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Figure 1.1. Structure of basic and applied ceramics.
Adapted from F. C. Report (1983).
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Table 1. Current and Future Market for Advanced Ceramics [2,4]

. Aerospace - mechanical seals - multilayer
: - nozzles capacitors
- bearings ' - radiant tubes and - pressure and gas
- combustors burners sensors .
- fuel cells - recuperators - substrates
- fuel systems and - reformers .
valves - refractories Environmental
- high temperature - valve components
auxiliary power - advanced
units, low weight Defense components and
components for systems for
rotary equipment - improved armor eavironmentally
such as starters - bearings harsh processes
- seals - engine combustor - filters and
- structures section ’ scrubbers
- thermal protection - high performance - incinerator liners
systems radome materials : and aflter-burners
- turbine engine : - and IR domes - radiant burners and -
components - - low observables boilers
, : (stealth - wastewater
Automotive applications) treatment
- rocket nozzles
- catalytic converters - submarine shaft Industrial
- drivetrain seals
components - tank power trains - boats
- fixed boundary - ground support - burners
recuperators vehicles - crucibles and ladles
- fuel injector - helicopter and jet - cutting tools and
components components dies
- low heat rejection . - insulation
diesels Electric Power - molten metal filters
- turbines Generation - seeded gel
- turbocharger rotors abrastves for
- valves and valve - bearings metal/ceramic
seats - ceramic gas finishing
- waterpump seals turbines - heat exchangers
. . - cogeneration - submersibles
Bioceramics - filters (gas - HT tooling
clean-up)
- artificial teeth, - fuel cells Oil Industry
bones and joints (solid oxide)
- heart valves - high temperature - bearings
. components - blast sleeves
Chemical Process - flow control valves
Industry Electronics - pumps
- refinery heaters
- catalysts and - advanced multilayer
igniters integrated packages

Source: Ho, C.Y., and El-Rahaby, SK., (eds.), (1993), Assessment of the status of
ceramic matrix composites technology un the unitad states and abroad, DoD
ceramics information center, CINDAS, Purdue university, west Lafayette, Indiana.
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Table 2.3 Properties and Uses of Technical .ﬁmsaz.an

Field Properties Uses
Optics, electronics, magnetism
Electroceramics Good insulating Integrated circuit packages, integrated circuit substrates, heat-radiating insulating substrates
properties
Ferroeiectric Image memory components, electrooptical polarizing components, high-volume capacitors
properties,
permittivity
Piezoelectric Radiators, ignition components, radio wave filters, piezoelectric transisters, ultrasonic devices,
properties electronic lighters, elastic surface wave components, electronic clocks
Pyroelectric Infrared detection components, thermography, detectors, special weapons
properties
Electronic Hot cathodes for the electron gun in television tubes, thermionic devices, electron microscopes,
radiation electron-beam welding, heat direct power generators, electron beam lithography equipment for
properties VLSIs
Semiconductor Resistance heating elements (high-temperature electronic furnaces), humidity sensors, thermistors
sensor properties (temperature control devices), pressure sensors, voltage-dependent resistors (varistors),
self-regulating resistance heating elements (in electronic rice cookers, bedding dryers, or hair
dryers), gas sensors (gas leak detectors)
Ionic conduction Oxygen sensors (air/fuel ratio control devices in automobile engines), blast furnace controls,
properties sedium-sulfur batteries (for electric power equalization)
Optoelectroceramics  Fluorescence Fluophors, materials used in color television tubes
Polarization Electrooptical polarization components
Many questions The 1980s offer great promise for such developments as a photoelectric conversion component.
remain for
development in
the 1980s.
Optoceramics Transparency Transparency with heat resistance and corrosion resistance (high-voltage sodium lamps), spy holes

Reflection of light
Refiection of
infrared light

for kilns, windows for nuclear reactors, transparency to visible light (nonfogging glass)
Heat resistance and metailic characteristics
Transparance to visible light but reflecting infrared (energy-saving window glass)
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Table IV. Trend of World Fine Ceramics Market ($Billions)

Avg.
Country 1980 1985 1990 1995 2000 growth (%)
u.s. 1.5 3.2 6.0 11.0 20.0 12.8
Japan 2.0 3.8 7.5 14.0 24.0 12.3
Europe .68 .82 1.0 4.0 7.0 21.5
Others 7 9 1.03 1.18 1.36 14.8
Total 4.88 8.82 | 18.53 30.18 52.36 12.6
Source: Chemical Hitech Inc., Market and Technical Survey of the intemational high Technoiogy Ceramic Industry (1985).
Table V. Fine Ceramics Product Growth (%)
Japan United States
Product 1985-90 1990-95 1985-90 1990-85 19952000
Packages 14.4 1.7 12.0 8.7 6.3
|C substrates 5.2 4.6 - - -
Capacitors 12.2 8.7 115 3.9 4.4
Cutting tools 10.0 10.1 21.3 9.6 9.9
Wear-resistant pars 26.2 16.3 32.0 15.8 7.6
Ceramic engine parts 39.8 18.8 23.8 16.3 123
Bioceramics 49.8 24.0 - - -

Source: Japan NRI Forecast ('85/86)

Source: You, S.K., Sung, D.J., (1993), Ceramic engineering training and
ceramic business in Korea, Korea Advanced Insititue of Science &
Technology, Seoul, Korea.
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Table 3. Share of U.S. Advanced Ceramic Component Market

Segments from 1992 to 2000

1995 2000
(%) (%)

1992
(%)

98

9.2

12.1

Structural Ceramics

Electronic Ceramics

76.8

79.4

80.2

Ceramic Coatings

100.0 100.0

100.0

Total

Source: Business Communications Co., Inc.
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Table 2. US Markets for Advanced Ceramic Components

from 1992 to 2000
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Total Market Value for 2000: $8,540 million

Figure 3. Summary Chart Showing Share of U.S. Advanced

Ceramic Market Segments for 2000

{ Source: Business Communications Co., Inc.

Source: Thomas, A., (1993), Current U.S markets for advanced ceramics and

projections for future growth,Business Communication Co., Inc.



52

8 701 NoY)

Table 3. Funding Categories in
) Which Ceramic and

Ceramic Composite

R&D Appears
FY 1992 (3 millions) FY 1993 ($ millions)
Ceramics 132.4 150.5
Composites 182.5 ) 206.8
Electronic Materials w22 T 176
Magnetic Materials 22.6 27.7
Optical/Photonic Mat. 133.0 138.8
Superconducting Mat. 151.7 1429
TOTAL 784.4 843.3

Source: Thomas, A., (1993), Current U.S markets for advanced ceramics
and projections for future growth,Business Communication Co., Inc.
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Table 4. Technology Areas

Synthesis and Processing
of Powders, Fibers, and Whiskers

- Fabrication, Joining, Attachment Design,
and Quality Manufacture of Component Shapes

Microstructural and Microchemical Design and Control
Interfacial Design, Modification, and Behavior
Properties and Behavior
Standards for Manufacturing Quality Assurance

Performance and Properties Data Bases
including Life Prediction Methodology

: Intelligent Processing
including NDE Monitoring, Evaluation, and Control

NDE for Lifetime Prediction
Rapid Prototyping and Design

Layered Ceramic Coatings
or Functionally Gradient Materials

Biomimetic Processing

Source: Cranmer, D.C., (1993), A Government perspective on the advanced
materials and processing program (AMPP), National Institue of Standarts
and Technology, ceramics divition, Gaithersburg.



THE ISRAEL CERAMIC & SILICATE INSTITUTE

ICSI is an R&D organization operating in the fields of ceramics
(both oxide and non-oxide), glass, glass-ceramics, cements and
related materials.

Qur business is:

a) to generate knowledge needed by industry through research
and development in order to improve quality and
competltiveness

b)to assist in establishing new industries in the above-mentioned
fields through: '

* technology development
* product development

c)to actively assist in the implementation of new technolgies into
industry through:

technology transfer

consulting

training

information services

physical, chemical and ceramographic analyses

*» #* * * =

Since the beginning of its activity in 1962, ICSI has helped the
absorption process of new immigrant scientists. Presently, about
60% of the research staff of the Institute are new immigrants.

#*#********_*#****#***‘**#***#*****

For more information, please contact Dr. R Fischer
Israel Ceramic & Silicate Institute
Technion City, Haifa 32000

Tel: 972-4-222107, 222108, 292293
Fax: 972-4-221581




91

.lsrael Ceramic And 8ilicate Institute (ICSI)
Technion City, Haifa 32000, IBRAEL

‘Tell 972-4-222107/822108/292293

Faxt! 978~4-221381

Field of activity! R&D in Ceramics

ProjecttA.Engineering ceramics

The aim of this project is to produce special shapes for
various engineering equipménts from Silica, Silicon nitride,
Sialon, Aluminium nitride, Zirconia, Alumina, Mullite,
Cordierite.

The following themes were and are curently under research and
development at our institute:

1 - Alumina: Bodies from two purity grades: >%94 and 85-99%
Alg0a were produced. Shaping procedures employed
weret slip casting, uniaxial (one and two directional).
and isostatic pressing, extrusion and low pressure hot
injection casting.. A mechanical semi—finishing procedure
was developed to minimize efforts required for final
mechanical finishing.

10% zirconia containing alumina bodies, known for their
high strength were developed and industrially produced.
The zirconia addition increased the strength.
Conventional shaping procedures for alumina bodies were
used.

2 - Zirconia: Bodies from calcia, magnesia and yltiria
stabilized zirconia were prepared. Firing conditions for
highest density were established.

3 - Aluminium Titanate: Due to it's low thermal expansion
and hence, high thermal shock resistance this material is
a serious candidate to substitute metal parts in the
vehicle's industries (e.g. automobile).

Aluminium Titanate powder and from it plates and rods

were produced.
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4.8111con Nitride Ceramicst The green bodies have been
produced by slip-casting or by uniaxial pressing. Dense
ceramics have been manufactured on a laboratory scale by
presureless sintering under protective atmosphere with the
use of special sintering aids. A machining process has been
developed for manufacturing more complicated shapes.
Anolher process has been investigated for the production of
silicon nitride ceramics, namely Sintered Reaction-Bonded
Silicon Nitride SRSEN. Silicon powder has been used as raw
material in this process.
The sintering contraction of the ceramics made by this
process is lower than in the previous case, and precision
final shaping is easier to achieve.

578ynthnsis of Boron Carbide Powders by a Fast Method :
A fastvelectrophysical heating method has been developed in
the ICSI for laboratory-scale production of boron carbide
from relatively cheap raw materials. Support/cooperation are
necessary for the construction of a pilot-scale installation
and for pursuing the RED in the following directions:
a) Synthesis of other powders by the same method;
b) Investigation of fast sintering processes done under

proteclive atmospheres in the mentioned installation.

‘Investments are required for further R&D, market research

updating and piloting.

All comunications should be addressed to Dr. R. Fischer, Head
of the ICSI.
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“Field of activity! Ceramics, Research and development

ProjectiDPreparation of raw materials, synthetic minerals and
various agregates to meet traditional and advanced
technologies requirements,

The following themes were and are curently under research and
development at our institute:

‘= Improvement of clay plasticity

- Titanate (Ba,Sr) powders by solid state reaction and sol-
gel route

— Superconductor (1,2,3) powder by solid state reaction and
traditional chemistry route

- AlN powder for substrates

- SiaNs, SiC and AlON by carbothermal method

= Partially stabilized fine grained =zirconia employing
dissolution, settling, filtering and firing

= Zirconia from zircon by melting with sodium salt or solid
state reaction with CaC0Oa

Cordierite, cordierite - mullite, spinel and wollastonite
by solid state reaction
- Magnesia and dolomite based agregates from local raw

materials for refractories industry

Synthetic mullite from local high alumina clay or special
high alumina mix

Mullite — zirconia from clay — alumina—zircon mix
Investments are vrequired for further R&D, market research

updating and piloting.

All comunications should be addressed to Dr. R. Fischer, Head
of the ICSI.
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Field of activity! RAD in Ceramics

Projecti(.Electronic Ceramics

. Barium Titanates! A powder synthesis method has been worked
out, that combines some of the advantages of the solid state
synthesis with some unique features of reactive, high surface
area powders prepared by a chemical route. High dielectric
constant materials - have been prepared from these powders.
Pilot stage development of the méthod is necessary before a
decision regarding its marketability can be taken.

The potential of this method for preparing GBBL materials is
presently under investigation.

- Bolid Electrolytest The electrochemical implications of the
toughening of beta aluminas by a technique developed in the
ICS1 are now wunder investigation. Support/cooperation in
this field are required.

Limited research 1is being done in the field of laboratory -
scale production of new oxide-based solid electrolytes.

- Aluminium Nitride and Cordierite Ceramics for Substrate -
know how is available in the ICSI for the laboratory-scale
production of AIN énd tordierite ceramics. Cooperation for
pilot and large scale production are required.

. Y-Ba=Cu Ceramic Buperconductorst Laboratory-scale production

of sintered Y-Ba—-Cu ceramics is currently done in the ICSI.

All comunications should be addressed to Dr. R. Fischer, Head
of the ICSI.





