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Dear Reader,

This is number 29 of UNIDQ’s state-of-the-art series in the ficld of materials entitled Advances in Materials

ilor. This issue is devoted to the subject of MODERN FERRITE TECHNOLOGIES AND

PRODUCTS and consists of two main articles written for UNIDO by Dr. W. F. Kladnig from the University Linz,
Austria and Dipl. Ing. M. Zenger from Siemens Matsushita Compoueats, Germany.

We invite our readers akso to share with us their experience related to any aspect of production and utilization
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1. MODERN FERRITE TECHNOLOGIES AND PRODUCTS

M. Zenger, Siemens Matsushita Components GmbH & Co. KG
Balanstrasse 73, D-W-8000 Munick 80, Germany

Abstract

A review is given of the most important
aspects of ferrite manufacturing with a
concentration on several soft ferrites. Some
information also relates to hard ferrites. The
article describes the state-of-the-art in the
field, the recent technological developments
and fernite applications, as well as future
trends. A collection of publications on the
subject is included.

1. Introduction and some definitions

Ferrites are soft or hard (permanent) magnetic
oxide ceramics, usually showing a polycrystalline
microstructure. Only a small production level of
monocrystalline ferrites is used in the production of
video heads. As in the case of magnetic metaks, their
special properties are deducible from the spontaneous
parallel or non-parallel alignment of adjacent atoms in
magnetic domains. The word "ceramic” relates to both
technology and mechanical properties, because the
classical method of powder preparation stasts with the
mixture of raw materials. After the process of forming
cores a thermal treatment, the sintering procedure, is
carried out in kilns at high temperatures, usually
between 1,200° C and 1,400° C, depending on the
ferrite type.

Ferrites show bigh hardness, therefore grinding or
any mechanical finishing must be done by the use of
diamond or carbide.

Ferrites are oxides and their chemisiry provides
semiconductor propersties as low electric conductivity,
enabling the reduction or avoidance of eddy current
effects. Compared 10 metallic soft magnetic materials
the main advantage of magaetic ferrites is that they can
be used at much higher frequencies, e¢.g. MnZa-ferrites
geoerally up to 2 MHz, for some applications aiso
higher, and NiZn-ferrites up to 1,000 MHz. Another
important advantage of ferrites is that they can
be fashioned into a wide variety of shapes, while
metal core shapes are limited by the lamination
facilities.

2. Mont commonly commercially-used forrites

As mentioned above, there are two main families
of ferrites differing in coercivity; soft ferrites with low
coercivity, and hard (permaoent) ferrites with high
coercivity.

2.1 Hard fervites

The best combinatica of properties for hard
ferrites is given by a hexagonal (magneto-plumbite)
structure, which provides a preferred axis for the
magnetic crystaline epergy. This structure can be
achieved by the formula MOGFe,0,, where M can be
Ba, Sr or Pb. By these eirments high energy products
(BH)-max materials can be realized, i.c. high Br or high
Hc materials adapted to the corresponding requirements.

2.2 Soft ferrites

Best soft ferrite properties can be achieved by a
spinel crystal structure beczuse of the many equivaleat
crystal directions. The magnetization process needs only
low energy, especially at a low flux density. To form
spinel ferrites a number of bivalent elements can be
combined with bematite Fe,0,. Several combinations
and composi..ons are possible and in use in generating
many specific magnetic characteristics. Of most interest
are manganese-zinc-ferrites, magnesium-zinc-ferrites
and nickel-zinc-ferrites, providing high saturation
magnetization and a large variety of many other well
adjusted magnetic properties of an Ac-characteristic
concerning permeability, dependence of permeability on
frequency, time and temperature, as well as the loss
characteristic, Curie-temperature, DC-resistivity, etc. as
described in the suppliers’ literature (ref. Literature 11,
Data books).

3. Prodyction volyme

The annual production of ferrites may be estimated
by the consumption of iron oxides, provided for ferrites.
For 1990, the developed countries’ production of hard
ferrites was about 150,000 mt without polymer-bonded
magnets and 150,000 mt soft ferrites. Aa important part
of the industry is located in Japan, ae other in the
United States of America and Europe. In spite of the
bigh consumption of hard ferrites, the total turnover is
almost the same, about 1.6 10° DM respectively (ref.
Literature 1V, 3 and 4).

4.  Processisg of ft (rvites

The manufacturing sequence of soft ferrites can be
roughly divided into powder and core production.

(a) Powder and granular production

Cboice of raw materials
Weighing and blending (dry or wet)
Calcining (pre- firing), including preparation
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Milling
Granulation

(b) Core production

Forming (pressing, extruding, injection moulding)
Sintering (including removal of binders), and
Finishing (e.g. surface grinding, air gap grinding).

Powder production comsists of many more steps
than core production, which is predominately forming
and sintering. It is a long experience that the final core
properties of which are reached by forming and
sintering and is beavily dependent on the quality of
powder manufacturing. Similarly, the quality of the
powders is closely related to the properties of the starting
raw materials. Therefore the influence of the raw
materials needs to be considered as the most important
basic condition with respect to the final performance of
all the magnetic and mechanical properties of the core
products.

4.1 Choice of raw materials

Because usually 70 per ceat of the weight of the
soft ferrites consists of iron oxide, both the cost factor
and quality of the iron oxides used are predominantly
important, even though the other constitaents are often
more expensive, ¢.g. manganese oxides by the factor of
210 4, zinc oxides roughly by a factor of 2 depending on
the actual market situation.

The main source of mediom and high quality soft
ferrites is iron oxide produced by spray roasting of steel
mill pickle liquor, partly including a purification step
beforehand. High quality soft ferrites are manganese-
zinc- ferrites of high initial permeability, of low losses
and low power losses, the latter combined with high
saturation magunetization at high operation temperatures
for both.

Spray roasted iron oxides produced today can be
roughly classified into three grades by their SiO, weight
per cent, their Cl weight per cent, their residual
summarized content of non-volatile impurities ()
except manganese-oxide, SiO, and CaO and last but not
least, by some physical parameters. The most important
onedacnbutbepuudepamcmbytheBErvalue
(SSA refers to specific surface area in m®/g; (BET
indicates the well known usual method of measuring
SSA. BET is the abbreviation for BRUNNER EMMET
and TELLER).

Classification of spray roasted iroa oxides

Weight: .
Grade ppm SO, O I SsAms
1 100 1000 400 45
2 250 1500 3000 3.5
3 400 1500 3000 3-4

Because Si0, can cause cannibal grain growth and
is needed on the other hand for the definition of the
grain boundary chemistry, SiO, should be specified by
toleranced values. It is well known that CaO provides
high resistive layers within the grain boundaries brought
on by the existence of a special coatent of SiO,. The
quantity required depends on the microstructure desired,
with decreasing grain size as the need for SiO, increases.
Ca0 is more easy to coatribute homogeneously by
addition than SiO,. Therefore special Fe,O; grades are
in demand that have a little higher SiO, - content at a low
ccatent of summerized impurities.

By the fact that high purity manganese oxide and
zinc oxide raw malerials bave been available for some
time, soft ferrites can now be realized, wherein the total
impurity content (inside the sintered ferrite body) is low
or very low compared to the summarized content of the
usual ingredients or additives such as Ca, Si, Ti, Nb, Co,
Ta, Ga, V. Obviously, the effects of these eletaents are
much more pronounced in this case.

The table below gives some information on the
reported effects of the remaining impurities.

The content of iron oxide grade 3 impurities is
given by conventional steel quality production including

the spray-roast t=chnique.
Grade 2 is qualified by a lower SiO, content.

Grade i includes additional purification before spray
roasting. Since the introduction of this technique, very low
leveks of remaining impurities could be achieved.

By using this purer type of iron oxide the ferrite
industry world wide could realize highly improved
ferrites, especially with manganese-zinc- ferrites of high
permeability and low losses.

Beneath the chemical properties of the raw
materials, the physical parameters such as particle size
and distribution, bulk density, specific surface area
(SSA) must also be comsiderec. Overall, a main
requirement for the raw materials is that all properties
must remain constant, lot for lot of the deliveries
specified by very narrow toleranced variations.

For example, the particle properties, shape and size
and other morphological parameters influence blending,
presintering and even sintering.  Although much
expertise exists, only a few fundamental studies had
been carried out on this subject, because the mentioned
physical parameters depend on the raw material
production proness only and cannot be varied
systematically by the ferrite ceramic engineers.

In practice, the SSA values ptefemd for
manganese-zinc- ferrites are between 3 and $ m?/g for
irop oxides, between and S and 10 for zinc oxides and
between 10 and 20 for manganese oxides.




NS N
Type of impurity Coateats in ppm in iron Observed effects
oxide grade
1 2+3
Nay0 10 500 Suppression of grain growth
B 3 3 Generating glass phases
Pb 10 50
P,0; 10 400
Cr,0,4 30 300
3 s
CuO 50 70 If dissolved in spinel lattice will influence
NiO 50 70 crystal effects
MgO 50 100
$o0, 10 20
TiO, 30 30
I K,0 30 50
I Y 400 3000 I

42 Weighing and blending

Since today weighing is mostly dome by
automatically operated devices, the oxides should have
the proper properties for transportation, e.g. flowability.
The powder should not contain too small particles in
order to avoid agglomeration and gluing effects with the
transportation devices.

The mixing method applied, e.g. wet or dry,
depends on the raw materials used and/or the subsequent
processing steps. To achieve a high homogeneity in
general, wet mixing is preferred. As a drying process is
subsequently necessary, this method is more energy
consuming and expensive. Therefore many ferrite
producers are opting for dry mixing. As the succeeding
presintering and final milling will improve homogeneity,
it is not so important to ensure high homogeneity during
the mixing stage.

Of course, if ferrite powder is to be manufactured
without presintering, the mixing step includes milling
and the homogeneity achieved at that phase determines
the final results.

The mill types used vary from ball milks to rod
mills and to modern attritor mills, The mixiog may be
integrated in a system suitrd for intermediate
preparation of pellets or similar roducts suitable for
subsequent calcination.

43 Presiateriag (calcining)

There are come reasons for the application of a
thermal treatment to the well mixed powder. It is

essential to adapt the reactivity - together with the
subsequent milling step - to the shrinkage rate, which is
fixed by the relation between the press die geometry and
the final, specified dimensions of the cores. The
reactivity of a mixed powder may vary due to different
raw materials and lots.

Second, presintering causes chemical and
interdiffusion reactions, also generating partly ferrite
spinel formations. Although by the subsequent cooling
in air some reoxidation occurs, some authors believe that
presintering increases homogeneity in both chemical and
crystalline structure.

Last, but not least, presintering enables the removal
of Cl and S, which is important to avoid the corrosive
effects on equipment, and degradation of some
properties of the final sintered ferrites. Preferably,
rotary kilns should be used for prefiring. With respect
to the specified powder characteristics, the parameters:
temperature, throughput and atmosphere, should be
strictly controlled.

As the cooling down rate also has an influence on
the chemistry and morphology, a high grade of
reducibility can be achieved by a controlled cooling
down procedure, which can be carried out, for example,
in a separate sotary tube.

As mentioned above, the way the powder is
prepared for presintering depends on the presinter-kiln
type and the connected transporiation system.

For rotary kiln application the powders are usually
pelletized. Obviously the size of the pellets should be
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controlled, in addition to the above-menticoed
parameters. If powder is directly fed into a rotary kiln,
transportation must be supported by proper devices
inside the kiln itself. The resulting powders are
controlled by various methods: detection of the amount
of spinel formation, and the oxygen content, further
measurement of the reduced BET value, etc. These data
are usually evaluated as being only arbitrary.

4.4 Milling

Milling must be carried out to establish the final
specified SSA values as described in 32, i.e. to increase
bomogeneity 10 a high level; to add ingredients if
necessary; and to correct the composition with respect to
the specification. The final particle distribution should
be narcow (as specified), abrasive from the balls, with
the mill walls remaining as Jow as possible to avoid the
incursion of iron and other elements.

In the case, the starting material consists of pellets,
the ball size should not be much smaller than the pellet
size, especially if the hardness of the latter is high. To
mill down to the desired final powder particle size,
sometimes a second and a third milling step must follow.
If the presintered powder consists of only small particles,
one milling step may be enocugh to meet the
requirements. From the economic aspect presintering
and milling of not preformed powder seems to be the
best resolution.

With respect to the higk grade of homogeneity
generally desired, it should be kept in mind that the
performance of the wet milling is affected by the solid
content of the slurry and the resulting grade of viscosity.
During milling the viscosity increases slightly and the
milling effect somewhat decreases. Thercfore the
viscosity should also be controlled.

4.5 Granulation

Granulation means bringing the powder to a state
ready for the pressing of cores. After milling, the solid
concentration of the slurry is decreased by the addition
of water in order to enable spray drying - the most
popular granulation technique.

In order to ensure a good pressability at low
pressure and to also ensure the necessary strength of the
pressed cores for handling operations, a number of
organic binders are added. Basically polyvinyl alcobol is
used as a binder, with polyethylene glycol as a
plasticizer, zinc stearate 35 a lubricant, etc.

Types and concentrations of these organic aids
depend on core shape and size, and are limited by the
peed to remove all the binders in as short a time 2
possible before siatering.

The particks geaerated by spray drying have
spherical shapes and are therefore well suited for filling

the press dies quickly and bomogeneously. The best
result is achieved by a granular comprised of spberes
oaly. To regulate the consistency of the granules the
following spray parameters should be specified and
coatrolled: size of the spray nozzles, the pressure
during operation; the throughput, by regulating the
pressure; temperature distribution inside the reactor; the
viscosity of the slurry, which should be permanently
stirred.

4.6 Forming core shapes

Today fully automatically operating die- presses are
often used. To ensure a high homogeneity of the green
density a moderate pressure force should be applied.

The parameters to be specified at first depend on
the desired final (sintered) density in connection with all
electromagnetic and mechanical properties of the
material to be produced. Second, with respect to the
final core dimensions and the (given) die dimensions
(approximately equivalent to the green dimension) the
green density to be met is fixed.

Subsequently, the prepared powder has to fulfil the
requirements to reach this green density by an acceptable
pressure force. Usually the variations of the green
density are between 2.5 and 3.1 g/cm?, and the accepted
force should not exceed approximately 20 N/cm?. If the
green density is too low, the final density will also be too
low and vice-versa. If the pressure force is too high,
inhomogeneity will cause geometrical deviations, etc.

There are some other forming processes, e.g.
extruding or injection moulding. Higher binder contents
and also other types of binders are used for these
techniques.

4.7 Siotering

Generally sintering should be carried out at as low
a temperature as possible, firstly to ensure a high grade
of micrestructural homogeneity, secondly to avoid
cannibal grain growth, and thirdly to save eaergy costs.
Therefore, any method is welcome that reduces the soak
temperature and excludes any undesired effects.
Modern kilns may combine facilities to burn out the
added organic binders and integrate the sinter
process directly in order to save handling, time and
cost.

In order to keep the sintering time as short as
possible, an exact knowledge of both the burning out
procedure and solid state reactions during sintering is
necessary.

As the content of O, in the atmosphere influences
the formation of manganese-zinc spinels, the firing cycle
must be related to graphs, which describe the oxygen-
temperature-equilibrium of the ferrite and its Fe**
content at each stage.




It is also important 10 adapt the oxygen partial
pressure during cooling, especially at the higher
temperature stage, as almost all properties (mainly
permeability and loss characteristics) are influenced.

Modern kilns are run by means of computers that
are equipped with a wide variety of programs dea'ing
with the vast number of parameters to be controlled that
occur with core types, sizes and materials in an up-to-
date ferrite plant.

Modemn elevator batch kilns provide such highly
skilled facilities. Another interesting aspect of this kiln
type ts its low heat capacity. Heating up and cooling
rates can be drastically reduced when compared to
conventional batch kilns. Also, this kiln type eaables a
quick change of batch and is therefore more suitable for
small core lots, for which push kilns are not economical,
due to the long time needed for adaptions. The
economical meaning of push kilns refers to the sintering
of a large number of the same core type out of the same
material and powder lot. Sintering of magnesium-zinc-
ferrites and nickel-zinc-ferrites can only be carried out
in air and at lower temperatures.

4.8 Some finishing operations

Most core types consist of two parts which have to
be paired when assembling the final inductive
component. This happens for instance with the different
and numerous types of Pot-cores and E-cores.

The mating surfaces of these ccres must be flat
grinded in order to avoid undesired residual air gaps,
where by means of a "A, zero” concept the maximum
inductance value based on the initial permeability of the
used material is required. The grinding process is very
critical, especially with high permeability cores, because
of the strong effect of each small residual air gap. For
example, in a core produced from a high permeability
material of 10,000, the separation of only 1 micron
causes a reduction of the permeability dowa to
approximately 7,000. Therefore, for the highest
permeability cores instead grinding or additionally
polishing has to be carried out.

Some further finishing operations are with ring
cores, removing of edges and insulation, if necded.
Cores 1o be prepared for inductance adjusting by an
adjusting element must be equipped with sleeves to caich
the screw of the elements.

S.  Processing of hard ferrites

As mentioned in section 2 of this paper, the
important criterion for hard magnetic materials is the
maximum energy product (BH) max. The remanence
depends on chemistry densily and orientation, the
coercive force on microstructure. To stabilize the
magnetic domain structure after magnetization, the grain
should be 5o small that ouly one domain will exist inside,

because demagnetization only occurs easily by wall
motion.

There are two typical processing sequences,
depending on whether oricnted or isotropic magnetics
are to be manufactured. The latter is, in principle, the
same as in soft ferrites, the first differs by application of
a magpetic field during pressing.

§.1 Choice of raw materials

Because Barium carbonate and Strontium carbonate
both are not expensive and because cheaper grades of
iron oxides can be used, as with soft ferrites, the raw
material price for 1 kg powder mix is usually between
090 and 1.10 DM. The calcining is carried out at
temperatures higher than 1,200° C, generally between
1,270° C101,370° C for a full ferrite synthesis. Double
milling (dry and wet) must generate particles lower than
1 pm with respect to the fact that the pressed bodies at
final sintering conditions (in 2ir only) should reach as
high a density as possible combined with a low grain size
of about 1 pm.

The highest B, values can be achieved by total
orientation of the particles by application of a magnetic
field already during pressing, by a density similar to the
X-ray density achieved at sintering and by full
conversion of the material to the hexagonal crystal
structure.

In spite of that low grade iron oxides can be used,
the highest magnetic performance alsc needs eg. a
stabilization of their impurities. ALO, and Cr,0, are
lower than B, and should therefore be lower than 0.1 per
cent, SiO, which can be used to increase density, but
should not exceed 0.4 per cent in order to verify the
control of grain growth. Contrary to soft ferrites, the
production of bard ferrites in modern plasts is almost
fully automated. It is reported that their process yields
approach 99 per cent.

6. Alternative techpologics

Alternative techniques with soft ferrite production
mainly concern raw material and powder processing.
Only co-spray-roasting should be mentioned here,
because this procedure bas been introduced by two big
ferrite manufacturers at the industrial plant scale.

By means of co-spray-roasting equipment a ferrite
producer becomes independent of the facilities of the
respective raw material suppliers, because an iron-
manganese-oxide mix can be produced by own
controlled specification. Preferable metals may be
dissolved in aqueous HCL. In this state purification can
be carried out.

The mixture will be co-spray-roasted like iron
chioride at steel mills. The advantages of such a
procedure may be increased homogeneity, therefore
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improved magpetic properties and climination of
prefiring, thereby achieving economic progress.

Optimized processing renders a product of high
specified reactivity, while expensive milling can be
subsequently reduced to a de-agglomeration process,
which includes the addition of zinc oxide.

Another possibility of co-spray-roasting is to start
from nitrates. In this case zinc is included (as well as all
desired additives), since the operating temperature can
be lower than that at which zinc evaporation occurs.
Nitro- hydrochloric acid has to be regenerated here. By
use of this technique the purification method needs to be
varied.

Ahlernative presintering can be carried out by a
newiy developed vertical kils (ref. V1, 9, M. Ruthner).
Due 10 a short time temperature treatment spinel
reaction should occur without sintering effects. Tke
feed material has to be prepared in an exactly narrow
toleranced and small pellet size to ensure homogeneity of
reaction. Suitable raw materials must be provided.

Vertical presintering seems to be of considerable
interest for hard ferrite powder preparation, where low
particle sizes are desired, as described in 42.

7.  Soft ferrite products

Several classifications for soft ferrite products can
be used: briefly, for industrial or consumer application;
for two-part or one- part cores, for the two-part cores in
E- and U-core types and in P- and RM-core types.
Last but not least, classification can also be made with
the material.

Previously the requirements in the industry, e.g. for
the multiplex telecommunications system, were much
more pretentious than for the consumer market.
Meanwhile the trend towards miniaturization and
automatization in the consumer area has given rise to the
need for higher quality materials and more sophisticated
core types. Concerning the material grade, there is no
usual typical separation with relation o the core types.
It seems, therefore, that the most useful classification is:
(1) materials in connection with applications and (2) with
core types. All data books by leading ferrite producers
present this system as a general guide.

The core types are listed in detail, each type being
described by toleranced dimensions, the available air
gaps and the material grades used.

The most important aspects of material and core
types are.

(a) Materials and cores for filter coils need low
losses, precise inductance values and a high time and

' temperature dependence stability. The frequency range
* up to 100 MHz will be provided by five or six different

materials, at the highest frequencies by NiZa- ferrites.
There are hardly any activies in new material
development. Gapped pot-core types are used for closed
circuits, for open, tube-, cylindrical- and screw-cores;

(b) Materiakk and cores for broad band
transformers peed high permeabilities to achieve bhigh
inductance values. New developments concern the
combination of low losses at low and a little increased
flux densities, from 1 mT up to maximum 10 mT.
Ungapped pot-core types are usually for this application.
To ensure high inductancs the cores are sintered to a low
porasity and the pole faces are polished;

(c) Materiak and cores for power transformers
belong to the fastest growing field of soft ferrite
application.

In particular, the application of SMPS (Switched
Mode Power Supplies) has stimulated the development of
new material grades and core types with respect to
applied higher frequencies and also to the need for
minjaturization. During the last years the introduction
of frequencies up to 500 kHz required some new
materials. As with filter materials at higher frequencies
the permeability must be decreased to limit resppance
phenomena. Because of a typica) high temperature
operation, the minimum high flux density losses must be
placed at the corresponding high temperature, which is
usually between 60 and 100° C. The magnetization does
not drastically drop at this condition in order to provide
the necessary high amplitude permeability. At any rate,
the power application is an operation under loss or
saturation limited conditions, if optimized. As with
filter materials in the area apart from approximately
2 MHz the NiZn ferrites are superior to the MnZa
ferrites because of their higher resistivity. At the
application of Mn-Zn ferrites the control of losses needs
the use of very pure raw materials (as with high
permeability broad band transformer materials) as a first
condition to achieve both a suitable homogeneous
microstructure and the best effect of loss reducing
additives. Grade 1 iron oxides have to be used as
described in chapter 4.1.

To minimize eddy current losses in the range and
above 500 kHz the mean grain size diameter of a
homogeneous grain structure should at the same time be
reduced less than 5 microns. Application of high
frequencies is done to increase the throughput power,
but more often to reduce the transformer size. Since in
many cases the industry requires flatter constructions,
new core types had to be introduced. A new creation to
cover this demand is, for example, the EFD (¢conomic
flat design) core (ref. V1, 7, W. Holubarsch ¢t al.).

This core combines geometsical and handling
advantages with respect to the accessories suitable for
automatic mbhng The general trend towards
minjaturization and automatization generates core types
with very small legs and floors. Therefore higher

4
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requirements of strength properties are being sought and
the manufacturers of such products must aot oaly
consider the magnetic, but abo the mechanical
characteristics of the cores after siatering.

Another way to meet customer requirements is to
offer a total assembly of the inductive components, as in
the case of SMD-inductors or ransformers. The best
condition is to have very flexible production facilities in
order to be in a position to meet the demand for custom-
built products as much as possible.

Apart from the three larger groups of soft ferrite
materials discussed, a number of others exist that were
developed and optimized for several specific
applications, and which often have their origins in the
three above-mentioned grades.

These applications concern, for example, from the
more important omes: EMI-suppression functions,
inductive proximity switches, tuning coils, impeder cores
and deflection cores. EMI means electro magnetic
interference and the task of an EMI-filter is to separate
unwanted signals from the specified signal pass in the
concerned frequency range. Therefore an EMI-filter
material needs to combine a high impedance with a high
permeability in the operating frequency range, and the

' most commonly used core types are ring and U-cores.
'Existing ferrite materials are able to cover a frequency
'range up to 1 GHz, for the higher frequency obviously
'Ni-Zn ferrites are used.

As an example of the need for a new material, the

' application of deflection yokes should be mentioned.
' Because the introduction of the high definition television
'(HDTV) technology means an increase of line-density
'and therefore a higher sweep frequency, the resistivity
' of the yoke material must be increased correspondingly.

'In spite of some less advanlagcous properties, MgZn-
' ferrite instead of MnZn ferrite is preferred due to its
hlgh resistivity of 107 -10® cm.

8. DPreducts hard forvites material grasdes amd
sroducts

As mentioned .n section 2, several material grades
are used, depending on their apphcation; either high B,
high H_ or high BH products are preferred. The table
below from Goldman gives typical values (ref L, 5, p. 222).

Ba- ferrites are going on to be substituted more and
more by Sr- ferrites (although these are more expensive),
because Ba generates environmental problems and Sr
provides an approximately 25 per cent higher resistance
to demagnetizing fields.

Material of higher H_ can be realized by additives
including ALO; or Cr,0;. Therefore AL, and Cr,0,
peed to be controlled in the basic raw materials. Higher
grade hard ferrites include the use of beiter controlled
raw material properties, similar to soft ferrites. It is
important that iron oxide is fully oxidized to Fe,0,. If
not, pre-treatment is necessary for oxidation.

Compared to soft ferrite cores, the hard ferrite
products have relat:vely simple shapes. Concerning
appllcauon 4S per cent of hard ferrite magnets are used
in permanent magnet motors, 30 per cent in
loudspeakers and the rest in many other applications.
During the last ten years, the typical product began to
shift from the simple to produce loudspeaker magnets to
a growing content of complex arc segmeuts as the
applications for magnetic motors grew.

Most of these products are magnetically oriented.
Meanwhile, 30 per c=nt of all hard magnetic products are
polymer bonded magnets; partly isotropic, partly oriented.
A very informative survey about this is given (ref. IV, 3,
R. E. Schwanke), which describes the different forming
and particle orientation processes and their effects on
the typical magnetic properties. The procedures of
calendering and extrusion and the combination of both
and of the injection moulding are considered.

Table 9.1
P ies of ial ferri ial

2/ MGO = Mega gauss-oersteds = gauss oersteds x 10°

(BH) gy
Grade B (gauss) H (o) H ;(oc) MGO)a.
Isotropic 2,700 2,300 3,250 1.05
High B, 3,850 2,000 2,020 3.5
High H,, 3,700 3,550 4,950 3.2
Premium 4,400 2,850 2,880 4.5
High
(BH)HII
Alnico § 12,800 640
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Bounded ferrites are used in many applicatioes as
refrigerator gaskets, magnetic motors, magnetic pickups
for clectronic ignition, latch magnets, reed relays and so
on. Polymer bonded magnetic shapes are masufactured
in a large variety.

9. Futere trepds

@) Soft ferrites

Genpenally, the demand for higher quality ferrites
showing smaller manufacturing tolerances wili coatinue.
Many companies introduced the “Zero defective”
programme and modern TQM methods to approach
them. The background for this is that the consumer
necds products of higher reliability with all the
properties specified, mbhnghmtosvecodsmmpm
checks and to trust the producer’s quality-easuring
system. As a way of coupling the producer’s facilities
and the consumer interest for a general quality system in
‘he meantime, in 1987 the ISO 9000 standard series was
introduced and found wide acceptance.

The future product trend has to be considered in
respect of the fact that the power clectronic ferrite
market is growing fast. It now covers almost 50 per cent
of the total market followed by the high permeability
market of approximately 30 per cent. Only 10 per cent
or less of the market remains with the carlier dominating
telecommunication multiplex channel filter applicasion.

A review was recently given by the author on the
topic of the main developments in the field of soft-
magnetic ferrites (ref. VI, chapter 9). In the area of
power application there is a continuous pressure to
reduce the size of electronic equipment in general;
miniaturization of SMPSs is also demanded. Because the
transformer size can be reduced by increasing the
switching frequency, the family of low loss power
ferrites is permanently growing. The application up to
1 MHz covered by MnZa- ferrites can be expected to be
introduced everywhere. Higher frequency application
over 2 MHz needs the shift to NiZn ferrites because of
their higher DC-resistivity and lower initial
permeabilities.

In the field of high permeability ferrites, the
decrease of low induction level losses is cailed for to
enable a brighter frequency application for numerous
applications. For the improvement of both ferrite
families, one of the main conditions is a better control of
the chemical and physical properties of the raw
materials.

Due to the progress in the field of high quality iron
oxides, new ferrite materials could be developed. Two
trends can be observed: ferrite producers are controlling
their own raw material source, e.g. by the mentioned co-
spray-roasting; or raw material producers are starting
their own activity to produce ferrites. Economic aspects
are, of course, contributing to these trends. A special

item is the replacement of MnZa ferrites for teievision
deflection yokes by MgZn ferrites, caused by the higher
demand for DC resistivity in HDTV technology, as
meationed before. Overall automatization in the powder
ana core manufacturing area, also with soft ferrites,
nnstpromdmmeamwexpeamcyfabw
prices, especially by the entertainment consumer
industry.

(b) Hard ferrites

The growth of the hard ferrite market in the past
was heavily influenced by the exorbitant increase of the
Co-price, from 4 to 80 Dm/kg, causing the replacememt
of Alnico magnets by ferrites materiak.

Duc to environmental problems connected with
barium the production of Sr-ferrites became more
important, in spite of the somewhat higher Se-price

Experts predict 3 major increase of hard ferrite
application in cars and trucks, eg. for permaner*
magnetic starter motors, electronic mufflers, magpetic
gaskets, for further PM motor types, etc. Also, the
replacement of low efficiency AC motors to highly
efficient and versatile permanent magnet motors will
generate more demand for ferrites. Most of the efforts
concerning hard magnet materials will be focused on
further improvements of the quality of Sr-ferrites. As
mentioned above, a greater part will be directed to the
instaflation of much more exact specifications for the
raw materials, especially for iron oxides.

To finish the discussion about ferrite trends, a
quotation by Goldman is appropriate: "The ferrite
supplier has always been able to provide the materials
and shapes that were needed by the designer. Because of
the wide variation in chemistry, microstructure and
shapes that are available in ferrites, I feel that we have
just scratched the surface of the potential in the
technology of ferrites.” Goldman sees a bright future for
this technology.
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2. A REVIEW ON SELECTED CERAMIC OXIDE POWDER TECENOLOGIES

Dr. WF. Kladnig, Andritz-Ruthner, Research
Department, A-1120 Wien, Eibesbrunnergasse 20
Lecturer at the University Linz, Department of
Inorganic Technology, A-4040 Linz-Aubof, Austria

Abstract

A survey is given which includes some of the
most important representatives of ceramic
oxide powders and their present statvs of
technohgynnnhhemcstmodemtcchnohps
to make uhrapure and composite ceramic
powders. Special attention is paid 10 the
Ruthner spray-roasting technology.

A. Classical techpelogics
1. Making asluming (ALO,) by the Bayer route

The Bayer process, due to the German patents
43977 (1887) and 65604 (1892), bases on the sodium
hydroxyde extraction of ALO,; from the bauxite ore
under pressure of 40 bar and at T = 250° C.

The process route can be formulated with:

AOH); + NaOH ---> Na*AKOH),
(autoclave process)

ANOH)," + seeds ---> AKOH); + OH"
(ALOy

Ninety-five per cent of the world alumina is
derived by this route. It's end product is AI(OH)3
bayerite. During debydration a sumber of trassition
modifications are passed through, bayerite->boehmite-
>delta->theta- ~alpha-(ALO;. Leading producers are
Kaiser, Alcoa, Reynolds, GTE- Sylvania, Corning,
Coors (USA), VAW, Martinswerk, Giulini (Ger).
Crucial are contents in Fe, but especially in Na,O which
interferes in ALOy'’s insulating action in IC’s. The Bayer
product is typically 99.5 per cent in pureness. Impurities

Nag, Fe,0,, Si0,, C20 100-200 ppm, Ti0,, V,04
20-50 ppm. The powder contains agglomerates of prime
crystals 0.2 um in size, which are 50 to 100 zan of dense
structure.

Lowest Ceralox grades of Alkos offer NayO
contents such low as 0.01 per cent, but the usual range is
in between 02-0.4 per cent Na,O. For best sintering
abilities powders are marketed as fine groucd powder
with an average of d, s low as | ym. Grinding is dove
in ALO; lined ball nlills or in gap mills and by jet
milling. Such fine alpha- ALO, (corund phase) powder
particles bave a surface ares of 20 m%/g.

Gmwﬂyhm%snuchsthem-
fold surface area of 100-250 m*“/g. Its major use of
around 50000 tpa is as catalyst carrier. Careful calzining
makes 2 broad range of catalyst carriers available for
heterogeneous catalysis ranging from lO:oZSOszg.
Greatest producer of AlLO;-catalyst camiers is the
Norton Company, United States of America.

Productioe of non-metallurgical grades amount to

25,000,000 tpa which split into, e.g
Refractories 400,000 t
Abrasives 150,000
Spark plugs and
Catalysts (calzined grades) 100,000
High grade aluminas
for electronics 5,000

High grade >97 per cent ALO,, up to >99 per cent
is most widely being used in several apphications for
engineering, refractorial, grinding materiak, spark plugs,
cutting tools, high temperature bearers, rolless, tubes,
high tension insulators, catalyst support. Its overall
consumplion can be estimated to be more than
200,000 toas p.a.

Uhrzpure ceramics are required in electronics in
ICs, garmets (lasers) such as YAGs: Y;ALO,,, made fe.
by Alked Corp., or for supports, such as ceramic wafers
or electroceramics, such as translucent ceramics and in

Alumina used for sodium vapour arc lamp tubes
have not to exceed 10 ppm Fe contents because of that
clements significant absorption of Na-emission line.
Ultrapure powders containing trace amounts in the range
of 10-100 ppb (parts per billion) are being produced by
Pechiney (Fr) and EJl.du Pont de Nemours and Co.
(USA). The production is dooe mostly by the alum
process, i.e. thermal decompasition of Al(SO,);. The
process is being performed by Baikowski Chemie in

France, and Baikowski Int. Corp., North Carolina, USA.

Other processes to make high purity aluminas are:

Nitrate decomposition (Shikoku Chem. Corp,
Japan)

L P
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Hydrolysis of Al-alcobolates (Vista Chemicals,
USA)

Purities being offered are 99.98 per cemt -
99.99 per cent.

Ako sol-ge]l methods are used (Sumitomo).
Alumina grades on the market are:

activated alumina, Alpha trihydrate
calcined types, calcined alphy tribydrate

tabular (2000 calcined)
fused grades 2200 grad.
Medical apphcations of ALO;:

Alumina is the most important bioceramic material.
Bone grows in tight apposition to this material, but
cannot penetrate the dense ceramic. Since the material
is brittle it cannot sustain the range of physiological
forces so well as metallics. lts best application is in load
bearing use. Analytical requirements for biomedical use
is 2 minimum of 99.5 per cent and a max grain size of
74um. Typical are compressive streogth of 4000-
5000 MPa and bend strength of 400-550 MPa.

In Japan experiments were run to introduce
sapphire as a bioceramic, which nowadays is used as
translucent ceramic f.e. in dental surgery.

The alumina support:

Alumipa for supports is obtained by precipitation of
AP solutions. The first precipitate, a gel-like
substance, undergoes aging and calzining at 600° C. The
end-product gamma-alumina is received after passing
tkrough several intermediates, such as bayerite AWOH),,
boebmite AOOH), O, delta, kappa forms and
intermediates: ALO,.0H,0 (0<1), which are amorphous.
Above 1100° C alpha- AL,O, is formed. Finally fired
alumina consists of closed oxygen packings in bexagonal
and cubic symmetsy. Alumina is coasidered as an
amphoteric (equally acidic and basic) catalyst support,
due to its surface oxy and hydroxy groups (Brousted
basic and acidic sites).

2. Jitanium dicxide pigments

Titanium dioxide ores which mostly go to be
processed to make TiO, pigments are ilmenite
Fe,0,.TiO,, natural rutile or TiO, slags. There are two
basic processes competing oo the world market - the
sulphate and the chioride process. The sulphate route
uses H,SO, (sulphuric acid) for digesting the ore and to
make Ti(SO,), wastes which usually are contaminated by
iron sulphate. The chlorine process uses chlorine gas
which converts the ore by the additional use of carbon
into volatile TiCl, and other (non volatile) chlorides

(mostly ferric chloride). Purifisd TiCl, is oxidized into
TiO, by a special burning technique in pure oxygen to
form T30, and chlorine gas which is being returaed into
the process route. Chlorine process pigment plants
usually require feeds with high TiO,-content (85-96 per
cent), such as high grade slags or natural rutile.

The leaching process, usnally with H,SO, employes
ilmenite ores which are poorer in Ti content or
titaniferous slags. Akhough siags are high in TYO,
(72-85 per ceat) they weually contain alkaline and
alkaline earth elements which have to be eliminated in
special process routes (DuPoat process). Total produc-
tion nowadays amounts 2.5 mio tpa, of which 60 per
cent are due to the sulphate route. Sixty per cent of
total world market is used up by paint manufacturing.
The market growth was extraordinary and world
production has nearly doubled since the beginnings of
the 80s.

Besides these major routes there exist also a series of
different leaching processes where HCl is used instead of
H,SO,. The ore (imenite) is being digested under
pressure using 30 per cent HCL Waste acids are being
recycled by the thermal decomposition route (the
*Ruthner” process) which is being detailed later on.
Most imporiant TiO, producers of pigments grades
(rutile, anatase) are Du Pont, Kronos Titan, SMC,
Sachtleben, ICI (Tioxide), Kraft, Bayer, CVRD (Brasil),
IRE (India).

3. Systhetic irom oxide pigments

The majority of the industrially most important red
pigments are based on synthetic iron oxides. There are
a number of process routes such as the Pennimaan, the
Abiline, the Rasquin or the English process, which are
all traditional. World leader in synthetic pigment
production is the Bayer AG. Others are Pfizer, Ferro,
ICl. The mostly wanted yellower colours arc based on
precipitation and controlled thermal decomposition of
ferrous sulphate (copper reds), which are a by-product
also from the TiO,-sulpbate route. Small grain particles
of 0.1-0.9 um produce yellower shades, whereas bigger
ones produce darker colours which tend towards blue.
Black oxides are derived from the aniline liquors or from
sulpbate liquors by precipitation under a certain pH and
air ratio, which is blown into the stirred solution. Black
pigments can be transferred into red tomes during
oxidation at elevated temperatures. Brown pigments are
produced usually by blending or controlled reduction of
black oxides.

Synthetic Fe,0, pigment market amounts around
50,000 tpa. Growing demands of synthetic pigments is
being achieved with the so-called spray-roasted iron
oxides of the Ruthper, Perox, Woodhall-Duckbam or
Chemirite route. Sioce these powders exhibit a different
pbysical structure, a further conditioning is essential,
especially by high intensive grinding. (The Ruthser
process will be covered further on).
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Magnstic i

Magsetic pigments basically belong to the mineral
magnetite (Fe,;O,) of bigh magnetic strength, which are
of synthetic origin for production of special paints,
magnetic tomers and recording media.  They are
produced by precipitation from aqueous ferrous solutions
by ammonia or sodium bydroxide. Magnetic particles
formed after careful drying and calzining are spherelike
magnetite platelets of certain geometric form. They
must exceed high saturation magnetization of up to
10,000 Oersted (10Ex104A/m). Apart from platelet
structures also aeedle structures of gamma-iron oxide are
mostly used. Modern developments tend towards
coprecipitation of iron oxide together with mostly
cobaltoxides, but alo together with oxides of Za, Cu,
Mn, Ni. Magpetic pigments are also applied in resins,
such a5 epoxies, thermopiastic resins, polyurethanes as
wave absorbing materiaks, i.c. in radar shieidings.

4. Zircosix the promising futare

Zirconia’s most abundant ore from where it gets
processed is zirconium silicate, ako called zircon, mostly
to be met together with TiO, ores such as ilmeaite or
rutile, or as often to be found in Brasil, being
accompagnied by rare earth elements, such as monazite.
World’s consumption of this silicate form (ZrSiO)
amounts to arcund 1 million tons per year, of which
most is being used in refractories and abrasives. The
richest sources are to be found in Austrabia, followed by
South Africa, Russia, USA and Brasil. Natural Z1O,,
named Baddeleyite, in very pure occurrings is being
found in Brasil and South Africa.

Zs0, usually is made thus from the silicate sands by
carbo-chlorination, or by digesting at elevated
temperatures with sodalime or NaOH. Australia and
UK also employ plasma dissociation into ZrO,. The
pure compound being synthesized is in the monoclinic
form, a white powder.

ZrO, can ako be made by a spray roasting process
starting from ZrOCl,, using the Ruthner technology. A
similar way bas been developed in Japan by Toyo Soda,
using s spray roasting route, which allows the in-situ
blending with other clements, like yttria, to form
partially or fully stabilized systems. A further route to
make zironiumdioxide powder is being done by the so-
called sol-gel route, which is being handled in that paper
in 8 separate chapter. A first industrial plant using this
technology has been established by Mitsubishi, Japan.

Modem ceramic science welcomed zirconia as the
most promising element to be abie to achieve a certain
level of plasticity after careful blending with other
clements like yttria, ceris, magnesium and calcium,
sowething which until then bas bees unknown w0 a
ceramist.

Since Z10, undergoses a reversible crystalio-graphic
chuge ofwhdnhemonlmwtkthemonochmc
one is being used in the so-called transformation
toughening {t-->m). Since a similar change is being
knowr within the austenitic to martessitic transfor-
mation in steel, this change is also named martensitic
change, whereby the tetragonal particles exhibit a
5-6 per cent higher volume and thus are able 10 perform
a stress induced toughening effect. The ZrO,-tetragonal
particles which precipitate along intergranular faces and
within certain patterns were part of very imtensive
investigations. High resolution transmission electron
microscopy (TEM) allowed an insight into thcse patterns
of tetragonal, monoclinic and cubic high temperature
form of ZrQ,) forms especially due to different alloying
with Ca, Mg, Y, Ce in molar ranges of 2-12 per cent. A
very large number of publications has been written on
that topic of which the most important will be named
under the literature section.

Zirconium dioxide, monoclinic or tetragonal offers
excellent material enhancement to alumina ceramics, to
form ceramic composites, called ZTA (zirconia
toughened alumina), with enhanced bend strength of up
to 700 MPa (compared to the regular 250-350 MPa of

pure ALO;,.
B. Special technologies

Classical tu:lmologis which mostly start from
certain patural occurrings like ores or salts to make
cerzmic powders by chemical procedures of leaching,
digestion, melting, chlorination, as previously described,
lead to different chemical compouds of the elements
such as bydroxides, oxides, or salts. These may form a
new source of siarting material for further technological
treatments in order to get pure or blended oxided
powders. These processes may be combined under
thermal decomposition processes, to be discussed in that
chapter. These are:

- The Ruthner pyrohydrolysis process (in some
instances ako called Aman’s process);

- EDS processes (evaporative decomposition of
solution);

- Flame pyrolysis processes;

- Microwave decomposition of solution (MDS)
processes.

1. The Rutheer soruy roesting process

The Ruthoer process is a way of thermal
decomposition of solutions, like purified brines or spent
pickle bquors. The process was originally introduced
mmm«lmd&mhpphanonmthelmﬁlw Its
original goal was to recycle hydrochloric solutions of

h WY



<17 -

Fe() 10 regain HCl for pickling purposes. With the
successful introduction of ferrite ceramics the demand of
synthesized Fe, O, rose drastically in the late sixties and
especially in the seventies, which made spray roasted
iron oxide an important coatribution to chemically
precipated types. In the same time which enabled the
Ruthner company of Vienna to build nearly 200 of such
plants world wide, its technology was also apphed to
convert other chioride solutions, like those of Mg, Co,
Ni, Al as well as mixtures of them into the respective
oxides.

The original idea of J. Aman in Israel to convert the
carnallitic brines of the Dead Sea to make MgO as a raw
material for refractories, finally was then realized by
Ruthner Engineering in collaberation with American
Magnesite Company (nowadays Radex of Auvstria). The
process which was established in Rebovot, Isracl, was
able 10 successfully produce 25,000-30,000 tpa of the
most pure MgO powder. In the following a series of
similar plants were erected in Austria, former
Czechoslovakia, former Yugoslavia, Eastern Germany,
with a concerted output of over 100,000 tpa.

The process requires four essential operations:
firstly to make the chloridic, or nitratic solution, then to
purify such a solution, 1o have the solution spray roasted
and finally to have a post-treatment of the oxide powder
done. There are no strict rules of how to make up the
brives, the units will bave to be tailor-made in any case.
Examples are, ilmenite leachings to have iron oxide
processed and T1O, made, bauxite leachings to separate
them from irow oxide, leachings of nickel matte or nickel
rich serpentines to make NiO, leachings of magnesite
ores, or concentrates (ashes) to have MgO processed. 1o
many applications chloride solutions are received from
pickling processes, first of all from steel (mild or high
alloyed) ones using HCl or HF/HNO,, aluminium foil
pickling with HCl to produce ALO, of purest grade,
titanium and zirconia pickling using HF/HNO,. Here
the approach is 1o regain the acid(s) and the oxide(s)
from the solution.

A third application is to bave metal oxide(s)
produced by dissolving metal scrap in hydrochloric acid
(eventually HF and HNO,) and to recycle the acid
permancstly to the leaching units, whilst producing the
oxide(s). Examples given are the production of
manganese-ferrite powder by Spang (USA) and TDK
(Japan) using the Ruthner technology.

Other process possibilities, starting from metals by
acidic dissolution, have been developed but were not yet
realized industrially. Examples are the route to make
nickel bydrogenation catalysts, TiO, (anatase) prime
material for SCR (selected catalytic reduction NO, -gases
in stacks) and the process 10 make aluminatitanate
(ALTiO;, talite).

By running the spray-roasting process with nitrate
solutions, ternary ferrite systems can be made, which

bave been successfully tested as a prime material for
high-u soft ferrites.

The conversion through pyrobydrolysis is done in a
brick bned cylindrical reactor, which in the greatest
plants built has a beight of up to 40 ft. The solution is
being sprayed into the reactor by means of nozzles and
is thermally converted by means of gas or oil driven
burners, which are circumferentially arranged at the
lower level of the reactor. In some cases, whilst spray
roasting very volatile substances, the pyrolysis is run co-
current, i.c. with the burners being arranged at the upper
level of the system. The acids produced are being
rezbsorbed by means of packed towers. The emerging
gases are being washed and purified by means of
scrubbers, water sprayed veats and eventually by means
of De-NO, catalytic systems, in order to fulfill even the
stringent environmental requirements (figure 1).

Powders received from this process have ;peciﬁc
surface areas starting from 2.0 m?/g up to 50 m?/g and
bulk densities of 0.3 t0 0.9 g/cm>, depending on process
conditions and the salt system used. Specific epergy
requirements which strongly depend on the plant size
range from 700 to 1,200 kcal/1 solution, or 4,000 to
7,000 keal/kg oxive. The process therefore is rather
energy consuming and requires cheap sources of prime
energy (natural gas).

Most important is the production of iron oxide
{(hematite) by this process, which is being performed in
all industrialized nations. Some 160 plants are on-stream
using the genuine Ruthner technology, with an overall
output of around 500,000 tpa of Fe,0.

Spray roasted iron oxide usually finds its way to the
ferrite industzy, to make hard and soft ferrites, of the
geeeral formula Me(ll) 0.6 Fe,0; and Me(INO.Fe,0,,
respectively, which together amounts 10 more (han
400,000 tpa world wide, with very high growth rates of
8-10 per cent in demand. The leaders of it are in Asia,
most of all Japas and Kor=a. But also China keeps up
with two pew regeveration lines to produce around
20,000 tpa bematite cf very high pureness and low silica
content.  SiIO, which is even added during the
production of bard ferrites, is most disadvantageous for
soft ferrite applications. In most cases mowadays a
proper iron oxide for that purpose must have a SiO,
level beyood 100 ppm (0.01 per cent). To meet these
requirements Aadritz-Ruthner has developed several
technologies to purify pickling liquors from SiO,, suck
as a chemical precipitation method which works by
adsorption of SiO, oo flocculated Fe(OH), or by
applying cross- flow microfiltration.

Iron oxide is also used in the pigment industry
mostly for colouring concrete, tiles and bricks which is
of growing importance for the comstruction industry,
Spray rossted iron oxide after proper milling and
blending is more and more being used also for that
purposes.
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Apart from the iron oxide production by the
Ruthner spray-roasting process, a further process bas
been developed by co-spray-roasting soluticns to make
fe. manganese-ferrite. It comsists of two different
leaching units, where steel scrap and ferro- manganese oc
clectrolyte manganese are being leached ia hydrochloric
acid and the final solution of a certaia Fe-Mp ratio is
then being spray roasted at clevated temperatures. The
powder, after proper post treatmest in a rotary kiln is
being practically ready for the fernite production. There
are a few plants working in Japan and n the USA,
which are based on this process. The fir : soft femtic
material is considered to be of better quality than
conventionaily made oncs by mixing - blending -grinding
technologies.

2. Other spray reasting proceamss

Lurgi had developed a HCl regeneration process
already in the thirties which is based on a fhuidized bed
decomposition. Its outcome however is not a fine
powder but pellets of some mm in diameter which are
very hard to ground up and therefore mostly are
returned to the steel-making process.

A modern approach which actually is a combination
of both, the Ruthner and the Lurgi process, has been
developed in Japan by the Chemirite Co., Tokyo. It
basically coasists of a fluidized bed reactor which is run
at very high temperatures and therefore produces a high
amount of iron oxide dust which is being recovered by
means of a huge electrostic filter. Chemirite’s powder is
of very small particle size and of light colour.

Domier of Germany has developed a spray-
roasting process which they call RSV (Reaktions-Sprih -
Verfahren) process. It basically consists of the same
process units as the Ruthner process, the difference
being e heating device, which is an indirect electric
wall beating of the reactor. Its equipment is designed for
only small chroughputs. The process is able to make
very pure powders for electronic purposes, as well as for
catalysts and cngineering ceramics.

3. QOther similar processes

EDS stands for evaporative decompcsition of
solution. It bas been developed at the Pennsylvania State
University and basically consists in spraying a solution
into a tube mounted in a horizontally beated furnace and
o get a very fine oxide powder after proper
decompoasition. The process is of no industrial use but
serves & a rescarch instrument mostly (o make small
amounts of mixed oxide powders for different physical
applications.

Flame pyrolysis is 8 way to make very fine powders
which industrially is being used by Degussa to make
oxides like SiO, (Aerosil), as well as TiO;, ZrO,, which
are used for fillers because of their very high surface
areas. The way to make them is to directly spray a

solution of their correspoading chiorinated compounds
into a flame where they are burned and thus oxidized.

Microwave decomposition of solution is a novel
approach to have an aqueous or organic solution
thermally decomposed to form oxides. The advantage is
the dielectric beating of the material itself which avoids
any contamination and enables to regain even organic
solvents by proper absorption devices, which would
decompose if conventional heating procedures were
applied. Such a process has been developed at Andritz-
Ruthner and is being called MDS (microwave
decomposition of solution).

There is great interest nowadays also to bave
ceramics directly sintered by means of microwaves, like
in Los Alamos National Laboratory and in Oak Ridge
Natiooal Laboratory, USA. The technique is being
called microwave ignition and coatrolled combustion
synthesis (MICROOOM). The magetroa being developed
for these purposes work at the commercialized frequency
of 2.45 GHz but are applied for some thousands of watts
power input.

C. Sshmicron powsder proccysings
1. Sol-Gel techwology

Sol-gel metbods belong to a special way of ceramic
chemical processing and was developed in the early
eighties in the USA, at the University of Florida. The
process route starts from organic compounds (metal-
organics) which are hydrolyzed under very careful
conditions. The particles are in the nanometer-size
range and of a nearly perfect spherical shape. The
process was firstly developed 1o make nuclear ceramics,
such as urania, thoria and plutonia.

The procedure is in the comsequence: Starting
solution - ->sol - ->gel- ->oxide. The secrete ies in the sol,
which is comprised of a colloidal mixture of sanometer
particles. The art is to bave the sol stabilized and finzlly
to remove the solvent by careful drying or freeze drying,
Sol-gel processes are used ako for coating of metallic or
ceramic substrates. The powders are of a very narrow
size distribution and of very high purity. Studies which
wmunder;o-eolmuolled bydrolysis of metal oxides

Tiy, 2:0y, ALy, AL0,-Z10,, SiO,, mullites,
TI:O,.H[O,. Uo,.

Compactation of such very fine particulates requires
Iu;ll forces but yield ceramics of very uniform grain
sizes. Of industrial importance is the production of
bariumtitanate starting from Ba-acetate and titanium-
2. Diflfarest methods to produce witrafine powders

instead of precipitation those metbods comprise of

g2 phase dzcouposmon. like plasma synthesis and laser
decompasition methods. At the Techaical Usiversity of
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Berlin the plasma synthesis is investigated to produce
silicon - nitride - powders (Si;N,), starting from SiCl, and
NH,. Ao ultrafine nitrated powders like TiN and AIN
were made by plasma synthesis at temperatures of more
than 10,000 K with high frequency induction plasma.

3. Experimental precesses of special interest

Thaose are processes where f.e. amorphous powders
by chemical sol-gel methods are made (organic glasses).
They are applied for optical coatings, {.e. ZrO,-St0, oa
substrates. Other methods inc.ude hydro- -thermal
processes of chemical reactions under pressure and at
elevated temperatures in autoclaves. Most important is
the synthesis of zeolites which have gained enormous
industrial importance in heterogenous catalysis. Pure
quartz crystals are grown by hydrothermal methods,
which are used world wide in watches and ultrasonic
devices. Other investigations focus on new
crystallographic methods to produce pure crystals ke
K,06TiO;, FeTiO,, niobates, ferrites, etc. The
hydrothermal method is of essential interest to make
single crystals of substances.

D. Market survey on fine cornmics

There are several market reports available on
ceramics, such as from BCC (Business Communications
Co., Norwalk, CT), Predicasts, Gorbam Advanced
Materiais Institute, Wheeler Associates, Industry Analysis
Division, Department of Commerce, to name some of
the most important ins:itutions.

Around 60 per cent of the total market is dominated
by electronic ceramics with a market value of
1700 million USS (1985), of the whole 3 billion dollar
world -total ceramic market (1985). The strong growth
as predicted for the automotive market, with a predicted
22 per cent annua! growth virtually did not happen.
There is no one car producer in the world who uses f.e.
ceramic turbo chargers in mass production. Actually the
automotive sector was the biggest bope for the ceramic
industry. However there is another very high potential
growth using ceramics in the chemical industry because
of their excellent corrosion resistance. Nowadays pumps,
bearers, dics and linings are being used in a 100 million
dollar market. World-wide bioceramics market, another
market of great importance amounts to some
5 million dollars.

The ceramic powder market values nowadays
around 500 million doliars for the whole werld, of which
Japan takes part 10 a S0 per cent. Of it the oxide powder
market of course contribute the biggest part with around
70 per cent or 350 million dollars. In 1985 only within
the USA the total oxide powder market amounted to
some 500,000 tons, with 150,000 tons being SiO;,
300,000 tons steatite and 20,000 tons ferrites and
60,000 tons being AL,O;. World market nowadays might
be 3-4 times of that total pumber, ie. 1,500,000 to
2,000,000 tons.

Advanced ceramics are being promoted by the
United States by the Advanced Ceramics Association
(USACA) which is beld by arcund 40 US companies.
Only US consumption in electronic ceramic parts, such
as electronic packings, ceramic capacitors, ferrites
piezolectrics, sensors and thick film pastes, are reported
to amount to some 2 billion dollars in 1987
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3. THE RUTHNER PROCESS

tion of i

The production of pure metal oxides requires four
essential operations including leaching of the raw
material with hydrochloric acid, purification of the metal
chioride solution, pyrobydrolysis, and post-treatment of
the oxide. The metal chloride solution is produced in a
leaching unit. In the simplest case this leaching unit may
be the pickling line or, as in the case of magnesium
oxide, a separate leaching unit for magnesium-
containing raw materials. Generally this unit can be
tailored to the individual raw material used. Metal
chloride solutions may ako be obtained in the form of
by-products from upstream processing stages. Such by-
products include cobalt chloride and iron chloride from
solvent extractions during the production of nickel metal.
Leaching solutions of ilmenite processing dunng the
production of synthetic rutile is another source for iron
oxide as by-product.

Depending on the application, the still-unpurified
chloride solutions can subsequently be purified by
precipitation or co- precipitation of impurities, by solvent
extraction, by ion exchange, or by crystallization. When
purified by means of solvent extraction or ion exchange,
the metal chloride solutions normally will be sufficiently
concentrated for further treatment in the bydropyrolysis
reactor.

The pure-metal chioride solutions are then fed into
the pyrohydrolysis unit. Utilizing the hot gases from the
reactor, the solution 1s further evaporated in a so-called
preconcentrator and then transferred into the pyro-
hydrolysis unit. In the absorption column, the waste-
water from the previous purification steps is used to
regenerate hydrochloric acid out of the acid gases
formed during the pyrohydrolysis process. This acid is
then used again in making chloride solutions. Fresh
hydrochloric acid has to be used only to replace those
amounts of bydrochloric acid which cannot be
recuperaied because of the formation of chlorides not
susceptible to pyrobydrolysis, such as calcium chloride or
the alkali chlorides.

The spray-roasting process is pamed after its
essential element, the spray-roasting reactor. In tae
upper portion of the reactor the chloride solution is
sprayed through ceramic spray nozzles at a pressure of 3
t0 5 bars (3 x 10° to 5 x 10° Pa). Basically, the reactor
consists of a cylindrical tower lined with refractory
ceramic material and several burners circumfereatially
arranged on the exterior. These burners, which are oil
or gas fired, supply bot gases 1o the inside of the reactor,
thus producing a rotary flow, the rate of which is
determined by the diameter of the reactor.

The droplets produced by the nozzles are moved
along by this flow, and intimately mixed with the reactor

atmosphere. As the droplets fall, water and hydrochloric
acid evaporate so that a crust of chloride crystals will
form oo the droplet surface. During evaporation of the
residual solution on the inside, additional crystals will
settle on this crust. When the vapour escapes, the crust
is frequently broken up or perforated. As previously
mentioned, the chloride particles formed in this way
react with water vapour and possibly oxygen to form
metal oxide and hydrochloric acid gas, with the original
agglomerates remaining largely intact. For this reason
the oxide shows the characteristic structure of a hollow
sphere.

Since the evaporation process at high temperatures
is very fast, it may happen that the chloride crust is
completely fragmented. In this case, and with processing
solutions of low metal chloride concentrations, th= end
product will be a very fine oxide powder. Depending on
type and production conditions, the oxide powders will
bave bulk densities between 02 and 08 kg/L, and
specific surfaces between 2 and 30 mzlg (BET). The
primary crystals have a diameter of approximately 0.2 to
04 pm, whereas the diameters of the agglomerates
usually range from 106 to 200 pm.

The oxides are continuously withdrawn from the
lower comical or truncated cone-shaped part of the
reactor by means of a rotary valve and a variety of
conveyors. The roast gases are then removed from the
reactor head and, depending on the type of plant, pass
through onc of two cyclones or an electric filter for dust
precipitation. In the downstream preconcentrator the
roast gases are cooled to approximately 120° C in direct
contact with the solution. In modern plants this process
takes place in a Ventun scrubber.

The hydrochloric acid gas is subsequently washed
out of the cooled roast gases in an - mostly adiabatic -
absorption column, and leaves the columa in the form of
azeotropic hydrochloric acid (20 wt%). The roast gases,
which contain only very small amounts of hydrochloric
acid (in addition to water vapour and ipert gases such as
nitrogen, oxygen and carbon dioxide) are then removed
by downstream fans at the celumn bead.

To remove the last traces of hydrochloric acid from
the roast gases, water is fed into tbe fans. Together with
additional wastewater, this water is used to absorb
hydrochloric acid in the column. A slight negative
pressuse is maintained in the pyrobydrolysis reactor as
well as .2 all nther downstream parts of the plant, by
means of ‘he exbaust faas, 50 that even in the event of
nozzle replacement, noxious gases or oxide dust ase
prevented from escaping into the atmosphere.

For some applications the spray-roasted oxide
requires a post-treatment. In the production of
mi‘gnaium oxide, for instance, magnesium oxide is

d
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treated with deionized water to wash out any undecom-
posible calcium chioride or alkali chlorides that are
extracted together with the oxide. At the same time,
magnesium oxide is converted into magpesium hydro-
xide. After calcination, briquetting and sintering,
sintered magnesium oxide of more than 99 per cent
purity is obtained.

During production of manganese ferrites and high-
purity ferric oxides, the spray-rossted oxide is
transferred to a downstream rotary kiln for coatrolled
heat treatment in a coatrolled atmosphere. This is
necessary to achieve specific material properties. Other
types of oxide post-treatment include the reduction of
ferric oxides to iron powder, and the partical reduction
of mixed oxides.

Products for the ferrite ind

Because of the enormous developments in the elec-
tronics industry, the demand for raw materiaks for the
production of both magnetic materials and data media
has dramatically increased. In principle, the ferric oxide
produced in hydrochloric acid regeneration plants would
lend itself to such applications, were it not for its silica
content. According to the specifications of the ferrite
manufacturers, this content should not exceed 0.02 wt%,
even though the silica content is higher mostly because
of the higher silicon content of the pickled steel. Ferric
oxides with a silica content of less than 0.01 wi%
(100 ppm) can thus be sold at prices three to five times
higher than those of conventional qualities. To produce
spray-roasted ferric oxides with a low silica content,
Maschinenfabrik  Andritz-Ruthner Division has
developed a process for the sevaration of silica from
waste pickle acids. The process is based on the principle

that, under appropriate conditions, silica in colluidal
solution can be adsorbed to iron(Ill) hydroxide.

Most ferrites, including manganese ferrites, are
traditionally produced by mechanical mixing of the
required components using a blade mixer or a mill, and
subsequent spray-drying of the aqueous suspension.
After adding a binder the powder is compressed into the
desired shapes. Finally, the compacts are sintered in a
controlled atmosphere in a tunnel fomace, where proper
ferrite formation takes place.

Experience has shown that the high-f{requency
properties of manganese ferrites produced by pyrolysis
of a mixed ferric/manganese chloride solution are
superior to those of ferrites produced by traditional
methods. Since the product obtained is a solution,
absolutely bomogeneous oxide mixtures can be achieved,
which is not possible even with the best mechanical-
mixing method. As in the case of ferriz oxide, the silica
content has to be kept at 2a mimimum.

Pyrolysis of nickel ferrite is also possible by using
mixed iron chloride/nickel chloride solutions. This
process yields a nickel ferrite powder with excellent
magnetic properties, which is being used to an increasing
extent for electronics. Also, in the case of pyrolysis,
product properties bave been considerably improved
compared with conventionally produced ferrites. By
varying the decomposition temperature in the reactor,
the specific surface ofthepmduc( may be varied over a
range of 3 to 20 m%/g: the higher the temperature, the
smaller the specific surface of the material. By
combining the two chloride solutions, products with any
desired nickelIl) oxide/iron(lll) oxide ratio can be
achieved.
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Common Pyrohydrolysis Reactions

2FeCl,+2H,0+ %$0,—~Fe,0,+4HCI
M;gCl,+H,0—MgO+2HCI

2FeCl,+ 3H,0—Fe,0,+6HC!

2AICl, + IH0—~AL0,+6HCI

3CoCly+3H;0 4 %0,—Co,O,+6HCI

CoCl, +H0—CoO+ 2HCI

2MnCl,+ 2H,0+ %0y—Mn;0,+4HCl

2FeCl, +MnCl; + 3H,0+ %0;—~MnFe,0,+6HCl
2FeCl,+NiCl,+ 3H,0+ % 0,—NiFe,0, +6HCI
2AICT, +NiCly+ 4H,0—NiAlL,0,+8HCl

NiCl, + H;0—NiO+2HCl

2CrCl,+ 3H,0—~Cr,/0, +6HC

2(RE)CY+ 3H,0—~(RE)0,+6HCI (RE=rare carths)
TIOCl, + H;0-TiO, +2HC!

PN

productioe of ceramic raw materials’ written and given to us by
Vol. 69, No. S, 1990 (® Acers)) ‘
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4. CERAMICS AS MAGNETIC MATERIALS (FERRITES)

Certain classes of ceramic materials normally
termed ferrites exhibit unusual magnetic properties due
to the particular nature of their crystal structure. All
ferrites have iron oxide (Fe,0), as a major constituent.
They are combined with oxides of divalent metals like
zinc, manganese, mickel, barium, stromtium, etc. to
produce crystal structures which have magnetic
properties. Depending on the nature of their behaviour,
magnetic materiak are termed bard or soft. Hard
magnels retain their magnetism oace they are
magnetized (it is bard to demagnetize them). Soft
magpets, on the other hand, are easily magnetized and
demagnetized and hence the term soft. Barium ferrites
and strontium ferrites are hard, while manganese zinc
ferrites and nickel zinc ferrites are soft.

Soft ferrites have lower eddy current losses and
bigher resistances as compared to more traditional soft
magnetic materiak, such as transformer steels. This
makes them useful in applications where magnetic fields
have to be switched on and off very fast (say from
15,000 to 20,000 times a second).

Hard ferrites (though having inferior properties to
traditional permanent magnetic materiaks like ALNICO
and cobalt samarium magnets) are much cheaper and are
therefore widely used. Barium- and strontium-based
ferrites are the most used hard ferrites. Manganese zinc
ferrites and nickel zinc ferrites are the most used soft
ferrites.  Ferrites compete with a wide range of
alternative materials in all uses where applications of
magnetic fields are required.

Types of ferrites

There are three main categories of ferrites. These
are:

- Spinel ferrites (they are called spinel because
their structure is similar to the structure of the
mineral spinel). These are "soft” magnets which
mean that they are used in temporary magnet
applications. TV, radio and telecommunications
represent the major market segments. Magnetic
core memories also use these materials, but do
nol comstitute a major market, since
semiconductor memories have replaced them
almost entirely;

- Hezagonal ferrites, whose atoms are arranged in
a hexagonal-shaped crystal structure, are used
mainly in permanent magnet applications and
occupy a lion’s share of the permanent magnet
market. The markets are loudspeakers, low-
power low-torque DC motors, toy motors,
alternators, etc;

- Garnets, the crystal structures of which
resemble the structure of the precious gem
gamet and whose magpetic properties are
similar to the soft spinel ferrites.

The critical parameters governing the behaviour of
any magnetic material are:

- The residual magnetism that the material retains
when the external field is removed. This is
called remanence or residual magnetism;

- The saturation flux or the maximum magnetic
ﬁeldthtmbeinducedinthenmetialbya
coil carrying a current, which is wrapped
around the ferrite material;

- The demagnetization field or the value of the
external field applied in the negative direction,
that removes the residual magnetic field.'

Magnetic materials are characterized as "soft” or
*hard" based upon these parameters. “Soft" magnets
reach large saturation values of their induced magnetic
flux at low values of the applied external field. ' They
also require very small demagnetization fields. 'Hard
magnets, on the other band, require very high demag-
petization fields to eliminate their induced magnetism.
They also have high values for their residual or remanent

Manuf { femi ial

Ferrites are normally prepared by standard ceramic
processes. The spinel ferrites and the hexagonal ferrites
bave many similarities in preparation and 'some
differences. A typical sequence of operations for a
spinel ferrite material is shown in figure 1 (page 31).
Hard ferrite preparation follows similar sequences.

The input materials, iron and zinc and manganese
or irca and zinc and nickel, can be oxides, hydroxides or
carbonates. They are weighed in the proper proportion,
water is added and the resultant mixture is milled in a
steel mill. They are filtered and then dried. « This
is followed by a calcining step, in which the raw
materials are heated to about 1050-1600° K, 1/ to form
the ferrite compound. In the case of nickel zinc spinel
ferrites, the calcining temperature is about 1300° K and
the material consists of crystals, which are practi-
cally 100 per cent spinelin structure. In the case of

1/ To convert degrees Kelvin to degrees
Centigrade, subtract 273.

'..l‘k
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manganese zinc ferrites, the temperature of calcining can
be adjusted to vary the spinel structure coatent from 50-
8S per cent. The time of cakining and the temperature
are crucial to achieving final properties. In-process
control of the composition and crystal structure by X -
ray diffraction, measurement of the surface area of the
calcined powder and inductance measurement from a
toroid -shaped sample, are often used to ensure that the
step, the material is milled again (with or without
addition of water) and spray dried to give the fine ferrite
powder, which is the basic matenal for producing most
components. The method giving optimum results
appears to be to add binders such as polyethylene glycol
or polyvinyl alcobol (1-4 per cent by weight) and
sufficient water, to form a slurry that is 65-70 per cent
ferrite by weight. This slurry can be spray dried to
produce the required powder. This powder is then made
into the required parts using normal ceramic processes.

Very thin parts are normally fabricated by tape
casting. For parts which are long with small diameters,
extrusion or isostatic pressing can be used. To control
the magnetic properties of the final component the
oxygen content of the kiln has to be carefully controlled
during the cooling portion of the sintering cycle. This is
quite a techmological challenge. Spinel ferrites are
normally fired in continuous tunnel kilns st temperatures
ranging from 1550-1725° K, with sintering times
ranging from 20 minutes to 12 hours.

For hexagonal (hard) ferrite manufacture, the steps
are very similar. However, because of their higher iron
oxide content and their relatively lower selling price per
kilogram (33 per kg) of finished product compared with
spinel ferrites (35 per kg), lower grade raw materiak are
sometimes used. Iron oxides produced by the
reclamation of acid pickling liquors, synthetic oxides
produced by the Lurgi process and mineral iron oxides
are often used. Though these are less expeasive, they are
less pure, and therefore considerable process control is
required to achieve desired properties.

Rotating or oscillating tube calciners, which are
2-3 m in diameter and 20-30 m long, with throughput
capacities of 500- 1500 kg/hr, are used. The temperature
of calcining is in the range of 1<00-1650° K, at which
temperature the material reacts ;0 form the hexagonal
ferrite. If calcining takes place at lower temperatures,
magnetic properties are not seriously affected. However,
the material is too soft and subsequent milling gives too
fine a particle size, leading 1o difficullies in subsequent
pressing and high shrinkage during sintering. If the
temperature of calcining is too high, the particles that
result are 100 hard and coarse. Although these can be
pressed easily, the shrinkage is high and the magnetic
properties are affected.

Hard ferrites are prepared by dry or wet pressing

of the calcined powder in the presence of an external
magnetic field. Dry pressing is cheap. However,

becaxse of friction between adjacent particles, the
magnetic alignment is not optimum. In wet pressing, the
shurry coming from the ball mill (after calcination) is
pumped into a dic cavity where aligament takes place
with the belp of 2 magnetic field. After aligament, the
water is removed by applying a vacuum to the die
cavity. A fine filter paper prevests particles from being
pulled ont of the die cavity. The design for wet dies is
more expensive and the pressing time is looger.
Sintering can take place immediately for dry pressed
parts. Wet pressed parts, however, bave to be dried
carefully before being placed in a kiln. The pressed
parts are sintered in air at 1400-1650" K to yield a dense
ceramic material.  After this, the grinding of the part
takes place to meet required geometrical tolerances for
loedspeaker rings and the arc-shaped segments used in
D-C motors.

A policati
Spinel soft ferrites
Th: major applications of spinel ferrites

(predominantly manganese zinc spinel ferrites and pickel
zinc spinel ferrites) are in the following areas:

TV and radie applications Ferrites are used as
magnetic elements in yoke rings for the deflection
coils for TV picture twbes and in flyback
transformers in TV sets - crucial elements in the
scanning by the electron beams. They are used as
antenna rods in radio applications.

Recording heads Both manganese zinc spirel
ferrites and nickel zinc spinel ferrites are used in
magnetic recording heads for duplicating magnetic
tapes and the recording of digital information,

Most recording heads are fabricated out of nickel
zinc ferrite. Metallic alloy beads are ruled out
because of large eddy current losses. Manganese
mcfetﬁmanakobemedmddooffersupenor
properties. However, they need a complicated
sintering cycle and are not as strong as nickel zinc
spinel ferrites. However, improved fabrication
processes, such as isostatic bot pressing, have
yiclded good results. Hot pressed heads of
manganese zinc ferrites are used in high
performance digital and video recording
applications.

Switched mode power supplies: Ferrite materials
have lower magnetic losses as compared to
laminated transformer steels. They alo have a
resistance of 10 obms/cm as compared to about
50 micro-obms/cm for transformer steels. This
permits the use of ferrite core materials as
transformer elements, in high frequeacy power
supplies. These are vormally referred to as
switched mode power supplies and can operate at
frequencies of between 15 kilo-cycles and

A PSS



30 kilocycles, with higher efficiencies. This means
that the power will be switched on and off from
15,000 to 30,000 times a second. Because of these
properties the size of the transformer core and the
aumber of turns of wire can be reduced. Ferrites
are also used for chokes and filters.

These represent a growing market for spimel
ferrites in TV sets, telecommunications and a
whole range of other professional electroaics items.

Lincar applications: The induced magnetic field in
a soft ferrite can be made to vary linearly with the
current in the coil creating the external magnetic
field. This Bnear relationship is exploited in these
applications. At low signal levels (low current in
the coil around the ferrite core), ferrites act as
transformers or as inductors. Manganese znc
ferrites are usually used for applications where
frequencies involved are less thae 2 Megacycles.
Nickel zinc ferrites find use in applications
between 2 and 70 Megacycles. By varying the
nickel zinc ratios, a large number of materiak for
use as high frequency inductors, antenna rods, high
power transformers and pulse transformers can be
made.

Maguetic core memories Torroidal cores made of
spinel femtcmnsedasmagneucmmcmm
Spinel core memories are used in apphcations
where loss of power does not result in loss of
information.  Since the memory coumsists of
torroidal cores strung on a wire and there are no
moving parts, it is very reliable. This makes it
suitable for military applications. Even though
they were originally used for computer
applications, they have been completely replaced
by semiconductor memories.

lications of | | ferrites (hard ferr

The major applications of bard ferrites are as
permanent magnets in a variety of Direct Current (DC)
motors. The hexagonal ferrites of commercial interest
are barium and strontium ferrites. The other major area

where hexagonal ferrites are used is in loudspeakers,
where they replace the more expensive aluminium nickel
cobalt (Al Ni Co) permancat magsets. They have ako
been used in travelling wave tubes, telephooe ringers and
receivers, door closers, seals and latches in refrigerator
doors and in toys. Hexagonal ferrites are used in bubble
memories. However, bubbie memories do not represent
amjotmh(,smceothamydevmoﬁu
superior capabilities. Hard ferrites compete with
Al N1 Co, cobak - samarium and iroo - seodymium boron,
in permanent magnet apphcations. Their price makes
them aftractive though their magmetic properties,
especullyuhgbermpenmmmpoau Table A
gives advantages/disadvantages of bard ferrites and
competitive materials.

New iron-neodymiom boroo magpets, developed
by both Sumitomo (Japan) and General Motoss (USA),
can substitute Al Ni Co and cobakt samarium magnets in
the lower temperature ranges. Their prices ($15-$20
per kg) may ako pose some threat to the lower cost hard
ferrites in the future.

Soft ferrites world market trends

In 1988-89, the world production of soft spinel
ferrites, mainly manganese zinc spinel ferrite and nickel
zinc spinel ferrite, bas been estimated at 1,005,000 tons
and this is expected to grow at an annual rate of around
10-12 per cent. The market value of world ferrite
production in 1989 was estimated at 2 billioa dollars, of
which the soft ferrite market was about 1.2 billion
dollars.

Soft ferrites compete mainly with low resistivity
irom, Jow resistivity low carbon steeks, iron - aluminium-
silicon alloys and nickel iroa alloys. Irom silicon alloys
are the material most used in power and distribution
transformers and large rotating machinery. World
production of iron silicon alloys is probably in excess of
4 million tons. Soft ferrites are the preferred material in
all high frequency applications and for recording beads.
The Japanese are the world leaders in soft ferrites and
three companies - TDK Electronics, Sumitomo and Fuji
Electro-chemical - dominate the world market.
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Tabkc A

OOMPARATIVE PERFORMANCE CAPABILITIES OF DIFFERENT
PERMANENT MAGNETIC MATERIALS

Residual
magnetisza Volume
Ranking (Remamence) | Coercivity ¥ | magmetiom €/
Good NdFeB NdFeB NdFeB
Al Ni Co Co-Sm Co-Sm Co-Sm -
Co-Sm Ferrite Al Ni Co NdFeB
Poor Ferrite Al Ni Co Ferrite Ferrite
Source: New Advapced Materials, edited by Marc J. Ledoux, Springer Verlag Press 1986.
Notes:
1. Nd Fe B is neodymium iros boroa magnet.
2. Al Ni Co is aluminium nickel cobalt magnet.
3. Co Sm is a cobak samarium magnet.
2/ Residual magnetism or remanence should be as high as possible in a permanent magnet.
2/ Coercivity is a measure of the external magnetic field required lomovcdnpemanen(magneu’cﬁeldol%
the magnet. For permanent magnets, coercivity should be as high as possible.
¢/ Ths is a measure of the volume of material required to achieve a given field. 'l'hebenznhevolumé
magnetization, the lesser the amount of material required to achieve a given magnetic field. ‘
d/ High temperature performance dictated by this parameter.
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STANDARD SEQUENCE FOR SOFT FERRITES
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Increased use of ceramics as electronic and
structural materiaks has led to increased demands for
ultra- fine and ultra-pure ceramic powders, as the ead
product properties are critically depeadest on precursor
quality. Researchers at Penn State have developed a pew
method of produciag fine and ultra-fine powders for
sach specialty applications as nanocomposite
components, based on work begun by Faraday in the last
century. The technique, calied reactive electrode
submerged arc (RESA) processing, uses two submerged
metal or otherwise conducting clectrodes that arc in a
dielectric fluid that reacts with the metal. The extremely
bigh temperature generated by the brief spark vaporizes
a reactive bubble for an instant. The reaction product of
the combined vapours is quickly quenched by the
surrounding diclectric fluid, yiclding a colloidal sol of
spherically shaped particles.

The process can be readily demoastrated with
normal line voltages (~230V) across thin metal foils
immersed in water or mineral oil. Using somewhat more
gamma-aluminium oxide, a variety of titanium oxides,
airconias and oxides of tin, tungsten, and irop, all using
metal rods and such common dielectrics as water.
Control of voltage, amperage, and liquid compositica
allows the production of fine sols of aluminium, titanium
and zirconium anhydrous oxides, and even some phase
contrcl of variable valence metals such as chromiom.
Oxide particles ranged in size from 10 to 1,000 nm.
(Amitabh Kumar and Rustum Roy, Materials Research
Laboratory, Pennsylvania State University, University
Park, PA 16802, USA. Tel: (814) 8651174). (Source:
New Materials World, December 1989)

®*® 000

Method for fabricating farge pieces of gerovskite r

Researcbers from Japan's NIRIM report that they
have formed PLZT ceramic discs measuring 31 x 2.5 x
10 cm. PLZT is a composiie oxide ceramic composted
of lanthanum, Zirconium and titanium. The fabrication
method involves mixing the powdend components in
nitric acid followed by alkali precipitation. The
bydroxide powder produced is washed and fired under
pressure to yield a ceramic. (National Institute for
Research in Inorganic Materiaks, 1-1 Namiki, Tsukuba-
Shi, Ibaraki-Ken 305, Japan. Tel: 0298 51 3351,

Fax: 0298 52 7449.) (Source: New Malcrials World,
September 1990)

A Japanese company’s fine powder research ceatre
has developed a process for produciag barium ferrite
powder at about half the cost of comvestiosal processes.
Barium ferrite, used for high deasty recordiag media
sech as digital audio tapes and floppy disks, is
conventionally produced by a hydrothermal process.

In Showa Deunko’s mew process, irom, barigm,
cobalt and ttanium chloride soms are co-precipitated in
an alkaline solution. The resuking material is then
oxidized by treatment with hydrogen peroxide, followed
by meutralizatior with hydrochloric acd, to obtain a
mixture of hydrated oxides of iron, cobak and titanium,
plus barium carbomate. This mixture is debydrated in
the presence of sodium chloride, fired at approximate” -
750° C, and washed to yield barium ferrite.

The magnetic powder has a particle diameter of
60 am and a saturation magnetization rate of 70 emu/g,
some ten times bigher than powder produced by
couventional processes. (Shbowa Denko KK, 2-10-12,
Shiba-Daimon, Minato-Ku, Tokyo 105, Japan.
Tel: (03) 432 5111. Telex: 26232. Fax: (03) 436 2625)
(Source: New Materials World, August 1990)

Near-pet ceramics

The University of Michigan (475 East Jefferson,
Ann Arbor, Ml 48109-1248) has developed a process
whereby a dense, near-pet shape ceramic with oriented
microstructuzes has bees developed. Technique gets
crystallographic texture in sintered ceramics by seeding
with oricoted particles. Strength or conductivity
frequently depend oo crystallographic directions.
Normal ceramic processing randomly orients individual
crystallites, giving isotropic properties which are an
average of the directional single crysial properties. New
technology for obtaining crystallographic texture does
oot depend on bot pressing, which limits the shape and
complexity of the densified ceramic. Crystallographic
texture is developed during pressureless sintering.

L N

Synthesis of ceramic wi

A new synthesis method for ceramics, called the
localized reaction method, bas been developed by
researchers at Seikei University’s Faculty of Engineering.
Aoemicvirewlwmmdmemndsevenl
cestimetres in length has been syntbesized using
this process, which employs a hollow thread made
from polymer metal or ceramic, as a "micro-reactor”.
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Alkoxides are introduced into the tube and hydrolysed
by water or atmospheric moisture, after which the
bydrolysed product is removed from the tube, dried, and
fired at betweea 300 and 1,200° C.

The method has been used to produce ceramics
such as PZT (lead titansie zircomate), barium titanate,
strostium titanate, mangamese ferrite, barium titanate
and mangasese ferrite, and can ako be adapted to
produce spberical materials and regularly structured
integrated ceramics. (Faculty of Engineering, Seikei
University, 3-3-1 Kichijoji Kita-Machi, Musashino-
Shi, Tokyo 180, Japan. Tel: (D442)51 5181
Fax: (0442) 56 0115.) (Source: New Materials World,
October 1990)

Ceramic chip coqld write off di

An Australian company bas Jausched an erasable
computer memory chip that retains data when its power
source is switched off. The chip could revolutionize the
design of computers and other electronic devices by
doing away with the bulky magnetic disc memories that
are currently used to store data permanently.

Current computers rely on a selection of memory
devices. These include chips known as read-omly
memories orf ROMs that store preprogrammed data
without power buf cannot be erased, and instantly
erasable chips that require constant power, knows as
random - access memories or RAMs. To store more data
and programs when the power is off, most computers
use magnetic discs.

The new chip is known as a ferroelectric random-
access memory of FRAM. If it proves as successful as
its developer, Ramtron, claims, it could replace all other
types of data storage. (Excerpt from New Scicplisl,
16 February 1991)

L N N N
Cenamic substoate for powder modules
A molybdenum clad ceramic powder module
substrate for use in power inverters has been introduced
by Mitsubishi Electric. The substrate, which can
prolong the life of a powder module by a factor of tea,
is designed to be resistant to thermal stress and uses a

pewly developed active titanium paste to boad a copper
plate ooto the ceramic substrate.

In an experiment at temperatures ranging from -
40 to 125° C, a powder module in which this ceramic
substrate was used lasted more than ten times s long as
a conventional module. The beat dissipstion
characteristics of the substrate are said to have been
improved by 10% by increasing the thickness of the
copper plate.

The company plans to use the new substrate to
increase both the capacity and density of its insulated
gaie bipolar transistor powder modules and its existing
modules. Mitsubishi Electric Corp, 2-2-3,
Maranouchi, Chiyoda-Ku, Tokyo 100, Japan. Tel: (03)
218 2111. Telex: 24532. Fax: (03) 218 3686.) (Source:
New Magerials World, Decembes 1990)

Ultra-fine powders (<0.1 pm) are produced by
microwave beating of dissolved mitrates, sulphates, or
chlorates to minimize epergy coasumption and eliminate
the need for expensive capital equpment. For exampile,
100 g nickel nitrate and 1.5 g alumintom nitrate first are
dissolved in 80 mi water and then are expased to micro-
wave radiation (700 W and 245 GHz for 35 minutes)
until the water is removed. The resulting NiO + ALO,
powder has a surface area (measured by BET gas
absorption) of about 37m?’/g. The surface area
mausestoSlSBmIgwhenlhemvolnmemdme
of beating are increased to 320 ml and 55 min, respec-
tively. Further, for ultra-fine powders coataining a
metal that reduces from its oxide in hydrogen, a metal-
oxide composite can be formed by heating the powder
ia a conventiozal tube furnace (600" C for 2 hours) in a
bydrogen-rich atmospbere. Microwave beating also can
be applied to producing soperconducting ceramic
y (where RE

represents rare carth elements Sm, Eu, Gd, Tb, Dy and
Ho). The resulting powders are super-conducting up to
95 K. (Source: Maicrials and Processing Report. June
1990)

A pew metbod of producing ultra-fine iron
particles, which are used in magnetic recording materials
and magnoetic fluids, has been devised by Mitsubishi
Petrochemical Co., Ltd. The new process uses iron
carbouyl, an organometallic compound that is liquid at
room temperature, vaporizes at about 110 248° C and
decomposes at temperatures of above 250° C, as a raw
material.

The company used a stainless steel flow reaction
system, cousisting of an evaporator, 8 decomposition
reactor, and a unit for collecting the pasticles produced.
Liquid iron carbooyl was vaporized, mixzed with
nitrogen, and then coatinuously fed to the reactor which
was beated to 400-600° C, producing ultra-fine iron
powder 100-1,000 angstroms in diameter. The reactor
is surrounded by a coil which applies a magnetic field,
causing the ultra-fine particles to be attracted o each
other, and thereby producing seedle formed ultra- fine
pasticles which are suitable for nse 10 magnetic recording
materials,
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Magnetic recording materials based on ultra-fine
iron particles have higher recording densities than is
possible with conventional irco oxide and cobak ultra-
fine particles, and are already used in 8 mm video
recording tapes. (Mitsubishi Petrochemical Co. Lid,
2-5-2, Marunouchi, Chiyoda-Ku, Tokyo 100, Japan.
Tek: 48133283 5510. Telex: 2223172. Fax: 481 3 3283
5472) (Source: New Matcriais World, December 1991)

A method to prepare homogencous mixtures of
zirconia with another metal oxide (e.g, alumina, silica,
titania, yttria) with low Na,O impurity level (<0.01 w1%)
is presented. The particle size of the powder product is
less than 100 A, eliminating the need for grinding or
milling. Carbonated hydrous zirconia s mixed with
another metal sakt [e.g., Y(CO,);) in an acidic (HCD)
solution 1o form a homogceneous mixtare, which is then
added t0 an NH,OH solution (>SM), resulting in 2
precipitate of the hydroxides of the metals. The
precipitate is then dried by removing the water through
mixture is brushed through a 100-mesh sieve. The
collected powder sample is calcined &t 850° C for
16 hours, pressed uniaxially at 10,000 psi, and then
isostatically at 27,000 psi to pellets (0.5 in. size). The
pellets are heated to 1,450° C (100° C/bour), held at
1,450° C for 3 hours, and then cooled at 100° C/bour.
The zrconia mixture is a solid solution and the density
of the pellet is greater than 99.0 per cent of the
theoretical value. (Corning Glass Works, Corning, New
York, USA) (Source: Materials and Processing Report,
January 1991)

Platelet-shaped i ide pi

Pigments of the formula AL Fe, O (x = 0.02-0.50)
can be beated in a reducing atmosphere to form new
platelet-shaped pigments of the formula ALFe, O, ,
(x = C.J2-0.50, y =03-1.0) that have a lower oxygen
content and interesting colour effect. Pigments prepared
according to previous patent specificatioas are reduced
at 500°C in a flowing gas mixture (100 1/br) of 60 parts
nitrogen to 40 parts bydrogen in a rotating tubular oven.
The temperature and the duration of treatment deter-
mige the degree of reduction. High-gloss pigments
ranging in colour from black-yellow 10 black-red to
pure black are obtained. Thbe pigments can be coated
further before or after reduction with a discrete layer of
20-40 w1% oxides of nnc, zrcomium, titanium,
chromivm, silicon, tin and bismuth. These pigments
possess magnetic properties and electrical conductivity.
1n addition, because of their attractive colour gloss, the
pigments are useful as printing inks and in decorative
lacquers, paints, ceramics and cosmetics. (Merck Patent

Gesellschaft mit Beschrinkter Haftung, Darmstadt,

Germany) (Source: Materials and Processing Report,
June 1990)

Gelcasting - 2 pew cEramic formi

*Gelcasting”, a new ceramic forming process in
which a slurry of ceramic pcwder in a solution of
organic monomers is cast in a2 mould. The monomer
mmmspolymamdmmfmgdbdmm
process has aqueous and Domaqueous  versioms.
Gelcasting is generic and has been used to make both
monolithic and composite ceramic parts. It produces
complex-shaped, near-pet-shape parts.

ficaticas of the gelcati

Tbedevtlopmemofphstmg.apmbasedm
concepts from traditiomal ceramic processing and
polymer chemistry, has led to two versions of the
process: aqueous gelcasting, if the solvent for the
monomers is water, and nonagueots gelcasting, if an
organic solvent is used. The agqueous process has been
developed more vigorously as it represents less of a
departure from traditional ceramic processing methods.
However, the nonaqueous process should be better suited
to gelcasting ceramic powders which react with water
such as aluminium nitride, tungsten carbide, or titanium
pitride.

Gelcasting represents a flexible ceramic forming
process which has several noteworthy features. It is a
generic process which is applicable to many ceramic
systems - monolithics, composites, water sensitive or not.
It uses a high solids loading slurry with low viscosity.
Although developed for the production of complex-
shaped parts, it can be used to produce simple ceramic
parts. It produces strong machinable green body which
can, if desired, begreenmachinedlomorecompkx
shapes. It produces neas-net-shape parts which require
minimal final finishing. (Excerpt from Ceramic
Bulletin, Vol. 70, No. 10, 1991 (® ACerS). Article was
written by: Ogbemi O. Omatete, Mark A. Janney and
Richard A. Strehlow, Oak Ridge National Laboratory,
Oak Ridge, Tenpessee 37831, USA)

L L N 4

5 Jysis for fi ic

Spray pyrolysis is a process that has potential to
produce powders on the submicron scale and even
smaller. Although this process also can produce spherical
particles, there are many parameters that must be
controlled, including spray temperature, concentration
and solvent of the solution, stomizing-droplet size, and
amount of added water. For instance, researchers at the
Institute of Technology (Tokyo) eliminated the hetero-
geneity of BaTiO, and SrTiO, powders by increasing the
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concentratioa of the solutioas or complexing Ti** ioas in
the soluticns with the H,0, Starting solutions were
prepared from Ti(OC;H,), and Ba(NOy), or St(NO,),.

By usiag an ultrasomic sprayer for atomization,
spray pyrolysis can be improved; therefore, a number of
researchers in several countries are mvestigating this
technique. The Seoul National University (Korea) has
made spherical TiO, particles from TiCl, aqueous
solution by ultrasomic spray pyrolysis. Powders with
almost the same pormalized particle -size distribution can
be made reproducible even when the concentration of
source solution is changed. Average partick size is in
the range of 0.2 to 1.4 pm. The Seoul researchers have
abpmpued&'ﬁosfmepovdusmthuawdn-
meter of 03 10 09 pm at 1,000° C with this techaique.
Solutions coataining Ba(NO,), and TiCl, resuked in 2
particle morphbology coasisting of small primary particles
with bollows around the centre. The particle size and

movphology were a function of the concentration of
starting solutions from 0.0032 M up to 0.053 M.

Anotber Korean university is also studying
ukrasonic spray pyrolysis to make several compositions.
Kangweon National University (ChunCheosn, Xorea) has
prepared fine MgO-Zr0, powders (0.73 ym) using an
aqueous solution of ZrOCL,.8H,0 and MgCl,.6H,0 cor-
respoading to 5 to 14 mol% MgO. The powders had a
spherical morpbology and a specific surface area ranging
from 2345 to 2702 m%/g. PbTiO; powders of similar
characteristics have also been prepared at Kangweon by
using 2 TIO(NQ,), solution as the Ti source. The
powder morphology bad a tetragonal crystal structure, a
mean particle size of 1 um, and a porous surface.

The Tsinghua University (Beijing, China) is
another organization interested in this process. They
have made fine zZirconia powders from an aqueous mixed
solution of zirconium salts. The powders comsisted of
smooth spheres with a mean particle size of 05 o
1.0 pm. Tbaepowdenmmedlonakcparﬁaﬂy
stabilized mconu(Snol%Y,O,) having a bulk densit 1

about 59 g/cm?, abendmgstrenﬂhoflw kg/mm*,
and a toughness of 11.9 MP:;

Anothesr variation of spray pymlym uses an
inductively coupled plasma for atomization. Tsinghua
University is also i mvuupung this process and has made
homogeneous, submicron zinc oxude powders that have
a specific surface area of 50 m?/g. Similarly, Toboku
University (Sendal, Japan) bas synthesized ultrafine
particles of single-component oxides, titanates,
chromites, aluminates, and molybdates by introducing
aqueous solutions of metal salts iato an inductively
coupled RF plasma above 5,000 K. Particle morphology
varied with composition; oxides of rare earths and
corundum were platelike; cubic fluorite and chromite-
type spinel (chromites) were polybednl. and perovskites
were spherical The mean particle sizes of the latter
ranged from 15 to 35 am.

Another widely used process is based on hydrotysis
and has otber bepefits besides improved properties.
Hydrothermal synthesis has beea demonstrated to be a
viabic process for production of barium titanate-based
dielectric powders. Its advantages include use of
relatively inexpensive raw material, preparation of
powder with uniform, controlled particle size in the
range of 0.1 to 0.5 pm, and the ability to sinter at
reduced temperatures.

Sakai Chemical Industries Company (Osaka, Japan)
bas already developed this process on the commercial
scale for making powders of titanate perovskite, Mn-Za
spinel, and acicular hematite for capacitors, ferrite cores,
and magnetic recording media. Particles sizes 0o 0.1 pm
bave been achieved for perovskites and are almost of
single- crystaline morphology. Higher densities are akso
possible at lower sintering temperatures.

Hydrothermal processing has also been used at
Tokyo Institute of Technoligy (Yokohama, Japan) for
preparing uitra-fine bydroxyapatite (HA) crystals.
Crystals obtaised at 200°C, 2 MPa, and 10h bad
hexagonal prismatic shapes of about 25 nm x 90 nm in
size. By varying the sintering conditions, a wide variety
of microstructures could be obtained. For instance,
crystak sintered at 900° C for 3 hours showed a three-
dimensional porous structure with a homogeneous pore
distribution. Using a HIPing method (1,000° C,
200 MPa of Ar for 1 bour) increased the density to
99.9 per cent with transparency. HA ceramics with
tailored microstructures (dense/porous layered HA
ceramics and with ZrQ, particles or Si;N, whiskers

dupqsm)hveakobeenmpamdmthloughmof
3 MPam!”2

Chemical . hod

Such methods as sol-gel, colloidal processing,
polymer pyrolysis and chemical vapour deposition
(CVD) are all receiving wide attention for preparing
powders. Sol-gel techniques are popular because they
can lower sintering temperatures and produce homo-
gencous, fine particles with high sinterability and high
purity. In fact, the Tokyo Instituie of Technology
(Tokyo) has produced Ni and Cd ferrites with a particle-
size range as small as 200 to 800 A from alkaline solu-
tions of Fe, Ni and Cd tartrate and dextrose at 100" C.

A wide range of compositions are possible as
well, including superconducting oxides. For instance,
the Japanese Government Industrial Research Institute
bas produced 123 precursor materials from metal
alkoxides which are then decomposed and crystallized
in vacuum. Agglomerate size ranged from SO to
100 am. Kobe Steel, Ltd., in conjunction with
Dobelco-kaken (both of Kobe) are also using
alkoxides of Y, Ba and Cu acetates to produce these
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materials, which can be coaverted to the super-
conducting phase at temperatures as low as 850° C.

Thin films can also be produced via sol-gel,
which is being pursued by a number of organizations
including Nagoya University (Nagoya), Ecole
Polytechnique Fédérale de Lausanne {Lausaane,
Switzerland), Yokobama National University
(Yokohama), and Fraunhofer-Institut fér Silicat
forschung (Wiarzburg, Germany). Compositions being
produced are Bi-based superconductorsand (T1,S0)0,,
In,054-500,,and YBa,Cu;0,, perovskite ferroelectrics
and oxide coatings for SiC platelets, respectively.
(Excerpts from Ceramic Bulletin, Vol. 70, No. 6, 1991
(® ACerS))

ICTOW RV T {
composile componepts
[( r 1- 1on

Large quantities of ceramic parts can be simul-
taneously sintered using microwave techniques.

Ceramics produced by this technique are of good
quality. Densities and grain size are comparable to
those which result from conventional processing.

Microwave sintering has been brought out of the
realm of small-scale laboratory experiments into the
range of the pilot-plant facility. On the basis of
these results it is easy to emvision either a full-
scale continuous or batch manufacturing opera-
tion.

Power utilization information indicates that
microwave sintering is competitive with conventional
clectric furnacing techniques. It is unlikely, however,
that microwave sintering will be competitive with
conventional techniques fired by natural gas, the
reason having to do mostly with the inefficiency of
converting fossil fuels to electricity rather than that of
converting electricity to microwaves. (Excerpt from
Ceramic Buylietin Vol 70, No.8, 1991 ( ACerS).
Article written by: Joel D. Katz and Roger D. Blake,
Los Alamos Laboratory, Los Alamos, New Mexico
87545, USA)




6. TRENDS

The following three tables are from the article by W. David Kingery *Looking to the Future in Ceramics®,
which appeared in the book "The Materials’ Revolution®

Electropic and magaetic applications of high-technology ceramics

Electris £ .
Insulation materials (Al,0,, BeO, MgO)

Ferroelectric materials (BaTiO,, SrTiO,)

Piezoelectric materials (PZT)

Semiconductor materials (BaTiO,, 5iC, Zn0-Bi,0;,,
V,04), and other transition metal oxides

Ion- conducting materials (§-A1,0,, ZrO,)

M ic { .
Soft ferrite

Hard ferrite

IC circuit substrate, package, wiring substrate,
resistor substrate, electronics interconnection

substrate

Ceramic capacitor
Vibrator, oscillator, filter, etc.

Transducer, ultrasonic humidifier, piezoelectric
spark generator, etc.

NTC thermistor (temperature sensor, iemperature
compensation, etc.)

PTC thermistor (heater clement, switch,
temperature compensation, etc.)

CTR thermistor (heat sensor element)
Thick-film thermistor (infrared sensor)

Varistor (noise elimination, surge current absorber,
lighting arrester, etc.)

Sintered CDS material (solar cell)

SiC heater (clectric furnace heater, miniature
heater, etc.)

Solid electrolyte for sodium battery

Z10, ceramics (oxygen sensor, PH meter fuel cells)

Magaetic recording bead, temperature sensor, etc.

Ferrite magnet, fractional borsepower motors, etc.

Source: Adapted from Yano Research Institute Report by G. B, Kenney and H. K. Bowen, Am. Ceram.Soc.

Bull, 62(5): 590-596 (1983).
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Nuclear, optical, and mechanical applications of high-technology ceramics

Nuclear fupctions

Nuclear fuels (UO,, UO,-Pu0O,)

Cladding material (C, SiC, B,C)

Shiclding material (SiC, Al,O5, C, B,C)
ical functi

Translucent alumina

Translucent magnesiuvm, mullite, etc.

Translucent Y203—Th02 ceramics

PLZT ceramics

Mcchapical functi

Cutting tools (AL,O,, TiC, TiN composite,
SiC whiskers in AL, O,, others)

Wear - resistant materials (A},0,, ZrO,)

Heat-resistant materials (SiC, AL O3, Si3N,,
composite SiC fibres in glass and recrystallized
glass, composite Al,0, fibres in Al, composite SiC
whiskers in SiyNg, others)

High - pressure sodium vapour lamp

For a lighting tube, special-purpose lamp, iafrared
transmission window materials

Laser material
Light memory element, video display and storage

system, light modulation clement, light shutter,
light valve

Ceramic tool, sintered SBN
Cermet tool, artificial diamond
Nitride tool

Mechanical seal, ceramic liner, bearings, thread
guide, pressure sensors

Ceramic engine, turbine blade, heat exchangers,
welding burner nozzle, high- frequency combustion
crucibles

Source:

Adapted from Yano Research Iostitute Report by G.B. Kenney and H. K. Bowen,
: 590-596 (1983).
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Biological and chemical applications for bigh-technology ceramics
Biglogical [ .
Alumina ceramics implantation Artificial tooth root, boae, and joint
Hydroxyapatite bioglass Gas leakage alarm, automatic veatilation fan,
bydrocarbor, fluorocarbon detectors, etc.
Chemical .
Gas sensor (ZnO, Fe 03, $n0,)
Humidity sensor (MgCr,0,-TiO;) Cooking control clement in microwave oven, elc.
Catalyst carrier (cordierite) Catalyst carrier for emission control
- Organic catalyst Enzyme carrier, zeolites

Electrodes (titanates, sulphides, borides) Electrowinping aluminium, photochemical

processes, chlorine production

Source: Adapted from Yano Research Institute Report by G.B. Kenney and H. K. Bowen,
Am. Ceram. Soc. Bull, 62(5): 590-596 (1983).
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As-received powder

Pre-process

materials screening

Mixing powder with
additives or binder

In-processing materials

Microwave techniques.
Detection of metallic
particles

characterization

Cold isostatic pressing
Injection moulding

Photoacoustic techniques.
Detection of agglomeration

Ultrasonic  velocity and
backscatteringmeasurement
techniques.

Monitor uniformity of
density and microstructure

Hot isostatic pressing

Green ceramic

In-process materials

charactenzation
and inspection

Dewaxing

Sintering

Photoacoustic and ultrasonic

techaiques.
Detection of agglomerates.
Measurement of bulk

modulus, frame modulus,
and elastic anisotropy.

Nuclear magnetic resonance
techniques.
Binder distribution.

Radiography.

Density uniformity.
Macroscopic flaws - voids.

Machine grinding

Final product

End-product materials

charactenzation
and inspection

Ultrasonics and acoustic

microscopy.

Prediction of failure
strength.

Measure diameter of
spherical inclusions and
voids.

Measure crack size.
Measure density.

| Scanning  pbotoacoustic

microscopy.
Detection of near-surface
flaws,

Microwave C-scan.
Inclusion detection
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The inberent brittieness of ceramics makes them
less “forgiving” than other engincering materials when
flaws are present in a part. Therefore, two important
problems in ceramics processing are: to identify
conditions early in the processing stages that lead to
defective products, and to detect and characterize critical
flaws (<10 um) in the fine powder. In situ non-
destructive (noainvasive) evaluation based oa various
wave- field techniques is used for process monitoring,
characterization, and inspection to ensure the carliest
possible removal of defective materials, as well as
identification of acceptable parts. (Source: Advanced
Materials and Processes, August 1988.  Article:
“Structural Ceramicss Materials of the Future” by
Edward J. Kubel, Jr))

LA R

CHARACTERISTICS OF ADVANCED
CERAMICS

Advantages

High melting point

High stiffness

High hot strength

High compressive streagth
High hardness

Wear and corrosion resistance
Low density (light weight)
Good dielectric properties
Thermal/clectrical insulators
Semiconductor properties
Ion-conductor properties
Magnetic properties
Biocompatibility

Abundant raw materials

Susceptible to thermal and mechanical shock (brittle)
Gaps in understanding and experience

Difficult to fabricate

Poor reproducibility

High cost

POTENTIAL FLAWS DURING
MANUFACTURING

Powder production

Unfavourable particle size, shape, and distribution
Off composition

Foreign inclusions

Hard agglomerates

Powd fitioni

Unfavorable agglomerate size distribution

Hard agglomerates

Varying agglomerate density distribution
Varying additive distribution
Insufficient binder

Organic fibre inclusions

Powder shaping (green compacts)

Porosity/voids/cracks
Varying density
Noauniform binder and additive distribution

Segregation
Residual binder
Organic inclusions

Deasificai

Poruosity/micropore clusters

Voids

Cracks

Nonuniform grain size/grain growth

Harmful grain- boundary phases (glassy phases)
Inclusions

Rough surface

(Source: Advanced Materials and  Processes,
August 1988. Article: "Structural Ceramics: Materials of
the Future” by Edward J. Kubel, Jr.)

Facility for mapufacture of _bigh-performance
i :

Tokuyama Soda Co., Ltd. has installed a new
production facility at its Tokuyama factory that increases
the factory’s capacity to produce a machinable ceramic
*Shapal-M" by eight times the existing capacity. The
facility is also designed to manufacture large sintered
products to meet recent brisk demand.

Ceramic materials possess various excellent
characteristics but their popular acceptance is being
impeded by their high machining costs. More recently,
the development of machinable ceramics now permits
these materials to be worked with ease like iron and
brass by using the same kinds of cutting tools, but as yet
there are only a few types of easily machined ceramics.

The "Shapal-M" developed by the company is a
composite sintered body consisting of an extremely bard
aluminium nitride substance and a relatively soft boron
pitride substance. Even when cut with a cemented
carbide tool, the material does not crack and can be
machined into various shapes since the boron nitride
particles serve as a cushion.

Regarding the material’s characteristics, it displays
a strength comparable to that of alumina, also excellent
heat transmittivity and a thermal expansion close to that
of silicon.
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The company installed the new production facility
in order to meet the expanding use of ceramic materials
for producing jigs and mechanical parts and akso bheat
radiation wafers for eleconic components.
Reinforcing the facilities for compression sintering and
mechanical machining bhave increased the factory’s
production capacity to 130 toas/yr. equivalent to about
200,000 units of standard type wafers (1inch on
all sides, thickness of about 0.6 mm) as compared with
the former capacity of 25,000 units. Abso, while
expanding the factory’s facilities the company improved
its sintering technology, enabling it to manufacture large
blocks with a mazimum size of 30 cm on a side (hitherto

10 cm oo a side). Now the factory’s productivity bas
been improved and it can produce larger products.

The machinable ceramic material’s domestic price
is about ¥100,000/kg, roughly 30 per cent higher than
that of aluminium nitride, but the production cost is
expected to decrease when using this easily machinable
material for producing diverse products in small lots.
(Tokuyama Soda Co., Lid., 4-5 Nishi-Shinbashi
1-chome, Minato- ku, Tokyo. Tel: 03-597-5056. Telex:
2223258 Tokuso) (Source: JETROQ, September 1988)
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7. MARKETING

b oredicted f I ic marl

Three reports from Business Communications Co.,
Inc. (BCC), forecast markets for three emerging ceramic
technologies:  high-performance coatings, ceramic
matrix composites and sol-gel processing. According to
BCC, the total high - performance ceramic coating service
market for 1988 was valued at $310 million, and was
expected to grow 9.5 per cent annually 10 $488 million
by 1953. The largest segment of this market is for
aircraft engines and acrospace applications. These and
cutting-tool applications account for more than
85 per cent of the ceramic coating markets.

The largest growth rate in the ceramic coating
market is for engine applications such as automotive,
diesel and land-based turbines, with about 22 per cent
annual growth. However, the market for engine
applications currently accounts for less than 2 per cent of
the total market. Also, the dicse! engine segment of the
engine applications market is very small at present.
Although heat-exchanger applications are still ouly in
the developmental stage, there will be a small market by
1993,

Thermal spray and chemical vapour deposition
(CVD) techniques dominate the aircraft-engine-
component market, producing 2 million parts and
0.5 million parts, respectively. Ceramic physical vapour
deposition (PVD) coatings are now emerging for
aircraft-engine components because these coatings are
the most durable for fan blades. Although aerospace
applications constitute only a small market, potential
markets include high-emissivity coatings for thermal
protection of space shuttles and Aero-assisted Orbital
Transfer Vehicles (AOTV).

CVD coatings of TiC, TiN, and AL,O, dominate
the current cutting-tool market (totalling $117 million)
at 90 per cent, with the remaining market for PVD and
ion-assisted techniques. Although only a few companies
supply PVD-coated tool inserts, these inserts are in high
demand because abrasive resistance is not an important
issue with PVD coetings. On the other hand, ceramic
coatings for automotive engine applications is still a small
market.

The ceramic matrix composites market should have
even a higher growth rate (21 per cent) than the ceramic
coating market, increasing from a current value of about
$772 million to $202.5 million by 1993. The develop-
ment and introduction of ceramic composites is expected
to follow the same historical pattern as organic matsix
composites, with high-performance applications as the
primary focus, followed by more traditional applications.

Wear- resistant parts made of toughened zirconia,
along with whisker and other fibre-reinforced ceramic

composites, was the largest market segment for 1988,
sharing 39 per cent of the market. BCC believes that
this market share would be maintained in the future and
would reach $272 million by the year 2000. The
cutting-tool market would reach $198 millica by the
same year. Because aerospace applications, such as the
space -shattle tiles, is an established market, the market
will only reach $51 million by the year 2000, at a growth
rate of 5.5 per cent. Energy-related applications is an
even smaller market, which is only expected to reach
$6 millioa by the year 2000. On the other hand, engine
applications should have a much higher growth rate,
increasing from the current $2 million to $100 million by
the year 2000.

The largest market share of materiaks is held by
oxides, with sales of about $45 million. This share will
increase from 59 per cent in 1988 to 73 per cent in the
year 2000, with sales totalling $144 million and
$460 million, respectively. In contrast, BCC predicts that
silica and glass-ceramics will have a declining market
share, falling from 34.4 per cent in 1988 to 8.3 per cent
in the year 2000. Although BCC also believes that the
United States is the leader in ceramic composites
technology, Japanese competition could be expected in
the future.

By far, the fastest-growing market of the three
technologies is applications produced from sol-gel
processing. These applications promise an overall
average increase over the next five years at 117 per cent
per year. The existing markets for sol-gel-derived
products - high-performance abrasives, ultra-pure
ceramic powders, optical and refractory fibres, optical
monoliths and coatings - are small, but growing. The
total market, including government funding, was
estimated at about $9 million, and was predicted to
increase 10 $428 million by 1992.

Short-haul optical fibre has the largest market
potential, representing 75 per cent of the total projected
1992 market. The projection of $320 million assumes
that the sol-gel process, which is still under
development, is accepted as the production method of
the next generation. On the other band, non-metallic
abrasives are currently the largest commercial outlet for
sol-gel-derived products in the United States. Despite
the mature abrasives market, growth is expected during
the next decade, reaching $58 million by 1992,

Otber applications with market potential are in the
electronics and optical areas. The super-conductor
market is expected to be $30 million by 1992, but could
grow more rapidly if tecianological breakthroughs are
made. Optical device and lens applications depend on
technological breakthroughs in solving the problems of
crcking and limitations in the sizes of monoliths.
Although microelectronics represents the largest dollar
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potential for sol-gel processing, future acceptance will
depend mainly oa the success of government-funded
research and effective technology transfer of this
research. The micro-electroaics industry wants to find
the most economical process that works, with a mini-
mum of research and development, and if sol-gel tech-
nology can achieve this goal, it will become widely used.

According to BCC, foreign companies, particularly
Japanese and German companies, are leading in sol-gel
technology, with several products already being
marketed. These include coated windows that are
1 by 1 m, oxide coatings, continuous silica fibres, high-
quality silica glass plates, titania powders for cosmetics,
continuous alumina fibres, and silica powder. On the
other hand, sol-gel applications are finding very himited
commercial use in the United States because of high- cost
precursors and shrinkage and cracking problems. Some
US companies are involved in long-term development of
specialty products, whereas others use sol-gel technclogy
mainly as a source for developing special powders and
coatings for in-house use. (Extracted from Ceramic
Bulletin, Vol. 67, Ne. 12, 1988 ® ACerS))

Cerami . .

Demand for advanced ceramics will increase
8.5 per cent a year world wide between 1990 and 1995,
with the largest percentage increase predicted in
structural ceramics, a research group said.

The 1990s will be a decade during which
technology will focus on individual advanced-ceramic
parts. The commercial development of the all-ceramic
engine that has been touted as a future trend in power
plants was still years away.

While the bulk of advanced ceramics currently goes
into electronics applications, structural ceramics will be
the fastest growing segment of advanced ceramics.

The value of structural ceramics, including cutting
tools and dies, wear parts, heat engines and other

structurals, totalled nearly $1.55 bilion in 1990, or
13.7 per cent of total advanced ceramics demand.

Between 1990 and 1995, bowever, structural
ceramics demand will increase 14.1 per cent
annually, reaching nearly $3 billion, or 176 per
cent of total advanced ceramics demand of nearly
$17 billion.

By the end of the decade, demand for structural
ceramics will have grown to an estimated $5.2 billion, or
20.8 per cent of total advanced ceramics demand which
will then total an estimated $25 billion.

Within the structural ceramics sector, cutting tools
and dies account for the greatest demand, totalling
$925 million in 1990. Demand is expected to grow
11 per cent annually to $1.56 billion by 1995.

Demand for wear parts such as seals and bearings,
the next-largest structural ceramics application, totalled
$363 million last year but is expected o grow
127 per cent anpually through 1995 to an estimated
$660 million.

But heat engine applications will show the greatest
growth of any structural ceramics segment, growing
293 per cent annually to an anticipated $380 million in
1995 from $105 million in 1990.

Automotive engine parts will account for the
largest share of heat engine applications for advanced
ceramics, but truck, bus and aircraft engine applications
will gain ground, too.

Demand for other structurals, including biomedical
ceramics and turbine componeants, totalled $152 million
in 1990 but will grow 20.7 per cent by 1995 to an
estimated $390 million.

Demand for ceramic coatings, the smallest segment
of advanced ceramics overall, totalled $765 million in
1990. That will pearly double to an estimated
$134 billion by 1995, an annual growth rate of
11.9 per cent.




World Advanced Ceramics Demand
(in millions of dollars)

Per cert
annual growth

Advanced ceramics demand 85
Electronics 70
Structural 14.1

Cutting tools

and dies 11.0
Wear parts 12.7
Heat engines 293
Other structurals 20.7

Coatings 119

Source: Freedonia Group Inc.

(Extracted from: American Metal Market, 25 September 1991)
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8. PUBLICATIONS

Advanced structural ceramics

Major government-spoasored R and D pro-
grammes in the United States, Japan, Germany, the
United Kingdom, Sweden and France are surveyed.
Major trends and developments in the technology of
monolithic structural ceramics and ceramic matrix
composites are discussed and end uses are examined.
The market for structural ceramics is assessed in the
context of other advanced materials and examined in
particular for the automotive and cutting tool sectors.
230 pages. 1990. $500. Order from Innovation 128,
24, rue du Quatre Septembre, 75002 Paris, France.

L2 R

Conci sopedia of ad ; . ol

Edited by R. J. Brook, this book provides practical
information that gives rapid access to the complex
advanced ceramics field. It covers an array of
applications and compositional types ranging from the
new superconductors to high-temperature turbine
components and nuclear waste storage systems. All
branches of modern ceramics are treated, including both
functional and structural mate-ials. Some 500 references
are listed as well as more than 1,000 subjects in a three-
level index. 1991. 600 pp. $150. ISBN 0-262-02034-0.
Order from MIT Press, 55 Hayward St., Cambridge, MA
02142, USA.

Structural materials

Edited by George Weidmann, Peter Lewis and
Nick Reid. Boston: Butterworth, 1990. 430 pp. $39.95.
620.1'1 TA418.32 89-25456 ISBN 0-408-04658-9.

Contepts: Materials and mechanics. Nonferrous
metals. Iron and steel. Ceramics and glasses. Polymeric
materials. Fibres and fibre assemblies. Composite
materials. Cement, concrete and reinforced concrete.
Selection of materials. Subject index.

Note: Text for undergraduate students, focusing
on load-bearing materials and their applications.
Primarily concerned with solid materials. Covers ferrous
and nonferrous materials, ceramics and glasses,
polymeric and cementitious materials, fibres and
composite materials. For undergraduate engineering
collections.

Advances in ceramics and polymers have been
included in the updated Handbook of Industrial
Materials, intended for engineers, designers and

consukants who purchase, use and produce materials for
the industrial sector. It costs £95 from Elevier
Advanced Technology, Mayiield House, 256 Banbury
Road, Oxford 0X2 7DH, UK. Fax 0865 310981.

Fax: 081-446-3659, has published:

E I { Ceramics Di -

The "European Advanced Ceramics Directory
1990 gives invaluable and comprehensive details
concerning the advanced ceramics industry in Europe.
It contains: 1. An A-Z listing of Europecan advanced
ceramics companies - both manufacturers and suppliers
- of raw materials, ceramic components and equipment;
this detailed section features full address, telephone, fax
and telex numbers and a description of the goods and
services offered. In addition, there are contact names
and company size by turnover aud number employed.
A clear, casy-to-use product listing is given. 2. An
A-Z listing of European universities and research centres
carrying out ceramics research; full address and contact
details are given together with details of research
projects under study at each establishment. 3. An easy-
to-use cross reference section. This section is in four
parts - raw materials, finished products, equipment and
services. In addition to over 400 individual company
entries and over 100 university and research centre
Listings there are two overview articles - one concerning
the ceramics raw materials position in Europe, and the
other concerning the finished ceramics components
position in Europe. (Materials Technology Publications,
232 pp., 01/90. $150 (£90))

and
Advanced Structural Ceramics

Advanced structural ceramics are a new class of
materials that create unique opportunities for the
engineer because of their special combination of
properties. Ceramics in the form of monoliths,
composites and coatings are being developed for such
diverse applications as engine components, cutling tools,
wear components, heat exchangers and aerospace
components. Intensive international research activity is
being focused on the resolution of technical barriers to
their further exploitation, which relate to such areas as
high purity raw materials, reinforcements and
appropriate processing methods to produce consistently
high performance products at an acceptable cost. The

report provides an in-depth guide to the curreat
technical and market status of these emerging materials
with extensive references to company research and




development activities. An international directory of
companies involved in structural ceramics is appended to
the report. (Innovatios 128. 230 pp. 02/90. $500
(£310)).

The US Market for C . { Metal Maii
Compasites

This report examines the advanced composites
industry and describes the similarities and differences
between the industrial sectors working with CMCs and
MMCs. Descriptions of fibre and whisker structures,
matrix-reinforcement interaction, and the influence of
fabrication method on propertics are provided. An
assessment of raw materials for CMCs includes alumina,
zirconia, carbides, nitrides and carbons. For MMCs, Al,
Mg, Ti, Cu, and superalioys are assessed. End uses and
consumption are forecast to 1995. 1991. 394 pp. 70 tables
and figures. $3,850. Order report No. A2415/P from
Frost & Sullivan, Inc., 106 Fulton Street, New York,
NY 10038-2786, USA.

agines MAalcTals 101 adVancoed i D_and <
applicatious: proceedings of an international conference,
Gaithersburg, Maryland, USA, 1-3 March 1988.

Edited by F. A. Smidt and P. J. Blau. Metals Park:
ASM, 1988. 262 pp. $80. 620.1 TA418.72 88-71490.
ISBN 0-87170-331-9.

Contents: Friction and wear mechanisms in
engineered materials. Advanced materials and surface
treatments for friction and wear applications.
Lubrication of engineered materials. Aerospace and
defence applications. Computer and eclectronics
industry applications.

Note: Comprising 36 papers delivered at a
conference organized to provide a forum for scientists
involved with research and applications of new materials
designed for high performance and resistance to
aggressive environments. Properties and behaviour of
new materials such as composites and ceramics, specially
designed coatings and surface treatments and other
materials were discussed. Needs of aerospace, defence,
advaaced automotive, computer and electronics
industries are compared to available materials. Volume
contains keynote review papers and reports of recent
research. Papers include references, photographs,
figures, tables. For research level collections.

¢s0 00

The proceedings of the
second European Cooference on Advanced Materials
and Processes, which took place in 1991, are available,

price £140 from the Institute of Matenals, 1 Carlion
House Terrace, Londoa SW1Y 5DB, UK.

Advanced Materials 1991/1992: Source Book and
Directory

This two- volume set provides an up-to-date over-
view of the advanced materials industry, concentrating
on the most important advances in the ceramics, compo-
sites and plastics industries. Trends are highhighted, both
in terms of technological developments and commercial
activities. The Source Book presents information in
three cross-reference sections, with a fuil Iist of contact
names and addresses. The Directory lists the more than
1,000 companies, organizations and R and D centres that
are mentioned in the Source Book. Whenever possible,
entries contain contact address; telephone, fax and telex
numbers; names of contact employees; size of company;
products; etc. Source Book: $255. Directory: $170.
Set: $382.50. Order from Elsevier Advanced
Technology, Attention: Beveriey Acreman, Mayfield
House, 265 Banbury Road, Oxford OX2 7DH, UK.

L B J
Advances in Ferrites. Vols. 1 and 2
C. M. Srivastava, M. J. Patni (ed.).

Aedermannsdorf/CH 1990. 2 vols. 1,220 pp. bound
(English). 25 cm x 16.5 cm approx. DM 548.

The "ICF 5° was the fifth ferrite conference since
1970 which took place in January 1989 in Bombay. The
proceedings serve for exchanging scientific and
technological knowledge in the field of ferrites and
adjacent materials. The meeting at Bombay primarily
dealt with two aspectss the improved microscopic
examinations of the magnpetic properties and the
developments which have come about in the field of
material synthesis and determination. This includes the
field super-conductors. Volume 1 comprises the
following fields: production of ferrites, sintering, micro-
structures and physics of the ferrites, thin films and
crystal growth, HP-ferrites and testing methods.
Volume 2 contains chapters about: high-temperature
superconduction, amorphous materials, materials for data
recording, magneto-opto and bubbles, microwave
materials and appliances, interdisciplinaries.

W ilics in Ad | Cerami

This report covers the use of advanced ceramics in
IC chip carriers/substrates, capacitors, ferrites, sensors.
piezoelectrics, cutting tools, automobi) .,
superconductors, etc. The technology status in India and
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the world, as well as market assessments/projections for
each end product are provided in detail for the Indian
and world markets. 170 pp. $100. Order
from Technology Exchange Network, 6 Ware Road,
Cleveland Town, Bangalore - 560 005, India.

W—mm—“—mms oo I. Hish Pesf —

This report provides an overview of the industry,
incleding products and applications, large customers,
major suppliers, marketing and technical trends and
sources of technology. Detailed evaluations of 35
manufacturers are given. Each company profile includes
financial data, marketing policies, technology position,
historical and projected sales, manufacturing capabilities,
key officers and employees, etc. 270 pp. $3,500. Order
from Marketing Consultants, Box 2205, RD2, New
Tripoti, PA 18066, USA.

mi i icM

David Segal, Cambridge University Press,
Cambridge 1989. xv, 182 pp., bound, £35.00. ISBN 0-
521-35436-6.

This book is the first volume of a new series called
"Chemistry of Solid State Materials”. It is written for
chemists, material scientists, physicists and postgraduate
students who are mainly interested in the chemistry of
advanced ceramics and less in their mechanical

properties.

The first chapter gives a short review of
the different applications of technical ceramics. Maioly
structural ceramics, electroceramics and high-
temperature oxide superconductor materials are
discussed. The topic of the second chapter is
conventional routes to ceramics, namely precipitation
from solution, powder mixing, and fusion.
Demonstrating that the use of these methods for
advanced materials is limited, the author discusses the
need for new methods. In the third chapter the
fabrication of ceramics is described. The theory of
solid-state sintering, pressing of the green body, bot
pressing, isostatic pressing (HIP) and reaction bonding as
well as slip casting and injection moulding are covered.
The significance of strength and toughness in ceramic
systems is also explained.

Sol-gel technology is the most extensive section in
this book. In chapter four the reader is introduced
briefly to the theory of colloids. Using examples from
industrial spplications particularly in auclear technology,
the possibilities of this method are demonstrated
especially for different oxides. The fifth chapter
describes the use of metal-orgacic compounds in

connection with sol-gel technology. The synthesis and
physical properties of metal alkoxides (Si, AL Ti, Y, etc.)
are shown as well as their application in sol-gel
processes.

Chapters six and seven are concerned with the
production of nonoxide ceramics. One chapter deals
with noa -aqueous liquid- phase reactioas, the other with
the synthesis and properties of polymeric precursors,
such as polysilanes, polycarbosilanes and polysilazanes

and their pyrolytic conversion to ceramics.

Hydrothermal synthesis, an important method for
the preparation of sub-micrometre particles is discussed
in chapter eight The ninth chapter covers gas-phase
reactions. Many different heating methods, such as
conventional resistance furnaces, lasers, plasmas and
clectron beams are described. They are used to carry out
gas-phbase reactions involving solid, liquid and gaseous
reactants.

Some methods not described in previous chapters
are found in chapter ten, namely the citrate gel process,
pyrolysis of metal alkoxides, rapid expansion of
supercritical solutions and freeze drying.

L N

Sci [ Ad 1 Material

Edited by H. Wiedersich and M. Meshil, this is the
proceedings of ASM International's 1990 Materials
Science Seminar. The first section on amorphous
materials covers various methods of solid-state
amorphization - interdiffusion of crystalline materials,
mechanical alloying, irradiation with energetic particles,
and hydrogen-induced amorphization. The second
section on artificially structured crystalline materials
reviews two types of designed microstructures - artificial
superlattices and nonocrystalline materials,. The papers
on ceramics cover eclectroceramics and electronic
conducting ceramics. Also discussed are toughening of
ceramics by martensitic transformation, some theoretical
aspects of displacive transformations in ceramic oxides,
and characterization of ceramic particles.  1990.
14 papers. 504 pp. $120. $96 to members of ASM.
Order ISBN 0-87170-409-9 from ASM International,
Materials Park, OH 44073, USA.

LN

\nternational _ Di ( Ad .
Composites 1991/1992

This directory gives detailed information
concerning the world-wide advanced inorganic
composites industry. It covers ceramic, metal matrix,
and carbon/carbon composites. More than 400
manufacturers and suppliers of composites are listed,
together with details of more than 100 universities and
research centres carrying out advanced inorganic

\
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composites research. A detailed cross- reference listing
of manufacturers and suppliers by composite type is
included. This directory was published by Materials
Technology Publications in association with Mitchell
Market Reports. 380 pp. $300. Order from Marketing
Dept., Materials Techaology Publications, 40 Sotheron
Road, Watford, Herts., England WD1 2QA, UK.

: 1 Analvsis of C i1c Beam S

A. M. Skudra, PhD; F. Ya. Bulavs, PhD;
A.A Kroklinsh, PhD and M. R. Gurvich, PhD;

Structural Mechanics Laboratory, Department of
Structural Analysis, Riga Technical University

Table of contents Preface. Structural mechanics
of a fabric-reinforced plastic. Structural mechanics of
hybrid composites. Thermal strain and stresses. Relative
damping. Structural theory of creep. Stress state of
reinforced plastics under long-term loading. Structural
theory of long-term strength. Transverse bending of
beam. Torsion of a laminated beam. Elastic properties of
laminated thin-wall beams with open profile. Elastic
displacement of laminated beam systems. Viscoelastic
displacements of laminated beam systems Numerical
analysis of statistically indeterminate beam systems under
long-term loading. Appendix. References. One hundred
and nineteen tables and figures. ISBN: 0-87762-837-8.
1991. 312 pp. 6 x 9. Hardcover. $145.00.

Available from: Technomic Publishing Co., Inc.,
851 New Holland Ave., Box 3535, Lancaster, PA 17604,
USA. Phone: 717-291-5609; Fax: 717-295-4538.

Edited by Stuart M. Lee, this is a comprebensive
review of today’s composite materials technology. This
systematic, in-depth presentation of all major types of
advanced composites is illustrated with hundreds of
pbotographs, micropbotographs and  schematics.
Extensive reference data is presented in tables
and graphs. Hardcover. Volume 1, 1989. 333 pages.
$75.1ISBN 0-87762-564-6. Hardcover. Volume 2, 1989.
205 pages. $65. ISBN 0-87762-565-4. The two-volume
set costs $119. Order from Technomic Publishing Co.,
Inc., 851 New Holland Ave., Box 3535, Lancaster, PA
17604, USA.

Concise Eacychonedia of G ite Material

Edited A Kelly. Pergamon  Press,
Oxford 1989, xxxix. 317 pp. Hard cover. USS$13S.
ISBN 0-08-034718-5.

The book contains a valuable introductory chapter
plus 60 different articles dealing with fibres and
whiskers, matrices, composite materials, manufacturing
technology, structural and mechanical properties and
evaluation, and applications. The articles are written
mainly by specialists from the USA and the UK.

This concise encyclopedia oo composite materials
is recommended to people involved with classical
materials science (metallic materiaks) or ceramic and
polymer materials, but it may also serve as a good
overview for scientists working in a special field of
composite materials.

Edited by W. D. Cook and G.B. Guise (Royal
Australian Chemical Institute, 1989). Approx. 285 pages.
ISBN 0-909589-67-4.

This text has seven chapters in which Australian
polymer scientists, who are experts in different areas,
review the fundamental aspects of polymer science and
give their views on the future of these areas. The
subjects treated in this book include chain and step
growth polymerization, mechanical properties, structure
and properties of elastomers, the glassy state, and the
morphology of crystalline polymers.

This text should be quite useful to those beginning
study in polymer science, to those needing a concise
discussion of a particular aspect of polymers, or to those
wanting a general overview. Since this book originated

from a series of lectures, it would serve as an
ideal text for an introductory course in polymer
science.

Plasticity and Modern Metal-forming Techaol

Edited by T. Z. Blazynski, NY: Ekevier, 1989.
359 pp. $86.50. 6713 TS213 88-23277. ISBN 1-85166-
212-3.

Contents, abridged: Upper-bound solutions and
the bahnce-of-powet approach. An outline of
engineering dynamic elasticity and plasticity. Utilization
of superpimtic effects. Analym of deep drawing.
Analytical methods in extrusion, Machining. Index.

Note: Intended for use by practicing industsial
enpneen and process planners, provides a concise
review of the applications of finite element, upper-
bound and visioplasticity techmiques to analysing
nmﬂmmudmodcmnofm Discusses
available methods of analysis with both established and
new industrial processes. Also provides an overview of
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pew-material phenomena. Each chapter includes
comprebensive list of references designed to direct
readers to more detailed sources. For umiversity and
research level collections.

Sarface Eagipeeri i Heat T
Past, Prescot and Future

Edited by P. H. Morton

Recent advances in materiaks and new technologies
have enabled surface engincering to play an increasingly
important role in modern engineering practice from
design study through to finished product.

The proceedings of this Conference, which was
organized jointly by The Institute of Metals and The
Centre for Exploitation of Science and Technology
(CEST), presents a balanced overview which sets the
scene for surface engincering in the 1990s. The series of
invited papers coverss ecomomic and industrial
importance of surface engineering, aspects of the
development of heat treatment over the last 25 years;
advances made possible by new technologies such as

plasma, laser and ion-beam. Book 513. 215 x 137 mm.
384 pp. Paper 1992. ISBN 0901716 01 4. £35.00.
US$70.00. Orders, with remittance, to: The Institute
of Materiaks, Salesand Marketing Dept., 1 Carltos House
Terrace, London SW1Y SDB. Tek 071-976 133R. Fax:
071-839 2078. Orders originating in Canada 1ud the
United States should be sent direct to: The Institute of
Materials North American Publications Ceater, Old Post
Road, Brookfield, VT 05036, USA. Tel (802) 276 3162
Fax (802) 276 3837.

Surface Engineering (quarterly)

design,
developments in surface treatment methods and
technology, with particular emphasis on industrial
applications. 1992 subscription rate: £122/$239
(members £70/$134). Orders, with remittance, to: Sales
and Marketing Department, The Institute of Materials,
1 Carlton House Terrace, London SW1Y 5DB. Tel: 071-
976 1338. Fax: 071-839 2078. Telex: 8814813.
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31 Aug. -
4 Sept.
Vienna,
Austria

7-11 Sept.

8-10 Sept.
Amsterdam,
Netheriands

16 Sept.
Birnmingham,

17-24 Sept.
Singapore

21-25 Sept.
Cancun,
Mexico

22-24 Sept.
Genoa, Italy

22-26 Sept.
Telford,
UK
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9. PAST EVENTS AND FUTURE MEETINGS

8th International Conference

on Liquid and Amorphous Metals
(Institut far Thecretische Physik,
Technische Universitit,
Wicdner Hauptstrasse 8-10,
A-1040 Vicnna, Austria)

CORROSION ASIA

{N. Glover, Fulmer [Singapore] Pte.
Ltd., Jurong Laboratory,
1 Jalan Terusan, Singapore 2261)

GALVATECH *92:

2ad International Conference

on Zinc and Zinc Alloy Coated

Steel Sheet

(Centre des Recherches Metallurgiques,
11 rue Ernest Solvay, B-4000 Lidge,
Belgium, Fax: (41) 534064)

(The Institute of Materials,
1 Carlton House Terrace, London SW1Y
SDB, Fax: 071 839 3576)

Third ASEAN Science and
Technology Week

(ASEAN Committee on Science &
Technology; Conference and Exhibition
Management Service, 1 Maritime
Square # 09-43, World Trade Centre,

Singapore 0409, Fax: 2784077)

First International Conference

on Nanostructured Materials

(Mexican Academy of Materials Science
and Acta Metallurgica. For

Information: Miguel Jose-Yacaman,
Instituto de Fisica, UNAM, Apartado
postal 20-364, C.P. 01000 Mexico,
D. F. Mexico. Fax: (525) 548-31-11)

EUROMAT 92

Materials development in rail, tyre,
wing, hull transport

(Org. by the Associazione Italiana di
Metallurgia [Piazzale Rodolfo
Morandi 2, 1-20121 Milano, Italy,
Fax: 02/78.42.36] uader the auspices of
the Federation of Buropean Materials
Socicties)

ISFEC 92 - Surface Finishing
(Exeter House, Holloway Head,
Birmingham B1 INQ, UK)

29 Sept.
Birmingham,
UK

29 Sept. -
20ct.
Tokyo,

Japan

12-15 Oct.
Gottingen,
Germany

13-16 Oct.
Cracow,
Poland

14 Oct.
Warwick
Castle, UK

26-28 Oct.
Budapest,
Hungary

1-5 Nov.
Chicago,

Usa
17-20 Nov.

Kyoto,
Japan

23-26 Nov.
Dubai

Surface Technology - Developments
for Tools and Dies

(One-day technical workshop at the
University of Aston, Birmingham, UK)

6th International Conference

on Ferrites (ICF-6).

(Professor Masahiko Naoe, General
Secretary, ICF-6, Department of
Physical Electroaics, Tokyo Institute of
Technology 2-12-10-Okayama,

Meguro-ku, Tokyo 152, lJapan.
Fax: +81-3-3729-1399)

4th European Conference for

Laser Treatment of Materials
(Deutsche Gesellschaft fiir

Materialkunde EV. Adenauerallee 21,
6370 Oberurse!, Germany)

Metallurgy '92: modernization

of iron and steel industry and new
processes of steel production
(Metallurgy '92, SITPH, ul. Podgoma 4,
40-954 Katowice, Poland)

Managing materials information

for profit

(The [Institute of Materials,
1 Carkton HouseTerrace,London SW1Y
SDB, UK, Fax: 071-839-3576)

High-Tech Exhibition
EUROTECHNICA

(For more information:
Mr. Simon Kenna, 29 Havelock Close,
London W12 TNG, UK. Fax: 4471
925.0470)

6th International Conference on
Surface Modification Technologies
(Dr. T. S. Sudarshan, Materials
Modification Inc., 2929-Pl Eskridge
Center, Fairfax, Virginia 22031, USA)

8th International Congress

on Heat Treatment of Materias
(Research Institute for Applied Science,
49 Tanaka Ohi-cho, Sakyo-ku, Kyoto,
606 Japan)

Arab Plastic and Rubber Industry
Trade Show

(Al Fajer Information and Services,
P. O. Box 11183, Dubai. Fax: 622 802)

“ Rigg i - o
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26 Nov.
Loadon,
UK

30 Nov. -
1 Dec.
Solihull,

1-4 Dec.
Houston,
Texas, USA

14-31 Dec.

Kharagpur,
India

1993

0-11 March
Bremen,
Germany

27-29 Aprii
Brighton,
UK

4-6 May
Atlanta,
Georgia,
USA

26-28 May
Plymouth,
UK
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Surface Engineering Of and With
Polymers

(The Institute of Materiaks, 1 Carlton
House Terrace, Londooc SW1Y 5DB,
UK. Fax: 071-839-3567)

The Biennial International

Conference oa Plastics and

Rubber in Automotive Technology
(The Plastics and Rubber Institute,
11 Hobart Place, London SWIW OHL,
UK. Fax: +44(0)71 823 1379)

Magpetism and Magnetic Materials
(Institute of Electrical and Elec-
tronic Engineers, 655 15th Street,
Suite 300, Washington, D. C., 20005,
USA)

QP Short Term Course on Polymeric
Materials Product Technology
(Materials Science Centre, Indian
Institute of Technology,
Kbaragpur-721 302, India)

International Conference on

Surface Engineering

(Deutsche Gesellsc! -ft fir
Materialkunde EV, Adenauerallee 21,
6370 Oberursel, Germany. Fax: (06171)
525 54)

PVC93, The Future

(The Plastics and Rubber Institute,
11 Hobart Place, London SW1W OHL,
UK. Fax: +44(0)71 823 1379)

5th Symposium on Composite
Materials: Fatigue and Fracture

(ASTM, 1916 Race Street,
Philadelphia, PA 19103-1187,
USA)

ICF -8 Satellite: Structural Integrity
and Fracture of Advanced Composites
(Prof. David Taplin, Trinity College,
Dublin, Eire)

7-10 June

France

12-16 July
Madnd,
Spain

Issue No. 1
Issue No. 2
Issue No. 3
Issue No. 4
Issue No. 5
Issue No. 6
Issue No. 7
Issue No. 8

Issue No. 9
Issue No. 10
Issue No. 11

Issue No. 12
Issue No. 13

Issue No. 14
Issue No. 15
Issue No. 16

Issue No. 17
Issue No. 18

Issue No. 19/20

Issue No. 21
Issue No. 22
Issue No. 23

Issue No. 24/25

Issue No. 26

Issue No. 27/28

3rd European Coaference oa
Advanced Materials and Processes
(Soc. Francaise de Métallurgic et de
Matériaux, Immeuble Elysées la
Défense, Cedex 35, 92072 Paris La
Défense, France)

The Ninth International Conference
on Composite Materials ICCM/9).
(Professor Antonio Miravete,
Department of Mechanical
Engineering, Uriversity of
Zaragoza, Maria de Luna 3,
50015 Zaragoza, Sfpain.
Fax: 34(76) 512 932)
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