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Dear Reader. 

This is number 29 of UNIDO's slalc-of-the-art series in the fldcl of maaeriak entitled Atfgpqs in Malerials 
Tcchgoloay: M<llitor. This is5ue is dewed to the subject of MODERN FERRITE TEOINOLOGIES AND 
PRODUCTS and consis1s of two main articles written for UNIDO by Dr. W. F. Kladnig from the Uaift!Sity Linz. 
Austria and DipL Ing. M. 2.enger from Siemens Matsushita Components. Germany. 

We invite our readets also to share with us their espcriencc related to uy mpect of production and utilization 
of materials. Due to paucity of space ud other reasons, we reserve the right to abridge the presentalion or DCt publish 
them at all. We ako would be happy to publish your forthmming meetinp, which have to reach us al least six months 
prior to the meeting. 

Due to financial constraints we caaDOl accept aew subscribers for tbc time being. and ako ask for your 
underslanding as we cannot send all the requested copies of back issues as many of them are out of prinL Wall you 
kindly inform us whether you are still interested in rec:e!ving the Moaitgr and notify us wbeo there is a change of 
address. 

Technology Development ud Promotion Division 
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1. MODERN fERltlTE TECHNOLOGIES A!iD PRODUCTS 

M. Zenger. S:emeas Matsushita Components GmbH & Co. KG 
~ 73. D-W-8000 Munich 80, Germ:my 

Abstract 

A review is given of the mO&l imporWlt 
aspects of ferrite manufacturing with a 
conceotratioo on sevaal soft ferrites. Some 
information also relates to bard ferrites. The 
article describes the statc-of-the-art in the 
field. the recent technological devdopmCDIS 
and ferrite applicatiom. • well • future 
trends. A c:oDection of publications oa the 
subject is included. 

Fcrrites are soft or bard (permanent) magnetic 
oxide ceramics. usually showing a polycrystalline 
microstructure. Only a small production level of 
moaocrysralline fcrrites is used in the production of 
video heads. As in the case of magnetic metals. their 
special properties are deducible from the spontaneous 
parallel or non-parallel alignment of adjacent alolDS in 
magnetic domains. The word •ceramic• relates lo both 
technology and mccbaaical properties. because the 
classical method of powder preparation starts with the 
mixture of nw matcriaJs.. After the proc:es.i of forming 
cores a thermal treatment. the sintering procedure, is 
carried out in kilns at high temperatures, usually 
between 1,:ZOO- C and 1,4009 C, depending OD the 
ferrite type. 

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

Ferrite1 are oxides and their chemistry provides 
semiconductor properties as low electric conductivity, 
enabling the reduction or avoidance of eddy current 
effects. Comp.ved lo metallic soft magnetic maleria1s 
the main advantage of magnetic ferrites is tbal they can 
be used at much higher frequencies, e.g. MoZa·fcrrites 
generally up to 2 MHz, for some applications aiso 
higher, and NiZD·ferrita up to 1,000 MHz. ADOtber 
important advantage of ferri~ is that they can 
be fashioned into a wiite variety of lhapes, while 
metal core shapes are limited by the lamination 
facilities. 

As mentioned above, there are two main f amilia 
of ferritn differing ia c:oercivity; soft ferrites with low 
c:oercivity, and bard (permanent) fvrita with high 
c:oercivity. 

2.1 Rn rentta 

The best combinalicn of properties for bard 
ferrites is given by a beugoaal (magneto·plumbite) 
structure, which provides a preferred axis for the 
magnetic crystalline energy. This structure can be 
achieved by the formula M06Fe:z03, where M can be 
Ba, Sr or Pb. By these eaienas high energy products 
(BH)·max mareriak can be ralilzd, i.e. high Br or high 
He materials adapted to the conespoadiog requirements. 

2.z Soft rentta 

Best soft ferrite properties caa be achieved by a 
spinet crystal structure bectusc of the many equivalent 
crystal clirectioas. The magnetii.alioo process needs only 
low energy, especially al a low flux density. To form 
spind fcrrites a number of bivalent clements caa be 
combined with hematite Fep3• Several combinations 
and c:omposiL.ODS are po&Rble and in use in generating 
many specific magnetic cbaracteristics. Of most interest 
are manganae·zinc·fcrrites, magnrsium·zinc-ferrites 
and nicltel-zinc·ferrites, providing high saturation 
magnetization and a larse variety of many other well 
adjusted mapctic properties of an Ac-characteristic 
concerning permeability, dependence of permeability OD 

frequency, time and tempuaturc, as well as the loss 
characteristic, CUrie-temperalUtt, DC-resistivity, etc. as 
described in the supplier5' literature (ref. Uteraturc D, 
Data books). 

3. PnpWctiop !9lgme 

The annual production of ftrrites may be estimated 
by the consumption of iron oxides, provided for fcrrites. 
For 1990, the developed countries' production of bard 
ferrites was about 1~,000 mt -~thout polymer· bonded 
magnets and 150,000 mt soft ferrites. A!I important part 
of the industry is located in Japan, ;Ac other in the 
United Stata of America and Europe. la spite of the 
high consumption of bard ferrita, the total turnover is 
almOll the same, about 1.6 109 DM respectively (ref. 
Utenture IV, 3 and 4). 

4. Pnqwla o( MR fcniln 

The manufacturing sequence of soft ferrite5 can be 
roughly divided into powder and core production. 

(a) Powder and granular production 

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

(b) Core production 

Forming (preaing. ednldiag, iDjectioa moulding) 
SiDamag (mdacliag removal of biaclas), ucl 
Finishing (e.g. surface grinding. air pp griadiag). 

Powder prodactioll coasisrs of many more srepg 
than an production, wbidl is ~ forming 
and sinteriag. It is a long ezperieace that the final an 
properties of which are reached by forming and 
sintaiag and is heavily dcpaadeat on the quality of 
powder muafacturiag. Similarly, the quality of the 
powders is closely rdaled to the properties of the slar1iag 
raw materials.. Therefore the iDflueace ,,f the raw 
materials needs to be masiclered as tbe mO&l important 
lmic condition with raped to the final performance of 
all the magnetic and mechanical properties of the con: 
products. 

4.1 Cltalce of raw ...iauas 

Became usually 70 per cent of the 'fti&bt of the 
soft ferritcs comisrs of iron oxide, both the cmt factor 
and quality of the iron oxides used are predominantly 
important, even though the other oonstit;ieaas are often 
more expensive, e.g. manganese oDdes by the factor of 
2 to 4, zinc oxides rougbJy by a factor of 2 depending oa 
the actual market situation. 

The main source of medium and bigb quality soft 
ferritcs is iron oxide produced by spray routing of Skel 
mill pickle liquor, partly iDducliag a pariflc:atioa step 
beforehand. High quality soft ferritcs are man11nae
zinc-ferritcs of bigb initial permeability, of low loues 
and low power loues, the latter combined with bigb 
saturation magnetization at bigb operation temperatwa 
for both. 

Spray roasaed iron oxides produced today can be 
roughly daSlified into three grades by tbeir SiOz weight 
per cent, their a weight per ceat, tbeir residual 
summarized c:oatent of DOD-volatile impurities <D 
except manganese-oxide, ~ and CaO ud lalt but not 
least, by IOIDC pbysical parameters. The lllOll impor1Ut 
one dacriba tbe particle parameter by the BET value 
~ refers to specific surface area iD m2t~ (BET 
indicates the well known usual method of me.uriag 
~. BET is the abbreviation for BRUNNER EMMET 
and TELi..ER). 

Weigbt 
.ao.k um SiOJ g I ~:al& 

1 100 1000 400 4·5 
2 2.SO 1'00 3000 3·5 
3 400 1500 3000 3·4 

Because SiOz cm cause cannibal grain growth and 
is needed on the other band fOI' the lkfmitioa of the 
grain boundary chemistry, SiOz should be specified by 
toleraDced vUucia. It is well known that CaO provides 
bigb raistive layers within the pain boundaries brought 
cm by the existcnc:e of a special coatcDt of 5i0i- The 
quantity required depeamcm the microsttucture desired. 
with decreasiag grain m.e • tbe aced for SiOz mere.es. 
CaO is more easy to COlllribatc homogeneously by 
addition than SiOi- Therefore special FeA ~ are 
iD demnd that bave a little higher SiOz·COlltcllt al a low 
ccatcDt of SUllUlll'rizied impurities. 

By tbe facl dial bigb purity manpnae oxide and 
zinc oxide raw llllleriak bave been available for some 
time, soft ferrifes cu now be ralizled. wherein tbe tolal 
impurity CODtcllt (uWde tbe sintered ferrite body) is low 
OI' very low compared to the summariad amtcllt of the 
usual ingredients or additives such as Ca. Si, Ti, Nb, Co, 
Ta, Ga, V. Obviously, tbe effects of these emems are 
much more pronounced in this case. 

The table below gives some information on the 
reported ef fec:ts of tbe remaining impurities. 

The coarent of iron oxide grade 3 impurities is 
givea by conventional steel quality production iDdudiag 
tbe spray-roast tr.cbniqae. 

Grade 2 is qualified by a lower ~ coatcDL 

Grade 1 includes additioaal purifJCalioa before spray 
roasliag. Siace the inlmdadioa of tbis ledmique, wry low 
lea of mnniag impurilies could be achieved. 

By using this purer type of iron oxide the ferrite 
industry world wide could realize bigb)y improved 
ferritcs, especially with m•nganese·zinc-ferritcs of bigb 
permeability and low loua. 

Beneath tbe chemical properties of rhe raw 
mareriall. tbe physical parameters such as particle size 
ud distribution, bulk density, specific surface area 
(SM) must also be coasidem:. Overall, a main 
requirement for the raw malcrials is that all properties 
must mnaiD c:oascut, lot for lot of the deliveries 
specified by very narrow loleruaced vari;uiom. 

For example, the panicle properticl. shape and si7.e 
and other morphological parameters influence bleadiag, 
praintcriq and even siDteriag. Although much 
e:1pertise exisu, oaJy a few f unclamencal stadia bad 
been carried out OD this subject, because the meationed 
pbysic:al plllDleters depead on the raw material 
production pi"O'lal oaly ud c:auot be varied 
systematically by the ferrirc ceramic cngin(ers. 

la pnctice, tbe SM values preferred for 
menpnae-ziac·ferrite& are betweca 3 and S asl/g for 
iron oxidCA, bttwcca ud S ud 10 for zinc oxida and 
betwcco 10 a,.d 20 for maapnae 0:1idcs. 
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Type of impurity Contents in ppm in iron Obser1ICd effects 
oxide grade 

1 

NazO 10 

B 3 
Pb 10 
P20s 10 

Cr!JJ 30 

Ali~ 80 
CoO 40 
CuO so 
NiO so 
Mg<> so 
SnOi 10 
r.oi 30 

K.p 30 

r 400 

Since today weighing is m05lly done by 
automatically operated devices, the oxides sbouJd have 
the proper properties for transportation, e.g. Oowability. 
The powder should not contain IOO small particles in 
order to avoid agglomeration and gluing effects with the 
transportation devi~. 

The mixing method applied, e.g. wet or dry, 
depends on the raw materials used and/or the r,ubsequent 
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 ud expensive. Therefore many ferrite 
producen are opting for dry mixing. As the 1Ucceeding 
presintering and final milling will improve homogeneity, 
it is not so important to ensure high homogeneity during 
the mixing s,tage. 

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

The mill types used vary from ball milk to rod 
milk and to modern auritor milk. The mixiq may be 
integrated in a 1ystem IUilfd for intermediate 
preparation or pellets or limilar 1 ·roducts 1uitable for 
1ubsequent calcination. 

Then! arc LOme m110D1 fM , the applicatit.>tt or a 
thermal treatment to the well mixed powder. It ii 

2+3 

soo Suppression of grain growth 

3 Generating pu plmes 
so 

400 

300 
800 
30 
70 If dissolved in spinet lattice will influence 
70 crystal effects 

100 
20 
30 

so 
3000 

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

Second, presiatering causes chemical and 
interdiffusion reactions, also generating partly ferrite 
spinet 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 corr05ive 
effects on equipment, and degradation of some 
properties of the final lintered ferrites. Preferably, 
rotary kilns should be used for prefiring. With respect 
to the specified powder characteristics, the parameters: 
temperature, throughput and atm05phere, should be 
strictly controlled. 

As the cooling down rate also bas an i11fiuence on 
the chemistry and morphology, a high grade or 
reduciuility can be achieved by a controlled cooling 
down procedure, which caa be carried out, for example, 
in a separate :otary tube. 

As mentioned above, the way the IK'wder ii 
prepared for presintcring clependl on the prainter-kiln 
type and the connected uaas~tion 1ystem. 

For rocary kiln applic:atioo the powden arc usually 
pelletized. Obvioully the lize of the pelleu lhoulc! be 
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controlled, in addition to the above·meoti6oed 
puameters.. If powder is directly fed into a rotary kiln. 
tnmpottatioa must be supported by propu devices 
inside the kiln itself. The resulting powders are 
controlled by various methods: detection of the amount 
of spinel formation, and the oxygen coateDt, further 
mQ\UremeDt or the reduced BET value. etc. These data 
are usually evaluated as being only arbitrary. 

4.4 MlDhlc 

Milling must be carried out to establish the fanal 
specified SSA values as described in 3.2, i.e. to increase 
homogeneity to a high level; to add ingredients if 
necesyry; and to correct the composition with respect to 
the specifacation. The final particle distribution should 
be narmw (as specifaecl). abrasive from the balls. with 
the mill walk remaining as low as pc&ible to avoid the 
incursion of iron and other elements. 

ID the case, the starting material CODSists or pellets, 
the ball siz.e should DOl be much smaller than the pellet 
siz.e, especially if the hvdnea of the latter is high. To 
mill clown to the desired final powder particle siz.e, 
sometimes a second and a third milling Skp must follow. 
If the presintered powder c:onsi.sts of only small particles, 
oae milling step may be enough to meet the 
requirements. From the economic aspect presinteriag 
and milling of DOl preformed powder seems to be the 
best resolution. 

With respect to the high grade of homogeneity 
generally desired, it should be kept iD mind that the 
performance of the wet milling is affected by the solid 
content or the slurry and the resulting grade of viscosity. 
During milling the viscasity increases slightly and the 
milling effect &0mewbat decreases. Therefore the 
viscosity should also be controlled. 

4.5 Grual.aloa 

Granulation means bringing the powder to a state 
ready for the praling of cores. After milling, the solid 
coac:eotratiOD of the slurry is decreased by the addition 
of water iD order to enable spny drying • the mOlt 
popular gnaulatioa technique. 

In order to ensure a good preaability at low 
preaure and to also ensure the oeceuary strength of the 
preued c:ora for handling operations, a number of 
organic bioden are added. Basic&lly polyvinyl alcobol is 
used • a binder, with polyethylene glycol • a 
pllsticiar, mac ltelrlte M I lubricant, etc. 

Typa and CODceDtraliom or these orpnic aids 
depend oa core abape and U., aad are limited by tbe 
aeed to remo-1e all the binders iD • lborc a time • 
pouible before ~?ileriog. 

The ~ ~nerared by spray irying b.1,e 
;,phericaJ sbapa cd an therefore weD suited fot filling 

the ~ dies quickly and homogeneously. The best 
result is achieved by a granular comprised of spheres 
only. To regulate the consistency of the granules the 
following spray panmeters should be specifaecl and 
coatrolled: siJie of the spny nozzles. the pl'e:S5Ure 
during openlioa; the throughput, by regulaling the 
presmre; temperature distribution inside the reactor; the 
viscosity of tbe slurry. which should be permaoeatly 
stirred. 

4.6 F..mg con slampa 

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

The parameters to be specified at first depend OD 

the desired faoal (sintered) density iD CODDectioD with all 
electromagnetic and mechanical properties of the 
material to be produ-:ed. Second, with respect to the 
fanal core dimensions and the (give11) die dimensions 
(approximately equivalent to the green dimension) the 
green density to be met is fiud. 

Subsequently, the prepared powder bas to fulfil the 
~uimnents to reach this green density by an acceptable 
presmre force. Usually the ''lriatioas of the green 
density are between 2.5 and 3.1 g/cm3, and the accepted 
force should DOl eueed approximately 20 N/cm2• If the 
green density is too low, the final density will also be too 
low and vic.e·versa. If the pressure force is too high, 
inhomogeneity will cause geometrical deviations, etc. 

Tberc arc some other forming processes, e.g. 
extrudi'lg or injection moulding. Higher binder contents 
and also other types of binden arc used for these 
techniques. 

4.7 Slateria:a 

Generally lioteriag should be carried out at as low 
a temperature • po&ible, firstly to ensure a high grade 
of microltructural homogeneity, secondly to avoid 
cannibal grain growth, and thirdly to uve e-.xrgy CO&ts. 
Therefore, aay ml!thod is welcome that rc.iuc:a the soak 
temperatule and excludes any undesired effects. 
Modern kilns may ccmbiae facilities to burn out the 
added organic binders and integrate the sinter 
procea directly iD order to uve handling, time and 
Cl.lit.. 

In order to keep the sinteriag time • short as 
pouible, an exact knowledge of both tbe burning out 
procedure and solid llalc re.tetions during liotcring is 
oeceuary. 

N the content of Oz in the atmmpberc idluenCG 
tbe formlboa of maapaae-zinc apinek, lbc ft.riog cycle 
muat be rellled to papbs, which describe the oxygen· 
tempenture·equilibrium of the ferrite aad its Fe++ 
contnt at each stage. 
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It is also important lO adapt the oxygen partial 
pl'CS.\utt during cooling. especially at the higher 
temperature stage. m almost all properties (mainly 
permeability and loss clwacterislacs) are influcnc:ed. 

Modem kilm are run by means of computers th.al 
are equipped with a wide variety of programs dea!ing 
with the vast number of parameters lO be controlled that 
occur with core types. sizes and materials in an up-lO
date ferrite plant. 

Modem elevator batch kilm provide such h.igbly 
skillcd facilities. Another interesting aspect of this kiln 
type is its low beat capacity. Heating up and cooling 
rates can be d~cally 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 kilm are not economical, 
due lO the long time needed for adaptioos. 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. Siotering of magnesium -zinc
ferrites and nickel-zinc-ferrites can only be carried out 
in air and at lower temperatures. 

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

The mating surfaces of these cc;res must be flat 
grinded in order to avoid undesired residual air gaps, 
where by means of a • A 1 'Zl!ro• 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 Slrong effect of each small residual air gap. For 
example, in a core produc.ed from a high permeability 
material of 10,000, the separation of ooly 1 micron 
causes a reduction of the permeability down to 
approximately 7,000. Therefore, for the highest 
permeability cores iDStead grinding or additionally 
polishing has to be carried out. 

Some further finishing operations arc with ring 
cores, removing of edges sad insulation, if nccdcd. 
Cores to be prepared for inductance adjusting by an 
adjusting clement must be equipped with sleeves lO catch 
the screw of the clements. 

5. Pnlccwl• g( .... faritg 

As mentioned bi section 2 of this paper, the 
importallt criterion for hard magnetic materials is the 
maximum energy product (BH) mu. The rcmancncc 
depends oa chcmi5try clemity and oriental.ion, the 
coercive force on microwucturc. To acabilizle the 
mapctic domain structure after magnctU.ation, the grain 
1bould be IO s.mall that 011ly one domain Ytill exist inside, 
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because dcmag:nctiz.atioo only occurs easily by wall 
motion. 

There are two typical proc:asing sequences, 
depeodiag OD whether oriented oc isob'opic magnetics 
are lO be manufactured. The latter is, in principle, the 
same as in soft f crrites, the first differs by application of 
a magnetic field during pressing. 

5.1 Cltoia or raw materials 

Because Barium carbonate and Strontium carbonate 
both are Dot expensive and because chcapcr grades of 
iron oxides can be used, as with soft fcrrites, the raw 
material price for 1 kg powder mix is usually between 
0.90 and 1.10 DM. The calcining is carried out at 
temperatures higher than 1,200" C, generally between 
1,270- C lO 1,3709 C for a full ferrite synthesis. Double 
milling (dry and wet) must generate particles lower than 
1 p.m with respect lO the fact that the pressed bodies al 
final sintcring conditions (m zir only) should reach as 
high a density as pogible combined with a low grain siz.c 
of about 1 p.m. 

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

ID spite of that low grade iroo oxides can be used, 
the highest magnetic performance also needs e.g. a 
stabilization of their impurities. Alz03 and CrzOJ arc 
lower than Br and should tbcrefocc be lower than 0.1 per 
c.ent, SiOi which can be used to increase density, but 
should not exceed 0.4 per cent in order lO verify the 
control of grain growth. Contrary to soft fcrrites, the 
production of hard icrrites in modem plalits is almost 
fully automated. It is reported that their process yields 
approach 99 per cenL 

6. Altmatm lccbpglgtla 

Alternative techniques with soft ferrite production 
mainly cone.em raw material and powder proccaing. 
OnJy co-spray-roasting should be mentioned here, 
because this proc.edure has been introduc.ed by two big 
ff!rrite manufacturers at the industrial plant scale. 

By means of co-spray-roa.uiag equipment a ferrite 
producer becomes independent of the f acilitics of the 
rapectivc raw material supplicn, because an iron
mangancse·oxidc mis can be produced by own 
controlled spccificatioa. Preferable metals may be 
dil&olvcd in aqueous HCL. In this state purification can 
be carried out. 

The mixture will be co·spray-roasted like iron 
chloride al steel mill&. The advantagc1 of 1uch a 
procedure may be increased homogeneity, therefore 

... ___ ... -~ 
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improved magnetic properties and elimination of 
pttfiring, thereby achieving economic ~ 

Optimized processing renders a proclud of high 
specified reactivity, while expensive milling can be 
subsequendy rduced to a de-aglomentioa p~ 
which includes the aclclitioo of zinc oxide. 

Another poiWbility of co-spray-n:mting is to start 
f nna nitrates. ID this ase zinc is included (as well as all 
~ adcliti~). since the operating temperatuR can 
be lower than lhal al which zinc evaponlioa occurs. 
Nitro-hydrochloric acid Im to be regeneraled here. By 
use of this ledmique the purification method needs to be 
varied. 

Ahernative presintering can be carried out by a 
new;y developed vertical kiln (ref. VI, 9, M. Ruthner). 
Due to a short time temperature tttatment spinet 
reaction should occur without sintering effects. The 
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 bard ferrite powder preparation, where low 
particle siz.es are desired, as described in 4.2. 

7. Soft fenttc l!'Odpcts 

Several classifications for soft ferrite products can 
be used: briefly. for industrial or consumer application; 
for two-part or oae-part cores, for the two-part cores in 
E· and U·core types and in P· and RM-core types. 
Lau but not Je.t, c)agification can abo 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 uead towards miniaturization aad 
automati:r.ation in the coasumer area has given rise to tlK 
need for higher quality materials and more sophisticated 
core types. Conuraiag the material grade, there is no 
usual typical separation with relation to the core types. 
It seems. therefore, that the mOll useful clauification 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 aad the material grades used. 

Tbe mOll important aspects of material and core 
types are: 

(a) Materials and core5 for filter coill need low 
lcua, precise inductance values and a high time ud 
cemperature dependence stability. The frequency range 

' up to 100 MHz will be provided by five or six diff erenc 

, 

materiak. .r the highest frequencies by NiZo·ferrites. 
nae are laardly aay activities in new marerial 
developmenL Gqped pot-core types are used for doled 
circuits. foe open. tube·. cylindric.al· and saew-oora; 

('b) Materials and aJRS for broad bud 
transformers need high permeabilities to achieve high 
inductaac:e values. New developments conc:an the 
combillabon of low ~ .r low and a little increased 
flux densities. from 1 mT up to maximum 10 mT. 
Uagapped pot-an types are usually for this application. 
To e115111e high indudaDce the cores arc sintered to a low 
porosity and the pole faces are polished; 

(c) Materials and cores for power transformers 
belong to the fatest growing field of soft ferrite 
applicatioo. 

ID particular, the application of SMPS (Switched 
Mode Power Supplies) bas stimulated the development of 
new material grades and an types with resped to 
applied higher frequencies and also to the need for 
miniaturizatioa. During the last years the iatrocluclion 
of frequencies up to 500 kHz required some new 
materials. Ni. with fiber materials at higher frequencies 
the permeability must be deettaSed to limit res'laance 
phenomena. Because of a typicaJ high temperature 
operatioa. the minimum high flux density lows must be 
placed al the corresponding high temperature, which is 
usually between 60 and 100- C. The magaeti:r.ation does 
not drastically drop at this condition in order to provide 
the Dec:esYlJ high amplitude permeability. At any rate, 
the power application is an operation under loss or 
saturation limited conditions, if optimi7.ed. As with 
filter materials in the area apart from approximately 
2 MHz the NiZa ferrites are superior to the MnZa 
ferrites because of their higher resistivity. At the 
application of Mn· Zn ferrites the control of lows needs 
the use of very pure raw materials (as with high 
permeability broad band transformer materials) as a first 
condition to ach~eve 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 miaimi7.e eddy current Joues in the range and 
above SOO kHz the mean grain size diameter of a 
homogeneous grain structure should at the same time be 
reduced less than S microns. Application of high 
frequencies is done to increase the throughput power, 
but more of ten 10 reduce the traasf ormer size. Since in 
many cases the industry require5 flatter constructions, 
new core types bad to be introduced. A new creation to 
cover this demand is, for example, the EFD ~conomic 
.(lat ~ip) core (ref. VI, 7, W. Holubarsch ~.). 

This core combines geometrical and handling 
advanraga with respect to the acceuoria suitable for 
automatic 111C1Dbling. The general trend towards 
miniaturi7.atioa and automath.ation geaerate5 c:ore types 
with very small lep and floors. Therefore higher 
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requiremealS of strength properties are being soagbt and 
the manufactums of such produds must DOt only 
consider the magnetic. but aJso the medwaic:al 
characterUlics of the cores after si<ltering. 

Another way to meet customer requirements is to 
offer a total membly of the inductive components,• in 
the case of SMD-inductors or transformers. The best 
condition is to have very flexible production facilities iD 
order to be in a position to meet the demand for custom
buih products • much as pc&ible. 

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

These applications concern, for esample, from the 
more important ones: EMl-suppra.9oa functions, 
inductive proximity switches. tuning coik, impeder cores 
and deflectioa cores. EMI means electro magnetic 
interf~ace and the tak of an EMl-falter is to separare 
unwanted signals from the specified signal pass in the 
concerned frequency range. Therefore an EMl-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 an: able to cover a f requeacy 
' range up to 1 GHz. for the higher f requeacy obviously 
' Ni-Zn ferrites an: 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 a advantageous properties, MgZa
, ferrite instead of MnZn-ferrite is preferred due to its 
'high resistivity of 107 -1a8 cm. 

.. ... ... 
.... ell 

- --, 

.. 
As menfionrd .Jl sc:boD 2, aewral malaial grades 

are used, depending CJD their applicatim; eilber high Br 
high ~ or high BH produm are preferred.. Tbe cable 
below from Goldman gives typical Yalaes (1d I, S, p. 222). 

Ba-ferrites an: going oa to be substituted more and 
more by Sr-ferrites (although these are more expensive), 
because Ba generates eaviroameatal problems and Sr 
provides an approximatdy 25 per catt higher r:esislaace 
to demagDetizing fldds. 

Material of higher ~ can be rQti2leCl by additives 
inclucling A1fJ3 or CrA. Therefcn A1f.ll and Crf>l 
need to be controlled iD the basic raw materials. Higher 
glade hard f errites include the use of better c:>atrolled 
raw material properties, similar to soft ferrites. It is 
import.ant tbal iron oxide is fully oDdiJ.ecl to FeA. If 
not. pre-ueatmeat is aec:asary for oxidation. 

c.ompared to soft ferrite cores, the bard ferrite 
products have ~vely simple shapes. Concerning 
application, 4S per cent of bard ferrite magnets are used 
in permanent magnet motors, 30 per cent iD 
loudspeakeis and the rest in many other applications. 
During the last tea ~ the typical produd began to 
shift from the simple to produce loudspeaker magnets to 
a growing content of complex arc segments as the 
applications for magnetic motors grew. 

MO&t of these products are m~y oriented. 
Meanwhile. 30 per em of aD bard magneric products an: 
polymer bonded ID~ partly isotropic, partly oriented. 
A very iaformatift survey about this a given (ref. IV, 3, 
R. E. ScbWllllke), wlUcb descnla the cliffen:Dl forming 
and particle orieDtaboa proc:CS11C5 and their ef feds OD 

the typical mapetic propenies. The procedures of 
caleDdering and eltnlsioa and the mmbiaaboa of both 
and of the injeclion moulding are coasidered. 

Table 9.1 

Properties o( commercjal ferrjtc permanegt ma1Qet materials 

Grade B,(gauss) H,(oc) 
(BH)mas 

Hci(oc) (MGO)ll 

Isotropic 2,700 2,300 3,250 1.05 
High B, 3,8SO 2,000 2,020 3.5 
High Hci 3,700 3,SSO 4,950 3.2 
Premium 4,400 2,850 2,880 4.S 
High 
(BH)mas 
Alnico 5 12,800 640 5.5 

'I/ MGO •Mega gauu·oersteds • gauu oenteds 1 106 
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Bonded ferrites arc used ia muy ~~ as 
refrigenlor pskets. magnetic mabn, magnetic pickups 
for dec:troaic ipitioo. lalda mapecs. recd relays ud so 
OIL Polymer bonded mapdic shapes are maaufKtmtd 
ia a large variety. 

9. fJdm '"""' 

(a) Soft fmites 

GeDmlly. tbe demand foe higber quality ferritcs 
showing smaller maaufldUring rolennces wal coetinue. 
Muy companies iatroclucicd the "7.cro defedive" 
programme ud modern TOM methods to apprmda 
tbem. Tbe background foe this is tlllt tbe consumer 
aeeds products of higher reliability with aD the 
properties specified. enabling him to save C05U bD input 
checks and to tr1ISl the producer's quality-easuriag 
sysaem. As a way of coupling the producer's facilities 
and the consumer interest foe a geaeral quality system in 
•Jae meantime. in 1987 the ISO 9000 standard series was 
introduced and found wide acceplallc:e. 

The futuR product trend bas to be coasidered in 
respect of the fact thal the power dectroaic ferrite 
market is growing fast. It now covers almO&t SO per cent 
of the total market followed by tbe high permeability 
market of approximak:ly 30 per c:eat. Oaly 10 per cent 
or less of the market remains with the earlier dominating 
telecommunication multiplex channel faker applicaion. 

A review was recently given by the author on the 
topic of the main developments in the field of soft· 
magnetic ferrites (ref. VI. chapW 9). ID the area of 
power application there is a continuous preawe to 
reduce the sizie of elect10aic equipment in general; 
minialurii.ation of SMPS6 is also demanded. Because the 
transformer sizie can be reduced by incrasiag the 
switching frequency, the family of ltJw Jou power 
ferrites is permanently growing. The application up to 
1 MHz covered by MaZn· 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 bigb permeability ferrites, the 
decrease of low induction level lolla ii called for to 
enable a brighter frequency application for numcro1JS 
applications. for the improvement of bodl ferrite 
familia, one of the main conditions is a better c:oatrol of 
the chemical and physical properties of the raw 
maleriak. 

Due to the progrca in the field of high quality iron 
osida, acw ferrite matcriall could be developed. Two 
trndl caa be observed: ferrite produc:crs are coatrobing 
their own raw material IOUICC, e.g. by the mcationed co· 
1pny·t'Ollling; or nw material procluccn lft llarting 
their own activity to produce f errita. Ecoaomic llpCCll 
lft, of counc, coatributiog to thae trcock. A apcciaJ 

irem is the replacement of MaZn ferrites for feievisioa 
deflectioa yobs by Mg.Zn fenil.es. camed by tLe bigber 
dem•nd for DC resistivity ia HDTV tedutology. as 
meatioaed before. Overall aut....,atintim in the powder 
llUi core manufKblriag area. also with soft ferrites. 
must proceed to meet consumer ezpectaacy for lower 
prices. esperiaDy by the cntat.aimDeDt COll5UlllC" 

incimtty. 

(b) Hard (mites 

The growth of the bud ferrite market in the past 
wa heavily influeaccd by the exor'bitut iaaeaR of the 
Co-price. from 4 to 80 Dm/kg. causiDg the replacement 
of Alnico mipdS by fmites malaials. 

Due to environmental problems coaaeded witb 
barium the production of Sr- ferrites became more 
important. in spite of the somewhat bigber Sr-price. 

Experts predict 3 avtjor inaa. of bard ferrite 
application ia cars and ttucks. e.g. for pcrmaneu! 
magnetic starter motors. electroaic mufflers. magnetic 
gaskets, for further PM motor types, etc. Also, the 
replacement of low efficiency AC motors to highly 
efficient and versatile permaacot magnet motors will 
generate more demand foe ferrites. Mast of the efforts 
concerning bard mapct matcriab will be focused oa 
f u.rtber impl'Oftlllcots of the quality of Sr· f errites. As 
mentioned above, a gtatcr part will be directed to the 
instaDatioa of much more euct specifications for the 
raw materials, especially for iroa oxides. 

To fuUsh the discul5ioa about ferrite trends. a 
quocation by Goldman is appropriate: "The ferrite 
supplier bas alwaJI been able to provide the materials 
and shapes that were accded by the designer. Because of 
the wide variation in chemistry, micmstructllle and 
shapes that are available in ferrites, I feel that we bave 
just Knlcbcd the AU"face of the potential in the 
technology of ferrites." Goldmu secs a bright future for 
this tecbao%ogy. 
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2. A REVIEW ON SEl.EC1'D> CEltAMIC OXIDE POWDER TECHNOLOGIES 

Dr. WF. KbdDig. Allclri1Z·Ruthncr, Research 
Deputmeat. A-1120 Wien. Eibesbnaaaerpsse 20 
Lecnarer .t the Ullivusily Liaz, l>eputmeDt of 

lnorpnic Tedanology, A-4040 Liaz-Aulaof, Austria 

A suney is given which iDdades some of tile 
mOll important representatives of ceramic 
oxide powcm and daeir paat status of 
technology until the most modem technolog;es 
to make ullrapure ud composite ceramic 
powders. Special aueation is paid to the 
Ruthoer spray-roasliag technology. 

A. Q rjCll Mm'sta 

1. Melr'm ..... 'AIA> "'JU lmr mte 

Tbe Bayu procea, due to the Genaaa plfCDIS 
43977 (1887) and 65604 (1892), bases OD the sodi1lm 
bydrosyde e:straction of A.1Pl from the bauDte ore 
under prmurc of 40 bar and ll T • 2SCf C. 

The proc:as route C&D be formulated with: 

Al(Offl:. + NaOH • • ·> Na+ Al(OH)4• 

(autoclave process) 

Al(OH),- +seeds •• ·> Al(C>H), +OK" 
(AJA) 

Ninety-five per ceat of the world alumina is 
derived by this route. It's end product is: Al(C>H),, 
bayerite. During dehydration a number of trusitioa 
modificatioas UC paed through, bayerite·>boebmite· 
>delra·>tbeta·:::-alpba·(AJA. leading produccn are 
Kaiser, Alcoa, Reyaolck, GTE· Sylvmaia, Corning, 
Coon (USA), VAW, Martiaswerk, Gialim (Ger). 
Cruc:iaJ are eoateau in Fe, but especially in Naz<> wbich 
interfera in AlzOJ's jnp•Jaliag action in ICs. The Bayu 
product is typically 99.5 per ceat in pureaca. Impurities 
~Nao, Fe/)), SiOz, c.o 100·200 ppm, r.o,, V.Ps 
20· SO ppm. The powder coafaim agglomcrate5 of prime 
crysWs 0.2 1J1D in mc, wlaic:b UC SO to 100 lllfl of deme 
seructurc. 

Lowest Ccralos grades of Alcoa offer Nap 
CODteDIS such low • 0.01 per CCDl, but the usual range is 
in between 0.2·0.4 per cent Nap. For bat silaf.Criag 
abilitia powden are marketed • fme pouad powder 
witb an avenge of dso • low • I µm. GriDcliDg ii doac 
in Alp, liDed bill alilk or in pp milk and by jet 
milliq. Sada fiae alpU·Alp, (c:orud pblle) powder 
putidm bave a mrface ara of 20 m2/a. 

Omtrarily Im pmma·!1& • madt • the ta
fold surface are.a of 100-2SO m /g. Its major use of 
arouad SOOOO tpa is• calalyst carrier. Careful cabining 
makes a broM range of calalyst carriers available for 
bderogcDeous c:alalysis ranging from 10 to 2SO m2/g. 
Greatest producer of AJA·calalyst c:arriels is the 
Norton C'.ompmy, Uailed States of America. 

Produc:boa of DOD-metallurgic:al grades amount to 
25,000,000 tpa which split iato, e.g.: 

Refractories 400,000 t 

Abrasives 150,000 

Spark plup uad 
dectr. insulalors 250,000 

Calalysrs (calzined gr.Mies) 100,000 

High grade aluminas 
for dectroaics 5,000 

High grade ;,JT7 per cent AJA, up to :>99 per cent 
is mOll widely being used in several applications for 
eagiaeeriag, rcf radOrial, griadiag materials, spark plup, 
adtiag tools, bigb kmpeqture bearers. rollers, tubes. 
bigla tension insulators. c:alalyst support. Its overall 
CODSUlllpboa can be atim~ to be more than 
200,000 toas p.a. 

Uluapure cerunia uc required in elec:uoaic:s in 
IC.S, garners (Imm) such • YAGs: Y iA1Pu• made f .e. 
by Allied Corp., or for mpports, such as ceramic wafers 
or electroc:eramics, such • translucent ceramics and in 
bio-c:aamics. 

Alumina used for IOdiam vapoar arc lamp tubes 
have llOl to euecd 10 ppm Fe coat.ears bec.1use of that 
demcDU sipifaat alllorpUoa of Na·emislioa line. 
Ullrapurc powders coa••iaiag trace amoua&s in the ruge 
of 10· 100 ppb (puts per billion) are being produad by 
Pecbiaey (Fr) and EJ.du Poat de Nemours and Co. 
(USA). The production is doae mOllly by the alum 
procca, i.e. tbermal decompolicioa of AJ,(50..>J. Tbe 
procal is being performed by BaikowW Cbcmie in 
Fnac:e, and BaikowW IDL Corp., North Carolina, USA. 
Otber pm na co make laigb purity alumiw arc: 

Nitnre decompoli&ioa (Sbikoku Ocm. C.orp, 
Japa) 
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Hydrolym of Al-alcoholates (Vista Chemicals. 
USA) 

P..Jrities being offered are 99.98 per cent -
99 .99 per c.ellL 

Also sol-grl metbods are used (Sumitomo). 

activated alumina. Alpha trihydnle 
calcined types, calcined alphy trihydrale 

tabuJar (2000 calcined) 

fused grades 2200 grad. 

Medical apph.:atioas of AJ.fJJ: 

Alumina is the most importaat bioceramic mal£riaL 
Bone grows ill tight apposition ID this m.mal, but 
cannot penetrate the dense ceramic. Since the malerial 
is brittle it canaot SUSlain the range of physiological 
forces so well as mdallics.. Its best applicalioa is ill bad 
bearing use. Aualytical requiremem for biomedical me 
is a minimum of 99.5 per cent and a max grain sizle of 
7 µm_ Typical are compr5ive SlmJgth of 4000-
5000 MPa and bend strength of 400-SSO MPa. 

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

The alumina support: 

Alumina for supports is obtained by precipitation of 
All+- solutions. Tbe farst precipitate, a gel-like 
subscance, undergoes aging and calziniag at <IXJ• C. The 
end-product gamma-alumina is received P.fler paS6iDg 
through several iDtermedialeS, wch as bayerite Al(~. 
boehmite Al(OOH), 0, delta, kappa forms and 
intermediates: A'PJ.aHP (n<l), which are amorphous. 
Above 11()()9 C alpha· AlzOJ is formed. finally fired 
alumina comisu of cbed oxygen packings in besagoaal 
and cubic symmetry. Alumina is coasldered as an 
ampboteric (equally acidic and basic) catalyst support, 
due ID its surface ory and hydroxy SJOUP' (Broasted 
basic and acidic sileS). 

2. Ti&Mla• #oxide liegts 

Titanium dioxide ores wbich mOldy go ID be 
proces1ed to make Ti<>z pigments are ilmenite 
FeA.Ti02, natural rutile or TiOi slap. There are two 
baaic proceues competing OD tbe world market - lhe 
sulphate and the cbloride proc:ea. The sulphalC route 
wcs HiSQ4 (sulphuric acid) for digcsliog lhe ore ud ID 
make Ti(SO.>J waaa which usually are coaWDiaaled by 
iron aulphalC. Tiie cblorine prcxeu Ula chJoriae .. 
which coaverts lhe ore by tbe additioaal use of carbon 
into volatile TiCl4 ud ocher (DOD volatile) chlorides 

(mostly ferric chloride). Purifi=d T~ is oDdmd into 
Ti<>z by a special bunliDg teduliquc ill pure oxygen to 
form T!Oi and cbJoriDe ps which is being rdUrDed iDID 
the prc>CU\ route. OaJoriae procag oigment plub 
usually require feeds with high T'°z·conlalt(BS-96 per 
cent), such as high grade slap or aablral ruble. 

The leaching procag, usually wida Hi5Q4 employes 
illlleaik ores wlaicb arc poorer ill Ti CIOlltcDl or 
tilaniferom slags. Allbongb slltp are high ill l'°z 
(72-85 per ceal) they P"...ually CIOlltaiD albliDe ud 
albliae earth elements wlaicb haw CO be eliminated ill 
special proc:as routes (DuPoat process). Total prodac
tioa aowadays llllOUDIS 2.S mio tpa. of which 60 per 
cent are due ro the sulpUlc route. Sixty per ceat of 
mraJ world market is ased up by paint manufactariag. 
Tbe market growth was e:a:traordiaary ud world 
prodlldioa bas nearly doubled since the beginnings of 
tbe 80s. 

Besides lhae major routes there exist also a series of 
diffemat leaching processes where HO is used in.stead of 
"2504• The ore ("dmeaite) is being di&e*d under 
prasure using 30 per cent HO. Wmte acids are being 
recycled by tbe thermal decomposition route (tbe 
•Rutfmer" proc:lS) which is being derailed later OIL 

Most important TtOz producers of pigments grades 
(rutile, aaatase) arc Du Poat. Kronm Tllaa, SMC, 
Sachtleben, IC (110:a:ide), Kraft, Bayer, CVRD (Brasil), 
IRE (bulia). 

Tbe majority of the industrially most important red 
pigments are based on synthetic iron oxides. There are 
a number of proc:ea rouleS such as the Penniman, the 
Abiliae, the Rasquia or the English procas,. which arc 
all traditional World leader ill synthetic pigment 
production is the Bayer AG. Others are Pfaer, Ferro, 
IC. The mOllly wuled yellower colours arc based oa 
precipilatioo and controlled thermal decomposition of 
fem>U$ sulphate (copper reds), wbich are a by-product 
also from the TiOi-sulphalC route. Small grain particles 
of 0.1-0.9 ,.- produce yellower lbades, whereas bigger 
oms produce darker colours which tend IDwards blue. 
Black oxides arc derived from tbe aniline liquors or from 
sulphate liquors by precipitation under a certain pH and 
air ratio, which is blowu inlD the stirred IO!utioa. Black 
pigments can be uamferred into red aoaes during 
oxidalioa at elevated temperatures. Brown pigments are 
produced usually by blending or controlled reductioa of 
black oxidu. 

Synthetic Fe.f>J pipaeat market amounts around 
S0,000 tpa. Growin1 demands of 1yntbetic pigments is 
beia& achieved witb the so-called spray-ro.ted iroa 
ozida of the Rulbner, Pero:a:, Woodhall-Duckbam or 
Cbemirilc route. Siace tbae powden exhibit a different 
pbylical llrUCtUre, a further c:oaditiooing is e11ential, 
especially by hip iatemive grinding. (The Ruthner 
p1'0C.Cl6 will be covered further on). 

-------
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Mmperic pipaenls basically beloag to tbe miDeral 
mapetite CFe.p,) or ..... mtpdic stratgtb. which are 
or synthetic origin for produc:lioo of special peiDts, 
mapdic toaers ud m:ordiDg media. Tiiey are 
prodaced by precipilabc:m from aqueom fcrroussoluticms 
by aaunoDia or sodium bydroDde. M.,.=ric particles 
formed after careful d.--yiag wl am.mg are spbodike 
mapdite )>Welds of certain pomdric form. They 
must uceed laigb satunlioa •aperinrim of ap to 
10.000 Omled (10Ed04A/m). Apart from pa.relet 
sttuctma aka aeedlestrUdURs of pmma·iroa obit are 
mOldy used. Modern devclopmeals teDd towuds 
c:cprttipiratioll of iron oxide togetber with IDOllly 
c:obaltomdes, but also togdhcr "Nith oxides of 7.n, CU. 
Mn, Ni. Mapetic pigments are aka applied iD resins, 
such as epoxies. tbermoplaslic resins. polyuretbaDes • 
wave absorbing malaiak. i.e. ia radar sbieldinp 

4. Vm-'s th ...... ""'" 

Zin:oaia's IDClll abuaclaat ore from where it gd5 
processed is Drconium silicale, also called 1irma, mostly 
to be met togdbtt 'Wida T"aOz ara suda • ilmaile or 
rutile, or • of ten to be fouad in Bra1iJ., being 
accompaied by rare earth elemeals, suda a mmazire. 
wor1c1•s masumplioa of this silicate form (bSiO,.) 
amouars to arcuad l millioa tms per year. of wbich 
m05l is being used iD refnckJries and abnsiws. The 
richest sources are to be found in Australia, followed by 
South Africa, Russia. USA and Brasil Nablnl Zr0i. 
named Baddeleyite, ia very pure occurriDp is being 
fouad iD Brasil ud South Africa. 

ZrOz usually is made thm from tbe silicate saads by 
carbo· chlorination, or by digesting at elevaled 
temperatura with sodalil'tle or NaOH. Australia and 
UK aka employ plasma disloriatioa into Zi<>z. Tbe 
pure compound being syathesilCd is ia tbe moaodinic 
form, a white powder. 

Z'°2 c:aa also be made by a spray roasam, procas 
startiag fnn ZrOClz. miag the Rudaaer techaology. A 
similar way Im been dneloped iD Japaa by Toyo Soda, 
using• spray roaliDg route, wbicb allows the iD·litu 
bleadiag with other elemaus, lite yUria. to form 
partiaOy or fully stabiliacl syslCIDS. A farther route to 
make 1.irolliumclioside powder is beiag doae by the so· 
called sol·gd route, which is being llaadled in dlat paper 
in a separate daapcer. A fant iDdmtrial plut asiag dais 
technology Im been atablisbed by Miasubislai, Japaa. 

Modena ceramic Kicace wlcomcd zircoaia • the 
mClll promisiag elemnt to be able to adaieve a c:cruiD 
Incl of pllltic:icy after cardal bleactia& with otber 
elemeall lite yUria. ceril, mipeliWD aad calcium, 
fOWfhinc wlaida aatil thea baa been uakDOWD to a 
ccramilr.. 

SiJace ZIOz udergoes a tewrsible c:rystallo·papbic 
dauge. of wbidl tbe tctngoaal towards the .....-finic 
oae is being med iD tbe so·c:ded tnmfonulioa 
tougheaiDg (t· ·> m). Siace a similu dauge is being 
boWD witllia tbe austeaitic to martemilic trusfor· 
malioD iD steel. this m. is also named martalsitic 
clwlF. wlaercby tbe tetragonal partides cDibit a 
S ·6 per cast laigber volume wl thus are able to perform 
a strea iaducccl roughening efftct. The ZIOi·ldnlgOaal 
particles wlUch preciJ'il* akmg iDtergranular races and 
within certain pdlaaS weft part of very illteasive 
iDvesriplicm High resolutioe lnDPDis&ioa eltctroa 
microscopy (TEM) allowed an insight iDlo dK:se patterns 
of tetragoaal, monoclinic wl cubic \high temperature 
form of Z'°i) forms esprciaDy due to different alloying 
with ~ Mg, Y. Ce in molar ranges of 2· U per cast. A 
very large number of publications Im been written oa 
that topic of wbic:b the most important will be named 
under the literature sectioa. 

Zirmaium dioxide. mcwdinic OI' tetragonal offers 
esciellent material eahaac:aneat to alumina ceramics, to 
form ceramic c:ompmites. called ZT A (zirconia 
tougheaed alumina). with eabaacccl bead strength of up 
to 700 MPa (compared to the regular 2SO· 350 MPa of 
paRA.ipi,. 

•. Smllltcd! ....... 

CllSlical technologies which mO&tly start from 
cataiD DlbUal occurrillp like ores or sales to mate 
cenmic powders by cbemical procedures of leaching. 
digestion, melting, cbloriDatioa, u previously described, 
lead to different chemical compoads of the elements 
such • bydroDdes, oxides, or saJrs. These may form a 
new source of iWtiag material for fwtber tecbaological 
treabllnts in order to get pure or blended osided 
powders. Tbcse procases may be combined under 
tbermaJ decompolitioa proc:mes, to be discussed iD that 
cbapm. These aR: 

• The Ruthner pyrobydrolysis proc:ea (m some 
imtances allo caDed Amu's proc:ea); 

• EDS procases (evaporati¥e decompolitioo of 
solutioa); 

. Flame pyrolysis pl'OCCSle5; 

• Microwave dec:ompolirioa of solution (MDS) 
proccws. 

l. De M• RU,,...,. mere 

Tiie Rutlmer procea is a way of thermal 
decompolitioD or solutiom, lite purif led brines or spent 
pickle liquon. Tiie procaa wa1 origjully introdacccl 
into practical industrial applicalioa in tbe lalc fiftia. Its 
oriliul pl Wll to recycle hydrocbloric solutiom of 

7 a 
----~ ... 

,. 



• . . -

-

- -1-

- 17 -

Fe(ll) to regain HO for pictliag pmposes. With tbe 
suca:s.Uul iatroductioa of ferrite ceramics the demand of 
synthesiJJed FeA rose drastically in the latt sixties and 
especially in tbe seventies, wilida made spray nmted 
iron oxide an important contribution to chemically 
pttcipaled types. In tbe same time which enabled tbe 
Ruthner company of Vienna to build nearly 200 of such 
plants world wide, its tecbDology was ako applied to 
convert other chloride solutioas. like tbasc of Mg. C.O, 
Ni, Al as wdl as mixtures of them into tbe respective 
oxides.. 

The original idea or J. Aman in Israel to convert the 
carnallitic brines of the Dead Sea to make Mg() as a raw 
material for rdractories. fiaally was then ~ by 
Ruthner Enginttriag in collaboration with American 
Magnesite Company (nowadays Radex or Austria). The 
~ which was esaablished in Rebovot, lsncl, was 
able to successfully produce 25,000-30,000 1pa of the 
mOSl pre MgO powder. la the following a series of 
similar plants wue uuted in Austria, former 
Dl:cboslovakia, former Yugoslavia. Edem Germany, 
with a concerted output of oft!' 100,000 tpa. 

The proc:ea requires four CS1e11lial operations: 
firsdy to make the chloridic, or nitr.atic solution, then to 
purify such asolutioa, to have the solution spray roasted 
and finally to have a po51-tRatment of the oxide powder 
done. There are ao strid rules of bow to make up tlK 
brines, the units will have to be railor-made in aay case. 
Examples are, ilmenite leacbiags to have iroa oxide 
processed aad TIOz made, bauxite lei.chiags to ~ 
them from iron oxide, leacbinp of nickel matte or nickel 
ricb serpentines to make NiO, leacbiags of magnesite 
ores., or concentrates (ashes) to have Mg() proc:essed. la 
many applications chloride solutions an received from 
pickling proces.teS. first of all from steel (mild or high 
alloyed) ones using HCI or HF /HN~, aluminium foil 
pickling with HO to produce Alz03 of pural grade, 
tilaDium and zircoaia pickling using HF /HN~. Hett 
the approach is to regain the acid(s) and the oxide(s) 
from the solution. 

A third applic:atioa is to have IDdal oxide(s) 
produced by dissolving metal scrap in hydrochloric acid 
(eventually HF ud HN<>y and to recycle the acid 
::iermaaeatly to the leada.ing units, whilst producing tbe 
oxide(s). Examples given are the productioo of 
manguesc-ferriae powder by Spang (USA) aod TDK 
(Japan) using the Ruthaer technology. 

Other procca poslibilities, s&artiag from metals by 
acidic diuolutioa, have hen cleveloptd but "" DOl yet 
ralizied iadUllrially. Eumples are the route to make 
nickel bydrogeaatioa ca&alysu. TiOz (aaalale) prime 
material for SCR (selected waJytic mluctioa No. ·pses 
in llaeb) ud the proc:al to make alumiaabtaaate 
(Ali Ti05, tialite). 

By running the 1pray-r0Mtiag proc:ea with aitnte 
solutiom, ternary ferrite 1Jlkms CID be made, wlaicb 

have been mccessfully tested m a prime material for 
laigb-u soft ferrita. 

Tbe cmvasioll through pyrobydrolysis is clone in a 
brick lined cylinclric:a1 ractm' which in the paleSl 
pluls built lu5 a beigbt or up to 40 (L The solulioa is 
being sprayed into the reador by meas or DOZZJes mcl 
is thennally CXJDvuted by maas of p « oil driven 
burners. which are cirauaferaatially anaaged at the 
lowu levd of tile radar. la some c:mes. whilst spray 
roasling vuy volatile substances, die pyrolysis is run co
curttllt, i.e. with the bumas being anaaged at the upper 
level of the system. The acids produced are being 
rabsorbed by meus of pKked towas. The emerging 
gases are being waskd ad purified by 1DaDS of 
suubbers, water sprayed vmts and evntually by mans 
of De-NOx catalytic sysraas, in order to fulfdl eWD the 
stringent enviroamearal requircmeats (figuR 1). 

Powders ru.eiwd from this process bave ~fac 
surface amas starting from 2.0 m2/g up to SO m /g ancl 
bolk demitics of 0.3 to 0.9 g/ c:a3

, depending OD process 
c:oadilioas and the sak Syslem used. Specific eattgy 
requimnents which smmg)y depend OD the plant siJJt 
range from 700 to 1,200 kcal/I solution, 01 4.000 to 
7,000 tc:al/kg oxicie. The proc.a5 therefOR is rather 
energy comuming and requires cheap sources of prime 
energy (Dal1lrll p). 

Most importaat is tbe produccion or iron oxide 
{hematite) by this proces5, wbich is being performed in 
all iadustriaJmd aatioas. Some 160 plants are OD-Slreallll 

usiag the genuine Ruthn:r techaology, with an overall 
output of around 500,000 tpa of FezO. 

Spray roasted iron oxide usually finds its way to the 
ferrite indUSL"f, to make bard and soft ferrites, of the 
general formula Me(ll) 0.6 Fef.>3 and Me(ll)O.Fep,, 
respectively, wbicb tagetber UlOWlts to more Lban 
400,000 tpa world wide, with very lligb growth rates of 
8-10 per cat in demand. Tbe leaclas of it are iD Am. 
mOll of all Japu aDd Ker.a. But also Oliaa keeps up 
with tYM new rqneratioa lines to produce arouad 
20,000 tpa hematite c r very bigb pureness and low silica 
cooteaL ~ which is even added duriag the 
productioa or bard fenites, " most disadvanlageOUS for 
soft ferrite applic:atioas. la mOSl aises nowadays a 
proper iron oxide for tbat purpoK must have a SiOz 
level beyoad 100 ppm (0.01 per cent). To meet these 
requirements Aadritz· Ruthaer bas developed several 
techaologia to purify pickliag liquors from SiOz, such 
• a cbemic:al precipitatioa method which worb by 
adsorption or SiOi OD flocculated Fe(~ or by 
applying crou· flow microfillratioa. 

Iron oKide ii allo used ia tbe pigment iadustry 
mOltly for colouring c:oacmc, tila ud bricb wbicb is 
or powiag imporlaace fot the COllllNCtioa iadmtry. 
Spray romted iroe o'lide after proper miWag IDd 
bleadipig is more aad moR being used also for that 
purpma. 
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Apart from lhe iron oude productioa by lhe 
Ruthner spray-roasting proc:a5. a fartber proceg Im 
been developed by co-spray-nmting soluticm to make 
r.e. manpnese· fenite. It consists of two different 
leadaiDg maits. where Sitt} scrap aad reno-manganese or 
~lectrolyte manganese are being leached ia hydrochloric 
acid and lhe fmal solution of a catlia Fe-Mn ralio is 
then being spray roasted a1 e1eva1ec1 temperalUJU. ne 
powder, after proper poll b'eabMlll ma rotary kiln is 
being pradically ready for the (enific prodaCfioll. 1'hcR 
are a few plnls working ill hfa aad tl!l the USA, 
wllidl are based oa this proc:aL The fm : soft fenitic 
malaia1 is comidered to be of better quality tban 
coavattioaaily made~ by mding-bleadiag-aftnding 
kebnologies 

l. Otltcr mJ n S'= em 

Lurgi bad developed a HO rqaaeratioD procm 
alrady ill the thirties whicb is hued m ~ f1uidiml bed 
decomposition. Its outcome however is not a fme 
powder but pdlels or some mm m diameter which are 
very bard to ground up ud therefore mostl) are 
returned to lhe steel-making process. 

A modern appl'Oldl which aaually isa combiaalioa 
of both, lhe Rudmcr aad the Lurgi ptoea5, Im been 
developed ill Japan by lhe Cbemirite Co., Tokyo. It 
basically coasisls of a Ouidmd bed reactor which is run 
al very high tempenblrcs and rherefore produces a high 
amount of iron o:Dde dust which is being recovered by 
means of a huge electro6tic fdler. Cbemirite's powder is 
of very 5lllaD particle sia and of light coloor. 

Dornier of Germany bas developed a spny
roariag proc:a1 which they call RSV (Raktiom-Spnih • 
Verfabrea) proc:ca. It basically coasisu of tbe same 
proc:cK nits as tbe Rudmer procca, the differeace 
being '.ile bming device, wbicb is an indirect elecuic 
wall bealiDg of the reaccor. Its equipmeat is dcsiped for 
oaly llDl1l cbrougbputs. Tbe proc:ea is able to make 
very pure powders for dearoaic purpoiCS, as well as for 
alalJllS ud eagiDeeriag c:cnmics. 

3. Qla• d-0•., •w• 

EDS ltlDd5 for evaporative clccompc.&itioa of 
solutioa. It ba beat developed 11 the Peamylvuia Slalc 
University ud basically coasisrs ill qnyiag a solution 
iDlo a tube moaeccd ill a borizoatally beated fwmce aad 
to get a very fme o:Dde powder after proper 
decompolitioa. Tbe procca is of ao iadUIUial me but 
ICfVCI u a racarch illllnamcat IDOldy to make small 
amouau of mi•ed ol(jde powdcri for diffcrCDt pltysical 
applic.lliou. 

Flame pyrolysil is a way to make very faac powders 
wbida iadlllllially i6 beiq used by Dea1llll to make 
ozida liu SiOi {Aaolil), • well • r.oi. ~. wlaida 
are med for fallen becl111e of tltcir very mp 111Jf.c:e 
UU5. The way to make tltcm is to directly qny a 

dutioa of their eo11e:spoMiag cbloriured compouads 
inr.o a Ouae wbeR they are burned md thus oDcliJled. 

Microwave dec:omlJOSition of solution is a aovel 
approKh to have u aqueous or organic solution 
tltcrmally decomposed to form oDdes. Tbe advatage is 
the dielectric beatiag of tbe material dsdf which avoids 
uy coataminarim and enables to rqain even orpaic 
~ by proper absorpcicm devices, which would 
decompose if cm11mlional healing procedures were 
applied. Such a proc:ea Im been developed 11 Andritz
Ruthner and is being called MDS (microwave 
decompcl5itioa of solution). 

Tbere is great iala'cst nowadays also to have 
ceramics directly siDraed by mans of microwaves, like 
in Los Alamos Nllioaal Laboratory aad ill Oak Ridge 
Nalioal Labonlory, USA. Tbe tedmique is being 
c:aDed microwave ignition ud Cl1ldlOlled combustion 
syatbesis(MICROCOM). Tbe lllagdlOO being developed 
for tltcse purposes work al lhe commen:iali2led frequency 
of 2.45 GHz but arc applied for some rboosands of watts 

power inpuL 

c. :W.kr- .......... , ... 

1. StHid 'crlrrrrlnt 

Sol·gel methods bdoag to a special way of ceramic 
chemical pmnsing and w developed ill lhe early 
eighties m lhe USA, at tltc University of Florida. The 
proc:ea route starts from organic compounds (metal
orpaics) which arc bydrolyzied uder very careful 
conditions. Tbe particles are in tbe aanometer-sizie 
range and of a nearly perfect spherical shape. The 
PfOCCS5 wa5 fantly devdoped ID make nuclear ceramia, 
such • urania, dloria and plutoaia. 

Tbe procedure is m tbe c:oasequcace: Slarting 
solution- ->sol- ->gel- ·>Olide. Tbe leCfttC lies in tbe sol, 
wllidl is comprised of a colloidal midUR of aanometer 
partidG. The art is to have tltc sol stabilizled ud fuWly 
to remove tltc solveat by carcf ul drying or f Relit drying. 
Sol·gd pnxlCllCS arc med also for coating of metallic or 
cenmic suhlcnla. The powdcri are of a very narrow 
sia distributioa and or very biglt purity. Studies which 
wett wadergoae of c:omrolJcd ltydrolysis of metal osides 
were TiOz, bOz, AJ.A, >JPJ-~. 5i0i, muWtcs, 
~HfOz,UOz. 

Compactllion of sucb very fJ.ae particulates requires 
ltiglt forca but yield ccnmicl of very uniform grain 
ma. or iadllllrial imporlaDCC ii die productioa of 
buiamtiwaatc s&arliDg from Ba·ICCW.C and tiwaium
ICtn·ilcpropolide. 

iDllcad of precipicatioa lhOle methods comprise of 
P' pit.lie decompo&itioo, like pillma 1yatltail aad laser 
dcc:ompCllitioa IMdlocta. Ac Ille Tccltaical Uaivenity of 
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Berlin the plamla synthesis is invatigarcd to produce 
silicon-nitride-powders (Si3NJ, starting from SiOc and 
NH3. Also ultrafine nitrated powders lite TiN and AIN 
were made by pWnia synthesis at temperatures or more 
than 10,000 K with high frequency induction plasma. 

3. Expcrimgtal mcmn or acdll latcrat 

Those arc processes where r.e. amorphous powders 
by chemical sol-gel methods arc made (organic g)mes). 
They arc applied for optical coatings. f.e. Zre>i·Si<li Oil 

substrates. Other methods in1..~ude hydro-thermal 
processes of chemical reactions under pres.\ure and at 
elevated temperatures in aulOdaves. Most important is 
the synthesis of :zieolitcs which have gained enormous 
industrial importance in hetcrogenous catalysis. Pure 
quartz crystals arc grown by hydrochcrmal methods, 
which are used world wide in watches and ultrasonic 
devices. Other investigations focus on new 
crystaUographic methods to produce pure crystals lite 
K20.6Ti0i. FeT'°3, niobales, ferritcs, etc. The 
hydrothermal method is of essential interest to mate 
single cryslals or subslanccs. 

D. Mdet Mm OP fiM qrwiq 

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

Around 60 per cent of the total market is dominated 
by electronic ceramics with a market value or 
1700 millioo USS (1985), or the whole:> billion dollar 
world-total ceramic market (1985). The strong growth 
as predicted for the automotive market, with a predicted 
22 per cent annual growth virtually did nCll happen. 
There is no one car producer in the world who uses f.e. 
C".cramic turbo chargers in mass production. Actually the 
automotive sector was the biggest hope for the ceramic 
industry. However there is another very high potential 
growth using ceramics in the chemical industry because 
of their excdlent corrosion resistance. Nowadays pumps, 
bearers, dk:s and linings arc being used in a 100 million 
dollar market. World-wide bioceramics market, another 
market of great importance amounts to some 
5 millioo dollars. 

The ceramic powder market values nowadays 
around 500 million dolian for the wbolc world, of wbicb 
Japan takes part to a S0 per cenL Or it the oxide powder 
maiket of course contribute the biggest part with around 
70 per cent or 3SO mi!lion doUarl. In 1985 oaly within 
the USA the total oxide powder market amounted lO 

some S00,000 tom, witb lS0,000 tom being Si02, 
300,000 tom llalitc and 20,000 tom ferrita and 
60,000 toas being Alz<>J. World market nowadays might 
be 3·4 times or thal total number, i.e. l,S00,000 IO 
2,000,000 toes. 

Ad\"allccd ccnmics are being promoted by the 
Unil£d Slates by the Advanced Ceramics As.mciatim 
(USACA) which is held by around 40 US companies. 
Only US consumption in dectrmic ceramic put5, such 
as clcctroaic packings, ceramic capacitors. ferritcs 
piczolcctrics. sensors and thick falm J*leS, are reported 
to amount to some 2 biJlioa dollatS in l~ 
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3. THERUTHNEllPROC~ 

Dqcrjptioo o[ tbc proc:m 

The productioa of pure metal oxides requires four 
essential opcntioas including leaching of tbc raw 
mataial with hydrochloric acid. purification of the metal 
chloride solution, pyrobydrolysis. and post-treabDelll of 
the oxide. The metal chloride solution ~ produced in a 
leaching unit. ID the simplest casc tJm leaching unit may 
be the pickling line or, as in the case of magnesium 
oxide, a separate leaching unit for magnesium -
cootaining raw materiU. Generally Ibis unit can be 
tailored to the individual raw material used. Metal 
chloride solutions may also be obtained in the form of 
by-products from upstream proasciagsragu. Such by
products include cobalt chloride and iron chloride from 
solvent extractioas during the production of nickel metal 
Leaching solutions of ilmenite procrst.ing during the 
production of synthetic rutile is another source for iron 
oxide as by-product. 

Depending oa the application, the still-uapurified 
chloride solutions can subsequently be purified by 
precipitation or co-precipit.atioa of impurities, by solvent 
extraction, by ion exchange, or by crysralli:za1ion. When 
purified by means of solftllt extractioa or ion exchange, 
the mm! chloride solutions normally will be sufficiently 
coaceauated for furtbu lrcalment in the hydropyrolysis 
reactor. 

The pure-metal chloride solutions are then fed into 
the pyrohydrolysis uniL Utilizing the hot gascs from the 
reactor, the solulioo as further evaporaled in a so-called 
precoac:entrator and then transferred into the pyro
hydrolysis uniL In the absorption column, the wasae
water from the previous purification steps is used to 
regenerate hydrochloric acid out or the acid gascs 
formed during the pyrohydrolysis process. This acid is 
then used again iD making chloride solutions. Fresh 
hydrochloric acid ha to be used only to replace thole 
amounts of hydrochloric acid which cannot be 
recupera1ed because of the formation of chlorides not 
susceptible to pyrobydrolysis, such as calcium chloride or 
the alkali chlorides. 

The spray-rOISling prOCCSI is named after its 
es.sential clement, the spray-routing reactor. Ia the 
upper portion of the reactor the chloride solution is 
sprayed through ceramic spray DOZZles al a preaurc of 3 
to S ban (3 s tOS to S s tOS Pa). Basically, the reactor 
consisu of a cylindrical tower lined with refractory 
c:eramic material and several burners circumferentially 
arnnged OD the exterior. Tbac burnen, which are oil 
or gas fired, supply bot plCS to the inside or the ractor. 
thus producing a rotary now' the rate of wbicb is 
determined by the diameter of the raaor. 

Tbc dropleu produced by the aozzJa are moved 
along by this now. and intimately miscd with the reactor 

.rmaspbere. As the droplets fall, waler and hydrochloric 
acid evaporate so that a crust of chloride crystals will 
form on the droplet surface. During evaporation of the 
residual solution Oil the inside. additioaal crystals will 
settle Oil this crust.. When the vapour escapes, the r.rust 
is frequeatly broken up or pcrfomed. As previously 
mentioned, the chloride particles formed in this way 
react with water vapour and pombly oxygen to form 
metal oxide and hydrochloric acid ps. with the original 
agglomerates remaining largely intact. For this reason 
the oxide shows the chancteristic structure of a hollow 
spheft. 

Since the evaporation proca.s at high temperatures 
is very fast. it may happen that the chloride crust is 
completely fragmented. ID this case. and with pmcescing 
solutions of low metal chloride maceatratioas. the end 
product will be a very fme oxide powder. Depending on 
type and production conditions, the oxide powders will 
have bulk densities between 01 and 0.8 tg/L, and 
specific surfaces between 2 and 30 m2/g (BET). The 
primary crystals have a diameter of approximately 01 to 
0.4 11m, whereas the diameters of the agglomerates 
usually range from lOG to 200 11m. 

The oxides are continuously withdrawn from the 
lower conical or trUDcated 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 bead and, depeoding OD the type of plant, pau 
through one or two cyclones or an electric f dter for dust 
precipitation. ID the dowostream precoocenuator the 
roast gascs are cooled to approximately 120• C in direct 
contact with the solution. In modern plants this process 
takes place in a Venturi scrubber. 

The hydrochloric acid gas is subsequently washed 
out or the cooled roast gases iD an - m05lly adiabatic -
absorption column, and leaves the column iD the form of 
az.cotropic hydrochloric acid (20 wt%). The roast ga1CS, 

which contain only very small amounts of hydrochloric 
acid (in additioa to water vapour and inert gascs such as 
nitrogen, oxygen and carboo dioxide) arc then removed 
by dowmtream fans ~ the column bead. 

To remove the last !.races of hydrochloric acid from 
the roast gases, water is fed into tbc fans. Together with 
additional wastcw-.tter, tJW water is used to absorb 
hydn.<hlork acid in the column. A slight negative 
preawe is maintained in the pyrobydrolysis reactor as 
well as ~11 all nthcr downstream pans of the plant, by 
mcam of ibc exhaust Cam, IO that even in the event or 
noz:de replacement, nosious psa or oxide dust are 
prevented from esc:aping into th.? atm01pbere. 

Por some applic:alioas the 1pray·roated oxide 
requira a pmt-treatmenL ID the production of 
m~um olidc, for instucc, magauium 01ide is 
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treated with deiooizied waler to wash out uy uacfecom
posible calcium chloride or albli chlorides tbal are 
extracted together with the oxide. At the same time, 
mapesium oude is coavated into magnesium hydro
xide. Afta cakia•rim, briqudtiDg ucl sintaiDg, 
sintaed m.,...Vum oxide of DHft tho 99 per cent 
purity is obtained. 

During production of mupneee ferrites wt higb
purity ferric oxides, the spray-roamd oxide is 
uusferml to a clowmtream roc.ry kiln for cmtrolled 
heal tteabllent in a coatroDed atmaspbere. This is 
nec:mary to achieve specific marerial properties. Other 
types of oude po1t-treatmeat inc:lude the reduction of 
ferric oxides to iron powder, aad the putical reduction 
of mimi oucles. 

Products for the fmitc jpdmuy 

Because of the enormous developments in the elec
tronics industry, the demaad for raw materiak for the 
production of both magnetic materials aad data media 
has dramatically increased. ID principle, the ferric oxide 
produced in hydroc:bJoric acid~ plaats would 
lend itself to such mpplicatioas, ~ it not for its &ilica 
contenL According to the specific:atioas of the ferrite 
maaufacturers. this content sbould DOl exceed O.D2 wt%, 
even though the silica content is higher mostly because 
of the higher silicon content of the pickled skel Ferric 
oudes with a silica content of ICSI thaa 0.01 wl% 
(100 ppm) caa thus be sold at prices three to five times 
higher than those of conventional qualities. To produce 
spray-roasted ferric oDdes with a low silica content. 
Maschiaenfabrik Andritz- Ruthaer Division bas 
developed a proc:ea (or the seouation of silica from 
waste pickle acids. The proc:ea is bated on the principle 

tbal, UDder appropriate coaditioas. silica in a>lluidal 
solution CID be adsorbed to iroa(III) bydroude. 

Most ferrites, includiag manganese ferriJes, are 
traditioaally produced by mechanical miDng of the 
rrquired componenls using a blade mixer or a mill. aad 
sub&eqaeat spray-clryiag of the aqueous smpemim. 
Alta adding a binder the powder is compressed into the 
desired shapes. Fmally, the compacts are sintered in a 
COlltrolJed abDO&pbeR in I hUUld fu:aace, where proper 
ferrite formalim takes place. 

EJ:perience has shown that the high-frequency 
properties of m•aganesr ferrites prt.duced by pyrolysis 
of a mixed ferric/manganese chloride solution are 
superior to thole of ferrites produced by traditional 
methods. Since the product obtained is I solution, 
ab&olutely homogeneous oxide mill:blles CID be achieved. 
which is not pomible evm with the best mecbaaical
mill:iag method. As in the case of ferri~ oxide, the silica 
COlltent has to be kept al a mimimum. 

Pyrolysis of nickel ferrite is also pomble by using 
mimi iron chloride/nickel chloride solutions. This 
procea yields a nickel ferrite powder with excellent 
magnetic properties, which is being used to ID increasing 
emat for eledroaic:s. Also, in the case of pyrolysis. 
product properties have been considerably improved 
compared with maveationaDy produced ferrita. By 
varying the decomposition temperatme in the reactor, 
the specific surface of the product may be varied over a 
range of 3 to 20 m2/~ the higher the temperature, the 
smaller the specific surface of the material. By 
combiaiag the two chloride solutions, products with any 
daiml aickel(D) oxide/iroa(ID) oxide ratio can be 
achieved . 
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Oxide 

Sct*"8tlc dr8Wlng of the prtnc:lpll of the hydlopyrolysia or IP8Y
roeatlng pnau. 

2FeCl1+2Ha0+ ~O,-Fc,O, +'HCI 
Ma01+HP-Ma0+2HCI 
2FeCl,+JHP-Fc,0,+6HO 
2AJO,+JHP-Al,0,+6HO 
3CoC11+ JH,O+ ~O,-C0,0,+6HCI 
Ca01+H,o-Co0+ 2HCI 
2MaCl1+2H,O+~Mn,O,+,HCI 
2FeCl1+MoCl1+JH,O+~O,-Mnfc,0,+6HCI 
2FeCl1+NiCl1+JH,0+~0,-NiFc,0.+6HCI 
2AICl1+NiCl,+,HP-NiAl,O,+IHCI 
NiCl1+ HP-Ni0+2HCI 
2CrCI, + JH,O-Cr,0,+6HCI 
2(1lE)Cl,+3H,0.....(RE),0,+6HCI (RE•rare cartbl) 
T.OCI,+ H,O-Ti01+ 2HCI 

(Excerpt from ID article "Pyrobydrolysis f9r tbc production of ceramic nw materiall• written and given ID us by 
Mr. Wolfgang F. Kladaig, for Ceramic BulJctin. Vol. 69, No. S, 1990 ~ Accn)) ' 
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4. CERAMICS AS MAGNETIC MA'l'EIUALS (DJUUTES) 

C.Crtain classes of ceramic malaiak aormally 
termed ferritn e:dlibit unusual magnetic properties due 
to the particular DalUre of their crystal structure. AD 
ferrites have iron oxide (Fe~. as a major comtitueDL 
They are combined with oxides of divalent mctak like 
zinc. manganese, aickel, barium. stroalium, etc. to 
produce crystal 5lnlCt1IJeS wlaic:b have magnrric 
properties. Depcndiag on the nablrc of their behaviour, 
magnetic materiak are termed bard or sofL Hard 
magnets main their magnetism once they are 
magneti2ied (at is bard to clemagaeti2lt them). Soft 
magnets, on the other bucl, are easily m~ and 
dcmagneti.1.ied and hence the term sofL Barium ferrites 
and strontium ferritcs are bard, while mangm.ece zinc 
ferritcs and nickel zinc fcrritcs are sofL 

Soft ferritcs have lower eddy currcat loues and 
higher resistances as compared to men lnditional soft 
magnetic materials, such as traasformcr stecb. This 
makes them usr.f ul in applications where magnetic fields 
have to be switched Oil and orr wry fast (say from 
15,000 to 20,000 times a secoad). 

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

Ty,pes of fmites 

are: 
There arc three main categories of ferritcs. These 

- Spiael f erritcs (they arc called spiael because 
their structure is similar to the structure or the 
mineral apiael). Tbae are "soft" mapets which 
mean that they are used in temporary magnet 
applications. TV, radio and telecommunic:atioas 
repraeat the major market segments. Magnetic 
core memories also use these mareriall, but do 
DOl coastitute a major market, since 
semiconductor memories have replaced them 
almost entirely, 

- Heugoaal ferrites, whole atoms are llmlDged in 
a beugonal-sbaped cryllal structure, are used 
mainly iD permaaeat m1pct applicatiom and 
occupy 1 lion's share of tbe permanent mapet 
market. Tbc markets are louckptaken, low
power low·rorque DC moton, coy motors, 
alreraators, etc.; 

- Garnds, the crystal Slnlct1lres of which 
resemble the stnadDle of the prec:ioas gem 
pmet ud whole magnetic propaties are 
simillr to the soft spiDel ferritcs. 

The crilic:al parameten governing the behaviour of 
any magnetic material att: 

The raidual mlpdisa that the maleria1 retains 
wbea the Ulmlal fldd is removed. This is 
called rem11W1Ke or residual •agnetisa; 

- The salUlabon flm or the maximum magnetic 
fldd thal cu be induced in the material by. 
coil carrying • amad, which is wrapped 
around tbc ferrite marerial; 

- The demape1irarinn fldd or the value of the 
extaml fldd applied in the negabft directioa, 
that removes the resiclml magnetic fldd. 1 

Magnetic materials are cbanctermd as "soft" or 
"bard" based upoa these puameters. "Soft" magnets 
reach large satmatioa values or their induced magnetic 
flux al low values or the applied external fldd. I They 
also require very small demapeti2alioa fJClds. I Hard 
magnets. Oil the other band, require very bigb demag
netization fields to eliminate their induced magnetism. 
They also have bigb values for their residual or remaaeat 
magaetim. 

ManufactgR of ferrite maJcrials 

Ferritesare aormally prepared by sraadard ceramic 
processes. The spiacl f errites and tbe be:ugoaal ferrites 
have many similarities in preparation and , some 
differeaces. A typical sequence of opcntioas , for a 
spinel ferrite material is shown in fsgurc 1 (page 31). 
Hard ferrite preparacion follows similar sequences. 

Tbe input materiak, iron and zinc and manganese 
or ircD and zinc and Dickel, can be osida, hydro:lides or 
carboaates. They are weigbcd in tbe proper proportion, 
water is added and tbe raultat miuure is milled in a 
steel mill. They are faltered and then dried. , This 
is followed by a c"'niag seep, in which the raw 
materiak are beated to about lOS0-16009 K, l/ to form 
the f crrite compound. la tbe case of nickel zinc 11pinel 
f errites, tbc calcining temperature is about 130ff K and 
the material comisls of cryl1als, which arc practi • 
caDy 100 per cent spiacl in llnlcturc. la the C&1C of 

1/ To coavcrt degrees Kelvin to degrees 
Centigrade, subtract 273. 
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m•npinece zinc ferrit£$, the tallpallUre of cakiniag c:aa 
be adjUSkd to vary the spine.I srnacturc CIOlltaat from S0-
85 per cznL Tiie time of calcining mad the fallpenbltt 
are cncial to Khicving fmal pioperties. In-process 
CIOlltrOI of tbe a.pmitima ud crystal strucblR by X -
ray diffracboa, IDemuremeat of I.be surfMZ area of lbe 
calcined powder ud indDdaaele measmeme:at from a 
toroicl-sbaped maple, are often used to eDSUR dult the 
~ properties UC oWained After die cakining 
step, the IUlerial is milled llaia (wida or widloal 
addition of wara) ud spray dried to give the fmc ferrik 
powder, wbicb is die lmic ..aaial for proclacing lllOll 
COIDpoMDl5 The mcdlod giving optimum resuJls 
appQIS to be to add binders such. pol)'dbylcae glycol 
or polyvinyl ak:obol (1-4 per cat by weight) and 
suffu:ieat war.er, to form a slmry that is 65-10 per cat 
ferrite by weigllt. Tlais slurry c:aa be spray dried to 
prodace the required powder. This powder is tben made 
into the required parts DSiDg aonul c:aamic proce:ues. 

Vay dliD parts ue aonaally bbricafed by &ape 
c.asting. For puts which UC long wida small diameters, 
emusioa or ismtalic prasiDg c:aa be used. To CDDtrol 
the magnetic properties of the final component the 
oxygen axateat of tbe kiln bas to be caRfally a:mtroDed 
duriag tbe cooling portion of tbe sinteriDg cycle. This is 
quite I feehnologial challenge. Spinel ferrita UC 
normally fared in COldinuom tunnel kilas Ill temperatures 
raaging from 15so-1nse K, with sintering times 
raaging from 20 minala to U boun. 

FOi' beugoul (hard) ferrite maaufac:tuft, the sreps 
are very similar. However, because of their higher iJoD 
oxide content and their relatively lower selling price per 
kilogram ($3 per kg) of finished product compared with 
spinel ferrites (SS per kg), lower grade raw malerials are 
sometimes used. Iron oxides produciecl by tbe 
reclam1tioa of acid pickliag liquors, syutbetic o:lides 
produced by tbe Lurgi proces5 ud mineral iron o:bdcs 
are often used. Tbougb these are lea expensive, they are 
lea pure, and therefore c:oasiclerable procea control is 
required to aclUeve desired properties. 

Rotaliag or nvillating tube calciners, which are 
2·3 min diameter ud 20·30 m loag. with throughput 
capacitia or S00· 1500 kg/br, are used. Tbe aempenturc 
of CIJcioing ia in the ruge of 1<oo·16509 K, Ill which 
aempe~ the Dllleria.I racu ;.o form the beugoaal 
ferrite. If Clkining laka place at lower aemperatura, 
mapetic properties are aot seriously affected. However, 
the marcrial i& too soft ud sublequent milliog giva too 
fmc a putide U., ladiq to diffJCUllia in 1111-qucat 
praaing and bigb sbrinbgc durin& sintcring. If the 
tcmpenlUR of ca.lci11in1 ia too bicb. the panicla t1aat 
result are too lwd and COll'IC. AkJaougb dlac caa be 
prwd alily, the sbrinbp ia bigb and the mapctic 
properties are affected. 

Hard ferrita are prepared by dry OI wt pftlliq 
of die calc:incd powder in tbc presence of an estmaal 
mapetic field. Dry praliaa ii cheap. However, 

becase of frictioD belweea adjaceat putidts, the 
•.,..OC alig1111ncat is not opcimam. la wet praliag. the 
shmy coming from the ball mill (afta c;alrinaticm) is 
pamped info I clic cavity wilac •liga"'"" rUa piacz 
wida tbe..., of a mapetic fa!. Afta atipmaat, tbe 
waler' is l'ClllOftd by applyiltg I "¥1C11111D to tbe die 
cavity. A fmc filler paper prevacs putides from being 
palled oat of die die cavily. Tbe clesip for wet dies is 
more upemift wt tbe paes&iag time is blger. 
SiDraing caa lab pllce imwctiardy for dry prased 
p11t5. Wet pressed puts, ~. bave to be dried 
c:uefally before being pilcied in I kilD. The prased 
par1S are sinraed in air ll 1400· 16SO'" K to yield a dmse 
ceramic IUlaiaL After Ibis, die griading of tbe put 
lakes plKe to meet required gaJIDdrical tDlmnces for 
lnwkpelker rinp wt tbe an:·sliapcd cegmeats med in 
D·CmolOIS. 

Spipcl mft farm 

The major applicalioas of spiDd ferritcs 
(predcniaaatly manganese zinc spind farifes wl nickel 
zinc spUld ferritcs) are in tbe following mas: 

TV _. ..... ........... Ferritcs are used as 
mapetic elemea15 ia yoke rings fOI' tbe deflectioa 
coils for TV picture tubes aad in Oyblck 
transformers in TV sels • crucial elemalts in the 
scanning by the decbou beams. They ue used as 
antew rods in radio appliadicm. 

._ .. lladE Both mupnnc zinc spird 
ferrites ud nickel zinc spinel fenira are used in 
mapd.ic recording beads for duplicating magnetic 
tapes ud tbe recording of digital informatioD. 

MOil recording beads are fabricated out of nickel 
zinc ferrite. Metallic alloy beads are ruled out 
because of large eddy current 1oueg_ M111p11ae 
zinc ferrita can llso be used and do of fer superior 
properties. However, they aced a complicated 
sintering cycle and are not • stroag as Dickel zinc 
spinel fenita. However, improved fabriCllioa 
proce11a, such 11 itaAatic bot praging, have 
yiddcd good rauJts. Hot preaed beada of 
menganeae zinc ferrita are used in bigb 
performanc:c digital ud video recording 
applic:atiom. 

Swlldl ..... pow1r •,,U. Ferrite materials 
have lower •apctic bla • compared to 
laminaled cnmf ormcr 11.Cek. Tiiey also have a 
railraDce of 10 alum/cm • c:ompued to about 
SO micro·obma/cm fOI Ullllformer II.CCI&. This 
permill tbe 111e of ferrite core IDlleriall 11 

tnmformer elemeau, in laigll f rcquncy power 
1Upplia. 1'llae are aormalJy referred to II 
1witchcd mode power aupplies and CID operate at 
frequeacia of between 15 kilo·cycla and 
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30 kilocycles. with higher dftcieac:ies. This meam 
that the powu will be switcbed oa ud orf from 
15.000 IO 30.000 times a second. Became of these 
properties the sm of the trusformu aft ud lbe 
aumber of turas of wire c::aa be reduud. Ferrites 
are also used f« cbotes aad f'dras. 

These rcptesaat a growing aarhl for spmel 
ferrites in TV seu. telecaamaaicariom Md a 
whole range of ocher profesUoaal dednmics itaas.. 

Liaar 1tY-aliem£ The induced •lpdic field in 
a soft ferrite caa be made IO vary lillarly with the 
cmreat in the coil craliag the e:dallal •.-W 
fldcl. This linear fdarionship is exploited in the:st 
applicatioas. At low sipal le'Vds (low c:aneat in 
the coil around lbe ferrite c:ore), farita act as 
tnnsformers or as indadOrS. Manpmse :ziDc 
ferrites are asually used for applialioas wlleR 
frequencies involvm are lea tbaa 2 Mepcycb. 
Nickel zinc ferrites find 11.2 in applic.alioas 
between 2 and 70 Megacycles.. By varying the 
Dickel zinc ratios, a large number of maleriak for 
use as high frequency iDdac:rors, aateaaa rods. bigb 
power tra11sformers aad pulse tramformers caa be 
made. 

Mapdk ccnaaaertec Tonoidal cores made of 
spinel ferrite are used as mlpdic core memories. 
Spinel an memories are used in applic:atioas 
where k& of power does liOl raull in k& of 
information. Since the memory coasists of 
torroidal cores stnmg on a wire and lbere are ao 
moving parts, it is very reliable. This makes it 
suitable for military applic:atioas Evea though 
they were originally used for computer 
applications, they have been completely replaced 
by semiconductor memories. 

The major apvliatioas of bard ferrites are as 
permanent magnets in a variety of Direct Cumat (DC) 
motors. The beugonal ferrites of commercial interest 
are barium and 5trontium ferrites. The other major area 

where heugoaal ferrir£5 are med is in loadspeakers. 
nae they replace die more ezpaasive ahuaiaiDl nickel 
coblll (Al Ni Co) pammeDt ~ They have aka 
~used ia travdillg wave tubes, celep8oae riagcrs ud 
m:eiwas, door dmm, seals aacl lalches ia rcfrigerakw 
doors ad in toys. Heagoaal ferrita are used in babble 
memories. However, babble wies do DOI rcpraeal 
a major" market. siace other memory devices offer 
supe1ior capabilities Hmd farila comper.e wida 
Al Ni Co,coblll-saaarimDud iroa-aeoclymiam bora, 
ia per111W111 mapet applicaaiom nm pri« makes 
them lllradive dMJug'1 their maperic properties, 
especially at higber lemperabll'es, are poorer. Table A 
giws adYallllges/disadvnllpS of bard ferrites and 
competitive maraials. 

New iron-neodymium boroa magnets, developed 
by bodt Sumitomo (Japan) and Galen! MOlOIS (USA), 
caa substitute Al Ni Co and mball samarium mapets ia 
the 1ower tcmpenblrc raagu. nm prices (S15-S20 
per kg) may also pme SOIK dual IO the lower cOll bard 
(mires in the fatme. 

Sofl fcrrircs: wpdd gwkt lmlds 

la 1988·89, the world procluctioa of soft spioel 
ferrites, maialy maapmse zinc spiDd ferrite and nickel 
zinc spiDd ferrite, bas been e.crimared al l,OOS,000 kJDs 

and this is expected to grow at aa amaual rare of around 
10· 12 per c:eaL The market value of world ferrite 
production in 1989 was atimared at 2 biDion cloDars, of 
wbicb the soft ferrite market was about 1.2 biDion 
doUars. 

Soft ferrites compete mainly with low raistivity 
iroa, low resistivity low carbon steels, iron· aluminium· 
silicoa alloys and Dietel iron alloys. Iroa silicon alloys 
are the malerial m05l used in power and distribution 
transformers and large rotating machinery. World 
productioa of iron silic.on alloys is probably in excess of 
4 million IODS. Soft ferrites are the preferred material ia 
all high frequency applications and for recording heads. 
The Japaaesc are the world leaden in soft ferrites aad 
three companies· TDK EJectroaia, SumilOIDo and Fuji 
Electro·cbemical • dominate the world market. 
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TahkA 

COMPARA11VE PERFORMANCE CAPABIU11ES OF DIFFERENT 
PERMANENT MAGNETIC MATERIALS 

lle:sidul -' 
•~m Volaac ncr..I 

Rakillg (Remaea.t;Z) C.aacivity ll •lpCCK-Il stability fl 

Good NdFeB NdFeB NdFeB Al Ni Co 
Al Ni Co Co-S. Co-Sm Co-S. 
Co-S. Ferrite Al Ni Co NdFeB 

Poor Ferrite Al Ni Co Ferrile Ferrite 

ScmrB: New Mmqd M•nialL edited by Marc J. I ccloax. Sprillger Verllg Prea 1986. 

1. Nd Fe Bis aeodymimn irm hmm •apd 
2. Al Ni Co is almniaium Dickel cobalt mapet. 
3. Co Sm is a coball sumiam mlpt(. 

Price 

Ferrire 
NdFeB 
Al Ni Co 
Co-Sm 

al Residual mapetism or ft'!Dueac:e sboald be as biglt as pcaible iD a penanaai • .,...,_ 

jzJ CoerciYity is a mmrc of die eda'llal •lpdic field rcquiftci to remcm die permwat magnetic field o( 
tbe •mpd For pmDWlll m.,.m, coerc:iYity sboald be as laigb as pogible. 

'1 This is a measure of die volume of ma1eria1 requiRd to acbic.e a giYa fat. The beuer die volume 
mapcrimim, tbe lesler die amouat of malcrial required to adaicve a giwn magnetic f.dd. 

41 High temperature performaace dictated by this puametu. 
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STANDARD SEQUENCE FOR SOFT FERRll ES 

Add av-ic 
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FjpR2 

prowides a ~· of differat •aprric ...aaials mctwlia& Uni ad soft ferriles. 

AN OVERVIEW OF MAGNETIC MATElllAL 

2s Co- Fe 

I I 
Fe, Fe -Si 

- c: ::i 
t- 20 carbonsteels r.o- Fe -Nb 
~ Fea• e,,5 S •35 Co Fe 

c . Fe 0 
16 - medium 

0 ,.. Ni -
~ 

0 ~ col 0 Fe"'°Ni38Mo4 8 8 powder cores 
Q. 

10 
[hag~ Ni VNi -Fe "a CG c 

Fe 

~ 
Pt-Co 

0 Ni-Fe 

~OS J 
ESD 

- I 0 soft ferntes 
"' 

hard 
/ 

• Mn -Al-C ferrates 
I 

0 a» ·O 01 0 1 1 10 100 1j)OO 10.000 

CoerCtVrty HcJ CA cm) 
1 

) Semi I Soft Hard . hard 

Smas: Encyclogcdja of materials Kiepce agd cpgipeerig.. by M. B. Bever. 

(Estractcd from Hip-Tech for ProfiL BusiDCS6 Opportunities in Advanced Ceramia, produced by Techaok>gy 

Exchange Network, 6 Ware Road, Cleveland Town, BaagaJore-5<.o-OOSl, ladia. 
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5. APPLICA. TIONS 

Ulm· fmc. pkg·pm oWr go!'dm 

lllcreaied me of caamics m dtttroaic aod 
strudural materials bas led lO iacrascd demnds fat 
ullD-fme ud ultra-pure mamic powdas. m die cad 
produd properties att critiaJly depeadeal OD prec1US« 
quality. Rcsearchtts al Pcaa Saale haw de~ a new 
llldhod of prodaciag fine ud ulln·fmc powdm f« 
such specialty applications as naaocoaaposite 
compoaents. based on wort began by Faraday ill tbe last 
cntmy. The tedmiqae. caiitd IUClive dectrode 
5Ubmaged UC (RF.SA) processing, llSeS two submerged 
IDdal oc otbcrwise cmductiDg decuoclcs chal arc ia a 
dideclric Ouicl tbat ladS with tbe llldal. ne eslmndy 
higb klllpmhlft geaeraled by tM brief spark vaporias 
tbe dectrocle malaialud tbe sanoudiag flaid. craliBg 
a reac:ciw bubble foe - iaslaat.. ne radioa product of 
tbe combiaed vapoan is qaickly queacbed by die 
5lll10UDdiag diamric fluid, yidding a colloidal sol or 
spberically shaped partides. 

Tbe proc:zs can be radily danoasualed with 
normal line YOlraga (-230V) acnm dUD metal foils 
immased ill Waler or millenl oil Using somewllat more 
sopbisticared equipmaat. tbe raearcllers gaeqled 
gamma·alumillium oxide, a variety of lilaaium oxides. 
zirconias and oxides or tin, tuDgSteD, and iron. all using 
metal rods and such common dielectrics m waler. 

C.oatrol of voltage. amperage, ad liquicl compmilic..a 
allows tbe production of faae sols of aluminium, titaaiam 
ad zirc:oaiam anhydrous oxides., ad evea some phase 
coatrcl of variable valence metals such • chromium. 
Oxide particles ranged ill si1Z from 10 to 1,000 am. 
(Ami1abh Kumar and Rustum Roy, Materials Research 
Laboratory, Peaasylvaaia Slate University, University 
Park, PA 16802, USA. Tel: (814) 8651174). (Source: 
New Marcrjals Wwld, December 1989) 

••••• 

Method for Cabricatias laqc gjcm of pmwskjtc 
cmgpgNte ogjdc 

Researchers Crom Japan's NlRIM report that Ibey 
have formed PUT ceramic discs measuring 31 x 2.5 x 
10 cm. PLZT is a composi&e oxide ceramic compo11ed 
of lutbaaum, zircoaium ad titanium. Tlw Cabricatioa 
method involves mixing tbe powdered compoaeau ia 
nitric acid followed by alkali precipilatioa. Tbe 
hydroxide powder produced i5 w-'ied aad rued uader 
preuure ro yield a ceramic. (National lmtitutc for 
Research in laorpaic Maccriak. l·l Namiti, Tokuba· 
SIU, lbaraki· Kea 305, Japan. Tel: 0298 51 3351. 
Fu: 0298 52 7449.) (Source: New Mllgjali Wqrld, 
September 1990) 

• • • • • 

Low COit gmdpqjmr of bvjw furifc powdq 

A hpmar c:oapMy's fme powder 1aeack cam 
Im cleftloped a proc:ea foe prodaciag Mri1lm ferrite 
powder al .. llalf die COil of aiawatioul puaws.. 
Bariaa ferrile,. med f« mp dcasily rta11dmg media 
mda as cligifal audio tapes ad floppy disb,, is 
cmwntioully produced by a layclrotlamal proc:ca. 

la Showa Dculo's new proca5. iron. bariam, 
coWl wl ticMima dlloride ims are m·pnripd""CI ill 
.. albline dlltioD Tbe ftSUlti9g maraial is tlaea 
oxidiml by trabDCDt with byclrogaa peroDde. folowed 
by 8eaualiDlioa widt bydndloric acid. ro oblaiD a 
minaR of bydraled oxides of iroe, coWl ud titaaium, 
plas bariam carbomre. nm aimrc is ddaydraled ill 
die praeece of sodiut daloride, fuecl • approximate:.· 
7~ c, ad wasld lO yield -- ferrile.. 

Tbe m.,....V powder Im • particle djametu of 
60 am ad a w.U. ·.-•@°"'• n1e of 10 ana/g. 
some rat tilllC5 biper tllu powder prodac:cd by 
cmmalioaal proc:eaa. (Sllowa Dato KK, 2-10-12, 
S1u"ba·Daimoa., Miaalo-Ka, Tokyo 105, Japu. 
Tel: (03) 432 5111. Tela: 26232. Fu: (03) 436 2625) 
(Source: New Materials World. Aagml 1990) 

• •••• 

Ncar·aet cmpajq 

Tbe Uaivasity of Michigaa (475 E.ast Jeffasoa. 
ADD Arbor. Ml 48109-1248) bas developed a proca5 

whereby a deme, aear-aet shape c:enmic with oriented 
miaollructares bas been devdoped. Tecluaiquc gets 
crystallographic texture ia siatm:d ceramics by seeding 
with oriented putides. Streagda (JC coaductivity 
frequeady depend OD crys&allograpbi dim:lioas. 
Normal ceramic prgcaUng randomly orients individual 
crystallites, giving isolropic properties which are aa 
average o( tbe directioaaJ single c:r}'llaJ properties. New 
techaology (or ghraiaiag crysaallopapbic texture does 
DGl depend oa bot prming, which limiu tbe shape and 
complnity of tbe demified ommic. Crystallographic: 
telttllre i5 developed during prasurelal sinteriag. 

• • • • • 
SYDtbqjs of ccpmic wiR 

A aew syntbais method for ceramics, called tbe 
localized ra.ctioa method, ha beea developed by 
raearc:hen at Seikei University's Faculty of Engineering. 
A ceramic wire 10· 100 J111J ia diameter ud seven! 
cntimeues ia length ha beca syatbesized using 
tbis procea, which employs a hollow thread made 
Crom polymer metal or c:cnmic, as a •micro· reactor". 
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AlkoDde:s are illtroduad iaro the tube ud hydrolysed 
by WM£t or ~ moisr11ft, afttt wlaida lhe 
bydrolystd prodad is remo~ f,.. tJ.e t11be. dried. Md 
rm a1 benltlea JOO w1 uocr c. 

Tbe mdllod m been used IO produce c::aaaics 
sadt a PZT (lead lilMll£ zinmm). t.riam ti«-•. 
Sb'08tiua litDlre. •np ne fare, bmi .. titaaare 
aad ••agnese far*, wt ca also be Mapt«d to 
produce .spllericaJ IUlaials aacl regularly SlnCblRd 
inrqnrri ~ics. (Facdy of EagiaeaDlg. Seibi 
UaiftfSity, 3-3-1 Kicbijoji Kila-Madli. Mnsashino
SIU, Tokyo 180. Japaa. Tel: (1)142) Sl S181. 
Fax: (0442) S6 OUS.) (SoanE Ne• M*ritls Wqdd. 
Odobcr 1990) 

••••• 

C'.mmic dUp gN)d wrifc off diKI 

Ac Australian cmtpmy laas laaached aa enuble 
c.ompma memory chip dial maim data when i1s power 
source is swiu:Md off. Tbe daip could rewlutimtizr the 
desip of QJlllpalaS and Olbel' declroaic devices by 
doing away with the bulky mapdic disc memories daal 
are curmady used ro 5ilOR cl.ala pennaaeady. 

Cormat aapaaas rely oa a selectioa of memory 
devices. These iadude dlips bown as rad-oaly 
memories or ROMs that 5lOR preprogrammed data 
without power buf caDDOI be erased. aad imtaady 
erasable chips that require constant pc>wn. knows as 
random-accas memories or RAMs. To sroR more dara 
and programs when lhe power is off, m05t compule!S 
use supetic discs. 

The new daip is kDowD as a fenodectric rudca
acca.s memory of FRAM. If it provu as succasful as 
its developer, Ramtroa, claims, it could replace all Olha 
types of dala storage. (Excerpt from New Scicpbst, 
16 febnaary 1991) 

••••• 

emmic gbstqlc for JOWdcr mgdglg 

A molybdalum d8d ceramic powder modme 
subsulrc for me ia powu iawaten bis beeD iarrodacecl 
by Mitsubishi Electric. Tbe subwale, wlaich can 
prolong tbe life of a powder module by a faaor of ra, 
is desiped IO be raislaat IO tbermaJ ltral ud Ula a 
newly developed active titaaiWD pMle to boad a copper 
plate onto tbe ceramic subltnk. 

ID aa eaperimeat at lemperatura fUliaa from • 
40 to w· c. • powder 111ochale ia wbicb dail cenmic 
IUbMra&c W• med lllccd IDOR dau fa bma • loeg • 
a CODVCDtioaal module. Tbe beac dillipeboa 
c:laanderil&ia of die subllnle are llid co laavc beea 
improved by 10% by iDmMiDa tbe daick.aal of die 
copper plate. 

, 

The compuy plans to use the aew subslAle fD 

iaaase bodl tbe capacity aacl dcasicy of i1s imullted 
I* bipolar tramistor powder modales Dd i1s existiag 
modules.. {Mitsabisbi Eltdric Corp.. 2-2-3. 
~ Claiyoda- Ka, Tokyo 100. Japm. Tel: (03) 
218 2111. Tde:s: 24S32. Fax: (03) 218 3686.) {Source: 
Ne• M*ri+ Wqrtd. Decdabe 1990) 

••••• 

Ultra-fme powders (4U I'•) ue produced by 
aicrowaft lalmg or diSlliolw.d llitnres. sulply«rs, or 
dlJoarrs CO •i•UnQr CDUIJ CWlllllpboa aad eliwiuk 

tbe Deed foe apeasift c:apilal equipmeat Few e:ample. 
100 g aichl mn. aad 1.S g aluaiaium ailnle fmt are 
clissol.a in 80 ml Wlfa' nd dim are ezposed co micro
waw ndiaricw (JOO W l8d 2.4S GHz for 35 minara) 
util the Waler is RmOftd. 'ne resulting N".O + A'A 
powder laas a mrface area (wasmed by BET gas 
absorpcioa) of aboot 3.7 a 2/g. Tbe mrface ua 
incrases to S.1S8 m2/g wbell tbe waler volume aad time 
of llealiag are incttased co 320 ml and SS min. mpec:
tively. fmtber, for ultta-fme powders concainiag a 
aetal dial reduca fnm i1s ozicle in laydrogea., a metal
oDde composite Qll be formed by haling lhe powder 
ia a a.m.liooal tabe farm (6009 C for 2 bours) ia a 
hydrogaa-rida acmmpbae. Microwave :.eating also aa 
be applied to prodaciag sapercmclactiag ceramic 
powders with the compo&itioa REBaiOJPs (where RE 
rcpresea11 ~ earth elements Sm, &, Gd, Th, Dy and 
Ho). The raulliag powder$ are saper-c:oaclactiag ap to 
9S K. (Source: Marc:rjah ud PmrreiRI Bgon.. June 
1990) 

••••• 

lrop particles from oqapomsamc wmpougd 

A new method of producing ultra- fme iron 
particles. which are used ia mapetic recording materials 
aad magaetic fluids. bis been devised by Mitsubishi 
Petrochemical C.o.. I.rd. The aew proc:ca mes iron 
carbonyl. u orpDOIDdallic compound dial is liquid at 
room tempencure, vaporias at about 110 2489 C aad 
decmapo1a at temperatura of above 250• C, • a raw 
material. 

The company used a llaialal 11etl flow reac:tioo 
system, c:omiltiag of aD evaporaaor, a dec:ompolitioa 
rcaccor, aad a wail for coDec:liag lhe putjc1es produced. 
Liquid iroa carbonyl w• qporizcd, miRd with 
Diuopa, ud dlea CODtiauously fed to the ractor wbicb 
w• bcal.ed to 400·6009 C, produciag ultra- f me iroa 
powder 100·1,000 UlpUoml ia diamder. Tbe ractor 
is sunoudcd by a coil wbic:b applies a mapetic f1eld, 
causiat die uJua·fiDC particla to be attnctcd to cac:.b 
odler, ad dlercby producing accclle formed ulua·ftae 
putides wbich are witable for me 111 mapetic mordiag 
materia!I. 
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Magnetic ttCOrdiag maierW:s based on uJlra- fine 
iron particles have higher ttCOnling densities than is 
pcmiblc with convealional iron oxide ud c:oa.11 ultta
fine particles. ud are already med in 8 mm video 
ttCOrdiag rapes. (Miuubislli ~ Co.. Ltd ... 
2-S-2. Manmoucbi. Oliyoda-Ka. Tokyo 100. Japm. 
Tel: -+8133283 SSIO. Telex: 2223172.. Fu: -+813 3283 
.5472..) (Somce: Ne• MMcrjM World. Duanber 1991) 

••••• 

Prepar1tioa of hi1b pyricy. homoscpeous 
zircoaia minuies 

A mctbod lO prepare bomogeacous mixtures of 
zircoaia with aaodlcr llldal oxide (e.g.. alumiaa.. silica. 
tiW1ia. yuria) with low NazO impurity lewd (<1>.01 W\%) 
is praeakd. The putic:lc me of tbc powder product is 
a dwl 100 A. diminaaing tbc need for griading or 
milling. Carbonalcd hydrous zircoaia is miml with 
anotber metal salt (e.g.. Y z(COVJ) in an acidic (HCl) 
solutioa lO form a bomogcacous mi~. wbicb is then 
added lO an NH40H solution (>SM). resulting in a 
pttcipitate of the hydroQdes of tbc metals. The 
pttcipitate is tbca dried by ttmoving the water through 
an azieo«ropic distillation. The resulliDg zircmium 
mistutt is bru:sbed duougll a 100-mcsh sieve. The 
c:oUected powder sample is cakiaed al 8509 C for 
16 hours. pressed uaiaxially at 10,000 .,Y. and tbea 
isoslatically ac TT,fXXJ JJ5i to pellers (O.S in. me). The 
pellers are heated to l,4so• C (100• C/bour), bdd at 
l,4so• c for 3 hours. aad tbea cooled ac 100• C/bour. 
The zircoaia mixture is a solid solution and the density 
or the pellet is greater t.baD 99.0 per ceat or tbc 
lhcorctical V:&lue. (Coruiag Glass Works. Coraing. New 
York. USA) (Source: MIJCriab Md frgrmiq 1JumL 
January 1991) 

••••• 

Plalclet-sbaoed iron ogjcle pipealS 

Pigments of the formula AV:'2-P (x = O.D2-0.SO) 
can be heated in a reduciag atmosphere lO Corm new 
platelet-shaped pigments of the formula A1sf'2-i~-, 
(x • C.J2-0.SO, y = 0.3-1.0) that have a lower oxygen 
cooteot and interesting colour e((ect. Pigments prepared 
according to previous patent $pccificatioos are reduud 
at 5009 C io a flowiag gas mixture (100 I/hr) of 60 parlS 
aitrogea to 40 parts hydrogen in a rotating tubular ovea. 
The temperature and the duration of treatment deter
mine the degree or reduct.ion. High-glog pigmeats 
raagiog in colour from black-yellow to black-red IO 
pure black are obtained. The pigmeats c:ao be coated 
further before or after reduction with a discrete layer or 
20-40 wt% oxides or zinc, zirconium, titanium, 
chromium, silicon, tin aad bismuth. These pigmenll 
pauea magnetic properties aad electrical conductivity. 
la addition, because or their attractive colour ab&. the 
pigmeau are uaeful 11 printing inks and ia decorative 
lacquers, paintl, ceramics and C061Detia. (Merck Paten1 

Gesdlscbaft mit Besdarinkter HaftuRg, Darmstadt. 
Gmaaay) (Source: M•Wifk apd Pmzssiar RcJiort. 
June 1990) 

• •••• 

Grt!siu - I DC• cgamjr fmpiar groq;ss 

•Gckactiog•. a new c:aamic fonniag ~ in 
wbicb a slurry of c:auaic p<·•der iD a 1oh11ion of 
organic lllODOlllCfS is cast ia I mould. Tiie lllOllOlllCI' 

mimuc is polymerizied .ii.Jim lO form gelled parts. The 
process bas aqueous ud DODaqUCOUS vasioas. 
Gdc l5tieg is gcaeric wl has beat used to make both 
IDODOlidUc ud COIDpoUk caamic parts. k produca 
aimplex-sbaped, near-Del-shape parts. 

AJzrtiqtjgm of tltc &rlecliu moa:a 

The de~ of gdcacring, a procag based oa 
coac:epcs from tradilioaal caamic pmauiag wl 
polymer chemistry, has led lO two versions of the 
procea: aqueous gdcactiag, if the solven! for the 
moaomers is Water, and aoaaqueom gek:asting, if ao 
orpoic solveat is used. The aqueous process has beat 
developed more vigorously as it reprae111s a of a 
deputure from traditional ceramic pnic essiag metllods. 
~vu. tbc aoaaqueous process should be better suited 
lO gelcaling ceramic powders which react wicb water 
such as aluminium aiuide, l1IDgSte1l carbide, or titmium 
nitride. 

Ge~ represeots a Oesible ceramic forming 
process wbich bas several aoceworthy fearures. It is a 
generic process which is applicable to maoy ceramic 
systems - moaolitbic.5, composites. Water sensitive or aot. 
It uses a high solids loading slurry with low viscosity. 
Akbough developed for the production of complex
shaped parlS, it can be used to produce simple ceramic 
parts. It produce5 strong machinable green body which 
can, if desired, be green-machined to more complex 
shapes. It produces near-net-shape parts which require 
minimal fmal fmisbing. (Excerpt from Cqamic 
Bulletin, Vol. 70, No. 10, 1991 ~ Ac:ers). Article was 
writteo by: Ogbemi 0. Omatcte, Mark A. Jaaaey and 
Richard A. Strehlow, Oak Ridge Natioaal Laboratory, 
Oak Ridge, TeDDCSlee 37831, USA) 

• • • • • 

SJzray Rtrolysis for fipc particles 

Spray pyrolysis is a prOCCSI that has potential to 
produce powders OD the wbmicron scale and evea 
smaller. Ahhough this prOCCS6 also can produce spherical 
particla, there are many parameters that mUSl be 
conll'Olled, iaduding spray temperature, cooceatntion 
aad solvent Of the solution, atomizing-droplet size, IDd 
amount or added water. For iDlllDce, researchers at the 
lostitute of Technology (Tokyo) eliminated the betero
genei1y or BaTi03 and SrTi03 powden by increasing the 
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coacnlnlioa of tbe solutions or complexing Ti4+ icJas in 
tbe so1utioas witb * HA SlartiDg solutiom were 
~ from T'a(OC,ti7)4 ud Ba(N<>yz or~-

By asiag an ullrasoaic spnyu for a&oalil.alioa. 
spray pyrolysis cu be improved; therefore, a aumber of 
raearchers m seftlal COllldrics ~ mwsbpbag dais 
ledtoiqae. Tbe Seoul National Ullivmity (Korea) bas 
made spllerical T''°i pmtides fna r.a,. aqaea. 
solutioa by aluasmic spray pyrolysis. Powders witb 
almmt tbe same DOnDaliad partidt-sia distribatioa can 
be made reproducible eWD when tbe ClOllCCDlnlioa of 
source solulioe is changed. Avenge particle sia is ia 
tbe range of 02 to 1.4 I'•· 1k Seoul rcseatehas llave 
also prqmed BaT'&Oi fme powclen with a aftflge dia
meta of 0.3 to 0.9 I'• Ill 1,000• C with dais reduliqae. 
Solutions CODlai•ing ~ and Ti0,. raulrcd in a 
particle morpbology • Gnistiag of small primary particles 
widl hollows UOUAd tbe centR. The particle me and 
morpllology were a f111ldioe of tbe ClOllCCDlnlioa of 
starting solutions from O.D032 M up to O.OS3 M. 

Another Korean aaivasity is also studying 
Wlrasoaic spray pyrolysis to make sevml compo&ilioas 
ICugftOll Natioaal Ullivasity (ChDDCbeon, Kena) bas 
prepared fme MgO-ZrOi powders (0.7311m) asiDg a 
aqueous solatioa of Z10C1z.8HP wl MA.6ffP cor
rapoading to S to 14 mcA Mg(). Tbe powders bad a 
spherical morpbology and a specific surface area naging 
from 23.4S "'1:1J12. m2/g. Pbl'°3 powders of simmr 
dwaderistics have also been prepued at KaagMOD by 
using a TaO(N°* solution as die Ti source. The 
powder morpbology bad a ldngOllal crystal~. a 
mean particle sia of 1 I'•· and a porous surface. 

Tbe Tsiagbaa Ullivasity (Beijing, China) is 
another orpnimioa iaterested in dais proccs. Tiiey 
have made fme zircooia powders from a aqueous mi:led 
solatioa of zircoaiam salts. Tbe powden consisaed of 
smooth spberes with • mean particle me of o.s to 
1.0 pm. These powders were used to make partially 
scabilizied zircoaia (3 mol% Y ~ haviag a bulk deasitl 
about 5.9 g/an3, a bendiDg~ of 102.29 kg/mm, 
and a tougbaeu of 11.9 MPa.m1 . 

Allotber YanabOa of spny pyrolysis UICI ID 

inductiwly coupled plasma for lf.M!izarion. TliDghua 
Ullivenity is also illvestipting this procea and Im made 
bomogeneou£, submicroa zinc oxide powders tbat have 
a specific surface area or SO m2/g. Similarly, Tohoku 
University (Sendai, Japu) Im synthesized ultnfme 
putida of single-c:ompoaeat oxides, tiwwa, 
chromita, alumimra, ad molybdafa by iDtroduciag 
aqueou& IOlutiou of melal ulu iaro ua iDduclivcly 
coupled RF plluDa above 5,000 K. Particte morpllology 
varied with (Olllpolirioa; oDdca of rare anbl uad 
coruadam were plarelib; cubic Ouoriae aad daromiae
type apiDel (daromita) were polybedral; ud perovstica 
were IPllerical. Tiie maa l*licJe ma of me latter 
raapd {ram 15 to 35 IUD. 

, 

AllCOer widely 1SSCd proas is baed Oil laydrolysis 
ud bas oQer beaefrts besides improved pmpertieg. 
Hydrodaennal syatlmis bas beat ~ to be a 
viable procas for production of buiam. tilauk-blSCd 
dieledric powdcr5. lls advuraga iadade me of 
relaliwly illexpemive raw mafaial. prepualioD of 
powder with aaiform, COlllrOlled particle size in tbe 
l'UF of 0.1 to O.S I'm, ad the ability to siarer al 

reduced tempentares. 

Sabi ChnnicaJ Industries Company (Oiab. Japaa) 
bas already devdoped dais proces5 OD die commercial 
scale for mUiag powders of titaD* perovstite. MD-Zn 
spiael. ud acicular hemlllite for- capacitors. ferrite cores, 
and magnetic remrdiag media. Particles sizes of 0.1 I'm 
laave been adlicved for paovskita and are almo&l of 
single-crysWlille morpbology. Higher deasities ~ also 
pom'"bk Ill lower sinraiDg tempenl1U'a. 

Hydrothermal pw euiag Im also been used al 

Tokyo lmtitDte of Tecbnol.-.gy (Yokohama, Japan) for 
preparing altra-fme hydro~ (HA) cryst.a.ls. 
Crystals oh«•iwd Ill 11.lf c. 2 MPa, and 10 h had 
beugoul prismatic shapes of about 25 am x 90 am ia 
sia. By varying the sinfering coaditioes, a wide variety 
of miCIOltnlCtllleS could be oblaiaed. For- iasaucc, 
crysaak sintered al 9009 C for 3 boors showed a three
dimensioaal porous ~ with a homogeneous pott 
distn"butioa. Using a HIPing mdbod (1,000- C, 
200 MPa of Ar for 1 boar) iacreased the density to 
99.9 per cent widl b'allspm'eDcy. HA ceramics wilh 
tailored microllruc:tura (deme/porous layered HA 
ceramics and wilh ZrOi particles or Si3N4 whiskers 
~) have also been prepared with tougbaases or 
3 MPa.m1n. 

Such mdhods as sol-gel, t.Olloid.al procesiing, 
polymer pyrolysis and chemical vapour deposition 
(CVD) are aD receiviag wide aaeatioD for preparing 
powders. Sol-gel leduUqua ~popular because they 
can lower sintering lempentwa and produce bomo
gencom, fme partida with high sinterability and bigb 
purity. bl fad, tbe Tokyo Institute or TecbDOlogy 
(Tokyo) bas produced Ni and Cd remaes wilh a particle
sia range as small • 200 to 800 A from alkaline solu
tiom of Fe, Ni and Cd wtrare ud dextmie at 100- C. 

A wide ruge of compogitioas are po51ible as 
well, including superconducting oxides. For imtaDce, 
the Japuac Govenmeatlnduatrial Research Institute 
bas produced 123 prccunor materials from metal 
alkoxida which arc then decompmed and crystallized 
in vacuum. Agglomerale size ranged from SO to 
100 am. Kobe Steel, Led., in coojunction with 
Dobelco-kakea (both or Kobe) are also using 
alkoxida or Y, Ba ud Cu acetata to produce these 
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materials, which can be converted to the super
conducting phase at tempetaturcs as IGw as 85(>9 C. 

Thin films cu also be produced via sol·gd. 
which is being pursued by a number of organizations 
including Nagoya University (N&1oya), Ecole 
Polytechaique FHlrale de Lausanne (Lausanne, 
Switzerland), Yokohama National Unive!Sity 
(Yokohama), ud Fraunhofer-lnstitut fir Silicat 
forschung (Wurzburg, Germany). Compositions being 
prodaccdarcBi-basedsupercoaductorsand(fi,SO}Oz, 
Ia2~ -SoC>i,and YBa2Cu30 11

, perovskite ferroelcctrics 
and oxide coatings for SiC p:&telcts. respectively. 
{ExccrplS from Cepmic Bpllctig. Vol 70, No. 6, 1991 
('t ACerS)) 

••••• 

Microwave siptcriH of mgltipk a)gmjga pd 
composite CQP1ponep15 

from laboritory to full-scale procluctioa 

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

Ceramics produced by this technique arc of good 
quality. Densities and grain size arc companble to 
those which rcsuh from coaventioaal processing. 

Microwave siateriag bas been broupt out of the 
rulm of small-scale laboratory experiments into the 
nngc of the pilot- plant facility. Oil the basis of 
these resolts it is easy to envision either a fall
scale coatinaous or batch 11wu1facturing opera
tion. 

Power utilization information inclicata that 
microwave sinteriag is competitive with conventional 
elcdric furucing teclmiques.. It is ualikely, laowever, 
that microwave siateriag will be competitive with 
conventional techniques fired by natural gas. the 
ruws having to do mostly with the inefficiency of 
converting fossil fuels to electricity rather than that of 
converting electricity to microwaves. (Excerpt from 
Ceramic Bullctig 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) 

• •••• 
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6. TRENDS 

The following three tables arc from the article by W. David Kingery •Looking to the Future in Ceramics·. 
which appeared in the boot "The Materials' Revolution• 

Electronic and magnetic applications of high-technology ceramics 

Electric fUDctioas 

lnsulatiob materials (Al20 3• BeO. MgO) 

Ferroelectric materials (BaTi03, SrTiO~ 

Piezoelectric materials (PZT) 

Semiconductor materials (BaTi03, SiC, ZnO-Bi20 3, 
V 

2
0

5
), and other transition metal oxides 

Manetic fugctjons 

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, temperature 
compensation, etc.) 

PTC thermistor (beater element, switch, 
temperature compensation, etc.) 

CTR thermistor (beat sensor element) 

Thick- film thermistor (infrared sensor) 

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

~intered CDS material (solar cell) 

SiC beater (electric furnace beater, miniature 
beater, etc.) 

Solid electrolyte ~or sodium battery 

Zr0
2 

ceramics (oxygen sen50r, PH meter fuel cells) 

Magnetic recording bead, temperature sensor, etc. 

ferrite magnet, fractional horsepower motors, etc. 

Source: Adapted from Yano Research ln1titute Report by G. B. Kenney and H. K. Bowen, Am. Ceram. Soc. 

Byll. 62(5): S90·S96 (1983). 
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Nuclear, optical, and mechanical applications of high-technology ceramics 

Nuclear Cupctiou 

Nuclear Cuds (U02, U02·Pu02) 

Cladding material (C, SiC, B4C) 

Shielding material (SiC, Al20 3, C, B4C) 

Optical Cunctiops 

Translucent alumina 

Translucent magnesium, mullite, etc. 

Translucent Y 2o3-ThC2 ceramics 

PLZT ceramics 

Mechanical {ugctiops 

Cutting tools (Al20 3, TiC, TiN composite, 
SiC whiskers in Al20 3, others) 

Heat ·resistant materials (SiC, Al20 3, Si3N4, 
composite SiC fibres in glass and recrystallized 
glass, composite Al20 3 fibres in Al, composite SiC 
whiskers in Si3N4, others) 

High-pressure sodium vapour lamp 

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

Laser material 

Light memory element, video display and storage 
system, light modulation element, 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, beat exchangers, 
welding burner nozzle, high· frequency combustion 
crucibles 

Source: Adapted Crom Yano Research Institute Report by G. B. Kenney and H. K. Bowen, 
Am Ceram. Soc. Byll. 62CSl: 590-596 (1983). 
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Biological and chemical applications for bigb-lccbnology ceramics 

Bjologjcal (unction 

Alumina ceramics implanlltion 

Hydroxyapatitc bioglass 

Chemical Cypctjons 

Calllyst carrier (cordierite) 

Organic catalyst 

Electrodes (titaaates, sulphides, borides) 

Artificial tooth root, bone, and joint 

Gas leakage alarm, automatic ventilation fan, 
hydrocarbon, fluorocarbon detectors, etc. 

Cooking control clement in microwave oven, etc. 

Catalyst carrier Cor emission control 

Enzyme carrier, zeolites 

Electrowinning aluminium, photochemical 
processes, chlorine production 

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

Mixing powder with 
additives or binder 

In ·processing materials 

Cold isostatic pressing 
Injection moulding 

Green ceramic 

In-p~ materials 
cbaractematioa 

and inspection 

De waxing 

Sintering 

Machine grinding 

Final product 

End· product materiall 
cnaraaeni.atJoa 
ind inspection 

. ----

Microwave techniques. 
Detection of metallic 
particles 

Photoacoustic techniques. 
Detection of agglomeration 

Ultrasonic velocity and 
backscattering measurement 
techniques. 
Monitor uniformity of 
density and microstructure 

Photoacoustic and ultrasonic 
techniques. 
Detection of agglomerates. 
Measurement of bulk 
modulus, frame modulus, 
and elastic anisotropy. 
Nuclear magnetic resonance 
techniques. 
Binder distribution. 
Radaograpliy. 
Density uniformity. 
Macroscopic flaws • voids. 

Ultrasonics and acoustic 
microscopy. 
Prediction of failure 
strength. 
Measure diameter of 
spherical inclusions and 
voids. 
Measure crack size. 
Measure density. 
Scanning photoacoustic 
microscopy. 
Detection of near-surface 
flaws. 
Microwave C·scan. 
Inclusion detection 

---~~--
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Tbe inherent brittlcnc:M of ceramics mates them 
less •forgiving• than other eagiDeeriDg m.ataiak when 
flaws are preseat in a pan. Tberefote, two importaat 
problems in ceramics pf'M""SSing are: to identify 
cmditims early in tbe procnsing stages tbal lead to 

defective products. ud to ddect ud cbanlderiJJe critical 
flaws (< 10 ,,m) in tbe fme powder. .la...liim DOD· 

destructive (DOllin'VISive) enlulfioa based Oil various 
wave· field techniques is med for procm mOGitoring, 
cbaracterimion, uul inspectim to easure tbe earliest 
possible removal of defective materials, as ~ IS 

identific:abon of accep1able parts. (Source: Adyapccd 
Malcriak gd Pmren August 1988. Article: 
"Structural Caamics: MaaerWs of tbe Future• by 
Edwud J. Kubel, Jr.) 

• • • • • 

CHARACTERISTICS OF ADVANCED 
CERAMICS 

Advutvq 

High melting point 
High stiffness 
High hot strength 
High compressive strength 
High hardnea 
Wear and corro&ion resistance 
Low density (light weight) 
Good dielectric properties 
Thermal/electrical insulators 
Semiconductor properties 
Joa· conductor properties 
Magnetic properties 
Biocompatibility 
Abundant raw materials 

Llmjtatiogs 

Susceptible to thermal and mechanical shock (brittle) 
Gaps in undentanding and esperience 
Difficuh to fabricale 
Poor reproducibility 
ffigb COil 

POTENTIAL FLAWS DURING 
MANUFACTURING 

Powclcr productioa 

Unfavourable particle lize, shape, and distribution 
Off compolitioa 
Poreip induaiom 
Hard aglomerara 

PoWdcr c;gpdjgiggjDf 

Unfavorable aglomerale lize distribution 

Hard agglomenl£s 
Varying agglomenle density distribution 
Varying Hditive distributioa 
lmafficieat binder 
Orpaic fibre indusioas 

Powder shgipg (&reeg rqgpacts) 

Poro&ity/vGds/cracb 
Varying demity 
NOGuniform binder and additive distribution 
SegRgatioa 
Residual binder 
Orpaic inclusions 

Demjficatiog 

Porosity I mic:ropore dusters 
Voids 
Cracks 
Nonuniform grain size/grain growth 
Harmful grain·bouadary phases {gmsy phases) 
Inclusions 
Rough surface 

(Source: Acivuml Malcrials and Pmrrws· 
August 1988. Article: "Structural Ceramics: Materials of 
the Future• by Edward J. Kubel, Jr.) 

• • • • • 

fatjlity for muufactvre of high-perfonpance 
miChigablc c:mmics 

Tokuyama Soda C.0., Ltd. has iostalled a new 
productioa facility at its Tokuyama factory that increases 
the factory's capacity to produce a machinable ceramic 
"Shapal·M" by eight times the esisting capacity. The 
facility is also designed to manufacture large sintered 
products to meet recent brisk demand. 

Ceramic materials poue51 vuious excellent 
characteristics but their popular acceprance is being 
impeded by their high machining COllS. More receady, 
the development of machinable ceramics now permits 
these materials to be worked with ease like iron and 
brau by using the same kinds of cutting took, but as yet 
there are only a few types of easily machined ceramia. 

The "Shapal· M" developed by the company is a 
compolite sintered body consisting of an extremely hard 
aluminium nitride substance and a relatively soft boron 
nitride 1ubltaace. Even when cut with a cemented 
carbide tool, the material cloea DOt crack and caa be 
macbiaed into various shapes r.ince the boron nitride 
particles serve • a cushion. 

Regarding the material'& clwacteristica, it di&plays 
a suengtb comparable IO that of alumina, also excellent 
beat tnDllDittivity and a thermal expansion clOle to that 
of silicon. 

---~--
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~company installed the new production facility 
in order to meet the expanding use of ceramic materials 
for producing jip ud mecbuical parts ud Uo beat 
radiation wafers for dectronic componeDls. 
Reinforcing the facilities for compremoa sinlering wl 
mechanical machining have increased the factory's 
production capacity to 130 tom/yr. equivalent to about 
200,000 units of staDd.ud type wafers (1 iacb on 
all sides, thickness of about 0.6 mm) • aimpued with 
the former capacity of 2.S,000 units. Abo, while 
expanding the factory's facilities the aimpany improved 
its siateriag technology, enabling it to manufacture large 
blocks with a mazimum size of 30 cm on a side (hitherto 

10 cm oa a side). Now the factory's productivity bas 
been improved ud it c:an produce larger products. 

Tbc mriinable ceramic marerial's domestic price 
is about ¥100,000/kg. roughly 30 per c:ent higber than 
that of ahmaiaiam aitride. bat the prodaction cmt is 
espected to decrease wbm asiDg this easily IDKhiaable 
marcrial for produciag diverse prodllds ia small loCS. 
(fotuyama Soda Co., Ltd., 4-S Nisbi-Sbialmbi 
1-cbome, Miaaro-tu, Tokyo. Tel.: 03-S97-SOS6. Telex: 
2223258 Totuso) (Source: JEIRO. September 1988) 

••••• 
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7. MAIUCETING 

Sgggg growth pmticlcd for Kmal cqamic markets 

Three reports from Bmiaes5 CcamDDicatioas Co., 
Inc. (BCC), forecast markets for duee emerging ceramic 
lft:b~ mp-performance coerinp, ceramic 
matrix composites and sol-gel pmoming Acconliag to 
BCC, the total bigh·per(ormance caamic cmtingservice 
market (or 1988 WIS valued at $310 m.i.llioa, and was 
espected to grow 9.5 per ceat annually to $488 million 
by 1993. The largest segment of this market is for 
aircraft engines and aerospace applications. These and 
cutting· tool applic:atioas account for more than 
8S per cent of the ceramic coaling markets. 

The largest growth rate in the ceramic coating 
market is for engine applicatioas such 15 automotive, 
diesel and land· t.ed turbines, with about 22 per cnt 
annual growth. Ho~ver, the market (or- eagjDe 
applications curreally accounts for- ks than 2 per cent o( 
the tor;d market. Also, the diesel engine segment o( the 
engine applicatioas market is very small at preseDL 

Abhough heat·excbaager applicatioas are still oaly in 
the developmental stage, there will be a small market by 
1993. 

Thermal spray and chemic:al vapour deposition 
(CVD) teclmiques dominate the aircraft·eagiae
componeat market, producing 2 million parts ud 
O.S million parts, respectively. Ceramic physical vapour 
depmitioa (PVD) roarings are now emerging for 
aircraft-engine components because tbae roaaings are 
the most durable for (an blades. Although aerospace 
applications constitute only a unal1 market. poteatia! 
markets include higb·emiaivity coetinss for thermal 
protection o( 1p&ce shuttles and Aero-assisted Orbital 
Transfer Vehicles (AOTV). 

CVD roatings of TiC, TiN, and A1/>3 dominate 
the current cutting-tool market (tota11ing $117 millioa) 
at 90 per cent, with the remaining market (or PVD and 
ion-assisted tecbaiques. Although only a few compaaiel 
1upply PVD·coated tool imeru, lbae inleru are m high 
demand because abralive raiawlce is DO( an importut 
islue with PVD c:oetiDgs. On the other band, ceramic 
coatings for automotive engine applicatiolls is still a unall 
market. 

The ceramic matrix compoliaa marketlbould have 
even a higber growth rate (21 per cat) tbu the ceramic 
coating market, increaUag from a curreat value of about 
sn .l miDioa to $202.5 million by 1993. The develop· 
meat and introduction of ceramic compoliaa ii expccled 
to f oUow the ume hiltoric:aJ paacna • orpaic matrix 
compoliaa, witlt high-performance applicaboal •the 
primary foeu1, followed by more rndilioulapplielliou. 

Wear·raillut paru made of rougbeaed zircoaia, 
aJoaa with wlaiakcr ud other fibre-reinforced ceramic 

campmites, was the largest market sepaent for 1988, 
sbariDg 39 per cent o( the market. BCC believes tbal 
this market sbare would be maintained m the future ud 
would reach $272 million by the yar 2000. The 
cutting-tool market would reach $198 miDioo by the 
same yar. Because ~ applicalioas. such as the 
sp:e-shutde tiles, is an established market. the market 
will only reach SSl million by the year 2000, at a growth 
rate o( S.S per cent. Energy-related applicatiom is an 
even smaDer market. which is only expected to reach 
S6 millioo by the year 2000. On the olher band, engine 
applicatioas should have a much higher growth rate, 
mcreasiug from the current S2 millioo to SlOO million by 
the year 2000. 

The largest market share of materials is held by 
oxides, with sales o( about $45 millioa. Thi5 share will 
mcreasc from S9 per cent m 1988 to 73 per cent m the 
year 2000, with sales roc.aJling $144 million and 
$460 million, respectively. In coatmt, BCC predicts that 
silica ud 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 Stales is the leader in ceramic composites 
technology' Japanese competition could be expected m 
the future. 

By (ar, the fastest-growing market o( the three 
tecbaologjes is applications produced from sol-gel 
processing. These applicatioas 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 aacl refractory fibres, optical 
monoliths and m11inp • are small, but growing. The 
IOcal market, including government funding, was 
estimated at about $9 million, and w15 predicted to 
increaR to $428 million by 1992. 

Sbort·haul optical fibre has the largest market 
potential, representing 75 per cent of the toCal projected 
1992 market. The projection o( $320 million a&umes 
tbal the sol-gel proca1, which is still under 
development, is acceplCd • the production method of 
the Dell geaeration. On the other band, aon·melallic 
abrasives are C111m1lly the largest commercial oullet (or 
sol·gel·derived products ia the UDiled States. Despite 
the mature abrasives market, growth is expected during 
the nell decade, rcacbiDg SSS million by 1992. 

Other applic:atiou with market poteatial are in the 
electroaka and optical U'Cll. The 1upcr·conductor 
market is espected to be $30 million by 1992, but could 
pow more rapidly if au.haologicaJ breakllm>ugbl are 
made. Optical device ud leu applicatiou depend oo 
aeclmological breaklluougba in solviq the problem of 
cnckiq ud limiwioaa in the W. of moaolitbl. 
AkhougJa microelectronica repraeau the largat dollar 

--- -- -

.. 



.. . ~ . 

-

... 

, - -..,--
- 45 -

potential for sol-gel prccrssing, future acxieptuce will 
depend mainly oa the succas of govenuncnt-fuoded 
research and effective recbnology cnnsfer of this 
research. The miao-eaectrooics industry WUllS to find 
the m05l eaJllOIDical procea that. worb. with a mini
mum of research and development, and if sol-gel tech
nology cu achieve this goal. it will become widely med. 

According to BCC, foreign companies, puticularly 
Japanese and German companies, are leading in sol-gel 
tecbnoJogy, with several products already being 
marketed. These include coared windows that are 
1 by 1 m, oUde coating\, continuom silica fibres, higb
quality silica gn plates, tituia powders for C0511letics, 
continuous alumina fibres, and silica powder. On the 
other hand, sol-gel applications are fmding very limited 
commercial use in the United States because of higb-cost 
precursors and shrinkage and cracking problems. Some 
US companies are involved in long-term development of 
specially products,~ others use sol-gel technclogy 
mainly as a source for developing special powders and 
coating\ for in-house use. (Extracted from Ccqmjc 
Bulletin, Vol 67, Ne. 12, 1988 ~ ACerS)) 

• • • • • 

Ceramics use seen incrmiqa 

Demand for advanced ceramics will increase 
8.S per cent a year world wide between 1990 and 1995, 
with the largest percentage increaR 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 bas been touted as a future trend in power 
planlS was still years away. 

While the bulk of advanced ceramics currendy goes 
into electronics applications, structural ceramia will be 
the futest growing segment of advanced ceramics. 

The value of structural ceramics, including cutting 
tools and dies, wear paru, beat engines and other 

structunls. toealled nearly SI.SS billion in 1990, or 
13.7 per CCDt of tor.al advanced ceramics dnn-nd. 

Between 1990 and 1995, however, structunl 
ceramics demand will increase 14.1 per cent 
mmually, reaching Dearly S3 billiaa. OI' 17.6 per 
cent of toCal advanced ceramics demand of nearly 
Sl 7 bi1lioG.. 

By the cad of the decade, clnnud f« structural 
ceramics will have grown to an estimated SS1 billion, OI' 

20.8 per c:eat of total advanced ceramics demand which 
will tbea toCal an estimated S2S billion. 

Within the structural ceramics sector, cutting toob 
and dies accouat for the greaaest demand, to«•Ding 
S92S miDioa in 1990. Demand is expected to grow 
11 per cent aoaually to Sl.56 billion by 1995. 

Demand for war puts such as seals ud bearings, 
the nest-largest 5trUc:tWaJ ceramics applicatioa, roc.aDed 
$363 million last year but is expected to grow 
12.7 per cent uoually through 1995 to an estimated 
$660 million. 

But beat cagine applications will show the greatest 
growth of any structural ceramics segment, growing 
29 .3 per cent aoaually to an uticipared $380 miDioa in 
1995 from SlOS million in 1990. 

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

Demand for other suucturals, including biomedical 
ceramics and turbine compoaenlS, totalled $1S2 million 
in 1990 but will grow 2il.7 per cent by 1995 to an 
estimated $390 million . 

Demand for ceramic caatiag\, the smallest segment 
of advanced ceramics overall, totalled S76S million in 
1990. That will nearly double to an estimated 
Sl.34 billion by 199S, an annual growth rate of 
11.9 per cenL 

----~· . 
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Advanced ceramics demand 
Electronics 
Structural 

Cutting tools 
and dies 

Wear parts 
Heat engines 
Other structunls 

Coatings 

Source: Freedonia Group Inc. 
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World Advanced Cenmics Demand 
(in millions of dollars) 

1990 1995 2000 

11295 16950 24900 
8 985 12 620 17 S40 
1 S4S 2990 5 210 

925 1560 2 310 
363 660 1050 
105 380 1 090 
152 390 760 
765 1340 2150 

(Extracted from: Amerigp Metal Markel, 25 September 1991) 

- -,- ---.---

Per cent 
aanul growth 

8.S 
7.0 

14.1 

11.0 
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29.3 
20.7 
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I. P:JBUCATIONS 

Advapqd squctuql ccqmjcs 

Major govaument-spoasoml Rand D pro
grammes in the United Slales. Japan, Germany, the 
United Kingdom, Sweden and France are surveyed. 
Major treods and developments in the technology of 
monolithic structural ceramics and caamic matrix 
composites are discusticd and end uses are enmined 
The mutet for structural ceramics is messed in the 
context of other advanqd maleriak and eumined in 
particulu for the automotive and cutting tool sectors. 
230 pages. 1990. $500. Order from blllovalioa 128, 
24, rue du QualR Scptembre, 75002 Paris, France. 

• • • • • 

Coacise encycJm>edia of advapg;d ceramic m••qjak 

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

• • • • • 

S[[uctural materials 

Edited by George Weidmami, Peter Lewis and 
Nick Reid. Bo&ton: Butterworth, 1990. 430 pp. $39.9S. 
620.l'l TA418.32 89-25456 ISBN 0-408-04658-9. 

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

~: Text for undergraduate students, focusing 
OD load· bearing materials and lheir applications. 
Primarily concerned with solid materials. Covers ferrous 
and nonferrous materials, ceramia and glasses, 
polymeric and cementitious materials, fibra and 
compolite materials. for undergraduate engineering 
collections. 

• • • • • 

Advaaca in ceramics and polymm have been 
included in the updated Hudbook of lpdustriaJ 
Materials. intended for enginem, daipers and 

c:oa..cubn15 wbo purchase, use and produce mal£rials few 
the indUSbial sector". It msas £9S from Ekievier 
Advanqd Tec:baology, Mayfldd House, 256 Banbury 
Ro9d, Oxford OX2 7DH, UK. Fu 0865 310981. 

• • • • • 

Wqdd llmire Ppbliqtjms Lid. 4th floor. Brjgpgja 
Home 960 Hiah Bswl Loadm. Nil 9RY. Fgslagd. 
Fu: 081-446-3659, Im publisbed: 

Euromn Ad\flllCCd Ccqmics DjRqoa 1990 

The "European Advanced Ceramics Directory 
1990" gives invaluable and comprehensive ddails 
c:oacerniDg the advanced ceramics industry in Europe. 
It con••iu: 1. An A-Z listing of European advanced 
ceramics compuiies - both manufacturer5 and suppliers 
- of raw materials, ceramic components aad equipmenc; 
this detailed sectioa features full addres. telephone, fax 
and telex numbers and a description of the goods aad 
services offered. In addition, there are contact names 
and company size by turnover aud number employed. 
A clear, easy-co-use product listing is given. 2. An 
A· Z listing of European universities and research centres 
carrying out ceramics research; full ~ and contact 
detai1s are given together with details of research 
projeclS under study al each establishmenL 3. An easy
IO-use atl5S reference section. This section is in four 
parts • raw maleriak, finished products, equipment and 
services. In addition IO over 400 individual company 
entries and over 100 university and research centre 
listings there are two overview articles - oae concerning 
the ceramics raw materials po&ition in Europe, and the 
other conc:erning the finished ceramics components 
position in Europe. (Materials Tecbaology Publicatioos. 
232 pp., 01/90. $150 (£90)) 

and 

Advapc;ed Structural Ceramiq 

Advanced structural ceramics are a new cla56 of 
materials that create unique opportunities for the 
engineer because of their special combination of 
propertia. Ceramics iD the form of moooliths, 
compolites and coatings are being developed for 1uch 
diverse applications• engine components, cutting took, 
wear components, beat exchangers and aermpace 
componenu. Intensive international research activity is 
being f ocuscd on the resolution of technical barriers to 
their further exploitation, which relate IO 1uch area1 u 
high purity raw materials, reinforcemenu and 
appropriate proc:aling methocb to produce coasis&endy 
hip performance produdl at an acceptable COil. The 
report provida an in·deptb guide to the current , 
tedulic:al and market llalu of tbae emerging materials , 
with extcuive refereaca to company research and , 

----
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development activities. An interoatioml directory of 
aJIDpanies involved in snuctural ceramics is appended lO 
the report. (Ianomioa 128. 230 pp. 02/90. ssoo 
(010)). 

••••• 

The us Mlrtet for emmic gel Metal Malrix 
eompmircs 

This report enmiaes tbe .tvanced mmposiles 
industry and describes tbe similuities ud differences 
between tbe indust.rW sectors working with CMCs and 
MMCs. Descriplioas of fibre and whisker strUc:tma, 
lllabU-reinforcanent intaaction. and tbe influence of 
fabricalioa method OD properties are provided. An 
assemnent of raw mareriak for CMCs includes alumina. 
zirconia. carbides, nitrides and carbons. For MMCs, Al. 
Mg, Ti, 01, and superalloys are wessecl. Ead uses and 
consumption are forecmt lO 199S. 1991. 394 pp. 70 tables 
and flgW'eS. S3,8SO. Order report No. A241S/P from 
Frost &'. Sullivan, Ille., 106 Fulton Street, New York, 
NY 10038-2786, USA. 

• • • • • 

Enpps;ered materials for aclyanccd friqiog and wear 
apJPlicatiogs: proceedinp of an international conference, 
Gailbenburg, Maryland, USA, 1-3 March 1988. 

Edited by F. A. Smidt and P. J. Blau. Metals Park: 
ASM, 1988. 262 pp. $80. 620.1TA418.n88-71490. 
ISBN 0-87170-331-9. 

CoateplS: Friction and wear mechanisms in 
engineered materials. Advanced materials and surface 
treatments for friction and wear applications. 
Lubrication of engineered materiak. Aerospace and 
defence applications. Computer ud electronics 
industry applicatioDs. 

Nak; Comprising 36 papen delivered at a 
conference orgaoi7.ed IO provide a forum for scientists 
involved with research and applications of new materials 
designed for high performance and resislaoce IO 
aggrasive environments. Properties and behaviour of 
new materials such • compo&ites and ceramics, specially 
designed coa•inp and surface treatments and other 
marerials were dilcuued. Needs of aermpac:e, defence, 
advanced auaomotive, computer and electronics 
industries are compared to available materiak. Volume 
coataim keynote review papers and reports of recent 
research. Papers indude references, photographs, 
fagures, tables. For research level collectiou. 

•o••• 

Admcc4 mlMriaJt. Tbe proc:cedinp of the 
second European Conference on Advanced Materiall 
and Proceua, which took place in 1991, are available, 

price 040 from tbe Institute of Malaiak. 1 CarllOa 
House Terrace, Loadon ~y SDB, UK. 

••••• 

Adgpq;d Margrjak 1991/1992; Sogm Boot and 
DjRctory 

Tbis two·volame set provides ID up-to-ct.le Oft!'• 

view of tbe .tvanced m*'1ak industry, CODCadrlbng 
on tbe m05l important advaaca ia tbe ceramics, compo
sites and plastics industries. Tmads are highlighted, both 
ia terms of technological devdopmen!S and commercial 
actirities. The Source Book presents informalion in 
three crms-referenc:e sections, with a full list of contact 
names and addresles. Tbe Directory lists tbe mOl'C than 
1,000 companies. organinrims and Rand D centres that 
are mentioned in the Source Book. Wbeoever pc&ible, 
entries aJGtain coatact address; telephone, fu and telex 
numbers; names of contact emplo~ size of company; 
products; etc. Source Book: S2SS. Directory: $170. 
Set: $382.SO. Order from Elsevier Advanced 
Technology, Attention: Beverley Aaeman, Mayfield 
House, 26S Banbury Road. Oxford OX2 7DH, UK. 

• • • • • 

Advum ia Fmjtes. Vqk. 1 and 2 

C. M. Srivastava, M. J. Patni (ed.). 
Aedermannsdorf/Of 1990. 2 vok. 1,220 pp. bouad 
(Eagtisb). 2S cm x 16.S cm approx. DM S48. 

Tbe -rCF S" was the fifth ferrite conference since 
1970 wbicb took place ia January 1989 in Bombay. Tbe 
proceedinp serve for exchanging scientific and 
technological knowledge in the field of ferrites and 
adjacent materiaJs. Tbe meeting at Bombay primarily 
dealt with two apects: the improved microscopic 
examinations of the mapetic properties and the 
developments which bave come about in the faeld of 
material synthesis and determination. Tbis includes the 
field super-conductors. Volume 1 comprises tbe 
following fields: production of ferrites, sintering, micro
llrUctures and pbysia of the f errites, thin falms and 
crymJ growth, HP- ferrita and testing methods. 
Volume 2 contains chapters about bigb-temperature 
1uperconduction, amorphous materials, materials f<Y. data 
recording, mapelO-opto and bubbles, microwave 
materials and appliances, interdilciplinaries. 

• • • • • 

ffi-Tccb for Profit Bujgca 
Ogportynitjg in Adyycgd Ccramia 

Thil report CC'ven &be use of adveced ceramics in 
JC chip c:urien/aubluata, capacitors, ferrites, KDIOtl. 

piezoclectrics, cutting tools, automobiJ .. , 
superconducton, etc. The technology status in India and 

--:.- --· 
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the world. as wcD as market amesunen~/projectiom for 
QCb end product are provided in delail for the ladian 
and world markets. 170 pp. SlOO. Order 
from Technology Excbaagc Network. 6 Ware Rmd, 
Cleveland Town. Bangalore - 560 005, India. 

• • • • • 

AcgUitiop Qgpommities in Aclymqd MatcriaJs 
Scctioq Q: ffilh Pcrformapce emmia 

This report provides m overview of the indu.suy, 
including products and applications. large custome15. 
major supplie15. marketing and technical trends and 
sources of technology. Detailed evaluations of 35 
manafacturers ue given. Each company profile includes 
financial dal.a. 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 
Tripoli, PA 18066, USA. 

• • • • • 

Chemical SVnthesis of Advanced Ceramic Materiak 

David Segal. Cambridge University Pre., 
Cambridge 1989. u, 182 pp .• bound, .05.00. ISSN O· 
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. ph)'Sicists and po51graduate 
studenlS who are mainly interested in the chemistry of 
advanced ceramics and les6 in their mechanical 
properties. 

The first chapter gives a short review of 
the different applications of technical ceramics. Mainly 
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 discUS&eS the 
need for new methods. In the third chapter the 
fabrication of ceramics is described. The theory of 
solid·state sintering, preuing of the green body, bot 
pressing. isostatic preuing (HIP) and reaction bonding as 
well as llip casting and injectioa moulding are covered. 
The signific:aace of 1trength and toUghaeu in ceramic 
systems is also nplaiaed. 

Sol·gel technology is the mOll esreasive section in 
this book. lo chapter four the reader ii introduced 
briefly to the theory of colloid.~. Using exampla from 
ioduatrial •!'f'licatiou particularly in nuclear technology, 
lhe pcaibilitia of tbil method are clemomtrated 
especially for diff ercal oxida. Tbe fifth cbapeer 
deacriba the UK or metal·orpnic compounda in 

c:.onnectioa with sol ·gel tedaaology. Tbe 1yathesis ud 
pbyUc:al ptopc:rtics or metal alkoDcles (Si. Al. .... y' etc.) 
are sbowa as wcD as their application in sol·gel 
proc::a.te5. 

Chapters silt aad sevm are amceraed with the 
produdioo of noaoxide cer.unics. One chaprer deals 
with DOD·aqucous liquid-phase reactiom, the other with 
the synthesis ud properties of polymeric precursors. 
such as polysilanes, polycarbosilana ud polysilazaacs 
and their pyrolytic coa\IUSion to ceramiC5. 

Hydrotbermal synthesis. an important method for 
the prepuaricm of sub·miaomctrc particles is disamed 
in chapter eight. Tbe ninth cbaptcr covers p·phase 
reactioas. Many different beating metllock. such as 
conventional resistaace furnaces. lasers. plasnm and 
elec:troa beams are described. They are used to carry out 
p-pbase reactions involving solid. liquid md peoas 
reactants. 

Some mctbods not described in previous chapters 
are found in chapter ten. aamdy the citrate gel procea. 
pyrolysis or metal alkoDdes. rapid expansioa or 
supercritical solutions and rreez.e drying. 

• • • • • 

Scjcpce of Advaac:ecf Materials 

Edited by H. Waeclersich and M. Meshil. this is the 
proceedings of ASM lntemational's 1990 Materiak 
Science Seminar. The first section on amorphous 
materials coven various methods or solid·state 
amorpbi7ation • interdiffusion or crystalline materiak, 
mechanical alloying, irradiation with energetic particles, 
and hydrogen-induced amorphiz.ation. The second 
section on artificially structured crystalline materiak 
reviews two types of desigaed microstructures • artificial 
superlattices and nonocrystalline materiak. The papers 
on ceramics cover electroceramics and electronic 
conducting ceramics. Also discusred are toUghening or 
ceramics by marteasitic traasformation, some theoretical 
aspects of displacive traasf ormations in ceramic oxides, 
and cbaracteril.llion of ceramic particles. 1990. 
14 papers. 504 pp. $120. $96 to members of ASM. 
Order ISBN 0·87170·409·9 from ASM lnteraational, 
Materials Park, OH 44073, USA. 

• • • • • 

Jgtcrpatiopal Directory or Adyyqd lpmppjc 
Compogjtcs 199111992 

This directory gives detailed information 
concerning the world·wide advanced inorganic 
compolita industry. It coven ceramic, metal matrix, 
and carbon/carbon compolita. More than 400 
maauracturcn aad 1upplien of compolita are listed, 
together with detaik of more than 100 universities aad 
research centra carrying out advanced inorganic 
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ampolita raearda. A ddailed crms-refereace listiJtg 
of manafaclllren wl mpplitrs by compcllik type is 
iDdaded. nis diredm 'I .. pablislled by Mllerills 
TedaDcJloay PDblic:alioas in awv=jatjm with Mitdd 
Martd RepOdL 380 pp. $300. Oreb fna Markdillg 
Dept.. Malaial5 Tcc .. ology Pubiabms, 40 SodleroD 
RGM, Wlrfonl. ffertL. &pad WDl lOA. Ult. 

••••• 

A. M. Sbdra, PlaD; F. YL Balavs, Pb.D; 
A. A. ICrUlimb., Ph.D ad M. R. Garvich, Pb.D; 
Slructural Mrinia Labonlary, Deputmeat of 
Stractunl Aaalysis. Rip TecJmK:.1 Uni~ 

Table of mgtcpg: Preface. SUudanl mttlwaics 
of a fabric-n:illfon:ecl pllsaic. Sl:rac:tmal mcch•ic:s of 
hybrid ampositcs. Thermal llniD ud sllales. Rmlive 
damping. Slructural theory of creep. Strea stM.e of 
ftinforced pi.tics under long-term &a.ding. SUudunl 
tbeo:y of long-term ltmlgtb. Trannme beading of 
beam. Tonioa of a laminated beam. Elaltic properties of 
laminated thill-wall beams with open profile. Elastic: 
displacement of laminated beam sysrems. VISCOellstie 
displac:emeats of laminated beam systems. Numcric:al 
analysis of stalistically iDdetermiDate beam systems under 
long-term to.ding. Appeadis. References. One h1111dml 
and Dineteea tables and fagura. ISBN: 0-87762-837-8. 
1991. 312 pp. 6 x 9. Hardaner. $145.00. 

Available from: Tedmomic Publishing C.O., lac., 
851 New HoUand Ave., Box 3535, Laacatcr, PA 17604, 
USA. Pboae: 717-291-5609; Fu: 717-295-4538. 

••••• 

Bcfcmcc Book for Compitc;s Iechpolgp. yo1gmcs 1 
lllU 

Edited by Stuart M. Lee, this is a comprebemive 
review of today's composite malcrials tedmology. This 
systemllic, in·deptb praeatatioa of all major types of 
advaaced composita is illustrated with huadreda of 
pboklsrapbs, miaoplaotograpbs ud IC'hematics. 
Eaemive reference dlla is praented in tabla 
ud graphs. Hardcover. Volume 1, 1989. 333 p11a. 
$75. ISBN 0-87762-564-6. Hardcover. Volume 2, 1989. 
205 pl8a. $65. ISBN 0-87762-565-4. The two-volume 
set CCIII $119. Order from Teduaomic Publishing C.O., 
Inc., 851 New HollaDd Ave., Box 3535, Laacatcr, PA 
17604, USA. 

••••• 

P.rjr wacyrlqgcdj• gf OnllO'itc Mlrcrialt 

Edited by A. Kelly. Perpmoa "'-· 
Osford 1989. um. 317 pp. Hard cover. USS13S. 
ISBN 0·08-034718-S. 

The book cmrains a nlublc iabod1ldDry dlapcer 
plus 60 diffaat articles claliag witJt fibres aad 
whisken, IUlric:.cs, compcllik malaials. maar.cturing 
tednaology, muctunl ad aec:baaical properties ad 
evahaltion, aad appliations 'l1lie articles are writta 
maiDly by sperialisrs frcm tile USA ad tile Ult. 

Tbis cmcile encyclopedia OD composite Jllllaiak 
is reaimmaded ID people iavolml witb d-ica' 
materials scieace (metaJlic aataials) or c:uamic and 
polymer maraia1s, but it may also lltrft • a good 
overview for scientists working in a spea.1 fldd of 
mmpcllik materia.IL 

••••• 

Polymer IJm'•'c Sdmcc gel fpsjgmjg CAnctpljp 
Polymer Sdmcc Series v+- 2) 

Edited by W. D. c.oot and G. B. Guise (Royal 
Australiu Chemical Institute, 1989). Approx. 28S pages. 
ISBN 0-909589-67-4. 

This text bis seven chapters in which Australian 
polymer Kiearisu, who are ~ in different uas. 
review tbe funclamental l5ped5 of polymer science and 
give their views OD tile future of these areas. The 
subjec:IS treated i1l this book iadude c:bain ud step 
growth polymerization, mechaaical properties, structure 
and properties of dastomen, tbe glassy state, and tbe 
morphology of crystaDiae polymers. 

This text should be quite useful ID rhase beginning 
study in polymer science. to thole needing a concise 
discuaioD of a particular aspect of polymers, or to thole 
Wllltiag a general overview. Since this book origi•1ted 
from a series of lec:twa, it would serve IS an 
ideal text for an introductory course in polymer 
scieace. 

••••• 

PIMticiLY gd Modm Mct.11-formiu Tcchnolnev 

Edited by T. Z. BllZynW, NY: Elaevier, 1989. 
359 pp. $86.50. 671.3 TS213 88-23277. ISBN 1 ·85166-
272·3. 

Ccmtcpts. 1bri41cd: Upper-bound solutions ud 
tbe baluce-of·power approach. AD outline of 
engineering dyaamic ellsticity aad plllticity. Utilmtion 
of superplllcic effem. Aaalyla of deep dnwing. 
Aaalytical mechocls in emuaioa. Mldtini91 Index. 

~ lacndcd for use by practicing iadusuial 
eagiaeen aad procea plaam, provides a concise 
ftview of tbe applicalims of fmite element, uppcr
hoaad aad visioplllticity teduliques to analysing 
ureria1 respome and modcllina of pnn•a Dilcuua 
•Vii.table medaodl of auJysia with bocJa atablisbed ud 
new iadllllrial proceaa. Allo provida u overview of 
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new-macaial pbenomena. F.acla chapter iDdudes a 
aJmprehemive list of refereac:es desiprd to direct 
readers to more detailed sounzs. For waiversity ud 
research levd coDectiom. 

••••• 

Spdaq f,psjpmjpg apd Heal lrqtmeat 
Pag. Pmcpt md fgtuR 

Edited by P. H. Morton 

Recent advances in malerials and new tecbaologies 
have enabled surf ace engineeriDg to play an incre&migly 
important role in modern engineering practice from 
design study through to finished product. 

The proccediDp of this c.onference, which was 
orpnizied jointly by The lmtitute of Mdlk and The 
CcatR for Esploitation of Science and Technology 
(CEST), presents a balanced overview which sets the 
scene for surface engince1ing in the 1990s. The series of 
invited papers covers: economic and industrial 
importance of surface engineering; aspects of the 
development of heal treatment over the last 25 years; 
advances made possible by new technologies such as 

plasma. laser ad ioa-beam. Book Sl3. 215 x 137 mm. 
384 pp. Paper 1992. ISBN 0901716 01 4. £35.00. 
US$70.00. Orden, with remiUocr, to: The lmtitutr 
of Mmriak,Salesad Markdillgl>epL, 1 Carlton HOUR 
Ternce, Loacloa ~y SDB. Tel: 071-976 mR. Fu: 
071-839 2078. Orders orighwring ia c..wla &..id tbe 
United s..tes sboald be sat direct t« Tbe lmtibde of 
Mareriak North Alllerican hblicaticm Cater, Old Post 
Rmd, Brootfldd, VT OS036, USA. Tel: (802) 276 3162. 
Fu: (802) 276 3837. 

••••• 

Smfg Rnsinmiv (quarterly) 

Embracing scieace, eagiDeeriDg. tedmology and 
desip, Smfaq &sinmiu covers tbe 1arat 
developments ill sarf.ce tralJDeDt methods and 
tedmology, with particular emplmis on illduslrial 
applic:atioas. 1992 sub&c:riptioa rate: £122/$239 
(members £70/$134). Orders, with remittaDce, to: Sales 
and Marketing Department, The Institute of Materials, 
1 Clrllon House Terrace, London ~y SDB. Tel: 071-
976 1338. Fu: 071-839 2078. Tele:1: 8814813. 

••••• 
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31 Aug. -
4SepL 
Vienna. 
Austria 

7-11 Sept. 
Singapcn 

8-10 Sept. 
Amslerdam, 
Netberlaads 

16 SepL 
Birmiugbam, 
UK 

17-24 Sept. 
Singapore 

21-25 SepL 
Cancun, 
Mexico 

22-24 SepL 
Genoa, Italy 

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

Sib Infenlaboaal Conference 
OD Liquid and Amorphous Metals 
(lnstitut fir Thecntische Pbysit, 
Technische Universitit, 
Wiedner Hauptstrasse 8-10, 
A-1040 Vienna. Austria) 

CORROSION ASIA 
(N. Glover, Fulmer [Sinppnre) Pte.. 
Ltd., Jurong Laboratory, 
1 Jalao Tausan, Sinppnre 2261) 

GALVATEOI '92: 
2Dd lntcrnalioaal Conference 
on Zinc and Zinc Alloy Coated 
Steel Sheet 
(c.entre des Recherches Metallurgiques, 
11 rue Eraesl Solvay, B--4000 Liqc, 
Belgium, Fu: (41) 534064) 

Design against conosioa 
(The Institute of Materials, 
1 CarltoaHouseTemce, London SWlY 
SDB, Fax: 071 839 3576) 

Third ASE.AN Science and 
Technology Week 
(ASE.AN C-ommittee on Science IL 
Technology; Conference and Exhibition 
Management Service, 1 Maritime 
Square # 09-43, World Trade Centre, 
Singapore 0409, Fu: 2784077) 

Finl International Conference 
on NlllOISlrllctured Materials 
(Meucao Academy of Materials Science 
and Acta Metallurgica. For 
lnfonution; Miguel J0&e· Yacaman, 
lnstituto de Fwca, UNAM, Apanado 
poltal 20-364, C. P. 01000 Meuco, 
D. F. Meuco. Fu: (SlS) 548-31·11) 

EUROMAT'92 
Materiak development io rail, tyre, 
wing. bull transport 
(Org. by tbc Allociaione Iraliaa di 
Metallurgia (Piazzale Rodolfo 
Morudi 2, 1·20121 Miluo, Italy, 
Fu: 02/78.42.36) Wider tbe auapica of 
tbe Fedentioa of Europeu Materiak 
Sodetia) 

ISFEC '92 • Surfac:e Piaiabina 
(Euccr Home, Holloway Head, 
Birmiagbam Bl lNQ, UK) 

29SepL 
Birmingham, 
UK 

29 Sept. -
20cL 
Tokyo, 
Japan 

U-15 Oct. 
G6Uingeo, 
Germany 

13-16 Oct. 
Cracow, 
P-oland 

14 Oct. 
Warwick 
Castle, UK 

26-28 Oct. 
Budapest, 
Hungary 

1·5 Nov. 
Chicago, 
Illinois, 
USA 

17-20 Nov. 
Kyoto, 
Japan 

23-l.6 Nov. 
Dubli 

Surface Tcdlnology - Developments 
for Tools and Dies 
(One-day tecbnical workshop al the 
Uoivmity of Astoa, Birmingh;im, UK) 

6th lntemalioaal Confereoc:e 
on Ferrites (10:-6). 
(Professor Masahiko Naoe. General 
Secrdary, ICF-6, l>eplrtment of 
Physical Electroaics, Tokyo lmtitute of 
Technology 2-12-10-0tayama, 
Meguro-ku, Tokyo 152, Japan. 
Fu: -+81-3-3729-1399) 

4da European Conference for 
Laser Trealment of Materiak 
(Dtutsche Gesellschaft fur 
Materialkunde EV. Adenauerallce 21, 
6370 Obcrunel, Germany) 

Mctallurgy '92: moderniz.alion 
or iron and steel industry and aew 
processes of steel production 
(Metallurgy '92, SITPH, uL Podgorna 4, 
40·954 Katowice, Poland) 

Managing materials information 
for profit 
(The Institute of Materials, 
1 Carlton HouseTerrace,Loadoo SWlY 
SDB, UK, Fu: 071-839-3576) 

High-Tech Exhibition 
EUROTEOINICA 
(For more information: 
Mr. Simon Kenoa, 29 Havelock Cbe, 
London W12 7NG, UK. Fax: 4471 
925.()470) 

6th Incc111alional Conference on 
Surface Modification Technologies 
(Dr. T. S. Sudanhan, Materiall 
Modification Inc., 2929· Pl Eskridge 
Center, Fairfax, Virginia 22031, USA) 

8tb International Conpa 
on Heal Tratment of Materia.~ 
(Raearch Institute for Applied Science, 
49 Tanaka Ohi·cbo, Sakyo·ku, Kyoco, 
606 Japu) 

Anb PIMtic and Rubber lnduatry 
Trade Sbow 
(Al fajer Information and Service&, 
P. 0. Box 11183, Dubai. Fax: 622 802) 
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26 Nov. 
Loadoa. 
UK 

30 Nov. -
1 Dec. 
Solihull, 
UK 

1-4 Dec. 
Houston, 
Texas, USA 

14-31 Dec. 
Kharagpur, 
India 

1993 

~-11 March 
Bremen, 
Germany 

27-1.9 Aprii 
Brighton, 
UK 

4·6 May 
Atlanta, 
Georgia, 
USA 

26·28 May 
Plymouth, 
UK 

; 
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Surfaoe Engiottring Of and With 
Polymers 
(The Institute of Maaerials, 1 Carlton 
House Tenace, Loacloa ~y SOB, 
UK. Fu:071·839·3567) 

The Biennial lntematioaal 
Conference on Plastics and 
Rubber in Automotive Tedmology 
(The Plastics and Rubber Institute, 
11 Hobart Place, London ~W OHL, 
UK. Fu: +44(0)71 823 1379) 

Magnetism and Magnetic Maaerials 
(Institute of Electrical and Elec
tronic Engineers, 655 15th Street, 
Suite 300, Wamingtoo, D. C., 20005, 
USA) 

QIP Short Term Course on Polymeric 
Materials Product Technology 
(Materials Science Centre, Indian 
Institute of Technology, 
Kharagpur· 721 302, India) 

International Conference on 
Surface Engineering 
(Deutsche Gesellsc! ·ft fur 
Materialkunde EV, Adenauerallee 21, 
6370 Oberursel, Germany. Fax: (06171) 
525 54) 

PVC'93, The Future 
(The Plastics and Rubber Institute, 
11 Hobart Place, London SWlW OHL, 
UK. Fax: +44(0)718231379) 

5th Symposium on Composite 
Materials: Fatigue and Fracture 
(ASTM, 1916 Race Street, 
Philadelphia, PA 19103-1187, 
USA) 

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

7-10 June 
Paris. 
France 

12-16 July 
Madrid, 
Spain 

Is.sue No. 1 
Issue No. 2 
Is.sue No. 3 
ls.sue No. 4 
Issue No. 5 
Issue No. 6 
ls.sue 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 
ls5ue No. 23 
wue No. 24/25 
luue No. 26 
luue No. 27 /28 

. -,-

3rd European Conference oo 
Advuced Marerials and Proocs1es 
(Soc. Fran~ de M~urgje ct de 
Matbiaux, lmmeoble Elysia la 
~fensc, Cedex 35, 92072 Paris La 
~fease, France) 

The Ninth lntemalioaal C-onference 
on OJmposite Materials (ICCM/9). 
(Professor Antonio Miravete, 
Department of Mechanical 
Engineering, University of 
Zaragma. Maria de Luna. 3, 
50015 Zaragoza, Spain. 
Fu: 34(76) 512 932) 

PREVIOUS ISSU~ 

Steel 
New Ceramics 
Fibre Optics 
Powder Metallurgy 
Composites 
Plastics 
Aluminium Alloys 
Materials Testing and Quality 
Control 
Solar Cells Materials 
Space-related Materiak 
High Temperature Superconductive 
Materials 
Materials for CUtting Tools 
Materials for Packaging, Storage and 
Transportation 
Industrial Seasors 
Non-Destructive Testing 
Materials Developments in Selected 
Countries 
Metal· Matrix composites 
Plastics Recycling 
Advanced Materials Technology: 
CAD/CAM Application 
New Materials Technology and CM 
Powder Metallurgy 
High-Temperature C.Cramics 
Surface Treatment Technologies 
Reinforced Plastia 
Industrial Applications of Simulation 
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