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Thesis Title ! Study on electrical properties of lead-free Bismuth Potassium

Titanate based ceramics

Student Miss Prapapim Phetnoi

Student ID. : 52611610

Degree ‘ Master of Engineering

Program : Microelectronics Engineering

Year 2011

Thesis Advisor Asst.Prof.Dr. Surasak Niemcharoen

Abstract

This f!iim of sltudy is to investigate the electrical property of ceramics in the binary system

of bismuth —L potassium strontium titanate (Bi K, TiO;- SrTiO,) in terms of perovskite phase
|

formation, domholdgy and electrical properties. The polycrystalline samples of (I-x)

BiysK,sTiO, [ #S1TiO, whenx =0.0,0.02, 0.04, 0.06, 0.8, 0.1, 02,03, 0.4, 0.5, 0.6, 0.7, 0.8
| ‘

and 0.9 were prepared by the solid state reaction involving the use of high-purity starting oxides

and controlled atmosphere sintering. Phase development of calcined powders, the crystal structure

| ;

and phase trarllsitions of sintered ceramics were analyzed by X-ray diffraction (XRD), thermal and

dielectric measurements. The morphology analyses were undertaken by scanning electron

microscopy ($EM). For XRD result, it can be seen that all the ceramics were detected as single
| :
perovskite structure. The ceramics with a perovskite structure showed an tetragonal phase at

000<x=< 0.1010 and became pseudo cubic at x = 0.10 but x = 0.20 has maximum dielectric at
around 3059. Howe\}er, Dielectric results showed that dielectric constant and phase transition
temperature of and tétragonal—cubic (TC) decreased when a small amount of ST was added. The
ceramic decreTased W'jlth increasing ST concentration . BKT-ST ceramics exhibited a very broad

curve over a wide temperature range.
|
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UszinertSuna
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' v 1 4
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| ; (3.1)
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3.7 MINTIVABUAYFIHING

FINSANEINSHANMS VB UNTY 1Az FUTIUINGIVBUFI NNV INTBUUANTD
a A v o Jdo a a a a Y
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' da d [ . .
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Abstract- In this paper] lead-free (BiysKo5)TiO; ceramics

doped with SrTiO; was prepared by the conventional solid state

reaction method with sintering temperature at 1040°C. The

;
samples were characterized by X-r:l)‘idiffractioxt analysis and

Scanning Electron Microscopy. The| dielectric, ferroelectric

properties werc also investigated. The results of X-ray diffraction
[ I e,
tie BiysKosTi0; lattices to form a

the

reveal that SrTi0, diffuse into

solid solution with a burc perovskite structure. After

introduction of SrTiQ, into Bi sKgsTiQ;, the dielectric constant
|
at room femperature (g,) was f

SrTiO,.

ound to |decreuse with increasing

The broadness of the diclectric

D, content, especially that of the

constant peak was
observed with increasing SrTi
0.94Biy 5K sTiO; — 0.06 SrTiQ
broad curve over a wide temperatu

1
be

ceramic¢ which exhibited a very
| : | .

re range. The BigsK,TiO; —
\ AN .

a mew [and promising candidate

SrTiO; system was expected to
for lead-free capacitors.
1.

INFRODUCTION
[

Lead zirconate titanate [Pb(Zri;Ti)OyPZT] are widely

used for piezoelectric actuatois, ’Sé’hSorsl and transducers due to

i
heir excellent piezoelectric properties [1.2]. However, the
toxicity of lead oxide and its high 'vapm pressure during

alternatjve  envir

|

n on waste electrical

Llectronic equipment has been issued;

processing  demand onmentally friendly

materials. In Europe, the legislatio

the use of hazardous
bubstances such as lead in electrical parts is prohibited from

P006. From the viewpoint of sustainable development of world
i

[
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roperties of Bismuth Potassium Titanate-
Strontlum Titanate Ferroelectric Ceramics

-
ayakorn™’

of Engineering, King Mongkut’s Institute of

ute of Technology, Bangkok, Thailand

Faculty of Science, King Mongkut's Institute of

society. the use of toxic substances should be prohibited in

many other countries in the field of piezoelectric ceramics.
Therefore. it is necessary to develop lead-free ceramics with
excellent piezoelectric properties [3].

Bismuth potassium titanate (BigsKosTiOs: BKT) is

considered  as the one of the candidates for lead-fige
pxezoelecmc ceramics. BKT was discovered by Smolenskii {4].
And it has a perovskite structure belonging to tetragonal crystal
system al room temperature. It undergoes a phase transition
around 380°C, the ferroelectric Curie point (T.). Li et al[5]
reported the dielectric relaxor properties of feroelectric
BiosKosTiO; prepared by sol-gel method. Their structural
studies indicate the tetragonal lattice type for BKT with point
3.941 A ¢ =4.000A.

Gadazhiyev et al. [6] and Elkechai et al. [7] suggested that

group 4 mm and lattice parameters ¢ =

BKT. at high temperature has cubic symmetry on cooling to a
temperature 7¢- = 380°C, a transition from cubic to tetragonat
Symmetry take place. A-cco'rdi'n‘g to Tvanova et al. [8), there is a
270°C, while Gadazhiyev

et al. observed this second order phase transition at 300°C and

second phase transition at above T, =

they ascribe this phase transition as the one associated with anti-
ferroelectric character of the phase. Hou et al. [9] synthersized
BKT by sol-gel technique and piepared high-density ceramic
samples sintered at 1050°C. Their studies indicate relaxor
around 380-400°C.

behavior

with dielectric maximum



yroclectric propertics. Vijava Bhaskar Raa ctal. [10] reported

|
e pyroclectric maximum at {380°C and  observed remmant
e

olarization is about 2 uC/em? ;

With the increasing demand ol oxide [lerroclectrics.

araclectric  Strontium  Titanale (8110, ST) are most

romising capacitor materials. because .of their high dielectric

onstant and thermal stability. [ST is a quantuin paraelectric.

. |
the 1ions  are

i posi%ions {T1]. Itis known

‘here ferroclectric fluctu suppressed by the

tantum fluctuations of the ator

at the polar state in ST can be induced via: electric field [12)

niaxiat stress [13] cation [14] or oxygén isotope substitutions

the lattice [15]. TPlowever the role| of S#/Ti ratio on the
1

electric response as well as ¢ Tin growth of undoped

1 the gr
T is not definite. Moreover, the dependence of the quantum
Lhavior on the grain size of undopeé ST materials is not
carly established. The optimization b'fj'l'he dielectric response
closely related (o the precise dontrol of the composition [16].
this paper,- it has been indicated that ST doping of BKT

ramics show improvement of electrical properties.

|
I. EXPER(MENT{L\L
x = 10.00-0.10 lead-fice

ramics vere synthesized by the conventionally solid state

The (1-x)BKT—(x)ST;

action methods. This method

LCO; (99.0%). BisO; (99.5%

fore use. These powders were

850°C for 4 h. The calcined pa
VA) added as binder, were p

meter and 2 mm thickness, an

bd to determine the phases

0.0%). Alkali carbonates were

jo]

mosphere for 2 h in a clos

fraction (XRD; Bruker-AXS L

used high purity AR grade
. SrCO5 (99.9%) and TiO,

used as a starting material,
1

tich had been treated carefully by a special drying process

laced in: an oven at 230°C for

. . .
Hays and then stored in a monsture-ireq vessel {17]. Reagent
ide oxide powders were weighed a‘c'c’oréiih’g to stoichiometric
mula, and ball-milled with ethanol and ylirium-stabilized

conia media for 18 h. Afier drying, theimi.\'(ure was calcined

.
wders, with polyvinyl alcohol

|

ressed ir|1to pellets of 13 mm
{ sintered at 1,040°C in BKT-

ed alumina crucible. X-ray

)8) using CukK, radiation was

formed iand optimum firing

963

88

lemperatures for  formation of the  desired phase. The
microstructure analyses were undertaken by scanning clectron
microscopy-(SEM. Leo 1455VP). The dicleetric constant was
then caleulated from €, = Cdlfe 4. where € was the capacitance
ot the sample, ¢ and 4 were the thickness and area ol the
electrode, respectively. and &, was the dielectric permitivi ty of
vacuum (8.854 x 107" F/m). Polarizations. as a lunction of
electric field (P-E loop) at 4 Hz of the samples. were observed
(RT668:

Technologies, Inc.). The peak field was maintained at 50

using a [lerroelectrics  test system Radiant

kVicm during measurement.

I, RESULTS AND DISCUSSION

Fig. 1 shows the x-ray diffraction patterns of the
(1-x)BKT=xST : x = 0.00-0.10 ceramics. 1l can be seen that all

the ceramics were detected as single perovskite structure.

{
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Figure I. XRD patterns of (1-x)BKT-(x)ST ceramics sintering at 1040°C
for2 h

The result indicated that the dopants were ‘completely diftiiseéd
into the (BigsKos)TiO; lattices, with Sr2* entering the
(BigsKos)™ sites to form a homogencous solid solution.
Furthermore, it can be clearly seen that crystal structure of

samples with x <0.08 exhibited a tetragonal structure. At the

composition X = 0.1, the ceramic has a cubic structure. As

increasing the ST content, the peaks shift toward a higher angle



Hlightly because the host Bi*" (ionic radius 1.14 A) and K'
1.64 A) are replaced by doped Sr°* (1.44 A). Figure 2 shows
he SEM images ol the (ractured surfaces of the (1-x)BKT-xST
x = 0.00-0.10 ccramics. It is well known that the pure BK'T

Fould not be sintered to obtain sullicient density.

Figure 2. SEM micrograph of fracture surfaces of the (/-x)BKT-(x)ST
ceramics sintered at 1040°C for 2 h with (@) x = 0.00, (b) & = 0.02,
c)x=0.04,(d)x =006, (e)x =008 and (N x=0 10

After the doping of ST, the ceramics become denser, porosity
degrades and the grain size increases. Figure 3~ shows the
constant of the

1-x)BKT-xST;x = 0.00-0.10 ceramics. The broadness of the

temperature dependence of dielectric
dielectric constant peak was observed with increasing SiTiO;
content, especially that of the 0.94Bi, Ko sTiO; — 0.06S¢TiO;
ceramic which exhibited a very broad curve over a wide
temperature range.

It is also apparent in figure 3 that there is a systematic
broadening of peak in dielectiic constant at 7, with increasing
ST content. The broadening of the peak may be an indication
that the grain size ol the ceramics slightly increases with
increasing ST content. Phenomenon suggests a transition from

a normal ferroelectric to ‘relaxorlike” ferroelectric [18] due to

89

the cation disorder in perovskite unit cell and the formation of
microdomain since non-ferroelectric ST was added. However a
more detailed study is required in order (o establish the cause.
Figure 4 shows the P—£ hysteresis loops ol polarization versus

electric field for the ST-substituted BK'l" ceramics measured at

room temperature and 4 [z,

[

(c) (d)

o

Thierasic &

w

. Tespeatas 0y

(e) n
Figure 3. Temperature dependence of dielectric constant (€) and dielectric
loss (tan &) of the (/-x)BKT-(x)ST ceramics sintered at 1040°C for 2 h with
(a) x = 0.00, (b) x = 0.02, (¢c) x = 004, (d) x = 0.06, (e) x = 0.08 and
(Nx=0.10

It is seen that typical ferroelectric polarization hysteresis loops
were obtained for all the ceramics. The decrease of the
remnant polarization (P,) indicates that the addition of ST
could transform the base composition into a soft ferroelectric
aterial. The slightly distorted P—£ loop for the BKT ceramic
with x = 0.1 indicates the weakening of ferroelectricity when
the ST content is higher.



attices to form a solid sol
Ktructure. After the introductio
the dielectric constant at roor
Hecrease with increasing Sr

Hielectric constant peak was o

ceramic which exhibited a
lemperature range. The Big K
expected 10-be a new and pr
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Figure 6. The P-E hysteresis loops of the (1<) BKT-(x)ST ceramics
The ceramics with higher ST content exhibit a lower
irea of the hysteresis loop and|as a result histeretic losses are
ower {00.
V. CONCLUSIONS
Lead free piezoelectric|ceramics BKT-ST have been
prepared the conventional mixed oxide route with normal
sintering. At room temperature; the ceramics with a perovskite
Ktructure are in the tetragonal phase atix <0.08. At 0.1 <x .
hey become a cubic perovskite structure. The results of X-ray
diffraction reveal that StTiO; diffuse|into the BigsKgsTiO;

ition Wii[h a pure perovskite
n Of-‘ SITIO; in(o BlioAsKo.;r-iO;:

temperLuure (&) was found to

|
Ti0;. The broadness of the

bserved |with increasing SrTiO;
KosTiO; — 0.06 SrTiO,
ery broad curve over a wide
{osTiQ;]— SrTiO; system was

omising [candidate for lead-free
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