Chapter 3

Experimental work

Pb-based ferroelectric powders were ground in a ball-mill in order to reduce
particle sizes and then mixed together with a frit and an organic vehicle, such as

terpineol and ethyl cellulose, and phosphate ester according to the paste formulas.

hases and crystal structures,
—

microstructures, and ele al details are described in this

chapter.

3.1 Pb-based ferroel ler.CC _

Pb-based ferroelg@lr ¢ is8d In this fesBarch are ACL 4040, ACL 4050,
and ACL 4055 (Advance 1 ’
formulation for high power ice ' the other hand, ACL 4050 and ACL

4055 are soft piezoceramic for '
B Ly

nsformer applications. Each of them was

put in a laboratory bd and zirconia balls (5.0 mm in

diameter) as milling wmédi I'fo' rom in speed). The similar

method was applied fm 72 hour g out'with 3.0 mrﬂ]in diameter balls and at 285
rom. The slurrﬁwere dfiemat 100°C in arelectric oven, following by milling of dried
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through a sieve (40 mesh).
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Pb-based ferroelectric powders were examined for the particle size and the
particle size distribution (PSD) by mastersizer (MALVERN Instruments: Mastersizer-S).
The particle size ranges from 0.05 um to 900 um can be measured. He-Ni Laser
generated the light for using in this machine. Distilled water and NaHMP powder were
used as the dispersing medium and additive, respectively. NaHMP solution was

prepared from 1 g NaHMP powder per 1 litre distilled water. It was mixed with Pb-based
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ferroelectric powder and put in an ultrasonic bath before measuring the particle size and

the particle size distribution.

3.3 Pb-based ferroelectric paste

3.3.1 Materials

Materials using in ferroelectric paste formulas are shown in Table 3.1.

PbO (= 99% purity, F dmika), B,0; (2 97 A L y, Fluka Chemika), and Bi,O,
(Carlo Erba) powders. Tie frif piparation procedure is given in Fig. 3.1.
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Table 3.1 Materials using in ferroelectric paste formulas

Materials Sources

ACL 4040 (hard piezoceramic) Advanced Ceramics Limited (U.K.)

ACL 4050 (soft piezoceramic) Advanced Ceramics Limited (U.K.)
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ACL 4055 (soft piezocerami€)w. E;__p,o Ceramics Limited (U.K.)

Terpineol 7 \\.\ Sl a (Switzerland)

Ethyl cellulose ///& E\\\ a (Switzerland)

Triton QS-44 solution (P ' \\\ ical Co. (U.S.A.)

Lead (1) oxide yellow (PBO)

»\ emika (Switzerland)

Boric anhydride (B,O,) hemika (Switzerland)
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Fig. 3. low diagram of frit 2reparat|on for ferroelectric paste formulas
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3.3.3 Organic vehicle preparation

An organic vehicle is generally composed of solvent and binder. In this
research, terpineol was used as a solvent and ethyl cellulose as a binder for preparing
the organic vehicle. They were mixed together before using in paste formulas. The

procedure of its preparation is shown in Fig. 3.2.

Terpineol Ethyl cellulose
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F|g 3.2 Flow diagrgm of organic ghlcle preparaton
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3.3.4 Ferroelectric paste preparation

Pb-based ferroelectric paste formulas consisted of ferroelectric powder,
terpineol, ethyl cellulose, phosphate ester, and frit varying amount of them depend on
each formula. The flow chart of Pb-based ferroelectric paste preparation is given in Fig.
3.3. These starting materials were mixed together, and then they were stirred with a
paste-stirring machine as shown in Fig. 3.4 to increase homogeneity for 40 minutes.

After that, the ferroelectric paste was screen-printed onto stainless steel substrates.

Pb-based ferroelectricy Organic vehicle

Fig. 3.3 Flow diagram of Pb-based ferroelectric paste preparation
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3.4 Ferroelectric thic raﬂori:by screen printing
w. IT‘ J lr'

Pb-based ferroel te WasS re{en—‘printed onto stainless steel substrates

by manually screen printings T écse‘én p ifn equipments are shown in Fig. 3.5. The
(|
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mask screen size of 5 X 5 was.made%?‘. attern of ferroelectric thick films. The

attack angle was about 45° durlng rﬁanuallyﬁﬁreen printing. The ferroelectric thick films

on stainless steel subs)rates were placed at a room tem%r{ ture until they were dried.
a"
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Fig. 3.5 The screen printing equipment
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3.5 Drying and firing condition

The Pb-based ferroelectric thick films on stainless steel substrates were dried in
an electric oven at 100°C for 2 hours. After that, they were put in a closed-alumina
crucible and fired in a muffle kiln at 680°C, 750°C, 800°C, and 850°C for 1 hour to

determine the optimum temperature. Firing condition is given in Fig. 3.6.

A 850°C, 60 min

Temperature (°C)

Time (minute)

Fig. 3.6 TAfing condition i fGBIeCific thick films

y

3.6 Pb-based ferroeleatric, thick film chagacterization
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3.6.1 Phgle characterization ¢
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ferroelecttic powders, and Pb-based ferroelectric thick films were examined by the x-ray
diffractometer (CuKa; JEOL: JDX-3530). The machine was calibrated using high purity
silicon as an external reference standard before measurement.The stainless steel
substrates were scanned using 26 range of 20-90° with 0.04 degree for step angle and
1 second/step for count time. The similar condition was used for Pb-based ferroelectric

powders and Pb-based ferroelectric thick films but the step angle was changed from
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0.04 to 0.02 degree because more details of phases and crystal structures could be

detected.

3.6.2 Microstructure characterization
The surfaces of Pb-based ferroelecric thick films were observed both before
fiing and after firing by reflected light microscope (ZEISS: Axiotech 100HD). The

defects at the surfaces, for example, crack, pinhole, and pore were examined and

detected by this microscope. Theny after firing were coated with gold for 80

seconds by a sputtering (J cimens were then investigated for
surface microstructure b (JEOL: JSM-6301F) for X500,
X5,000, and X20,000 magnifi
face, the cross-sectioned of the

an inte 'ial layer between the film and

| ""”m: \

In addition to ¢
ferroelectric thick films w

arkon at 7.5 volt and 30 A by a

N

the substrate. The s
sputtering (SPI Supplig$: were characterized by the

scanning electron microse@ps

3.6.3 EIectriqal mea

T

3.6.3.1 Thick t

The fired Pb-based ferroelectric thick films we@ mounted in a resin and a

hardener. The I ¢ i m i and were ground by
SiC papers urﬂ'jjﬁa m(ﬁ 0 .wmmej/were polished with a
diamon uptil qui ¢ t g film thickness
at a mﬁrﬁaﬁn&fﬁﬁ ﬁﬂﬂﬁﬁimﬁﬂﬁl& Axiotech

100HD). The finished specimen for thickness measurement is shown in Fig. 3.7.
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Film

Stainless steel

1/
Fig. 3.7 The specimen for thickness me@eﬁ;nt
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d dissipation factor measurement

Lonstant (K) and dissipation factor (tans) of the thick
flm were measured ‘at [ perature, using an impedance analyzer (Hewlett

Packard: HP4194A). f rgel?;cti'f' tpick films were Au-sputtered for 120 and

A '
des and Cu plate wes used for a bottom electrode during

o s ] 4 4
and, dlSSIp,a’t‘!pn factors were measured at four different
‘laJ

frequencies, including 1 kHz, ﬂ@--kHz 10.@:1&32 and 1 MHz by this machine. The

150 seconds to get top glec

measurement. The capaci

measured capamtanoe was used ’co calcui?te the dielectric constant. The dielectric

constant was caloulaiéd using the equation: —752,'
.\ j AL
1) 1l
K=C, V€ A -
Where C, is the capacitance (F)
t istherthickness of theythiek filar after firing (m)

is the permittivity of free space (8.854x10'12 F/m)

0

A is the electrode area (0.282 x 10° m2)
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3.6.4 Surface roughness

The surface roughness of Pb-based ferroelectric thick film was measured by a
surface profile measurement instrument (Hills & Valleys: Dektak’ ST). It is an advanced
surface texture measuring system, which accurately measures surface texture below
sub-micron and film thickness upto 131 microns. A stylus is made of diamond and it has

2.5 um in radius. A scan length was 500 pm in this measurement.
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