the different preparation methods. Dielectric constant (g, and
loss tangent (tan (8) at room temperature in both methods are shown in Figure 4. When compared to
the conventional method. the two-stage method produces a slightly higher dielectric constant as
well as a lower loss tangent. This may be attributed to the heterogeneous composition of ceramics
synthesized by the conventional method. These results indicated that the two-stage method helps to
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stabilize the perovskite phase and produces ceramics with better dielectric properties when
compared to the conventional method.
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Figure 4 Diclectric constant (g;) and loss tangent (tan (8)) of (1-x)KNN-xBZT ceramics at room
temperature.

Summary

The properties of (1-x)KNN-xBZT; x = 0.0-0.3 ceramics prepared by conventional and two—stage
methods were investigated. Perovskite phase formation behavior and dielectric propertics were
found to depend on the the methods of preparation. In the conventional method, the perovskite
phases were obtained for compositions containing only 10 mol % KNN. For compositions above
this amount, a complex mixture of phases was observed. However the complete solid solution of
perovskite phase prepared by two—stage mixed oxide was retained up to 20 mole % BZT content. A
better diclectric property was found for the ceramics synthesized by the two-stage method. The
higher chemical homogeneity in ceramics synthesized by the two-stage method is the main reason for the
higher dielectric constant.
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obtained.

Lead-free ceramics based on potassium sodium niobate [(KosNays)NbOy; KNN]-bismuth zinc titanate
[Bi(Zny5Tig5)0; BZT] were prepared by the modified-conventional mixed oxide route with normal sin-
tering. The crystal structure and ferroelectric phase transitions were studied by means of X-ray diffraction,
thermal and dielectric measurements. The ceramics with perovskite structure were in orthorhombic
phase at x <0.010. When reaching 0.01 <x <0.03, they became a rhombohedral perovskite structure;
and with increasing BZT content, cubic within the studied composition range. The phase Bi;Ti»0; with
cubic structure began to appear at x>0.25 and became dominant while increasing the content of BZT.
Furthermore, the phase transition temperature of orthorhombic~tetragonal (To_t) and tetragonal-cubic
(Tc) decreased when a small amount of BZT was added. As the amount of BZT concentration increased,
the structure became denser, and well developed grain morphology with almost no porosity was finally

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Lead-based piezoelectric ceramics have been a subject of fun-
damental researches and practical interest for many years [1]. They
exhibit a great variety of physical behavior and, due to their excel-
lent properties, are widely used as sensors, transducers, actuators
and multilayer capacitors [1,2]. However, because of the toxicity of
lead oxide and its high vapor pressure during processing and the
requirement of environmental protection, lead-free piezoelectric
ceramics have received much attention over the past decade [3,4].

In recent years, (KgsNaps)NbO3 (KNN) has been considered a
promising candidate for lead-free piezoelectric ceramics because of
its high Curie temperature (above 420 °C), good ferroelectric prop-
erties (Pr=33 wC/cm?), large piezoelectric longitudinal response
(d33 ~ 160 pC/N), and high planar coupling coefficient (kp ~46%)
[5,6]. However, it is very difficult to obtain dense KNN ceramics due
to the high volatility of alkaline elements at high temperatures. To
improve densification and piezoelectric properties of KNN ceram-
ics, various additions are added into KNN to form new KNN-based
ceramics, such as KNN-BaTiOs [ 7], KNN-SrTiOs [8], KNN-LINbO5 [9],

* Corresponding author at: Materials Science Research Unit, Department of
Chemistry, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang,
Bangkok 10520, Thailand.

E-mail address: naratipcmu@yahoo.com (N. Vittayakorn).

0925-8388/S - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016(j.jallcom.2008.12.096

KNN-LiSbO3 [10-12], KNN-LiTaO3 [13], KNN-(Big5Nags)TiOs [14]
and KNN-LiTaO3-LiSbO; [15].

Bismuth zinc titanate [Bi(ZngsTigs)O3; BZT] is a new lead-
free polar compound with a calculated ionic polarization of over
150 .Cfem?, the largest calculated point-charge polarization of any
previously reported Pb or Bi-based perovskite [16]. The tetragonal
distortion of BZT, quantified by a c/a ratio of 1.211, is the highest
reported for any lead based perovskite or Bi based compound [ 16].
However, BZT is unstable in its pure form and can only be stabilized
under high pressures or in solid solutions with other perovskite
end members [17,18]. Recently, it was shown that the addition of
BZT is effective in enhancing the tetragonality and increasing the
transition temperature of PbTiO3 ceramics [19]. However, there
were no systematic investigations on the solid solution of KNN-BZT
ceramics. In this study, a small amount of BZT was used to partially
substitute KNN. The influence of BZT addition on the sinterability,
phase transitions, and electrical properties of KNN ceramics was
investigated. This article may provide an alternative approach for
the development of lead-free piezoelectric materials.

2. Experimental procedure

(1—x)KNN-xBZT ceramics (x=0.0-0.3) were synthesized by means of a
modified-conventional mixed oxide route. High-purity oxides and carbonates,
K;CO3 (99.0%), NaC03 (99.5%), Nb; 05 (99.9%), Bi; 05 (99.97%), Zn0 (99.9%) and TiO,
(99.9%) were used as starting materials, which had been treated carefully by a spe-
cial drying process before use, particularly for sodium/potassium carbonates. These
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Fig. 1. XRD patterns of the ceramics with different BZT contents.

powders were placed in an oven at 240 "C for 2 days and then stored in a moisture-
free vessel. In the first stage, K;CO5, Na;CO3 and NbyOs were thoroughly mixed in
the stoichiometric ratio, and then calcined at 900 "C for 2 h to form (Ko sNag 5 )NbO5:
KNN. In the second stage, the precursor (KNN) was mixed in the stoichiometric
ratio with other starting materials. An excess of 2mol% K,C0O; and Na,CO5 were
added to all compositions. After drying, the calcination was carried out at tem-
peratures ranging from 850 to 900"C for 4 h according to the compositions in a
covered alumina crucible. The calcined powders were mixed with 3 wt% poly(vinyl
alcohol) (PVA) and then uniaxially cold-pressed at 150 MPa into 15mm diameter
pellets. Following binder burnour at 550 C, the pellets were sintered in sealed cru-
cibles atbetween 1000 and 1100°C for 2 h. For phase determination, X-ray diffraction
(Bruker-D8 Advance) was utilized in the 26 scan range of 20-80" using sintered pel-
lets.Prior to the electrical measurements, the pellets were polished to obtain smooth
and parallel surfaces. After polishing, a silver electrode paste (Heraeus C1000) was
applied and then fired at 650C. An Agilent 4284A LCR meter was used to measure
the dielectric properties. The capacitance and dissipation factors of the samples were
measured at 100 kHz; the temperature varied between 25 and 500°C, and a heating
rate of 2 "C/min was used during the measurements.

3. Results and discussion

Fig. 1(a) shows the XRD patterns of the (1 — x)KXNN-xBZT ceram-
ics. It was clearly found that the phase structure in x <0.20 was a
perovskite phase, with no any secondary impurity being detected,
and a small amount of secondary phase Bi,Ti; 07 could be observed
when the content of BZT increased to more than 0.20. The charac-
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Fig. 2. Lattice parameters and unit cell volume of the ceramics with different BZT
contents,

teristic peaks for Bi;Ti; Oy were identified by comparison with the
Powder Diffraction File No. 23-0118.

Based on these results, it can be concluded that the BZT com-
pletely diffused into the KNN lattice to form a solid solution when
the content of BZT was <0.20. At 0.0 < x < 0.01, the ceramics showed
peak splitting consistent with orthorhombic symmetry. However,
with increasing BZT content the separation between diffraction
peaks corresponding to the orthorhombic phase became nar-
rower and eventually merged into singlet peaks at about x=0.015.
The observed symmetry transition was diffused and there was
no boundary composition seen separating the orthorhombic and
rhombohedral phase. No marphotropic phase boundary was found
between these phases. Fig. 1(b) shows a close up of the diffrac-
tion peaks illustrating the evolution of the structure as a function
of composition. The (1 — x)KNN-xBZT solid solution ceramics begin
to exhibit rhombohedral structures approximately at x < 0.01. How-
ever, the rhombohedral symmetry remains in a limited composition
range. The cubic structure starts to appear when x is greater than
0.03 until x=0.25 approximately, This is because the addition of BZT

6000

3000 -

40

3000

18 196°C

Relative permitivity (g )

200
Temperature (°C)

Fig. 3. Relative permittivity as a function of temperature of ceramics with different
BZT contents.
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Table 1
Physical properties and dielectric data of (1 - x)KNN-xBZT; x =0.0-0.3 ceramics.

M. Sutapun et al. / fjournal of Alloys and Compounds 479 (2009) 462-466

Composition (x) Crystal structure Density (g/cm?) ®T.D. Relative permittivity (&) Transition temperature (“C)
Room temperature 0-T T-C O-T T-C
x=0.000 0 4.21 + 0.08 93.42 500 1250 5300 196 420
x=0.005 (6] 4.25 + 0.05 93.83 420 1100 5900 118 412
x=0.010 (8] 4.28 + 0.03 94.23 570 1050 5800 12 396
x=0.015 R 4.29 + 0.09 94.05 1200 = 2400 - 3879
x=0.020 R 432 £ 0.08 94.37 1150 - 2100 - 3607
x=0.025 R 4.35 + 0.09 94,77 1120 - - e =
x=0.030 R 445 + 0.04 96.61 1070 - - - -
x=0.050 € 4.49 + 0.07 96.07 1020 - - - -
x=0.100 C 4.70 + 0.03 97.24 960 = - = &
x=0.150 € 4.85 4+ 0.06 97.26 800 - - - *
x=0.200 & 493 £ 0.1 95.66 530 o = - =
x=0.250 C 5.07 + 0.08 95.48 520 - - - -

%T.D. = percentage of theoretical density: O = orthorhombic; R = rhombohedral; € = cubic; O-T =orthorhombic to tetragonal; T-C = tetragonal to cubic.

* Rhombohedral to cubic.

shifts the Curie point of KNN ceramics below room temperature.
Dielectric data described later further supports this assumption.

Furthermore, a slight shift to lower angles in the diffraction
peaks indicates a change in the unit-cell parameters, and this can
be seen in a detailed scan such as that shown in Fig. 1(b). This indi-
cated that the unit cell volume increased with more BZT content.
Although Bi?* is slightly smaller than (KqsNags)** based on 12-
fold coordination, the unit cell volume increased with increasing
BZT content due to the substitution of larger average size of B-site
cations Zn?*(0.88 A) and Ti*(0.745 A) for Nb*(0.78 A). The differ-
ence in the unit cell volume between BZT (V=67.601 A3)[16] and
KNN (V=63.156 A%) is 4.445 A3. With the peaks properly indexed,
a lattice parameter was determined using UnitCell: a linear least
squares refinement program. The calculated lattice parameters of
the perovskite structures and the unit-cell volume are presented
in Fig. 2. By combining Figs. 1(b) and 2, it can be seen that the
ceramics have orthorhombic symmetry at x <0.01. The structure
changes from orthorhombic to rhombohedral when increasing x to
0.03, and to the cubic phase when increasing x to 0.3. The same
phenomenon has also been abserved by Zuo et al. [20] By adding
BiFeO; to Ko sNagsNbOs3, the phase structure firstly changes firstly
from orthorhombic to rhombohedral symmetry, and then to cubic
symmetry.

The relative permittivity at the frequency of 100 kHz as a func-
tionof temperature for ceramics (1 — x)KNN-xBZT is shown in Fig. 3.
It is very clear from the data that, while pure KNN exhibited a
strong first-order phase transition, the addition of BZT caused a shift
toward diffuse phase transition behavior. For pure KNN, phase tran-
sitions were observed at 420 and 196 °C, corresponding to the phase
transitions of paraelectric cubic-ferroelectric tetragonal (T¢) and
ferroelectric tetragonal-ferroelectric orthorhombic (Ty_g), respec-
tively. In the ceramics with x=0.005 and 0.010, similar to that
of pure KNN, the two phase transitions were observed, however,
both of these phase transitions are shifted to lower temperatures.
The dielectric data, phase transition and other physical properties
are listed in Table 1. When x=0.015, the orthorhombic-tetragonal
phase transition disappears and the ceramic becomes a solely
rhombohedral structure with a Curie temperature of ~387 C.
This result confirms that the compositions of 0.01 <x <0.03 are
rhombohedral ferroelectrics, not cubic paraelectrics, For samples
with x>0.15, no peaks in dielectric constant versus temperature
curves can be observed, probably because the peaks shifted below
room temperature. These results are consistent with XRD analysis.
Moreover, it is noticeable that the rhombohedral ferroelectric com-
positions show much lower pealk dielectric constants and broad
phase transitions, compared to orthorhombic ferroelectric com-
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Fig. 4. DSC curves of the ceramics with difference BZT contents.
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Fig. 5. SEM micrographs of the fractured surfaces of the ceramics with different BZT contents, (a)x=0.0,(b)x=0.01, (c) x=0.03, (d) x=0.05, (e) x=0.10, (f) x =0.15, (g) x=0,20

and (h) x=0.25.

positions. This behavior can originate from the more complex
occupation of the A and B sites in an ABO; perovskite structure
and heterogeneous compositions. This composition heterogeneity
also gives rise to random fields, which tend to make the phase
transition “diffuse” instead of sharp as in a normal ferroelectric.
The general trend is also similar to that observed in the ternary
Bi(Zny ), Tiy ;3 )03 -BiScO3-BaTiO3 system [18].

From dielectric permittivity-temperature measurements and
also differential scanning calorimetry (DSC), we investigated the
nature of phase transitions in the KNN-BZT system. The transition
temperature was determined from both the anomaly peaks in the
DSCdata and the peaks of the permittivity-temperature plots. Fig. 4
shows the results of the DSC for the KNN-BZT system. It was clear

that pure KNN and the compositions, x=0.005 and 0.01, showed two
peaks, indicating existence of two first order phase transitions. The
lower temperature corresponds to the transition temperature of the
orthorhombic — tetragonal phase transition, while the higher tem-
perature corresponds to the tetragonal — cubic phase transition.
There is a sharp decrease in phase transition energy with increasing
BZT contents. The tricritical point, the composition at which a first-
order transition becomes a second-order transition, is close to the
composition, x=0.015, which has a tolerance factor of t~ 1.0 using
the ionic radii of Shannon and Prewitt [21]. Choi et al. [22] reported
that in the Bi(Ni;,Ti;j;)03-PbTiO3 (BNiT-PT), the tricritical point
in the solid solution also corresponded closely to ¢~ 1.0. Similar
phenomena have been observed in the Bi(Mg3/4W1}4)03-PbTiO3
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(BMW-PT) system by Stringer et al. [23]| and our previous work on
PbZr0; related materials [24,25].

The SEM micrographs of fractured surface KNN-BZT ceramics
were obtained in Fig. 5. No abnormal or plate-like grains were
observed in the samples, indicating an absence of pyrochlore for-
mation. It was clearly seen that pure KNN could not be sintered to
sufficient densities and the theoretical densities of ceramics in this
range were about 92.0-93.4%. It is possible that volatilization of
potassium and sodium during firing is the main reason for the fail-
ure in preparing dense ceramics in this composition. As the amount
of BZT concentration increased, the structure became denser, and
well developed grain morphology with almost no porosity was
finally obtained. Average values of grain size, as measured by the
linear intercept method, increased from ~0.4 pwm for the pure KNN
to ~1.4 pm for the sample composition, x=0.25 sample. Table 1
also shows the density of sample with difference BZT contents. The
density of the pure KNN without BZT added is lower. When BZT is
added, the density increases markedly. It can be illustrated by the
fact that Bi** and Zn?*/Ti*" ions are considered to enter the A and
B-sites of the ceramics, respectively, and a large amount of oxygen
vacancies could be found in the samples, which expedites lattice
diffusion, and leads to the enhancement of the bulk density of the
ceramics [26]. As the concentration x up to 0.20, excess BZT beyond
the solubility limit will be segregated at the grain boundary and
make the density of ceramics decreases slightly.

4. Conclusions

Lead free piezoelectric ceramics KNN-BZT have been pre-
pared the modified-conventional mixed oxide route with normal
sintering. At room temperature, the ceramics with a per-
ovskite structure are in the orthorhombic phase at x <0.01. At
0.01<x <0.03, they become a rhombohedral perovskite structure;
and with increasing BZT content, cubic within the studied com-
position range. The phase BiyTi;O; with cubic structure begins
to appear at x>0.25 and becomes dominant while increasing
the content of BZT. Furthermore, the phase transition tempera-
ture of orthorhombic-tetragonal (To_r) and tetragonal-cubic (T¢)
decreases when a small amount of BZT is added. SEM micrographs
of the pure KNN ceramics showed a rather porous structure. As
the amount of BZT concentration increased, the structure became

denser, and well developed grain morphology with almost no
porosity was finally obtained. The results show that KNN-BZT
ceramics possess good dielectric properties and sintering charac-
teristics, which indicate their promise as lead free piezoelectric
ceramics.
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Phase Transition and Dielectric Properties of Lead
Free (K¢ 5Nag 5)NbO;- Bi(Zng 5sTip.5)O5 Piezoelectric
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"Materials Science Research Unit, Department of Chemistry, Faculty of Science,
King Mongkus Institute of Technology Ladkrabang, Bangkok 10520, Thaijland
%&wmaﬁtﬁ%&m;#mhﬁ}ﬁmcﬁﬂﬁ%ng.lafmlg-‘im_'s_hmimm_u{f
- Technology Lagkrabing. Bangkok Thailand 10526

7

Lead-free piezoelectric ceramics of (1-x)tKo.sNap 5)NbO; — x{Bi( ZngsTips)Os:; x =
0.00-0.30 swere prepared via the nro—itage mixed oxide fabrication rechnigue. The
crystal sirncture and ferraelectric phase transitions were suedied by means of x-ray
diffraction and thermal measurements. XRD resulis showed rhat a single-phase per-
ovskite structurewas formed in the ceramics witlt v < 0.25. For the ceramics with x =
0.30, @ small amoun: of secondary phase Bi>Ti: 07 with a cubic siructure was ormed.
The ceramics with a perovskite strucinre shoved an ortharhombic phase 1 0.00 < v <
0.010 and became rhombohedral ar 0.010 < X < 0.0]5 befare transfarming to a cubic
phase a1 0.015 < x < 0.25. In addition, DSC results shoveed thar the phase transirion
remperaiure of orthorhombic—tetragonal (To=T) and tetragonal-cubic ( Tejdecreased
whemn a small ameuni of BZT svas added. The trend of enthalpy for orthorhombic —»
teiragonal phase transition and reiragonal — cubic phase were found 1o redice wich
progressive increases in small amonnts of BZT comtenr. This behaviar could originare
Sfrom the more complex cectipaiion of the A and B sites in an ABO 'z perovskite sirneture.

Keywords  Lead-free piczoslectric ceramics; Diglectric propertics; peravskites struec-
ture; (Ko sNig <)NbOs; Bi(Zng sTigs)O;

PACS: 64.70.K-~, 77.22.Ch. §1.05.Jc, 85.80.-n and 77.84. Dy

Introduction

Lead zirconate titanate (Pb(Zr, _, Ti,)Oj; PZT) and lead-based perovskite ceramics
havebeen widely usedfor various applications such as buzzers, transducers, and piezo-
electric transformers,due to (heir outstanding piezoelectric properties [1]. However, from
an environmental viewpoint, lead-free piezoelectric materials have been desirable over the
last few years because of draft directives on waste from electrical and electronic equipment
(WEEE), and resiriction of hazardous substances (RoHS) [2, 3]. A number of lead-free
piezoelectric ceramics, such as alkaline niobate-based systems, (BipsNags)TiOy based
systems, Bi-layer structure systems, BaTiO;-based systems and tungsten bronze structure
systems, have been investigated 2, 3]. Amang them, much attention has been paid to
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Ko.sNag sNbO5 (KNN)-based ceramics, since Saito et al. [4] had developed KNN-based
textured ceramics with properties comparable 10 those of basic, unmodified PZT ceramics.
However, it is very difficult to obtain dense KNNceramics because of the high volatility
of alkaline elements athigh'temperatures. To imprave densification and piczaelectric prop-
erties of KNNceramics, different additions are added into KNN to formnew KNN-based
ceramics, such as KNN-BaTiO; [5]. KNN-SrTiO; [5], KNN-LiNbO; [6), KNN-LiSbO;
[7] and KNN-LiTaO; [8].

Bi(Zny ;2 Ti ;)05 (BZT) is a ferroelectric material, which has & Zn>* and Ti*+ complex
on the B-site of ABO; perovskite structure, with a telragonal syminetry [9]. The solid
solution of (x)PbTiOz-(1—x)Bi(Zny > Tii ;)05 has been studied by Suchomel et al. [10].
The (x)PbTiO; — (1-x)Bi(Zn 2 Ti|;2)05 system exhibits a high ¢/a ratio of 1.1] for xv =
0.60. Accordingly, the Curie temperature (7¢) also increases to over 700°C at the same
composition [10]. However, there have been no systematic investigations on the solid
solution of KNN-BZT ceramies. The purpose of our research was to investigate the effect
of BZT in perovskite KNN materials on the phase formation and thermal and diclectric
properties in order to claboraie on new lead-free cerumics and ceramics with interesting
properties for applicalions.

ixperimental Procedure

The new polycrystalline ceramic samples of (1 — x)Ky sNaysNbO; — XBi(Zng;2Ti:2)0;
with x = 0.00-0.30 were prepared by a two-stage technique. High-purity oxides and
carbonates; K2CO; (99.0%), NaaCOs (99.55%), NbOs (99.95%), Bin0; (99.97¢), Zn0O
(99.9%) and Ti0»(99.9%) were used as starting malerials, which had been treated carefully
by a special drying process before use, particularly for sodium/potassium carbonates. These
powders were placed in an oven at 240°C for 2 days and then stored in a moisture-free vessel.
In (he first stage, KaCO;5 Na:CO; and Nb,O5 were thoroughly mixed in the stoichiometric
ratio, and then calcined at 900°C for 2 h to form (Ko.sMNap s)NBO5; KINN. In the second stage,
the precursor (KNN) was mixed in the stoichiometric ratio with other slarting materials.
After drying at 120°C for 2 h, the reaction of the uncalcined powders, taking place during
heatl treatment, was investizated by differential thermal analysis (DTA; Shimadzu) and
thermogravimetry analysis (TGA; Shimadzu), using a heating rate of [0°C/min in air from
room (emperature up to 1,400°C. In order to investigate the perovskite phase formation
based on the TG-DTA results, the mixture was calcined at various lemperatures ranging
from 65010 850°C, with a dwell time of 4 h and heating/cooling rates ranging (rom 20°C/min
[11]in aclosed alumina crucible. The calcined povders were mixed with 3 witSa poly (vinyl
alcohol) (PVA) and then uniaxially cold-pressed at 150 MPa into 15 mm diameter pellets.
Following binder burnout at 550°C, the pellets were sintered in sealed crucibles at between
1,0600-1,100°C for 2h. For phase determination, x-ray diffraction (Bruker-D8 Advance) was
utilized in the 20 scan range of 20°-807 using sintered pellets.

For measuring the dielectric characteristics, the specimens were polished to a | mm
thickness. After ultrasonic cleaning in an cthanol bath, silver-paste was coaled on both sides
of the polished samples by the screen printing method, and subsequently fired at 650°C
for 30 min. For the dielectric property measurement, capacilance was measured al | kHz
using an automated measurement system consisting of an LCR meter (HP-4284, Hewleti-
Packard Inc.). The dielectric constant was then caleulated from &, = Cdleg A, where C was
the capacitance of the sample, and o and A werd the thickness and area of the electrode,
respectively, and e was the dielectric permittivity of vacuum (8.854 x 10712 F/m).
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Figure 1. TG-DTA curves for the powder mixture of the starting reagent for the two—stage mixed

oxide method.

Results and Discussion

The simultaneous TG-DTA analysis of a powder mixed in the stoichiometric proportions
of KNN-BZT is illustrated in Fig. 1. The TGA curve, showing overall weight loss, was
equal o 2:4.5% in this labrication technigue. The DTA curve showed an endothermic peak
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Figure 2. XRD patterns of {1 —v)KNN-vBZT ceramics with x = .01 powder calcined at various

tempzratures for 4 h.
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positioned at around 115—179°C, which associated with the dacomposition of water

molecules [12, 13]. Because the two-stage method used K;,2Na,;»NbO; as a starting ma-

terial, the decarbonation of K;COs and NayCO;z were not cbserved at all in lemperatures

between 400°C to GO0*C, as expected [14]. Furthermore, weight loss was not observed at all

90 at the same temperature. The endothermic peaks at 8507 C should have correlated to the for-

mation of perovskite struclure because there was no weight Joss on the TGA curves. These

data were used 1o define the range of temperatures (600-8307C) for XRD investigation.

To study the phase development with increasing calcination temperature, all compositions

were calcined at various temperatures for 4 h in air, with constant heating/cooling rates

of 20°C/min, lollowed by phase analysis using the XRD technique. Figure 2 shows the

XRDpatterns of the (1 —x)KNN—xBZT with x = 0.1 ceramics. As shown in Fig. 2, in

uncalcined powders, only the x-ray peaks of precursors Bi»O; (), TiO: (r) and ZnO ()

could be matched with JCPDS file numbers 761730, 84—1284 and 800075, respectively,

from the International Centre for Diffraction Data, Newton Square, PA (2000). This indi-

100 cated that at the time, no reaction had yet been triggered during the milling processes. As

the temperature increased to 600°C, it was found that the intensity of the precursor phases

of TiO; and ZnO completely disappeared, and crystalline KNN-BZT (O) started to materi-

alize, accompanied by Bi;O;z and Bi>Ti»Oy as separated phases in the powder. Consistent

with JCPDS file numbers 32-0118, this Bi»Ti»O5 phase was indexable according to a cubic

105 pyrochlore structure with lattice pararmeters a = 20.68 pm and space group Fd3m (no. 227).

Upon calcination at §00°C, the desired KNN-BZT phase became the predominant phase,

only detectable in the powders after calcination at 850°C, which was consistent wiih the

TG-DTA results. Figure 3 shows (he XRD patterns of the (1 —x)KNN-vBZT ceramics with

0.0 < x <0.3. Single-phase perovskite structure could be seen to form in the ceramics with

110 x =< 0.25. For the ceramics with x = 0.30, a smallamount of secondary phase BixTi>O;

with the cubic structure was formed. These results indicated that the presence of BZT in the

solid solution decreases the structural stability of KNN perovskite phase by its tolerance
factor and electronegativity [15-17].
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At x < 0.010, ceramics could be seen to have an orthorhombicperovskite struclure.
As v increases,a thombohedral phase appears and increases continuously until x < 0.015.
With x > 0.015, theceramic becomes a cubic perovskite phase. This suggesis that the
(perovskite) orthorhombic” and rhombohedral phases coexist in the (1—x)KNN—xBZT
ceramicswith 0.010 < x < 0.020. Figure 4 shows the relative permittivity at room tem-
perature as a function of composition x. The maximum value of relative pefmittivity at
room temperature was observed in the composition, v = 0.015. Combined with the XRD
examination described above, the anomaly in dielectric properties clearly indicales a phase
transformation over that compositional range. Therefore, a phase separating the orthro-
hombic phase from the rhombohedral exists at the composition, x ~0.015. To investivate
the role of BZT content on ferroelectric phase transition of KNN ceramics, the Differential
scanning calorimetry (DSC) was performed. The DSC technique is a technique for measur-
ing the energy necessary 1o establish a nearly zero tempéralure difference between asample
and an inert reference material. A typical result of the DSC of KNN-BZT for composition
x = 0.0-0.03 is presented in Fig. 3. Tt was clearly seen that pure KNN and the composition.
x =0.003, showed two peaks, indicating existence of two firsl order phase transitions. The
lower temperature corresponds to the transition temperature of the orthorhombic — tetrag-
onal phase transition, while the higher temperature corresponds to the letragonal — cubic
phase transition [3]. There is a sharp decrease in phase transition energy with increasing
BZT contents. The peaks shift 10 lower lemperatures with the higher compositions of .
The trend of enthalpy for orthorhombic — tetragonal phase transition and telragonal —
cubic phase were found to reduce with the progressive increase of BZT content, as seen
in Fig. 5. This behavior can originate from the more complex occupation of the A and B
sites in an ABO;: perovskite struclure ane heterogeneous compositions. This composilion
of heterageneity also gives rise to random fields, which tend to make the phase transition
“diffuse” instead of sharp. as in a first-order phase transition.

Conclusions

In this work, the phase structure and thermal properties of the binary solid solulion,
Ky 2NajpNbQs;— Bi(Zn»Ti:2)05 (KNN — BZT), were examined. A combination of
XRD and thermal data indicated that a stable perovskile phase with orthorhombic sym-
melry was observed for compositions rich in KNN. Addition of the BZT phase in KNN
ceramics caused a systematic change in the crystal structure from distorted orthorhombic
KNN-rich solid sclution phase (o distoried rhombohedral solid solution phase, and then to
cubic solid solution phase. Furthermore, DSC results showed that orthorhombic — tetrag-
onal phase transition temperature and tetragonal — cubic phase transition lemperature
progressively decreased with a continuous increase of BZT concentration in the composi-
tion 0.00 = x < 0.01. The peaks shified (0 lower temperatures with higher compositions
of x. The trend of enthalpy for orthorhombic — tetragonal phase (ransition and tetragonal
— cubic phase were found to reduce with a progressive increase of BZT content. This
behavior can originate from the more complex occupation of the A and B sites in an ABO;
perovskite structure and heterogeneous compositions.
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Phase and Morphology Investigation of Lead-Free
Potassium Sodium Niobium — Bismuth Zinc Titanate
Ceramics

M. Sutapun and N. Vittayakorn™
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Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520 Thailand

Lead-based piezoelectric materials such as Pb(Zr;Ti,)Os (PZT) ceramics are most widely
used piezoelectric due to their superior piezoelectric performances [1]. However, the toxicity
of lead oxide which contain more than 60 wt% can cause damage to the kidney, brain and
nervous system [2]. Lead-free piezoelectric ceramics have attracted considerable attention as
new piezoelectric materials in place of PbZrO;-PbTiO: based ceramics because of
environmental protection and human health. Recently, much attention for lead-free
piezoelectric ceramics has been paid to (K,Na)NbO; (KNN) based piezoelectric ceramics
because of their relatively strong piezoelectric properties and high Curie temperature [2].
However. it is well known that pure KNN ceramics are difficult to density by ordinary
sintering method. To improve densification and piezoelectric properties of KNN ceramics, the
different additions are added into KNN to form new KNN-based ceramics, such as KNN-
BaTiO;. KNN-SrTiO:, KNN-LiNbO;, KNN-LiSbO:.  KNN-LiTaOs.and = KNN-
(BigsNags)TiO3. Bi-based perovskite, Bi(Zn»Tiy2)0s, exhibits a high Tc with-an enhanced
tetragonality through solid solution with PbTiO3. However. Bi(Zn»Ti;2)O5 is unstable in
their pure form andcan only be stabilized under high pressures or in solid solutions with other
perovskite end members. In order to develop lead-free piezoelectric materials, (K,Na)NbO;
(KNN) was used for this research in order to stabilize the BZT perovskite phases in a solid
solution. Figure 1 show that X-ray powder diffraction patterns of (/-x) KNN — (x) BZT
ceramics at room temperature. It is evidence that (/-x) KNN - (x) BZT ceramics (x < 0.25)
show pure perovskite phases and no secondary phases could be certified. The result indicates
that the BZT has completely diffused into the KNN lattice to forma new solid solution when
x < 0.25. However, at x = 0.3, the trace amount of second phase can be detected. This result
indicates that the second phase has formed at x=0.3. In other words, this result indicates that
the BZT has a limited solubility in KNN ceramics, tending to soive at concentration about
0.3mol. Figure 2 presents a scanning electron microscopy (SEM) image of a typical fracture
surface, showing a grain size of 0.3-1.2 um. Itis also observed from Figure 2 that the sintered
KNN-BZT material exhibits intergranular fracture with cubic shaped grains, in contrast to the
equiaxial microstructure generally observed in lead based perovskite materials.
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Figure 1 XRD patterns of the (1-v)KNN-(x)BZT ceramics sintering at 1050 "C for 2 h with
heating/cooling rate of 5 °C/min

Figure 2 SEM micrographs of fracture surfaces of the (1-x)KNN-(x)BZT ceramics sintered at 1050
°C for 2 h with (a) x = 0.02, (b) x = 0.05,(c) x =0.10 and (d) x = 0.20
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Influence of Fabrication Processing on Perovskite
Phase Formation of KNN-BZT Ceramics

M. Sutapun®* and N. Vittayakorn

Materials Science Research Unit, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang,
Bangkok. Thailand 10520

* Corresponding author: manvonsut@yahoo.com, naratipemu@yaiio.com

The binary system 01'{!-.\-){KlENam)s\'bOi—xBi(anTi”:}O_‘; x = 0.0-0.30 ceramics were fabri-
cated by conventional mixed oxide and two-state mixed oxide, Phase development of caleined powders and
the crystal structure of sintered ceramics were analyzed by X-ray diffraction. The phase steucture of the
calcined powders was determined by X-ray diftraction. The microstructure analyses are undertaken by a
scanning electron microscopy (SEM). In conventional method, the perovskite phases were obtained for
compositions containing only 10 mol % KNN. For compositions upper this amount, a complex mixture of
phases was vbserved. However the complete solid solution of perovskite phase prepared by two states
mixed oxide was retained up to 20 mole % BZT content. The experiments in this study suggest that the

two-state mixed oxide method helps to stabilize the perovskile phase compared with the conventional

method.
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PHASE TRANSITIONS AND DIELECTRIC PROPERTIES
OF LEAD FREE (Kn_sNau_s)NbO3- Bi(ZHn_sTi0.5)03
PIEZOELECTRIC CERAMICS

Manoon Sutapun and Naratip Vittayakorn

Materials Research Unit, Department of Chemistry, Faculty of Science, King Mongkut’s

Institute of Technology Ladkrabang, Bangkok 10520 Thailand

E-mail: naratipecmu@yvahoo.com

Abstract

Lead-free ceramics based on sodium potassium niobate ((Ko sNag s)NbOs; KNN) -
bismuth zinc titanate (Bi(ZngsTips)O3;BZT) were prepared by the two stages mixed
oxide method with normal sintering. The crystal structure and ferroelectric phase
transitions were studied by means of x-ray diffraction and dielectric measurements. The
ceramics with perovskite structure is orthorhombic phase at x < 0.010 and becomes cubic
phase at x = 0.015, a phase Bi>Ti»O; with cubic structure begins to appear at x > 0.25 and
becomes dominant with increasing the content of BZT. The phase transition temperature
of orthorhombic—tetragonal (Tp-T) and tetragonal—cubic (T¢) slightly decreased when a
small amount of BZT was added. The diclectric characterization revealed that as BZT
content increased the transition temperature decreased and the transition peak became
very diffuse.

Keywords: Lead-free piezoelectric ceramics; Dielectric properties; perovskites structure;
(Kq sNag s)NbO3; Bi(ZnosTios)O5
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