
C h a p te r  3 
E x p e r im e n ta l  w o r k

The  experim ental technique o f  sample preparation and the 
measurements fo r  physical, electrical and optical properties as w e ll as 
m icrostruc ture  investiga tion  are described in th is  chapter.

3.1 P re p a ra tio n  o f  p o w d e r and p o ly c ry s ta llin e  P L Z T

A l l  chem icals employed are o f  reagent grade and were listed in  
Tab le  3.1 P L Z T  (3 /52 /48 ) o r Pbo.9 7 Lao.o3 Z r0.5 i 6 iT i 0 . 4 7 6 4  0 3  ceramics w ith
0.5 at.%  o f  various dopants were synthesized by a conventiona l oxide 
m ix in g  process. Excess lead oxide (2 m o l% ) was used to compensate 
lead loss and to  achieve h igh  density ceramics.*50,51* The f lo w  chart fo r 
oxide m ix in g  technique used in  th is  study is shown in  F ig . 3.1. In  th is  
m ethod, raw  m ateria ls were m ixed in  the calculated ra tio  to achieve the 
desired com position  and ball m illed  in a polypropylene bottle  w ith  
z ircon ia  balls, d is tille d  w ater and 0.1 %  o f  E lo tex -50E 100  as a dispersant 
fo r  10 h. A fte r  d ry ing  at 110°c, the m ix tu re  was calcined to  tetragonal 
perovsk ite  phase fo rm ing  in  a closed a lum ina crucib le at 950°c  fo r  10 h. 
The  ca lc ination  curve is shown in F ig. 3.2. The calcined powder was 
fu rth e r ba ll m ille d  w ith  1 w t%  P V A  binder (m o lecu la r w e igh t 15,000) fo l­
io  h. The  powder was then dried at 1 10°c and screened through a sieve 
(num ber 100 mesh). The dried powder was pressed at 80 M P a  in to  
pellets (12 m m  in  d iam eter and 2.5 m m in th ickness) and then sintered in 
a closed a lum ina  crucible at 1250°c fo r 2 h. In order to provide PbO 
atmosphere during  s in tering, 1 g o f  PbZrCb as a lead source was put in a 
sm all a lum ina  boat beside the pressed pellets. The sin te ring  curve is 
shown in F ig . 3.3.
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Table 3.1 C om ponent oxide powders and chemicals used in synthesiz ing
PI .Z T  ceramics

M a te r ia ls G rade M a n u fa c tu re r

Lead o x id e  
PbO

99.0% F lu k a

L a n th a n u m  o x id e  
L a 2C>3

99.98% F lu k a

Z irc o n iu m  d io x id e  
Z r 0 2

~3%  H f 0 2 F lu k a

T ita n iu m  d io x id e
ฑ 0 2

99.5% U n ila b

C h ro m ic  o x id e  
C r20 3

99.8% R ie d e l-D e  H aen AG

C u p ric  o x id e  
C u O

>98% F lu k a

B a r iu m  carbonate 
B a C 0 3

99.0% J .T . B a ke r

F e rric  o x id e  
Fe 20 3

>98.0% F lu k a

Z in c  o x id e  
Z n O

>99.0% F lu k a

M anganese o x id e  
M n 20 3

99% A ld r ic h

A m m o n iu m  m etavanadate 
H 4N O 3V

>99.0% F lu k a

L ith iu m  carbonate 
L i 2C 0 3

>98.5% M & B

P o tass ium  carbonate
k 2c o 3

>99.0% F lu k a

N ic k e l( I I )  su lfa te  
N 1S O 4.6 H 2O

>99% F lu k a

C o b a lt( I I)  n itra te  
C o ( N 0 3) 2.6 H 20

99% R ie d e l-D e  Haen A G

S tro n tiu m  carbonate
S r C 0 3

98 - A ld r ic h



Table 3.1 (cont.) C om ponent oxide powders and chemicals used in
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synthesiz ing  P L Z T  ceramics

M a te r ia ls G rade M a n u fa c tu re r

Stannic oxide 
Sn02

99.9% Aldrich

Bismuth oxide 
B i20 3

99.5% Riedel-De Haen AG

Boron oxide
b 20 3

>98% Fluka

Yttrium oxide
y 20 3

99.99% Kanto Chemical

Tungsten oxide 
W 0 3

99+% Aldrich

Niobium oxide 
Nb20 5

>99.95% Kanto Chemical

Selenium oxide 
Se02

99% J.T. Baker

Gadolinium oxide 
Gd20 3

99.9% Aldrich
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Fig . 3.1 F lo w  diagram o f  sample preparation o f  P L Z T  ceramics by a 
conventiona l oxide m ix in g  process
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F ig . 3.2 F ir in g  curve fo r  the calc in ing  o f  P L Z T  powder

F ig . 3.3 F ir in g  cu rve  fo r  the s in te r in g  o f  p re sse d -P L Z T  p e lle ts
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3.2 C h a ra c te r iz a tio n  o f  P L Z T  ceram ics

3.2.1 Phase id e n tif ic a tio n  by X - ra y  d if f ra c t io n

Phase determ ination o f  calcined powders (a fte r m illin g  fo r 10 h) 
and sintered ceramic samples were studied using X -ra y  d iffra c tio n . The 
cond itions fo r measurement were C u K a rad ia tion  (Z = 1 .5418Â ) w ith  a 
tube voltage and current o f  30 k v  and 30 m A , respectively. P r io r to the 
measurement, the X -ra y  d iffractom eter (JE O L: JE O L -3 5 30 ) was 
calibrated using high p u rity  s ilicon  as an external reference standard. 
The sample was scanned fo r 20 range o f  20-80° at 0.04 degree fo r  step 
angle and 0.50 second fo r count tim e.

X R D  patterns o f  calcined powder were investigated to  determ ine 
the single phase perovskite  P L Z T  w ith  fu lly  c rys ta lliza tion . In  addition, 
X R D  patterns o f  sintered P L Z T  pellets w ith  polished surface were 
investigated fo r the other phases w h ich  m ay take place a fte r f ir in g  at 
h igher temperature.

3.2.2 D e n s ity  d e te rm in a tio n

3.2.2.1 B u lk  d ens ity
B u lk  density o f  sintered P L Z T  pellets was determ ined by 

A rchim edes method. Samples were boiled in d is tilled  w ater fo r 2 h and 
cooled to room  temperature w h ich  then were cured fo r another 12 h. The 
dry w e igh t \ v d, saturated w e ight พ sa1 and suspended w e igh t พ sus were 
taken and used to calculate bu lk density fo llo w in g  the A S T M  standard 
(D esigna tion  c  20-00).

Wd
B u lk  density = ----------------------  p (3 .1)

พ . - พvv sat v v  รนร

where p is water density at the measurement tem perature (0.99568 g /crn ’ 
at 30 °C).



3 . 2 . 2 . 2  T h e o r e t i c a l  d e n s i t y

Theoretical density o f  sintered P LZT pellets were calculated using 

the fo llo w in g  equation

M

Theoretical density = -------------------  (3.2)

V . N a

where M  is the m olecular weight (g/m ol),

V  is the lattice volume (cm 3/m olecule) calculated from  the

(002) and (200) peaks o f  the X R D  patterns, 

and N a is the A vogadro ’s number (6.02254x1 o23 m olecule/m ol)

3.2.3 M ic ro s t ru c tu re  e xam ina tio n  by S cann ing  E le c tro n  
M ic ro sco pe  (S E M )

M orpho logy o f  calcined powder and m icrostructure o f  sintered 

P LZT ceramics were examined w ith  a Scanning Electron M icroscope 

(JEOL: JSM-5410). Surface o f  the sintered ceramics were polished w ith  

increasing fineness o f  S ic  paper and finished w ith  1 pm diamond paste. 

Thermal etching o f  polished surface was then performed by heating the 

samples to 1150°c and keeping fo r 10 m in in a closed alum ina crucib le 

under PbO atmosphere. The etching temperature was chosen to be lower 

than the sintering temperature in order to prevent the s ign ificant grain 

growth. Surfaces o f  all the samples were gold-coated by sputtering for 

120 sec to reduce the charging during SEM observation. The average 

grain sizes were determined by a line intercept method fo llo w in g  the 

A S T M  standard (Designation E 1 12-96



3 . 2 . 4  E l e c t r o n i c  p r o p e r t i e s

3.2.4.1 D ie le c tr ic  con s tan t m easurem en t

Samples fo r the die lectric measurement were polished w ith  

increasingly fine grades o f  S ic  paper to about 10 mm in diameter and 1 

mm in thickness. S ilver paint solution (a ir dried) was applied on both 

sides o f  the pellet as an electrode. The die lectric constant (K ) and 

dissipation factor (tan 5 or D) o f  the prepared samples were measured at 

room temperature using an impedance analyzer (H ew le tt Packart: 4192A 

LT Impedance Analyzer) at five  d iffe rent frequencies o f  100 Hz, 1 kHz, 

10 kHz, 100 kHz, and 1 M H z. The die lectric constant was calculated 

from  the measured capacitance value from  the fo llo w in g  equation

C t

K  = -----------------  (3.3)

ธ0 A

where c  is the capacitance (Farad),

t is thickness o f  the sample before applying the electrode, 

So is the p e rm ittiv ity  o f  free space (8.854x1 O'12 F/m), 

and A  is the electrode area (m 2).
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Samples fo r piezoelectric constant (d33) measurement were o f  the 

same configuration w ith  the samples fo r the die lectric constant 

measurement but they were poled in silicone o il at 1 2 0  ° c  under 2 

k v /m m  electric fie ld  fo r 10 m in. The piezoelectric constant o f  all the 

samples were measured w ith  d33 meter (B erlincourt Piezo d-meter Model 

C A D T ) at an applied v ib ra tion  frequency o f  120 Hz.

3.2.5 P ho to vo lta ic  m easurem en t

Samples fo r photovolta ic measurements were cut to a size o f 

4x7x1 m m 3 and polished to 1 pm o f  diamond paste on both 7x4 mm 2 

surfaces. S ilver paint solu tion (a ir dried) electrode were painted on two 

opposite 7x1 m m 2 surfaces. The specimens were poled w ith  the same 

conditions as in the piezoelectric constant d33 measurement by applying 2 

k v /m m  electric fie ld  in silicone o il at 1 2 0  ° c  fo r 1 0 min.

A  high pressure, short arc mercury lamp (Ushio Optical M odulex 

H500) was used as a ligh t source fo r the photovolta ic measurement. The 

orig ina l lamp radiation was passed through an infrared (IR ) b locking 

filte r  (O rie l No. 59060) to obtain a ligh t beam w ith  the maximum 

intensity around 366 ททใ wavelength. Radiation w ith  this wavelength has 

been reported to yie ld  the maximum photovoltaic properties*23'241 This 

wavelength is near the absorption edge or energy band gap o f  PTZT
ะ (28.48)ceramics

Fig. 3.4 shows the experimental setup for photovoltaic measure­

ment. Photovoltage and photocurrent were determined from  the plotted 

curve between the measured current w ith  an applied voltage (-100  and 

+ 100 V ) w h ile  the samples were illum inated. Photovoltage was 

determined in an open c ircu it state from  the intercept o f  the applied 

voltage axis w hile  photocurrent was obtained in a short c ircu it state from 

the intercept o f  the current axis. Fig. 3.5 illustrates the determ ination o f  

photocurrent and photovoltage from the plot.

3 . 2 . 4 . 2  P i e z o e l e c t r i c  c o n s t a n t  m e a s u r e m e n t
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Fig. 3.4 Experim ental set-up fo r photovoltaic measurement
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Fig. 3.5 Schematic diagram showing the relationship between the 

measured photocurrent and applied voltage
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O ptica l transmission spectra o f  PLZT ceramics were measured at 

room temperature w ith  an excitation wavelength o f  200-900 nm using the 

spectrophotometer (Jenway 6405 U V /V is  Spectrophotometer). The d isk­

shaped samples were mounted in acrylic resin and polished to a thickness 

o f  0.05 mm. The mounted samples were immersed in liq u id  paraffin  to 

reduce lig h t scattering at the surface(47).

W avelength o f  the transmission spectra was converted to photon 

energy by

3 . 2 . 6  O p t i c a l  a b s o r p t i o n  e d g e  b y  U V / V I S  S p e c t r o p h o t o m e t e r

E h  V (3.4)

eV 1239.8 /  X (3.5)

where E is photon energy (electron vo lt: eV),

h is the P lank’ s constant (6.626x1 O'34 J.s), 

v is ligh t frequency (Hz), 

and X  is wavelength (nm).

The optical absorption edge or band gap energy is the energy near 

the last wavelength, which has enough energy to excite electron in the 

valence band to the conduction band o f  the materials as shown in Fig. 

2.8. The band gap energy is given by Eq. 2.9 in chapter 2.

I  A
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