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Abstract

Environmental policy of European Union aims at elimination or reduction of use of chemically hazardous materials and sustainable use of
natural resources and waste. 6th Action Programme defines the strategy of managing risks from chemicals and recommends development anc
use of most efficient technologies. Piezoceramics, with its most common representative, the lead titanate/lead zirconate family (PZT), is in
focus and substantial effort has been dedicated to both the development of new lead free materials and improving manufacturing technologies
of existing materials in order to obtain better efficiency and reduce the volume of chemical waste. Preliminary results of this work, supported
by the 5th Framework Programme Growth will be presented in the paper.
© 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction 2. Background

The 5th Framework Programme, with its thematic pro-  PZT family of piezoceramics is the well-known group of
gramme Competitive and Sustainable Growth, was open for ceramic materials represented by several compositions, tai-
proposals 1998-2002. Its strategy was to support develop-lored for specific applications. In general, it is characterised
ment of “efficient and quality-based systems, embedded in by high sensitivity and wide operating temperature range.
agile organisations and producing high quality eco-friendly They are used in a high number of different devices, many
products”. The relevant defined key action has been “inno- of them like buzzers, igniters, transformers, knock sensors,
vative products, processes and organisation”. manufactured in millions of units, i.e. several tons of mate-

Conditions for obtaining financial support for the planned rial, every day.
activity are, besides relevance to areas defined by the Com- The commonly used mixed oxide technology is rela-
mission, sound scientific subject and a detailed working tively simple and chemicals used in the process have a
plan, participation of at least three independent organ- moderate cost. However, the major part of the volume of
isations from minimum two European countries, either chemicals used in the manufacturing process is lead oxide.
members of the European Union, candidate countries orLead and its compounds are listed as toxic and hereby
associated countries. Industrial participants have to providehazardous, not only in form of direct pollution originating
50% of self-financing. The usual success rate for proposalsfrom the waste produced during the manufacturing process
is approx. 15%. of powders and machining of components but also be-

Two selected ongoing R&D projects and one network and cause products containing PZT based transducers, are not
preliminary outline of their results are a subject of the paper. recyclable.

The strategy of the European consortia, whose work is
presented here, was to take three different approaches to
E-mail address: ww@ferroperm-piezo.com (W.W. Wolny). reduce the use of lead and its compounds:

0272-8842/$30.00 © 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
doi:10.1016/j.ceramint.2003.12.025



1080 WW. Wblny/ Ceramics International 30 (2004) 1079-1083

(a) Proposal for a project focused on defining and devel- 100 - ' -140
oping a new family of piezoceramic materials to re-
place PZT whenever possible and based on lead-free 4, |
compositiond1].

(b) Proposal for a project focused on improving exist-
ing manufacturing technology and compositions of
PZT in order to obtain higher sensitivity of materials
and higher manufacturing process efficiency, thus re- ~40
ducing the toxic impact on environment. In addition,
miniaturised device designs were to be pursued fur-
ther reducing consumption of toxic chemic§?3.

(c) Proposal for a network gathering majority of Euro- b
pean industry and academia involved in electroce- o e :
ramics. The network was to prepare a good practice Frequency (P}
handbook concerning handling of lead based electro- Fig. 1. Real part and imaginary part of the electrical input impedance of
ceramics including “cradle to grave analysj8;4]. a KNN-type ceramic from the LEAF proje¢6].
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All three proposals successfully passed evaluation process . o . .
and obtained contracts. Work started in early in 2001 and ? PLRAMIDd_h'gP s«insm.vlty tnovzl Ft)r'lef (f:_(laramicsj
will be completed in 2004. A summary of each project and or ftl'l vancet a;th Ica Igg;Deé#rgoél éco4ééns an
preliminary results are presented in the following chapters. MU/tHayer structures ( T i )

This project gathers a large consortium of 13 partners
and is co-ordinated by G.I.P Ultrasons in France. Whilst
staying with PZT materials, the project aims on reducing
their impact on environments through improved properties
) o . of investigated materials, the improvement obtained by op-
Consortium consisting of nine European partners and timising compositions and using new powder processing

co-ordinated by Danish manufacturer of piezoceramics methods among others controlled dispersion and sol—gel
Ferroperm Piezoceramics A/S, selected alkaline n'Obatesynthesis, attrition and high energy milling. Control of

(sodium potassium niobate KNN and lithium sodium nio- ceramic microstructure through alternative ceramics manu-

bate LNN) ceramics to work with. Niobate ceramics are tactyring routes such as hot forging, tape casting, textured
known to be difficult to densify fully, therefore the consor- 46 casting and screen printing of thick films should lead
tium proposed and investigated innovative powder synthesis;, higher process efficiency.

routes and ceramic processing methods. The original goals ggyeral compositions have been developed and tested, in-
of obtaining relative density of 94% at conventional sinter- cluding PLZT and PMN-PT types.

ing and 99% relative density at hot forging (sinter forging).

The expected piezoelectric properties were electromechani-

cal thickness coupling higher than 20% for LNN and 40% Table 1

3. LEAF—Ilead-free piezoelectric ceramics based on
alkali niobates (G5RD-CT-2001-00431)

for KNN. Simulation inputs for a 10 MHz transducer with two matching layéiis
At present, results are close to the original géag. 1 KNN-Sr  Pz2? Pz34 Pz33

shows an |mpodance curve for a sample of _KNN deveioped Ceramic properties

during the project andable _1 shows materi_al properties Density (kg/n?) 4200 7740 7550 5312

of KNN ceramics in comparison to conventional materials  velocity (m/s) 5850 4380 4700 3145

Pz27 (PZT, Type Il), Pz34 (modified lead titanate) and Pz35 ZS(Mrayl) 24.6 34.34 35.5 16.7

(lead metaniobatd] as a simulation of 10 MHz transducer "?Cssr . iciont 2750 ” 8200 4 1800 o 1970 "
. . oupling coefficien . . . .

with two matching layer$6). . Mechanical losses 0.02 0.02 0.003 0.7
Present results of LEAF can lead to preliminary conclu-  piglectric losses 0.07 0.02 0.003 0.08

sion that alkaline niobate ceramics do not offer a full re-

. Matching layer 1
placement for PZT, they can be however an attractive alter- grnng ayer

- . . Thickness (mm) 0.064 0.063 0.063 0.047
native to lead metaniobate, e.g. for ultrasonic transducer ap- \velocity (m/s) 2500 2500 2500 2500
plication in medium and high frequency range. Consortium  Z (Mrayl) 5.67 5.77 6.10 5.96
has investigated a numbe_r of compositions slhowing a Wide matching layer 2
range of dielectric and piezoelectric properties. The work  Thickness (mm) 0.065 0.063 0.064 0.063
is on-going, focused at present especially on manufacturing Velocity (m/s) 2500 2500 2500 2500
routes in order to obtain higher density and higher thickness £ (Mray)) 2.10 194 2.00 2.37

coupling, without, however, increasing significantly the cost. ~ 2From [5].



WW. Wolny/ Ceramics International 30 (2004) 1079-1083 1081

; -20 ————

Specific  Powders & ”f\\ 5 40 g J

/ \ % ! / % é -80 /./ 1

Cubic Templates 4 4\)‘/[ \ E -1-32 '8 ]
sl / |

|

‘ |
-1204 ——— theoretical
\ O Excess / 2 \\—k\
30

10 20 40 10 20 30 40
Templates Orientation by Tape Casting o 4 Freduency(MHz)y Frequency(MHz)
Tapes 100-150ym Thick s ' ' i sigel :
Tape Stacks 0.3-3 mm Thick i BT 75 E
fr S , =
¥ 9 4t / \\\4.‘,/ @ 0.04 -
- — z 3 / Z 0.03 o
Ceramic Sintering £ .l / £ Pt
/ 0.02 //
Fig. 2. Homoepitaxial template grain growth (TGG) via PMN-PT template o 0014~ i
[7] 10 20 30 40 10 20 30 40
: Frequency(MHz) Frequency(MHz)

Inks for screen-printing of piezoceramic layers on a num- Fig. 4. Theoretical (red lines) and experimental (blue lines) electrical
ber of different substrates such as alumina, PZT and sili- impedance and admittance of a thick film structi#fe (For interpretation
con have been developed. Thus includes inks modified byof the refereryces to coloun_' in this figure legend, the reader is referred to

. . L. . . . . . the web version of the article.)
lead free sintering additives enabling sintering thick films
at temperatures as low as 63D. Finally, new device con-
figurations, feasible thanks to new technologies have beens, POLECER—polar electroceramics
designed and tested. (G5RT-CT-2001-05024)

Preliminary results demonstrate that along with signif-
icant miniaturisation of several devices, mainly sensors Whilst the POLECER network does not carry out re-
and medical transducers, further integration of transduc- search, its aim is to support and co-ordinate R&D activi-
ers can be obtained using screen-printing techniques.ties in the field of electroceramics and implementation of
Examples of the results are given iRigs. 2-6 and emerging technologies, together with dissemination of pro-
Table 2 References for detailed results are given below fessional knowledge and best practice within processing of

[7-11] electroceramics. It has at present almost 80 members. In
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ky ki (1 kHz) at 30 °C

Disk Ceramic 0.58 0.49 3500-4300
Fine Grain Ceramic 0.52 0.4 -
Tape-Cast Textured Ceramic (f= 0.77) 0.6 - -
Tape-Cast Textured Ceramic (f= 0.9) 0.66 0.52 3700-4300
Single Crystal (29 % PT) 0.85 0.6 7000

Fig. 3. Impedance spectra and piezoelectric properties of textured PMN-PT ceramic obtained by homoepitaxial template grdiri.growth
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Fig. 5. Examples of thin discs prepared by tape casting, and a corresponding frequency sggctrum

Ea;:;e(ﬁacking and bottom electrode) and results (thick films) of the multilayer structure

Backing (porous PZT) Bottom electrode Piezoelectric thick film

w (mis) p (kg/m?) he (um) Z. (MRa) hp (wm) p (kg/m?) ke (%) S tansm (%)
3700 6500 10 40 55 6500 28 375 14

he and h, are the thickness of the bottom electrode and the piezoelectric thick film, respe¢ijely

accordance with the environmental policy of the European 6. Conclusions

Union, one of its 10 workpackages, WP9, focuses on En-

vironmental Aspects of Electroceramics and is co-ordinated Environmental issues are not necessarily negative for the

by Prof. P. Gonnard of INSA Lyon, France. One of his re- future of electroceramics. New materials and especially new

ports, “Chemical substances management rank guidelinesand improved technologies leading to higher efficiency and

for polar electroceramics”, is now open for downloading on miniaturisation of piezoelectric components open possibili-

http://www.polecer.rwth-aachen.de ties for new highly integrated devices. As European projects
The new directives for handling of hazardous and toxic presented in this paper are still ongoing, and their results

waste exempt electronic ceramic components such as PZTtherefore protected by project consortia mutual confidential-

from the list of prohibited substances, however, careful han- ity agreements, only a limited part of their activities and pre-

dling of lead compounds and related chemicals, monitoring liminary results could be presented here. Hopefully, despite

its consumption, improving the process efficiency and re- of this limitation, the paper can serve as an inspiration to

ducing if not eliminating any emission of toxic materials and a socially responsible development without environmental

minimising the volume of waste are a recommended prac- degradation.

tice. POLECER supports initiatives leading to co-operation

within the field.
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