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Dear Reader,

This is the tenth issue of UNIDO's state-of-the-art series in the field of
materials entitled Advances in Mzterials Technology: Monitor. This issue is

devoted to space-related materials and is addressed to a select target audience of

policy-makers, scientists, technologists and industrialists in developing and
developed countries.

In each issue of this series, a selected material or group of materials is
featured and an expert assessment made on the technological trends in those
fields. In addition, other relevant information of interest to developing
countries is provided. In this manner, over a cycle of several issues, materials
relevant to developing countries could be covered and a state-of-the-art assessment
made .

In this issue Mr. Mir Akbar ALI has written the main article for UNIDO. The
issue covers materials for space exploration as well as materials processing in
space. The current awareness section includes information on new products, new
processes and applicatioms.

The tentn Monitor presents itself to the reader in a new "face” as well as
with a new addition, namely an advertisement. Aiming at meeting the costs for
preparing the Monitor, publishing and mailing it, UNIDO will start publishing
industrial advertisewents in the Monitor. This activity is non-profit oriented.

If any of our readers are interested in industrial advertisements in the Monitor
please do not hesitate to contact the Editor and we shall be happy to send you more
information.

At this point we would like to emphasize again our appreciation for all your
returned filled-out questionnaires as well as your comments and suggestions.
Please continue sending them.

Department for Industrial Promotion,
Consultations and Technology

V.87 91499
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1. MATERIALS DEVELOPED THROUCH
SPACE-RELATED TECHMMOLOGIES

The following article is the core of a study
prepared by Nr. Nir Akbar Ali for UNIDO. It discusses
(1) Materials precessing in spacr zna (1I) Materials
developed for space applications: (1) Technology of
cacrhon/praphire tidbres and (2) Space-related advanced
ceramic materials.

Since this paper is a condensed version of the
original paper, it has been decided to dispense with
the list of bibliographic references.

I. Materials processing in space

The processing of materiasls is in{luenced by the
earth’s environmental characteristics such as gravity
and the atmosphere in which the pracessiang occurs.
The atmosphere can introduce adverse contamination
influences which can be minimized by usiog artificial
atmuspheres such as inert gases. Nothing practicsl
can be done on earth about gravitational effects which
include phase separation, deasity segregation, uneven
coeling characteristics and container contamination
for glass, ceramic and metallic materisls. On the
other hand materials can be processed in space under
conditions of virtval weightlessness with the
potential advantages of solar energy and a vacuum sink
of unlimited veluwe.

The forces that have an effect on the composition
or shape of solidified glass, metal, anl to & lesser
extent, for ceramics are volume changes, surface
tension and gravity induced segregation and convection.

Various cnuntries, depending on the status of
their space technology prograsmes, have conducted
experimental miteriasls processing studies which were
both ground-based (on earth under situlated near zero
"C” conditions, using sroustic and/or electromignetic
levitators) and on hoard space flights.

Pfforts were also made to exploit the potentials
of space industrialization including feasibility
studies for the commercial manufacture of electronic
materials. The following sections will describe the
experimentsl and commercial manufacturing.

Materisls processing in space - experimental
studies

As mentinned earlier, various countries have
conducted both ground-based and on—bosrd materisls
processing studies, based on their spsce technolngy
copebilities.

The US materials processing studies are mansged
snd administered by the Nstionsl Aeronsutice snd Space
Administration (NASA). Cround-based experimental
studies were also conducted by selected industrinlized
and developing countries. In the US, such studies
were performed during the Apollo, Spacelab and Space
Shuttle Misnions; Salyut and Syrens in the USSR,
TEXUS in the PRC; and the Furopesn Space Programme,
to name s fev,

The purpnse of grownd-based studies wao to
conduct materials~relsted experiments on carth in s
near sero "C” environment snd to establish the
porential improvements or @ specific cheracterintic
which could not be u:zhieved otharvise,

NASA has long had sn interent in materials,
particularly thosu of value for the industry,
seronsutics and space flights. NASA has carried out
extensive studies on msterisls in its own lshoratories
and sponsored research in scademic ond induestrisl
Iaboratories,

For exsmple, glass melts are highly reactive
materials. They react vith virtually any cestainer,
even platinwa. This includes chalcegenide glass for
tramsmitting in the infrared vegion and laser
glasses. In this context KASA sponsored grownd-based
studies in an acoustic levitztor to process
chalcogenide and laser host glasses.

Among the sdvantages claimed for growiag
semiconducter electronic msterisls in space are
improved homoperneity, greater purity, reduction of
physical defects and the ability to grow large
diam: ter crystals. Experimrnts on Skylab by
Wiedemeier, Witt and Catos have been cited for
evidence that crystals grewa in a low "C" enviromment
are superior to those grown under the influence of the
earth's gravity.

Likewise, the USSR also conducted a variety of
space-related materisls precessing studies vhich
include the directional crystallization of germaniue
under the influence of the space eaviroament, the
space processing of CdligTe, CdMgSe and PbSeTe, and the
structural studies on the Te-Se solid solutions om
board SALYUT-6.

These aud similar space-related materials
processing studies were conducted by vther countries
either independently or in collaboration with the USA
or USSR space programmes. Furthermore, there were
several USA-USSR joint studies under the Apollo-Soyuz
programme.

Haterials vrelated studies were also conducted in
the Skylab orbiting space station. The Skylsb
materials science and technology studies were mcinly
concerned with metallic materials. The materisls
studied include the familiar steel, slumirivm, copper,
nickel and silver and the less familiar gallium,
germaniom, indius and telluriom. The objectise of
these studies was to evaluste the space environment
for single crystal growth, ismiscible alloy
compnsitions, microsegregation in germanivm, whisker
reinforced composites and so on.

The Space Shuttle programme is alio being
utilized for the development of low-cost
transportation to and from the earth. The system
itself is composed of the Orbiter with the Spacelab to
do research and develop techniques on s variety of
sub jecty including meterials relsted technologies.
The Spacelsb is an international programme developed
by the European Space Resesrch Orranization (ESRO;.
The Spscelab provides sn extension of the ground-based
studies vith the advantages whiich only space flight
can provide, such as a long-term gravity-free
environment. Ten mewbers of the European Space
Community consisting of the FRC, France, the
United Kingdom, Belgivm, Spsin, the Retherlands,
Denmark, Svitzerland and Austris have pooled their
resources and combined with the USA to conduct
siientific and technnlogical application and studies
which includes materials development and processing.
For example, germanium selenide (GeSe) vas grown
abosrd Skylab and was asbout the size and shape of that
used in the electronic devices. The study indicated
thac this type nf production is {easible and provided
dats on the conditions under which products of this
kind can be manufactured in spece.

As con be seen sll these .round-based and
on-bosrd test flights are stepping stones for the
eventusl industrislization of space. The next section
describes the detsils of space industrislization.

Space industrializetion studies

The poteantials of industrislizing outer space is
one of the most exciting concepts of the space
programme. The sord iteelf - industrislisation «




demotes & mev vista of thinking. One must use
terms swch as the production of goods and
services, manufacturing equipnent, labour-force,
Teturn on investment, products, markets sad risks.

Amoag the suggested space industries are wmique
materials for earth and earth reseurce surveys.
Besides permitting the msmufscture of better products,
apace processing facilities will also enhance our
techaical knowledge of msterizls behaviour. The
actual properties of many of sur msterials are far
belov their theoretical limit; aad spsce-based
waterisls research promises te help us come mach
cleser te these fundamental limits than efferts here
on earth. Space processing allows iavestigaters to
elininate the gravity-induced effects on wsterials,
slloving better fundamental studies oo svlidification,
phase transformation, the kinetics of veporization asnd
condensstien and the dynamics of freths and diffusion
in fluids in a temperature gradient.

The nev and cheaper preducts mansfactured in
space will be these that benefit from lack of
gravity. With the exception of weightlessness
all other characteristics of the space eavironment
such 8s high vacuun and radistion can be achieved on
earth.

One wa jor benefit of such lowgravity processing
would be that materials to be processed could be
'levitated’ — suspended ia space without touching the
contsiner. Siace there would be no need for
containers ia space factories, there would be mo
danger of impurity contamination from the container -
s mjor problem on earth - during the wmanufacture of
highly resctive snd high melting materisls. For
example, crucible contaminstion is probsbly the most
serious limitstion in the production of high purity
glasses for lasers snd laser system optics and has
seriously hindered the ability to grow pure crystals
for semiconductors.

A second wa jor adventage of low—gravity
processing is the elimination of a contsiner’s surface
irregularities which come into comtsct with the melted
materizl. These irregulsrities provide sites for
uwndesirsble crystal growth in the solidifying liquid
which spoil the perfection of the solid.

Furthermore, in weightless space, molecular
forces such ss cohesion and adhesion will replace
gravity ss the strongest environmental force and
become significant Factors in control processes.
There could be drastic chenges in the casting and
drawing processes such as those encountered in crystsl
growth and fibre and ribbon drawing.

In this context NASA conducted sn extensive
techno-economic feasibility s%udy for the
wanufactuie of single crystal gilicon snd silicon
ribbon in spece.

The first task was to evaluste the most common
earth~based crystal growing processes in relation to
processing in space. Figure I presents the detsils of
the asarth-based crystsl growing processes which
includes:

(s) DNelt growth;
(b) Solution growth;
(¢) Vepour phase growth.

Zoach of the three procssses hes its ovn
particular advantage for use in space. As such, each
method vas evalueted on the basis of ite sdaptahilicy
to the production of eingle crystal silicon ribbon on
spece. The technical criteria for selection vee that
the procese must be continuous, the shape of the end
product be ribdon, and, in order to be economically
attractive, the process must be capsble of & high

crystal growth rate.
|

The selected pracess had the comhination of the
best feature. of melt growth amd zene refining crystsl
groving process together with srae uwnique space
techniques. The process was called Ribbon from Melt
Growth in Space or simply IS process. Figure 11
provides a block diagram and conceptual sketch of the
RMGS process. la the model precess the growth of
single crystal ribbon vas made from a levitated,
spherical melt heated by a selar collecter. There are
two s jor advantages of this process - direct
conversion of the polycrystalline silicon into the
desired single crystal plansr ferm and the elimination
of contamination by the coatact of molten silicon with
its surroundings.

The single crystal silicon currently grown on
earth is wet in the desired rlanar form but is in the
form of large cylindrical boules. The buules are
sliced into ualers and wechanical and chemical
polishing is required to remove the Jamaged surfaces.
This amounts to 8 50 per cent loss of the starting
material. Hewever in 2 space manufacturing eperatiom,
the direct conversion of polycrystasiline silicon inte
ribbon form is optimum because it eliminates the
processing loss. Also, xicrogravity makes levitation
of the melt possible. Levitation of the weit
eliminates both material loss snd transportation costs
for the lost (waste) materisi.

In addition, silicon ribbon suitable for IC's
have been mechanically shaped using high purity quartz
but, for space processing, die erosion and frequent
die replacewent would have resulted in higher
production costs. The process uses altermsting
cucrent which in the coils results in 2 radio
frequency force field that forces the wolten material
into rectangular cross sections. Radio frequency
force field shaping has been largely unsuccessful on
earth, but the microgravity of spsce should facilitate
its application.

The advantage of wicrogravity is that surface
tension becomes a dowinant force and shaping can be
effected over 8 much longer weniscus height, as is
shown in figure III below. This longer meniscus
height allows the use of multiple coils of & larger
crogzs gection, thus minimizing resistance losses. The
decreased power demsity in the ribbon for the longer
shaped height spsce sllows a better bslance to be
schieved between the shaping force snd hestin, of the
wmolten silicon.

The postulated silicon ribbon process was
incorporated into the space manufscturing plent design
as shown in the following figure IV. One ground rule
was that the plant would be an sutomsted free flying
spacecraft providing good operating economics. The
production rate was based on 8 7.6 cw ribbon width and
s pull rate (190 cw/hr) of that alresdy achieved on
the ground using mechanical dies.

In order to determine the economic feasibility of
space manufacture, cost comparisons were made with
esrth manufscture, Property improvements,
extrapolated froem Skylsb experiment results were
postulatnd for the space-grovn crystals and evaluated
in terms of integrated circuit processing yield. The
yield iwprovements fof the two principsl device
technolsgies, bipolar and metal oxide semiconductor
(MUS) are shown in figure V for 5 0.38 ¢cm x 0.38 cw
baseline large-scale integrated (L$1) circuit or
chip. The spproach used vas to calculate the LSI
wanu facturing cost uveing esrth material cost yield.

Integrated circuit man 1facturing consists of
three ms jor steps. diffusion, sesembly and tesr.
In diffusion the transistors and interconnections
ore formed b * selectively irplanting the substrate
in @ muitistep process. The circuite are prodbed
and separsted into individusl chips. The gond
chips are then assembled into peckages and the
final otep ie to test the sssembled integrated
cireuits.
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Figure I.I. ADVANTAGES OF FORBING IN
MICROGRAVITY ENVIRUMMENT
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The effects of the incressed yields projected for
space-processed integrated ciccwit msterial custs are
shom in figwre VI.

The largest eflect of space precessing is the
decrease ia diffusion cost per kilegram vhich is
inversely prepoctional te the overall yield.

There is alse s small decrease in assewbly and
test cost dwe te the small improvewent in fiwal test
yield.

II.

Naterials developed for space applicatiovas

Technology of carbon/graphite fibres

The significance of fibrous materials and

products became identified vith structural

developmrats in the acrospace iadustry.

The wrgency

of structural requirements for space-relsted
industries led to the developmeut of carbon/graphite
fibre composites.
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Finally, in order to determine the value and
market for space produced silicon, s market analysis
was conducted to identify market cheracteristics asnd
is illustrated in figure VII below.
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The sewmiconductor merket is composed of discrete
devices and ICs and is currently srownd $US 20 billion
snd is growing st an snnual rste of 1] per cent.
Single crystal silicon for uee in ICs requires
extremsly high-quality msterisl in terme of purity and
structure, The dameging effect of defects incresses
with circuit sise ond is grestest for large-scale
integrated circuits (LSI). These LSIs would be
suitable candidates for space processed silicon if the
Skylsb and Shuttle studies could be reslised in
developing s menufacturing proceass in space with the
eventusl objective of industrislizing specu.

Carbon is sn abundant element on earth and
elements! carbom is sixth in the periodic table with
an atomic weight of 12.011 and consisting of
98.9 per cent C;g and 1.1 per cent of C;5.

The high strength and high wodulus carbon fibres
sre sbout 7 to 8 microns in diameter and consist of
small crystallites of "turbostatic”™ grapbhite, one of
the allotropic forms of carbon. In a graphite single
crystsl the carbon stoms are srranged in hexagunal
arrays, and are stacked on top of each other in &
regular ABAB sequence.

The stoms in the layer or basal planes are held
together by very strong covasient bonds and there sre
wvesk Van der Wassl forces between the layers. Tnie
wesns that the basic crystsl uvnits are highly
anisotropic - the iw-’hnc Yowng's modulus parsllel te
the A-axis is 910 Cn™% m #nd the Young's wodulus
paraliel to C-axis (normal to the basal planes) is
30 ci cm™2, The spacing between the layers is
0.335 microns, The "turbosiatic” graphite sesesbles
grophite single crystal except that the layer planes
have no reguler packing in the C-axis and the average
specing betveen the layer planss is about 0,34 nm,

The technique used in obtaining high sndulus and
high strangth is to have the layer planes of grephite
slligned parallel to the ujo of the fibre.

The basic process in manufacturing graphite
fibres io to wtilize an organic base precursor vith »
high parcentege of carbon atoms, and through hest and
tension drive off sil volstile [ractions to icave only
the carbon stoms. The three most populsr precursors
Jare polysccylonitrile (Mll)‘, staple rayon fibres and




pitch fibres. All the three precursers cam be
cachenized te various degrees vith varyir3 difficulty
and prepecties.

(a) Polyacrylonitrile (PAN): Base graphite
fibres are made from 3 long chaim linear polymer
consisting of a carben backbone with attached
carbenitrile groups. The first step inveolved in
precncing & graphite fibre from this polywer is te
cyclize the linear structure inte a "ladder™ type
structure. The cyclizstioa reaction is accomplished
by holding the prestretched polymer under temsion
temperatures of 205-240° for up te 24 hours im an
enidizing stwosphere. ’

After the completion of cyclization the resulting
infusible fibre is heat treated in an inert atwmosphere
te Cemperatures ranging frowm 1,400-3,000%C. The
final precessing temperature signficantly influences
the degree of graphitizatien that is achieved and the
resultaat preperties of the fibre.

In the prepsraticn of high strength high wedulus
fibres, Toray oxidized the PAN precursor by comtacting
the fibres (for less than one secoud) intermittentiy
at s surface temperatwre range of 200-400°C.

British patents granted to Union Carbide describe a
process for the continuous graphitization of textile
fibres by stretching at s tempersture of around
2,200°%C.

The Royal Aircraft Establishment (RAE), UK, have
develeped a process for th= conversion of PAN fibres
into high modulus carbon €ibres. This required an
inivial oxidation of PAN fibres in air st between
200-300°C followed by carbonization and chen
graphitization in an inert atmosphere up to 3,000°C.

(v) Staple rayon precursors: The use of
cellulose fibres as precursors for carbon fibres was
an important advancement for the csrbon/graphite fibre
technology. Such commercial fibres from Vmion Carbide
under the trade name of Thornel-50 and Thornel-75 are
msde by heat-tresting rayon filaments in an ine~rt
atmosphere in a series of steps to temperatures to the
order of 2,700-2,800°C. At chese elevated
temperatures the {ilaments are subjected to tensile
Toads and are stretched or elongated in order to
sllign the graphite layer plunes in & direction
parallel to the axis of the filaments.

It should be said that carbon [ibres mede from a
rayon precursor are irregular in shape and the fibre
size may range from 5 to 50 microns in diameter.

{c) Pitch precursors: The newest carbon fibre
processing technique being used involves the spinning
snd thermal decompositive of sn intermediste liquid
psevdocrystelline phase of 8 cosl tar pitch known s
wesophase, The mesophsse structure forms in the piteh
sfter heating at a tempersture range of betveen 400
and 500°C for up to &0 hours. At this stage the
piteh is in the form of s viscous liquid snd the
carbon molecules are plate~like in shape.

After the conversion of the pitch to the
mesophase state it is spun through s smell orifice
(bushing) into s filament form. The spinning process
forms fibres with s high degree of axial orientation.
These ordered fibres are made infusible by
thermosetting st & relatively lov temperature.

(i) Properties of carbon/graphite fibres

Carhon/grephite {ibres offer 8 combination of low
weight, high strength, high modulus and stiffness
propertias superior to similar properties of
conventionsl non-metallic and metallic
serospace-related fibrous materisl. TYurther, for the
carbon/graphice fibres, their properties vary with the
precucsor materisl and this point is well illustrated
in tables 1 and 2,

Even withia the specific precursor woterial, the
properties of the final product {(graphite fibre)
varies sad depends on the processing parametecrs such
as the carbomization and graphitization temperatwre.
Table 2 illustrates this aspect of graphite fibres
made from mesophase pitch.

As indicated earlier, the carben/graphite [ibres
were developed for a variety of space-related
applications where the superior mechanical snd
strength properties of these fibres played a vital
role in previding the wamet need. The next section
describes the streagth-related properties of graphite
€ibres based on the precursor msterials.

Table 1. Cowparative properties of carbon/
graphite fibres
(Based on precursor materials)

Precursor material

Propert PAN Pitch [
— ‘operty 13 yon
Tensile strength 360-650 225 JU0-400
(103 rs1)
Tensile modulus 30-50 55 -
(10® psy)

Short beam shear

(103 ps1)

Untrested 10-4 ¢ &
Treated 15-8 10
Specific gravity i-8 2 1.7
Elongation, T 1.2-0.6 1 -
Fibre diameter, = - 7.5 6.5

Table 2. Propecties of graphite fibres
wade frow misophase pitch

Afcer After
corbonization carbonization
(1,500-1 ,700%C) (2,800° C)

1. Spacing of carbon

crystollites 3.40 - 1.83 A 3.36 - 3.3 A
2. Density (gr/em?d) | 2.1 - 2.2 2.1 - 2.2
3. fensile strength 160-160 ksi 250-350 ksi
4, Young's modulus 25-35 mei 75-120 msi
5. flectrical resis-
eivicy 800-1,200x106 | 150-200x108
ohm-cm ohmcm

(ii) Strength propertias ol carbon/graphite fibres

Carbon/graphite fibres are the preferred mwaterial
due to their low weight end high modulus strength
propertiers. Their properties are also related to the
precursor meterial sand are described se follows:

vrapnite fibres: The governing fector

PAN-based
of the tensile strength of PAN-based fibres in




velatien to heat treatment tempecature if that the
streagth pradually incceases together with temperature
te a saxime of 1,200, gradually drops, and levels
st 2,800 at wvhich point the temsile streazt. is
arvend 200 psi. This figure clearly indicates that
the teasile strength does not rise parallel wvith the
increase in heat teestment tewperature. The tensile
strength reaches 3 meximum strength of about 450 ksi
for fibres processed around 1,200-1 ,600%. It drops
off signficantly for fibres processed at higher heat
treatmeat temperatures. According to Watt and
Johnson, the teasile <trength of fibres is controlled
by the presence of discreet flaws both within aad on
the surface of the fibres. BRarmet and Norr published
a summary of strength limiting factors for PAN-based
cachrn fibres. Many of the internal flaws can be
classified intn three categeries: inerganic and
organic inclusions, longitudinal voids due o
disselved pgases and irregular voids. During heat
treatment these dafects change into imperfections and
can be seen in the final product. Basal plane flavs
are impertant because they affect the tensile strength
of PAR-based carbon fibres.

Surface flaws introduced during the spianing of
the polymeric fibre retain their shape even afrer
carbonization. According to Toharsky and Diefendorf,
the tensile strength of graphite fibres is a function -
of not enly internal and surface flaws but also of the
radial and axial flaws. All of these flaws can be
removed by careful processing, resulting in a
significant improvement in the tensile strength.

The electrical properties of PAN-based
carbon/graphite fibres vere also studied and indicated
w3 jor chamges in the electromic structure of the fibre
at the heat-treatment temperature of 1,7507C. This
has been attributed to the release of nitrogen.
Mecchand and Zauchetta have shown that the release of
nitrogen sffects the graphitization process.

Properties of pitch based and ravon based
fibres: The tensile strength of pitch based graphite
R, - - -

Fibres is directly related to their processing or
heat-treatment temperature. The ultimate tensile
strength increases relative to the processing
temperature, ranging from an average of 200 ksi for

fibres heat-treated at | 700°C te 320 ksi feor

fibres processed at 3,000%. The u'timote tensile
strength values of pitch based fidbres are relatively
low and the primary source of failure is due to
porosaty.

The electrical properties of pitch based graphite
fibres have been discussed in detail by Bright and
Singer. The electrical resistivity of pitch based
graphite fib.es dreps with an increasing processing
temperature (from IV ohe—cm processed at 1,700°C to
2 2 10 ohm—cm processed at 3 ,00U%C). As such, the
pitch-based [ibres are excellent conductors and their
electrical conductivity is significamtly better than
PAN-based fibres.

1> rayen based fidres pnssess s high degree of
crystallinity ranging from 25-50 per cent. During
processing the structure breaks down arcund JV0C
and 3 re~srientation of the structure occurs around
1,000°C resulting in voids due to the precursor and
consequentiy lower density (1.3 gr/cm?). As such,
the tensile properties of rayon-based fibres are
dependent on several processing parameters.

Carbon/graphite fibres are basically strong
fibres; howvever their strength increases almost by an
order of magnitude vhen they sre used as fibre
compusites.

Composite materials offer a combination of
strength and stiffness properties superior to
non-reinforced fibres, Graphite fibre reinforcements
are esseitially graphitic due to the fact that the
fibres primarily consist of cerbon wiich is
amorphous anu & lesser ame.. 1t of graphite viiich has a
hexagonal crystalline structure. The percentage of
graphite in the fibre depends on the final processing
temperature and rises with the increase in the final
temperature.

The form of graphite fibre plays a significaat
effect on the fabrication of a selected compusite
structure. The composite product torm is determined
both by the structural requirements of the end product
aud the menufacturing process. Table 3 provides the
dsta on the mechamical properties of graphite fibre

Table 3., MNechanical properties of .mposites (0 per cent fihre volume)®

Vlitimate tensile | Ultimate co-pféllivt tnitial tensile| Ultimate tensile |[Composite

strength (ksi) strength (kei) wodulun (msi) strain (1) dansity

° ° ° c ° v o ° g

Reinforcements 0 9 0 90 ] 9% 0 90 (ib/in?)
A-graphite fibre 220 7-12 220 &0 18 1.5 1.2 0.5-0.9 0.056
KT~graphite [ibre 220 612 200 35 22 1.3 u.8 0.5-0.9 0,057
n-graphite fibre 130 5-10 130 30 17 1.3 0.5 0.3-0.8 0.058
Vidi-graphite sibre | 200 2-3 97 27 &5 0.9 0.5 0.2-0.3 0.058
Aremid &9 220 3-6 (3] 15 13 0.8 1.5 0.2-0,3 0.05%
S-glass 260 5-9 100 23 6-8 2.0 3.0 0.3-0.4 0.072
Roron f[ibre 230 9-13 1 00 30 3o 3.0 0.7 0.3-0.4 0,075

* W.T. Preewan and C.C, Kuebler "Mechianical and physical properties of advanced composites”, Compnsite
Materials, Testing and Design ASTH-GTP, Vol. 546, page 205, 1976,




compesites and compares it with Aramid 49, 'S° glass
and dboren fibce composites. The table clesrly
indicates the overall superierity of graphite fibre
cempogites except vhes compared vith beren fibre
compos ites vhich are very expeasive.

(iii) Applications of carben/gratite fibre

composites

A very large aad broad technelegy and
information data base has evelved during the
past 25 yesrs feor advanced graphite fibre composite
asterials. This Jata base has been established
primarily by work spoasered by the US federal
agencies snd aercspace companies. As part of the
programme to develop confideace in graphite
composites, informstion is available indicating
the pregress that bas been made in this material
for a variety of serospace and industrial applicstieas.

In a programme sponsoced by NASA at lockheed
Corporation, advanced carbon/graphite fibre
compasites technology has been developed for
verticsl fins (ACVF) used in L1001 tramsport
sireraft. The experience of several commercial
sireraft manufa_turers continues te show premise
in the application of the advanced graphite fibre
composites. Graphite fibre epoxy composites were
stodied at Douglas for the MASA-Langley Risearch
Center w.ere in Thermel 300 graphite fibre
compos ites were used in the vertical stabilizer of
DC-10 jets.

Carbon/graphite composites have also been used
in the design of the Space Orbiter snd Space Shuttle
sud in many notevorthy space-related sdvanced
components vhich involve the use of carbon/graphite
compesites, such as 5 space stable support system
for the secondary mirror of an nptical telescope,
structural components in the design for X-ray
observation of galactic and extra-galactic X-ray
sources.

Advanced cerbon/graphite fibre composites asre
also used in the sutomotive industry. Oue of the
wost effective wvays of improving the mileage per
gallon performsace of passenger cars is through a
drastic reduction of the weight of the csr. The
Ford Motor Company is working in this ares and
weight reduction for heavy trucks has also been
Teported.,

There are several industrial and commercial
spplicstions of carbon/graphite fibres which have
been in operstion in the industrialized countries,
including bicycle frames, carboms Fibre reinforced
concrete (as s building materisl), corrosion
resistant velves, and medical prosthetic devices.

Bushmen has updated the role of carbon/graphite
fibres as a source of hesting in non-metallic
tooling., Among the tools thsi "enefited from integral
heating elements are bonding fixtures, tools for
thermal forming of thermnplastic sheers and tools for
the curing of thermosetting matrix prepreg into
finished components.

Cacrbon/graphite fibres have found meny
spplications in radiological equipment. Advantags vas

taken of these fibres' transparency to X-rays thereby
making it possible to momitor a patiemt's vital signs
during some X-ray didgnoses. In another application
carboa/grazhite iibtes vere used to make light-veight
and X-ray tra:s:arent tables lor use during patiest
examination.

All these applicatious clearly indicate the
significance of this space-relatrd techmology in
industrial development. This is a growing iadustry,
and apart frea the key markets wvhich have bewn
identified there are many small segments which are
difficult to locate because available data is both
limited and restricted.

2. Space-ielated advanced ceramic materials -

The space envircoment demands a variety of
wmique charactecistics which car vnly be satisfied
by ceramics. This asse [ ras 3 nuaber of
wew ceramic materials and products that have been
developed over the past quarter of a ceatury to fulfil
the unmet need of the space enviroament and for its
eaigue application. At the same time, the spin—off of
these materials and technologies are:

(a) Technical ceramics or fine crramics;

(b) naterials for integrated optics; and

(¢) Industrisl seasor materials.

There are other materisss and technologies, but
due to the scope of rhis report the sciecicd
technologies are considered as mature enough for
transfer and significant enough for potential

industrial progress.

(a) High-tempersture ceramics - fine ceramics

The application of heat to cersmic rav materisls
is one of the earliest of msterizis technologies.
Mcient man discovered that heated vet clay could be
moulded into a variety of shapes before baking or
firing. By the time the ancient Greeks coined the
term "Keromos”™, mankind had been shaping and firing
common clay.

The space~sxe era is nov using this ancient
meterial under sophisticated names for & variety
of industrial applications, including sutomobile
engines. There is little doubt that advasuced
ceramics snd/or structursl cersmics is a
significant "emerging technology” vorldwide,
sffecting such diverse areas as automobile
engines, powver generstion, cutting tocls,
microelectronics and industrial sensors.

In the United States, these high-tempersture
ceramic materisls are known as advanced or Lechnical
ceramics. These high-tech ceramics, ~eferred to in
Japan as "fine ceramics”, sre made frow extremely
pure, composition-controlled, vitra-fine particles
formed, sintered and trested under highly controlled
conditions. Their properties give the cersmics
superior performance cheracteristics., The great .
divereity of practical applications of these fine
ceramics os identified by the Fine Ceramic Office,
MITI, Japan, is presented in figure VIII.
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What are these so-called advanced ceramics,
high-tech ceramics or fine cerawics and how do they
differ from the traditional ceramics?

Unlike the traditional ceramic materials which
are based primarily on silicates, sdvanced ceramics
include nitrides, carbides, oxides, carbonates, ctc.
These materisls possess speci._lized properties
including high heat, wear and corrosion resistance
as well as specislized electrical and optical
properties which allrw these new ceramics to perfors
well in a number of high value-added applications.
Figure 14 provides an overview of these materials,
The following are selected high-tempersture
materinls.

Sailon: The acronym "Sailon” was originally
given to new ceramic compounds derived from silicon
nitride and oxynitride by simultaneous replacement of
silicon and nitrogen by aluminium snd oxygen. Similar
replacements sre possible with other structures and
other wmetals such as Vithium, beryllium and
mognesium. Sailons are made of oise, two and three
dimensional arrangements of (Si,Al), (O,N) and (M,S$i)
(0,%) tetrahedra in the same way as the structural
silicate tetrahedrons are in the (5i0z). Aluminium
plays s special role because the AlO;, tetrshedron

jic Insulation'
& Conluctivity

egrateN
f Circult
Substrate
ical & rrothermal] Iindustrial Mat’ls
‘nuipment Sensors )

with five negative charges is about the same size as
$i0; and can be replaced in the rings, chains and
networks, provided valency compensation is made
elseviiere in the structure. Jack reported the first
of these new materials ~ "Seilon™, and about the same
time Oyama and Ksmingato and Tsuge reported similar
achievements in Japsn.

Sailon-type waterials can slso be prepared from
naturally occurring minerals. Uense, sintered solids
with compositions in the SijNg-Al203-AlN
systems were obtsined by hot pressing a mixture of
naturally occurring silica ssnd snd sluminium powder
in 8 nitrogen stmosphere, Hot pressing was carried
out at a pressure of 200 lu;lcnz and temperstures
ranging from 1,600 to 2,000°C for on~ hour in &
nitrogen atmosphere.,

Kot pressing, a. a fabrication process, has found
increased nse in cthe ceramics processing industry,
vith particular emphasis on the preparation of
materials with improved properties through
composition, microstructure and density control. A
genecal description of ranges used in hot pressing
fabrication is included here, but there are no sharp
distinctions in the pressure ranges employed, 85 may
be seen in table ),

Ranges in hot pressing fabrication

Mould materisls

Size limits for fabricatcd parts

- Table s,
Press range and applicstion
I. 1,000-5,000 psi
Uniaxisl

2, $,000-20,000 pei
Uniaxial

3. 10,000-50,000 pei
Teostatic

6. 50,000-300,000 pei
Unisxiel

5. 300,000-750,000 psi

Craphite
Special graphites

Alpmy, 8iC

Tidy, ZrB

High strength steel anc
cemented tungsten corbide
Crmented tungsten carbide

Uptol ft in diameter

Incressed lengths up to 20 inches

1 to 3 inch diameter

1/4-1/2 inch diamter
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Figure IX. Classification of high tech ceramics by functions®

Insulation materials (Al203 1C circuit substrate, package, wirimg substrate, resistor
BeO, NgO) substrate, electrouics interconnection substrate
Ferroelectrics materials Ceramic capacitor

(BaTi03, SrTio,)
P——Piezoelectric materials (PZT) —Vibrator, vscillator, filter, ete.

Transducer, ultrasonic humidifier, piezoelectric spark
—generator, etc.

Semicoanductur materials (BaTiOj, NTC thermistor: temperature » temperature
SiC, 1n0-Bij03, V05 and compensation, etr.

[ Electric functions]™=]  other transition metal oxides)

|——=— PTC thermistor: heater element, switch, teapersture
compensation, etc.

j———=- CIR thermistor: heat sensor element

Thick film ther- infrared sensor

sistor:
Varistor: noise elimination, surge curremt
absorber, lighting arrestor, etc.
p———— Sintered C4S solar cell
material
SiC heaster: electric furnace hester, msiniature

heater, etc.

—— Solid electrolyte for sodimm battery

__Ion conducting msterials Zr0y ceramics: oxygen sensor, pil meter
! 7 -Al203, 2r037) fuel cells
L S0t ferrite Magnetic recording head, temperature sensor, etc.
|Hngeti: funct ions l'—‘-—llatd ferrite Ferrite magnet, fractional horse power motors, etc.
Translucent slumina High pressure solium vapour lamp
Trasnslucent magnesium, mullite, For & lLighting tube, sprcial purpose lanp, infrared
etec. transmission windov materisls
[ Optical functions [
——Translucent ¥203-ThO; ceramics Laser materisl
fmemePLZT ceramics Light memory element, video display & storage system, light
wodulation element, light shutter, light valve
Cas sensor (Zn0, Fez03, Gas leakage alarm, sutometic ventilstion fan, hydrocarbon,
Sn03) fluorocarbon detectors, etc.
Humidity seasor (MgCryn,-TiOy) Cooking control eiement in microwave oven, etc.
[Chemical Tunctions |—f===Catalyst carrier (cordierite Catalyst carrier {or emission control
j——-Organic catalyst Euzyme carrier, zeolites
eElectrodes (citanates, osulfides, Electrovinning aluminium, photochemical processes,
borides) chlorine production
Thermal functions
(zr0;, Tiy —~—) Infrsved radiator
ceramics)
Cutting tonls (A1204, Ceramic tool, sintered SBN
TiC, TiN, others) -Cermet tool, artificial diamond
: itride tool
Hechanical Wear resistant materials Mechanical seal, ceramic liner, bearings, thread
functions (A1204, Zi03) guide, pressure sensore
Heat resistant materisle (SiC, Ceramic engine, turbine biade, heat exchangers,
Al203, SigN;, others) welding burner nozzle, high frequency cosbustion crucibles

L lfolo'giul J__Chluninn ceramics implantation we————swArtificisl tooth root, bone, and joint
functions Hydcoxyapatile biogless

Nuclesr fuels (U0,

U02=Pu07)

Cladding material (C, 8iC, B4C)
shielding mcerial (5iC, Al704,
C, B4C)

Nuclear functions

* Georgs B. Kennay et sl,, "High Tech Ceramics in Japan Curn‘n: and Future Markets” Am. Cer Svc. Bill, 62 (5) 590 Mey 1983
! -
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In view of their poteatials, the applicatioa of
sdvanced cersmics to a variety of prodects is
increasiag and includes gas turbine engines and
cutting teols, to mame but a few. Perbaps the wost
difficult engine component imsginsble for ceramic
applications are turbine blades in terms of thermsl
and mechnical stress. Typical values of blade
specific stress for small engines are of the evder of
100,000 psi. Allaviag 2 safety facter of three for
ceramic turbine blades, the desired specific strength
exceeds 300,000 pai. For this reasom alone, materisls
technolegy in the field of Sijliy and SiC has been
directed tovards further improvememts in the
processing and (abrication of these materials.
Specifically, such trends have also been concisely
identified by Kelly.

These high temperature ceramic materials, becawse
of their thermal and hardaess properties, have found
near—ters applicatious im vehicular parts such as
turbe-charger rotors, pistom rings and pistoas,
cylinder liners and smll statiomary esgine parts.
Furthermore, due to their hardmess, the largest single
wse of these advanced cersmics is for metslcutting
tools and vear parts.

(») Material for integrated optics

Integrated optic (I0) circmits are optically
guided wave devices that perform a variety of
processing funcrions on the light beams which they
guide. The largest end use for 10s is im fibre optic
commmication systems which iaclude both wilitary snd

cial ications.

10 devices can be manufasctured using single
crystal ceramic materials such as lithiom niobate as
the substrate because of its desirsble electro-optical
properties. Another such material is gallium
arsenide. These 10 devices offer the potential for
significant performance and cost-saving benefits, in
particulsr for fibre optic systems.

10 devices are fabricated by diffusi- g waveguides
or substrates mnde of materisls that have large
electro-optic effects. The waveguides or chamels
have higher indices of refraction than the underlying
substrate material and sliow them to contain and
tramemic light. Due to the large electro-optic
effect, the index of refraction of the substrate
material changes as voltage is applied., This change
in the refractive index of the substance slong with
the geometry of the vaveguide is what determines the
function of the device.

Most optical glass and high-tech ceramic
materials for use in incegrated optics sre evaluated
for their desirable characteristics, lerge
electro-optic effect and ease of fabrication. The
change in the refractive index in 3 psrticular
crystallographic direction is related to the applied
stresses by the electro-optic co-efficient in that
direction. The desired material mist have & high
value for the electro-optic co-efficient "r” to induce
s substential effect that is close to being equsl in
various crystallographic directions.

Other preferred materials are [rom the family of
single crystals, i.e. lithium niobate and lithive
tantslate.

Lithium niobate is the preferred material due to
the fact that it has relatively the seme values of "¢”
in different crystallographic directions thus making
it insensitive to the plane of polarization of
incoming light wvaves, and to the esse in fabricstion.
Other candidete mterisls include strontium barium
niobate. Lithium niobate is & relatively mature
materisl., 1t is used in single crystsl form and ie
grown from malt by the standard Czochralski method,
vhareby lithium carbonate, a relatively chesp moterial
and niobium pentoxnide, which ie expensive, are mixed

and meited in 2 crucible and a single crystal is
pulled out frem the moltem melt. The final crystal is
generally three inches in disseter sad tvo feet in
length. The crystal is cut inte owe millimetre wefers
te preduce vavegwides. The vaveguides are wade by
chammels which are a few nicrons in disseter.
Pifferent kinds of devices - frem couwplers te switches
snd spdulaters are forsed by chamging the design of
the chamnel patterns and electrode configuratienms.

(c) Jundestrial semsor smterials

M important spin-off of space-related
techuologies are seaser materials amd rechwelogies
which could be effectively wtilized. The sensors
are useful in electrical and wechanical equipwent
and 8 huge variety of wew industries and techmologies
offer hope and premise of nev approaches Lo sensing.

These include solid state s, bi s,
fibre optic s, robot s and smeart
seasecs.

Uhat are th induscrial s? Simply

speaking, & semser is 2 small device that detects
snd/or measures conductance, capacitance and
resistance or self-genecating effects inte electrical
sigeals. It is » device which senses and quantifies o
relative or sbsolute value of a physical or chemical
phenomencn such as temperature, presswce, pi, flow
rate or the isteasity of radio, sound, light or sir
vaves snd converts these iato a wsefwl signal.

Solid state sewsing devices are made from a
variety of materials including single crystals,
semiconducting and polycrystalline materials.
Silicon, due to s member of its semsitive
characteristics, is 3 wseful sensing waterial. The
miterial can be costined vith other materials such as
pieznelectric materials, which make it semsitive to
acceleration, mechanical vibration and direct measure
of electronic potentials.

One of the important spplications of silicon
sensors utilizes the wear perfect characteristics of
silicom, i.e. its elasticity for semsing pressure.
Other spplications include micro-electrounics and
sensing the magnetic field. Other similar
magneto-sensitive devices include s OIS magnetic
field sensor snd 8 carrier—domsin magneto-meter.

One barrier to full industrial sutomstion has
been the lack of instrw.entation for use in the
industrial environment. Space-related techmologies
solved the probles by developing non~invasive snd
non-instrusive instruments. Another term used to
describe these instruments is by the technique of
non~destructive testing or WDT. For space
applications a piece of equipment is often allowed to
setire after a given number of hours, miles or similar
unit of messure, even though the spacecraft or
equipment may be in perfectly good order. This is
done by WT in order to find incipient failures. In
this context 8 device was developed using s ssall
yttrium iron garnet (yig) sphere of about 30 mwil
diawrter looped sround with s single turn of wire.
The Jevice becomes & resonant element in an oscilliator
cirenit, The frequency and amplitude of the
oscillator provides the infarmetion relating to the
condition of the resonator vhich is sffected by
cracke, flaws, etc.

Solid state imaging devices are used in robot
sensors rr robot vision vhere information is
obtained without disturbing Lthe environment, such as
in charged-coupled devices - ccd. Currently ccds are
of the size of prstage stamps, have low voltage
requirements, genevate direct digiral output and
register good images.

Robotic sensore are also used in welding vhere o
me jor application ie in seam tracking end rohotic seam
velding.




The grestest impact of the space related sesser
techaslegy for industrisl applications has been in the
area of optical fidbre senser techaslegy. Bevelopment
of fibre optic seasers started around the late
seventies. Fibre optic sensers offer a amber of
advantages ever existiag techaiques and include
geemetric versstility, retatiom amd their wee in
cocresive, high veltage, electrically asisy sad eother
stressing ewvirenmeats such as arc welding.

Materials for aerespece

The development of materials, tegether vwith
advamces in the techmslogy of fabricating parts, will
play a key rele in aerespace systews of the future.
Among the msterials develepments prejected for the
year 2000 are mev compssites and alleys feor structwrsl
menbers; superslleys, ceramics and glass compesites
for propulsion systems, and cacbou—carbon compesites
{carben fibres in & carbem mstrix) for
high-temperature spplications in places vhere
resistance to heat and ablatiea is eritical.

In fabricating perts and strectwres the mmin gesl
is te save weight, thereby incressing fuel efficiency
and the distance travelled per dollar speat fer fuwel.
(In 1980 fuel accounted for 55 per cemt of the direct
cost of operating am sirline.) Nuch pregress has been
sade tovard fabricating secondsry strwctura: perts of
sdvanced composite materisls, vith dememstrated weight
saviugs of from 25 to 30 per cent. Much remsins to be
done in finding advanced materisls that sre tougher
and 3t the sawme time easier te process, so that the
cost of [abrication can be veduced. It will also be
necessary to evolve nev structural design concepts
that are specifically adspted to expleiting the major
cwrent develcpment in materials science: the
increasing capability to tailor materisls ia order to
achieve specific properties. Only in this way will
the potential weight and cost benefits prowis -d by the
aev materials be fully reslized.

A good start toward meeting the materials
requirements of all these gosls of the Office of
Science & Techmology (USA) has been sade over the past
few years. Those years have seen notevorthy advances
in tvo [ields: synthesizing nev materisle snd
employing nev composile materials in serospsce
strectures.

A ms jor new process is the prepsration of novel
alloys by vhat is called rapid-solidification
technology (RST to msterisls engineers). The key is
eatremely fast cooling of the meterial from & liquid
starting ;hase to s solid phsse that is s povder. Tre
rate of cooling can be upward of coe million degrees
pev d. The p gives sluminium alloys higher
spacific stiffness and strength asnd slloys based on
aluminium or mickel improved tempersture resistance.
Subsegnent mechining does not affect the esired
properties, and as s result the meterisls con be made
inzo structural parts by conventionsl teshniques.

Severs] other nev or emerging concepts in
processing and sssembly are contributing to the
improvement of materisls. They include superplastic
forming, diffusion bonding and "net shape”
fabrication. 1In superplastic forming large changes in
the shape of a mterisl sre achieved under conditions
of high temperature ond low prassure. In diffusion
bonding the parts ave joineo st high temperature and
pressure. Joining resulte because stoms diffune
ascross the solid surfaces being joined; it does not

eatail the selting that takes place in velding. In
wet-shape fabrication s pevder-based materisl is
formed inte a finished shape witheut the need for
further machining. The techaigee is ts» compress the
powder in & glass, ceramic or steel container shaped
like the part.

The nev compesite materisls consist of a metrix,
uhich can be either s orgamic resin or 2 metal, ond
Eibres ot high strength that are esbedded in the
matrizx. The commemest fibre is graphite, but fibres
are alse made of glass, boren, silicon corbide, Keviar
(an erganic fibre) and filswewtary metals. The matrix
holds e compesite together and allovs the mteriasl
te be formed inte various shapes. Becawse of the
matrix it is alse pessible te tailer the msterial te
ebtain desived properties such as streagth sad
stiff . Compesite wmeterials are stremper thaa
steel, stiffer thas titamive and lighter than
sluminiva. In addition they offer mique mechanical
properties, such as resistance te corvesion and te
high temperature. Feor these ressems they are
particularly effective in sdvanced aerespace
structwres thot must be both streag and light.

Other recently develeped meterials sre sliominium
alleys that resist high temperatwre, alwminive alleys
low in density and therefore lowv in weight, inproved
cecamics and high-streagth steels. Conpounde of
titonivw and aluminivs offer low demsity amd
resistance te high tewperature. Rigid-ved pelymers
are slso new; small rods wade of a pelymer
dewonstrating high atrength aad stiff are
in a teugh polywer mstrix.
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M indication of vhat materials techmology has
already schieved in improviag serespuce vehicles can
be seen in its application to jet emgimes. Over the
past 30 yesrs the thrust delivered by a big jet emgine
for tramsport snd cargo dircraft has increased almost
sixfold, wntil it aow approsches 66,000 pownds.
During the same period the weight of the engine has
increased by a factor of only twe or three., The
threst-to-weight ratio of the jet engines being
developed for the aexc generstion of military sircraft
will exceed 10:1; by the year 2000 it msy
spproach 15:1.

An example of vhat has been done is seen in the
blades of jet turbines. They were once made of
wrought nickel. WNow sdvanced metal alloys shaped by
casting sr-- favrured. WNoreover, they can be made with
complex intet: | passages that provide cooling by air,
thereby exte .g the service Jife of the blade, The
key to this 2. iev t is "inv casting”™. A
vax pattern of the comprnent is costed vith s cersmic
slurry, which is them dried. Under hest the wax is
melted out, leaving s cerawic mold for the part, which
is then made by pouring molten metsl inco the shell.

A a8 jor recent development is directionsl
solidification during the investment-casting process.
In this procers s tempersture gradient and s
controlled rate of cooling give the dlade colummar
crystal groins sligned slong its mejor exis.
Directionsl solidification yields major gains in blade
life, inasmch ss failure usually starts ot traneverse
groin boundsries (perpendicular to the axis of the
blade) snd directionally solidified crystals do mot
have such bounderies.

Another improvemant has taken place in blade
costings, vhich protect the structure from oxidation,
corrosion and sulptstion from the jet fuel. The aev
costings consist of chromiom, sluminium and yttrium
alloyed with iron, cobalt or nickel. They offer
protection st temperstures as high as 2,100° 7,




Hith these improvenents and similar enes
affecting other aspects of aircraft propulsion, a
typical propulsion system teday cemsists of I8 per
cent aickel, 28 per ceat steel, 22 per ceat titamium
and 8.5 per ceat alwminiva, aleag vith small ssseats
of compesites, cobalt sad ceramics. The imprevements
can be expected te coatinee, o that by the year 2000
a typicsl propulsion system will be likely to comtain
sbeut 20 per cent each of compesites, steel, nickel
and sluminien, 15 per cent titamiwm, 27 per ceat
erdered slleys (aluminides, weaning titsnivm-aluminivn
or nickel-aluminium of & specific compusition) and
1 per cemt ceramics.

Progress in wuch wmore than propwision will be
weeded to reach the acrespace goals specified by the
office of Science & Techaslegy. Further sdvances in
finding nwew msterisls amd in precessing existing emes
are crwcisl. The nev gewerastiom of subsemic aircraft
vill need advanced materizls for both the airframe and
the eagines if they sre te achieve the desired level
of fuel efficiency. These saterials will have to be
woch stremger, stifler and lighter tham the eaes they
replace. The mmterials will slse have te offer
considerably improved resistance te fractwre,
corvesion and high temperature.

Aleminiws, steel and titamiem will prebadly
continwe to be the principsl msterials in subsomic
airframes. All these msterials, however, vill have te
be impraved. Alwminium slleys with eshanced streagth
aud stability at high temperature sre on the herizea.
Vork is being done te improve the seility of alwminium
alleys te resist corrosion and fracture.

One of the slleys of major interest is
aluminiwm-lithivm. Its improved properties are based
on its lower density. Other aluminium slloys (such as
sluminiom-iroa—mol ybdenum-zirconivm) function well
enowgh at high temperatwre Lo be comper.tive with
titmive wp to 600° F,

Fature steel allays will be more teleraat te
stress asd dar age vithout compromising steremgth or
ease of fabrication. HMetal-matrix composites also
shev premise. A materisl comsisting of fibees
embedded in, say, alminium can achieve larpe benefits
in the design of aircraft becawse of its lower weight,
impreved stremgth and greater resistance te high
temperature. Sech cemposites sre likely te get better
with improvements ia the quality of the raw saterials
and in the msnufscturing precess. Tedsy's Litanium
alleys uswally have to be [abricated at high
temperatuwre. Futwre slleys will be wverkable at room
tempersture because of inprovements in micrestructural
coapesition. That will reduce the cest of making
parts frem them.

Anather development that is having a m2jor effect
on sivrcraft design is the rapidly groving nuaber of
parts made of organic-matrix compesites, suwch as
graphite [ibres embedded in an cpozy matrix. Some
&40 per cemt of the parts of the swhsonic aircraft of
the immediate (uture wey be msde of sech advanced
composite materials. A mev trend is teward
thermoplastic compesites: fibres enbedded in a
plastic that can be rendered wallicable by heat and
that becomes streng and teugh after cooling. The
composites work well in compression and at high
temperature. They alse resist damage in mansfacture
snd in service and are simpler te repair than other
composites.

The aim of all this werk is to have s replacement
for the presemt large subsemic aarcraft, swch as the
Boeing 747, >y the year 2000. Indeed, the project has
the formsl name Tramscentury Sebsomic Transport.
Taking inte sccount the recent sad prospective
improvements in materials and processing techniques,
one can foresee that the new subsonic craft will
achieve weight reductions of sowe 40 per cent, leading
to significant gains in fuel efficiencs. Some of the
veight reduct.on will result because an sircraft
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desiganed to tsie full advantage of the improved
properties of advanced materisls can be smller thaa
teday’s sirplanes, in which parts wade of swch
materials often merely substitute for parts made of
heavier materisl.

Saving fuel will be even mocre imporiant in future
supersenic aircraft. a pound of fuel saved in such 2
craft has tvice the payeff of a pownd saved in 2
sebsonic one. Many ether imprevements will have te be
made te meet the Office of Scieace 5 Techmolegy goal
for supersenic vehicles. They entail advances ia
aeredymamics and prepulsien, all of wbich will depend
on impreved matecials.

The reruirements in serodymamics arise mainly
frem the fact that temperatures on the sut face of an
aircraft Flying at Mach 3.5 (3.5 times the speed of
seund) can reach 1,000® F. The air inlets, the
outlet nezzles of the engines and the leading and
trailing edges of the wings will be critical areas.
Advanced wetal alleoys amd advanced composites will be
aceded te cope vith such temperatures. Indeed, most
of the primsry structwre of the airframe will be made
of sech saterials in ovrder te achieve goed temperature
cvesistance, light weight and a high ratio of strength
te deasity. A sandwich structure censisting of twe
thin skins of titmium and a honeycond titamiwm filler
is a likely candidate.

In prepulsien the mew supersonic aircrafr will
need reductions in the weight of the engines and
imprevements in their performance. The compressors
and combusters of the engines vill have to run at
higher temperatures than is now the case. They will
therefore call for such materials as refractory
wmetals, intermetallic compounds (titamium-sluminiom
and nickel-aluminiom among them) and structural
ceramics (silicon carbide, silicon nitride and
carbon—carbon composites).

The transatwospheric sirplane will require
further quantus advances in the techrulogies of
propulsion, serodynsmics, avionics (electrmaic centrol
systems) and long-life materials for both low- and
high-temperature applications. Propulsion technology
is the biggest challengr, followed closely by
materials technology for both the propulsion system
and the airframe.
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In all likelikhood the craft will incorporate & dual

propulsion systea: ramjets for flight in the

atwnsphere and scramjets for space flight. A ramjer

roes sway with the heavy air compressor needed in a ‘
turbojet; at sepersonic speeds the air eatering the ‘
engine compresses itself by ramming into a barrier.
The cowpressed air is therevpon mized with a
hydrocarben feel for combustiomn. A scramjet (the weord
comes [rom supersomic cosbusion ramjet ) woths much the
ssme wvay but burns hydrogen. The hydrogem is stered
in the craft as an extresely cold liquid. The liquid
hydrogen cools the engime. In the precess, it is
warmed envugh to become a gas, which serves as the
fuel. Materials of interest are the mickel- and
cobalt-based alloys, switably coated, that resist high
temperatures, and coated refractory alloys of nicbium
and wol ybdenum.

The airframe of the hypersonic transatwmospheric
craft will have to be wmade of strong, light,
heat-resistant materials. A prospectus drawm up by
Richard W, Hadcock of Crumman Aircraft Systems, Inc.,
envisions » fuselage wade of heat-resistant wetal
alleys; wings and fins made of a carbon-carbon
composite; engine inlets, ducts and mozzles sade of
ceramic-matriz composites; landing gear made of
metal-matrix composites; internal parts made of
organic-matrix composites, and fittings made of
titsnium.

The materials technology for the airframe builds
ou the application of a number of materials coacepts
that have already been put into practice in the space
shuttle. For example, the new aerospace craft will
have to withstand high external temperatures.
Calculations have been made of the temperature at
various places on the outer surface whea the plane is
in sustained (light at a speed of Mach § and an_
altitude of 88,00J feet. They range from I 50 ¥
slong the top of the fuselage tv 3,260° at the nose.

The space shuttle’s solution to similar
conditions, carbon-carbon composite meterials for the
nose and leading-edge structures, csn be applied to
the transatmospheric craft. Such a mnterial consists
of & laminated structure made nf Jayers of
graphite-fibre cloth with a carbop metrix or binder
snd a silicon carbide coating. The fibres provide
high strength and stability at high temperatures; the
binder provides the ssme qualities plus rigidity and
low porosity, and the coating provides resistance to
oxidation. As 8 resuit the materisl is vreussble
because it is not sblated aus continues to be
effective in successive flights. (Engineers often
vefer to the material as RCC, for reussble
carbon-carbon.) In addition the leading-edge
structures of a transatmospheric crsfc will probably
need an active cooling system. It would consist of
pipes circulating a liquid-metsl coolant.

The outside shell of the vehicle will probably be
s three-psrt structure. From the exterior inward the
components vill be o layer of s hest-resistant wetal
sliny, 8 layer of insulating meterial and s strong but
light layer made of an organic-composite material,

Another important component of the structure will
be cryogenic tankage: an insulated storage system to
maintain the liquid-hydrogen fuel at & low
temprrature. One con envision s tank consisting of s
metel-matrix composite and s surrounding layer of
insulatinn cade of a foam material that is virtually
impervious to the transfer of heat.

Spaceccaft in the past have incorporated such
structural meterials as aluminium, stainless steel,
titanium, magneaium, berylium and Inver (an
ironenickel alloy noted for low thermal expansion),
Today the tendency is toward incorporating materialse
that yield still better performance because they are
high in stiffness, low in mass and stable in
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dimension. MNetal-matrix compesites are metable for
these properties. Among thes graphite-slwminive snd
graphite-magnesivam shov the grestest pr-ile_.

Feor the prejected space statiom the Matienal
Aerensutics and Space Adwministration has prepesed that
the inhabited wodules be made of aluminivm. One
reasen is that compesite materials cam give off gases
that might be toxic. MNerecever, slwminium offers were
pretection against vradistion. Fer other parts of the
space station, such as large besmws and trwsses,
compesite materials are likely to be idesl becawse of
their stiffaess, lowv dessity amd resistance te
exponsion. (Excerpted sad reprinted with permission.
Copyright (c) 1986, Scientific Americaa, Inc. ALl
rights reserved. Article writiea by
Morris A. Steinberg)
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Suceess in space

Over the past 15 years or se, several thewsand
composite parts have been successfully used on
spacecraft. The main reasen for most of the esrly
applications was veight reduction. Now, however, the
tcend tovards high-performance commmications
satellites and precisicn spece science instrumeats is
changing the technology of spacecraft msterials in
general. As a result composites sre now the lesding
candidates not just for saviag weight but also fer
increasing systems' performance. Their high specific
streagths and stiffnesses, together with their low
coefficients o, thermal expansion make them very
sttrasctive for high-precision spsce structures.

Until recently, the design lifetime of most
spacecraft vas a mere five to seven years, so material
chamges in the space envircument have not been
considered very important. The curremt tread,
hovever, is towards lifetimes of 10 to I35 years, and
vitimately this is likely to become 20 to 25 years.
The long-term durability of compusites in the space
environment is therefore srousing much interest.

The basis of design in most composite spacecrsft
structures is stiffness. The carbon fibres used sre
high modulus or ultra-high modulus types, vhereas
those used in sircraft are high modulus or high
strength fibres. Ultra-high modulus fibres are an
order of magnitude more expensive than aircraft
fibres, Even so, the high launch custs of satellites
make each kilogram of mass ssved wvell vorth the eatra
cost.

The incressing use of composites in recent yesrs
has been strongly in(luenced by the continuing
development of high and ultra~high modulus fibres.
These have resulted in lighter and wore dimensionslly
stehble structures.

One of the problems arising (rom these vltrs-high
modulus carbon fibres, however, concerns testing of
some material specimens. They are more brittle then
siversft carbon fibre composites and for spsce use
tests need to be corried out st cryogenic
temperatures, vhich exscerbstes the problem. Tests
therefore have to be modified to reduce the
difficulties arising from this.

Corbon fibre composites are wore brittle and more
veriable in their properties than some conventionasl
msterials and both the brittleness and the veriability
increase as the modulus incresses. When desling with
uvitra-high modulus fibres, therefore, extra care is
needed when interpreting materials testes resvits.

Pew users of advanced composites seem to heve the
knowliedge to carry out such analyses and not all of
the methods used are appropriste for these meterials,
However, suitable techniques are ovailable. A
comprehens ive suite of softvere has been developed st

Marceni Space Systews for the statistical saalysis of
test dats and this derives desige-allowsble data frem
teat data divrectly amd quickly. Sech formal asmalysis
carried out on the resulis of an extemsive materisls
test programme has resuited in desiga-alliousble
!rorcrtiu vhich designers can have great ceafidence
in.

Care needs to be token vhes designing jeints for
sny cempesite structure. It is particularly difficelt
te moke efticient stru-twrsl tions te heoney
penels. This is wet a preblem which is peculisr to
compesites but is s funczion of the mede of panel
ceastruction. Metal inserts are commom in cempesite
sandvich panels but leave mwch to be desired from both
the mess and relisbility points of view. Other
options, such as mowlded short carbem fibre/epony
inserts for belting through the panels, sre avsilable
but need more development. Nere straightfervard edge
attacheents can be made by chamfering the honeycond
core and rumaing the ponels out teo solid edges. The
edges are stiflfened by extrs plies of composite and &
syntactic feam cere.

'

Bonded jeints alse presest preblems, dee at least
in part te the lack of relisble design datas ond
limited derign teols. Such dats is eblasinsble,
hovever, rad the relisbility statistics for cemprwite
joinrs are the ssmes as for compnsite msterials. It is
s matter of carrying ot sufficient tests and the
necessary snalyses. Attachments te lightweight
structures sre difficult to moke withost redecing
structursl efficiency. Care is therefore required in
producing designs to minimize this less.

Fatigee is wnot s problem with single-use
spacecraft but the design of re-usablie spacecraft vill
have to tske it into sccovnt. Carbon [ibre composites
are less susceptible to fatigue than comventiomal
muterials, but the question of fatigue still has to be
considered. Fortumstely, evidence suggests that
composite fatigue performmnce is linked to static
sirength, so for those with sa vaderstanding of this
area of compusites technology the problems should be
somevhat reduced.

Carbon fibre/epoxy has the capscity for higher
damping than aluminium alloy, at least in principle,
but cross-plying reduces its effectiveness in this
respect. Lf this property could be used effectively
it would lead to higher damping in structures formed
from composite materisls. The advantages of such
steuctures would include grester protectiom for
sensitive electronics devices such as point contact
diodes.

Composites can also Lave advantages over other
materials in the thermal design of spacecraft., Class
fibre/epoxy has & low thermsl conductivity and can be
used for insulstion, Carbon fibre/epoxy on the other
hand, has s higher thermsl conductivity and can be
more effective as » radiator. Carbon/cacbon (carbom
fibres in & carbon matrix) can be used vhere even
higher thermal conductivity is required. This
material however is expensive snd difficult to
manufacture. The process is quite protracted snd
components therefore have long lead times.

The most commonly used rfesin motrices in these
materials are the epoxies snd the temperatures these
can vithstend sre limited. The performmnce of spoxies
st elevated temperstures is determined by their
chemiotry and curing schedule. They sre limited to
opersting conditions below their gless tramsition
tempersture (Tg). Moieture in the stmosphere will be
sbeorbed by epoxy resine snd thie has the effact of
reducing the initisl Tg.

But the primery concern for spacecraft is hov the
materinl vill respond in the unique operating
environment of space. Vacuuw can result in nutgassing
of meterisle and this in particularly eo with




po ymeric materials. Outgassiag is a preblem becamse
it cin lead to the contsmination of semsitive
instruments a3 well as altering the preperties of the
material.

At very lew temperatures, say %0 K, resins
stiffen and become mote brittle. Although this is net
significant in terws of everall mechamical properties
there are micrescepic effects. Thermsl cycling leads
te micrecracking and 8 consegquent reduction in matria
dominsted properties. Crack demsities after a given
wusber of cycles vary betveen materials and this is
attributed te different cocfficients of tharmal
expansion sad stiffaess of fibres and matrices, whica
iz turm contrel the internsl stress states of the
satecials. Temsile snd flexural stiffmess are wot
significantly affected by micrectracks as these
sreperties are deminated by the fibres, mot the macrix.

Leag-tern exposure te radistion cam lead teo
in—depth radiation dese levels that exceed the dsmage
threshold for many pelymers. Property degredation way
therefore be expected during the service lLife of
composites. In mstrix deminated (tramsverse) temile
properties, differences have been fownd betyiin
irvadisted sad non-irradiated materials shewing that
space radistion will degrade west pelymer matrices.
Radistion induced degradstion of the matrix alse
affects the thermsl expsasion properties of these
materisls smd reduces the gloss transition temperature.

For leng-term use polywer mmtirix compesites way
wvell have te be coated to pretect the resin frem
uitra-vielet degradation snd atomic exygen erosion iw
low earth orbit, and from low eunergy electron sad
proton degradation m geostatiomary orbit.
Experimental costings are currently being developed
such as the vapour deposited of metals and wetal
oxides, snd wrapping with metal foils. These may
protect the matrix.

An important spacecraft applicstion for CFRP
(carbon Fibre reinforced plastics) is in the
construction of sntennse. The more gsin that is
required st 8 given frequency the larger an sntenna
needs to be. It slso needs to be dimensionally stable.

The electrical properties of CFRP have been
investigated but most of the knoviedge gained has been
in relation to sircraft structures and spplies to
direct or lov frequency currents. Little is kanown of
properties in the gigshertz range, especislly sbove
30 CRs.

The reflection of electromsgnetic radistion by
the surfsce of s CFRF antenns which does not have s
conductive costing will tske place st the fibres
closest to the surface. The reflective properties of
such an antenns depend on whether the fibres sre
wnidirectional or voven, and if voven, on the form of
the veave, The orientation of the fibres sffects the
polarization of reflected signals and this needs to be
considered during design.

These polarization effects mey not be of sny
grest importance for commnications antennae, but for
sntennse in instruments such as vadiometers,
polarigetion is very importent and any problems
arising from fibre orientation would sffect them,
This can be overcome by metallizing the active surfsce
of the antenns.

It has to be borne in mind that carbon fibre
composites, ot least in their present form, con
provide only limited electrical shielding. Also they
cannot provide an sdequate electricesl bond path, 1f o
composite material with much better electromegnetic
shiselding is required, carbon/carbon or a metal metrix
composire would have to be ueed.

It is possible to impreve the electrical
properties of carbun fibres, by intercalatiom. This
is claimed te increase the electrical conductivity of
ultra-high modulus fibres, for exaspie, by an urder of
sagnitude with little or ao reduction in mechanical

-prepecties. All these features are complicated by the

nezd for jeimts.

Jeints can be o probles frem the electrical peint
of view ia that carbun fibres, vhich are themselves
electrically conductive, sre contained in an
insulating metrix. The shielding properties of s CFRP
structure alse depend oa the geemetry of the jeint,
the size of the gaps and the frequency of the imciden:
cadiation. Joints can be desipned te be wore
conductive and less prone teo radiatinn leakage but the
Price is additional cemplication. (Source: Advanced
Compesites Enpiacering, March 1987)
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3. MATERIALS PROCESSING 1IN SPACE

Space: begimnings of 3 new cowperitive industey
by Patrick Debarle

Space prevides a unique set of counditions which
are difficult to reconstitute ve Earth - the absence
of convection curresats or vibratiomns, s sterile
envirenment , an almost perfect vacuum and of course
very low gravity. These conditions are very
advantageous for materials processing, especially the
production of uwltra pure crystals, the separation of
substances snd the homogenization of compounds.

Although the idea of using near weightlessness to
conduct experiments ~n meterixls was thought of long
ago, most of the projects now uuder wvay are still in
the very early stages., The most sdvanced is an
experiment in electroghoresis (a technique for
separsting organic substances in an electric field for
the production of wmedicines) perforred on board the
Space Shuttle. This project, which was started in
1977, is being conducted by McDonell Douglas in
conjunction with Joh and Joh » both US firms.

Pharmeceuticals, glass products and
semi-conductors sre the aress in vhich NPS might be
the most promising. The wost optimistic forecasts are
for a market of seversl] billion dollars in the 1990s.
Howevar, so far, only oue spece product has been
marketed -~ tiny latex spheres msnufactured on behalf
of the United Staces Kational Buresu of Standards.

Row profitsble space production will be depends
on the value added vhich might be contributed by spece
technology, the comparative performance of space and
Earth techniques and the cost of lsuaching.

Further resestch is necesssry in this uncertasin
sces, Coverments sre incressing their R sod D budgets
but are sbove all trying to stimslate private sector
initistives. In the United States, Joint Endesvor
Agreements (JEA) and Technology Exchange Agresments
heve been developed to encoursge production in » spece
ravironment. Compsnies signing the agreements asre
then entitled to cut-rstes for shuttle flights snd use
of NASA's expertise. They keep the industrial
property rights concerning the dats and results,
provided that the Agency is given sccess to them., The
JEAs signed so far include the agreements on
electrophoresis (with McDonell Dougles), on organic
crystale (with 3 ) and on gallium srsenide crystals
(with Microgravity Research Associstes). WNASA hee
also extended the renge of its agreements by
concluding & JRA vith Feirchild Industrics for the
development of the LEASECRAFT, o retrisvable




multi-mission platform. The Agemcy is zlso offering a
canister service Sor 500 ky leads (grors weight) fer
lew-cest small-scale experimeats.

In Evrepe, actisn is centred oa developing the
equipmert required for experimeatal activities in
space. The Federal Republic of Cermany has built the
free-flying SPAS platfors which sade its First flight
on the shuttle in 1983. ESA stacted spece
micregravity experi~ents on the first SPACELAB
mission. It is at greseat fiasmcing the development
of = EURECA platform. Fimally, the Japanese prograsme
for the wse of microgravity should materialize at the
end of the decade vith experisents in orbit.
(Extracted froa The OECD Observer, Wo. 134, May 1985)
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In search of the perfect crystal

Masufacturing wn space is an expensive
prepesition. Eceuemics dictate that the pruducts with
the highest valve per wnit volume are the best
candidates for space precessing. Electromic materials
fit this requirement aicely and the wmique advantages
inherent in the orbital eavironmeat say sdd eneugh
value te th: manufactured crystsls te make the effort
feasible, perhaps even necessary in the competitive
electronic ponents busi . Several wsterisls
have been identified as good praspects feor future
pregrasses, and the ranks include detector materials
as wel! as those suited to computer chips.

Electronic matorials are likely to have the wost
striagent processing requirements of any of the
candidate materials now being coasi. »red for space
manufacuring operations. An extremely clean, low
gravity environment is a must for good production
yields of dislocation-free semi-insulating crystals of
compounds such as gallium arsenide and indium
phosphide.

Stellar opportunities for CaAs

Cahs is a vell-kaown nigh-efficiency chip
material with many potential applications in
electronics and electro-optics. The difficulty in
producing scceptable crystals at reasonsble yields
also is well kaown. Prof. Harry Cstos st M.1.T. has
developed an ele troepitaxial crystal grover in a
co-operative effort with Microgravity Research
Associstes Inc., Coral Cables, Florida, that could set
the stage for an improvement in Cals yulu from the
less than 17 per cent sesn on Earth to 97 per cent in
space. The K.1.T. laborstory hss grown crystals 2 to
& wm thick, 1/2 in. (13 wm) diameter, with zero
distocstions and carrier mobilities of 7,000 to
8,000 volt-seconds - near the theoreticsl limit of
8,500 volt-seconds.

Clectroepitany is M. I.T.’s patented process - it
involves passing an electric current through »
solution to encourage the migration of atoms to the
crystal growth interface. The process is less energy
intensive than other common methods because the
solution tempersture required is below the melting
point of the crystal. A suitsble {urnace design is
under development for a series of shuttle flights that
will take the programme from proof of comcept Lhrough
proof runs of full-scale production hordware. Dusing
this series, the researchers will look st other 111-V
materisls including indium phosphide and even more
eouplvu eryuull involving three or frur component

. G rcial quantitice of electroenpitaxial
cm ftsel( may be on the metkat by 1990 as & resulc
of this prograsme.

Cenerai Elactric recently completed a study for
NASA that assessed the sutomstion technology required

for twe future Space Station menufactwring
facilities: a GaAs electreepitaxial wafer factery,
awd a facility for fabricatiag microelectremic VLSI
chips. Lisked together, thete twe facteries couwld
take rav gallive arsenide in one end and serve wp
ready-to-dice microprocessers on vafers st the other.

Although a complete snalysis of cost effectivess
vas mot part of this study, researchers H.R. Hallet
and D.A. Kugath of GE feel thar am integrated fsctory
capabie of producing up teo 830,000 I-in. vafers per
year by the year 2000 is feasible, givea continwed
pregress on robotics that would allow largely
avtonomous operation of the facility.

Free fall: gravity in a new guise

Comvection currents are the biggest dravback in
Earth-bound crystal growing operativas. Of the two
ferces that drive coavectiomn, buoyancy is the ome
eliminsted in zeveo gravity. Serface temsion drivem
forces (suck as Marangomi comvection) remain, but to
some extent these can be harnessed to sweep impurities
avay from the developing crystal.

The major, electronically significant growth
defects foeund in crystals are growth bands, growth
sector boundaries, inclusions and dislecations. The
origin of these defectr can be attributed largely to
the influence of gravity. Cravity acts on tesperature
gradient regions in a selective manner, making
disruptive mass transfers during crystal growth
inevitable. On Esrth, that is.

In Free-fall conditions, in Earth orbit, objects
apparently experience zero gravity. The absence of
gravitational effects is an illusios, hovever, since a
spacecraft in orbit is nct out of reach of the Earth's
inflwence at all. According to Earth-bouand
visionaries Newton and Kepler, objects in Jilferent
ortits vequire different velocities to sttain free
fall. Sinze a spacecraft is not just a pcint in space
but 8 }-dimensional structure, its frame is subtly
twisted by "tidal” forces from Earth that pull on the
outward edge and push against the closest. These
sccelerations are felt by objects within the
structure, as well. To cargo being carried (or &
process being conducted) st any location other than
the spacecraft’'s centre of mass, tidasl sccelerations
Jook exactly like gravity; wmicrogravity, perhaps, but
the source of comvective perturbations in crystsl
growth just the same.

Movewments of the crew within the spacecraft and
pulses from the attitude control thrusters both add
sccelerations to the processing environment. A quiet
wmicrogravity level of 0.00001 g was expected for the
crystsl groving experiments on Spacelab 3 flown in
1985, The crystal sppsratus was carefully installed
near the centre of mass. The shuttle vas placed in a
gravity-gradient orientation that mede vse of the
orbital forces to lock the sttitude of the craft
relative to the Earth in & manner similar to the way
the Moon is constrained to slways point the same face
toward us. Thruster [irings were reduced by this
strategy, but sctual measurements of the microgravity
experienced by the processes conducted on this flight
indicated s level 10U timns higher, 0.001 g, than that
hoped for. This is some indication of the difficulty
in satisfring the desire expressed by one materials
scientist for sn environment one million times quieter.

Processing without valls

EZlimination of contaminating influences is very
difficult to do on Earth. The processing contsiner
alone can be the source of many problems, In
microelectronice, vhere significant electrical effects
can be produced by the sddition of dopants in the




wminstest quantities, we would like to be sble to
ignere the possibility of trace materisls coantributed

by the coatainer. In space, we can do that by leaving
the ceatainer out of the process emtirely. Im place
of confiniag walls, wve can restraia the wotioa of the
selutions by acoustical levitation, a gentle mepgnetic
field, or, as in the case of float zonc processing, by
a delicate surfsce tension commection to @ supporting
ved of the same material. A bonus of containerless
precessing is the elimination of physical effects on
the greviag crystal caused by contact vith the wslls
of the chasber.

The high-crade vacuum of space is one of the
intrigeing advantages to orbital processing.
Maintaining 8 clean, extremely low-pressure
environment is both expensive and necessary to mojern
electronic materisls fabrication. One proposal, put
forvard by Robert J. Naumsnn of the Marshall Space
Flight Center, would tak: a molecular beam epitany
(MBE) device eutside of the spscecraft entirely.
Pretected from low—orbit atomic oxygen by its position
behind the orbiter’s wake shield, the wvafer processing
apparatus can go about its work under an equivalent
presswre of 107*" torr. This exceeds practicsl
Escth vacuum chasber limitations of 10711 to
10712 torr. 1w sddition, out in the open there are
no chamber walls to contribute contaminants, and the
"pumping speed” of such an arrmagement is infinite -
wolecules relessed from the operation comtioue moving
right on out of the neighbouhood.

Naumann's outdoors cracept for semiconductor
fabrication even makes use of the scouring effect
atomic oxygen and wmfiltered solar energy have on
unprotected surfaces. The shield is cleaned before
processing begins by turning it around to face the
ocbital oxygen flux and bake in the sun.

Special materials needed

Space processing is a solution to the problews
encowmtered in growing sufficiently large crystals of
the "ideal” IR focal plene materisls: HgCdTe and
triglycine sulfate.

Because the solvent solution in HgCdTe crystal
growing is wmore dense than the bulk mwelt,
density-driven convection interferes with stable
growth and a flaved crystal results. The opposite
density problem ocecurs with PbSnTe, snother important
semiconductor, but the effect is the same; perfect
crystals of sufficient size for the intended
applications are impossible to grow on Earth.

Convective flows are » problem with triglycine
sulfate (TCS), also. TCS is valuable ss an infrared
detector because it can theoreticaliy attsin high
sensitivity without the extreme cooling required by
other high-performance materisls. TCS is one of the
few electronic materisls being grown in spsce in
woderate temperature solutions (< 100°C). The bulk
of orbital crystal resesrch is concentrated on welt
grovth or vapour growth processes.

Another detector materisl of high interest is
Kgiz. A spece-grown perfect Hglz crystal covld
serve 8¢ 8 highly sensitive X-ray and gamms radistion
sensor that does not require the cryogenic opersting
temperastures needed by other compsrable detectors.
Wigl; has & high density and is cxtremely wesk st its
crystal growth tempersture. Gravity deformation of
its layered structure is inevitsble during Earth-based
processing., ECEC is currently studying the
characteristics of s substantisl crystal of the
materisl formed by the vapour growth method aboard
$pacelsd 3,

Yapour depnsition exxells in space

Vapour grewth, while apparently surcessful in the

EVAC experiment , does not perform well oa Earth vhen
asked to produce crystals large enough fer electremic
applications. A hot polycrystalline .ource provides
the vapour pressure needed as the cold seed provides s
mucleating surface for condensation. Gravity playe
havoc with the process by discupting transport

wechanises.

Even the heat of sublimslion released as

vapeur deposition occurs at the crystal surface adds

to

the convective maelstrom within the chamber - with

nonuniform growing conditions alvays the result. The
vapoutr growth studies conducted in space, hovever,
have the longest history of success of any
crystallization spproach used in microgravicy.

Although the working materials used, CeSe and

CeTe, are not valuscle semiconductors themselves,
their behaviour during a long-running vapour growth
prograsme (2 series of 1l experiments) has told us a
great deal about what to expect im space production
operations. RKesearchers D.W. Yoel, R.S. Holmes, and
H#.J. Willenberg of Boeing Aerospace Co. and

Wiedmeier of Rensselaer Polytechnic Inftitute have

recently reported on wvhat they have learned about
chemical snd physical vapour transport in space as a

res

ult of Skylab, Apollo-Soyuz, and shuttle flights of

their spparstus. The fiadings ceatre sround the

fol

lowing key points:

Vapour transport crystal growth in space has
demonstrated improved chemical and physicsl
microhowmogeneity in the product compared to
Earth-based processing.

Chemical snd physical vapour tremsport
space flight history

! Transport
rlidn Materisl sgent Results
kal.b 3 GeTe Cely Improved crystal
KCvT) motphology
GeSe Gelg Higher mass
GeSe Cely transport than
predicted
hskyllb & CeTe Celg Improved crystsl
KCYT) morphology
GeSe Gelg Higher mass
GeSe Gely transport rates
than predicted
(different
temperatures,
pressures)
ilo~ Ge$S GeCl, * AR Improved crystsl
Soyus e . wmor phology
(cvT) Ul on Cely, Higher mass
GeSeg 99 transport rates
Teg .01 Gel, than predicted
-7 CeSe Xe Transport rates
F:'Vl') agree vith
diffusion
CeSe Xe Largest crystal
100 X lsrger than
on Earth.
Largest crystal
without direct
wall contact

Courtesy, Boeing Aerospace Co.
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Electronic msterials plamaed ter
spece precessiag Tesearch

Research area Thrust

Vapour grewth Flowv modelling, Resesberger/University
of Utah

Nass tramsport, Weidemeier/RPI

CeSe (model mat.), Weidesmeier/xP1
MgtdTe, Weidemeier/RPI

Hely, Schrepple/EGLC

CVD, Stinespring/Aerodyne/Spear/

Penn State

Melt growtn Flov modelling, Brown/M.1.T.
GaAs, Cates/m.I.T.

Thermal model, Leheczky/MSFC
HgCdTe, Lebeczky/MSFC

PbSaTe, Crouch/LARC

Interface stabilily, Coriell/msS
Interface control, Witt/M.I.T,
GeSe, CdTe, Wite/m. I1.T.

GaAl KAs, Bachman/NC State

Solution growth | TGS, LAL/Alsbama A&M
Protein growth, Feigelson/Stanford
Organic conducters, Heeger/UCSB

Techniques and analysis, Kern/Westec
Properties of Si, Hardy/¥BS

Oxide skin formation, Verhoeven/
Iowa State

Flost zone

NASA Office of Space Science and Applications
Micropravity Science and Applications Div.

. The crystals formed in space con be much lasrger
than those obtainable on Earth using this process.

The experiment on shuttle flight STS-7 provided
dramatic proof of the improved size of space-growm
crystsls. The larzest vapour process germanium
selenide crystal obtained on Earth measures 1 mmé,
vhile thac growm sboard STS-7 was 10 X 4 sm.

Applicatior. of the knowledge obtained in well-
co-ordinated prugrammes such as this one is certsin to
make the transition from scientific model materials on
small vehicles to commercially valuable products in
large space station factories a smooth and
evolutionary one. When the space station arrives, the
electronic moterials commmity is certasin to be ready
and waiting. (Source: Advenced
Materials & Processes, April 1986)
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Unlocking nature's metallurgical secrets

Research metsllurgists throughout the world sre
excited, and rightly so. Processing metals and siloys
in nesr-tero gravity will greatly increase our
understanding of physical metallurgy principles - old
theories will be verified or refuted and nev ones
developsd., This reseacch will most ceactsinly provide
the basis for successful development of sophisticated
new slloys snd for optimising properties of
long-ssteblished vorkhorse alloys.

Hov do smell alloy edditions sffect s metal’e
structure snd properties? What ere the limite of
undercocl ing metsls and alloys? How du gravity-driven
convection currents sffect segregation and dendritic

grovth? These are just some of the questions
scieatists are asking aad heping te answer through
experiments in microgiavity, both oa Earth sad ia lew
erbital space.

Solidification kausics

During alley selidification, interdendritic
micresegregation causes demsity differences betveen
eatrapped liquid snd bulk liguid. Alse, dendrites
bresk avay and are carvied to other locatiens due teo
density differences and couvective flous. These
processes create micro- amd macrosegregation vith
concomitaat property variatioms. Modelliag demdritic
grevth, and Jdetermining the rele of gravity—drivea
phenomena, such as cocvection and sedimentation,
during solidification are seme majur objectives of
experiments in reduced gravity.

A simple model, developed by Dr. Laxmanan (CNRU),
describes many known features of dendritic growth in 8
binary alloy melt. Ameng its capabilities are the
prediction of beth the transitinn from a dendritic te
planar (ne sepregatinn) interface and the elimination
of eutectic composition (representing severe
segregation) at swsll and large growth rates.

Studies of casting selidification in lew gravity,
where inhowmogeneities are eliminated, are expected to
lead to improved process controls for application en
Earth. Several proposed shuitle experiments will
simulate the macrosegregation that occurs in Iarge
inguts on Earth. In original ground-based
experiments, slowly cooled, small Pb-Sn ingots had
more severe segregation than messive industrial
ingots. Rewoval of convective disruption at low
gravity will verify the gravity influence theory.

Directional solidification uses a unidirectional
thermal gradient and controlled growth rate to produce
castings with highly directionsl properties, snd can
produce natural composites as vell. Hicrostructural
features are dependent on growth rate; higher growth
rates yield [iner structure but require very high
thermsl gradients. Also, convection in the melt
csuses some mwicrosegregation. Microgravity provides
the sdvantages of reduced melt convection, which in
turn, lowers the total heat transfer, and sllows the
use of very thin, lowhest sinsk moulds. Under these
conditions, complicated shar-4 like turbine blades can
be welted and directionally solidified using only s
thin oxide skin to maintain the shape.

A shuttie experiment based on these
conniderations will provide dets on the fessibility of
producing turbine engine blades in space and can help
improve production techniques on Earth. Developed by
HAN Keue Technologie, Federal Republic of Cermany and
Netherland’s Delft University of Technology, the
experiment consisted of directionally casting a simple
fray cast iron in & 75-am thick ceramic skin,
Directional solidification of the 0.3 in. (8 mm)
dismcter by 5.5 in. (140 mm) long semple psoduced s
fibce structure in s superalloy matrix.

Coing in the right direction

There is high incerest in low-gravity,
directionally sligned magnetic composites based on
results of experiments sponsored by Grummen Corp.
Viner, more regulasr microstructures in
monganese-bismth-bismith (Mn-Ri/Bi) composites are
obtained under microgravity than wirh identical
processing on Farth, The (iner pattern of aligned
rode in the composite as a result of convaction
damping yields very high magnetic coercivity.
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Micro/macrosegregation in large industrial ingots is responsible for nonuniform properties and high scrap. which
NASA LeRC scientists hope to verify the influence of gravity-

lead 1o higher costs. In this microgravity experiment,

driven convection on severe segregation by simulating very

samples.

slow cooling of industrial ingots in small, 180-g Pb-5n

Where we stand on solidification

fundamentals
Phenomenon Current Cumsent  Potential  Poiential
of level of “0-G~ for time-frame
interest under- activities  contsi-  for industrial
standing bution  implementa-
tion
Macroscale
Macrosegrega-
tion Fair/well Few High Long term
Pore formation Poor None High
Bulk undercool-
i Some Limited High Medium to
Columnas- short term
equiaxed
trsansition Well Few Medium
Microscale
Microsegrega-
tion : Very well Lot Medium
Controlled
undercooling  Some Some High Short tesm

Courtesy. NASA Lewis Resesrch Center,

As s follow-up to these experiments, there is
sdditionsl interest in producing samarium—cobsit
(SwCog) compnsites to investixate the potentisl of
approaching the material’s theoreticsl maximum
magnetic strength, Presently, the megnetic strength
of $mCos magnets produced on Esrth is said to be
only 10 per cent of theoretical msximum.

Directional solidification of cast iron in
microgravity slso is an ares of interest. At normel
gravity, lower density carbon perticles in molten iron
flost to the top of the melt as & result of buoyant
forces and convection. Deere and Co. snticipetes thst
its sponsored research of low-gravity, directional
nolidification of flake- and spheroidal-graphite cest
iron will provide information for improving process
controls on Larth,

In microgravity, the absence of flotation allows

incorporation of primary graphite into the
solidification front producing coarse graphite in

low-phosphorous, flake-graphite icon.

Also, larger

eutectic cells sre produced in high-phosphorous,
flake-graphite iron than those produced under normal
gravity, which suggests that convective [low promotes
increased nucleation.

Resesrchers believe that the percentage by wveight

of carbon thar cen be retsined in the melt under low

aravity could go as high ss 10 per cent.

At this

level, the volume fraction of carbon would be over
50 per cent msking an iron/carbon compusite with »

grestly reduced density.

Yurthermore, with

directional solidification, these matrrials would have
8 highly oriented structure and propertins if the




graphite structures were solidified. For cxample,
thermal conductivity could be very high along the
selidificstion axis and very low acress this axis.

Some wetals doa’t mix

L.2ryone kmows that oil smd water don’t mix.
What is prebably less well knowm is that there are
repectedly over 300 alleys that could have useful
engineering properties if they could be precessed.
Hex , the P ts are immiscible; dJduring
selidification, the tvo components rapidly separate
duwe to demsity differences resulting in wmearly
complete stratification.

For exsmple, the Pb-2Zn binary system has an
entended solubility gap in the liquid state; this has
placed limitations on forming Pb-2Zn sliloys. Because of
the great deansity differences of the two melts above the
monotectic temperature, it is virtually impossible to
obtaia Pb-Zn alloys between the limits of 0.9 sad
99.5 per cent Pb. It should be possible to generate the
entire spectrum of Ph-2Za alloys in micregravity.

Dr. R.B. Pond, Johas Bopkins University, will
determine the diffusion constants of liquid lead and
liquid zinc sbove the monotectic and comsolule
temperatures, in his proposed shuttle experimencs. He
expects that the results of this resesrch vill allow
the production of any Pb-Za slloy composition ia
microgravity. The techanique would consist of putting
the necessary rstio of Pb and Zn into a container sud
heating above the consolute temperature for that
alloy. After a time long emough to sllew
homogenization by diffusion, the temperature is
lowered to solidify the alloy.

In similsr vork, finely dispersed, homogeneous
wmixtures of Ca-Bi, Al-Io-Sn, Cu-Pb-Al, and Cd~Gs-Al
have been produced in low gravity. Studies of these
sad transpareat wodel materials will help identify
nongravity segregation phenomens and help to establish
production methods. Applicstions may be speculated
from theoretical considerstions. However, bulk
samples produced in lov gravity are required to verify
expectations.

Joint research by Celles Acsocistes and Battelle
Columbus Laboratories is aimed st determining the way
microstructural festures of liquid-phase wmiscibility
gap slloys develop. Studies of ground-bssed and
shuttle experiments in Al-In, Cu-Pb, and Te-Tl alloys
have provided informution on the effects of cooling
rate, composition, snd interfacisl energies on phase
separstion snd solidification processes that influence
microstructural development.

Processing goes untvuched

Wow that relatively long periods of microgravity
are availsble on the shuttle, there is teneved
interest in the ability to process samples without
physical contact with a container. There are seversi
sdvantages to contsinerless processing including the
ability to: messure thermophysical properties of high
temperature and corrosive metsls and alloys (materials
vhich might destroy a container); produce ultispure
samples; study nuclestion and sssocisted
time-tampersture-tronsition relations; snd study
solidification of deeply undercoolsd ssaples.

Tercestrial containerless processing is
sccomplished by free-fall or levitstion techniques.

Only a fev seconds of trwe containeriess and near-zere
gravity comditions are provided by free fall.
Levitation, on the other hand, can support a sample
for an indefini~e period by means of an external
Jotce, such as electrestatic, electromagnetic, or
acoustic, without selid ceantact.

Unfortunately, very high pover is required to
levitate heavy samples. In addition, applied forces
ate ext2rmal, vhich can csuse unwanted neatiag or
stirriag, and the sample still is subject te
gravity-inflvenced convection and sedimentation.
Altho:gh containerless prucessing in space provides
essentially free-fall conditions, some external
levitation ferces are needed to keep the sample in
place. However, the effects of these low-level farces
are negligible.

Collabocative work beturen MBS, Rice University,
and GE's Space Systems Division will previde heats of
fusion, heat capacities, and enthalpy increment
functions for third-row transition wetals and other
refractory wetals with melting pnints above
&,123°F (2,270°C). Tungsten has been given
priority because of its importance as the highest
melting element. In 2 similar programme at Midwest
Rerearch Institute, high tempersture property
mrasurements are being made by laser induced
fluorescence (LIF). Space experiments allow
application of this method to a broader raage of
meterisls.

Studying solidification in a containerless,
microgravity environment eliminates possible
aucleation and solid phase growth on a container
surface snd promotes deep undercooling. Drop-tube
cooling rates are generally lower than cooling rates
of stomization and splst queaching. Thus, effects of
undercooling and recalescence on alloy worphologies
can be observed st large undercooling without the
interference of a fast quench.

Vanderbilt University researchers studied the
effects of undercooling on nivbium and ity slloys in &
nusber of drop-tube experiments. Very deep
undercooling in excess of 932 °F (500°C) vas
observed on small droplets. Many Nb alloys also form
metastable phases vhen solidified st the highly
undercooled state. Of particular interest is the
possibility of forming bulk samples of s
high-temperasture sup ducting netastable phase
(WbyCe) in the Wb-Ge slloy system. So far,
results show that recalescence largely causes
transformation to equilibrium sithough some of
the metastable phases remsin in small q tities.

The relationship between the perfection .f the
crystalline structures and superconductance cen be
determined if large enough samples of this material
can be produced. Other slloy systems of interest
sre niobium-silicon, niobium-tin, and
niobium-aluminium.

Some unexpected results

Battelle scientists believe that co.tainerless
wndercool ing may provide another powerful spproach to
rapid quenching. Four representst.ve, fcc,
nonmegnetic, austenitic stainless steels (ALS] 3108
snd 316, and Nitronic 40 snd 4OW), were evaluated in
drop~tube experiments, When tirese alloys sre rapidly
solidified, they retair some fevromagnetic delis
ferrite, which provides s quaslitative measurement of
quench severity.




Cwcrent and preoposed microgravity resesrch (metals, alluys, and composites)

Area of imterest

Priaciple
investigator/
affilistion

Metal/alloy
systems

Ob jectives

Centainerless
controtled/bulk
wndercool ing

Containerless
processing

Cuntainerless high-

temperature property
messurements

Solidification
kinetics

Directional
solidification

Immiscible alloys

Metsllic foems

Electroplating

br. R.J. Bayuzick
Vanderbilt University
br. E. M. Collings
Battelle Colusbus lLabs

Prof. N.C. Flemings
Dc. Y. Shichara
n.I1.7T.

br. N.E. Clicksman
RPI

br. K. Kelly/

E.I. Ds Pent

Dr. E. Ethridge/MSFC

Prof. J.H. Perenezko

Univ, Wisconsin-
Mzdisen

E.A. Winsa

Dr. W.E. King/ANi
Dr. E. Ethridge/MSFC

Dr. D.W. Bonnell/nss
Prof. J.L. ‘wrgrave
Rice Univ,

Dr. P.C. Mordine

Dr. Mgus llellavell
Michigan Inst. of
Technology

br. V. Lexmann
Prof. J.F. Wallace
Case Western Reserve

Drs. S.R. Coriell,
R.J. Schaefer,

G.B. McFadden/NBS
Drs. J.J. Favier and
Y. Maslmejac/Center for
Wsclear Studies st
Grenoble

br. D.J. Larsom
Grumman Aerospace
Corp.

Dr. R.G. Pirich

J.L. DeCarlo

Crumman Aerospace
Corp.

Pr. D.M. Stefanescu
Univ. of Alabame

Dr. P.A. Curreri/WSFC

Dr. S.H. Gelles

S.H. Celles Assoc.

br. A.J. Markworth
Battelle Columbus Lab.
Dr. R.B. Pond

br, R.8. Pond

John Hopkine Univ,
J. Newall/Fairchild Ind.
R. Safman/mtudent

Univ. of Alsbama~
Huntsville

® and Wh-base alloys
AISI 3108 & 316
Bitromic 40,

Ritronic AOW
Fe- and Ni-base alleys

Pure succinomitrile
(scm)
Ni-Al atloy

Fe- and Ni-base alloys

Mi-Sn alloy

Fe-Cr-Y alloys
Third-row transition
wetals; Extremely

refractory metals
®, Mo

Pb-Sn

Pure succinonitrile
(SCK) w/wo ethanol

Sn-Bi alloys

Bi-Mn slloys
Se~Co alloys

Bi-Mn slloys
Pb-Bi slloys

Cast iron

Al-in alinys
Cu-Pb alloys
Te-Tl alloys

Pb~Zn slloy

Cu=graphite

PL~Ri elloy
(cerrolow 136)

Various alloys

petermine limits of uadercool ing

Determine metastable phase formation
Quant i fy quench rates

Determine relationships between
microstructures and micromagnetic properties
Study solidification aad remelting phenomena
due to recalescence

Determine influence of gravity, and corrective
and Jiffusive transport on dendrite growth at
low wndercooling

Obrain 1000 peritectic WiAly phase

Extend vnderstanding of physical mechanisms
of undercooling

Clarify rapid selidification process

Deterwine how ytirium improves high
terperature oxidation resistance

Determine heat capacities, heats of fusion,
and enthalpy incresent functions

Measure high temperature properties by laser
induced fluorescence (LIF)

D-termine origination, specing, snd diameter
of segregation channels

Study fundamental solidification phenowena;
Develop simple dendritic prowth wodel

Study effects of gravity andfg on fluid¢ flow
and segregation

Study destabilizing mechanis .t
solidification interfsce

Study influence of gravitstionally driven
thermosolutal convection
Study p1g convection damping

Reduce or eliminate gravity-influenced
convection with applied transverse magnetic
field

Study roles of homogeneons nuclestion, grain
multiplication, and innoculents in forming
microstructure

Determine how microstructural features of
liquid-phase miscibility-gap alloys develop
Measure diffusion coefficients in the
immiscible liquid—phase region

Tnvestigate formation of metal foam
Investigate formation of mrtal foam

Yvaluate space-produced electroplate to
improve plating on Farcth




Por exsmple, chill cast Bitreaic 40 retains ealy &
few per:eat of delta ferrite, vhereas hasmer-eavil melt
quenched Nitrenic 40 retains 48 per ceat delts
ferrite; this is estimated te be equivalemt te a
10°K/sec quench rate. Drop-twbe solidificstion of
the same alley produced a structure vith 86 per ceat
retained deltas fervite. This indicates that drep-twee
precessing can achieve higher quench rates thaa
conventional splat quenching.

Ceataineriess drep-tube processing also vas used
to obtain solidification of 10U per cest peritectic
BiAlj in the Wi-Al system by underceoling through the
liquid plus solid phase region. Nickel alleys rich aa
aluminive are used as catalysts tor a musber of
important chemical resctions, and the NiAlj eta phase
is the most sctive catalytically.

Although the joint Du Powt and MSFC effert te
preduce » single-phase peritectic structure was
wmsuccessful , the study previded other valuable
information. The streng affinity of alwminium for
oxygen forms oxides that prevent gignificamt
wndercooling. This indicates that eves witheut any
surface contact, serface heterogencous muclestion may
result from the reaction of some melts with asbient
goses. m addition, smsll droplers solidified with a
wnique morphology consisting of highly cenvoluted
surfaces and interior porosities. The smallest
droplets had bulk densities as lov as 20 per cent of
normsl density. :

Ultrapure metals and alloys are possible with
containerless processing by eliminating potential .
crucible contamination. 1Ia addition, containerless
evapouration can purify welts if impurities have s
higher vapour pressure than the main melt, and the
varww of space wouid be even more beneficial.
Interest is high on producing materisls frze of
oxygen. As one exampl-, oxygen impurities in Selos
mognets sre thought to limit the meterisl's magnetic
streagth. (Source: Advanced Kiierisls & Processes,
April 1986)
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Superglass from space

Rev glass composi”ions

During Earth processing of plasses, heterogeneous
nucleation can occur st the melr/container interface.
This limits the development of new positions thac
are considered reluctant glass formers. For instance,
neodysiuvm—Joped glass used for lasers can become wore

efficient by increasing the calcia content. liowever,
the higher calcia content promotes rapid
erystallization, so a glass t form. R rchers

have calculsted homogeneous nucleation rates that show
containerliess processing mey extend the range of these
glase-forming compositions.

The University of Missouri - dolla, USA (MMR) is
trying to obtain quantitative evidence on several
shuttie flights for the suppression of heterogeneous
nucleation/crystallization by mcasuring cr’ . ieal
cooling rates (R.). The critical cooling rate is
defined as the slowest rate at vhich a melt can be
cooled and still form a glass. Therefore, determination
of the ratio, R -rarth/R - microgravity, permits
quantitative messurement of tha suppression. This
valua is 2ssumed to exceed unity snd the enhancement
of gless formation may even be incressed up to 100 X!

The atudy will use binary calcia-gallia,
lead-gilicate, and ternary calcis-gallis-eilics
compositions having different critical cooling rates.
Seversl samples that were procrnssed in sn acoustic
levitator/furnace on & recent flight ere being

saslyzed. Their physical, optical, thermal, ame
mechanical properties will be compared with the same
properties of Earth-made glasses.

Mmother importamt practical task of mp's
experiment is te determine the suitablity of wsing
hot-pressed precursor samples for coataimerless
welting. Hot pressing has the advaatage of being 2
rejatively simple way of preparing precursoc samples
without chemical contamimation from s comtainer. The
degree of chemical inhemvgeneity that cam be tolerated
in & het—pressed precurser while arill yielding &
chemically homog wmelti t melt withia a
ressonable time in microgravity is being determined.

Levitate it with sewnd

Though wo container is needed ko hold the melt,
positioning is required to prevest drifting into the
furmace wall. Acouwstic levitation can be used and
Intersomics lnc. (Merthbreek, 111. USA) has developed
seversl designs.

The design wses a aenresenant inter ference
technique that sutomsticslly adjusts for these
changes; therefore, no tuning is vequired and higher
temperatuwres wp to 2,912°F (1,600°C) are possible.
Called a simgle-axis aceustic levitator (SAAL), the
wnit also requires no chasber. A single vibrator
excites an axial acoustic wave, vhich is then
reflected; the sample is levitated at a nede of the
resulting standing wave.

Acoustic levitation has been suggested as 2
possible means of manufacturing optical fibres. When
the acoustic wvaves are refle:ted, standing vaves are
psoduced. These standing waves form high- and
low—pressvre regions; the low energy wells provide
stable point:s of levitation for supporting the sample.
The high—pressure wells provide a strong axial
restoring force that acts as s constraining force to
resist the pulling.

Flosting® glsss

There are several disadvantages with using an
acoustic levitator. Because the radial force is small,
the sample can oscillate, meking it difficult to pull
the fibre. The sample slso may drift into the wall as
the levitation forces decrease with an increase in
tempersture,. 1n addition, the high velncity field
sssociated with scoustics produces large smounts of
energy that could csuse nuciestion.

acey oplics

One of the key areas of interest fnr contsinerless
processing is optical glasses. Fluoride glasses,
undergning research at Rensselaer Polytechnic Institute
(RPI), have grest promise as infrsred optical
components, especially fibres, becsuse they are
transparent to 8 4m and higher. At this wvavelength,
scatlering is winimized, permitting longer distances
betwern relays. llovever, many compositions are
difficult to form in 3 container, such as the heavy
cation (Zr, Wi, Th) fluoride glasses. Other fluorides
include those replacing Ca¥z crystsls that control
the secondsry spectrum in optical systews {called
apochromats). On Ferth, P05 has to be introduced
to prevent crystatlization., Such fibres usually have
losses on the order of 2 X 10”" dB/xm; it is hoped
to reduce this loss to the theoreticsl limit of 1073
for fluoride glasses.

The advantages of containeriess processing also
can he extended to optical lenses., For instence,
sallia~calcia compositions only can be produced in
small) quanticties on Farth, These and other
compositions conteining lagny, Tagz0s,




M>205, Al303, Gaz03, Y203, and rare
Earth oxides easily can be made into spherical shapes
of useful size for lenses and vindows.

Sol gel precursors

Because contsinerl~ss proceising allows no
stirving of the melt, starting materisls must be
compositionslly homogeneous. The sol gel technique,
where polymecization of slkoxysilane with metal
alkoxides or metal salts form a gel at room
tempersture, is being studied for this purpose. The
gel is then heated to form a glass that retains the
oviginal purity and homogeneity of the starting
waterials. B the comp ts are already mixed in
the gel, no further mixing is required.

Exotic composites

Many binary and polynary glass systems show an
above-liquidus immiscibility region of two phases. On
Eacth, gravity-induced segregation prevents the umiform
mixing of these two phases. On the other hand, the
liquid phases should not segregate under microgravity
conditions, Hence, a whole nev family of novel
microphase-sepsrated materisls may be possiile. The
uniform mizing can be extended to other materials that
include glas: -matrix compositions reinforced with metal
spheres for electronic applications and glass cersmics
vhose matrices tend to sag in unit gravity.

Suppression of immiscibility regions also can lead
to improved properties. Soviet researchers incressed
the Kd303 content of s laser glass from Z to
10 per cent in 8 microgravity envircnment. The lasing
efficiency was improved. Likewise, che radiation
resisteace of a ,.iosphate-based optical glass vas
increased. Other researchers showed that the
efficiency of a magnetic-optic borste glass improved
due to a more-uniform distribution of the active
iron-oxide c-ystals in the matrix.

In addition, interest in directionslly aligned
composites is increasing. Based on the high magnetic
coercivity measured in space-grown composites of
¥n-Bi/Bi, B.1.T. researchers have extended their work
to rapid-solidification of magnetic oxides., The first
systes being studied is Sr0-Fey03, which contains
the hard magnetic compound strontium hexaferrite.
As-quenched ribbons contain high concentrations of
super-paramagnetic particles, 80 to 250 A in diemeter,
in a glassy matrix, Therefore, it may be possible to
produce monodomsin (less than 0.8 xm in diameter)
strontium hexaferrite during subsequent hest
trestment. The coercivity should be grestly incressed
compared to thst of conventionsl materisls.

The trouble with bubbles

One disadvantage of manufscturing glass in space
is removing bubbles, otherwise called fining. Om
Farth, large bubbles rise naturslly to the surfsce
where they burst; smsll bubbles are removed by
dissolution. Though dissolution can be used to remove
small bubbles in space, this mechanism is too slow for
large hubbles, In sddition, on Rsrth, buoyancy helps
to achieve uniform mixing of the glass melt.

Researchers at Clarkson University have slresdy
determined in ground-based studies that gas bubbles
nigrate in a thermal gradient in s glass melt under
microgravity conditions. The thermal gradient is
produced by heating s spot on the surface, resulting in
8 surface tension on the drop that creates s
circulatory motion within the drop. The bubbles tend
to move toward the hested spot and csn then be removed
from the melt.

Another theory predicts that the velocity of an
isolated bubble 1iquid under rhe action of a uniform
thermal gradient is proportional to the dismeter of the
bubble., Thus, larger bubbles move st higher speeds,

requiring some weans to make the smil bubbles coslesce
into the larger ones. If the difference in size is
significant, the large bubble will have a strong
influence on both the temperature field and flow
patterns of the small one. However, the small bubble
has little effect on the tempersture field and flow
patterns of the large one.

The large bubble also affects the velocity of the
small one depending on the separation distance. [If the
large one is close to the small bubble, the latter will
increase its speed, no matter which one is leading.

On the other hand, the speed of the large bubble is
only reduced slightly by the presence of the smaller
one. In contrast, two bubbles of equal size heve no
effect on each other regardless of the separation
distance.

However, bubule behaviour of equal size differs
significantly under gravitational effects. With
buoyant rise, each bubble moves wore rapidly than
either bubble would if isolated. Hence, the velocity
will increase still more as the bubbles are placed
closer together, Under thermal gradients, a large
bubble trailing a smaller one will catch up with it in
time. If the large bubble leads, the separation
distance will incresse with time.

These theoretical wodels also can generslly be
applied to drops of one fluid in another. Another
mechanism that can be used to wove bubbles and drops in
the absence of gravity is concentration gradients.
These can occur vhen a single phase mixture is cooled
to a temperature at which a different composition
precipitates. Clsrkson snd others are studying this
mechanism in addition to the thermal-gradient work.
Several shuttle experiments are planaed using the
three-axis acoustic leviator. Drops of model fluids
containing gas bubbles will be rotated or spot-heated
and the behaviour recorded on videotape.

Understanding bubble behaviour slso vill lead to
improved manufacturing of hollow-glass shells used in
inertial-confinement fusion research. The shells must
be perfectly spherical with a uniform wall thickaess;
hence, the bubbles must be centred within the multen
glass. To understand what mechasism - rotation,
oscillation, expansion, or contrsction - centers the
ges bubble, gravitationsl buoyancy must be svoided. In
addition to the Clackson experiments, both JPL and
Los Alamos are conducting research to determine which
mechanisms control the dimensions, sphericity,
concentricity, and the surface topology of the shells.
(Extracted from Advanced Materisls & Processes,

April 1986)

LR R R IR J

hoin results from the first Spacelab mission

The first mission of the European built Spacelsd
took place during the period 28 Novewber -
8 December 1983 on bosrd the US Shuttle Orbiter
Columbia, The mission paylosd was multi-disciplinsry
and the two microgravity disciplines "Life Sciences”
and "Materisl Sciences” were two smongst six others.

The preliminsry results of the life sciences
exepriments have been presented by the investigators in
June 1984 st & symposium held in Cologne and vere
published in "Science” in July 1984. The resvits of
the materis! sciences experiments were presented st the
Elmasu Conference, 57 November 1984,

Materisls sciences

It would go beyond the scope of this summary to
describe all 33 materiales sciences evperiments
psrformed during the Spacelab 1 mission. 1Two planned
exper iments could not be performed becsuse of hardware
malfunctioning. Several experiments did not obtain the
full set of experimencal runs/operations.




The basic advantage of the micregravity
eavirenment for material processing aad flwid physics
is the practical absence of thermal (gravity driven)
convection, sedimentation and hydrostatic pressure. Ia
rhe microgravity eavic t s dary disturbiag
factors™ like surface tension, capillary ferces,
instermolecular forces etc. become dominant.

Grewth of insoluble crystals by precipitation
reaction

The objective of the experiment to grow
near—per fect dislocation-free single crystals has been
achieved by controlled precivitation resction. Under
terrestrisl conditions sedimentation of groving muclei
has te be elininated by the use of gels, vhich causes
inclusions and other imperfections in the crystals. In
the sedimentation-free and convection-free space
experiments the gel is not required and free-floating
nuclei grow under purely diffusion—controlled
conditions. The space experiment was performed with
the hydrophosphates PMIPO; snd CallPOy.2W; and
reswlted in dislocation—free crystals as showm by X-ray
topography. These hydrophosphates are represemtative
of inseluble, incongruently melting or thermslly
decompes ing materials. There is s large family of this
type of materials which was thus far only accessible by
growth in gels.

Floating zone growth of silicon

The objective of this experiment was to grow
silicon single crystals without dopant striations (i.e.
dopsat concentration variations) which slwvays occur on
Earth. From the space experiment it can be concluded
that - as believed until now - gravity—driven
convection is not the only reason for these dopant
stristions but slso surface temsion—induced Nsrangoni
convection, which occurs both on Earth and in space.
As & consequence of this experimental result one is now
considering to eliminate free melt surfaces in float
zone geometries by thin oxide lsyers and first
experiments with silicon grown in a slightly oxidizing
atmosphere have demonstrated that by eliminating
Marangoni conmvection much more homogeneous crystsls
could be growm even under terrestrisl conditions.

Free convection in low gravity

This is one of the six Fluid Physics Module
experiments. Several of these experiments were
affected by unexpected behaviour of the anti-spreading
barrier, vhich wvas less effective in space thsn
expected from tests.

This experiment was conceived to investigate free
convection in low gravity for configurstions such as
liquid bridges and modelling the floating-zone
technique used for crystal growth. The experiment
confirmed the prediction thst thermal Marsngoni
convection and Marangoni boundary lsyers exist in large
liquid bridges in spsce. On Earth only 3 mm high
1iquid bridges vith & radius of 3 mm could be obtsined
vhereas in space the height of the liquid column was
68 mm, 1In the geometry considered there is no
detectable influence of the imposed electric fields,
when silicon oil is used ss fluid.

Capillary surfaces in _lov gravity

The experiment of Dr. Padday wss concerned with
the behaviour of fluids in contact with solids. The
shape of a floating sone (or bridge) is ideslly a
catenoid. It vas the objective of the investigation to
messure the influence of the interface layer on the
macroscopic shape of s large 1iquid bridge. 1In a large
weniscus o very small change of the conditions at the
edge region of the bridxe, which is due to
Van der Wasls forces, entails s large deformation of
the curvature of the meniscus. By this method it was

possible for the first time teo measure quantitatively
the strength of Van der Wnals focces, vhich are the
long-range intermolecwlar forces betwveen solids and
liquids in solecwlar cemtact. On Earth very smsll
liquid bridges can be preduced, vhich are teo smsll te
perform quantitative mcasuremeats of these long-ramge
solid-liquid forces which are of highest interest for
serface physics and surface chemistry.

Netsllergy

A aumber of experimeats were conducted dealing
with ewtectic selidification (i.e. simslitancous
formation of tve sepsrate solid phases from a
homogeneous melt) and the formation of fauwlt structure
in fibreus and lamellar ewtectics, preparation of
composite materials, e.g. dispersion alleys,
solidification of metallic binary systems having &
wmiscibility gap in the ligquid state and demdritic
solidification (cast iren). These systems are
inherently rather complex and though experimentzl
conditions in near veightlessness are much better
defined than on the greund becsuse of virtsal sbsence
of gravity-driven convection, sedimentation snd
buoyancy in heterogeneous systems, the resslts are
still difficult to smalyse in (uaatitative terws.
However, a number of mechamisms causing compenent
separation even wnder microgravity conditions that are
overruled by sedimentation on the ground cevld be
ideatifird and our overall fundsmental understanding of
the processes involved in composite preperation and
metallic solidification has been much advanced by the
investigations conducted during the Spacelsh 1
mission. (Compiled by C. Seibert, Head, Microgravity
Office, ESA. Short S ry of the Main Results from
the First Spacelab Mission in the Microgravity Resesrch
Disciplines, 17 Jsauary 1985)
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&, SPACE FROGRAMMES AND EQUIPMENT DEVELOPMENT

Aalysis of new results in spsce materials science
obtained 1n recent 3-4 years

The review of the experimental studies in the main
fields of SNS (Space Material Science) performed in the
USSR allowed to make a conclusion that considersble
progress has been achieved in obtsining various
saterials and biological specimens with improved
properties under wmicro-gravity (MC). This is
particularly true of materisls for electromics, Mew
technologies were developed which might provide
economic benefits in manufacturing some specific
materisls in space.

Physicsl investigations shed nev light on effects
vhich may be used to improve promising technological
processes. They sre solidification of monocrystels st
extremely high rates, solidification of overcooled
melts, properties of thermocapillary convection,
electromagnetic contcol of 3 phase comprsition of welts
and so on. To modify technologicsl equipment to some
extent the principles of their functioning vere
outlined and certain recommendations for their
optimization ware worked out.

The results of space studies made in the USSR
sllow for & conclusion that it is time to go further in
the development of SMS and to start production of
materisls of interest in npace. The primary sim of
this stage is to design on-boerd facilities for
mterisl production in space for manned and unmanned
ststions.

It was suggeated that in the near future the
Sslyut-type long-term space stotions, on board of which
cosmonaute work from time to time, will be replaced by




a multi-wedule constently ishsbited orbital cemplex, -
i.e. sisgle large-size structuwres lecated en orbits

(frem 200 ve 4,000 kn) and shettling passenger—carge

tramsperts. The configuration of such a cemplex will

include special-purpese scientific laberateries,

comnfertable habitable wedulen, poverful energy plamts, -
a feel-tramsfer statiea, repair shops, and, perhaps, a

site for facture and enbly of typical structursl

elements.

Te selve msiti-purpese and large-scale preblems in
interest of natisnal econeny a future orbital complex
(0C) should pussess seversl techmical festures which
have not been yet provided by applied cesmensstics.

Uhat details charscterize the effect of the
selt partislly tewching the smpoule’s welils
which occurs vhea the liquid phase dees net
soisten the msterisl of these ampoules;

What questions sre still waselved and debated,
which isvelve all pecwlisrities of crysta’
gravth from the vapsur phase in MG, especially
in cases vhen effects of chemical and physical
gas tramsport should be token iate
consideration.

One may feel sere that these and other
fundamentzl problems of SNS, if selved, can be used as

a basis for indestrisl ’r.‘-ctin of seme

The programmes implemented in the USSR are, te

u-un-ﬁctx materials in space and for improviag

turing on Earth.

seme exteat, the preperatery activity fer develeping
such an erbital complex. Im particular, they are
experis-nts en welding in spsce, application of
coatings. They proved that in outer space eme can
soccessfully repair structural ziemeats and cresteore
thin-film coatings with a quslity vhich meets mest
severe Earth standards. Tegether vith grownd-based
testing of structural clemsats fer a futwre orbital -
complex it is alse plansed te Test its gemeralized

physical medelr (smlli-scale) during erbital flights.

The stedy of their behaviowr in euter space during

2-5 years will allow for predicting relisbly the state

of OC structures for the peried of 20 yesrs and wmere. -
The generalized physical models are based

multi-layer thin-film composites which have been

studied in the USSR for several yesrs. The complicated

preblems pertaining to nermel functioming of orbital

complenes are impossible to be solved without further

videning and deepening fund al studies.

Undoubtedly, these studies cover weightlessness physics

and SHS, -

Mev results in space materials science

Experiments on groving semiconductor crystsls in
NG both confirm some esrlier conclusions and yield some
nev interesting results vhich are:

= It is confirmed with GaAs ss an exsmple that
crystals consisting of two components
h‘l" ATIRVI 4ag ALVSYI) could
be grown from welts in MG with improved
homogeneous impurity distribution and fewer -
defects;

- It is shown that suppression of comvection
stresms in the melts decresses stoichiometric
inhomogeneities, not only ichomogeneities in
impurity distribution;

= It is shown that formstion of bubbles can be -
prevented in growing some msterisls in MG;

= A nusber of new results are sleo obtained in
groving three-component crystals in MC; cthis
justifies further ors to produce in -
space nore perfect crystals of this complex
type then is possible on Zarth since they are
fairly important for practice.

Among new items is the formulation of some still -
outstanding and debated problems which should be
further studied in future. It should be mede clesr

= How non-gravitational coowection types afiect
the impurity distribution vhen dopad crystels
are grown [rowm the melts, and slso the -
homogeneity of the composition and the
deviations from stoichiometry in two~ snd
three-component semiconductors;

= Whet is typical of the development of
non-aquil ibrium phenomens (in particular,
overcoo) ing) in MG wvhich mey sometines degrade
vather than improve the howogeneity of the
composition of s e rimens;

The investigstios of pecwlisrities of
solidificstion in metals, slleys of compesites in NC
was slse iateresting.
wade it pessible:

Mew experiments performed in NG

Te anslyse in detail the mechanise via wvhich
imsiscible allioys msy be obtained and the
possibility of decressing and even eliminating
their micrescepic separation in NG;

In studying the melting and crystallization of
composites in NC (new experiments vhich differ
from those made esrlier) t» spply am in-site
method for observing in spsce dreps and
bubbles in the melt and to obtain valsable
information on the peculisrities in the
solidification of ceomposites in spece;

To show vhile studying, pecsliarities of
fosmed wetal formmtion in space, that
microgravity conditions faveur s more intemse
generation of gas inclesions in ]iquid phase
vhich leads to the smeller size of bubbles,
lower energy sad higher formation rate. A
conclusion is ssde that in feuture studies it
is necessary to understand still better the
regularities of the processes basic to the
genevation, grovth and agglowmeration of
bubbles snd to their removal from the welts;

To derive different conclusions in studying
eutectics crystallization, this might be
explained by differences in the impurity
composition in the msterisls employed by
different specislists. A series of new
experiments is required to derive unambiguous
statistically substantiated conclusions;

To confirm the esrlier conclusion that
wmicrogravity appreciably affects the structure
snd physicsl properties of superconducting snd
megnetic waterisls;

To make s conclusion that c:'cnmn in WG
are mdumubh and promising to further
sdvance tal pts of both dendritic
snd cellular crystallization of metal slloys;

To show how s specific role of capillary
forces is displasyed in MG, in particular, in
the shaping of crystals grown by
erystallizstion methods preserving a [ree
surface of the melt, ¢.g. the Stupanov method;

To shov that experiments in MG provide
valvsble informstion on physical constents in
such mass transfer processes a9 diffusion,
thermal diffusion and electrical energy
transfer. MNardly, if ot all, ie it possible
to obtain such informstion in terrestrisl
conditions; hence further uvse of microgravity
seems promising for messuring - in the sbeence
of gravitational convection - thermophysical
and physicel parsmsters, also promising in the




checking of the theories of heat and mass
tramsfer;

- To achieve tonsiderable swccess in further
developaeat of space velding and seldecing
where micregravity conditions were basic in
the studies of fundawental peculiarities of
these precesses. A large susber of veriouws
samples of wmique costings vas ebtained by
thermsl evaporstion and condensation metheds
in NG, their preperties were investigated and
a conclusion ves wsde that masintenance and
veconditioning opecations sre pessible in
orbit. Techniques were develeped to build
special velded thiwwalled structures and it
was made clear vhy they get burnt owt vhea
welded.

In recent investigations of glass selidification
in NC emphasis is being made oa studying the
selidification of overcooled metal alleys, the
precesses of nucleation and the conditions of
formation of wetallized glasses. Micregravity was
ewployed to derive mew valuable information on the
regularities of these processes, and on the diffusion
phensnenen on silicate glasses. Further spece
experiments seem promising te find preois te pessible
diffecence in critical cooling rates in WC compared teo
these obtained on Earth; they slse show prespects for
providing wore data on surface and difdusion phenomena
when gravity is nem-existing. To further sdvaace the
studies of glasses in M wev systems shesld be
designed vhich wuld permit higher heating
temperatures, faster cwoling and stable levitation.
Impoectant and interesting programmes are currently
being plazaed to help solve essential problems of the
science of glass.

Of mest interest among the results of new studies
iw erystal growth from water solutioms in MC are the
first data on the growth of orgamic crystals with
metallic conductance, when s nuvel three-chasber
reactor with valves equipped with specisl-purpose
filters to prevent harmful comvection (the valves
being open) is used. Attention should also be drawm
to the experiments on growing crystals of
"synthetic-aetal” type conducted aboard the LDEF, an
automsted WASA module for long-duration experiments.
Successful vere also experiments on growing
low-solwbility crystals in a three-chamber reactor.

Most promising snd impressive vere the
experiments on growth of protein crystzls from melts
in WC. Crystals grown in space were much larger, wore
perfect in structure snd purer than those obtsined on
Earth and also vere grown st 8 much higher rate.

Thus, sll further experiments on groving various
protein crystals are rather promising for practicsl
use and will undoubtedly be performed.

Rather interesting could also be fundamentsl
studies to test the hypothesis concerning the fact why
protein crystallization becomes Jrastically
accelerated in MC (in other words, the hypothesis
concerning clusters). Promise is also show in the
experiments on the in-situ mechanism snd kinetics of
wmass crystallization from melr using direct methods
for obgerving the growth of smell crystsls, ¢.g. by
way of holography.

S0, vecent analysis of crystsl growth from
solutions in MG and their growth from melts of
semiconductors and metals yielded interesting snd
promising vesulits, and posed problems which should be
theoretically and experimentally solved in future.

The equipment and mnthodology used for studies in
the field of sero-gravity physics and $MS in MC should
e further improved. [t is siready now thet
considerations must be given to developing new

generations of awtcmstic equipment sad methedology for
wananned platforms and aev orbital statiens, the
equipment designed for high pover swpply and
wonsfacturing seae saterisls is space. [n recest
years certsin sdvances have been reached and anovel
results have been obtained in the follewing sspects:

~ Cenprehensive studies of high-tempersture
furaace properties (temperatwre lield), vhem
eperating in NG, and design of other types of
furaace with inpreved psrameters. A
step—by-step implementation of awtematic
heating systess te eperate sbeard uwnmanaed
spacecraft, as well as of mere poverful
systens wvhich emsure higher heating
temperstwres and analysis of specimens of
large diameter, almest such as required by
indestry;

=~ Further sophistication of equipment and
wethedology of studies in the [ield of physics
of liquids in WC taking inte accewn: that in
addition te snriving the fundamental prebless,
the experiments performed with this equipment
might be simed at vecking put recommendations
on eptimizatien of the techmelogical pr
of mangfacturing new materials in
zero-gravity. Sephistication of the equipment
for crystal growth from wmelts (iucluding
special thermostats and cryestats te grow
pretein crystals), development of new types of
three-chauber resctors and valves as well as
of nev methodologies to observe nucleation
precesses and crystal grovth in the selts;

- Sophistication of technological equipment for
cutting welding, application of thin-layer
costings in space, design of new generations
of this eguipment;

=~ Further creation of both theorerical bases and
new experimental equipment ro provide
levitation in MC using various techniques:
electrostatic, electromagnetic, acoustic,
ion-plazma, due to ablation, vith the help of
gas fluxes and so on. In this field a certain
progress has heen achieved;

- Development of nev light small-sited
helographic instruments for operation in
spice, They have siready been used to carry
oul experiments in WG, and the wrthodology is
intended [or studies in the field of physics
of liquids, the process of crystal growth from
melts snd in other space experiments;

- Developmert of sophisticated instruments to
measure microsccelerations; they vere used
for numesrous studies of gravity conditions
sboard various spscecraft and orbital stations;

= DPevelopment of other techniques for studying
varistions of condensed medium structure snd
properties: spectroscopic, X-ray topographic,
optical using TV systems, as well as space
vacoum, skin-technology and so on.

By and large, sophisticated equipment snd
methodologies used in MG for the developwent of SMS
make it possible to perform many experiments and to
prepate some materinls for spece manulacturing. Sowme
of the space mathodologies can also be used to solve
"earth problems” and develop advanced technnlopy.

Numerous sero-gravity tower, sircraft and,
particulerly, rocket experiments vere continued in
short-term MG, The objectives of Lhese experiments
were: (1) to prepere and substantiate the expariments
aboard spscecraft, ordbital stations end immanned
platforme in long-term MC; (2) to perform experiments




for further development of SHS. Recently published
cvesults of investipatioas in shert-term NG emphasized
the interest to the experiments in the field of
zere-gravity physics and vast methodelegical
pessibilities of their implementation, Specifically,
the ady d equipment has been developed for the MIR
and TEXUS reckets, vhich opens grest possibilities for
studies in the field of SMS. The tests in short-term
MG vere essemtial in the evolution of idess of
zere~gravity physics aad grestly ceatributed te space
saterials physics, including the development of
astematic equipment.

It is heped that the experiments on shert-term MG
will be goad practice ia future even though leag-term
space experiments ate planaed te be perfermed aboard
masned snd unmanned spacecraft.

Seme T t papers d ibed the experiments
intended for studying the effect of NC and higher
gravity on the alley solidification precesses snd
crystal grovth. These experiments revesled that ia
higher gravity the effects of comvection sad alley
interaction with the ampoule walls are eshanced, what
yields sdditional data en the role of gravitatiomsl
and capillar ferces in crystallization precesses.

Over the past 2-3 years an advanced wethodelogy
was desipned to study crystal grovth and wetal and
alley selidification in higher gravity with bulky and
rigid equipment installed in a powerful centrifuge
where acceleration reached 30 g. The methodology vas
tested to perform experiments on crystallization of
semiconductor materials PWTe with Ag; Te; Te-5Se;
Te-Si impurities and on solidification of eutectic
slloys Al-Cu at different gravity levels. The
investigation of the peculiarities of crystallization
and impurity distridbution, the overload increasing,
gave quite unexpected results which deserve o
comprehensive snalysis.

Discussion of the results of recent studies and
analysis of the opinions the specialists expressed on
the premisings of zero-gravity physics and SMS, allow
optimistic forecasts about the future of these sciences.

At present the following trends of SMS progress
can be outlined:

- Further developm of fund sl studies in
the field of zsero—gravity physics and
comprehensive preparstion for manufscturing
some specific materisls;

= Mumerous long-term experiments sbosrd wnmsnned
space platforms along with short-term
investigations shosrd menned spececraft,
rockets and zero-gravity towers;

= Preparation for the investigations in the
field of SNS aboard mev orbital stations where
high pover supply will be ensured for both
experimental and industrial facilities;

= Establishment in some countries of the
ground-based SMS laborstories both to prepsre
space experiments and to check vhether they
are correct, snd to carry out ground-based and
spece experiments. It is strongly recommended
that much attention be given (including
financial sspect) to ground-based experiments;

= Deeper and prehensive 4i ion of
expediency of nev experiments to be performed
in space, involving a grest number of
specialists from verious fields of science,
both theorists and experimentors.

All nev aspects involved in receat publications
and cumerous results obtained for 3-4 years allew us
to emphazize that zerov-gravity physice smd SNS will
face many challienges in the near fetwre.

The foregoing discussion points te the mecessity
of intemsive studies ia the field of zers-gravity
physics and SNS which cam illustrate peaceful snd
fruitful use of modera achi s in expleoration of
space. Joint efforts of the specislists of many
cLumtries and establishment of the respective
internationsl scientific societies would make a grest
contribution to the progress of this bramch of
science.

It is safe to say that MS will be further
advanced both in space and within greund-based
laborateries due to the successful studies in the
foture. (Extracted frem Proc. Gth Sywpesium en
Material Sciences under micrugravity conditiems,
Bordeaun, France, 2-35 Decesber 1986, written by
L.L. Regel’ Space Research Institste, USSR Acadewmy of
Sciences, Mescow, USSR)
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Coating develaped for space statiom solar cells

A cost-effective coating process to protect selar
cell pamels on 8 future space station is umder
development by Battelle Columbus Laberatories in Ohio
for the Mational Asronastics and Space
Mainistration. The cells will powver the space
station, vhich is scheduled to be constructed in the
1990s.

The solar panels will consist of silicon cells
mounted on thin plastic strips that are connected and
folded lLike an accordion. At launch, the array is
folded; in the proper crbit in space, it is
extended. The space station will be located in low
orbit, flying st 180-630 kilometers from the Earth,
Battelle says. Without specisl protection, st this
sititude atomic oxygen would react with the plastic of
the panels and degrade it.

Basttelle’s costing process is intended to help
preserve the panels by applying a polymer coating that
does not react with oxygen. The coating, which must
last for 15 years, is applied through an ionized gas
tech..ique known as plasms polymerization, Battelle
explains. The process is inexpensive because it does
not require & high envir t to apply snd it
also is capsble of coating large areas in a short

period of time, (Extracted from Int. Solar Emer
Intelligence Report, 31 March 1987)
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Development of & multizone furnace for the Multi
Furnace Assewbly (MFA)

The multizone furnace is 8 specific equipment
designed for materisl science experimental resesrch in
spece. It constitutes sn element of the Multi Furnace
Assembly (WFA), & multi-user facility integrated on
the retrievable orbital irstrument cerrier vhich is
being developed in the freme of Lhe EURECA European
programme. The platform is scheduled to be launched
in carly 1991 for s firet microgravity~oriented
wmission.

The furnace features the peculisr capability of
schieving end maintaining highly sccurate tempersture
profiles slong its axie, for long Cime periods, to
process such sensitive experiments os thermodiffusion
or crystal growth in a weightless environment.




Furaace eperatiosal characteristics

- Nazisum eperating temperature 0°C

- Tiamsient time to veach stesdy 7 howrs
state eperatien at %00°C
(including outgassing
te € 10°¢ millibar)

- Cool-down time frowm 900 to 50°C 64 bours
wnder vacuum

- Wb of cartridges/Curnace 1

- Cartridge external diameter 22.0 sm

- Cesrtridge length 375

- Naximm nusber of thermocouples 9
per experiment

~ Temperature messurement accuracy 22°C

- Furmace thermal stability * 0.05°%

= Maximm power consumption at 450 watts
28 ¥DC (transient)

-~ Steady state powver consumption < 190 watts

(900°C)

Fernace description

I. Mechanical architecture

The furnace includes three heating hblocks eack
weighing 1.5 kg mounted on an incomel tube.

The tube must be thin walled to reduce thermal
losses while the high resonant frequency of tiue tube
calls for thick waslls. This optimization was one of
the critical points of the project.

The heating sssembly is superinsulated and held
at cold extremity by s flange bolted on the hest sink
while the other extremity is centered by a low thermsl
conductivity membrane.

Waen furnace is hot. -<isl dilatation reaches
& mm, furnace hot end is illowed to unsest from the
centering membrane o avoid thermal stresses.

When the tube is cold, the mesbrane ensures &
S00 ¥ prestress on the tube in order to avoid shocks
during vibrations and to ensure proper tube centering.

This membrane does not introduce any relative
transversal sotion between the tube and the envelope.

The outer eavelope is made of 2618 A alloy. It
scts as support as well ss protective barrier in case
of cartridge rupture. It is rib reinforced in its
lower psrt, close to hest sink interface. The very
high service tempersture of 2618 A allows to gusrantee
structural integrity even in case of sbaormsl
cooling.

2. Thermal architecture

The furnsce may be divided into two parts. the
hot zone snd the cold zone.

The cold zone includes the furnsce hest sink, the
stand-off end the core envelope.,

The hot sone comprises the furnace tube with its
three heating blocks,

Hasting blocks are evenly distributed along
furnsce axis. EZach hesting block consists of an 80 mm
long pure nickel cylinder, the diffuser, thermaily

bound te the inconel tube. Machined grovves oa the
outer cylindrical surface receive a haicrpin-shaped
cesistor fized with stainless steel biadiag hoops.

Bleck temperature centrel is performed at heater
level, on the nickel éiffuser outer surface, for
safety purpese, and at cemtral tube/diffuser
iuled fove, v insuse on acvuraic sampic temperature
profile regulation. Thermocouwples are moumted vith
great care in erder te avoid measurement ercvers; they
are individually calibrated.

The twe diffusers next to the hest sink sre each
equipped vith nine sodivn-filled heat pipes to
establish isethermlity over the {ull block length,
vhen Ma vaparizes in tramsieat heating, sad damp
thermal fluctuations.

Conductive thermal fluxes are evacwated threugh
the furnace tube to the heat sink and thea through the
stand-off te the MFA cold plate regulated areund

Rz distive fluxes are limited by s swperinsulation
set compased of inconel and titaniem fails, 2% ro
50 microa thick.

The superinsulation censists of:

. 25 micron thick in-onel 60 foiis for the
immer cylindrical insolation

» 25 microm thick titanium foils for the outer
cylindcical insulstion

- inconel 600 foils in dizc stacks for the axisl
insulation between diffusers

. titanium foils in disc stacks for the hot end
axial insvlation (between the last inconel
disc stack and the core envelape end cap).

The superinsulation sllows to control thermal
losses towards the envelope.

The inal power ption is thus reduced to

only 190 watts at %00°C.

3. Electrical srchitecture

Esch heating block receives s THERMOUOAX 2 sm
diameter heater of 200 watts power dissipetion
capability in transient hesting.

Power is delivered by the MFA PCCS (Power Control
and Conversion Subsystem): 15 smpes max under a
27 + 4 V voltage.

Heater terminals scre brazed on CP 20 comnectors
located on the heat sink baseplste.

Eight K-type Chrosel-Alumel thermocouples are
distributed inside the furance:

- Two for each heating block (heater on outer
part snd tube/diffuser interface)

= One on the tube flange, close to the heast sink

- One on the connector holder betveen diffuser
and heat sink,

These therwocouples are soldered to a set of two
10=pin LENO connectors located on hest sink baseplate.

Theitr "™ot” junction is electrically insulated
from their inconel sheath with magnesis.

All thermocouples sre selected, agrd and
calibrated by hot cycling st 900°C before being
integrated in the furnace.




&. Furasce physical characteristics

- Owerall furmace weight 13.5 xg

= QOuter strectuwre

. conical stand-off (interface 160x160 um
level)
Reight ) 130 ws
. Cyliadrical esveleope
Length 550 ==
External diameter 105 am
- Immer structuere
. extermsl tube
sverage external diameter 27.5
diameter between diffusers 26 ws
length 415 =m

The cartridge
1. Cartridge description

The cartridge is a Z2 CW 18.10 stainless steel
eylinder holding the sample te be processed.

It is divided inte twe msin parts:

- The hot part, vhich is dismoumtable, and
sllews leading snd unleading of the ¢ xperiment
(thermal diffusion). In the crystsl grewth
alternative, this part is reduced te s simple
quactz ampoula held at both ends by
apprepriate cushions te prevent bresksge frem
dyasmical or thermal leads.

For thermodiffusion the hot part may be black
oxidized to improve radistive cowpling becween the
cartridge snd the furnace tube.

= The cold part, on heat sink baseplate side,
receives all instrumentstion counnections on an
isothermsl printed circuit board.

It is made of stainless steel and light slley asnd
presents a conical part msting with the conical
silicon seal on heat sink side to ensure therml
transfer te the WFA cold plate.

2, Cartridge instrumentaton

The cartridge is iastrumented to &8 maximum of
nine thermocouples normally sistributed sleng ite
axis.

Electrical connection is reslized through an
isothermsl printed circuit located in the cartridge
head (cold end) to a SOCAPEX JTO6, 37-pin connecter.

Thermocouples cold junction is located ot
electronics level.

Experiments
1. EURECA 1 experiment description

Two types of experiments sre implemented to be
processed by the WYZ furnasces on the TURECA 1 flight.

« DPiffusion snd thermodiffusion in liquid
phase:

(P.T. = Dr, PRAIZEY - CEZA/CENC)

. Lither diffusion of a doping component in &
pure metal (concentration gradient) with
perticle migration versur Lime.

Yor example: doping Co in fn
or radiosctive tracer in & roliten metel

« Or therwodifusion wnder thermal gradieat of a
binsry alley, ot isotepe migratiea (separation,
from an initial hemsgenesus concentrastion).

- Vapeuwr phsse depssition and/er crystal grewth
wnder tempersture gradient (“Eanferced flux™
wethed)

(P.I. = Dr. LAVMAY (CugS)
This peculiar experiment wses 8 quactz asmpeula

filled at both ends vith a tin-lead tellucide of the -
form

“l'l Sa, Te

The material is held by optical quartz grids
controlling the diffusive flex.

A thermal gradieat is established betwees the
seurce and the sisk.

A thin layer depesit (momwcrystal) eccurrs arouwnd
an initial nuclews lecsted in the widdle of the

ampouls.

2. Pessible applications

Beyond these tve experiments, the sultizene
fernace could be used for any Pnysical Vapour Crewth
ot Chemical Vapour Crouth precess. This is of specisl
interest for the termsry sewmiconductors like Ng Cd Te.

Anether semiconducter grovth methed i»
directional selidification wnder low gradiest.

This could be obtained by programming a censtant
tempersture difference betveen zone 1 snd zeme 2 while
both temperstures decrease versus time: this results
in selidification fromt displacement like in CHF.

The third zone could be used at coastant
temperature to mtintain the vapour pressure of the
most volatile component and by such, svoid comwposition
shift during process. The use of heat pipes sad the
very high tempersture stability ensures that the
vapour pressure remsine constant.

In the ststionary gradient mode, it could be used
for experiments ranging from thermodiffusion to
thermal dectivity s,

Qualification testing

The furnsce sustained recently environmencal and
functionsl qualification tests.

The furnace sustained high level sinus and random
vibrstion tests vithout any damage despite the rather
severe environment (8.9 grss).

The firsc resonant irenuencies of the furnace are
vell over the B0 Nz specificstion.

The first transverse mode is sbove 120 Hs, the
first longitudinal mode above 625 Hz. .

The furnace sustsined thermal vacuum tests in o
dedicated facility builc by SEP in order to perform
slses functionsl tests. Vltimste vecuum can reach .
5,1 sbar with furnsce inside vecuum chamber.

Automatic control ensures That pressure never
excends 107 mb during heat-up thus svoiding furnace
hot parts oxidstion during long duration tests.
(Extracted from Proc. 6th European Symposiuvm on
Materisl Sciences under microgravity comditions,
Sordesux, Trence, 1-5 Decemher 1986. Written by
J. Terracol, D. Valentisn (SEPF), G, Camhon
(CHES -~ CERME), WM. Mary, Deleris (SOTEREM))
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Develomment of plan for wtilization of space
eavironments — Japan

In the 19805 and beyead, research om microgravity
and, in particular, expeciments on rav materials will
be the me lor subject of research in the space
development programme. In Japan, the First Materials
Programme for Tests (FMPT) project, the Eirst raw
materials experiment, has been set up which is slated
to be implemented in 1988 in the space shuttle. The
preject, ss shown in the table, involves emperiments
which are associated with varieus types of raw
materials such as semiconductors, wetals, slloys,
compesite materisls, glass, and ceramics. This
indicates the high hepe Japan has for development of
nev raw msterials using space.

Processing of raw mterials in space

Raw materials processing, as exesplified by the
preduction of single silicon crystals from ore, is s
technology fur making various value-added products,
e.g., crystals, chemicals, metals, snd ceramics, from
common low-priced raw materials.

The mast important reason for coanducting raw
materials experiments in space is to make use of its
veightless environmeat. On the Earth, substances
separate frem each other according te their difference
in temperature and density and because of their
gravity, producing changes in shape owing to its
wveight. In weightless raw material processing, on the
other hand, growth of semiconductor single crystals,
far more homogeneous and much nearer perfection than
on the Earth, is coaceivable. This is also true for
wixing and solidification, through containerless
processing, of metals and ceramics which are of a
shape and purity not to be attained on the Earth.
Outer space permits manufacture of high-value raw
materials both in scientific and commercisl terms
using weightlessaess.

(1) Electronic rav materials

Improvewent of the technology for manufacturing
semiconductor crystals has played an extremely
important role in the development of computers,
lasers, and s variety of sensors, Crystalline
structures and purity are vital factors in this
technology development such that even 1 ppb impurities
(one-billionth) can sometimes render & crystsl
defective, just ss structursl defects of even the
stomic level can produce fatal effects on some
occasions, Own the Earth, these problems can be
surmounted only partislly by complex and uneconowical
weans. Wowever, in weightlessness, large, near
perfect single crystals can be grown with comparative
ease because of the lack of natural convection that
produces uneven growch surfaces snd distorted growth
zones.

(1) petsls

Weightlessness is important in directionsl
solidification, s major technology for raw msterisls
processing. By imparting directional feastures to
wetal st the time of its solidification, some
eharacteristics of the metsl can be strengthened. A
unidirectionally solidified metal should be an
essential rov weterial for such products as turbine
engines, vhere heavy stress is applied in one single
direction and wvhere 8 lerge strain is produced in that
direction.

Another important promising process in spece is
repid quenching. In this process, » metal is
solidified ot such & repid rate that its constituent
stows cannot settlie themselves in their wnique
structural arrangement. Consequently, s random
structure is produced like that of glass with unususl
properties. Such research of technologies in space is
expscted to sdvance metsl cesting technologies
developed on the Zarth, The manufecture of nev types

of superconductive sllioys, for which assessmeat of
special properties is not possible on Excth because
differences in specific gravity uf component metals
pcevent the metals from mixing properly, is alse wme
research theme uniquely adapted to space.

(3) Class and ceramics

Where cerimics are used in turbine blades, jet
engines, etc., which are subjected to high
temperatures and heavy stress, a matter of concern is
the destruction of the material. One method for
dealing with this problem iavolves improvement of the
pecformance of the ceramic by the addition of some
specific metal to the material. This controls its
microscopic structure. In such a case, weightlessness
agsin provides an important neans of research.
Nongravity in space permits oue to prepare a
micrescopic structure which is unavailable on Earth
because of the absence in space of up and down
maovement of the component materials based on the
differences of specific gravities, among other
thiags. That is, it provides important knowledge for
the development of high-function raw materials.

Another important field of application for
processing raw materials in space is that of
developmrnt of optical fibres for use in optical
communications. The manufacture of optical fibre with
a low attenuation coefficient for light, which is
required for sending signals over long distances,
should be made possible by containerless treatment in
space. This permits fusivn and solidification of
crystals under conditions that preclude any
contamination by impurities derived from 'a container
and makes it possible to produce highly pure glass
with high transsittance.

Future prospects

According to NASA, microgravity science and
appropriate application programmes are aimed at the
application of the veightless environmeat in space
with 3 viev to obtaining a deeper understanding of its
physical implications and also to develop further
technologies for the manulacture of rsw materisls. In
this series of projects WASA has mapped out a plan
starting with experiments using fall tubes and fall
tovers on the ground, advanced to sirplanes and
sounding rockets in semiorbits, and is preseatly using
the space shuttle in orbit, to be followed by s space
station, also in orbit,

Utilization of space environments must incliude
efforts to develop spplications of that eavironment in
industrial technology, made simultaneously with
efforts to put in order the yet unknown physicsl
phenonena under weightless conditions as part of
science, In this sense, progress in the science of
weightlessness may require a system of research in
which the government, industry, and acsdemic circles
have to co-operaste more intimately than ever before.
We may see in the [uture new SAT prospering in space.
(Extracted from Tokyo FUROMETEUSU, September-
October 1985. Article by Nobiyuki Tsujiuchi, deputy
director, Social Systems Division, Mitsubishi Cenersl
Research Institute.)
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5. MARKETING

Marketing outlooks

Orbiting factories: fact or science fiction?

Te space the finsl frontier for materials
processing? With the space station, perhaps the
research performed both on the ground and on the space
shuttle will finslily become 8 commercial reality. The
Mew York Times predicts that materisls proceseing in
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Space Caucus has projected a $300 billien Crees
Wational Preduct from space business by the year
2000 -~ vhich alse will gemerate 10 millien jebs.
The Centre for Space Policy is a little mere

space vill geaerate $1 billiem per year by 1990; iam
the mext five years, pharmacewtical materisls will be
8 45 billion business, electranic materisls, .

$2 billien. Amether forecast by the Ceagressienal

Centres for the commercisl develogment of space

Research topics

Wiversity/corperate mesbers

tre's Micregravity Materisls
Science Labsratery)

pelymer blends; eclectromic crystals
(piezeelectricity); glass saterials for
digital electromics and fibre optics
{controlled poreosity)

Amoco Chemical Corp., GE, Coedyear, PIG,
Reckwell, Herceles Inc., Akven University,
CURY, Clevelsnd State, Ohie State, Edisom
VWelding Institute, Washingten State,
Clarksen U., Edisen Pelymer lustitute

sortivm for Materials
elopment in Space,
iversity of Alabama
watsville (mest experiments
wvere te be flowm on CAS

and other peyleads in 1986).
Feture: Cewtre for Applied

Optical crystals; eorganic crystal growth
via vapeur transport; purification of
bielogicasl materials by phase partitioming;
surface coatings; catalyst preduction by
electrodeposition; eonyges intersctiom
with ssterials expesed in space

Boeing Aerespace, Celanese Research,
Deere & Co., CTE Labs., Martin Marietts
Aerespace, McDownell Dewglas, Teledyne
own, Union Carbide, Wyle l.-h..
University of Alab T

Birmingham, Centre for
Macromolecular Crystallegraphy

Crystalline structure of enzymes; pretein
crystzl growth (vere to be flown sbeard a
fall 1986 space lsb mission)

NcDownell Dowglas, Schering, Saith Klime,
French Labs., Merc, Upjocha, Dw Peat,
Ceorgias Tech, Sewthers Resecarch Institete,
University of Alabama-Rwntsville

Vanderbilt University

Directional solidification; casting of
sluminium slloys, platinus greup alloys,
snd ismiscible alloys; contaiserliess
processing of Ti slloys, rcfrutory
alloys, and steels; Pt processing of
supecralloys and composites

Twelve compmies, University of Flocida,
University of Alsbasms-Tuscaloess

Industrisl spece facilities, emtreprenewts

Company

Facility

Ob jective

h‘yle Laborastouries

Attached lsborstory module

Requires fee for service - wvants private
sector to contribute both technicslly
and meterislly

ISpace Industries Inc. (has
mgreement with WASA)

1adustrial Space Facility (ISF) -
expsndable attached lsboratory for
research and production, msinly WPS, up
to 6 identical modules, permsnent with
in-orbit servicing

Operating on s lesse-for-secvice basis by T990;)
compatible orbit with spece station; (ully
operational with a single module and one

launch; sccelerste commercislisation of NPS

Teledyue Brown Engineering

Small Payload Flight System (SPFS) spans
orbiter cargo bay, 4,300 Ib of payload,
some power snd controls, data recording

Commercial Materials Processing Support
Facility (COMPS) for space statiom

Msterials Science Lab was first peyload
(12/84); low cost, quick turnsround;
provides frequent flight opportunities

Includes laborastory, pilot production

test equipment, and production support
capability; users would share support
costs and pay [eces based on these costs

Boeing Aerospace

Modular experiment pletform for science
and applications (MESA)

Lov cost, relisble, sdaptable to erther
Arisne or shuttle launch systems

Fairchild Space Operations
(has JEA with NASA to
Teceive 8 free shuttle
lh'ﬂn and retrieval mission
in

Lessecraft - unmanned space platform
retrievable f[ree flyer

Primery payloads: 32,000 3b,

$6 to 7 asllmuluon!h' ucondny.

2,200 1», $0.5 to 1 millinn/month

Lease space for commercial materials
processing, government projects; in-orbit
paylosd cuhmp, reconfiguration capsbility;
paylosd mu;ranm support for both platform
and shuttle interfoce

Centre for Spece Policy,
Spacelab Inc.
(has WOU with NASA)

Thres "wmid=deck sugmentation wodules ,
fit in shuttle peyload bey, svailable
1987

Tncrenss mid-deck space by SU per cent;
sdvences module will contsin independent pover
and thermel systems; reduce back-log of

Aeritatia, Ital wxperiments’, support spece station
Instrumentation Technology Provides services, harJdware for flying Offers basic experiment support equipment,
Associetes smsll paylosde (CAS and larger) designe and sssewbles equipment, handles inter~

sctinn with WASA;, reduce "upfront” technicel
and financial risk, expsnd to space station

Space Test Inc,

Provides engineering services lor shuttle
flight expel iments

rovides peyload integration s
pricing, documentation services




conservative: $17 te 51 billion. Out of this tetal
they have reduced their msterials precessing
prediction frem $25 billien te & meximum of

$18 Villien a3 2 result of the three-yesr delay in
establishing the space statiem. Originally schedeled
te be eperaticnal by the early 1990s, there predably -
and wnfertunstely - vill be even mere delays due te
the receat shuttle disazster. When the space statioa
will fimally be operating, the advamtsges will
conpenssate fer the delays. (Extracted frem Advamced
Materials & Processes, 4/86)

Wigh profits expected from space material

Yearly profits of neary ¥60 billiem
($242 willien) are expected threugh preduction of
advanced mterials in space in the year 2000, Japan's
Watiemal Space Development Agency (MASDA) has reported.

Accerding te the repert, saterizls preduced in
smsll quentities at high cost - like semiconducter
materials and pharmscesticals — will be best produced
in space around the turn of the century and tetal
profits of about ¥58 billiea ($234 millisa) could be
derived frem the expected combined market valuwe of
¥151.8 billion ($612 millien) after covering
masufacteriag costs.

Space-produced semiconducter materials and
pharmacesticals have a pood chaace of becoming
¥100 billien (3403 million) industries, the report moted.

The materials curreantly envisaged include indium,
gallivm and arsenide used for high-speed semiconductor
elements and urokinasse, an satithrowbolitic agent.

The NASDA report showed pharmsceuticals and
semiconductor msterisls vill be produced at
&0 per cent snd 60 per cemt, respectively, of their
costs of production on Earth.

while NASDA officials admit there are still many
unknowm factors involved in spece manufacturing of
these products, they are confident the market value
estimstes will not be far off the mork. (Source:
Tokyo Daily Yomiuri, 16 December 1984)
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Aerospace sciences

It is profitable to develop spuce materisls

Investigation has been carried out for the
following two purposes: (1) to prepere basic data for
studying the Japanese space station projecc, and
(2) to study vhether or not Japen's perticipstion in
the US space station project will be cost-effective
vith considerstion to future projects developing from
the present project.

As 8 cesult of the investigation, the following
items can be considered to be the msin meterisls which
will be used in the most prowmising spece menufacturing
field.

(1) Sewmiconductor materisls snd electronic
waterials compound semiconductors (optoelectromics,
solid laser material, end high-speed operating
semiconductors)

Amorphous electronic materisl (optoelectronic
matecial)

Superconductive materisl (ferromsgnetic field
sting ductive magnet)

La

Wigh-performance mogne.ic material (compect,
accurate, snd high-per formance magnet)

Super—per fect crystal (stamdard ringle crystal
for resesrching physical prepecties)

€2) Biematerials

Protein such 83 enzymes, horwones etc.,
(pharmacewticals sad research reagent)

Bielegical cells (phar atical
cell snd vesearch cell)

(3) Optical materials

Optical laser glass (large eutput laser and
infrared wave guide)

Righ-strength ceramics (corresien-resistant sad
high-streagth msterial, vear-resistaat and
high-strength material, aad heat-resistant and
high-strength msterial}

Lamellar ceramics (precise precessing teoel and
witra LSI - large-scale integrated circwit -
substrate)

(4) Nigh-fenction alley 2nd metal compesite
waterial

Directionally solidified alloy (high-tempezature
and high-strength alley materisl)

Unmiwed alloy (vibration absorbing alley
matecial, bearing meterial and superconductive
materisl)

Metsl composite materisl (high-temperatu-- sad
high-strength material snd aircraft meterial)

(3) Polymeric organic material

High-strength organic composite material
(sutomobile lightweight msterial and medical organic
wmaterisl)

Eavironment-resistant high polywmer molecvle
(spsce structursl materisl, high-hest resistant resin,

snd rsdi-tion protectiom resin)

Precise shaped high polymer molecule (latex
sphere vith a wniform diameter)

Space is & world controlled by weightliessness,
vacuum close to perfection, extremely high
temperature, cryogenic temperature, s lsrge amount of
cosmic rays, snd nearly boundless solar energy. Ia
any cese, specisl conditions can be simultaneously
obtained in space, although these conditions cannot be
reslized on Esrth except at enormous cost.

For example, lead snd tin tellurium (PbSnTe)
single crystal, mercury cadmium tellurium (HgCdTe)
single crystal, sluminium gellivm arsenide (AlGaAs)
single crystal, indium gallium srsenide (InGaAs)
single crystel, silicon srsenic tellurive (SiAsTe)
smorphous , etc., can be cited as sewmiconductor
materisls, It is expected under the sbove-wmentioned
environment that these materiales can be relatively
easily mass-produced because they sre meinly
adventegsous in s weightiess state.

These projects require » large amount of
investmente at the initial stage, have many awbiguous
points concerning enxpected effectiveness at present,
and heve many probliems vhich must be solved in the
future. For these reasons, it wvould be necessery to
consider that the spece station project ond the space
monufscturing field es o part of the project should be
promoted as 8 key technology in the futurs development
of space sctivities, sside from the "profitability”.




Example of aev semiconducter msterials
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© reted to be mamufictuced in space
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Present status

Effectiveness expected
by manufacturing
materials in space

ad and tin
ellucium
(PhSaTe)

ingle crystal

Righ-speed operation semi-
conductor element (High-speed
cempyter)

Laser element in far-infrared
region (Optical cesmumication
system)

Senser element in far-infrared
region (Resote sensing, gas
sensor element, etc.)

Although laser glements in
the far-ianfrared region have
good veproducibility snd their
movements are stable, the
development plan for them has
not been determined.

cury cadmive
el lur ivn

NgCdTe)
ingle crystal

Senser element in infrared
region (Artificial satellite,
optical commmication system,
ete.)

It is expected that the
mercury cadmivm tellurium
single crystal will bring
about clements with higher
sensitivity sad reliabilicy
and lenger life as a material
of sensor elements in the
far-infrared region than

smy other substance.

wniniem galliom
csenide (AlCals)
kingle crystsl

Laser element im visible
region (Optical communication
system and laser disk light
source)

It is believed for the time
being that InP is used in the
same vay as AlGaAs, but it is
expected that this material -
i.e., the AlGaAs single
crystal - will briag about
higher quality elements.

wdive gallivm
senide

InGals)

ingle crystsl

Righ-speed operation
semiconductor element
(High-speed comy:ter)
Righ-sensitive magnetic
sensor element (Computer
wmemory device)

It is believed for the time
being that GaAs is used zs 3
semiconductor element which
replaces silicon IC

(integrated cireuit), but it

is expected that this material -
i.e., the 1nGaAs single

crystal - will bring sbout
higher quslity elements.

It is said to be difficull to
manufacture large-sized,
high-quality single crystals
on Earth because of heat
convection in melted liguid,
specific gravity difference
between mixed substances,
etc., but it is expected
that such single crystals
can Le manufactured by
making the most of a
characteristic, i.e.,
veightlessness.

ilicon arsenide
ellurium
SiAsTe)

tphovs

Righ-effective solar
battery

Sensor element in visible
infrared vegion (Optical
commnication system)

The SiAsTe has come into the
limelight, because the ratio
of components or organic
elements can be changed, etc.,
but the best of this
charscteristic caanot be made,
becsuse this material is lisble
to be uneven vhen it is
menufactured on EBerth.

Although it is difficult

to manufacture the large-
sized, high-quality amorphous
on Earth, it is expected that
such smorphous can be
manufactured in space.

(Extracted from Wikko Materisls in Japsnese, March 1985)
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Space-made preduct sales

Space-made product ssles will reach $18 billion
in the year 2000, according to the Ceatre for Space
Policy. Veigh:lessaess enormously simplifies the
manufacture of some drugs. Gravity makes the
molecules of proteins, eazywes, and hormenes stick
together. In the absence of gravity, rearvamging
molecules to make nev drug compounds is essy.

It is alzco possible to make msterials vhose
crystalline structures are free of defects snd to
mix metals to form perfectly blended alloys. It may
be pessible to sutomate wost space manufacturing,
reducing the costs and hazards of menned flights.
(Extracted from Fortune, 3 March 1986)
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Persevering in space research

When WASA began providing laboratory quarters
for corporate research aboard the Space Shuttle,
only ene major US corporation responded with
eathusiasm: M of St. Pavul, Mian. The first
Ren-aerospace company to establish s space
research laboratery, 3N has already conducted
three experiments sboard the shuttle and
remains committed to its prograsme of
matet ials research in microgravity despite
the fleet’s temporary grounding.

(Extracted from High Technology, July 1986)
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In Chewical Marketing Reporter of
15 December 1986, M telks sbout its future plans in
conducting further tests in space:

"M Company and the Nationsl Aeronautics &
Space Administration plan to conduct 62 materials
processing experiments over a 10-year period sboard
the space shuttle. The experiments will be in the
areas of organic and polymer science.

Under an agreement, any materisl produced or
process developed will be for research and
development purposes, with KASA and 3M as co-equal,
‘co-operstive participsnts’.

Th=> sagreement further states thst it is the
intent of both parties that any promising results
srising from this joint endeavour will result in
commercial production and ssles.

NASA says it will schedule the 3M experiment
flights on a 'spece available’ basis. Assignment of
specific experiment flights will be contingent upon
negotistion of individual task agreements.

The agreement calls for two experiments each
year in the shuttle orbiter mid-deck over s 10-year
period, two experiments s year in the cargo bay
during the first three years of the sgreement, snd
six experiments 8 year in the cargo bay from the
fourth through the ninth yesr of the sgreement.”
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NASA and Boming sign materials processing
l‘reamt

NASA snd Boeing Asrospace Compsny, Sesttle,
Washington, USA, have entered into sn agreement to
fly » series of materials processing experiments on
the Spsce Shuttle.

0b jective of the axperimants is to prove that
erystals of a size and quality impoesible to create
on Carth can be produced in spece. These :rystele
are expected to be of s type valuable in the

coamercial production of semicoaductor sad
electro-optic devices.

The experiments invelve the manmed operation of
a chemical vapour traasport crystal gruwth fursace
which vill be installed in the galley area of the
Shuttle orbiter mid-deck compartment.

Boeing expects to fly a totsl of three separate
furnaces on each of the three flights. The
University of Alsbama, Huntsville, USA, with which
Boeing is affilisted under the BASA programme of
Centres for the Development of Space, also will
perform experiments in the Boeing furnaces during
the flight prograsme. There is an eption for twe
additional flights for prototype production
exprrineats if the programme yields promising
results.

Under the agreement, Boeing will fund the
experiments, provide the crystal growth furnace and
other needed equipment. Boeing also will process
some BASA samples in its furnace om each flight.
NASA agrees to integrate the experiment packages
into the Space Shuttle, provide available
off-the—shel f support equipment where applicable and
provide room and crev support on Shuttle flights.

MASA’s iuvelvemeat in this sgreeweat and others
underscores the ageucy’s cosmitment to the
develop t of ¢ ciasl endeavours in space,
particularly in relstion to the Space Statiom, which
NASA plans to have operstional in the 19%0s.
(Source: MWASA News, 15 May 1986)
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Boeing Aerospace wins $95,000 research
contract

Boeing Aerospace has further won a
$95,000 research contract to build graphite
epoxy composite tubes to be used for space station
truss structure studies at NASA. Boeing’s Parts,
Materials & Processes Technology division will
fabricste 21 high stiffness composite tubes, varying
from 12-120" long, to be submitted to NASA for a
test progrsm to determine the durasbility of the
materials in low-Esrth orbit. The tubular truss is
a grid-like structure that will form the space
station's body. (Source: Am Mrl Mkt, 8 April 1986)
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Products made in space

Space beads

The Nationsl Buresu of Standards is selling
"space beads” a3 an educational tool, measurement
standard. The first commercisl product made in
space is now being sold by WNBS on & microscope slide
as an educstional tool for teachers and students and
ss a standard to calibrate wmicroscopes for small
particle measurements. The new product contains
meterial produced sbosrd 8 NASA space shuttle using
s chemical process developed by Lehigh University.
The first space-made reference msterial put on sale
by WBS in July 1985 contained sbout 30 million
microscopic spheres packaged in a visl; the new
materinl contains only & fev thousand spheres vhich
are sealed in & slide., The spheres are arranged so
that students in high schools and collezns can carry
out » serias of laboratory experiments that are
included in the packege.

¥BS is selling the nev reference material -
SRM 1965, priced ot $77 - as & way to offer &
lower-cost version of the space-made mterisl, to
permit wider distribution of the materisl, end to
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extend the Bureau’s limited swppiies. MBS has sold
mece than 300 of the initial reference saterials
(SEXt 1960), vhich cosv $386 each, to indestrisl,
medicsl, wmiversity, snd goverament users.

(Sewrce: Journal of Research of the Mational Bureaw
of Standards, Jamuvary-February 1987)
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Work found for space-made product

The second commercial space-made product is now
a nev-size, small-particle measuremeat staadard. It
is Standard Reference Material 1961, 30w
polystyrene spheres, developed for industry by the
National Bureau of Standards. The refereace
material is said to be an important quality-cemtrol
teel feor chemists usijng powders for the manufacture
of industrial compounds and other products
requiring particle sizing neatr JUam.
(Source: Machine Design, 25 June 1987)
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Space-borne solar—power electrical
generator

AEG (Federal Republic of Cermany) is developing
a space-borne solar-pover electrical generastor,
which will be used on the European Space Ageacy'’s
Furecs, a reusable payload carrier that will be
lamched by the US Space Shuttle. The Eureca
carrier will require a2 total of 2.3 k¥W of continuous
selar-generasted pover, a need that has to be met
during full sun phases and eclipse phases of its
flight. If factors such as pover losses in the
pover system itself sud the efficiency of the energy
storage systems are taken into accowmt, the totsl
pover demand on the solar generator could be as
wmuch as 5.2 kW. To meet power needs during
eclipse phases, Eureca needs four batiery modules
svitched in pcratlel. Each bsttery module
cusrrises 30 NiCD cells, each with a capacity of
&40 Ah, During a missiom, each battery goes
through 4,000 charge/ discharge cycles with a
discharge of ap roximstely 30 per cent. The
voltage emanating Srom the solar generator is
monitored by sequentislly switched voltage limiters
to maintsin a regulated 28 V main bus.
(Source: Elec Eng T, 6 August 1987)
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Single-crystal blades

Several firms and the Foundry Institute at the
technical university in Aachen, FRG, have begun &
joint project to resesrch how microgravity can be
uvsed by industry to optimize the msterisl properties
of components. The OSIRIS (oxide-dispersed single
crystals improved by resolidification in space)
project is initially expected to run for three
yeors.

The project is a new ides in the srea of
wmaterisls research in microgravity. It encompasses
several problem sreas which are being researched by
means of individual experiments in sn Earthbound
laborstory, such as have alresdy been performed in
Syacelab, and over the long term links them with a
common, technically feasible objective. The crux of
*he metter is the stability of s suspension of oxide

particles within molten metal, the interaction of the
particles with the advanciug solid-liquid interface,
the directional single-crystal solidification of
super alloys and the directional solidification of
preformed parts with complex geowmetries. In addition
to solving scientific and technological problems, the
project should also allow estimates of how to utilize
the results. As sn applicatioms~related example,
turbine bl .des are to be investigated. They are of
enormous economic importance because they are used in
steady-state and non—steady-state turbines to prowide
energy. The super alloys employed to date repesient
the curreat state of the art with respect to
desirable properties such as high-temperatwre
resistance. (Extracted from “hemische Rundschau in
German, & March 1987, p. 1)
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Space-ot iented prograsmes, companies

Materials Processing Laboratury

Space Industries (Houstom) will jointly design,
develop, build and market an industrial space
facility (1ISF) with Westinghouse Electric for NASA.
The man—tended, space shuttle-launched
privately—owned facility will initially serve as 3
materials processing laboratory, and eventually be
used for the purification of pharmaceutical and
biolagiral products, growth of large protein crystals
essential to advanced drug research, and growth of
ultra-pure semiconductor crystals for use in
high-speed computers. The modular ISF will have a
pressurized 2,500 cu. ft. cabin and will operate in a
circular, 28.5 degree orbit at 200 mi. ISF's
facility module will remain permaneatly in space and
its supply module will be carried to and from space
by the shuttle and transport raw material<, nd
resupply equipment and products produced in space.
(Source: Satel News, IV June 1986)
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Saab Space AB of Goteborg, Sweden, a part of
Saab-Scania’s Combitech, has become 8 part-ower of
Intospace. This is s newly formed European company,
the goal of which is the commercial utilization of
space technology for research and development under
conditions of weightlessness. The productinn of new
types of pharmaceuticals and new materisls will be s
significant pact of activities on board the space
stations of the 1990s. (Source: Stockholm Svenska
Dagblader, 27 August 1986)
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Nev company for space experiments

Six Japanese companies includ.ng Ishikavajima-
Horims Hesvy Industries and Hitachi, Ltd,, will set
Up & new company for outer space experiments, with
subsidies from the Basic Technology Research
Promotion Centre. The new company will make
preparstions for participating in the "D2"” plan
scheduled by tine Federal Republic of Cermany for
sutumn of 1988, (Source: Chemical Economy &

Engineering Review, July/August 1986)
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6. CURRENT AWNAREMESS

Cn-mltnc.

Mvanced composite material

A ° “tweight, strong, and high-per formance
composit. material is called "AQM (advanced composite
wmaterial)®. The ACM is reinforced with csrbon fibre,
aramid fibre, boron fibre, etc. A typical AQM is
CFRP (carbon fibre reinforced plsstic). The CFRP has
videly been used in sports equipment such as teanis
rackets and fishing vods, in Japan. It has also
attracted attention in the West, particularly the
United States, and has been developed ss a material for
space equipment and aircraft. Worldwide use of carhon
fibres in 1984 was 2,800 tons. Thirty-seven per cemnt of
the 2,800 tons were used as a material for spsce
equipnent and aircraft. Sixty-two per cent of the
carbon fibres used in the United States is used in space
equipment and sircraft. Importance is attached to
performance rather than cost of military aircraft and
space equipment. There is a strong possibility of
particularly ACM being used in such military aireraft
and space equipment. CFRP is used in nose cone,
storehouse doors, fuselage of booster rockets, of the
space shuttle. One and a half of tons of ACM mainly,
CFRP is used in the rudder, etc., of civil sircraft such
as the Boeing 767, the newest jet passenger sirplane.

As mentioned up to now, the ACM contributes to reduction
in wveight and rise in fuel efficiency.

Epoxy resin has been used 8 thermosetting resin
called "Matrix Resin" combined with fibre reinforced
materials, because it is a well-balanced resin with
respect to woldability, cest, and wechsnical and
physical properties. However, a rise in resin
characteristics, particularly heat resistance and
toughness has been required in proportion to the
increase in range of applications of resins in the space
and aircraft industries.

There are two tendencies for new resings. One is a
modification or improvemeat of epoxy resin, and the
other is a polyimide type thermosetting resin., New
resins sre being developed so that they can have the
heat resistance and mechanical scrength much higher than
those of resias used in sports equipment. But, of the
new resins, those based on epoxy have the limit in the
tise of heat resistance, and the wost sensational topic
at present is the development of resins based on
thermosetting imide. The US Kationsl Aeronautics and
Space Administration is developing the polyimide of
norbornane end and scethylene end, and is studying the
resin hased on (bismsleimide), which is excellent in
moldability. Comparing the ALCN resin which is a resin
based on (bismaleimide) snd the present heat resistant
epoxy resin for sircraft with each other, the ALCN resin
is excellent in moldability, and the heat resistance of
the ALCN resin is about 100°C higher than that of the
epoxy resin.

In the future, ACM's employing new resins will be
adopted as materials for space, military sircrafc, and
civil aircraft, and the mein structural materisl for
aircraft will probably be changed from metal to ACH in
the-1990s, 1In addition, it is anticipsted that light
weight and tough sircraft will be flying worldwide.
Also, these aircraft will be excellent in relisbility
and fuel efficiency. (Extracted from Tokyo NIKKO
MATPRIALS, May 1986, "Puture Materisls” written by
eruho Adachi)
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A necessity for the space effort

The contribution of composite mate isls to the
strategic and space systems of Aerospatisle certsinly
need not be demonstrated any longer. Their advantages
reside in their light weight, their reliadility during

storage, and their operstion in 3 vacuum (satellites),
per formance (best possivle dimensioniag), reproductivity
and quality gusramtee (automstion and coutrol),
integration of functions (mass snd room gain).

The processing methods used by the Strategic and
Space Systems Division for the most part are similar teo
the processes already mentioned; hovever wide use is
being made of filament vinding. The latter is used to
make nonpressurized tanks, originally using glass fibre
and then switching to aramide fibre or Kevliar and now
very—high-strength carbon fibres. The helium tanks are
1ls0 made by filsmeat winding of arasmide or carbon on a
titanium liner. The mass gains are considerable:

15 per cent oa the Arisne V boosters, 30 per cent on the
helive tanks, compared to the all-titanium tanks.

When it comes to improving the specific rigidity,
carbon sandwich structures are used. A specific
technology was developed for the rigid solar
generators; it uses very-high-carboan fibre fabrics,
wodule GY 70 SE with 65 g/w? and glue films vith a
gram content of as wuch as 15 ;I-i.

However, the Strategic and Space Systems Division
is distinguished from the other divisions in the field
of materials that can resist very high temperatures.
These msterials had to be developed to take the stresses
connected vith re-entry into the atmosphere; the
stoppage temperatures can go beyond 6,000°C and the
pressure can exceed 100 bar. This led to the adoption
of ablative materisls with base substances consisting of
resin, carbon, or ceramics, reinforced by carvon fibres
or ceramics woven in three dimensions.

Heat protection feasibility studies for Hermes are
under way. As of now, only carbon fibre makes it
possible to guarantee mechanical resistance at high
temperature (1,800°C in the ares of the attack edges
sad the nose). A carbon-carbon materisl was created to
get satisfactory mechanical resistance at 1,800°C,
good resistance to oxidstion, cycling, and heat shock.

In the field of materials for Hermes, Aerospatiale
was designated to conduct the materisl tests. In this
connection, the CNES [National Centre for Space Studies}
ordered the SIMOUN test unit which will be installed st
the Aquitaine heat testing establishment, (Extracted
from Air et C » 20 Decewb 1986, "R&D, Application
of Composites at France's Aerospatisie”)
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Space station composites from lunar regolith

Since 1ifting one pound of material from the moon
costs 1/20th of boosting the ssme paylosd from Earth, it
makes sense to look to the lunar regolith for materisls
for the space station. Given the expense of mining and
refining, high quality lunar slloys cannot compete with
wetals made on Esrth, but porhaps lunsr glass-glass
composites can.

Experiments confirm that glass-reinforcing
fibres can be made using feldsper, s readily
availsble lunar ore that contsins alumine end little
contaminating iron. Class or porcelain-enamel
technology could supply the matrix, The alumina-based
fibres melt st 980°C, and the idesl matrix would be
fritlike meterials that melt at 3159-3759C,

As 8 bonus, pyrolytic production of fibre, frit

and oxygen for the lunar colony could be mede

part of one continuous operstion. They could

be processed like thermoplastic/glass composites,
-nd'convonion from prepreg to end product could be
essier,

Process hest would be supplied by s light-veight
solar furnsce, and the fibres could be mede right on the
lunsr surfsce, The initisl melt would cost the ground
and insulate the production melt from contemination.
This eliminstes contamination from melt tenk walls, and
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the higher purity should minimize fibre breakage during
pelling and yield properties wet foumd in Earth-wade
fibres.

The final composite could be wmade either by dipping
the fibre into molten fric before forming, or depositing
powdered frit onto the fibre, sintering into a prepreg
and ceaverting. The second method seems more
controllable and degrades the fibre less. Rough compo
site structures could be made by bending, forming and
gzlass—glass velding, vhile more refined objects sre
compression rolded, filameat vound, pultruded or tape
laid. {(Goldworthy Engineering, Inc., 23930 Madison St.,

Torrance, CA %0505-6085.) (Source: Righ-Tech Materials
Alert, Vol. 2, Mo. 11, Novewber 1983, p. &
EER R

Stability of graphite composites in space

Perhaps now is the time to turm your attention to
developing metal, polymer sad glass-based composites
that can stand up to the harsh envirenment of spece -
high vacwum, radiation, atomic oxyges and thermal
cycling.

Thermal cycling is caused vhen an object passes in
and out of the Earth's shadow, It causes micro-
cracking, vhich sffects both the coefficient of thermsl
expansion (CIE) snd stiffness of the composite. The CTE
of a flat polyimide/PAN based grashite fibre systea fell
50 per cent after cycling 250 times between -1569C and
+121°C. The part did not reach equilibrius crack
deriity even after 500 cycles, so further drop—offs in
CTE were expected.

Craphite/epoxy (Cr/Ep) tubes, cousidered for
high-stiffness trusses in space systems, shoved a
35 per cent degradation of torsional stiffness at a
crack density of 10 cracks/cm after 500 cycles. But the
reinforcing fibres held up well; extensional #nd
flexural stiffness were not significantly affected.

Radiation is awother hazard. Over 20-30 years, s
satellite in geosynchronous orbit will be belted with
abnut 10,000 Mrads of high-energy electrons and
protons. Radiation tends to degrade matrix properties
while leaving reinforcing fibres alone. In Gr/Ep
systems, it lowers the epoxy’s softening point, which

. generates greater free volume snd 7olastiles that
embrittle and stiffen the matrix below room
temperature. Elastomer-toughened 121°C cured epoxy
composites sre more sensitive to radistion than 177°C
cured epoxy composites.

Sequential radiation and thermel cycling csuses
esbrittiement, which leads to more microcracking. (NASA
Langley Research Center, Hampton, VA 23662), (Source:
High-Tech Materials Alert, Vol. 2, ¥o. 11,

Wovewber 1985, p.7)
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Craphite epoxy

A composite miterial made of graphite epoxy is
ideal for use in space because it is stronger than steel
yet lighter than aluminium. Unlike metsl, it does not
expand from exposure to hest or cold, and its reduced
weight translstes into lower costs and larger payloads.
For example, saving just one pound in s spsce vehicle
means s reduced launch cost of several thousand dollars
or added fuel for longer operations. Until now,
however, graphite composites have proved difficult to
mold to shapes more complex thsn s simple cylinder. But
research and development by Hughes Aircraft Company has
opened the vay for the fabrication of a variety of new
forms, including tubes with integrsted end fittings in a
one-piece design, support beams, snd ring structures up
to seven feet in diameter. (Source: Economist,

25-31 July 1987)
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Class

Space glass gsins Queen's Award

Pilkington Spece Techmology (IK), joistly with the
Space Department of the Royal Aircrafe Establishaent
(RAE), Farnborough, has been avarded z Queen's Award for
Technological Achievemeat for the development of a new
solar cell ceverglass wsed in sstellites. Pilkingtea
coverslips have been used on more than 100 satellites
and the sev techuolegy coverslips vere wsed ea the
Giotto satellite aimed at Nslley's comet.

Satellites in orbit are uswally powered by large
wings of solar cells converting the swa's rays iste
emergy. Specisl vitra-thin glass is required te cover
the cells to reradiate heat into space becawse solar
cells lose efficiency at hign temperatwres. The glass
shields the cells sgainst vadistion and micro-
meteorites sud protects the cement attaching the cells
together from the effects of intemse ultraviolet
radistion.

The specially coated microsheet glass wsed watil
recently for cell coverslips had several disadvantages,
particularly vhea subjected to space radiastion.
Sponsered by RAE, Pilkington dereloped 3 new glass
composition, nev glass drawing techmiques, and cleaning
and coating operations aad now mamufactures the new
product, CnX, for space use. The new CMX glass can be
used in coverslips or optical surface reflectors,
mirror-like glass vhich is fixed to the skin of
spacecraft to control the inside temperature. The glass
can be as thin a3 a human hair. This helps reduce the
weight of the solar array which can measure s~veral
square metres, as the launch cost of a spece shot is
approximately $50,000 for every pound weight Launched.

The glass has improved flatne:ss and can be made up
te 19 cm square, giving substantial assembly cost
savings to the customer snd increasing the power to
weight rastio. Also, s nev costing extends the operstiang
life of a solar cell in orbit and because the surface is
inert, it is not affected by atmospheric corrosion vhile
on Earth, so eliminating storage and handling probless.

October 1986 sav the introductior of Pilkington's
first aev patterned glass for over four years, and
Prisma is not just another psttern. It festures &
strong geometric design conceived to appesl beyond the
established scceptance of patterned glass, and it slso
heralds # msjor new initistive to revitalise the use of
the material in domestic snd commercisl interiors.
(Source: Glass Technology, Vol. 28, No. 2, April 1987)
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Ceramice

Kational Aerospace Lsboratory develops
hest-resistant materisl

The Netionasl Aerospace Laborastory (NAL) of the
Science snd Technology Agency (Japan) is proceeding in
the joint development of a hest-resistant material made
of cersmic composite meterial using "chirsno fibre”
jointly developed by Ube Industries sand Shikishims
Canvas (headquarters, Owsks). This agreement on joint
development has been made by the three entities and
trial menufacture/evclustion of the heat-resistant
materisl is scheduled to be conducted by March 1988.
The sim is to develop s hest shield mterial for vee in
the Japsnese version of the spsce shuttle.

Chirano fibre is @ fibre developed by Ube
Industries. It has & high strangth of 300 kgf/me?
(2,900 MPe) ot & high tempersture of 1,300 to
1,350°C. MAL is meking the most of these properties
of chirsno fibre vith & three-dimensionsl weave and is
developing » material which can be fastened
mechanically, not wvith sdhesive, due to ite high
strength compsred to the hest-resisteant materisie vsed
up to now in the space shuttle. By this, the




heat-resistant saterial will wet fall off and
saintensnce after landing can be greatly simplified
compared te the shuttle.

The material curreantly wader study has cheaged the
parent material to ceramics sad iapregnated asnd baked
the vanguward msterial polytitsaecarbesilame wsed in the
chirane fibre structure inte a three- Jimensicnal weave
chivame fibre. The aim of this is te develep a
hest-resistant material vith s heat— resistance_stresgth
of over 1,350°, a specific gravity of 0.1 glead,
hest conductivity of 0.05 WM®C, and s streagth of
1.0 kgt/as? (9.8 nPa).

On the other hand, the streagth of this msterial
can be changed over a vide range by changing the velume
content of chirane fibre. For this ressom, it cen
slse be used for turbines snd furnace walls. The
immediate objective of BAL lies in developing a
hest-resistant material for a winged flight body, bur it
alse plans te proceed with a study of other uses.
(Sowrce: Tekye RIKKEL AEROSPACE, 15 September 1986)
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Concrete

Joint development frr moem cemcrete

The Shimizu Comstruction Co. Ltd. will begin jeint
research with the C rection Technolagy Laberatery
(CTL) of the US Concrete Associstien en concreie for use
ia space. Research will centre sround the use of moon
rock in the production of comcrete.

CTL is using woon material cbtained froa NASA to
conduct resesrch into the prodection of comcrete. So
far, CIL has ded in & trating that moon rock
can be used to produce concrete vith s streagth of
760 WPs, wuch stronger than standsrd comncrete (280 to
350 mra).

Shimize Construction wants to be in & position to
compete for concrete orders in the eveat of
construction of a moon base. 1In sddition, the firm
wants to exploce Earth spplications of any technology
vhich might emerge from the research. Thus, the joint
research will not only investigate nev msterials but
will slso seek to develop concrete production
technology. The resestch is also attractive to
Shimizu as 8 further entry into the field of high
technology. (Source: Tokyo MIKKEL AEROSPACY,

23 June 1986)
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Alloys

A 45 m vitrshigh vaccum tube for studying

alloy solidification er microgravaty

Starting in mid-1988, French resesrchers will be
able to use & b7-w-high vltrahigh vacuum tube in
Crencble on the campus of the Cremcble Muclear Studies
Research Centre (CENC). This will be one of the mwost
poverful devices in the world, over s specific range of

petameters, for the study of the solidification of metsl
slloys vader simulsted microgravity conditions.

The wniq eness of this vacuum tube is its high
vecvum tube (108 torr) in sddition to the free fall
period (3 seconds) exceeded only by the large towers in
the United States (100 m and S seconds of free fall).
The nev device will benefit frowm sll the expertise
acquired by ALC in the vacuum sres with its construction
of large accelerators.

The tower will sllow extremely short experimenis
to be carried out on metal alloys of interest in basic
research and possibly the prepsration of experiments
to actuslly be corried out in rpece. (Enxtracted from
AF? Sciences, in French, 5 Februsry 1987)
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Swedish spece alleys preduced

A successful experiment in the [ield of materials
cesearch has been conducted in 3 prebe rochet frem
Esrange in Kirwma. Twelve different experimeats were
conducted. Most invelved the fusing of metals that
are incempatible on Earth,. but can be jeined tegether
wader veightless conditions. Silver sad zinc are twe
such setals. The weightless comdition lasted
7 minutes and 15 ds. Oue pessible resuit of the
experiment is that industrial coupsnizs fram sreund
the verld could erder racre alleys that are in grest
demand froem Esrange. Three mere probe veckets will be
sent up for additionsl experiments. (Sewrce:
Steckhola WY TEXNIK in Swedish, 14 April 1987, p. 10)
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Low deasity zluminivm—berylliva-lithivm alleys

Aluminive-lithive slleys (which alse inclwde
copper, m:gnesium, sud zirconium) coubine high
stiflness and low drmsity. Feor structwral
applications, theugh, they aced te be stiffer, mere
ductile, tougher, and still less dease.

M interestiag varistion en this these goes a
leng way tewvard meeting these zeals. It cemtains
0.5-6.3 per cent lithium (Li), 0.02-10.0 per ceat
beryllium (Be), and the balance azlwminium (Al).
The result is wnusually low demsity, greater
stiffness, and high strength. The additiou of
beryllium, like thet of zircemium, helps refine
sluminium slloy microstructure and disperse slip.
Be alse levers alloy density and increases
stiffness and strength, Properties are optimized
by such dispersoid strengtheners as magnesive,
silicon, and manganese. A typical alloy
(3.6 wt. per cent Li, 9.8 wt. per cent Be) has
an elastic modulus of 96.4 GPA, yield strength
of 483.4 WPs, ultimste tensile stremgth of 510.0 WPa,
and 2.3 per cent elongation. Al-Li-Be iangots are
made by rapid solidification, cold compaction to
30-50 per cent density, vacuum hot pressing st
:n" C and 69 NPa to full density, :ud extrusion.
Lockheed Nissiles and Space Co.) (Source: Aerospuce
Americs, July 1986)
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The MEPHISTO scientific space instrument

A sophisticated scientific space instrument,
called MEPRISTO, is under development at CNES,
the French Netionsl Space Centce, for the CEA/CNES/
NASA Co-operastive programme on the Fundamentsl
and Applied Study of Mesterial Solidificetion from
the liquid phase. MEPHISTO is the acromym for
Mstérisl pour 1°’Etude des Plénomines Latéresssnt la
Solidification sur Terre et en Orbite.

The purpose of the HEPRISTO aspparstus is to
perform fundamental studies on the influence of
different psrsmeters influencing the growth, such ss
the thermal gradient Cgp, the solidificstion rate K,
in compsrison with the growth mechasnisms and the
characteristice of the solidified sample wnder
microgravity. All these studies are mmde with
different clssses of materials vith different
concentration of doping., The phenowena to be observed
are:

= The solutal microsegregation in the experiment
sample during solidification,

- The solid/liquid interface stabilicy
thresholds, -

= The growth perturbations,

= The interface mosphology.
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The originslity aad particelarity of the MEPMISTO
iastrument are that it is desigmned for im-site
experimeat measurements in real-time with possibili-
ties for the scientist of resl-time amalysis and
reaction frem the ground. The experiment flight data
will be correlated with other [light parameters, such
as micregravity level, perturbaticas, avsilable
resources, mission elapsed time, etc. ... mad alse
with post-flizht analysis of shtained sample
micrestructures.

The main physical parameters measwed are:

- Temperature field aluvag the ssmple, deduced
frem thermoconples plunged in the moltem bath
or in the solid ssmple msterisi.

- Selid/liquid interface crmperature fluctuation
t deduced frem the SEEBECK effect.

- Selidification rate deduced either by PELTIER
pulse marking or by electrical resisctance
variation measeurement.

- Solid/liquid inrerface NORPHOLOCY by
electrical pulse marking during the last
solidification.

- Solid/liquid interface comcentration prefile
blecked by local QUENCHIRG at the end of the
expeciment .

Conelus ion

The MEPHISTO Instrument developed for the
achievement of a very large and fundamental scientific
programme va the Material Solidification study, is
today the most sophisticated apparatus for space
rvesearch under Microgravity conditions.

A programme of six flights on board of the US
Shuttle is scheduled from September 1989 with a wezn
peried of one year between each flight. The wodular
conception of the scientific instrument will permit s
possible evolution function of the results from
flights. (Extracted from Proc. 6th European Symposium
on Material Sciences under Microgravity Conditions,
Bordeaux, France, 2-5 Decesber 1986. VWraittenm by
G. Cambon, G. Cadet, Centre Mational d’Etudes
Spatiales, ¢.E.R.N.E., 18, Avenuve Edouard Belin,

31 055 Toulouse CEDEX FRANCE, J.J. Favier,
Commissariat 3 I'Energie Atomique/CENG, Département de
Nétallurgie de Crenocble, Laboratoire d’Etudes de la
Solidification, 38 043 Grencble CEDEX FRANCE)
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Therml coating developed

Nitsubishi Beavy Industries and Sumitems
Chemnical Conpany have jeintly developed a thermal
insslating material for rockets. It is intended for
wse in inzulation of the engine cover of reckets
like the N-1II.

The jointly developed matecial is a mizture of
glass micreballoems, vhich previde the inselating
preperties, a base of epoxyamide vesin, and
fibces of petassivm titanate te streagthen the
surfzce of the peint. It will pretect varieus
pacrts from heat that is radisted due te tune
abrssien cooliag effect. Its thermsl ceaductivity,
vhich expresses insulating perCormance, is
0.23 W/e®C, and its density is sheut 0.8 g/md.

It can be zprayed or othervise applied te parts
whick require iasulatien. Te make that pessible,
comsideration was given to esse of wse, including
viscosity and hardening time of the insvlating
material.

This insulating material will be used teo
prevent dammge te the structural parts of reckets
or missiles frem rocker flames during lawnching
or sir friction during vapid flight. Becawse large
quantities would be used on 3 large recker like
the B-II, it is d of inexpensive sad
easily obtained ingredients. It is said that as
a result, thersal protection of structural
components of rockets can be accomplished at a lover
cost than for the H-I, vhich used an expensive
quartz fabric.

I has comducted vacuum heating experiments
and plasms arc heating experiments, and has
confirmed that the materisl’s performance as an
insulator is in mo way inferior to that of
rockets in the US. After further testing of
wvorkability hypothesized in actual wse snd
testing of thermml insulsting charscteristics,
ML hopes to use it on am B-II rocket.

(Source: NIKKEL AEROSPACE, in Jspanese,
2 Rarch 1987}
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Recent development of materisl processing
studies uader -icrolravfty and future outlook

in Japas

MASDA lsunched six TT-S00A rockets for material
processing experiment umder low gravity between
1980-1983. Experimentsl results sre svwmarized
below:

FLT
.JLaunch date

On board experiments
(number of furnace)

Flight results

1 |14 Sept. 1980 | Mi-TiC Compasite Alloy 12)

Si-As-Te Amorphous Sewiconwductor (1)
2 |15 Jan. 1981 Ni-TiC Composite Alloy (3)

$i~As-Te Amorphous Semiconductor (1)
3 |2 Aug. 1981 Si-As-Te Amorphous Semiconductor (3)
Ph-$Sn-Te Single Crystal Croweh (1)
& |16 avg. 1982 Ki-TiC Composite Alloy (1)

Si-As-Te Amorphous Semiconductor (1)

S5 [27 Jen. 1983 $i-As~Te Amorphove $Semiconductor

Pb-$n-Te Single Crystsl Halogen Lemp (1)

6 [19 Aug. 1983 C-fibre/Al Composite Al/In Acoustic

Mixisg PbO-8203/Dismond Composite

Expected result was obtsined including recovery
system.

Resting and cooling vere normel, under 1075¢,
Payload recovery unsuccessful.

Heating and cooling vere normal, under 107%,
Paylosd recovery unsuccessful.

One furnsce tempersture control mslfunctioned.
Other performances wers normal under 105G,
Payload recovery successful.

Heating and cooling were normsl,
under 107°C. Paylosd recovery successful.

One electric furnace tempersture control
Other performances vere normal,
Paylosd recovery successful.

malfunctioned.
wnder 10°°C,
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Aireraft experimeats

Five prelininary flight tests for FRPT/SL-J)
(PMPT = Ficrst Material Precessing Test. It is the firsc
wational micregravity experimental preoject. SL-J is a
jeiat Elight shared by PPt and MASA's preject) have
been conducted in March 1986 by wsing jet aircraft
M0-300. Durstiem of low gravity is asbeut 20 s.
Acoustic levitation furmace (ALF), gas evaperatios
experimeat Eacility (GEF), liquid drep experiment
Eacility (LDF) and fluid physics experiment (scility
(FPF) which consisted of twe waits (bubble behaviewr
experiment wmit (B3U) and Marangeni ceuvectiom
experiment sait (NCV)) vere tested.

Nelting and levitation of glass coasisted of
65 Ca0, 25 C2(2)0()) and 10 Ce(X2) were confirmed in
this experiment.

Ducing low gravity conditien, a heater in the bulbe
vas lighted and the groving smoke ball ebserved in case
of experiment with drep capsule, wvas fownd teo be
suppressed by controlling the presswre of the filled gas
and heating temperatwre.

Texws experiments

Onidirectional selidification test of Al - 6.3 wtl
Po - 6.8 wtl Bi siloy has been conducted by the TEXUS -
13 in May 1986. This experiment is performed by the
Katienal Research Imstitute for Metsls.

The alley in a BY crucible preheated te 1,200°C
before lift—wff of the vocket, was solidified wnder

mictegravily envirsnsent during the flight. It
appears that the [light processed sample has mch
sore howogensous distribution of PV-Bi alley
pacticles im Al matrixz, although a small difference
in size distribution exists vhich has been prebably
caused by the presence of tempersture gradient.

FRrT preject

FMPT is the first aatiesal miccogravity
experimental project. After a feasibility study by
BASDA, nine facilities were selected as candidates of
cowmnn facilities for materials precessing test im
1980. MASDA’s pelicy for FMPT was basically
developuent of experimental facilities by Jomestic
technology. As a result using preliminary breadveard
model test, it was concluded that development of four
facilities awnng the abowe mine vere diffivult within
limited schedule and budpet, which were very high
temperature heating furnace, elactric induction
furmace, electrempgnecic levitation facility and
electron-beam melting facility.

FIPT. SL-J will be conducted in 1990,
consists of 22 saterial processing and
12 life science experiwents. For the material
precessing test, (0 equipmwents were develeoped.
Tve separation experiments by electrephoresis
concerning biogenic materials and snimel cellular
ergmella, and ene crystal growth experiment of
enzymes vere classified into life science
experiments in the FiPT p.oject. Themes of
22 material processing are summarized in the
following table.

T

List of experiment themes in FMPT/SL-J excepting life science themes

furnsce (LIF)

n-12

EQUI PHENT EXP, NO. EXPERINENT TITLE SANPLE /SPECIMEN
Continuous heating| MN-& Casting of Sup ducting Fil tary Composite Materials Al-Po-Bi
furaace (CHF)
n-7 Diffusion in Liquid State and Solidification of M/Ag
Binsry System
M-11 | Pabricstion of Very-Low Denisty, High-Stilfness CFRP/AL
Carbon Fibre/Al Rybridized Composites
B-13 | Pabrication of Si-As-Te: Termary Amorphous Semiconductor Si As Te/Mi
in the Micro-gravity Eavironment in Space ‘
H-19 | Solidification of Eutectic System Alloys ia Space Al-Cu
Large isothermsl »5 Formtion Mechanism of Deoxidation Products in Iron Iron ingot

Ingot Deoxidized withTwo or Three Elements

Lol ] Prepsration of Wi Base Dispersion Strengthened Alloys

Study on the Mechmiss of Liquid Phase Sintering

%i base slloys
AL(2)0()), TiC

Tungsten powder/Ki

Gradient heating n-1

Growth Ixperimen’ of Marrow Band-Gap Semiconductor

Pb(1-x)Sn(x)Te

in 8 Low-Grevity Environment

furnace (GWF) PbSnTe Single Crystsl ix Spece
W10 | Study on Solidification of Immiscible Alloy Al In
¥~22 |Crystal Crowth of C d Sewiconductors In Gs As

SASP-256, Proc. 6th Ruropean Sywpnsium on Materisl Sciences wnder Microgravity

{Extracted from
Conditions, Bordesux, -5 scu:n T988; article written By A.B. Sawaoks snd A, Kanbayaski)
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7. BOIS AID LIST OF SPACE-TECHIOLOCY CENTRES

Wnited States of Aaerica

Centres - for the
Space pover

The US Matiens]l Aerenautics sad Space
Aduministration has selected nev teams te research aress
premising te the cemmercial develepment of space,
including space power. Ashbura University, Abwrs,
Ala., and the Texss AL Research Comter, Cellege
Statien, Texas, were each picked te set up Centres for
the Cosmercial Development of Space Pever. The
industry/university teams are eligible te receive wp te
$1 million annsally for the mext five years te swpport
resesrch vhich could lead te new technslegies

cially exploitable in space. The seven centres -
alse invelving spece propulsiva, rebotic sensing
systeas , secretiom research, bieserve space
techmologics snd materials for spece structeres - were
selected from 28 propessls. (Sewrce: Intl. Selar
Energy Intelligence Report, & Awgust 1987

ciasl develapment of

LA B I N J

Centre - for-crystal growth in space

Clarkson University has ammounced the formation of
a Centre for the Development of C cial Crystal
Crevwth in Space vith fending of over §2 willion per
year [rom BASA, indestry, and the states of New York,
Flerida, and Massachusetts. While the primary goal is
te grow crystals in spece of higher perfection and
larger gize tham it is possible to grow on Earth, the
research will slse sdvance the techmolegy of crystal
grovth en Earth.

The centre is made wp of & consertiom of eight
waiversities, 11 corporstions, and tve mationsl
laberateries. Clarksen and the University of Florida
are concentrating on solidification of cadmive
telluride and galliom arsenide. Rensselser Polytechnic
Institute is studying the vapour tramsport of mercury
halides for radistion detectors. Alabams AMM
University is growing infrared detector snd
electre-optic crystals from agueous solutions.
Worcester Polytechnic University is continuing resesrch
on the growth of seolite crystals.

Scientists frem the Ma.ional Buress of Stendards
will wse the Netiens! Synchretron Light Source at
Brookhaven Wstionsl Lsboratory to observe defects
ducing snd following crystsl growth by X-rsy topogrephy
in resl time. (Source: Cersmic Bulletin, Vol. 66,

Wo. 2, 1987 (c) ACers) ~—
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AMvanced materisls resesrch guide

A weeful guide to msterials techniques and
properties under research around the world is avsileble
from Technical Insights (P.0. Box 1304, Fort Lee,

NJ 07026, USA). More than 350 high tech meterials
resesrch centres sre described in Advaaced Msterisle
Resesrch Coide, s technicsl information source to
wot-for-profit resesrch orgmizations im 30 countries.
The techmical capsbilicies of the msterisls resesrch
centres, more than half of wvhich sre located outside
the US, sre described. Wemss and sddresses of the
centres, their key sdministrative personnel, resesrch
programmes under way, their working relstionships with
industry, and their pstent activities are described.

*eNON

Materials msnefscturing, s favourite of industr:
WOVEs Shend

Netionsl Aeronsutics and Spece Administretion’s
(WASA) mev commercisl centres, crested in 1983, include

& micregravity labecatery and five centres for space
commercialization that feces e materials peocessing
a~4 :rystal growth. The sites sre designed teo
icsestigate the potential for developing msterials aad
pr of ¢ cial significance.

Even thouph the shuttles needed for the space
potticas of the experiments have been grounded, NASA's
backing of the new centres means that there will be
swatained interest in space manufacturing for the mext
five years; te this agrees the techaical directer of
the materials science department at Battelle Colusbus
Labecateries’ Centre for the Commercial Development of
Space, Battelle, Columbus, OChie, one of the five
centres wamed by NASA. The research centre will foces
on electremic materials, metal alleys, glass,
ceramics, pelymers amd asseciated prucess
techaolugies. The werk will be of special interest teo
chemical firms, wvhich wmay be able te use the low
gravity of space tu develep nev and witrapure
chemicals, aml te saterials manufacturers, which may
be able te precess nev types of metals, alleys,
glasses, ceramics amd polymers in space.

A materials-precessing and project sciemtist feor
the space stativm at the Marshall Space Flight Centre
in Huntsville, Alabame achneviedgres the less of an
orbiter is hutting the spsce-mmulacturing pregramme,
but the sethack can fecus effort em getting the most
out of grovadside weck.

One wvay te do seme space-like werk is te go teo
Cleveland. There, at BASA’s Levis Research Cemtre,
the Micrugravity Matecisls Science Laberatory is
offering mmiversity and indwstry researchers a
low-cost, lew-risk method of testing propussls for
materials processing im space witheut leaviag the
Esrth. Along vith such facilities ss furunsce systems
and mockups of flight hardwsre, the laberatery alse
oifers scc=ss to Lewis® twe drep tawers, which help
schieve veightlessness for up to five seconds,

Thus far, only CIE Laborateries of Waltham,
Mass., has used the microgravity laboratory to conduct
CalAs crystal-growth experiments.

One of the most promising research areas is the
production of purer CaAs im spasce. Micregravity
Research Associates, Inc., Coral Gables, Finrids,
entered a joint-endesvor agreement with NASA in 1983
to demonstrate the swperiority of Cals crystsl
saterisl produced in space.

Since the early 19705, NASA has been
investigating seversl methods for processing
low-defect semiconductor materisls in spsce. Among
the processes under investigation are crystal growth
by chemical vapour trsmsport, seeded contsinerless
solidification of meterials such ss indiua antimonide,
snd steady-state growth and segregation of indive
antimonide. A vapour crystsl-growth systew that was
designed for use on the shuttle hes also been used to
grov single crystals (rom vepour. WASA has 37
existing or pending joint sgreements with industrisl
partners for space menufsccuring; 13 joint agreements
sre in electronics and electro-optics. That number is
surpassed only by the biologicsl experiments.
(Extracted from Electronics, 5 May 1986, "A druised
WASA hangs in vith spece-Tactory programme” writtem by
Ceorge Leopold)
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Europe

Microgravity user support centre

The DFVLR (Cerwmen Research snd Cxperimental
Institute (or Aeronautics sand Astronsutics) in
Cologne-Pors is constructing s Microgravity User
Support Centre (MUSC). The NUSC project will provide
support for scientific and induetrial space usere in
planning and cerrying out space experiments wvith the




Spacelab, Ewreca, sad Colusbus vehicles, vhich axe or
will be available in terrestrial exbit for days,
msaths, or years. The west impertant verk ares will
be sepperting micregravity experiments in the specific
fields of materials sciences, biolegy, snd sedicine.

On behalf of the interested parties, the NUSC
experts are iavelved in the efficient preparation of
plonned experiments, in deternining the best wse of
the precisus time in spece, sad, finally, ia the
eptimsl evalwation of the messuwreneat resulits ebtainmed.

The Nicregravity User Seppert Cemtre will be
orgamized so that scieantific work cam be carvied out
in the space station as ia a large vresearch
installation comparsble te a particle accelerstery
facility, & research muclesr rescter, or an
astrenemical observatery. MUSC jastallatiesas will be
available te interested porties frowm the FRC and
menber cowntries of the Exrepean Space Agemey (ESA).
(Extracted from WL Nachrichtea, 26 Septeshber 1986)
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First Eurepean Centre in Italy

In 1988 Italy will have the 7irst Ewrepean cemtre
for the stedy, preparstion snd vcilization of
scientific and industrisl experiments in reduced
gravity ceaditions, namely MARS (Microgravity Advanced
Besearch and Users’ Suppert). ‘‘his ammeuncement vas
wade at the 27th Intermational Space Meeting in Rome.
(Extracted from Rome AIRPRESS, 28 March 1987)
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Lrish prepare- for space tests

A seall company in the Republic of Ireland is
abeut 7o take delivery of equipment for testing
experiments that are to go into space,

Spsce Technology Ireland, is the firot firm on &
nev science park at St. Patrick’s College.

The rquipment to be delivered to Space Technology
Ireland reproduces some of the conditions found in
space. “ne test chamber has dimensions of about ome
cubic metre. The idea is that scientists will send
experiments that they want to qualify for space flight
to the facility, vhere the company vill put the
experiments through their psces at the temperatures
and pressures found in spece. The space agencies,
such as BASA and the Europesn Space Agency, insist
that equipment must pass certsin tests before they sre
sccepted for a laumch.

RBesides this environmental testing, the company
designs and tests equipment for space end writes
software. So far the cowpany has done work for the
Technical University of Graz in Austris and the
Hungarisn Academy of Sciences in Budspest.

The work in Hungary vas connected vith the Phobos
mission. During the mission, s probe from sn orbiting
spacecraft will land on the surface of Phobos to study
the moon’s chemical composition.

Space Technology Irelond slso checks to ensure
that electromignetic radiation generaced by other
parts of the spacecraft does not interfere vith the
electrical circuits on s particular experiment. For
example, digital switching circuits on the main
spocecraft might generate electromignecic radiation
that effects the operation of, ssy, charge sensitive
amplifiers. (Extracted from New Scientist,

& June 1987)
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British Matienal Space Ceatre is co-eperastive
talks vith the USSR

An official seven-mesber delegstion of the
itish Matiesal Space Cemtre (BNSU) visited Mescow
from 29 September to I October 1986 ak ti.e invitatiea
of Seviet officials te discuss aevw pessibilities for
space co—eperstion betveen the United Kingdom and the
USSK. A pr 1 of agr vas signed at that time
by BESC on one side, and by the Ilnstitute for Cesmic
Research (IXI) snd the lastitute for Biswedical
Preblems oa the other, regarding co-operation in hd
materisls science, space bielogy sad medicine, high
energy astrephysics, sumearth physics, planetary
science, ss well as ultravielet, infrared,
subanilliseter, and vradio sstremenies. -

The USSR has offered BESC 5 participalion in the
Seviet X-ray telescepe preject expected te be
iostalled on & specislized madule that vill be
attached te the Nir station for five yesrs. The
Seviets will sceept te zarry five British eor Westerm
X-ray sstrememy experinents. They alse propssed that
BUSC participate in the Seviet project for an
asttomemy satellite in the extreme wltra—vielet, as
well as in materisls science and spece biemedicine
wojects. (Extracted fres Pacis ALR & COSMOS in
Freach, 18 Octeber 1986, p. 61, ariicle by
Pierre Langerewx)

The Space Research & Techuolegy Centre in the
TetherTands

The Space Resesvch & Techneolegy Centre has
completed the most advanced large space simlater in
the world. The 9.5 m dismeter simvlater is alresdy
being wsed te test the Itslism Resesrch Interis
platform, vhich will be used in spsce te boost craft
into higher erbits. Spscecraft sre tested wnder s
high vacwun, and high levels of selar and infrared
radistion. Opticasl weaswcements sre taken of
wmechanical and thermal distertions that occur vhen the
object is irradisted. A sum simslator has an
intensity of | solar constant, and mirrors allow
reflecting the beam st various angles to simslate
various positions ie orbit. The light is gemerated by |
s bank of 20 xenon lamps. Temperatures are comtrolled
by surrounding the simslator with a steel vessel
containing gaseous or liguid nitrogen. The vecwm is
produced vith turbo-wolecular and cryo pumps.
Pressures of 0.0000001 millibars have been achieved.
Spacecraft motion is achieved with s twatsble nd
spinbox. The UK £20 mil simslator will test the ESA
Hipparcos, Intelsat and Eurekas (the Esropean
Recoversble Carrier), which sre 81l too large for
existing simulators. Building the new simvlator vas
chesper than having to mdify crasft slready in spece.
(Source: New Scientist, 22 Jsmuary 1907)
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Space eavironarnt utilizstion centre .

A sprce environment utilization centre was set uwp
in 1986 under the support of the Ministry of
International Trade § Industry (MITI) and the .
Science & Technology Agency for the purpose of
developing high technology by utilizing che weightliess
otate in outer spece.

The above centre is scheduled to investigate
needs [rom private enterprises comcerning primery
meterial experiments, to utilize a space lsborstory
developed by LSA (European Spece Agency), and to
develop machinery, equipment and facilities mecessary
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for space envireament wtilization in co-eperstiva with
the private secter. HNITI will start the development
of a free flyer next year, for which informstion
exchange and co-eperation with the private secter will
be essential. There is a greviag imterest ia
industrial wtilizatieon of euter space.

The centre will provide venwes for variows
seminars, verkshope, and exchange with Uestern nations
and betveen domestic enterprises. (Extracted from
Chemical Econemy and Engineering Review, June 1986,
Vel. 1§, Be. €)
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List
International

Ewrepean Space Agency (ESR), 3-10 rue
Marie-Nikis, 75738 Paris Cedex, 15 Framce

Ewrepean Space Operations Centre (ESUC),
Rebert-Besch Strasse 5, D-6I00 Darsscadk,
Federal Repwbic of Cermamy

European Space Research snd Techaelegy Centre
(ESTEC), Keplerlaan 1, Neerdvijk asn Zee,
Netherlands

Croupement Evropéen d'Etudes Spatiales
(Eurespace), [Eurepean Space Study Creup],
16 bis, avenuve Bosguet, 75007 Paris, France

Mvisery Croup for Aerospace Research and
Develepment (ACARD), 7 rwe Ancelle, 92200 Newilly
ser Seine, Fraace

Argentina

Centro Especial San Miguel (CESM), [Sen Niguel
Space Centre], Avenida Mitre 3100, San Miguwel
1663 Buenos Aires

Asstris
Osterreichische Gesellschaft fur Sonnemenergie
und Veltraumfragen Cobil (ASSA) [Asstriss Selar
snd Space Ageacy], Ceraisomgasse 7/26, A-10% Wien

Instituto de Pesquisas Uspaciais (INPE)
[Institste for Space Resesrch], P.0. Box 5135,
Avenida dos Astronautas 1758, 12200 Sac José dos

Compos, Sso Paulo
Cansds

Wetiona]l Resesrch Council of Canada (MRC),
Montresl Road, Ottaws, Ontsrio KIA OR6

Cansda Centre for Spsce Science
Czechoslovakis

Aerospace Information Anslysis and Dissemination
Centre/ROS-VILI VZLU, 199 05 Praha 9 - Lethany 130

Vrance
Centre Nationsl d'Ftudes Spstisles (ONFS)
{Mational Centre for Space Studies), 129 rue de
1'Universicé, 75007 Paris

Cuisna Space Centre, BF 6, 97310 Xourou,
Prench Cuiane

Toulouse Space Centre, 18 avenue Cdouard-Belin,
31000 Toulouse

Centre Nationsl de 1a Becherche Scientifique
(Cums) {Macional Scieatific Research Centre],
15 quai Anstele-France, 75700 Paris

Société d'Etudes Technigques et d'Enterpcises
Cénérales (SODETEC), 9 avenue Résummr,
92350 Le Plessis-Rebinsen

Ecele Katiensle Supéricure de Wicanique el des
Bicrotechnologies, reute de Cray, 230)U Besanyin
Cedex

Laboratery of Astrenvmy, Ubservateire, &L bis,
avenwe de 1°Ubservateire, 25000 Besangon

Cermany, Federal Republic ot

Bundcsministerium fiir Forschung und Technelogie
(BNFT) [Feseral Mimistry of Research and
Technologyl, Reinmannstrasse 2, Pestfach 200706,
D-3300, Beas 2

Directorate Cemeral V

Dernier System Cabi, Pestfach 1360,
D-7990 Friedrichshafen |

Bheinisch-VWestfilische Technische Huchschule
Aschen (RWTR) [Aachen Techmical University],
Tewmplergraben 53, D-5100 Aachen

Air and Space Travel lastitulte

Astrophysics and Extraterrestrial Research
Institute, Aul dem Wigel 71, D-5300 Soun |

tndia

Space Applications Centre (SAC), Ahmedabad 308
Gu jarat

Italy

Space Desipn Departwment, Piazzale Tecchio 51,
Casella Postale W65, Yapoli 80125

Centry di Studio sulle Telecommunicazioni
Spaziali [Space Telecommmications Resesrch
Centrel, ¢/o Instituto Elettronica ed
Elettrotechaica, Politecnico, Piazza Leonardo da
Vinci 32, 20133 Nilano

Pisno Spaziale Wezionale [National Space Planj,
Viasle Regins Margherits 202, 00100 Roms

Instituto per Richerche in Fisica Cosmica ¢
Trenologie Relstive [Cosmic Physics and Related
Technology Research Institute}, c/o Instituto di
Fisica, Universitd, Vis Celoria 16, 20133 Milsno

Politecnico di Milano

Aerospatial Engineering Department, Via
Colgi &0-42, 20133 Nilano

Defence and Spsce Division, 162 Vis Sicilis,
00187 Roms

Telespazio SpA per le Comunicazioni Spazisli,
Vis Bergamini 50, 00159 Roms

Japan

Netional Space Development Agency of Jspan
(MASDA) [Uchu Kaihatsy Jigyodan), &-1,
Hamamatsu-cho 2-chowme, Minsto-ku, 105 Tokyo

Radio Resesrch Laborstories (RRI/OPHPAKEN) [Denpas
Kenkyushyo), &-2-1, Wkui-Kits-Machi,
Knganei-shi, 184 Tokyo




Netherlands

Fekker BY, Pestbus 1063, 1000 BB Amsterdam

Borway
Space Activity Divisiem, Postbeks 309, Blindern,
osle 3

Spain

Conse jo Superier de Investigaciones Cientfificas
(CSIC) (Righer Ceuncil fer Scieatific Research|,
Serrame 117, Madrid 6

Sweden

Statens delegation fir rymdverksashet [Swedish
Bsard fer Space Activities], Bex 4006,
$-171 04 Selna

Swenska Rymdaktiebeolaget [Swedish Space

Corperation - SSCJ, Triteavagen 27,
S=I71 54 Selns

Suitzerland
Schweizerische Arbeitsgemeinschaft for Raumfshrt

(SAFR) [Swiss Asseciation for Werk om Space
Travel], Pestfach 1011, CH-6002 Luzersn

Vaited Linpdes

Department of Trade snd Industry, Ashdewm House,
123 Victeria Street, Loaden, SWIE RB

Rutherford Appleton Lsboratory (RAL), Chilten,
Didcot, Onfrrdshire 0X11 OQX

Wullard Space Science Laboratory, Holwbury
St. Mary, Dorking, Surrey RRS 6KT

Miversity of Kent at Canterbury, Canterbury,
Kent CT2 72

Electronics Laboratery

United States of America

Air Porce Office of Scientific Research (AFOSR),
Builidng 410, Room A-113, Washington, DC 20332

Ames Research Center (NASA), Moffett Field,
CA 9035

et Propulsion Laboratory (JPL), 4800 Osk Crove
Drive, Passdena, CA 91103

Calspan Corporation, Advanced Technology Cemter,
Box 400, 4455 Cenesee Street, Buffalo, WY 15225

University Attached Institute, Ithacs, NY 14853
Center for Radiophysics and Spsce Research

Coddard Inatitute for fSpace Studies,
2880 Broadwey, Wew York, NY 10025

Goddard Spece Flight Center, Creenbelt, MD 20771

Wallops Flight Facilicy (WrrF), Wsllops lsland,
VA 23337

Johnson Space Center, llouston, TX 77058
Solar System Ixplorstion Division

Langlny Research Center (LsRC), Msil Stop 103,
Hampton, VA 23665

Massachusetts Institute of Technology (MIT),
Cewbridge, MA 02139

RBIT Center for Space Research

Mational Aeremautics and Space Administratiom
(MASA) , Vashington, DU 20346

United States Departmeat of Agricsltuse,
Vashington, DC 20250

Soil, Water, and Air Scieaces
niversity >f Alsbama, University, AL 33486

Burear of Eagineering Research (BER),
P.O. Box 1968

University of Texas at Austin, Austin, TX 78712
Center for Space Research and Applicatiens
University of Yirginia, Charlettesville, VA 22%3
Mechanical and Aercspace Eagineering Depariment

(Extracted from Earth and Astrenewical
Sciences Research Centres, a World Directory

of Organizations and Pregrammes, [SAH O-%F.-0N000-k,
1984)
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8. CALAXY OF ACROWYNS

Out-ol-this-vorld abbreviations

As the space prograsme coatinues, wew
technologies emerge, and with them, new acronyms and
ahbreviations. The following is 8 condensed lList from
RASA dealing mostly with materials processing
exper iments .

ADSF Advanced automated directional
solidification furnace

ACC Aft cargo carrier

ACES Acoustic containerless experiment systes

ACPF Acoustic contsineriess processing facilicy

ADSF Astomated directional solidification furnace

ALY Advanced levitation unit

ARC Ames Research Center (NASA)

ASCC Astosstic solution crystal growth

AVCG Automatic vapour crystal growth

ceps Centers for th> Commercial Development of
Space

CFES Continvous flow electrophoresis syntem

CFIF Continvous flow isnelectric focusing

cler Continous iscelectric focusing

CNES Centre National d'Ztudes Spatisles

COMILAB Commerce Lsb

con Commercisl missions
bcr Droplet cowbustion fecility
DIVLR Deutsche Forshunpa=- urd Versuchsanstalt {ir

tult= und Raumfshrt (German Aerospace
Regearch Lotablishment)
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omos Diffusive mizing of orgamic selutions 10C Imatisl opersting capability
BSF Directional selidification furnace i Integrated payload
DTA Development test article, or differential 1SC Internstional Space Corperation
thermsl amalysis
ISF Industrial Space Facility
pT/OT Drop tube/Drop taver (facility)
ITa Iastrumentation Techwology Asseciates luc.
EAC Experimeat apparstus ceatainer
JEA Joint end age
EBF Electron besbardment furaace
JEN Japanese experiment sedule, or Jeint
ECC Electro-epitaxisl crystal grewth endeaver manager
ECr Electremagnetic containerless processing Jn Jet Prepulsion Laberatery
EEVT Electrophoresis equipment verification test JsC Jehnson Space Center (NASA)
ENC Electromagnetic coapatibility KSC Kennedy Space Center (MASA)
Ent Electrom: gnetic interference LakC Langley Research Ceater (NASA)
EML Electrosagnetic levitater LDEF Long duration expesure facility
oW Extravehicular maneuvering wit LEO Low earth orbit
EDS Electrophecesis operations in space LeRC Lewis Research Center (MASA)
ESA Europesn Space Agency m Rinnesota Mining and Mamufacturing Co.
ESRO European Space Research Organizatios MAC Microgravity Advisory Committee
EURECA European vetrievable carrier MASU Netal slioy separation umit
FP Free flyer nAUS Materialvissenschaftliche Autonomo
Experimente Unter Schwerelosigkeit
™mrT First mterial processing test (Japan)
MDAC McDonnell Douglas Aerospece Corporation
FZES Float zone experiment systes
MEA Naterials experiment assesbly
GAC Crumman Acrospace Corporation
MEPF Nultiple experiment processing furnsce
CAS Cet-away-special
MEPHISTO Matérial pour 1'’Etude des PHénomdnes
CAS Can Cet-awvay-special canuister Intéressant la Solidification sur Terre et
en Orbite
CC-ns Gas chromstograph-mass spectrometer
L] Hechanics of granular materials
[~ ] Generic experiment module
nICcC Mercury iodide crystsl growth
CERE Groupe D'Ftude et Recherches es,
Sur Test Materieux Dens L'Espace MIT Massachusetts Inscitute of Technology
[~4 Glass fibre pulling MLR Monodisperse lstex reactor
[~ 4 Gradient heating fscility HLRS Monodisperse latex reactor system
CMr-¢ Genera l-purpose rocket furnace—gradient L 144 Microgravity snd Materisls Processing
Facilicty
cnmr-1 General-purpose rocket furnace-isothermsl
mLS Kicrogravity Materials Science Lsborstory
Gre Coddard Space Flight Centre (NASA)
nrs Materisls processing in space
WG Hitchhiker (Coddard)
NRA Microgravity Research Associates
Hi-» Hitchhiker (MSFC)
MRI Kidvest Research Institute
.4 Heat pipe furnace
ns Haterisle science
wIGP?Y Righ tempersture general purpnse furnsce
HSA Microgravity science and spplications
wr Isoelectric focusing
MSDR Materiasls science double rack
{44 Isoelectric focusing facility
NSrc Karshall Space FPlight Center
1c Igloo (Spscelab Pallet Misoions) (WASA)
161 Industrial guest investigator nsL Materials Science Laborastory

. I{nternational Microgravity iLeborstory "L Manufacturing and Technology Leborstory



RASA Wational Aetemautics and Space Admimistratioa

RASDA Nstienal Spsce Develepmest Agency (Japam)

uss ¥ationsl Bureau ~f Standards

ML Baval Besearch Labecatery

nSTS Mational Space Tramspertation System

oce Office of Commercial Programmes
(WASA) - Code I

OFPU Optical fibre production wait

oSF Office of Space Flight (RASA) - Cede M

ass Office of Space Station (MASA) - Code S

OSSA Office of Space Scieace snd Applications
(MASA) - Cede E

OTA Office of Techaelogy A 13

otV Orbital tramsfer vehicle

PACE Physics and chemistry experimeat

IXCS Pretein crystal growth system

PI Principal investigator

n Payload

rs Paylosd specialist, or phase separation

T Physicsl vapour traasport

PVIOS Physical vapour tramsport of orgsmic
solutions

RI Rockvell International

RIEF Recirculating isoelectric focusing

[ 149 Rensselaer Polytechnic Iastitute

SAAC Spsce Applications Advisory Committee

SAAG Science snd Applications Advocacy Group

SAAL Single-axis scoustic levitator

SASX Science and Applications (Mission)

SAB Space Applications Board

SCC Solution crystal growth

SCIF Static column isoelectric focusing

SEM Scanning electron microscope

SIt Space Industries Inc.

s/L Specelsd

SPACZLAR-D Cermen Spaceledb Mission

SPACELAB~J Japanese Spacelsb Mission

SPAR Space processing applications rocket

SPAS Cermen shuttle pallet sotellite

1144~ 2 Spacelsb paylosd integrstion snd
co-ordinstion in Lurope

SPPO Spacelad Payload Project Office (MSFC)

s Space station

ssir Shuttle student iavolvemeat preject
sse Space statien pregram
STanrs Scientific snd Techaolegical Aspects
of Materials Precessing im Space
(Coemittee)
STEP Space technelogy experiment platfora
STS Space tramspertation system
TEA Techaical exchange agreement
TEZC Tribolnisal experiments in
zere gravicy
TFC Thin (ilm crystal growth
TFDV Thin film deposition wnit
TFSUS Task Force on the Scientific Uses of Space
Station
s Triglycine sulfate
JAAL Three-sxis acoustic levitater
UAB University of Alabams in Birminghass
UAR University of Alabams in Humtsville
USRA Universities Spsce Research Association
veo Vapour crystal growth
vees Vapour crystal growth system
(Soutce:. Advanced Materials and Processes,
April 1986)
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9. PUBLICATIONS ON SPACE-RELATED
AND OTHER NEW MATERIALS

Space colonization:
arts

Holbrow, C.H., Russell, A.M., Sutton, GC.F.,
Mmerican Institute of Physics, New York, K.Y,
1986, 153 p., Americsn Institute of Physics.
Conference proceedings 148 Conference on Space
Colonization: Technology and the Libersl Arts,
Ceneva, N.Y., 11-12 October 1985

technology and the liberal

Space radistion effects on materials sponsored by
ASTH Coswittes E-10 on radioisotopes and
radiation effects, Philadelphia, ASTM. 1962,

6l p. American Society for Testing and Materisls
Specisl Technical Publication

The future for space technolo
Pardoe, C.K.C. dnﬁn, Finter. 1986, 206 p.

Future for science snd technology

Pictionnaire de 1’seronautique et de |'espace
Dictionary ol aeronautics and space technology
Gouuﬁﬁ.‘—éomcﬂ Tnternational de 1a Langue
Feangaise, Paris. 1982, 727 p.

Sympos ium on Ballistic Missile and Space
Technology. Sth, Los Angeles, Calif,,
-3 August 1560; proceedings. LleCslley, D.P.
New York, N.Y., Academic Press 1960,
;Sgnc Congress, Ind, Cocoa Beach, Vla.,

April 19657 proceedings. New dimensions in
spece technology. Canaversl Council of Technicsl
Societies. n.p., 1965, 751 p.
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laternaticnal Congress "The Maa anl Techaolegy in
the Maclear and Space Age®, Milam,

18-21 Apcil 1962, peoceedings. Associazione
Internazionale Uomo nelle Spazio, Rome. 1363,
07 p.

Space research and technology, Thompson, C.V.E.
pritish [aterplacetary Sociery, New York, K.Y.,
Corden aad Breach. 1962, 216 p. Proceedings
of the Space Medicine Symposium,

16-17 October 1958. BRocket and Satellite
Instrumentation Symposium, 1 Septesber 1960,
Space Navigation Symposium, 18 Nowember 1960,

Advaneces in space technology, Nayler, J.L.
Londen, Newnes. 1962, 215 p. Proceediogs of a
Symposium on Aspets of Space Technology, Hatfield
Collepr of Technelogy, Hertfordshire,

1-2 Rarch 1962,

American Astranautical Society Symposium,

Las Cruces, B. Mex., 2325 Cctober 1969. Space
Technolozy and Earth Problems ed. by

C. Quentin Ford, Washington, D.C., AAS. 1%70,
&01 p. AAS Science and Technology Series V.23.

International space propramw:s and policies,
Jasentuliyana, K., Chipman, R, Amsterdam,
Borth-Holland, 1984, 551 p. United Natioms
Conference on the Exploration and Peaceful Uses
of Outer Space (UNISPACE), 2and, Vienns, Austris
1982; proceedings.

Astronantical engineering and science;

from Permemiende to planetary space,
Stunlinger, E, Bew York, B.Y., McUraw-Hill.
1963, 3% p., illus.

Cospar directory nf organization and
wepbers 1977, Varna. 1977, 104 p.

Space Sciences - Directories/Astronautical
Research -~ Directories.

A suwmarv of extremes of isotopic variations in
extra- .errestrial materials, Shimm, Masako
{Kational Science Museum, Tokyo, (Japan)).
English. Ceochim., Cosmochim. Acts.

ISSK 0016~7037., CODEM: GCACA. (April 1985),
v. 50(4) p. 577-584.

Use of refractory metals., Primenenie
tugnplavkikh metslilov. Efimov, Yu.V.;
Wakarov, P.V.; Savitskij, E.M.; Horz G.:
Burkhanov, G.S.; Ottenberg, E.V. Russian.
Refractory metsls and alloys. Tugoplavkie
metally i splavy. Burkhanov, C.S.;

Efimov, Yu.V. (eds.). 450 refs.; 140 figs.;
51 tabs. Moscow (USSK). Metallurgiys. 1986,
p. 293-340.

The Evropean conference on non-destructive

testing. Evrope)jskays konlerentsiya po
nerazrushayuschemy kontrolyu. Klyuev, V.V,
Russisn., Vestn. Akad. DNeuk SSSR.

ISSH 0002-3442, CODEN:; VANSA, (1985)., (%o, 7)
p. 76=77.

Internarinmal co-«nEn!im in "im‘l
technological firlda, especislly in the field of
seronautics and astronautics and nuclear
engineering. Internationsle Zusawmensrbeit in
ﬁocﬁtccﬁnoioginhcu Bereichen ~ unter besonderer
Beriicksichtigung von Forschung und Entwicklung
in dar Lufr = und Raumfshr: sowie der
Kerntechnik, Schunk, G, ‘‘ermen,

Beden~Baden (Federal Repub.ic of Cermany).
Nomos. 1982, 305 p. 1I8fN 3-7890-0760-9.
Internationale Kooperstion, Aschaner

Studien zur Internstionalrn Technisch-
Wirtechaftlichen Zusammenarbeit. Mo. 12).

Enpineering testing requirements in FED/INTUR.
Abdow, H.A.; MWygrem, R.E.; Morgam, C.0.;
Trachsel, C.A.; VWire, C.; Oppermsma, E.;
Puigh, R; GCold, R.E. Avgonee Mstionsl
Laboratory, IL (USA); McDommell Dowglas
Mstronastics Co., St. Louis, MO (USA);
Banford Engimeering Develogment Laboratory,
Richland, WA {(USA); Westinghouse Research
Laboratories, Pittsburgh, PA (USA). Eaglish.
CORF-BI0AUG-6. October 1982, 3 p.
Avsilability: INIS. Available from NTIS,
PC AG2Z/NF AOL as DEB3009589.

Materials sciences in space; a comtributina to
the scientific basis of space processing.
Edited by B. Feuerbacher, H. Ramacher aad

R.J. Naumann. XY: Spcinger-Verlag, 1986,

496 p., ISBE 0-387-163538-1.

Contents. Microgravity materials scieaces.
Physical phenomena. Experimental hardware.
Case studies and results. Index.

Wote: This voluwme was writtem to introduce
readers to the field of microgravity materiasls
science. It provides readers with background
infurmation obtsined frum space experimests to
date. This kaowledge vill be needed for future
commercial space utilization. The contributing
suthors are from organizations such as
KASA-Jet Propulsion Laboratory, the European
Space Agency, and KASA-Marshall Space Flight Center.
The intended audience consists of scientists and
engineers vhose specialty is not microgravity
materials science.

Europeran space directory. A Sevig Press
publication spousored by Eurospace.
SEVIG PRESS Publishing Compeny,
11, rue Alexandre Cabamel , F-75015 Paris
France.

Riph technnlo; sgace and sociely.
Manuel Castells, ed. 1985, Sage Publicatioms,
Beverly Rills, CA. 320 pages. ISBN: 0-8039-2414-3.

This cnllection of 14 essays explores the
relationship between technology snd rpace, with the
wmediation efforts of the economic, cultural and
political processes. Divided into 6 msjor areas: an
overviev, the new industrial spsce, the tramsformstion
of services, the commnication revolution, theoretical
pectsprctives and alternatives.

site magterials for aircraft structures.
Brisn C. Hoskin, and Alan A. Baker, both of the
Aernonautical Research Laborstories, Australian
Department of Defense.

Contents:. Basic Principles of Fibre Composite
MacerTals.” Tibre Systems. Resin Systems.
Composite Systems. Component Form and Manufacture.
Structural Mechanics of Fibre Composites. Joining
Mvanced Fibre Composites. Environwertal Effects
and Dursbility. Dumege Tolersnce of Fibre Composite
laminates. WNondestructive Inspection (M1) of
Reinforced Composite Materisls. Repair of
Graphite/Epoxy Composites. Aircraft Applications,
Airvorthiness Considerations. (American Institute
of Aevomautics and Astronautics, 1633 Brosdway,
New York, N.Y, 10019)

Refractory compnsite insulation

Brochure and three dats sheets explain the
concepte, applicstions, snd properties of LI,
L12200, and PRCI refractory composite insulation
materisls for the serospece industry,
gchhccd Missilen & Space Co., Sumnyvale, Cslif.,

A.




Fluid sciences and mmterial science in spice - 2
Evcopean perspective

N.U. Calter (Editor), 1987. Approx. 3500 figures,
2000 vef. Approx. 800 pages, Hard cover.
ISBR 3-540-17862-7. Publication date: Jume 1987
(teatative). Springer—VYerlag, Berlin, Heidelberg,
Wew York, Paris, Tokyo.

The velume gives a complete reviev of the
preseat status of microgravity research. It includes
the vesults of the D-1 Spacelsh mission, the last
microgravity-dedicated mission before the Challenger
disaster. Close to 50 European scientists have
co-operated in the book’s preparation, and this
symergetic approach has preatly evhanced the depth
and the scope of the contributions. Exch individual
chapter first presents the theoretical background to
yusti fy microgravity experiments, then follows a
rwviev of the experiments performed and a
critical discussion of the results obtained,

Finally, recoamendations for future activities are put
forvard.

A thesaurus of engineered materials has just been
published by Materials Information - a joint service
of The Institute of Metals and ASM International
(USA). The 132-page first edition is the basis for
the terminology used in the recently introduced
“Engineered Materials Abstracts™. It coatsins the
vecabulary for classification, processing and
properties of polymers, ceramics and composites.

Japan Technical Informmtion Service and ASM Intal
(Merals Park, OH) will jointly produce 2 publicstions
on Japmese nev materials RAD in the US; start-up:
June 1987. The publications sre Japan Materials News,
s wonthly report on developing new msterials, and
Japan Materials Report, initially a bi-monthly report
on nev trends on new materials RéD. The publicstions
wiil include such materials as metals, ceramics,
polymers, graphites snd composites, and manufacturing
and processing methods. Japan Technical is a subsid
of Nippon Steel, whose large information-gathering
netvork will be used to prowmote the project.

Publications from Proceedings of Conferences
organized by the Institute of Metals, 1 Carlton
House Terrace, London, SWIY 5DB, UK

Materinls at their limits. Autumn Meeting,

Septesber 1985 at the University of Birmingham.

Contents: Cerswics: applications and
limitations, M.R. Levis. Composites - the present and
the future, G.D. Scowen. Mechanical slloyin - the
development of strong slloys, M.J. Fleetwood,
Aluminium alloys for airframes- limitations and
developments, C.J. Peel. Aero engine slloy
development - the sky's the limit? D. Driver.

(B 392, 280x210mm, 86 pp, ISBN O 904357 86 &,
Psperback, published 1986)

Materials data sources

The guide is simple to use and for =ach category
of material it gives reference to suthoritstive
printed texts, standards, trade and research
associstions and scademic establishments. It also
identifies some meterial selection systems which are
in taxt form or computer based. (Book 405, 210x150mm,
111 pp, ISBN O 852986, 36 X Paperback, published 1987)

Engineering composite miterinls by
Fryan Nerris

Contents: The nature of composite materisls,
Elastic properties of fibre composites, Strengch of
composites, Fracture and toughness of composites,

Fatipue behaviour of fibre composites. Envirenmental
effects.

(Book 366, 240 x 180 wm, 136 pp, ISBR O 201462,
28 &, Paperback, Published 1980)

Comprsites

Engineering composites

Literature package fucuses on Fiberloc polywer
composites, a glass [ibre—reinforced material based on
high flov thermsplastic resins. Set of three
brochures provide engineering design dars, an
injection molding processing guide, and an extrusion
processing guide. BF Goudrich, Geen Vianyl Div.,
Cleveland, Ohio. Mos. FL-0J0, FL-009, FL-D1l, USA.

Craphite products

Brochure describes Desulco carben/graphite and
the other types of graphite processed by Superior. It
also covers standard sizes of graphite snd major
product applications. Superior Graphite Co., Chicago,
Ill., USA, 8 pp.

Enginerred materials handbouk, volume |:

COmS 1tes

Chief Editor: Theodore J. Reinhart, Hardcover
9"x11", 960 pages w/illus.; AIAA Marketing Dept. ASM,
1633 Broadvay, New York, K. Y. 10019 (AJIAA = American
Institute of Aeranautics and Astronautics)

M:tal matrix compusites: developments in the USA

Asthors: S. Booth, M. Ball, A, Clegg, N. Hord,
R. Savery. Published: BNF Metals Techuology
Centre 1987; 200 pages; BNF Meusls Technology
Centre, Danchworth Kd., Wsntage, Uxon OXi2 98J, UK

Specialty additives

Brochure highlighis the physical and chemical
properties of the company’s broad line of specialty
additives and depicts, by way of application grids,
many of the effective ways in which these additives
may be used. Products fearured include: Surfynol
surfactants; Ancor acetylenic alcohol and smine-based
cotrosion inhibiturs; Amicure, Imicure, snd Hetscure
amine and tin catalysts; additives for epoxy resin
syszems; and acetylenic fine chemicals. Air Produrts
and Chemicals Inc., Allentown, Pa., USA

Mvanced composites: conference proveedings

AMmerican Sociery for Metals Publications,
March 1986, ISBN UB7170-223-1; Proceedings of a
conference held in Dearborn, Michigan, USA in 1985;
organizers mainly ASM snd the Engineering Society of
Detroit and Advanced composite: The latest
developments, Conference in Rovember 1986.

Toughened composites covers current resesrch
findings in the effort to develop high performance
fibre composites, The papers ave mltidisciplinary,
covering micromechanics, interlaminar fracture,
composite toughness, interfacisl adhesion,
thermoplastic mstrices, and theraoset matrices.
(AS™, 1916 Race Street, Piiladelphia, PA 19103)

ASTH (American Society for Testing snd Materisle,
1916 Race Street, Philadelphia, PA 19103, USA) has
published Drlamination and Debonding of Materials
(STP 876), sponsored Dy committees on Iracture snd on
Wigh-modnlus [ibres and their composites. The
harA-cover antholngy (499 pp) contains

1% peer wed papers grouped into three
categn . ‘vractography snd NDI, stress analysis,
and wec - . rehsviour,




- s -

Polﬂt
Advances in polymer synthesis

Edited by Bill M. Culbert.on and
James E. McCrath, WNY: Plenum Press, 1986, 553 p.
(Polymer Science and Techmology Series; Vol. 32)
85-26477. ISBN 0-306-42109-7.

This symposium volume contains 25 papers which
summarize recent breakthoughs in basic resesrch on
polymer synthesis. The editors expect that this
volume will stimlate further research in this field.
Mew polyweric materials are needed for the sutomotive,
serospace, electronics, and communications industries
ameng many others. For collections supporting
acadenic or industrial research in polymer chemistry.

Encyclopedia of polymer science and engineering

Volume 6, Ed. J.I. Kroschwitz, New York:
John Wiley & Sons 1986, pp. xxiv + 839,
1528 0-47 I-800050-3.

This new velume extends the value of an important
serial werk. The subjects covered go From "Emulsion
polymerization’ to "Fibres®, both major sections. By
the luck of the alphabet, other important topics in
polymer science discussed include energy conservation,
engineeriag plastics, ~nzymes (including imwobilized
enzymes), epoxide polymers, epoxy resins, ethylene
polymers, ethylene-propylene elastomers, extrusion
(wethods for plastics), coated fabrics, elastoweric
and engineering fibres, and fibre msnufacture.

Fibres

ISF *85 Society of Fibre Science and Technolopy,
Tapon
Elsevier Publishing Co. Inc., P.O0. Box 1663,

Crand Centrsl 3tation, Wew Vork, N.Y. 10163, 1986,
368 pp.

Presents 5V papers emphasizing three areas of
fibre science and technology: structure and function
of fibres and fibre composites; novel textile
processing, machinery, and testing; and cellulose,
pulp, papers, and new utilization of membranes.

Carbon fibres, technology, uses and prospects

The Plastics and Rubber Inst. London, Noyes
Publications, USA, 1986, ISBN 0-8155-1079-8; This
book, which is divided into four parts, is based on
the 3rd Intl, Conference on Carbon Fibres held in
October 1985, sponsored by the Plastics and Rubber
Institute of LonJon and published in USA.

Ceramics

Wi gh-puricy ceramics

Company's line of composite reinforcement
meterials, high purity ceramic powders, nuclear
ceramics, and cearamic shapes and components sre
described and illustrated in eight-page bulletin,
American Matrix Inc., Knoxville, Tenn., USA

Defect properties and processing of high
technology nonmetaliic materiale

The proceedings of the second MRS symposium on
Defect Proper-ies and Processing of High Technology
Nonmetallic Materials festures progress in sdvanced
cersmics, particularly in physical properties and
ceramic processing, Topics of interest include:
synthesis of ceramics through novel chemical routes,
thin film ceramic preparstion, econowic aspacts of
slternative ceremic processing techniques, oand opticsi

mechanical behaviour of nonametallic materials.
Uardcover, 531 pp., 1936, LSEN U-931837-25-1.
(Materials Research Society, 9800 Mcknight Rd.,
Suite 327, Pittsburgh, PA 15237, USA)

Emergent process methods for high-technology
ceramics

Materials Science Research Vol. 17. Edited by
K.F. Davis, H. Palmour IIl, R.L. Porter, Kew York,
Londoa 1984, 842 pp., cloth, (English).

The collection of 58 papers offer a wealth of
comprehens ive and up-to-date information eon such
topics as colloidal processing, ceramics derived from
polymers, laser and ion beam surface wodification and
deposition, laser preparatiom of powders, an ' chemical
vapuur deposition of ceramics and composites. Other
topics covered include microvave and plasma sintering,
thermite reactions, hydcothermal preparation of
powders, as well as hot isostatic pressing, shock
conditioning, and dynamic compaction of powders.

Ceramic materials and components for ergines

Proceedings of the 2nd International Symposium,
Libeck 1986, W. Bunk, H. Hausner, Bad Hunnef 1986,
1205 pp., (English). This volume contains 134 lectures

Uigh tech ceramics

Author: P. Vincenzini, Published: Elsevier
Science Publishers BV 1987 (Elsevier Science
Publishers BV, Sara Bargechartstraat 25,
P.0. Box 2]1, 1000 AE, Amsterdam,

The Netherlands), ISBN U 444 42776 7 (set);

High Tech Ceraaics is & new publication
contsining the proceedings of the 6th Intl. Meeting an
Kodern Ceramics Technology (6th CIMTEC) held in Milan,
Italy, 24-28 June 1986.

Glass-ceramic materisls by Z, Strnad

Class Science snd Technology Series, 8, Elsevier
Science Publishers, Amsterdam, 1986, ISBN 0-5444-99525-2

Clays and ceramic raw materials

Second edition, W.E. Worrall, Elsevier Publishing
Co. Inc., P.0. Box 1663, Grand Central Station,
Nev York, N.Y. 10163, 1986, 242 pp.

Incorporates research in the field over the last
ten yesrs with highlights of the relevanc literature
published during this time. Presents the main aspects
of clays snd ceramic rav materials, including geology,
occurrence, structure, physical and chemical
properties, and applications. Contains additional
chapters on silica, siumins, fluxes, bone, gypsum
products, and various refractory vxides, Incorporates
advances made in clay minerology and instrumentstion
during the pazt occade.

Publications from the American Ceramics Society,
757 Brooks kdge Plazas Drive, Westerville,
OHA3085-2821, USA

Handbonk of properties of technical and
engineering ceramics

"Part 2; UData Reviews, Section 1. High Alumins
Ceramics”, by R, Morrell, comprises a series of data
revievs on the properties of ceramics, divided into
groups according to composition snd/or application.
This volume covers high alumina materisls, which
currently have more than 5V per cent of the total
vorld market for technical cersmics. The materials
are divided into i1 groups sccording to narrov ranges
of composition based on total sluminum oxide content.
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Each reviev combines manufacturers' data with data
from the scientific literaure and from Mational
Physical Lab tests to provide an authoritative and
unbissed viev of the ressonsble property expectations
of commercial products. Hardcover, 270 pp. 1987,

High-technology ceramics past, present and future

This is the third volume of "Ceramics and
Civilization™ - a continuing series edited by
W. David Kingery. Opening with a discussion of the
historiography of technology, the book describes
specific innovative developuents of high technology
ceramics. Ceramics made of novel, specially prepared
materials and manipulated with imaginative
manufacturing methods can achieve nev or improved
properties not obtainable by traditionsl ceramic
practice. Art ceramics, electronic materials,
rvefractories, glass, and concrete are also presented.
The final three chapters discuss the source of
innovation in ceramic materials and processes as well
as vays of sssuring the health of the activity.
Hardcover, 404 pp. (Ceramic Materials for Electromics

Processing, Properties, and Applications, Edited by
Relva C. Buchanan, Marcel Dekker, Inc., New York,
1986, Electrical Engineering and Electronics, No. 31,
1SBN-0-8247-7501-5)

Engineering applications of ceramic materials

Source Book, Ed. M.M. Schwartz, American Society
for Metals, Ohio, 1986, ISBN 0-87170-207-6

The book is divided into seven sections and
contains an Appendix and subject Index. The sections
sre a compilation of 45 papers and articles being
divided into: (1) Introduction; (II) Ceramic
Applications. engines, especislly turbines;

(IIT) Ceramics: making them - past and future;

(1V) Ceramics as cutting tools; (V) Ceramics:
applied in electronics and electron tubes, snd methods
of joining to metals and other materials;

(VI) Ceramics: properties, design and use as
coatings; (VII) Ceramics: future trends and uses.

High-technology ceramics - past, present and
future

The Nature of Ianovation and Change in Ceramic
Technology, W.D. Kingery snd FEsther Lense, Eds.
American Ceramic Society, Westerville, OH, 1987, x,
388 pp., illus,., + plates. Ceramics and Civilization,
vol. 3. From a symposium, Chicago, IL, April 1986.

Derived from a session of an annual meeting of
the American Ceramic Society, this volume is concerned
both with technological innovation broadly and with
its manifestations in the production of ceramice.
Metals

Non-ferrous metala and alloys

Sedlalek, Viadimir, KY: Elsevier, 1986,
475 p. (Materisls Science Monographs; 30) 85-13159,
ISBN O-444-1685-4,

Contents: Fundsmental properties of metsls and
alioys, HMelationships between structure technology
and properties, A brief review of non-ferrous metals
and slloys. Physical properties. Mechanical
properties, Behaviour of structursl msterials under
load. Technological properties., Surface properties.
Chemical properties, Subject index,

Note: This modern translated work sets out from
the fact that all the properties of any metsilic
miterial are governed by the basic parameters of ite
1sttice and structure snd the suthor desls wvith
individual properties (about 50 of them) rather than
individual materiale., There are brief explanstions of

the underlying fundamentsls of each property, and the
various factors that influence it snd thea an
examinatioa of the fundasentals in its concrete
contexts on individusl metals aad slloys. Many tables
ave provided, for ezample, to permit direct
comparisons and thus facilitate the choice of a
material with the desired combination of properties.
This is a key publication for any collection on
materisls scienc? in both academe and industry vhere
physicists, metallurgists, production engineers, and
statisticians can work together -in solving the
problems of selecting a material for a given
application. The author is with Technical University,

Prague.

Oak Ridge National Laboratory (USA) has published
its Techaical Literature Ueference Guide and
Professional Activities ol the Mets's sad Ceramics
Division for January - March 1985 The bibliography
(39 pp) includes abstracts of pryers on eddy current
testing of steam generator tubing, X-ray excitstion of
argon, and other studies on material properties and
behaviour.

Corrosion and material testing

Corrosion, failure analysis, and metallography

Proceedings of the Seventh Annual Technical
Meeting of the Internationsl Metallographic Society.
Edited by Stuart A. Shiels et sl. HMetals Park, Ghio:
Amerxican Society for Metals, 1986. 599 [ 8
ISBN 0-87170-215-0.

Contents: Microhardness - technique and
application, Metallography, sicrostructures.
Corrosion-induced surface changes. Fractography,
failure snalysis, and microstructural studies. 1984
International Metallographic Exhibit.

Note: A collection of 39 papers presented in
1984 under the sponsorship of the International
Metallographic Society. There is 2 broad range of
microscructural topics such as applications of
microhardness testing; physical metallurgy on
msterials such as aluminiue, thoria fuels, and deuntal
amaigams; corrosion problems; and material
failures. No subject index. For comprehensive
collections on merallurgy.

Materials to resist wear

By A.R. Lansdown & A.L, Price, Pergamon Press,
Elmsford, N.Y, 1986, Pp. 125,

The authors explain that this book is intended as
a simple guide to the selection of msterisls for
various situations viiere wesr occurs, simed st the
fairly uninitisted reader. The book begins with a
comprehensive summary of the types of vear thst may be
found with an excursion into the basic theory behind
the eifects, There follows s disgnostic chapter
explaining, with the help of useful tables and flow
charts, how to identify particuler situstions and
their causes. At this point the suthors divide the
subject into seven categories, namely sliding wear,
fretting, three body abrssion, gouging vesr, low
stress sbrasion, erosion, snd corros ive wear, esch of
which is defined sing exswmples. The following seven
chapters take esch of the sforementioned categories
and, using the basic theory outlined in chapter one
with photographic ssmples, suggest choices of
materisls to alleviste the problem. ELach of these
chapters makes excellent vee of photographic ensmples,
flow diagrame, and tables, anding vith genersl
guidelines which sre especially useful for readers
with sore unusual engineering problems,

Chapter ten goes on to discuss wear resistant
coatings, covering the various costing methods, new
coating technologies, and the effect of hest
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treatment. The next chapter is devoted to the effect,
both beneficisl and detrimental, of lusricamts on wear
surfaces. Finally the methods of vear testing using
both laboratory and rig testing techaiques are
discussed, outlining how the results of such tests can
be used to predict vear behaviour within the limits of
the experiment. An appended section gives the names
and addresses of suppliers of the various msterials
mentioned in the text.

Instrumented impact testing of plastics and
compasite miterials consists of intormation related
to the mechamical and chemical properties of polywmeric
mnterials and their composites. The particular area
addressed in this book is the characterization of
impact performance. Five major categocies in the
book are: wethodology for impact testing, impact
testing for end-use applicatious, impact
characterization of selected materials, partial
impact testing and fatigue of plastics, and fracture
toughness. (ASTM, 1916 Race Street, Philadelphis,
PA 19103, USA)

Pitting corrosion of metals

2. Szklarska-Smialowska, Mational Association of
Corrasion Engineers, P.O. Box 218340, Houston,
Texas 77218, 713-492-0535, 1986, 400 pp.

Written for corrosion researchers and
practitioners, this book is the first publication
devoted solely to the vast pcoblem of pitting
corrosion. Discusses the reasons for pit initiation
and growth, and explains how to evaluate the pitting
susceptibility of various setallic materials. A
comprehensive and critical review of all aspects of
pitting corrosion on dJdifferent netals and alloys is
presented.

Flow and fracture at elevated temperatures

Ed. Rishi Raj, American Society for Metals,
1985. 1SB® 0-87170-201-0,

Flow and Fracture at Elevated Temperatures is a
collection of papers from an ASM Materials Seminar
held in Philadelphia, USA, 1983, This seminar
revieved the status of our understanding of high
temperature flow and fracture of structural materials,
and in pariicular, directs sttention to engineering
metals and alloys used in high temperature
applicstions.

Coaposite materials - testing and design

proceedings
J.M, Whitney, Baltimore 1986, 457 pp.

The 7th conference on composites in April 1984 in
Philadelphis dealt with the fields of testing and
design. It was orgsnized by the USA Buresu of
Standards .,

Ceneral Methods and Instrumentation
Volume J4.07 = (eneral Test Methods, Ronmetsl;
Laboratory Apparatus; Statistical Methods,
Appearance of Materials; Durability of Nommetallic
Pacerials contains standard specifications 1of
Taboratory apparatus, including glassware snd
wmicrochemical; practices for statistical analysis;
practices for exposure testing; specifications for
platen, screens, and sieves used in particle size
measurement; guides and test methods for meterials
used in oxygen services’, practices for evaluating
testing and inspection agencies; tesc methods and
practices for determining the appearance of materials,
the hazerd potentisl of chemicals, and the dursbility
of nonmetaliic materials, primerily pipeline
toatings., (ASTM, 1916 Race Street, Philadelp is,
PA 19103, USA)

Becycling

The Economic Feasibility of Recycling: A Case
Study ol Plascic Wastes, T. Randall Curlee, 203 pages,
Praeger, New York, 1986, ISBX 0-275-92376-2.

This book reviews the current status of plastic
waste recycling from the viewpoints of technical
i . e ic 1 . institutional issuves,
incentives snd barriers. The analyses are detailed
with pleatiful data.

Poct—consumer waste is projected to 1995. The
author concludes that recycling of uncontaminated
wastes will grow, but segregated wastes will be used
largely as refuse derived fuels for the foreseeable
future.

18, UNITED MATIONS DOCUMENTS

The Covernment of Mrxico hosted and co-sponsored
a United Mations meeting of experts om Space Science
and Technology and its Applications within the
Framework of Educational Systess in Mexico, D.F. from
13-17 October 1986.

United Katicas documents:

AJAC.105/378 (23 Decewber 1986) “Committee on
the Pescefsl Uses of Uuter Space”

Background and ob jectives of the mezting

Excerpt: The Ceneral Assembly, in its resolution
37/90 of 1U December 1982, endorsed the recommendation
of the Second United Mations Conference on the
Exploration snd Peaceful Uses of Outer Space
(URISPACE 82) that the United Mations Programme on
Space Applications should promnte the growth of
indigenous nuclei snd autonomous technological bases
in space technology. At its twenty—eighth session, in
June 1985, the Committee on the Peaceful Uses of Outer
Space (COPUOS) endorsed the United Nations Prograsme
on Space Applications for 1986 as proposed by the
Expert on Space Applications and recommended by the
Scientific and Technical Subcommittee of COPUOS at its
tventy-second session. Suvbsequently, the Ceneral
Assesbly, in its resolution 40/162 of
16 December 1985, endorsed the United Mations
Programme on Space Applicstions for 1986, The
Wnited Mations Meeting of Experts on Space Sciesce and
Technology and ite Applicstions within the Framework
of Educational Systems is part of the 1986 activities
of the Space Applications Programme.

The ob jective of the meeting vas to promote the
growth of indigenous capabilities in the areas of
space science and technology. The meeting provided
the participants with the knowledge of the role thst
space science and technology can play in narionsl
development. It also focused on the processes and
issues involved in introducing aspects of space
science and technology and related disciplines into
the existing education curricula, particulsrly in the
developing countries,

AIAC,105/C,1/1.,150 (31 December 198b) "Report
submitted by the Internationsl Astronautical
Federation (IAF)"

Excerpt: The generation of electrical power in
orbit 1s of gresc importance to all space activity.
As space is being increasingly recognized an an
arens for industrisi sctivities that hold the Zey to
future giobsl economic growth, these broadly ! +sed
sctivities sre projected to provide opportunities
during the next two decedes for the development of
space infrastructuce in lov and high Earth orbits.




A key te the evolution of this infrastructwre will be
the supply of power te various erbital facilities and
eventually 2o facilities im circumlumar space, oa the
moes and en and near other bodies of the selar systes.
The specific techuological developments of sipnificaace
in space power vhich have emerged duriag the year have
been advsaces in solat power coar -siom sad a free-
piston sterling engine with advan. 1 space-radiater
techaslogy for a hybrid power supply system fur the
BASA Space Station. A further exsmpie is werk on high-
efficiency planar snd concemtrater solar cells with
increased resistance to the deleterious effects of the
space envireumeat. Further werk has beem carried eut
en nuclear reactoers in the 100-kW range and alse
advaaces in emergy—storage systems, for example, based
on nickel-hydrogen.

The industrislization of space is associated with
technologies and systems such as these for Earth
ebservation and commumicatien. It was woted in varivus
papers presented st the IAF Congress that there sheuld
be a realistic swareness of the timing of future
commercial benefits vhich can be derived frem space.
Techuologies such as materisls precessing ia orbit, snd
spin-offs from s variety of processes, both hardvare
and software, arising frem the development of lnumch
vehicles and spacecraft (including the vital area of
greund support equipment), all peneraste enormous
potential value, but the reslization of this valwe
requires conscious effort not only by the serospace
commmi_y but alse by the non-aerospace communities of
the world. There is a major need for information
programmes to stimslate the take—up nf ideas on s
sensible and profitable basis. This emerges strongly
as an increasing requirement for most activities of the
vorld space community.

AJAC_105/C.1/L._149 (17 Decewber 1986} “Report
submitted by the Commitiee on Space Research
(COSPAR) of the Iatl. Council of Scientific Unions
(rcsu)”

Materials sciences in space

EICCI'E %

1. The Western Furopean programme (Plesse note also
e article in results from the first Spacelsb
Mission on psge 24)

The major event in the Eutnpesn progrsmwe vas the
D-1 mission of Spacelsb flown in November 1985. Below
is 8 list of experiments performed during this flight:

- & experiments in Mirror hesting facility

= 3 experiments in Isothermal hesting facility

= 6 experiments in Cradient heating facility

= 7 experiments in Fluid Physic Moduie

- 1 experiment in Righ temperature thermostst

= 1 experiment in Protein crystallization

=~ & experiments in Ellipsoidal mirror furnace

= 1 experiment in High precision thermostat

« 2 experiments in Cradient hesatiag fscility
with quenching

- & gexperiments in Hollop
=~ | experiment in Salt interdiffusion

= | experiment in Marangoni comvection with bost
geomstry

The experiments were carried out very
successfully, and numercus resulits have been reported

during scieatific meetings, such as: Teuleuse

(COSPAR - June/July 1986), Noordermey (Federal Rimistry
for Research & Technolegy (BMFT) - August 1986),
Innsbruck (lnternaticnal Astremavtical Federstios -
October 1986) and Bordeaux (Ewrepean Space Agemcy -
Decesber 1986).

Even if, according te the latest infersation, the
EURECA (European Retrievable Carrier) flight is te be
postponed to April 1991, its preparatiom is pregressing
rapidiy. Mest of the enginrering ssdels of the
facilities for materials research have already been
produced amd tested. :

The Federal Republic of Cermany’s sownding recket
prograsme Texus continses to play aa importamt rele in
ESA"s activity relsted te Materisls Scieaces. It is
planned to increase the frequency of rocket lawnchings
in this programme from 2 to ) per year. The Swedish
programme of sowmding rocket Maser should also be taken
inte accownt (the payloads of Texus are compstible with
Naser).

In March 1986, ESA alse used the MASA KC 135
aircraft te study mainly cosbustion and Fluid Physics.
The participation of ESA in the D-2 mission and the
second Internstimmal Micregravity Laberatery (IML-2) is
presently under preparation at the level of paylead
definition.

2. Activities of rhe countries participating in the
Intercosmns Progr awmes

Within the period under review, essential
sttention has been paid by the national working groups
on "Materials Sciences” of the Intercusmos countries to
the development and testing of new equipment for
crystal growth, as well as of devices for in-site
process messurement. This equipment enables & more
precise thermal process regime and data recording. The
aim of this wvork consists of the complete utilization
of space experiments’ information content and of the
construction of fully sutomated aggregates for material
research in space,

The thorough scientific evaluation of the past sg
experiments indicated that more detsiled theoretical
vork snd experiments were required to elucidate the
fundamental problems of materisl transport in fluid
phases of crystallization, growth snd segregation
processes.

To study the hydrndynamic processes and mechanisms
of interaction in diffuse tramnsport processes,
temperature and concentration fields have been
asthemstically simulsted for the case of prectical
grovtl. geometries, and their effects on meterial
properties hsve been derived,

Simultaneously experiments on metals snd
semiconductors have been carried out regarding the
fundaomental conditions and mechamisms [or kinetic phase
transitions betveen different convection modes. The
investigations on monotetic snd eutectic systems zs
vell ss slloys have been continued under simullaneous
a”licgtim to segregstion phenomens in unstable glass
compositions.

In spring 1986, the 3rd Intercosmos Seminar
"Materisls Sciences” took place in the Cerman
Democratic Republic and was sttended Ly 50 participents
from 7 countries. The methemstical analysis of
hydrodynamic processes of crystasl growth and the
spplication of this knowledge concerning the influence
of convection processes on chemicsl compnsition and,
physical resl structure vere the mein topics of
contributions and of discussion. :

3. Other nationsl progrswmes ‘

|
In Jepen, the basic research on ground snd on |
airereft, including some low grovity experiments hes
|
|
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been conducted. A fev material precessing experiments
have been carried out in the Cetawmy Specisl;
experiments on collisions betveen smell metal ball ond
water balls have yielded interesting resules.

The Challenger catastrophe affected the US
progromme, vesulting in the delay of & awaber of
material sciences experiments, among others.

At DFVLR (GCermam Research & Experimentatien
Institute for Air & Space Travel), the preparation of
the D-2 mission is for mid-199]1. DFVLR will alse hest
Je WUSC (Nicrogravily User Support Ceater). This
centre is in development aad sheuld be active for the
EURECA missisn. (Plesse see page L3 "Micregravity User
Seppect Centre™)

The French materials scieace experiments remain
very active in prepariag nev furaaces and now
projects. They conducted s mumber of experiments in
1985 using the Tems 12 seunding recket, as vell as in
the FRC Spacelab D-1 mission. They ave also
elahorating a number of co-sperative programmes, in
particvlar the Mephiste project on the in-situ study of
the parameters goveraning divectionsl selidification.
Experiments are alse being prepared for the EWECA
platform.

Space research and developing comiries

COSPAR conti its end s for the promtion
of space research in developing countries. It
reconstituted a2 Panel on Space Research in Developing
Cowntries ia 1983 which has been taking many steps
jeintly with the United Mations and COSTED to promote
this activity and, in particular, space science. At
the 25th COSPAR Plenary at Craz, Austria, a Workshop on
the Promotion of Space Research in Developing Countries
wvas orgamized.

fn 1984, another workshop devoted to Remote
Sensing of interest to developing countries took place
in comjunction with the 26th COSPAR Meering in
Toulouse, France in July. This workshop was
co-sponsored by the United Mations, COSTED, and ather
intergovernmental and non-govermmental organizations.

The activities of the Panel in 1986 were partially
supported by COSPAR’s parent organization - 1CSU
(Internstional Comncil of Scientific Wions) - and the
support of the United Nations and other organizations
is also gratefully acknowledged.

Fo. the 27ch Plenary in 1988, arrangements are
being made to organize s Workshop on Possible Ways of
Promoting Higher Education and Research in Atmospheric
Sciences as a means of self-reliant manpover generstion
to support spice application programmes in remote
sensing, meteorology and communication in developing
countries. It is expected that this Workshop will also
be co-spunsored by the United MNetions, COSTED, ICSU,
etc. All these sctivities have sliready shown evidence
of increasing participation of scientists from
developing countries in the COSPAR Plensry weetings for
which travel support is provided in many cases by
COSPAR, United Mutions, UNEF and COSTED.

AJAC.105/376, Report on the nired Mations
Regionsl neetinl of Exprrts on Space Technology

Applications in the Indian Ocean Repion hosted and
co-sponsored by the Covernment ol 3ri Lanks,

Colombo, 15-19 September 1986

AJAC.108/366, Tducation, training, research and
#YTowship Opportunities in Space Science and

technology and its applications;, a directory,
Twited Nations Department of Politicel and
Secerity Council Affaires, 1986, 244 p,
A/AC.105/19), Space Activities and Resources,
United Fat.ons énnnnt of Political and

Security Council Affeirs, 1977,

Wr. Mir Akbar Ali vhe wrete am article for
this meniter has slready written eme earlier for
WIDO “Petential Applications of Space-Related
Technologies te Developing Cowntries™ im 1982.

It vas the backgrouand paper for the “Second
United Mations Conference ea the Explecation and
Peaceful Uses of Outer Space™ held in Viemna,
Magust 1982, (Document Me. A/CONF.101/BP/ICU/ 13,
26 July 1982)

ACC/R/210. Inter-Apeacy Neeting on Owter
Space Activities, ﬁrzﬂiurxers, London,
7-9 Octeber 1987

The Ocpanizationsl Cesmittee of the
Mministrative Committee on Co—ocdination, at its
oseting in Rome in April 1987, autherized the
convening of the ninth Inter—Agency Meeting om
Outer Space Ackivities.

Informstion on th~ preposed seminars and other
activities te be held under the United Mations Space
Applications Programse during the 1987-1988 peried,
as sppcoved by the Scieatific snd Techaical
Sub-Committee, is contained in the report of the
Sub-Committee (A/AC.105/383 and Corr. 1) and that of
the Expert on Space Applicatiens (AJAC.105/380).

The Inter-Ageacy Meeting vill be bricled s further
developments in the preparstion of these activities,
with & view te comsidering suggestions for further
planaing, particeularly for those programses conducted
joiarly vith the agencies snd orgasizations within the
United Mations system.

11. UMIDO MEETINCS ON MEN MATERIALS

1987

11-13 September. Third Meeting of Experts of
Non-Aligned Movement and Other Developing Coumtries in
the Sphere of Standardization, Metrology and Quality
Contrul (Bureau of Indian Standards, Manak Dhavan,

9 Rshadur Shah Zafar Marg, New Delhi 110002),

Belgrade, Yugoslavia.

21 September - 13 November. 18th In-Plant Training
Programme in the Field of Plastic Techmology,
Vienna, Austria.

16-22 October. UNIDO/UCINU Seminar on
Production and Use of Machine Tools in
Selected Developing Countries -~ 7th ENO,
Milan, Itsly.

19 October - 20 Novewber. léth In-Flant
Group Training Progrsmme on Man-made Fibres,
Vienna, Austria.

16-31 October., Joint UNKIDO/UNESCO/KIER
Workshop on energy conserv .tion smd NRSE
for small and medium industries, Daejou,
Korea.

2-27 Movember. In-Plant Croup Trsining Prograsme in
the Field of Mould Meking, Vienns, Austris.

3O Wovewber - & December. First Cornsultation on
Non~ferrous Metsls Industry, Budapest, Hungary.

12, PAST SVENTS AND FUTURE NEETINCGS
ON WEV VATERIALS

1979
The Indian Institute of Science snd the Indian

Spece Resesrch Organisstion orgemized o Workshop on
Moteriols and Weterisle Processing in Th_'_




1986

30 Septesber - 2 Octeber. 5th Evrepean Synposiva en
Photoveltaic Ceneraters ia Space, The Hagwe, The
Metherlonds. (Metherlands Ageacy teor Aerespace
Progcams, ASE, ESA, P.0. Box 35, WU 2600 AA Delfr,
The Netherlamds).

19-24 Octeber. Sympesicm on Secresion of Aerespace
Materials during the 170ch Meeting of the
Electrochenmical Seciety, Sam Diege, CA., USA.
(Electrechemical Society)

21-24 Octeber. 5th Cenference om Phetevoltaic
Cenrraters in Space, Amsterdam, The Netherlands.
(ASE: Agence Spstisle Surepéene, ESA Publicatiens
Divisiem, Eutepean Space Research and Techmeiogy
Center, ESTEC Keperlsan 1, ML 2200 AC, Meordwijk,
The Wetherlands)

1-15 December. Sympesium on Materials Processing
in the Reduced Cravity Ewviconment of Space,
Besten, MA, USA. (Deremss Materisls Eng. Dept.
-:usscher Polytechaic Institute, Trey, B.Y. 12180,

1987

7-8 Jamuwary. Internatiomnsl Conference on Polywers at
Lew Temperatures, london, UK. (The Pelymer Preperties
Croup of the Plastics awd Rubber last., Centre for
Compesite Materials, Imperisl College, Priace

C t M., London SH7 28Y, X).

18-23 Jsnuary. 1llth Annusl Cenference on Composites
snd Advenced Ceramics, Cocos Beach, FL. USA. (Eng.
Cersmics Div., Americam Chemical Society).

7-14 Februsry. Aerospsce Applications Cenference,
VIL, €., USA, (IEEE Conference Co~ordimation,
345 East 47th St., Wew York, K.Y.)

17-19 February. American Institute of Aeronautics and
Astronsutics Aerospsce Engineering Conference and
Show, Los Angeles, CA. (ALAA, 1290 Ave. of the

Amer icas, Wew York, ¥.Y.)

27-28 Mazch, Jith Internationsl Congress ou
Electronics in Space; 27tk Interanstionsl Meeting on
Space, Rome, Pelszzo dei Congressi. (Riens,
Secretsriat vis Corescencio, 9, I-00193, Itsly)

May snd 11-21 June. International Aeromautics and
Space Show, Le Bourget, Framnce. (Salon Intermational
de 1’Acronautique et de 1'Espace, & rue Galilee,
7-75116 Paris)

3-7 May. Aerospsce Industries/Test Meassurement
Symposium, Las Vegas, USA, (ISA: Instrument Society
of America, 67 Alexander Drive, Resesrch Triangle
Pork, NC 27709, USA)

12-15 May. ACE 87cth Inc. Airport Construction sad
Aerospace Engineering Exhibition snd Conference,
Osska, Jspm. (Ossks Internations] Trade Fair
Commiss.)

7-10 Jue. Symposium on Advences in Space Science
Technology snd its Applications, Beijing, Chins,
(Chinese Society of Astronsutics, Japanese Rocket
Society)

18-19 June. Recyclingplss II, Washington, DC.
(Plastics Inst. of Americs, USA and Stavens Inet. of
Technology, Castle Pr., N.J, 07030, USA)

1316 July. Rezent Advences in Polyimides and
Other Nigh=Performence Polymers, Reno, WV, USA,
Sponsored by ACS (Americen Cersmic Society);
(Polytechnic University, Div. of Polymer
uw:iury, 333 Jay st., Broockiyn, NY 11201,
USA

13-17 July. Cocrresion: The Envireamental Degradation
of Materials, Cambridge, MA., USA. (Massachusekts
Inst. of Techanleogy, /7 Massachusetts Ave., Cambridge,
MA 021)9)

14-17 July. Malaysian latl. Plastics & Bobber
Exkibition, Kuals Lumpur, Malasyia. (Fairs &
Exhibitions Ltd., 31 Deughty St., Cray's lam,
Leadon WCIX 218)

19-24 July. 18th Biemnial Conference en Carben.
Wercester Pelytechaic Iast., Woercester, BMA, USA.
(Woester Polytechaic Inst., 20 Trewbriige M.,
Uercester, RA 01609)

20-24 July. 6th Int. Conf. en Counposite
Materials/Second Lurepean Cenf., Imperial College,
Lenden, . (Centre for Composite Materials, Imperisl
Coellege, Prince C t Ré_, London SW/ 2BY, UK)

26-31 July. 10th World Congress of the Space Systeas,
Munich, Federal Republic of Germany. (IFAC
Secretarist, Schivssplatz 12, A-2361 Laxesburg,
Asstria)

27-29 July. &th Intl. Conf. on Composite Structures,
Paisley College of Technology, VK. (E.L. du Pent de
Nemowrs & Co., Inc., Composites Div., Chestaut

Run 702, Gilmington, DE 19698, USA)

2-5 Aupust. Silicon Carbide Sywmposiuvm, Columbus, OH,
USA. (American Ceramic Seciety, ’37 Brooksedge Plaza
Dr., Westerville, ON 43081-2821)

16-21 August. IUPAC Iatl. Symp. on Polywers for
Advanced Technologies, Jerusalem, Isrsel. (Symp.
Orgsnizers and Secr., Ortra Ltd., 2 Kasfmam Str.,
P.0, Box 30432, Tel Aviv, lsrael, $15W0)

17-19 August. Sywp. on Polymer Melt Dymamics,
Midland, BI, USA. (Michigan Moleculsr lnst.,
1910 West St. Andrews Rd., Midland, MI 48640, USA)

18-20 August. Conference on Emerging Technologies in
Materials, Minnespolis, NN, USA. (American Inst. of
Chemical Engineers, 345 E. 47th St., New York,

8.Y, 10017)

18-20 Augnst. 1lst Intl. SAMPE (Soc. for the
Advancement of Materisl and Process Eng.) Metals &
Metals Processing Conf., Cherry Hillk, N.J., USA.
(Soc. for the Advancement of Msterisl & Process Eng.,
843 West Clentsns, Covina, CA %1722)

25-27 August. Testing High-Per formsnce Cerasmics,
Boston, MA, USA. (ASNT - Americsm Soc. for
Mondestructive Testing, and American Ceramic Sociely.
ASHT: &153 Arlingate Plaza, Colusbus, OH 43228-0518)

30 August — & Septewber. Intl. Symp. on Polymer
Materials, Ssn Sebastisn, Spsin. (lIntl. Symp. on
Polymer Materisls, Fascultad de Ciencias Quimicas,
Univ, del Pais Vasco, Apsrtado 1U72, Ssn Sebsstisn,
Spsin)

30 August - & September. 9th Intl. Congress of
Chemical Engineering, Chemicsl EZquipment Design &
Avtomstion, Prague, Czechoslovekis. (Congress CHISA
‘87, P.0. Box 857, 11121 Pregue 1)

7-9 Septesber. Advanced Materials snd Processing
Techniques for Structursl Applications: Assessing the
Progress made in Advanced Materiale snd Processing
from Practical snd Pundemental Standpoints, Peris,
Vronce. (Dvr, Fhan, c/o ASM Europe Secreteriat,

BP 42809, 75426 Paris, Cedex 09)

7-9 September. Intl. Conf. on the Science of
Ceramics, University of Kent, UK, (Associstion
Curopeene de Ceramique and organized by Inst, of
Ceramics, Shelton House, Stoke RJ., Shelton,
Stoke-on-Trent, ST 2DR, UX)




- %7 -

7-10 Septesber. Secead Iatl. Ceanf. on Lew Cycle

Fatigue and Elasto-Plastic Behaviowr of Materisls,
Menich, FRC. (Dewtscher Verband fwer Materislpruefuag)

7-11 Septesber. First Iatl. Cengress om Materials
Science: Ceunstruction Materisls Engineering AFREM,
Paris, France. (12 ree Bramciea, F-75737 Paris
Cedex 13)

9-11 Septesber. HNazardous Materials Nanagement
Conference & Exhibition, Torente, Canada. (Tower
Conf. Nanagement Co., 331 West Wesley St., Whestem,
Iil. 60187)

11 September. Recycled Plastics: DRevelopments &
Applicatioas, East Lansing, NI, USA. (Scheel of
Packaging, Michigan State thiv., East Lamsing,
NI 48825-1223)

14=17 September. Pilet for Plastics in Agriceulture,
Engineering sad Packaging, Tel Aviv, lsrsel. (Sec. of
Plastics Eag., 14 Fairfield Dxr., Breskfield Center,
Conn. 06805)

15-16 Septesher. Conf. on Systems in Plastics
Finishing, Levisville, KY. (Sec. of Plastics Eag.,
14 Fairfield Dr., Breekfield Center, Cona. 06305)

1517 Septesber. Adv. 4 C ites Cenf., Detreit,
NI, USA. (ASH Intermaticaal, Metals Park, Ohie)

16 Septesber. Investment Seminar ea Nigh-Perfermsnce
Materials, World Trade Center, New York. (Strategic
Anslysis, fmc., Box 3485, R.D.3, Fairlane Road,
Resding, PA 19606, USA)

18~19 Septesmher. Symp. on WHigh-Temperature
Saperconducting Materials, Chapel Rill, B.C., USA.
(Dept. of Chemistry, Venable Hall 045 A, Univ, of
Worth Carelina, Chapel Rill, N.C. 27514, USA)

21-23 Septesber. ICS °87 - Intl. Conf. Secondsry
Netallergy, Aachen, FRC. (VEDR, Sohmstrassse 65,
D-4000 Duesseldorf 1, Postfach $209, PRC)

22-24 September. Mew Msterisls Make Versatile New
Product, Rosemomt, IIl. (Soc. of Plastics Eng.,
14 FPairfield Dr., Broockfield Center, Cona. 06805)

22-24 September. TEQCS7, Secomd International
Conference on Testing, Evslustion axd Quality Control
of Composites, University of Surrey, Cuildferd, UK.
Sponsored by the journsls: Composites and WT
International. (Conference Organizer-TEQCH7,
Buttervorth Scienmtific Ltd., P.0. Box 63, Westhury
House, Bury Street, Cuildford, Surrey CU2 SBH, UX)

22-24 September. Test, Measurement swd Inspection for
Quality Control Conference and Exhibition, Detroit,
NI, USA. (Tover Conference Msnagsment Co.,

331 W. Wesley St., Wheaton IL 60187)

22-15 September. Wew Materisls snd Their
Applications. University of Warwick, Coventry, "K.
(Iastit:te of Physice, 47 Belgrave Square,

London SWIX 8QX)

29 September - 2 October. Snciety of the Plastics
Industry, polyurethanes division, polyurethsnes world
congress., Furogress Center, Aachen, FRG.

30 September - 3 October. Machine Asis 87,
Singapore. Singipore Exhibition Services Pte Ltd.,
11 Dhoby Ghasut 15-09, Cathay Building, Singapore 0922,

1=31 October. Aerotech '87; Conference and
Fxposition of the Society of Automotive Engineers
Asrospace Technology, Long Besch, CA., USA. (Society
of Automotive Engineers; MRG MTC Promotion snd
Comminicotion, 500 Commonwvesith Dr,., Werrendsle

PA 15096, USA)

&-9 Octeber. IXth Inter-Americsn Conf. on Materisle
Techaslegy, Santiage, Chile. (BDept. of Sciemtific
Affaire, Org. of American States, 17th and
Comstitution Ave., Vashingten, D.C. 20006)

5-9 October. American Seciety fer Beadestructive
Testing. Fall Conference snd Quality Testing Shew,
Atlsnta, CA. USA. (ASWT, 415 Arlingste Plaza,
Coluabuws, ON 43228-518)

5-9 October. Sideremetalurgica ~ Exhibition for the
Steel Metailurgy Industry, Bilbae, Spein.

(Feris Intersacional de Bilbas, Apde. 468,

43080 Bilbae, Spain)

8-11 Octeber. Plastics: the mext 50 years,
Charlesten, SC., USA. (Sec. of the Plastice Iadustry
Isc., i275 K St., M. Seite 400, Washingten,

p.C. 200035)

10-16 Octeber. MATERIALS WEEK "B7, Cimcimsati, ON,
USA. (ASM - American Seciety of Metals, Metsls Park,
Ohie, Rewte 87)

13-15 Octeber. MNaterials Applicstions &
Services Exposition, Cincimmati, ON, USA.
(ASH Mamager ¢ Expesitions, Metals Park,
on 44073)

13-15 Octeber. 1%9th Intli. SAMPE (Sec. for the
Advancement of Material amd Process Eagineerimg),
Terhmical Conf., Crystal City, VA., USA,

(SM)WE, 843 W. Clentsns, Bex 2439, Cevina, CA 91722,
USA,

14-22 October. 7th EMO Machine Teol Show,

Nilan, Italy. Sponsored by the Esrepean Committee
for Cooperation of the Machine Tool Indsstries
(cccow). (7. B0, c/o CEU, viale Fulvie Testi, 128,
20092 Cinisello Balsamo (BI), Itely)

19 October. Seperconductivity - The Opportwmities,
Implications and Applications, London, UK. (IBC
Technical Services Ltd., Beth Nouse, 56 Holborm
Visduct, London EClA 2EX)

19-20 October. Sywposium on Advances in Thermoplastic
Mstrix Composite Materials, Sheratom Bal Harbour,

Bal Harbour, FL. (ASTH, 19)6 Race St., Philsdelphis,
PA 19103)

19-21 October. 1987 Powder Metallurgy Group
Meeting, Powder Shaping and Compacting,
Cavendish Hotel, Eastbourme, UK.

(The Institute of Metals, | Carlton Wouwse Terr.,
London SV Y 5DB, UK)

26-30 October. Ilth Iatl. Fibre Optic Communications,
Maheim, Calif,., USA. (Informstion Catekeepers Inc.,
214 Rervard Ave., Bostom, MA 02134, USA)

27-28 October. Class and Ceramics Developments,
Mumich, Federal Republic of Germany. (Metal Bulletin
Conferences Ltd., Pork House, Park Terrece, Worcester
Park, Surrey KTé WY, UK)

27-30 October. Aerotech '87 - The Aerospace
Technology Exhibition and Conferemce, N.E.C.
Birmingham, UK. (Exhibitions & Events Div., The
Netional Exhibition Centre Lté,, Birmingham BAO INT,
)

29-31 October. IX. National Conference on Class snd
Fine Ceramice, Varns, Bulgsris. (Central Union of the
Scientific Technical Unions, 198 Rekoveky S$tr.,

100¢ Sofis, Bulgaris)

2-4 Novewher. Production of Nondestructive Testing -
The Development Key for Procese Control, Hyett
Desrborn, Dearborn, Michigan ,USA. (ASH Intermational,
Metals Pork, OM 44073, USA)




2-4 Nevesber. Intl. Cenf. aad Exhibitiem

"PM Ascespace Materials™, Luxers, Svitzerland.
(wPR Publishing Serr., Ltd., Old Bank Buildings,
Selistene, Shrewsbwmy, SYI I, UK)

2-6 Bovesber. Plastics - A series of conferences held
in asseciatioa with Interplas 87, Birmingham, UK.
(Plastics and Rubber Imst., 11 Hebart Place,

Leoandeon SKIVW OM., UK)

35 Wevesber. Fibre-Tex "87 (Conf. on advanced

eng. fibres and textile structures for compusites),
Creenville, SC, USA. (Matienal Aerensmtics

snd Space AMministration and Clemsen Univ.,
BASA-Lasgley Research Ceater, Hampton, VA 23665-5225)

3-7 Wevenber. Iuterplas *87, Kationa! Exhibition
Centre, Birmingham, UK. (Industrial and Trade Fairs
trd., Radcliffe Nouse, Blewheim Cowrt, Selihull, West
Widlands M1 25C, UK)

37 Mowenber. Third Inti. Exhibition of Wew
Technelogies & Innovation Autemation & Bev Materials,
Terin, Italy. (Tiber-Potomac, L199 K. Fairfax Street,
Swite 601, Alexandria, FA 22314, USA)

&5 Nevesber. Magnetic Materials Artract Busimess,
Londen, UK. (ERA Techmolegy Ltd., Cleeve Rd.,
Leatherhesd, Surrey, KT22 TSA)

5 Nevesber. Compesites Tewards 2000 (to ceincide
with INTERPLAS *87), Birmiagham, UK.

(Bcitish Plastics Federstion and IAL Consultants
Ltd.; British Plastics Fed., 5 Jelgrave Squere,
Londen SWIX 3AZ)

7-11 Bovenber. Tenth Intl. Congress on Metallic
Corvesion, Madras, India. (Central Electrechemical
Resesrch Iast., Karaikudi 623006, 1adia)

9-11 Movember. Third Arsb Congress on Iren & Steel,
Algiers. (AISV, B.P. 04, Cheraga, Algeris)

9-11 Novesber. EQMA ~ The Chemical Industry in Times
of Change, Barcelona, Spain, (EVAF/EQIRA Secretarist,
Gainsford House, 115 Station Read, Vest Wickham,

Keat BR& OPX, UX)

9-12 Wovesber. Managing Corrosion with Plastics,
Bew Ocleans, USA, (Wac. Ass. of Corrosiom Engineers,
P.0. Box 218340, Wouston, Texas, USA)

9-1) Kovember. Florids Advanced Materials Conf.,
Sherston Palm Cosst Resort. (Dept. of Chemistry,
Univ. of Flerida, Gainesville, FLA 32611)

14~30 Novewber. Internationsl Trede Fair;

Plastics Technology, Applications snéd

Export Capsbilities, India. Trede Fair Authority of
Indis

15=17 Wovember. Asis-Pacilic Convention and
Exposition on WMDY, Parkvay Parsde, Singapore.
(Cemantech Consultants, 80 Nerine Parade Rd.,
Singapore 1544)

15-18 Novewber. Bth SERI Photvoltaice Advanced
Research & Development Project Review Meeting, Denver,
Colorado, USA. (Solar Energy Research Insc.,

1617 Cole Blvd., Colden, CO 80401-3393)

16-18 November. Superfund '87, Weshinton, D.C,
(Razardous Materials Control Research Institute, 9300
Colushis Blvd., Silver Spring, MD 20910-1702, USA)

16~20 Wovewmber. Composante Llectroniques 87,
Paris, Prence. (85.D.$.A. - 20 rue Hamelin,
7-75116, Poris)

17-18 Wovember. The 1987 BCC Conf. on Plastics,
Stemford, CO., VUSA. (Business Communicetions Co.,
Inc., 25 Van Zant Str., Norwvelk, CO 06855, USA)

17-20 Beveaber. The First Major Intermational
Commercial Space Expesition sad Conf. in the USA
“SPACE™, Mousten, Texas, USA. (SPALE: Techaslegy,
Commerce & Commmications, 79 Milk St., Seite 1108,
Bestea, MA 02109)

18-19 Nevember. Wear Resistaat Baterials - Isnflwence
of Serface Treatments, St. Etienme, Framce. (Nest
Treatmeat Techaical Ass. sad Fremch Ceramics Grewp,
Secr. of Cercle d°Etudes des Metaux, 153 Cours
Fawriel, 4202) Saiat Etiemne, Framce)

2L-26 NBovember. ALS (American Chemical Soc.)/Pelymer
Div. Conf. on Advances in Silicea-Based Polymer
Science, Makaha, Oahu, Hawii. (Sandia Katienal Labs,
Albuguerque, K.M. 87183, USA)

23-28 November,. Metal Matrin Composites, Structure
ané Property Assessment, Boyal Aecemautical Seciety,
londen. (The Institute of Metals, Techoolegy
Committee, | Corlten Heuse Terr., Londen SWIY 508, UK)

23-2% Neovewber. Engineering Ceramics, Second Ewrepean
Sympasivm, Park Lme Hotel, Londen. (IBC Technical
Services Ltd., Bath House, 36 Holberm Viaduct,

Leaden ECIA 2£X, UK)

23-2% Bevember. Second Enrepean Symp. on Engimneering
Ceramics, Londen, UK. (IBC Techmical Services Ltd.,
Bath Heuse, 56 Helbormn Viadect, Londen ECIA 2EX, UK)

24-26 Nevewber. Carbon Fitre Update, Cranfield UK.
(Cranfield Inst. of Technolegy, Cramfield,
Bedford M43 QAL, UK)

24-28 November. EURO Plastica. Exhibitim of the
Applications of Synthetic Materials awd Composites,
Brussels, Belgium. (Brussels Intl. Trade Fair,
c/o Belgo-Luxenbourg Chamber of Comeerce in

Creat Britain, 36-37 Picadilly, London WIV OPL, UK)

28 Rovewber - ) December. Materials Research Sociely
Fall Meeting, Boston, USA. (Materials Research
Saciety, 9890 McKnight Rd., Suite 327, Pittsburgh,
PA 15237)

79 November - 2 Decewber. The 1987 Metallurgical
Seciety Extractive and Process Metallurgy Fall
Meeting, Marriott’s Drsert Springs, Palm Springs, CA.
(The Metallurgical Society, 420 Commonweslith Dr.,
Warrendale, PA 15086)

30 November - 5 December. Fall Meeting of the
Materisls Research Society, Bostom, USA. (Materials
Research Soc., 9800 McKnight Rd., Suite 327,
Pittsburgh, PA 15237, USA)

1 December. CUMPOSITES, London. (The Institute of
Metals, Materisls Engineering, 1 Carlton louse
Terrace, London SWLY 5DB)

1-3 December. Hazardous Naterials Management Conf. &
Exhibition/West, Long Beach, Calif., USA. (Tower
Conf. Management Co., 331 West Wesley S$t., Whestow,
111, 60187, UsA)

1-4 December. SP '87 Speciality Plastics Conference,
Zurich, Switzerland., (Meack Business Serv., CH-B806
Au/nesr Zurich, Switzerland)

-6 Decewber. Polymers for Compnsites, Solihull, UK.
(The Plastics and Rubber Inst., LI} Mobart Place,
London SWIV OIL)

9 Decamber. Trihology of Megal Matrix Composites,
Univ. of Bradford, UK. (The Institute of Physics, UK)

11-16 December, Cersmic Chins '87, Cuangzhou,
Guangdong, People’s Republic of China., (China Science
and Technology FExchange Centre; for info.:
Focusworld Exhibitions, Bras Bassh Post Office,

P.0. Box 292, Singapore 9118)




- 59 -

1938

9 Jamuary. Intermations) Conference ea Conpesite
Materials aad Structeres, IIT Madras, Iadia.
(Orgomisers: FRP Research Centre, Indian Institute of
Techaslogy, Mradras, India. Spensers: Indiam
Institute of Techmelegy, Madras. Aeremawtical Seciety
of India. Indisa Space Research Orgamizatien.
Aectemautical Research and Development Board. ladian
Academy of Sciences. Chinese Society of Theocetical
and Applied Mechanics. Indian Racketr Seciety.
Centact: Dr. K.A.V. Pandalai, Co-wcrdimater, [COMNS-88,
FRP Research Centre, LIT (P0), Wadras-600 036, India.)

11-14 Jamuary. 26th Aerespace Sciences Wreting, Kene,
WY, USA. (AIAA = American Inst. of Aerenautics amd
Astremastics)

17-20 January. 12th Annual Cenference oa Composites
and Advanced Ceramics, Cocoa Beach, Flerida (spousoced
by ACerS Engineering Ceramics Division, University of
Flecida, Dept. of Materials Sciemce and Eng.,
Cainesville, FL 325611)

18-20 Jameary. Intl. Conf. en Technelegy Traasfer in
the Develeping Natieas, ¥ew Delhi, India. (Scheel of
Management, SUNY, Binghamten, Ringhsmtes, ¥.Y. 13901}

25-29 Jasnuary. Secend. Intl. Sywp. em Experimentatl
Netheds {or Ricregravity Materials Sciemce Research,
Phoenix, USA. (Techmical Program Co-ordinatec-THS,
420 Commeownvealth Dr., Marrendale, PA 15086, USA)

January. Asian Aerospace 88, Singapere. (Cahoers
Eahibition Group, S.A.)

1-5 February. 4&43rd Annual Comference of the
Composites Institute, Cincinmati, Ohio (Composite
Inst., Society of Plastics Industry Inc.,

355 Lexington Ave., New York, K.Y. 10017, USA)

15-17 February. Seminar on thermwplastic cempesites,
composite fatigue, metai-polymer interfaces, hazards,
and problems in sircraft applications, Florids.
(Shawce, 6227 East 99th Sc., Tulss, OK 74237, USA)

21-2% February. Maual Convention of the Canadian
Cersmic Society in Toronto, Canada (Canadiasn Ceramic
Soc., 2175 Sheppard Ave., E., Suvite 110, Willowdsle,
Ont., W23 1W8, Canada)

23-25 February. 2nd Advanced Cersmics Cenference in
Chicapo, 111. (Society of Manufacturing Engineers,
ONE SME Dr., Box 930, Dearborm, MI 48121, USA)

13 March. Engineered Materials for Advanced Friction
and Wear Application, Caithersburg, MD., USA (ASH
Internstional, Metals Park, Ohio 44073)

7-10 March. 1Iat. Conf. on Rapidly Solidified
Materisls, San Diego, CA, USA. (Am. Soc. of Metsls,
Metsls Park, OR 44073, USA)

7-10 March. 33rd Intl. Techn. Conf, on Meterisis and
Processes, Angheim, Calif. (Snc. for Advancement of
Materials and Process FEagineering, 843 West Clentans,
Rox 2459, COVINA, Cslif. 91721)

2126 March. Materials Testing '88 Exhibition,
Birminghaw, UK (Hack-Brooks Exhibi.ions Ltd,,
Yorum Place - Natfield, Herte AL OBR (UK))

22-29 March. Stretegies for the Development of New
Neterials, in Jopen, Intl, Symponi.m on Frontier
Technology, Kobe snd Agency of Industrisl Science ond
Technology of NITI

23=25 March. Maetals and Materials '88 in Birminghew,
UK (Materials Science Committee and Inntitute of
Metals, 1 Carlton House Terrsce, London SWIY 5DB, UK)

23-25 March. Fibre-reinforced Conposites, Liverpoel,
VK (Plastics and Rubber Imst., Ll Hebart Place, Lomden
S¥lv om)

3-9 April. Materials Research Society Spriag Meeting,
Remo, BY, USA. (Materials Res. So. 9‘00 McEnight M.,
Swite 327, Picttsburgh, PA 15237)

11-14 April. 7th iatl. Conference on Deiormtion,
Yield smd Fracture of Pelywers, Cambridge, UK
(Plastics and Bubber Inst., 11 Hebact Place, London
SuUiv ouL)

L1-15 April. ASNT s 1988 Spring Ceaf.:
Characterization of Materials and Flaws,

Orlande, Flerida (ASNT, 4133 Arlimgate Flaza, Caller
Wo. 28518)

12-15 April. Secead Brazilian Incl. Plastic Sheow,
Bcazil. (Ceal Prumicees e Feiras Lids, Rua da
Assesbleia 45 — 7 Andar, CEF 20011, Centre,

Rie de Jameire, Braxil)

13-21 April. Yncl. Nachine Tool and Manufacturing
Technology Ezhibition, Birminghas, UK.

(The Machine Teol Trade Ass., €2 Bayswater Bead,
Lenden W2 IPH)

18-20 April. 2%th Structures, Structural Dynamics and
Materials, Williamsburg, VA, USA. (As. Inst. eof
Aernonaetics and Astr mautics, Am. Soc. of Mechanical
Engineers)

19-20 April. High Temperasture Enginecering Polymers,
Cardiff, UK (Plastics and Rubber Inst.,
11 Hebart Place, London SWIW OHL)

20-27 April. Imdustrie "88 — New Materials 1988,
Haomover, FRG. (Hannover Fairs Info. Centre,
P.0. Box 283, Samnderstead Ré., Sanderstead, Sowth
Croyden, Surrey CR2 OAJ)

21 April. Developments in Materials Technolegy for
the Autowmsbile lndustry, Cov=omiry, UK (M-tals
Techwelogy Commitiee of the Institute of Metals,

1 Cariton House Terrace, London SWIY 508)

25-26 April. Symposius on Meral Matrix Composites:
Testing, Aaalysis and Failure Modes, Reno, Nevads
(ASTM, 1916 Race St., Philadelphia, PA 19103, USA)

25-27 April. lIntl. Conf. on Hot Isostatic Pressing of
Materisls: Applications and Developments, Antverp,
Belgivm (Technologisch Instituut, Metsllurgical
Section, Jan vanm Rijswijcklaan 58, B-2018 Antwerpen,
Belgium)

26-28 April. 3rd Intl,. Conf. on Joining of Ceramics,
Class and Metsl, Rad Mavheim FRG (Deulsche
Gesellschaft fir Metallkunde eV., Adenaversilee 21,
0-6370 Oberursel, FRGC)

2-6 May. WMev Applications for Steel in View of the
Chellenge from Substitute Materials, Luxembourg (UN
ECE Commission for Europe, Pslais des Nations, CH-1211
Geneve 10, Switzerliand)

5-12 Kay. ILA FANNOVER "88 (17th Intl. Air and Space
Exhibition), Airport Hannover-Langenhagen, FRC.
(Bundesverband der Devtschen Luftlahrt-, Raumfahre-
und Austuestungsindustric e¢.V., Bonn, und die Deutsche
Kesse- und Ausstellungs-AC, Hamnover)

9-13 May. Materials "88., Materials and Fngineering
Design, London (Institute of Metsls, | Caricon House
Terrace, London SWIY 508)

9-13 Mey. Bth Furopean Photovoltlsic Solar Pnergy
Conf., Florence, lul; (WiP, Sylvensteinstresse 2,
D-800 Munchen 70, FRC




17-19 May. Interastionsl Cemgress of Metallergy,
Palazze di Ceagressi, Solegas, Italy.

(Speasered by the Associaziomne Italisma de
Retallurgia (AIM), Piszzsle R. Mecamdi 2,
I-0121 Nilsne, ltaly)

24-26 May. IRPLAST "88 - Intl. Plastics & Rubber
Exhibition, Deblin, Reyal Dublia Seciety.
(Intermational Fairs and Exhibitiems Lxd., Belgrave
Reuwse, I3 Belgrave Road, Rathmines, Dublin 6)

25-26 May. BRecyclingplas III, 3rd Aauwal Cenf.
dealing with the issue of plastics recycliag,
Uashington, D.C. (Plastics Institute of America amd US
Dept. of Energy)

16-17 Jeme. [atl. Symp. on Polymers, Plastics &
Rubber P ing Techaelegy, Terente, Conada.
(v.n. Shatnagar, P.0. Box 1779, Cormmlil KéR V7,
Ont., Cansds)

20-23 Jume. 10th Symp. on Thermsphysical Preperties,
Caithersburg, MD, USA. (FWational Buresw »f Standards,
Caithershburg, MD, American Sec. of Mechmmical
Engineers and the Dniversity of Maryland)

28-29 Jeme. Sywp. on Corresion Rates of Steel in
Cencrete, Bsitimsce, MD, USA. (M.S. Berke, W.R. Grace
Ce., 62 Vhittemare Ave., Cawbridge, MA 02140)

&~11 July. Iaterplastica 88, Mescow, USSR. (WNEA
Iatl. Gesabil, Pestfach 32 02 U3, Steckumer
Kirchstrasse 61, D-4000 Duesselderf 30, FRC)

12-14 July. &th Hatienal Space Enginmeeriag Sympesium,
spenseced by the Mstional Panel en Space Emg., the
Jeint College Board of the Inst. of Engimeers,
Avstralia, Adelaide, Australia. (The Cenferenmce
Mamager, Fourth Hatieazl Space Eng. Symp. The
Institution of Engineers, Australia, 1l Mstienal
Circwit, Bartea ACT 2600, Awstralia)

24 July - 30 Septesher. 1988 VWerld Materisls
Cengress, Chicage, USA. (ASM Iatl., Metals Park,
Ohie 44073,

Nevember. 8th Argentine Congress-Expasition and
Second lbere-American Ceramic, Class, and R-[fractory
Congress, Buenes Aires, Argentina. (Argestine
Techmical Cersmic Ass., Peru 1420, 1141 Buwenes Aires,
Argentina)

TECHNOLOGY IN TESTING
“M3000” Universal Testing Machine

e Microprocessor controlled
» Real time graphics
o Programs for batch testing
e Auto-ranging
;. o Keyboard control

‘e Statistical programs

For further information please contact:

Nene lnstruungu Limited, 1 mmugg Close, Park Farm,
Wellingborough, Northants
Tel.. Wellingborough (0033) 679327. Telex 312526 Nene G
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Price List for Advertisements in the Publication
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General provisions

1.  UNIDO activities in the field of advertising are non-profit-making and are carried out to
cover the cost of preparing, publishing and mailing its publications, which are sent to
readers all over the world free of charge.

2. Requests for placing advertisements in the UNIDO Advances in Materials Technology:
Monitor should be made in writing. They should be accompanied by a layout,
illustrations and a text containing all necessary information.

3. Advertisements are printed in black and white and in English only.

4. UNIDO reserves the right to reject advertisements without giving reasons, to suggest
amendments or to hold advertisements if space is not available.

5. UNIDO cannot guarantee to print advertisements on specific pages of the Moniior.
Page proofs will not be provided to advertisers.

6. Payment of invoices is due immediately after receipt and should be made within 30 days
in United States dollars or Austrian schillings to the UNIDO bank account (see below)
or to the Treasurer, UNIDO, Vienna ln(ernaﬁdml Centre, P.O. Box 300, A-1400 Vienna,
Austria (telegrams: UNIDO Vienna Austria; telex: 135612) Upon payment, please
advise the Head. Development and Transfer of Technology Division, at the same

address. |
Bank accounts
For dollar payments: ' For schilling payments:
"UNIDO dollar account” No. 28-05115 "UNIDO schilling account” No. 29-05107
Creditanstalt Bankverein . Creditanstalt Bankverein
Schottengasse 6, A-1010 Vienna, Austria ' Schottengasse 6, A-1010 Vienna, Austria

"UNIDO general account” No. 949-2-416434

The Chase Manhattan Bank

International Agencies Banking

380 Madison Avenue, New York, New York 10017
United States of America ‘
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Prices
Prices in Austrian schilfings (AS)
Size (or equivalent in USS)
Full page (255 mm X 178 mm) AS 5,000
% page (125 mm X 178 mm or 255 mm X 86 mm) AS 3,700
Y. page (178 mm X 60 mm or 125 mm X 86 mm) AS 2,500

The price for the publication of announcements of up to five lines under the -ubric
“Resources available™ is AS 1,000. The text is subject to editing.

Resources available

Know-how, designs and licences offered to manufacture drilling machines for water wells
of up to 2.5-m diameter and 80-m depth and for concrete-injected piles of up to 2-m
diameter and 45-m depth. Claude Bourg, Drill-France, B.P. 15, Le Haillan 33160, France.

Know-how available to manufacture synthetic ceramic from mineral wastes, sand and a
binding synthetic resin for use as sanitary ware, material for furniture, decorative items etc.
L. Valette, Administrateur Gerant, Science, 98 avenue de Tervueren, 1040 Brussels,
Belgium.

Manufacturers of various metal powders offer know-how for the production of electrolytic
copper and iron powder, atomized aluminium powder and synthetic iron oxide. R. Devroy,
Radar International, Post box No. 2014, Calcutta 700 001, India.

Technical know-how and complete turnkey plants available for the production of mono-
crystalline and poly-crystalline solar photovoltaic cells and modules and integration of
systems, such as photovoltaic powered pumping, refrigeration, communication and water
purification systems. N. R. Jayaraman, Vice-President, TPK International Inc., 36 Bentley
Avenue, Nepean, Ontario K2E 6T8, Canada.

Technology and licensing available for manufacturing polyurethane from saturated
polyester polyols, polyether polyols, isocyanate intermediates, one- and two-component
polyurethane systems. Capacity tailored to requirements, from 2,000 tonnes upwards.
Application: flexible, semi-rigid polyurethane foams, industrial and domestic appliance
insulation, shoe soling, coating and sealants. Synthesia Inter AG, Tigerbergstr. 2, CH-9000
St. Gallen, Switzerland.
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You will be able to control wall
thickness

well.

This teature yields wall thick-
ness tolerances of below /s of
those admittad by DIN stand-
ards, and you save expensive
raw maierial!
CIMIMAT ~ is meant o increase
the efficiency of your opera-
uonmdhduyootovmcc
raw matersial costs while at the
same time producing better
quality pipe products

You will be fully independent of
fluctuations in dsﬂe:em raw
material

The new weighing system
SAVEOMAT controls the pre-
cise material consumption of
the extruder, When employed
w standard pipe plants, the
SAVEOMAT system makes for
controling haul-off speed so
as to reach contsnt meter
weights And when employed
in 8 CIMIMAT® pipe line. the
data acquirec are used for
aufomatic gauging in u'trasonic
wall thickness measuring.

In this way you are mdepmd
enlof pera

and the wall lmclmess mefer
will control haul-off and center-
NG ummts Lo muwmum wall
thickness

Finding better ways
to more profit.

The automatized pipe extru-
sion line CIMIMAT” is equipped
with the thermal gye centering
system CIMICEN
‘nus is replacing a complicated
and mechanically sensitive die-
head construction.
The thermal pipe centering
system CIMICENT” works fault-
ree and is able 1o centralise
thin or thick aseas by equslis-

ing oposing sides.
With CIMIMAT” you'll have an
advantage in the very compe-
titive pipe market
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Because:

The automatic pipe plant
CIMIMAT " means rclcablhly to
you

Microprocessos conirol
CIMICRON 9/16 guaraniees
ppe production within closest
folerances and it Warrants
moreover that once optimized
process parameters are
reliably rmodwue

Oniy the automatic pipe plan
ClMlMM' from CINCINNAYI
MILACRON AUSTRIA offers
you the combined advaniages
of the thermal pipe centenng
system CIMICENT* and of
automatic gauging of the wall
thickness measunng

Cincinnah Mitecson U. K
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANLZATION
Vienna International Ceantre, P.0. Box 300,
A-1400 Vienna, Austria

Mvaunces in Materials Technology: Momitor
» Reader Survey

The Advances in Materials Technology: Monitor ha: 210w beem published since 1983.

t Although its mailing list is continuously updated as nev requests for inclusion are
received and changes of address are made as soon as notifications of such changes
are received, I would be grateful if readers could reconfirm their interest in
receiving this newsletter. Kindly, therefore, answer the questions below and mail
this form to: The Editor, Advances in Materials Technology: Momitor, UNIDO
Technology Programme at the above address.

Computer access number of mailing list (see address label):
Name:
Position/title:

Address:

Do you wish to continue receiving issues of the Advances in Materials Technology:
Monitor?

Is the present address as indicated on the address label correct?

How many issues of this newsletter have you read?

Ogtional

Which section in the Monitor is of particular interest to you?

Which additional subjects would you suggest be included?

Would you like to see any sections deleted?

Have you access to some/most of the journals from which the information contained
in the Monitor is drawn?

Is your copy of the Monitor passed on to friends/colleagues etc.?

Please nmake any other comments or suggestions for improving the quality and
usefulness of this newsletter.
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FOR NEW SUBSCRIBERS:

Request for ADVANCTS IN MATERIALS TECWNOLOCY: MOMITOR

If you would 1ike to receive fsswes of the Advesces im Materials Techaology:
Honfter im the future, pleese eoqle}e the form below and return it to:

UNITED NATIONS Q NATIONS UNIBO

CHRATED RAtIng BT WIAL. BEVEIAPUERT MEAIIRATRSS

Advances ia Materisls Technelegy: Momiter
{Coda: 304)
WSS MANLING LISV, ERIETIBAL (NPORMATRGE SRCTENE,
P25, 508 30, A- W00 VISna, META

Type or grint closrly lane lotwr por benl and laswe 0 Puin b sodh wand

NAME fundoriing fandy cusa)

TITLL OR POSITYION
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CITY AND STATE OR PROVINCE

COUNTAY { 1

NEASE SO NOT mTE s Vo B8 SPACES

wl] wex(] wm[11]
er [LOPTTTRRTNT)

Readers’ comments

We should sppreciste it if readers could take the time to tell us fn this
space what they think of the tenth fasue of Advances in Materisls Technology:
Honitor. Cowments on the usefulness of the inforwatfon and the vay it has been
organized will help us in preparing future fssues of cthe Monitor. We thenk you
for your co-operstion snd look forvard to hearing from you.






