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ABSTRACT

Lead zirconate titanate (PZT) is a ferroelectric ceramic used in many advanced applications
such as sonar, piezo transformer and pressure sensors. This study was conducted to prepare lead
zirconate titanate (PZT) thin film on platinum substrate by electrophoretic deposition (EPD). The EPD
was used due to its fairly rapid low cost process.

The preparation of PZT films was done on a 10-millimeter-diameter platinum substrate by
the EPD. The electric fields were applied between two electrodes in the range of 50, 100 and 200
volts for the deposition times at 4, 6, 8 and 10 minutes. After that, the PZT films were sintered at
1250°C for 2 hours. The films were then characterized in terms of physical, microstructure, dielectric
and piezoelectric properties by the Scanning Electron Microscope (SEM), X-ray diffraction (XRD),
Piezoe d-meter Model CADT, and Impedance analyzer.

The results showed that the thickness of the PZT films increased with an increase of electric
fields and deposition times. However, the higher the electric field, the lower the density of the films.
The appropriate amount of phosphate esters that resulted in smooth and even films with 100-volt
electric field lasting for 4 minutes was 0.65% by weight. For their piezoelectric properties after being
sintered, it was found that the thickness of films was approximately 0.5 millimeter with the density
of 7.84 g/ cm’. The films also responded to the resonance frequencies between 1500 and 1700 kHz,

and its ds;, k, Q,, values were 259 pC/N, 0.62, 540 respectively.

Keywords: lead zirconate titanate, chemical properties, piezoelectric, electrophoretic deposition,

thin films
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@5197 2.1 Data sheet PZT (JA-1, JK Precision Electric, Korea) 7131 : H Palneedi (2015) [11]

Property Symbol (Unit) JA-1
Relative Dielectric Constant €, /€, 1100
Loss Coefficient tan O 0.4
Kp Radial (%) 61
Electro — mechanical Coupling k,, Length (%) 36
Factor k,, Longitudinal (%) 59
d, (10"°m/V) -112
dy, (10"’ m/V) 406
Piezoelectric constant 231 (10'3V.m/N ) -13.67
33 (10°V.m/N) 49.46
Quality Factor Qm 970
Density P (10’kg/m’) 7800
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2.2 FlavnaaawasTaualnnuua [12-15]

3 QJ d[

ard ° o o ) '
WUV (Thin film) 1581 Taet A1513070AAMUNATDUAIUUTTADNAIN I

q

J

= [ @ o A A 9 a ~ [
138N “Substrate” (’J'ﬁﬁ]i@\jiﬂ) T%Wamﬂﬂmmm ﬂluTﬂﬂ?TNﬁuWﬂlﬂﬂwaﬂJ%5$u31lﬂu

Yy an o

a d y g A 1 9 ] ] I @ 1A = ' =2 A 1
WaummuLﬂmimﬂauquwm ’EJEJNul‘iﬂﬂﬂ%%q‘ﬂuulﬂll’J‘ﬁi%u’)']i"lﬁui]ﬂ’)'mﬁﬂﬂﬂﬂﬂ\‘]lﬁﬂﬂ’ﬂ

ad a o 9 ar s Y a ' 9 wa g Y <
‘V\Iﬁll‘U’N TﬂEIWinimﬁnﬂaﬂ‘lelmzmﬂﬁmm‘vhimwuu Wmamnﬂmmﬁnummuiﬂ m!,ﬂumi

9}@0’3’;9} va A A . <= Qc’glzuao’ 1Y slao’glzs}
lyWauuuareaudABIHI (Surface properties) Ni3enWandU Wanu1e uao lswaniuaie
9

va a ;A . 3 a VAo . = 1A s A v @
AuiArIT 105 (Bulk properties) Ni3on21 Waunu1 (Thick film) FTINVNNAWASINUUUDID

v o o 9

a I 2 o
i Adwune AldvunudnazmslFaududidy

2.3 YoyarlosdiuvesnszuIumsanazandidninsIv3an [22-25]
Y a Y Y a 1
gnaunylu 1809 Tag Reuss voaun1Ingrasuealn laeTuionszuiunisnieg
a v ad a Y ad
MeINVNIZIIUMIANazaudan 1ns Ean aunamsazanvesnnuvuvesilduuazgilnsa

o as Ao o a = 49! a d a
AITNAUIIDTNITNEN ﬂJGlUﬂigﬂﬁuﬂWiL“li‘iHJﬂ namﬂizmumﬂummmﬂﬂammswm

g U
Y
=

g’/ ad a a (Y] 9
TagvauaIng msazaudanIns IWSAn a15uvIUARIVDIDUN AT NN YUBHAUNIS 1F

U

a g A A = 9 1 A
A15azane NITUIUMIANazaoan Ins 1Eannadesninuaz 1asaas19mau 1Y $I81509013

&

WoNUOINSULNIYI 1N F93UUBBANA NI

U

ad a . .. I %
ATTUIUMTARELANDLAN 1N INTAN (Electrophoretic deposition; EPD) 11 uviilalu

a A

A o s a A Ay 9 a v s '
NITUIUNITLNYINUADAADYANINNIINAALEITND UUDAAND Glﬁlf!'JQWIHﬂTiwaﬁu@ﬂ Qﬂﬂﬁm%i‘fij‘lu

o 1o ' 1o o v 4 . 4
Fudoulifmuaglitvesgiusewas luduiludoslddurontlszaru (Binder) ionfSouiion

U
S
% d’

a X aa a I Aa
ﬂ‘umﬂuﬂmugﬂﬂlumau@] ﬂi8U3uﬂ1iﬁﬂﬁ$ﬁﬂﬂlﬁﬂ1m517ﬁ@]ﬂ!ﬂuﬂﬁ%ll'JUﬂWTVHJﬂ'J'liJ

£

A [ A Y [ Aa
warnvaleun iesninawsodsulasunszuaums Iz aunuaOuRLA RN
AUNTDINMIANTLANVUTIUTOI (Subtrate) LUVUHU LUUNTINTZUDN w%gﬂgmuﬁqu%

o o v 2 v v & ¥
E]'I“’l]‘lJﬁ‘UL‘].ﬁEJLlﬂTiﬂE]ﬂL!‘]J“]JLLﬁ%ﬂTi’JNGHLL‘PTu\i‘ll’JllWﬁ1l1ﬂﬁ13JG]E]Qﬂ1§ FIUUNTSUIUNTT

9 [ v

a g a I S A
ANTE U ﬂlﬁﬂiﬂiii’rﬁﬂﬂ WUNTEUIUMTNNEIVDIN VYD IH AT HATINITDAIUANANNNUN

d A

@ a = 2 [ { Y
pazdugIvInerveslanianazausiunsgmisalsulasunarlunmsanazau'la

19



o a s a
TagnanmsveanszuIumsandzandan Ins 1W5an AenisIieynianeiidszgnizaie
9
(Dispersed) H301149UADY (Suspension) THAINANVDUWAD VINUINNTAZANOYNIARINGT

1 )
Taeldau lilhnszuaassougiusesdnhyadidszgassnudmnuilszgueseyniniiu

D.

a d a [ 2 Y A &
ﬂiZﬂ'JuﬂTi@]ﬂﬁgﬁi\lmaﬂTﬂiTVﬁ@ﬂ Ut 2 Usgnm VURYNUBUAVINDUNIA

q
Y

i1 Y 9
anazaulioaynallszquInmandzaufavuDUUIaY (Cathod) AZNTZVIUMIH T8N
msanazaud Ing 1W5an siauaInan (Cathodic electrophoretic deposition) #IUNTANTL F

3 a g’/ ad a a a

yosoymadszgauninauuaa Irlihuan (Anode) Senmsanazaudian Ins IWsAnyiaue Tuan

. . . a3 a a X2 yud
(Anodic electrophoretic deposition) IagnszuIUMsAnazaudan Ins Iwsan amnsonavulana

éj "o % t!' dy a 1 v

Ao VINRENUMI YTV AsulszquunuAIoYNIABE I AN ANYULVDINTSUIUNIAN

ad a ) @
azauaan Ing 1v5an 113 2 Ysznn uaaanagy 2.3

@ @

=~
TR

;g:
5
/.iz
A

[

(a) (b)

51 2.3 dnwaizvesnszuaumsanayaudidnIng1vEan (@) ualndn (b) uo Tudn [24]

o [ a A a 9 [ 1 = A o A v A
FINT VNSNS NNEIVDINVETLUIUADINAID FUUAVITTLUIUARIFIN a8 98N

9 a ' oA = . . 4 @
ADINIITU LFU ANUANIUAN (Physicochemical) VONVNDUNIALUVIUABYLAZAINATNUDIUNAT

P
wa A

auiANUAIY999YN1A (Surface properties of the power) LAZDNTNAVDIBHUATINDIANMA N
a J .. d' 9 1 A 1 .
YOIAITIAUUAL (Additives) N 1ad 1y TagaN1Z081989a 1351805291901 1A (Dispersants)

[18,24] Tagnaaane 11/l

20



YUIABYNA (Particle size) YUIADYMANHUIZTNAIHTUNTEUIUMTANTL AN

ad a Ao ) [ =) a = J 1 1
’E)Lﬁﬂj‘ﬂﬁjﬁ'ﬂi@ﬂ AITVIUNMINANAUICTIHTUNTIATYULETIUN Mﬂ?ii?ﬂﬂ?ﬂ??@gﬁlusﬁﬂﬂ 1-20
1A dyd ] 9 1 A ] [ 1
uliJTﬂﬁlllﬂi !WI?N'LJﬂUIJJhlﬂ‘l”iiﬂﬂﬂ’Ni]’]']ﬂ']iﬂﬂﬁ$ﬁiJGUfNﬂHﬂWﬂuﬂﬂLﬁu@ﬁﬂﬂ%’NﬂﬂﬂﬁT’J
' A ) YA 9 a o o o W
lliJL‘Vill"l%ﬁll L“LJ’ENi]Tﬂﬂi]i]‘]_lu]lmilli%mﬂuﬂu UITR quﬁsnuﬂuum C]NZ‘T\‘IE‘T"I yn ’E]i’)lélﬂWﬂ
@f)\‘lﬂi ﬁ]WJEJEJNﬁiJ‘Uﬁi‘I!!Lﬁ Lﬁﬂﬂil“l/‘l@al Wmm“l ﬂ’JHJ!iEJ‘ULLﬁ ﬁmzﬁuaiumm ﬂﬂufﬂﬂ
[ [ = =~ Yy A A Y 1 [ w
“IJL!"Iﬂbl‘Viiy ﬂaummaﬂﬂamgmﬂmmﬂuw@ﬂmzﬂaummmﬂmﬂuumq ANUUANUTINITD
A A Y 1 Y 1 a 2‘, Yy A ] .': A A
Gluf‘nilﬂﬁ’EJHVIGUENE]“Iréliﬂﬂﬂi’N‘Jﬂﬂﬂ’J'}LLSQTuNQ’NMﬂguuulﬂ‘l/\lﬁll‘i/lulllﬁiﬂlﬂ'll@ Gluﬂiﬂ!’i/l’ﬂ‘lélﬂWﬂ
= [ 1 o Y a =) 14 " oA d a 9
LL"U’J‘L!ﬁ’E]EJiJﬁﬂEmZ@NﬂﬁTJ‘V]11W!ﬂlﬂilﬂ8u7ﬂuﬂ1i@]ﬂ’(?fg’ﬁll UNANUT AUV UL

a

1] v 4 Y Y E4 9
aaranu et i ldaseglunuiasuenvintioyninvuialugi didssgiuaigs

G

a ?;j/ 9 . A Y v .
WIN WIONUTNUFUGOUV091T2] (Electrical double layer) MUVUIAINVUFI MM TNUNYUIA

9

AAa A . a o 1 o F
pUMANBNTNAdIAY 1UNTAIVANMIUAN (Cracking) VOIWANTLHINM TN TRIAS
annn151i I vesa1suvInaey (Conductivity of suspension) 9109 1UITIVD
o X g o ) o J A
S.dongdown lumsanawanmmii llihvesasuvivasesauiluifsendnuazsuiudesiasan
g’} =) 1]
[ieasUIeAINARRIRIIRTUNTZUINMIAnazasiEn Ins 1WA Taeld AAIAUNATIUIININ
- \ = = :
arsuvruasslanimii Iddgenuld maedouiveseyniadiuin uagvina1suvIuaoy
=1 9 a = = dy Y o
tan s llihgenulld eymagadoadesnin uenantinanw ldiinisneaes
v ] Y
iuan i e sarsuvivassdrenmisiunanszua T nazanududuvesans
g A 1 @ 1 [} L= = 1 o ld’ 1 1 g‘/ dld
Womapames nina13¥enTzea uanauwutiesaraninii i lidaunniuni
ARl a d a I~ 1 H 1 [ g’/ 4
sz Teminonszurumsandzaudian Ins IWian Taaluamieglusisaug mniuiiie

sunlasuilfmadinszaeds nagnszua T danudnar winaniwi Ivdhin lieglugag

@ J 1 o @ a g a o
ﬂ\‘]ﬂaTJﬁﬁL!,"’U’Juﬁ’E)EJUhJMMWﬁiJﬁ'TW'i‘Uﬂ'iz‘]J’Juﬂﬁﬁﬂﬁgﬁufllﬁﬂiﬂﬁjv\hﬂﬂ ‘Vﬂﬁlﬁﬂﬁﬁ%N

v

Wr{ o w dl@l =

Y
auuegnInaas ageimuzauvesanimi i aadwanarenu ) lunaazsz oy

1 3 o A o [ a d
i’)fﬂﬂl’lﬁﬂﬁHJEUE’JULGIJ@'IGU’E)QﬁﬂTWHTUlWﬁTWLWMT%ﬁﬂJﬁWﬁiUﬂigﬂ’luﬂ1§¢lﬂﬁ$ﬁﬂ’ﬂlﬁﬂ1ﬂi

Tylsanaunsominld Taoms Inszua Tlidwunszuu [23]

21



2.4 faMazaig (Solvent)

v o

& 2q A 4 A q9
yiazaeiluasnlylumsazareansnuaoiuzvewdd e lvegluzilveurad

v H
1 v A ]

4 f 1
Taoi 19oglusdveunailasiilfiaasitinig lvadid uansiarsmihwniy

U

(%

o 9 1 o Aaan A a dy A J Yy A
Mhagaedss hivlnseseazatenassilin uenaniidisazateh ldaoszmeesnunla
] @ k9 12 Y A Y a A X () 1 Y =
hemenaimsvuglIasliliansande vsemIdinamsiveluiu dvhazateuisld 2 nquae

1) Non — aqueous solution 1@ 1A AI11182A1NANITTHINUBNIUBAN VAT
4 o I v A o a I 1 1
Woalatoames wiotomueanyIngdu Hudu ersmarii I 1dlumseaaiudaiulvg)
Yy 2 g A I A 9 ° ) PR A A
naitlifhuiiesnnduaisninmssziveladie uazsi lvarsaeaassa Annunilanvuieay
ad a
Tunszurumsandzauoan Ins 1Wsan

7

. A g o = Y %’ = a1 A
2) Aqueous Solution A9 admazateNdsenevaleul Daudanuiaule Ae

9 [

1 3 a = 1o o dydd o Yy 1
UhJHJuWHLLagiJ31ﬂ'IQﬂ uaamMazaelsznninyvodnanaledszng Ulﬂl!ﬂ NI1TTSLIHYDON

'
A o A

VAo ) ~ o A A A o 9 "o
mmmm\langmm quuana ﬂﬁ]'ﬂ\iﬁ'ﬁazﬂ'lﬂﬂﬂ HAMANUNUANT Y G]i"lﬂ”liigﬁ’iflslﬂulllﬂ"l

aaa @ a J
ﬂi‘]ﬂimﬂ‘UWQL“}J’ﬁi\lﬂ’d

2.5 Mszau (Binder)
o 3 @ a s o ana ] a 4
milszauniluiaglszinmweawesn ldnnmsiilgnsommaniieglugaisounss
I Aa Y v ] 42‘ 2 a A A2 o <3 2
Wy lgdnlsamnyelumsvugUauamesin momuauina UYL WoIFUIY
' o q Y a FY v = X L
Aok Idsunuiinnuaagl Idsunirunszuaumswnin lumsvugisuauaasasy
A 9y 2 1 3 = S o Y a @ = Y
msadeuderInruay liianuuidwsuiisaneninldinansuaninuazi@ome laae
a Ao o 1 wa v L o < 9y y &
Inansznuidiayaeauianaz 1n59ai 193801 veIFUNIUMenaINSIHTn 14 aauimeil
o 3 Y = a o A 1 a Y 9 2
TludeaimaauanlszauasluszuuiesisaamsnanNuAAn AN TUFUNWNIE
= U 4 d' a dy a 1 1 gjay 1
AUMANMIATUAI LA UNUTNUNUAIVOIDYNIALALTENINOYNA ¥I8THFUOIUNDUIN
=2 A <3 @ @ ~Aq ¥ a 1 49! 2
pinfianuudausagelaen ldardszamnldiduarsauuaslunszurumsiugdFuau
a J A v o 2 o . 4
s indlauiannuuanaenunedniminluana (Molecular weight) 119991011013

9
° o @ Y
L&sﬁEliJﬁWiLLﬂJ’JuaE]EJu1WUﬂTmaQaﬂl’a\‘mjﬂizfﬂuﬁWa‘ﬂNm‘Llﬂ’Jm‘Hﬁﬂﬁu’mﬁﬁmnua@ﬂ

22



Y A A X A A 2 A a .
TdmanuniamudulondaTuanainiuTag limu5 019599991019 (Dynamic volume)

o q Y1 o J

[ H 9
i ldardng 1 13&1 (Zeta potential) anas 1iiosninanyuznnlasunilasiszyan st

[ (2

¥
. a a 1T adg =Y
(Electrical double layer) 1NAN15AF VAU T 1UDUNUAIOYN 1A nazA1d1an Ins 1N Fa
2 o cla) A

[ Y A Y o
(Electrophoresis) aaauioalszamiiimin Tuanamvanniu Jevhldmsidenldanlszau

a wa I 1Y 4 (% 2 =y a
sﬁ’mwﬁnmmﬂﬁuummﬁmﬂuwaﬂ Lﬁ@clﬁ}!,ﬂNWgﬁﬁJﬂ“]Jﬂig‘U’JUﬂTiﬁug‘]J“]fuxﬂu!,Glf'ﬂﬂJﬂ

1 a Y 5 ' a { & Yo o
{miN‘ﬁ 2.2 LLﬁﬂ\1ﬁll‘]JW’UE]\‘1ﬂTLlﬂ’ﬂll‘ﬂﬁﬂﬂl@\‘l@lﬁﬂ‘i$ﬁ1uu§]ﬁ$%uﬂﬁuEJSJGI,“H?HWﬁJﬂﬁmdit’lll

TTUVIUDDY [29]
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Poly(Vinyl Alcohol) O N\ s
Polyetylene Oxide Loy Q1 *

Starch % *

Acrylics ¥ Al (o~ *

Polyethylenimine PEI ST e R/ A *

Methylcellulose * *

Sodium Carboxymethylcellulose * *

Hydroxypropylmethylcellulose * *

Hydroxyethylcellulose * *

Polyacrylamide e *
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Formation and electrical properties of lead zirconate
titanate films on platinum substrate by electrophoretic
deposition

Nestchanok Yongpraderm, Sorapong Pavasupree
Department of Materals Engineering
Faculty of Engineering, RMUTT
Pathumthani, Thailand
Nestchanok_y@mail.mutt.ac.th,
sorapong.p{@en.rmutt.ac.th

Abstract— Electrophoretic deposition (EPD) of micrometer
lead zirconate titanate (PZT) particles was conducted to form
thick PZT films on the platinum substrate. Colloidal suspensions
for EPD were prepared by ultrasonically mixing of 0.5 g PZT
particles in 50 ml ethanol solution and phosphate ester (PE) as a
dispersant. The amount of PE addition on the stability of the PZT
particles was studied. After defi the optimal
propertles, the PZT lhlcl\ films depended on the curremmme
r hip  were d. The effect of EPD process
parameters such as of deposition voltage, deposition time and
suspension composition on the specifically deposited weight of
PZT was investigated. The EPD parameters were optimized in
order to obtain crack-free, high-quality uniform ceramic films.
The composition and microstructure of the sintered PZT films on
the platinum substrate were characterized by SEM.

Keywords— Lead zircnate titanate; Electrophoretic deposition;
Suspension; Films

I

Lead zirconate titanate (PZT) is used in a wide range of
piezoelectric, pyroelectric and ferroelectric device application
[1-3]. The PZT thick films have also been structured using a
tape casting, sputter-deposited and electrophoretic deposition.
The electrophoretic deposition techniques are well-accepted as
good methods to form dense and produce green homogeneous
compacts of high reliability. The basic principle of
electrophoretic deposition process can be explained as follows.
Electrophoretic deposition is an electrodeposition technique in
which films are formed by charged particles migrating under
the effect of high electric fields [6]. In these processes, a coating
is produced by the diffusion and migration of individual ions
and molecules dissolved in the solvent to the deposition
electrode where they are electrochemically converted to an
insoluble form. The phosphate ester (PE) is an effective
electrostatic stabilizer, which charges the particles positively in
organic liquids by donating protons to the surface. It is a further
object of the present invention to provide an improved method
for electrophoretic deposition of PZT thick films by using a tri-
functional additive in the electrophoresis suspension of
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ferroelectric particles which precludes the need for addition of
a separate binder to an EPD suspension.

The main purpose of this paper is to show how the main
parameters to PZT nanopaticles deposition through the
electrophoretic deposition (EPD) technique in order to obtain
thick films. The electrophoretic deposition of PZT is used to
demonstrate the formation of an intermediate thickness film
with well-controlled stoichiometry.

II. EXPERIMENTAL

The commercial PZT powders (JA-1, JK Precision Electric
Co., Korea) were used for PZT film fabrication. Particle size
obtained from SEM images is also used for comparison with
laser diffraction measurement of the powder is shown in Fig. 1.
The SEM image showed that particles have a spherical shape
with an aggregate state, The sizes of the particles can be
measured with an ordinary particle size analyzer showed that the
mean particle size of PZT powders was 179 nm, which was in
accordance with the result of SEM. The ethanol (ACS reagent,
>99.8%) was used as the solvent for preparation of PZT
suspensions. The phosphate ester (Johoku Chem. Co., Ltd,
Japan) as charging agent and binder 0-3 wt% (relative to the
powder mass) poly(vinyl butyral-covinyl alcohol-co-vinyl
acetate) (PVB, Sigma-Aldrich Corp.,USA) was also added as
binder and 003 wt% (relative to the powder mass)
polyethyleneimine (PEL Sigma-Aldrich Corp., USA) were us
as stabilizer in order to form a thick and crack-free [4].

The mixture of 10 g of PbZrgs: Tigas O3 powder and
disperse in ethanol 100 ml with phosphate ester (Johoku Chem.
Co., Ltd,Japan) Suspensions of 0-2 wt% as charging agent and
binder. The samples having PZT were planetary milled for 30
min and finally subjected to stirred using a magnetic stirrer and
were ultrasonicated for S minutes with 160 W intensity at 20 kHz
ultrasonic frequency (Model VC 505), and then were stirred for
30 min to prepare a sufficiently stable suspension. The
suspension preparation procedure is schematically represented
in Fig. 2.
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) )

Fig. 1. Morphology of PZT powders by SEM. In the inset the result
measured by laser particle size analyzer.

A

In order to optimize the suspension chemistry, the Electrical
conductivity (EC) and pH of the pure medium (EtOH) and that
of the PZT suspension is measured as a function of PE
concentration using a pH meter (Model CM-1K, JICA). Studied
the effects of dispersant concentration on suspension stability,
zeta potential and particle size distribution. A schematic
diagram of EPD apparatus is shown in Fig. 3. In the present
work, a platinum substrate of 5 mm was used as the cathode,
and a stainless steel plate was used as the counter electrode with
a distance of 2 cm. The deposition kinetics have been studied in
depth to obtain an idea about the optimum deposition
parameters in the applied voltage range of 50 and 100 V fora
deposition time range of 2,4 and 10 min. The deposited weights
were measured by weighing the sample before deposition from
the weight after deposition, followed by drying in air at room
temperature. The PZT films were sintered in an electrical
furnace at 1250 °C for 2 h. The microstructural characterization
of the deposited film both in green and sintered condition has
been carried out using a scanning electron microscope (SEM:
JEOL, JSM-6340F).

Fig. 2. Sch

ic of PZT

Fig. 3. Schematic diagram of EPD apparatus.

III. RESULTS AND DISCUSSION

A. Suspension Characterization

As a result, the amount of dissociated PE is always higher in
PZT suspension than in pure ethanol. Therefore, the
conductivity in case of PZT suspension is much higher than pure
PZT when the same amount of PE is added.

Fig. 4a. shows that the pH of the suspension decreases
steadily with addition of PE in the medium. Such behaviour in
pH dependency might be due to the fact that in pure ethanol the
phosphate ester dissociation reaction quickly reaches the
equilibrium state and after that most of PE remains neutral ,but
in the presence of PZT particulates, the generated resulting in a
delay in attending the equilibrium state. With gradual increase
of PE concentration, the surface - OH groups saturate is the
absorbed protons and attains equilibrium. Consequently, the pH
of suspension decreases slowly with further addition of PE in the
medium [4.6].

Fig. 4b. shows the electrical conductivity change of the
medium n presence and absence of PZT particulates when
different amount of PE is added. The electrical conductivity of
the PE in pure ethanol increases steadily with increasing the PE
concentration while the conductivity profile is different in the
presence of PZT particulates

812
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Fig. 4. Effect of phosphate ester concentration in the suspension on (a) pH, (b) electrical conductivity, (c} Zeta potential and (d) deposited

mass per unit area at an applied voltage of 100 V for 4 min.

In the presence of PZT particulates, the generated protons are
absorbed on the surface - OH groups (on PZT), and the
equilibrium state for PE 1s delayed. The variation of zeta
potential with dispersant concentration is shown in Fig. 4¢. In
absence of the dispersing agent (PE), the suspension exhibits a
very low zeta potential value. However, it attains a maximum
value of (+) 32 mV upon addition of 0.69 g/100 ml PE in the
suspension. This increase in zeta potential with PE addition can
be accredited to the absorption of generated H+ ions on the
particulate surface.

The PZT deposit yield for various amounts of PE under a
constant voltage deposition at 100V for 4 min is shown in Fig.
4d. No deposition was observed from the suspension prepared
with no PE addition. The maximum deposited mass per unit
area and uniform surface morphology are obtained and produce
non-uniform and discontinuous films. As a result of which the
deposited amount and quality of the film drops when the PE
concentration exceeds 0.69 g/100 ml. Therefore, based on the
above results the PE concentration is fixed at 0.69 ¢/100 m1.
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B. Characeristics of deposited PZT film

Beside suspension chemistry, deposition parameters such as
applied voltage and deposition time also have great influence
on the deposition quality. Hence, it is necessary to optimize the
deposition parameters. Fig. 6a demonstrates the additional
amount of PE was fixed at 0.69 wt%. The relation between the
deposit weight and the deposition time was non-linear, and the
deposition rate gradually slowed down with time [7].

s0
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o —=—s0V
Bast —— 100 V|
)
Ewl
B
Eeas
)
Zaf
Ll
a8
s . s . " "

Time (minutes)

Fig. 5. Deposited mass per unit area as a function of applied voltage and
deposition period onto a conducting substrate from a stable suspension (PE
concentration 0.69 g/100 ml}.
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Fig. 6. Cross-sectional micrograph of a (i) as-deposited (green), b (1) sintered PZT film deposited at an applied voltage of 100 V for 4
min using the supernatant suspension and a(ii), b(ii) is the magnified view of a(i), b(i).

The cross-sectional micrographs of the green PZT film
deposited using the supernatant suspension at an applied
voltage of 100 V for 4 min is shown in Fig. 6a(i); and b(i) .The
micrograph confirms the formation of a continuous film with
the uniform thickness of ~0.6 mm onto the porous anode
substrate without any cracks. Fig. 6b(i); and b(ii) shows that the
deposited film is converted to a dense and uniformly thick
electrolyte coating (thickness: ~0.5 mm) after co-firing at 1250
°C/2 h. Moreover, the sintered film does not exhibit any
microcracks or through pores [8].

IV. CONCLUSIONS

In this work, a study has been carried out on the effect of the
PE provided a stable suspension with well dispersed, and surface
charging to the PZT particles in an ethanol solvent. The results
indicate that the pH and conductivity measurements indicated
the adsorption saturation of the PE on the PZT surface. The
results obtained in this research indicate that the highest zeta
potential was achieved using the saturated amount of PE. The
over addition of PE caused a decrease in the zeta-potential, but
an increase in the adhesion of the deposits to a platinum
substrate. Finally, these results suggested a potential
application of the deposition process for the PZT thick films.
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Abstract
The preperation of PZT (Pb(Zr,,Ti, JO,) thin film on

by (EPD) method has

studied. The addition of phosphate ester was doped for improve the
stability of the PZT particles. The films were prepared by using electric
field which applied between electrodes in range of 50, 100 and 200 volt,
and deposition time of 4, 6, 8 and 10 minutes, respectively. Then, the
green PZT thin films sintered at 1250 °C for 2 h. The phase
identification and microstructure of PZT film were obgerved by X-ray
Diffraction (XRD) and
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