e % s
e ) P T il
//|W|| VT — FEma N

ch&'\ﬂu)——xx e S |

g

A A A
iy - e 2 o,
V_-qopw-qmw—qop G, -(C-:-M

.
e
>

- A =
L= [ L 0 h) 0. .
SO

#

e

b
i i
X

e

P, S,
—-G-—M—-D —1 e L]

i

X

) (t
U e i\
& = i :
N E &Wm. : If} |
U ", . e Y
T e - 2
il = IH
_ i\
AV w% ¢ mv
| : 0
> | _
< ﬂ
: 7

o
Eofli, el




—?ﬂ./ - P s — ..Ic%]l\iléll:il &S T P et P A
PRV g ¥ o § P Saiilear, ¥ (Son \X\A/ - AT NS

A A 0
> oW Sy, Vo e,

i)

o —

: )

—_— - ’ .:- .
o NN AN
% " SN A

o
&
-
(S

I—

e

o —

2R »
. V::__ ~

S

4 — ;

o x
‘ ooy
e ot /

o
== e
b Sl 1@. = A

€3

La glaall
Sy

-
T

-
r—Y I
B

= >, N

@ ASUNET

b,
N

& =
3 —
e

-

Ll

XA S
2
"

e

=

M NS

ey

W

SACAGES

—

£

o




-

—

R

e —

(e Anala

abdg Saally g SN (gl gal

ot

e

Wbty Lgidigh o ,all Salall of aadiad) Al sl
Clpd 4 G99 sl B DEY) Sha o

a-,;el.a.ll i el | e
@ ASUNET

-2
Q) e
Ll oo Ny DY) o 38 Jadas

Yot =Y (o dpaad dughyg dygia YO—10 (haba daja A
To be Kept away from Dust in Dry Cool place of
15-25- ¢ and relative humidity 20-40 %

—— S, A2 e
-‘Chmd?:.h—A.ﬁDh-‘ 4 {aF
g 2 3

-

OO

i S

N




v
gAY

e

e e g

Vo O Cray Ty g ey g VeV g
&2 N N S s LY

— W s
A=
s

g

v

=AY A A
— a--x ’\""'"—“"‘){\ Y --((*)-—M/

==X

s

e

R

R

ol
AR




-

N

g
Nt

P

i

~ e N
y _-q'u-M—n’: FW—K-).-V‘-(

F

. e s P A s A A, £
L P, Ly f g o e, 3 g o e 3 T W
\

ejuuu

pERpenyTTCRy |
4 2 ASUNET ¥




Suez Canal University
Faculty of Petroleum and Mining Engmeermg
Metallurgical and Materials Engineering Department

THE _PRODUCTION OF PIEZOELECTRIC
MATERIALS

- A Thesis
Submitted to
Metallurgical and Materials Engineering Department
Suez Canal University

For
The Master Degree of Science
In
Metallurgical and Materials Engineering w

5—(5,. e By

ADEL MOHAMED AMER =y
B.Sc. in Metallurgical Engineering, 199&/ ol

A
o o [
ﬁ/’ Suez Canal University /—.,'.' I F-._s
4, & ' o
Y\ " Lo

Supervised by \\ o,

Prof. Dr, SAMIR A. IBRAHIM
Metallurgical and Materials Engineering 4 \ La/'
Faculty of Pet. &Min. Eng.
Suez Canal University

Prof. Dr. MOHAMED S. AHMED  Prof. Dr. RASHAD M, RAMADAN
Metallurgical and Materials Engineering ~ Metallurgical and Materials Engineering
Faculty of Pet. &Min. Eng Faculty of Pet. &Min. Eng

Sugz Canal University Suez Canal University
1S bl 04
‘ k..____ )



Suez Canal University
Faculty of Petroleum and Mining Engineering -
Metallurgical and Materials Engineering Department

THE PRODUCTION OF PIEZOELECTRIC
MATERIALS

A Thesis
Submitted to
Metallurgical and Materials Engineering Department
Suez Canal University

For
The Master Degree of Science
In
Metallurgical and Materials Engineering

By

ADEL MOHAMED AMER
B.Sc. in Metallurgical Engineering, 1998
Suez Canal University

Approved by

Prof. Dr. SAYED F. MOUSTAFA

Head of Powder Metallurgy Lab. Science and Mathematics Dept.
Central Metallurgical R & D Institute Faculty of Pet. &Min. Eng

E!l- Tebeen, Cairo ‘Suez Canal Universil*

jﬁ%& LR v, W

Prof. Dr. SAMIR A, IBRAHIM Prof. Dr. MOHAMED S. AHMED
Metallurgical and Materials Engineering Metallurgical and Materials Engineering

Faculty of Pet. &Min. Eng Faculty of Pet. &M:in. Eng
Suez Canal University

Suez Canal University &
Fdwd e 2003

=

Prof. Dr. A, M, SHAMAA




Author Adel Mohamed Amer Mohamed

Title The Production of Piezoelectric Materials

Faculty Faculty of Petroleum and Mining Engineering

Department | Metallurgical and Mining Engineering Department

Location Suez - Egypt

Degree Master degree of science

Date

Language English

Supervision | Prof. Dr. Samir A. Ibrahim , Prof. Dr. Mohamed S.
Committee | Ahmed, and Prof. Dr. Rashad M. Ramadan

English Abstract

In the present work, various synthesis routes are applied for the
fabrication of bulk PZT ceramics. Firstly, the Solid-State Reaction route is
adapted with either one or two stages. Secondly, Sol-Gel route using two
selected solvents, Ethylene Glycol Monomethyle Ether, and, Acetic acid are
used. The results indicated that, the preparation of stoichiometric
composition without excess PbO of PZT ceramics by One-Stage Solid-State
Reaction requires a high processing temperatures to form the PZT ceramics.
In the Two-Stage Solid-State Reaction route a lower processing
temperatures is proven to be required to form PZT materials. This
temperature is lower than that one used in the previous method by 100-

200°C. In the route of using acetic acid as a solvent is observed to produce

the best structure and consequently the best electrical properties of PZT

ceramics produced by the previous routes.

Key words | Ceramic, Piezoelectric Materials, PZT, Dielectric
constant, Microstructure, Sintering and calcination
processes.




ACKNOWLEDGEMENTS

With great pleasure, loyalty, and sincereness, I would like to express
many thankful and gratitude feeling to Prof Dr. Samir A. Ibrahim, the
Chairman of the Metallurgical and Materials Eng. Dept., Faculty of Petroleum
and Mining Eng., Suez Canal University, for his continues interest, unfailing bits
of advice, and who created the theme of the study as well as the enthusiasm
needed to go through it, besides His supportive supervision, unlimited
encouragement and directions to help give me the chance to work properly with
his staff within a very productive medium.

My deep thanks should also go to Prof Dr. Mehamed S. Ahmed, who
supported me through continuous directing, supervision and fruitful discussions.

I am also indebted.to.Pref. Dr. Rashad M. Ramadan, for his positive
supervision, continuous guidance and fruitful discussion through his
participation.

I would like also to thank all the staff members of the Metallurgical and
Materials Eng. Dept., for their encouragement.

Special thanks to Prof. Dr. A. M. Shamai: tor many helpful advices and
introducing his facilities and experience during the x-ray measurements.

With deep thankful feelings, to my family for their continuous
encouragement.

Finally, with sincere gratitude I shall remember every single support and
help from everybody for my study. -

Again, thanks to you all, and I hope all your efforts and support that you

gave me for my study will give you the feeling of pride and success.

Adel M. Amer



ABSTRACT



ABSTRACT

Most of the rencently development of piezoelectric ceramics has focused on
piezoelectric ceramic materials research and, in particular, on developing new
materials. These materials should have the dielectric and piezoelectric properties
required for use in the desired piezoelectric ceramic devices. The vast majority of
piezoelectric ceramic materials found in the marketplace today are lead
zirconium titanate (PZT). They have a perovskite structure, and are characterized
by high dielectric constant, low dielectric losses, and high electromechanical

coupling factors.

In the present work, various synthesis routes are applied for the fabrication of
’ bulk PZT ceramics. Firstly, the Solid-Stdte Reaction route is adapted with either
one or two stages. Secondly, Sol-Gel route using two selected solvents, Ethyleﬁe
Glycol Monomethyle Ether, and, Acetic acid are used. PZT ceramics with a
composition, (Pb{Zr, Ti)(JO; x= 0.52-0.53), near the morphotrobic phase
boundray (MPB) in the presence of excess lead oxide are produced using the
various suggested routes. However, the basic composition is kept constant, for
One-Stage Solid-State Reaction route, excess lead is added in different amounts
of 3 or 5 mol% PbO in order to determine the effect of lead deficient. Also, in the
Two-Stage Solid-State Reaction route, the basic composition with another one of
3 mol% PbQO are produced. Sol-Gel route using two different solvents (Ethylene
Glycol Monomethyle Ether, and, Acetic_: acid) is applied to produce one PZT
composition (Pb(Zr, Ti).,)O;3, x = 0.52) in the presence of 4 mol% excess PbO.

Characteristics of the produced PZT ceramic materials were determined using
X-ray, metaliographic examination (SEM), density measurements, and electrical

properties measurements.



The results indicated that, the preparation of stoichiometric composition
without excess PbO of PZT ceramics by One-Stage Solid-State Reaction requires
a high processing temperatures to form the PZT ceramics. This leads to high
losses of PbO, low reactivity of the powder, presence of second phase and
compositional fluctuations with the subsequent effect of electrical properties
deteriorations. In the presence of lead oxide both structure and electrical
properties are observed to improve to large extent. The mechanisms of such

c_effect have been examined in the light of the obtained results.

In the Two-Stage Solid-State Reaction route a lower processing temperatures
is proven to be required to form PZT materials. This temperature is lower than
’that one used in the previous methhod bv 100-200°C. As a result, a dense,
relatively homogeneous and single phase structure is obtained without the need
to excess PbO additions. The electrical properties is much better compared with

those obtained in One-Stage Solid-State Reaction route.

The preparation of PZT ceramics by Sol-Gel route using ethylene glycol
monomethyle ether as a solvent gives closed structure and electrical properties to
the PZT ceramics produced by Two-Stage Solid-State Reaction route. In the
route of using acetic acid as a solvent is ebserved to produce the best structure

and consequently the best electrical properties of PZT ceramics produced by the

previous routes.

In ail the methods of production of PZT ceramics, reaction mechanisms and
structures changes during various stages of production are carefully followed and
related to the final material characterization and also compared with existing

results relavant to method used.
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