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Dear Reader , 

This is the tenth issue of UNIDO's state-of-the-art series in the field of 
-terials entitled Advances in M&terials Technology-:. Monitor. This issue is 
devoted to space-related materials and is addressed to a select target audience of 
policy-.akers, scientists, technologists and industrialists in developing and 
developed countries. 

In each issue of this series, a selected aaterial or group of aaterials is 
featured and an expert assessment .ade on the technological trends in those 
fields. In addition, other relevant infor-tion of interest to developinr 
countries is provided. In this aanner, over a cycle of several issues• •terials 
relnant to developing countries could be covered and a state-of-the-art a::osessment 
•de. 

In this issue Mr. Mir Akbar ALI has written the nain article for UlllDO. The 
issue covers •terials for space exploration as well as •terials processing in 
s.-ce. The current awareness section includes infor-tion on new products, new 
processes and applications. 

The ten tit Monitor presents itself to the reader in a new "face" as well as 
with a new addition, namely an aclvertisellellt. Aiaing at meeting the costs for 
preparing the Monitor, publishing and aailing it, URIDO will start publishing 
industrial aclvertise.ents 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 910re 
infor•tion. 

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

V.87 91499 

Department for Industrial Prom>tion, 
Consultations and Technology 
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The follnvin11t article is the core of a st ... y 
prP.pare<l hy "r. Mir Akbar Ali for UlllDO. lt •iscusses 
(I) llmt•rials proc•ssia11t ia spac~ an~ (II) lfat•rials 
•P.welope<I for s .. re appl icati-s: ( 1) Technol~ of 
rart.ea/~raphite f ihr•s a .. (2) Spece-relatetl a•wance• 
ceraaic .. t•ri•ls. 

Since this paper is • comlPnSP.• YPrsi- of the 
oriRi""t po,.r. it hos been •eci• .. to •i•l"'nse vith 
the list of bialiographic references. 

I. lbt•rials processing in sp11ce 

n. pre>cP.ssin11t of -teriats is iaUurnce• by the 
earth•• e..,,ir.....,.ntat characteristics such as 11trawity 
... the at .. sphere in ... idl the prncessing occurs. 
The at-pherie caa iatr .. uce a•wierSll! c-t-iaat ioa 
infllH!llCes vlai.:h caa lot! aiaiaise• by usin& artificial 
at .. spheres s-h as iM!rt gases • .,tlaiag practical 
cao lie ._e - eanh about cr-itatieaal effects vlaich 
iaclaole phase separati-. •eosity segr•gati-. uftPYeo 
cooling charact•ristics an.I c'"'tainer contaaination 
for glass. cer.:aaic a°' aetallic aaterials. Ola the 
other han• materials can be processr' in space un.ler 
co"41iti-• of wirtual weidatlessness vith th• 
poteottial aclyanrages of solar energy an• a wacuua sink 
of unliaite' wrluae. 

The forrrs that hawr an effect on the coaposition 
or shape of soli•ifi...a gl••~. aetat. anJ to a lesser 
iesteot. for cera•ics are woluar chan11trs. surface 
tension ao<I 11trawitir ioducri segregation and cnnnction. 

Yarious rnuntries. deprn•in11t na the stat- of 
their apace techaolo11t1 pr-.r-•. haw• conducted 
•&f'!rioorntal ..aterials processing studi•• tlhich uere 
both grouncl-bas...a (on earth uo•er si .... late• near zero 
~c~ conditi-., using ar.oustic aa•/or electroa:aRDetic 
l.,,itators) an• on hoard apoc• flights. 

Efforts vrrr also aade to •sploit th• potentials 
of .,. ... industrialisation including reasibility 
atudiea for the cOlllOMrcial ..... racture of electronic 
.,.teriala. The following aections viii describe the 
experiaeotal and c.,..rcial aanufacturing. 

Jlatr.rials erocessing in •race - esreri11rntal 
atudlea 

As aentifNlf!• earlier, warious countries hawe 
con4ucted both crouod-baaed and on-board aaterial• 
processing nucliH, baHd on their .,.ce technol"IJ 
c.petlilitiea. 

The US .,.terial• processinc studies are aanage.t 
and a._iniatered l>y the .. tional Aeronautics and Spaca 
Adllinistration (RASA). Cround-~aaed e•peri .. atal 
atudies ~re also conducted b1 aelected industrialised 
and dn•'.oping c0tmtril'•· In the US, such stndirs 
vere perrnr11rd during tha Apollo, Spacelab and Space 
!lhuttl• Misaions; Salyut and Syrr.na in the USSa 0 
TIXUS in the l'aC; and th• r.uropean '.:pace Proar-, 
tn naM • r-. 

The purl"'.., of 11ronnd-ltaH• stu•iH vao to 
conduct .. ceriala-related e•periMnts on earrlt in • 
near aero "C" enwiron•nt and to establish the 
pnrential iaprOYr....,r• or • •Pftcific charact•riatic 
which could n1tt be a:llteved otl.erwise. 

•ASA hat Iona h•d an intere•t in asterial•, 
pa1ticularJ1 thotk of value for the inclustr1, 
aeronautics and 1psca rllllftt1. •~A ha1 carri•d out 
••t•n•ive atudi•• on .. teriala in its own lahoratorie• 
and apnn•nred r•search in acade••c and lndu•tr~al 
laboracoriea. 

For example, glas• aelts are hi&laly reactive 
.. terials. They react vith wirtually aay coataiaer, 
PYPD platin... This incluoles chalco....-i•e glasa fer 
tra ... iltiag in tbe infrare• regioo .... laser 
glasses. In th is conte11t llASA •..-ore.I gr .... -Nsri 
st ... ies in an acoustic levitstor to process 
chalcogeoi•e •"' laser ....,t glasses. 

jaoog the a•w .. ta~s clai..,. for gr...,iag 
sPaicDIMluctor elPrtroaic .. terials in apace ore 
impr_,.. h-v-ity, 11treater ,..rity, r@ducti- of 
physical ••fects .... the a•ility to gr..., large 
•i-·t .. r rrystals. Experi-ts on Skylab •y 
Viri...,ier, Vitt .... Cato• hawe been citN for 
eYi.._e th•t crystals gr- in a 1..., "f.- Pn7ir-•t 
are superior to those gr- .... er the influeoce of the 
earth's grawity. 

Li.kPVise, the USS& also cunduct...a a Yari•ty of 
spae..-relare• ... terials processin& st ... ies ... ich 
include the olirectional Cl"Jltalliuti- or geraaai­
llllMler the influence of the apace enwiraaaent, the 
apace processing of CdllgTe, c.llfgSe a..i P•SeTe ..... the 
atructural studies on the Te-Se soli• solutions -.._r. SIJ.TVT-6. 

The•~•"' si•ilar spare-relat"4 materials 
processing st .... iea vere con•ucte• by uther countries 
either ilhle~ndently or in collaboration vith tbe USA 
or USS& space rrogr•-s. f11rtber .. re. there were 
"ew•ral USA-USS& joint sldiea under the Apollo-Soyus 
progr-. 

Hat•rials related studies were also c......,ctr' ia 
the Skylab orbiting space station. The Skylab 
aaterials science and tecbnology studies .,..re -.:inly 
concerned virh aetallic aaterial•. n.e .. terials 
atudie' include the f .. iliar steel, al ... iri,.., copper, 
nickel and silwer and the leas faailiar galli,.., 
gr.rasniua. indiua a ... telluriua. The object!•e or 
these studies vas to ewalllSte the spsce Pnwironaent 
for single crystal grovth, i ... iscible alloy 
c_,.,sitions, aicrosegrr.gati- in pr.,.niua. whisker 
rei11forcr.d c-posites an.t ao on. 

The SpacP. Shuttle progr....., is al~o being 
utilise.t for the •P.Yelo,.....t of lov-cost 
transportation to and fr- the eanh. The aystea 
itself is COlaposr.d of IChe Or•iter vilh the Specel .. to 
do rr.search •nd ..,,,elop techniques on a wariety of 
subject• including aaterial• relaled technologies. 
The Spacelab is an international prograaoe deweloped 
by the lur.,pean Space leaaarch Orranisation (ESaoi. 
n.·e Spacel .. prOYidea an extensi .. of the gr-•-hsed 
atudiet vith the adnntaps which oolJ spsca flight 
can prcwide, such as a Iona-tar• ara•ity-frer 
enwir-t. Ten _.era of tha European s,.ca 
c-ity consining of the n<:, France, Cha 
United Kincdaa, lel&i ... , Sp•in, tha lletherl....t~, 
Da ... rk, Svitserland and Austri3 hawe pooled their 
n•ourc ... amt c.-iaad vitlt the USA to conduct 
s,;rnrific and tl'chnnloaical application and atudies 
which includ•• aatr.riala dawelo,.......t and proca•sing. 
For eM.,lr., geraani,.. selenide (Cele) VH gr­
aboard S111lab and vas about the •ise and 1hapa of that 
uaed in th• electronic deYicaa. The atudy indicarad 
that this ,,,. nr production is Caasihle and prOYi•e• 
data cm rba conditieotta nndl',. which prodvcu eof thi• 
kind can be .. nufactnre• in apece. 

As can bl' ••'"' all the1a ~round-ba•ed and 
on-board rest r1i.,.t• ara •tapping stonl'S for th• 
•••ntual industrialisation or •rsce. The ·•~t section 
dHcr ibH the dlPtai la or a peer industr ialisat i0th 

The potenCaals or i"duUr isl iKinK outer •P"c• i• 
one o.r the .oat ucitiP;o concapu of the ,,.ca 
prolf'-· The .t0rd itself - industrialiution -



•-tn a •- Yiata •f tlli•i111t. o.e -t •• 
t- .. c1a H the ~cti- •f ..... -• 
aeTYice•. -·fact.ari•a e<1•i,,_..t. l•wr-force. 
ntwa • i-t-t. ~ct• • ..Uta-• ri.U. 

a.-1 the ••acnte• a,.ce m•triea are -itt­
-teriola fer earth -• earth rn..rce a.rwipp. 
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... i ... ,....tttiac the -fact•• •f Mtter pr.-cts • 
• ,.ce pr.ceaaiac facilities vill ala• ellll-ce ..r 
teaaical bowl"ce •f __ teriala llmawi-. ne 
act .. l pr..-rtiea •f _,, •f ._. •teriala are far 
Itel- their th..-etical liait0 -• apaw-ltaae• 
•teriola rnurdl pr.-ian t• •etp us - -ch 
cl•er t• these f• .. -tal liaita th• eff..-u loere 
- urdt. Space pr.ce .. iac all-• iawutiptora t• 
eliaiaate the crawit,.-ia .. ce• effect• ea •teriala. 
all-io& lletter f• .. -tal at.atlies oo ••li•ificati•. 
... .,. tr-•f•r-ti•. tile lliaetics of Y.,.ri&ati- -• 
cea4eaaati- __. the .,...aca •f fr•tla• •• •iff,..i­
ia fl•i.. i• a te.,.rat•r• cr .. ieat. 

Tlae aew -' cltuper pr .... cta -fact•e• ia 
apace vill lie tlt .. e that lleaefit fr- hell •f 
crnitJ'. Vi.di Ille eacepti• •f -iptleaaaeH 
all •titer dsaracteriatica •f the apace eDYir-•t 
.. cit •• llip Ya- -• ra•iati• caa lie acltieYe• • 
earth. 

Oae •j• beadit •f such 1--crnitJ' procnaia1 
...ul• lie that -terials t• be pr.ceas .. -co•l• lie 
'lewitat_.' - aus,...ce• ia apace vitla011t t•chiar tlae 
c .. taiaer. Siace there v .. 1• lie ao •eel for 
c-taiaera i:a apace fact« in, there -•• be ao 
tlaaiaer of i.,.ritJ' coataeiaati- fr- tlte c-uiaer -
a •j« problee Oft eartlt - ••i•& the -facture of 
hiplJ' ructiYe a•• hip -ltiac -tui.ala. For 
e-,ile. cncillle c-taei .. tioa ia prob8ltlJ' th• -t 
aerioaa lieitatioa ia the pro.i.cti- of hip puritJ' 
a•••n for laaers _. laaer apt- optics aa• has 
aeri-lJ' hiatlerd the uilitJ' to crow pure crpul;s 
for seeicoatliactors. 

A secoatl -jor a ..... tace of lov-srnitJ 
pr-asia1 is the elieiaatioa of a coataiaer'a surface 
irrecularities •ich - iato c•tact vith the -tte• 
•terial. 'lhese irreplaritiu prcwide sites for 
tJIMlniralJle crptal sr-tlt io the aolidif1i•1 liqui• 
vhidt spoil the perfectioa of the aoli•. 

F•ther-•, in veiptlns space• -1ecular 
forcell such H cohnioa aalf ••ui- vill replace 
&CSYitJ •• the stronaut emrir-tal force .... 
llecoee si111tificant factors ia eotatrol processes. 
There coul• he drastic ch .. gea ia the caatia11 snd 
dr..,in1 proceH4!S such •• those encountered in crptal 
1rovth and fillre and rillboa drawi•I• 

In this contest NASA conduct•• an ••tens i•e 
techtt0-econ-ic fHsibilhJ •':ucly for tl>e 
-ufactuu of aia1le cr1sta1 1ilicoa an• silicoa 
riblloa ia •pace. 

The first task vas to .. a1.::'le the 110sl c0tll90n 
earth-b .. e4 cr1stal 1rovin1 processes ia relation to 
proceuin1 in space. figure I preunts the Htails of 
the earth-based cr1•tal srovina processes which 
includes~ 

<•> Melt srovth; 

(b) Solution crovth; 

Cc) Vapour phHe srovth. 

lach of the three pr«aaaes ht11 its own 
particular adYanup for use in space. As such, each 
.. thod vH aY•luatod on the ba1is of its adapeah;litJ 
co th• proclucrinn of 1in11I• cry1tal 1ilicon r;bbon oo 
•P'H· The cechnlcal criteria for selection va11 that 
the procen euat ba continu-, the lhape of rho end 
produce be ribbon, and,' in order co bo 1conC110ir1'l1y 
accracci•w, the proceH, -t bo capalJl1 of • hip 
CrJaCal Sl'OVth Utl • 

The selttt..C process llH the co.t-isari- of the 
llest fut-e. of -lt er-tit -• s.•e refiaiag crptal 
11tr-i•11t pr9CIP•• to.,thK vith •- -i'I- space 
techaittuea. The process VH call..C ai .. _ fr- llelt 
Gr-th ia Space or siepl J' lllCS prOC1Pss. Fipan 11 
pr..,i•es • lllodt diasra• _. c•ceptual sl<etch of the 
ltlCOS pron••· la the aD<lel pr~ss the ar.,th of 
aiasle Cl'J'Stal rillll- v .. -• fr- a lnitatM • 
spherical -•t ltnt..C lly a solar collector. There are 
tvo -jor a.,,afttace• of this process - •irect 
C-"tPr•i- of the pelJ'Crplalliae ailiCDll iato the •ea ire• si•itle crptal pl ... ar fer•..,. the el iaiaatioa 
of c-taeiaati.oa llJ the c-tact of -ltea si.Hcoa vith 
its s•r-•iap. 

nae sia&ll' crystal silicon c .. neatlJ' sr- oa 
earth ia -t ia the •esire4l rlanar for• Mt is ia the 
for• of larp cylia•rical •-tu. The i.-1 .. are 
sliced i.at• wafers aa• 81Pch .. i.cal 1n• cheaical 
polishing is l""'l•irP<I tor-• the .. -•• awfaces. 
'llaia •-t• to a SO per ceat 1 .. s of the startia& 
-terial. ......,, ... ia a apace -•factari•& .,.,rati-, 
tile •irect coawersioa of polJ'Crptalliae silic.a iat. 
rillltoa fona is opti- Hcause it elieinatH tlae 
pr.cessiaa 1-•· Also. a:.icroer..,it1 ...... lnitati­
of the -lt possible. LeYitati- of th• e1Plt 
eliaiaatea •oth .. terial 1 .. 11 .. d tran~portatioa coats 
f•r th• lost (vast•) -terial. 

la ad•itioa. silicon ribboa suitable for ic•s 
hawe beea 81Pcltaaical11 slt•pl'• usia& hi&h puritJ ttuart• 
but. for space proces•i•1. •ie •rosioa aa• fl'Cll-t 
•ie replac-t -•• hawe result•• ia hipn 
production costs. The process use• alteraariaa 
curreat ... ich ia the coils results ia a ra•io 
fl'IP'IUCACJ force fiel• that forces the 110ll•• .. t•rial 
ioto rect .. &•lar er-• aecti-. 1a•io frettu1PttCJ' 
force fiel• 11ltapiag haa beea larply uasucceHful oa 
earth, llut the aicrosrnitJ' of apace sh-1• facilitate 
its applicatioa. 

1"e aolYaonap of •icrocrPity is tbat surface 
t- ioa bee-• a •-inaat force •• shapia& caa H 
effected over a -ch loapr -•iscus hei&ht, as is 
sh- in fisure 111 bd-. Tbis lllfl&er -i•cus 
hei&l•t allows the .... of -lti.ple coils of a larpr 
cross accti!!!!. fhua _111iaieiai•& rniataace losses. The 
••creased pover dlPnsitJ ia the ribbon for the loapr 
shape• heipt apse• all_. • lletter llalaace to be 
achieYed b•tveca the shapiac force an• heatin• of the 
-ltn silic ... 

the postulated silicon ribbon proce•• vas 
incorpor3te• into the 1psce .. nulacturia1 plaat desian 
H sh- in the fol lowin& fipre IY. O..e ar-ol l'vle 
vas that the plant voul• lie an autoeatetl free flJin1 
spacecraft prcwi•in& &00• operatin1 ecowoaics. The 
production rate vas ba•e• on a 7.6 c• ribltllft vidth and 
• pull rate (190 c.lhr) of that alrea•J' achi.,,ed on 
the sr-• 1111in1 •ch1111ical di.a. 

ln order to •ecer•ine the econoaic feasibility of 
apace allnufacture, cost coapari11ona were .... vith 
earth .. nufacture. PropertJ' i•prcw1PW1C11ts, 
eatrapolate• fr.,. Skylab eaperi8"1t results ware 
poatulat~• for the space-1rovn crystals and evaluated 
in ter• uf int•sratd circuit processinc Ji•I•. Tite 
yield i.,rcwtnll!nta for the tvo principal ~ .. vice 
technolJsies, bipolar and .. cal oai~e •••iconcluctor 
(llUI) aca shown in fipre Y for • O.)t c• • o.31 ce 
baseline lara--•c•l• intear•t•• (LSJJ circuit or 
chip. Tiu• approach u•e• vas to calculate the LSI 
..in .. facturin11 co•t uain1 earth •terial coat yield. 

lnt•snt•ol drcuir ••n 1futurin1 consiata of 
thre• .. ;or steps~ diffusion, a1selllllJ' •n• re1r. 
In diff11•in11 the rransi11ton and interc011n•cli011s 
are fctr•d II· HlectivftlJ i•pl11nrin1 the 1ubatrate 
in • ... 1ri1t•p prncesa. Tha circuira aro probed 
and 11parat•• int~ indiYidual chips. Th• s.ond 
chi,. are thrn •••e..,lrd into park•llf'• and tn• 
fin•l 1tep i1 to tear the •••eabled integrated 
circuit•. 
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n.-c ia at .. a •-11 olccr-•c ia •••...,IJ ••• 
t-t c-t .._ to ~c •-II iapr-t i• fioal test ,, ... _ 
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...,clo,...u ia ti.c •u-,.c• i .. ..str,. lloc US-CJ' 
o! atr-t•r•l r.,.•ir-ts for s,.cc-r•lat .. 
i .. •triH lri to th• •-•lo,_..t of can..Jara ... ite 
fi•r• C011pO•ites. 
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The •nic .... ctor -rkec ia _,.. •• of diacreH 
•CYice• ... IC• •ntl i• curr ... tlJ sroun• SUI 20 illilli­
... i• arovina at an 81111ual rote of 11 per cent. 
linsle cr1aral •ii icon for .... in IC• r .. uir•• 
eacr ... 11 hiP-•uolirJ -rerial in certllF. of purilJ and 
Hructure, Th• .. •sin& eff•ct of dcfecca incr•He• 
with circuit aiae an• i• creareat for lar1111-•cale 
inr•ar•C•tl circuit• (Lil). Thea• Lii• voultl ill• 
1aicailll• candi .. tH for •pace procHHtl ailicon ii Che 
lllJlslll and lhuttle 1cu•ie1 cnul• ill• realiae• in 
•n•lopin1 a •nufacturi111 procH1 in 1pac• vitl• th• 
nPtual olljectiH of in4•trialiain1 1pac.i, 

'!ori.- ia •• ••-ctant cl...,..t - earth """ 
elcment•l c•r•na ia sixth ia the pcriotlic toble vi.th 
an •t-ic vcipt of 12.011 ontl c-•istin& of 
91.9 per ccat c12 aad I.I per ccat of c 13 • 

nae hip atrcnath aad hip ...Sulus cu•- fiillrc• 
•re •illCRtl 7 lo I aicr-• in tliaaet•r •nd c-•i•t of 
• .. 11 crJ•t•llite• of "turboatatic" ar•pltite. one of 
the •llotropic for• of carillon. In a ar•ph ite • inale 
cr1•t•l the cub- •t- •re _an .. pd in hcu1unal 
arra1• • anti •re &tacked - top of each other in a 
replar AIAa •cq1RAce. 

The at.,.. in the larcr or ill•••l plan•• arc held 
topeher illJ YCCJ •tr-& co.alcnt illoa•• aad there are 
vcM v .... , Vaal force• illetvecn the laJCU. Tni• 
.. an• rhat rhe ill .. ic cr1atal uni.rs are hillltlJ 
anioorropic - the in-flane Youna'• lllDtlulua par•llel t• 
rhe A-••i• i• 910 en- •and th11 Youns'• aodulus 
parall11I lo c-11•i• (nor-• to th• baHl ,, .... , i• 
JO Cll c•-2• The •pacina betvecn the la1era i• 
O.JJS •icroa•. the "turbo•:atic" araphite re•..,.lea 
ar•phire •inale crJalal e•cepl Char the la~r pl•nea 
hne no reaular ,.cldn& in ti•• C-ad• attd th• a••raae 
•pecin1 illetvccn the la,cr plane• i• alllout 0.34 -· 

111• t•chni•tMt u••• in olltainin1 hil!h andulua •nd 
hijl:h •trcn&th i• to h8Y• the la1•r plane• of ar•phit• 
allipn parallel to the n,i• of the fiillu. 

'111e illaaic proc••• in .. nuf•cturina araphit• 
filllrca i1 to utilise an orpic ba•• prec11raor virh • 
hip ,.rc•ntap of carillon atP•, anti rhroull• he1u and 
t•Mion dri•• off all Yolat'il• frsccion• to IH•• onlJ 
Ch• csrillon •t-. the thru •Ht popular pr•curaor• 
~r• polJUtJlonitrile (PAii),, •ta,.11 ra1on fibru •nd 
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pitch fik.... All the tln'f't rclll'sers ca• k 
car ... ia_. ta •ariooaa 41earee• vit• •aryir~ •iffic•lty 
a .. pr.,ertin. 

(a) Pelyacrylenitrilc (PAii)~ S.se araphita 
fi•rn arc-• fr-• i-s chai• li-ar pol,-r 
c-istiq af a car•- badl9Gaa vith allacbn 
car ... itrila gr..... The first •t•p i••al••~ i• 
pnl!oocia1t a ara ... ita fi•ra fr- t•i• ,.1,_r ia ta 
cycliaa t•a l illHr str•t•ra iate a '"lM41er'" type 
str.ct••· na cyclitatiea raacti .. is ace-pl isba• 
•1 hol•i•a the prutratcb_. poly•ar ,...r t-si .. 
t~rat•rn of 205-240-.: for .. to 24 ha.rs ia aa 
eai•i•i•a at-phara. · 

After th• c ... letioa of cycliaati .. the rnulti•& 
i•f•i•le ri•rc is h.,.t treate• in aa iaert at-phcre 
to t-.aratores r-11in1t rr- 1.400-1.oooec. The 
fi .. t procnain1t t-,erat•e sipficantly iafhoencrs 
t•e •arH ef 1traphiti&ari .. tlaat is achiaYh a•• the 
rn•ltaat ...-prrtie• ef tllc fi .. re. 

la tM preparati- of laip str-ct• hip .... 1 .. 
fi .. rn. Taray oai•i•n the PAii precur .... lty coatacti•c 
tlaa filtres (fer lns thaa - ~) intermttntly 
at a •IR'faca temperatlll'a raaite of 2G0-400oe. 
lriti .. ,.rnts gr:aat_. to ... ioa Carlti._ ._•cri•e a 
precess fer th.e c .. tin- arapbitiaati .. of teatila 
fi .. re• .. , stretching at a t..,arat-e of ar_.. 
2.200oe. 

The .. ,.1 Aircraft Est•lish-t (IA&). w. haYe 
•e•el.,acl a process fer th .. c-••r•i"" of PAii fi .. res 
iato hip ...Sulos cal'bon fi•rn. Tlais re'luire• an 
initial eai .. tion of PAii rikcs in air at bct-
200-JGOC"C foll-n •1 carb-iuti"" anti lclacn 
araphitiution in .. inert at-phere up to 1.000oe. 

( .. ) sr.-tl" raron precursors: llac uac of 
eel lulose filtrn as precunen for carbun fibrn vas 
an ioportant affaaceoeat for tl11t carbon/graphite fibre 
t•cla-lo~. S..Cla c-rcial fibrn fr- Union Carbi•e 
unoler the uacle .. _ of l'hornel-50 8nd Thornel-7S are 
-•e •Y heat-treatin1t rayea fila-ts in .,. in"rt 
at..,spher• in a •~ries of atcps to t..,eraturea to the 
orllf'r of 2.100-2.llflODC. At chue elevated 
t.,.perature• the Cil311CDt• are sultjccte• to t""'aile 
, ....... arc stretchn or clonpted in order to 
allilt" tlla araphite layer pl.,.•• in a directiota 
P"rallel to the aaia of the fil.-nts. 

It sh-1• be aai• that carltea filtrea •de fr- a 
raJOll precursor are irreplar ia .. ape and the fibre 
• ise •y raap fr- S to 50 oicr- in •ia•ter. 

(c) Pitm rc~cursors; llae -•t carbota fibre 
proces•ing teclanique IMlina uaed ilW'ol•e• th• spi1M1ing 
and ther•I dec..,.aiti .. a of an inter•diate liquid 
pseudocr1nall inc phaac- of a coal r.ar pitch kn- H 
_ .. ,...... The -•ophue strucr.•r• for• in the pitch 
after heating ar. a tll!aperaC:•r• rana• of Ntveen 400 
and sOOoc for up to 40 hours. At this nap the 
pitch is ia the for• of a •i•c- I iquid ... tit• 
carbon .,lecule• are plate-like ia ah•pe. 

Arter th. conHra ion of the pitch to the 
oHopha•• Hate it is •P"n throup a ••II or if ice 
(bushin1t> into a fila..nt form. The •pinning proc••• 
for• fihr•• with a hiah .. are• of aaial orientation. 
Th•H ordered fill>rea 11r• •de infuaible ltJ 
ther.,•etcin1t at a relatively low c:e.,.rature. 

(i) Pro,..,rtiet of carhnn/grap!lit• fill>r•• 

Carhon/p-aphite Cihret offer a colllbination of lav 
wipt, hiah Hrf!ftath, hil!h oodvlua and uiffne .. 
propertiea tuperior to •i•ilsr properciea of 
conventional non-111er11llic an• .. tallic 
aerospace-related fill>roue •teri•I. Further, fnr the 
carli>011/1raf'hit• fibre•. their properti•• Yary with the 
prac11raor Mtari•I •1141 thia point it vall Uluatrated 
in tabla• I an• 2. 

EYH vithin th• specific prf'C10r~ ooterial. t•e 
properties a( tloa fi .. 1 proolooct lara ... ite filtn) 
•ar•e• ...a .._,..... oa t•e precessiag par.-eters aooch 
•• the carboaiaatioa ... araphitia•lioa t.,...rat.rc. 
Ta•le 2 ill .. tratcs this aspect o( craphita fi .. res 
-· fr- •Sa ... asc pitcb. 

As i .. icat-' earlier. the car....,ara ... ite fibres 
verc •-lo.-' for a •ariety •I apace-relate• 
appli.catioas ... ere tM ••perior -Oaeical ... 
atreagt• propPrties •f tlaese fi•re• pl•JC' a •ital 
role in rr-i.ang th• -t ,. .... 'hie -•t aectioa 
'ascribes tbe atrrn11th-relatn pr.,erties •f ~ra ... ite 
fibres •aad oa the prcclll'sor .. terials. 

Table I. c..p.rati•e prop!rlies •f car..._/ 
grapl!1t., r.•res 

(SasrJ on precursor .. terials) 

P111!<11raor _t.,rial 

'--
Pr-rty PAii Pitch 

.. _ 
Tensile stren1ttla 
(101 PSI) 

1'8:-450 2n lU0-40U 

Tensile .... 1 ... 10-SO SS M>-IU 
<1u• rsu 

Short .. .,_ shear 
(loJ PSI) 

S..trcatd 10-4 • 4 
Treated l•-• lO • 

Specific gr•ity 1-1 2 1.1 

Elnnption. 1 1.2-0.6 I -

Fibre •iaorter. • - 7.S 6.S 

Taltlr 2. Prorertie• of gr•pl!ite fibres 
.. de fro. •isop!!ase ritcb 

After After 
carbonia.tiea carbonisation 

<1.soo-1.100oc> u.auoo c> 

1. Spacing of carbGn 
crystallitH J.40 - J.4J A J.)6 - J.lJ A 

2. Density (gr/c.l) 2.1 - 2.Z 2.1 - 2.2 

J. "•nail• ar.nnsth 140-160 k•i 2SO-JSO llti 

4. Yo111tg'• .....,, .. 2S-JS _, n-120 •' 

s. r.lecuical resi•-
ti•itJ IOO-l ,200al06 1so-2ooir10• 

ohrc• ohrc• 

(ii) Strength pr~p!rtie• of c•r .. on/gra!hite fibret 

Carbon/sr•phite fill>ra• •r• the praf•rred .. cerial 
due to their low wijlJtt and hip lllMlulu• ttl'llllJCh 
properties. Their propertia• are •l•o ral•ted to Ch• 
precurtor .. rerial a11d are de•crill>ed •• follows~ 

PAlf•ba•ed &rafn i ta fibrH ~ Tl1e p¥ernin1 factor 
of th• tensile ttrmath ol PM-baHd fibrea in 



- 1 -

r•l•ti .. to h...,,t trP•tment t..,,.r•tlOl'P is that th• 
str.a1th 1r•.,•lly iacr• .. •• to~th•r vilh t-,.r•t..r• 
t• • -··-of l ,2001\:, ar .... •lly •r ............... . 
•t 2,~ at ""ich poiat th• t .. •il• atn•it- is 
•r-• 200 psi. This fic-tt c1 .. arly ia•ic:atH tut 
th• t-sil• str1PDgth does aot ris• parallPl vith th• 
iacreas• ia h...,,t tr_t_t t..,,.r .. tar•. Th• tPnS ile 
sue.1th r•aches a -~•- str-r;th of ..,_t •50 bi 
f- filtrn procesaN •r-• l ,2UU-l ,4UUll\:. lt tlrups 
•ff aipfic: .. tly for fibrPS procesaeol at hip•r beat 
trl!llt-t t_,.ratures. Acc-•in1 t• llalt and 
J .... s .. , the tensile ~rrength of fibres is controlte• 
by th• presence of discr-t n- b•lb vithia aaol -
the sarfac• of the fibres. llaraet ..... llorr pultlishe• 
a •-r1 of strrn1th liaitiag f•ctors for PAll-buetl 
carlt- fibrrs. K:uoy of the iateraal flaws c•n b• 
classifiPd inrn rbree cat,.pri .. s: iaor~aic aad 
orr;-ic iaclusi-s, t .. r;it .. •iaal •oi• ti- to 
tlissolYPd r;u .. s aad irr•r;ular Yoi.ds. O..riar; beat 
treat-.At th"5e def~cta chan~ iato i..,...rr...:tioa8 anti 
caa •• srea in the final protlul.t. Basal plan• flavs 
ar• iapartaat ""c"-P they aff..,ct the teasil• strength 
of PAii-bun car"- fibres. 

Surf•c• fl..- iatrmluc,-,d tlurinr; th• spinnin;t •f 
the pot,...,ric fibre retain their shape .,,,.,. after 
c:_._iutiea. Atcor-tlinr; to T .. ar•y u• Dieff'ftdorf, 
the t"'nsile str..,.gth of gra ... ite fibres is • fuac:ti- • 
of not ealy iatPraal aad surface flaws but also of the 
r...tial an• asiat flavs. All of thesP flavs caa b• 
r.....,.etl b1 careful pl'ocessinr;, resulting in a 
aipific ... t i•rr--t in tit• teDSile 5trength. 

The electrical pro~rtin of FAii-based 
carb-/r;ra ... ite fibres were also stu•ietl and intlicated 
-jar changes in th• electr-ic str11cture of the fibre 
•t the heat-treatDPnt t-perature of l ,1~0~. This 
has .,...,. attributr4 to the release of nitrogen. 
""rcband aacl 7.a1&ch•tla haYe shown that the release of 
nitrogen affects the grajJlbitization procus. 

Pro;wrtirs of pitch has...t and rawon has .. ~ 
fihrr.s; The tensilf' strength or pitch bas ... grajJlbite 
fahres its direcrt,. rrtar .. d to rheir proc,.ssing .. r 
heat-treat11eat t...,perarur... The ulti.ate tensile 
atrenr;th increaaes relati•e to the processinr; 
teaperature, ranginr; fr- an awenltl! of 200 bi for 

Ulti .. te trnaile uui .. H C ... preHiYe 
a irength (ks iJ strength (kai) 

0 0 0 r. 
leinforc.-..ta 0 '° 0 90 

A-graphite fihre 220 7-12 220 40 

irr-araphite fibre 220 6-12 200 JS 

HM-araphite fibre lJO 5-10 lJO ),} 

vttf-1r11phi t• I ibre 200 2-l 97 27 

ArMid 49 220 )-4 4S 15 

s-ahu 260 S-9 100 2) 

loron fihn 2)0 9-ll 400 10 
I 

fi•r•• •eat-tr•at•• at l,Jou0 c to 120 ••i 1 ... 
fikN procHae<I at l,OIJO~. lite ••ti-t• tl!llailf' 
str-ath ••l- of pitch b•ri fi•rn ar• r•lati•elr 
1- -• ll•• pri-rr •-rce of failur• ia •• to 
...-•itr. 

'lhe electrical properties of pitch ....... gra ... ite 
fikes bawe t. ..... •isc.sse• ia Rtail by lkidat -• 
Siapr. ~ •l..,uical resisti•itr of pitch •asri 
gira ... ite fib·:u drops villa - iocr••iag processiag 
t-perature (fr- lU Gba-ca rcocnse• at l ,1UUoc t• 
2 a 10 *- process•• at l,lJCIUOC). As such, tile 
pitch-based Iibrn are •scelleat con•c:tors aad their 
electrical c..._cti•itr is sipaific-tlr t.etter than 
PAll-ltasri fibres. 

10. .. rapn bas.,. fi:.r .. pnssess a hip ..,1tir.,. of 
crystalliaity r-g•ag rr- 2S-SO per c:eat. Doariag 
process inr; th"' struct ... • brealls •- aro ... • lOO"C 
••• a r-ri-tation of the structure occurs ar-.1 
I .~ r.aulting ia ••i• •• to the precursor and 
r_.,.ueatly •-r •...sitr (l.J r;r/calJ. Aa such, 
th• trnsil" ...... ..,.rtiu of r•,....-basri H•res ar• 
..,pea•.at DA •-rral processing para-ters. 

Carb,../graphite fibres ar• •asicall1 str,..a 
fikes; h_.,,.,r their strengtll iacreases al-t •r aa 
•r•r of ..,pitude vben th"'J are used •s fibre 
c-pus\tes. 

Coaposite -trriala offer a co ... ination of 
str,..gth ""' stiffness properties superior to 
aun-ireinfurr.!d fit.res. Cra~1i~• fibre reinforc .. aents 
ar• essr1tially gira ... itic due to the fact that the 
fit.res pri-rilr consist of c•rbon IMich is 
a_r ... ous ••" a lesser .-.. •t of graphite .. ,ich has a 
hesagonal crystalline structure. l'be percentage of 
graphite ia the fibre ............. on the final processi .. g 
temperature and ris,,. vith the iocreaae in the final 
t-perature. 

The fora of gra ... ite fibre pl•rs 3 sipaificant 
effect - the fabricati- of a selected coa,...ite 
structure. The c...,..sit• product tora is detr.r•inn 
t.oth i.,. the atiructural r~oirf'arnts of the end prodoct 
aud the .. nafacturing process. T•ble J provides the 
data - the -ch•ic•l prOJ'f'rties of graphite fibre 

Initial tf'RS ile Ulti .. te tima ile C:O.posit .. 
-t1u1ua <-n strain (%) cl:msity 

0 u 0 0 
(lb/ in)) 0 90 0 90 

II l .S 1.2 o.~-o.9 O.OS6 

:n l.) u.a o.s-u.9 o.u:;1 

27 I.] o .. ~ o.J-o.a U.051 

0 0.9 o.5 0.2-u.1 U.llSI 

l) u.a 1.5 u.2-0.1 o.u~ 

6-1 2.0 ),0 O,l-0,ft 0.072 

)0 ).0 0.7 O.l-0.4 0,075 

• W.T. ,,,.,.,..n and C,C, ICufthler """clt•nical and phyaiul propertiH of edvancecl c-p011itea", r.c....,.it,. 
Kateri11l11 1 Trslinc and llfosil" All'TM-r.TP, Y>l. 54~, p• .. 205, 1974. 



cemfMitn _. nepun it vitla Ar11oai.• i.•. •s• slass 
... ~ .. fi~ ~ites. 'llae t .. le clearly 
i ... icaltH doe -n-all s•perierity ef araphite fi•re 
cemfMites eacept ..... caapare<I vit.ll ..... fike 
c~ites ..bich are •KJ eapetaaiwe. 

(iii) !pplicatia.a ef carlaen/1ra;t.ite fi•re 
c_,..ites 

A WKJ tarp ... •r-• teduael•&Y _. 
i•t.r.ati- .. It• •as• lau ew•bn .. rie& tlae 
... t 2S ,..s fer ••aecn p-aphite ti•re campeaite 
-terials. 'Ibis Ata •ase laas •- esta•lishn 
primrily •y _ .. •.-•ere• •Y t:N us fneral 
a~ies ... aer•pace ceep9tlin. As pan ef the 
~P'•- t• •ewelep c•fi•eace ia graphite 
c_,..itn. i•f--ti- is awail..i.le ia4icatiag 
the llC'earns that bu •eea -• i• this -terial 

-. -

fer a Yariety ef aeres~ce ... i .. •trial applicati••. 

la a ,...itr•- s.-swe• !ty llASA a11: l.ecllllee• 
C:.r .. rati-. a•••~ carllea/araphite fi•re 
cemfMitn techaoloay bas •- •nel•peil foe 
•ertical fiu (ACVF) ••n i• LlOOl tr-.. rt 
aircraft. Tlae eaperieace ef seweral c.-rcial 
aircraft -•f•<.t11rers c-ti•- t• sh- pr-ise 
i• tlae a .. licati• ef the •••en araphite fibre 
c...-ites. Graphite fibre epoay c-.-ites were 
st .. in at Dlhlalas for tlae llASA-La•aley ksearch 
Ceater 11!.ere i• Tlaweel lOO araplaite fibre 
c ..... ites vere ••" ia tlae wertical stabilizer ef 
DC-lD jets. 

Can-/as;aphite c-.-itH laawe also •een •H• 
ia the lesip of the Space Orbiter ... Space Sh•ttle 
_. ia _, iaotevorthJ specrrelate• an .. cri 
c..,...ats ... ich inolwe lite use of car.....,arspbite 
c ..... itn • Heh as a spece stab lot HPfJOl't sptea 
for the sec .. dary airror of a• 1Jptical telescope. 
str11ctaral c...,...eats ia tlae •eaica fer I-ray 
oltser••ti• of &•lactic ... eatra-plactic .I-ray 
eourc ... 

A.IYaacn ca~oa/arapbite fibre caapesites are 
also uan ia the aut-ti•e iadustry. One of the 
-t effectiwe ways of iapr•i•& the aileap per 
plloa perfor•ace of passeapr can is thr°"&I> • 
•rastic rH.ction of the -i&l>t of the car. The 
For• llotor ~•Y is vorkiaa in this area aa• 
-ipt reducti• for heawy tr11eks has also •eea 
reporltft. 

Tlaere are sewrral iacl .. trial ... c.,...rcial 
a,.ticati°"s of carbolllarapbite fibres which hawe 
been ia operation in the i .... trializa• coaatries. 
i11elu4lia1 bicycle fr-•. carlloa fibre raiaforca• 
concrete Cu • buil•iaa .. teri•l>. corresion 
rasi•ta•t wd•u. a .. _.ical pr .. thetic •ewicas. 

...,_.. has updat .. th• role of c:arlloa/srapbite 
fibraa .. a source of haatins in aoia-aecallic: 
tooliaJ. Ailons the tool• cha~ ':-fie .. fr• incearal 
hati111 al-t• an boadina fixt .. ru. tools for 
ther•l forain11 of thar•plastic: lhaeu an4' Cools for 
the curin11 of theraosatti•s .. 1:rix prapras into 
finish .. c:.poneats. 

Canon/as;spbita fibres han f-• asny 
applications in radiolosical '!quipMRt. M•ant•p v" 

t.altea ef tbn,. fl.,ro • tr..spare.acy t• lt-rays Uaerey 
....,in& it pessi.•le t• ... i.ter • pati.eat"• •ital sipaa 
.. ring•- 1-rar oli.ag,.oses. In •-ll•,.r applica11:i.­
car.,oa/1rafbi.t,. lil>us -re ae• t• ... ,. lisJ:.t-..ei.pt 
.,.., lt-ray tra.-s:areat tables for .. ,. •uriaa pati-t 
,.,....;:-ti.oa. 

All these applicatiuoas cl.,arly in4ic~te the 
siptificaace ~! this spac~relat..,. tedutology ia 
ia .. strial 4ewelopaoent. 'this is a ar...,in& in .. stry. 
au a,..rt fr.-... tb~ ••y .... rkets ..t.iclt hawe b .... 
i•eatifi...a tb•r,. are ...ay s .. 11 ~egtait11ts ... ich are 
•ifficalt to l~•te berause awailai.le •ata is both 
liaited aa• restrictn. 

lhe space enwir_.t tl.-n.i,. a wariety of ...&....., characteristics ..i.ich can tK1lJ be satisfi.,. 
•r cer-ics. This assess_,.t c-ceras a a.-er of 
..,. cer-ic -t•rials aail proacts that ha,. llet.a 
...,,elope• .,,,,.r th,. past •11.2rter of a ceatury to f•lfil 
the uaaet n,.,.d of the space emrir......,.t and for its 
••ict- a .. licatidD. At the •- ti-, the spi..-eff of 
these aaterials ... technolosies ar .. ~ 

(a) Technical cer .. ics or line ~~r .. ics; 

le) Industrial sensor .. terials. 

Tber,. are other _.teriaas anti technolngi'""• but 
•- t• the scopP of rhis report the •c~ect•·d 
tech-loaies are coaaidt!retl as .. cure --&1> for 
tra .. fer -• sipific .. t ea-al> for poteatial 
iaoiustrial proarns. 

(a) High-titllq?!!r•ture ceraaics - fine c,.r .. ics 

The applicatioa of h,.at co cer .. ic rav ..aterial• 
is one of the earliest of .. terials techaolosirs. 
jncieat aaa di.sco•eretl that heat .. d vrt clay rout• be 
ao•lded iato a wariety of .a .. pe• before balcia11 or 
firin11. By th,. ti• tl1e ancieat Gre,..s coined the 
ter• "ler-•". aankind had beea shaping aM firiaa 
c- clay. 

The spac .. -•&~ era is ao.1 vsiag this aacieat 
.. terial un•er aopbisticace• naaes for a •ariety 
of ia .. atrial appliratioas. incluclin& aut...,..ile 
ea&iaes. There is little doubt that adwsnced 
caraaics aa.,or structural cer .... ics is a 
sipificanr "••rain& technolo11" vorlclvicle, 
affecting such •i••r•• areas a• avcoaobile 
enaiae•, power ceneratioa, cutting tOC1l•. 
llicroelactrOlliCI ancl ia•ustr ia l aanson. 

In the Unit•• State•. th••• hi&1>-teaperscure 
c:araaic .. rerials sra known as aJ•ance• or ~echnical 
ceraaic1. These hi&l>-tech cersaic•. ~•ferr_. to in 
Japaa as "fine ceraaics". are .... froa eatreael1 
pure. C091fOsition-controllad. ultra-fine particle• 
foraed, sintered and Create• un•er hi&l>ly ronrrollecl 
conditions. Their properties give the cer .. ics 
superior parfor11aRc• characteri1tics. The great 
di•arsity of prac:Cical spplic:ations of these fine 
cara•iu ss id•nCi fied lly the rina Car••ic Office, 
MlTI. Japan. is present•• in figure Vlll. 



F'i;--,ar..-.. Vt! 1.. r:iA:"1Tr::-: t ':·· fiN:L"'~·t··r;:: t..ru 
Arr1.11:A~·:1'\rt.:: .. r-- 1-"L-.. -.. , .. ::: • .::rt·'":: 

!,;cnu• ........ : r·,, ..... C~·-·r:.:.li··:: Pt°'r~,:··· :-Iitt.~.it.r,:....· ~ .. r 
la~-··::~·1L~t-n:\i T1":t·~·· :-~1·l i.n,!:.-ttr; -
~;i'i"f. T·A:s~,. -•~;r1n 

Y.at are these so-called advanced ceraaics, 
high-tech cer"aics or rin. cera•ics and h<"' do tlaey 
differ fr.,. the traditional cera•ics? 

Vnlike the rraditional rera•ic: uteriala vbich 
are ba~ecl pri .. rily on silicates, adYanced cera.ics 
include nitridea, carbides, ozidea, carbonates, etc. 
These a;ateriala poaae•• speci_lizeJ properties 
includin& hi&Jl heat, vear and corrosion reaistance 
••veil as specialized electrical and optical 
properties which allflV these new cer .. ics to prr(or• 
well in a nllllbrr of hi&Jl value-added applications. 
Fi1P1re lX prOV'ide• an ower•i..., of these: .aterials. 
The follovin& are selected high-t .. perature 
•tedala. 

- ' -

lail"": The acron,. "Saileon" was originally 
giv.,."'Tci"'iiW cer-ic c-pound• deri•ed fr.,. silicon 
nitride and oaynitride by ai ... ltaneoua replace.enc of 
silicon and nirro1rn by aluainiu• and oxygen. Si•ilar 
rrpl ace•nta are poH ib le with other arr .. cruree and 
nther Mta ls such H Ii th iua, beryl liu• and 
Maneei.... Sailona are .. c1e of 0;1e, two and three 
diaensional arran,,r..-nt• of (Si,Al), (O,N) and (K,Si) 
(O,N) tetrllheclra in the s,.. vay •• the structural 
eilicate tetrahedron• are in rhe (Si04). Al.,.iniua 
play• a special role because the Al04 tetrahedron 

vi th fi•e neg;ati•e charges is about the •- a ize a• 
Si04 aiul can br replaced in the ring•, chains and 
IMl!Cvurka, prowi.t.-d val~c:y co•prnsarion is -.ie 
ehc:vhrre in tbr structure. Jack reported the firat 
of these n"" -lerial• - '"Sailon", and about the aa• 
ti- Oya-.:1 and l4•inpto and Taup reported siailar 
achieveaents in Japan. 

Sail--type •terials can also be prepared fr.,. 
naturally occurring •inerala. llenae, sintered solids 
with co•positions in the Si311tt-Alz03-AlN 
syatr .. were obtained by hot pressing a •iature of 
naturally occurring silica sand and aluainiua povtter 
in a nitrogen at-phere. Hot preHing .... carried 
out at a presaure of ZUO kg/c•Z aiul teiaperarurea 
rangins fro• l ,flOO to 2 ,ooooC for on.• hour in a 
nitrogrn ataoaphere, 

H~r preasin1, a~ a fabrication procea•, haa found 
increaaefl t1se in the cera•ica proceH ing indU15Uy, 
with p•rticnl•r eapha•i• nn the prr,..rati"'1 of 
•terial• vith i•proved propertiee throu&h 
co•po•ition, •icroetructure and den•ity conrrol. A 
l""'rral dracripti"" of rianges used in hot pre••in1 
fabricarion is included here, bur then ur nn •harp 
distinction• in the pre1aure range• ,..ployed, a• .. y 
be •••n i.1 ubhr ••. 

Table~. Range• in hor puuinf fabricarinn 

PreH ranie and appl &cation Mould .. rer iala Siu I i•ita for fabr icared oaru 

1, 1,000-s,ooo psi Graphite Up to 2 re in dia-ter 
Uniuial 

2, s,000-20,000 p•i Special graphite• 
Unini.al 

). 10,000-so,ooo psi Al21>), SiC lncreaeed len1&he up to 20 inche• 
hoetuic Til2, Zrl7 

4. so ,000-300 ,000 ,. i Kiah ecrengch ar«rl anci I to J inch dia•&•r 
Unlaxill ce .. nted tunl'ten carbide 

s. 300 .000- 7SO .000 DI i c .... nred run1aren carbide 1/4-1/2 inch dia11111ter 
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Ficure IX. Clasaificati ... o( high teth ceraaics by functions• 

Electric (unctions 

ln-lati- -teriab (Al20J 
aeo, 11&0> 

Ferroelectrica -teriala 
haTiOl, SrTiO J) 

Piesoelectric -teriala CnT) 

Snoicoa•ctvr -teriala (BaTiO), 
sic, z..o-aitoJ, v2~ _. 
other tr-itioa •t•l oai•ea) 

loa coa•cting •teriah 
'. ~ -Alto3, Zr02) 

r~;;;;;tl;-r.;;;;;ra;;;-)--l=:Soft ferrite 
Ila etic functions Hard ferrite 

t ieal funct: ion• 

Tr811slucent al-ina 
Translucent -gneai ... , ... llite, 
etc. 

CH sensor (ZnO, Fet<>3, 
SnOz) 

Ruaidity sensor (HgCrz04-Ti<>?) 
r?6;;9U~-Y,iiii'C;tton:11-""--cat:a ly1 t: curier (cordierit:e} 

aanic catalyst 
Electrocle1 (titanate•, sulfides, 
boridea) 

IC cirniit ,....,strat•, paclta~, viriag suhatr11te, reaiator 
• .. •trate, electr ... i.:a intercomaecti ... 5ubatrate 

Cera•ic capacitor 

f'"'""ibrator, oscillator, 

l_~ranschacer, ultraaoaic 
ceaerator. etc. 

r---- llTC thermistor: 

Hiter, etc. 

humidifier, pietoelectric spark 

t-perature seoaor, t-perature 
CG19peasatioa. etc. 

1----rrc ther•istor: heater el-nt, switch, teaperat"Ure 
c-pensat i"", etc. 

CTR thenaiator: heat sensor eleOleftt 

thick fit• ther- infrared sensor 
•i•tor: 

Varistor: 

Sintered c:dS 
-terial 

SiC heater; 

noise eli•inati.,.., surge current 
absorber, lighting arrestor, etc. 

solar cell 

electric furnace heater, ainiature 
heater, etc. 

Solid electrolyte for sodi•• battery 

..._ ___ ZrOz cera•ics: osygf!ll sensor, pH meter 
fuel cdh 

Magnetic recording head, te•perature sensor, etc. 
Ferrite Mgnet, fractional horse .,-er •tors, etc. 

Hip pressure :00<1iua vapour 1-p 
For a lil!ltting tul>e, s .. cial purpoee laap, infrared 
transaiaaioa vinclaw aateriala 

Laser a:ater isl 
Light ae•ry element, video display' storage aystea, light 
aodulation eleaent, light shutter, light valve 

Gas le.Uage alar•, aut-tic Yentilation fan, hydrocarbon, 
fluorocarbon detectors, etc. 
Cooking control element in aicrowave oven, etc. 
Catalyst carrier (or eai1aion co~trol 
&a1:1y• carrier, &eolitea 
Electr011inning al.,.iniua, photocheaical proceaaea, 
chlorine production I Ther .. l functions 

(ZrC>z, TiC>z 1----------------------..... Infrared radiator 
cer .. ic1) 

· Cutting tonla (AJ203, 

Mechanical Wear reai•tant aaterials t
TiC, TiN, others) 

___ f_11_n_c_c_ion_, ___ , (Al 203, ZiOz) 

Heat re•istant aaterial• (SiC, 
Al2<•3, Si3N4, others) 

ECeraaic tnnl, sintered SBN 
Ceraet tool, artificial diaac>nd 
itride tool 

tlcch .. ical teal, cera111ic: liner, bearinas, thread 
picle, preHure •enaora 

Ceraaic engine, turbine blade, heat eachanger•, 
weldin& bura.r nnule, hi&h frequency c:o•union cruc:ible1 

lHoloi;ical L_t--,Al-ina ceu11ic• i111plantuion _::wArtific:i•I tooth root, bon•, 11n.t joint 
._ __ f;.;u;.;n;.;c;.;t;,;i.,on='----"~ Hydroxyapa t He b ioslaH -

Nuclear fuel• (U02, 
OOz•P1102) 

N11cl11ar function• Clarlding 11111terial (C, SiC, B4C) 
Shieldin111111terial (SiC, Alz03, 

C, l4C) 

• Ceorp I. Kenney _et el., "Hip Tech C1raaict in Japan Curr~t and Future Harkett" /1111, Cer Svc, lil l, 62 (S) ~90 Hay 1983 
I -



111 •iev of tt.ir ,.,t-11:ials, tile applirati• of 
a•~ cenmics t• a •ariott7 ef ....,._It• ia 
iacrNSia& a .. iacl,... pa tv .... a- -ai- _. 
cvttiq teola. t• - .. It a f-. Pedoa .. tile -t 
tliffiaalt ••ci- c..,.._t i•&i.-le fer cer-ic 
appl ica1ti- •• t_.iae •la4as i• t- of tll-1 

- ll -

a .. .edutical stress. ,.,.ical •al- of •taile 
specific •tras• f- -n eaaiaaa are ef die woltt ef 
100.000 .. i. an-ia& a safety fact!K ef , .. r .. , ... 
caraaic t_.iac •11.das. tile 4asind specific atr-stll 
.,...,._ JD0,000 ,.i. F ... tlais r-•- ••-. -hriaa. 
t_....leu i• tile fiel4 of si311t, _. SiC .... ..._ 
tliracteol t_.. .. fvrtlacr a.pr-ta ia tlae 
pl'OCas•i"I ... fabricati- ef tlaesa •terials. 
Specificall7, sach treads ...... al•• •eewi coacisel7 
ioleatifia4 "F ltell7. 

Tllaac "i&lo te.pcratare ccr-ic •teriala, !lee•-• 
ef tlocir tlo-1 a114 .. ar..._s properties, .. ..,. f .... 
11ear-t .... appHc:ati- ia ••icalar parts hell aa 
twrllr<••iar rotors, pisr- riap ... pi•t-. 
c7lillllar liacrs _. -n atatiDDUF -s• parts. 
F•rlll-e, 4ae Ito llleir •ar-.... t•a larpalt •iacl• 
•• ef dies• • .,,_.. cera.ica is for •talcv1ttias 
t .. 1. _.._r pans. 

(") llatel'i:al fOI' iategratn optics 

latasra1tetl optic (IO) circaits arc eplicallF 
&•i._.. vaYc •CYices lllat perfo ... a YarictF of 
procassiq f-cri- .. the lipt b- •icll ., 
piole. 'lhe larpSlt ea• •se for IOs ia ia fi•r• optic 
c-icalti- s,.11:.,.. •icll iacl ...... tll •ilit•rF _. 
c_..cial c-icatiOllS. 

10 tlaYices can be ..... ractarad aaia& si•KI• 
cr,.ul ccr-ic -ul'ials such as Jitlti- ai ... ate as 
the •""strata because of its 4esir .. la electro-optical 
properties. Allothtt aacll •terial is plli­
•rs•i4e. These 10 dniccs offer tlaa poltcatial for 
si!P'ifica11t perfol' .. ncc ••• cost-sll9ia& beacfits, ia 
pal'tic11lal' for fibre optic spt.-. 

10 4CYices are fabricated b7 •iffusi·& vaYepitlcs 
or •""•l1'atH •de of .. tc•ials tlaat ••e larp 
electro-optic effects. 'lhc V89epi4as or dtaaacl• 
h•"e hi&loer indices of rcfl'actioo di• die aaderl1i•& 
,,.stratc •tcrial aad allw tll- to contai11 _. 
tr•-it lipt. Due to the lal'p elcctr-ptic 
affect, the iadea of nfraclion of tile 1uba1tl'ate 
-tarial ch-ps as •oltaga i• applietl. 'lhi• chanp 
in tile nfracti•c iade• of the subat•cc alone vith 
tlaa p-tl'F of Che V89apide is ..,at dcteraiaes tile 
functioo of the dCYice. 

Moot optical gla•s a11d higla-tecb ccl'••ic 
Mterialil for uH in in.aerated optics are naluata• 
for their tlesil'llblc chal'actcristic•, lal'&e 
electro-optic effect a11d caoe of fabrication. Tllll 
ch-p in the refractiYe index i11 a particular 
crJIStallo~aphic direction io related to the applied 
atl'es•cs "1 the clcctl'o-optic co-efficicat in that 
direction. The dc•ired Mterial ••Sit haH o hip 
•alue for the electro-optic co-efficient " .... to induce 
a aubotantial effect that i• clooe to "eins equal i11 
Yariou• cr1•t•llo1raphic direction•. 

Other pl'efcl'l'ed .. tcrialo al'• froa the f .. i11 of 
oinale cr1•t•I•, i.e. lithiua niobate and lithium 
tantalate. 

Lithiua niobatc i• Cho preferred .. terial clue to 
the fact that it ha• relatively the ••- •alu•• of "r" 
in tliffer.nt cr11tallocrophic direction• thus •kin& 
it intet1•iti•e co the plane of polarisation of 
incoain& lisht waYe•, and to the ea1e in fabrication. 
Other candidate .. terial• include 1trontiu• boriu• 
niobat~. Lichiua niobata i• a relatiYely -tul'e 
•terial. le i• used in •incl• cr11tal for• and io 
crown fro. Mlt bJ the standard Csocltral•ki •thod, 
llhereby lithiua carbonate, a relati••IJ cheap •terial 
ond 11iobiua pentowide, which i• expcnliYe, are •iud 

_. -ltn i• a crci•le ... a •iasle trptal i.a 
,.un -t fna Re -it- -at. n. fiaal crptal i• 
paerallF tllrft' i_.._ ia •i-ter _. r;.. f-t ia 
leaalll. 'Die crplal i.a aat iat• - •illi.-lre -ftt• 
t• pr.._.. v-..i<les. 'Die --.i<les .re _. •F 
~la ,.icll •e a r- ..acr- i.a •~ter. 
•i.ffer-t lli .... r ... ia-s - rr- ceepln-a t• svitdan _. ....,,at_• • ., ,_. "F na.aa.a tt. llnip •f 
tile 0-l patttt- ... electr-* ceafiprati-. 

(c) l .... trial •- -teri.als 

.. i ..... taat apia-~ff •f •,..-relat.4 
~cMologies are•-- -tttials ... tu .... login 
wicll ce.l• lie cffecti.,.17 vtiliaN. 'Ille s-s 
are -ef•l ia electrical _. ~ical ...,.&,_..l 
... a loa&;1 ••ri•t7 ef - i ..... tries _. teclo-loai.n 
•ffcr lilepe _. pr-iae ef - a,,..eedlea to seMU.. 
'llleae t.cl-* soli• •tate s-.-•• •i-s. 
fike eptic SeM••. r-.t •--• _. -t -·· 

Ylat are tlone i .... trial -•' Si ... lF 
ape8kiaa. • ·-- ia a -u oleYice tloat olHecls 
a.U• -vrn ~taaa. capac:it- a .. 
resist- • -u-a-eratia& effects iate el.octri.cal 
aipals. It is a *"'ice ... idl -- _.. •-tifiea a 
relatiye ... •sel•t• •al- of a .. pical er cll-ical 
..... •• avclo as t..,.er•l•e. press••• ... flw 
rate ... tloc i•t ... ilF •f .... i ........ li&lot or air 
•••• _. c-cru lllaa iato a -efvl si.pal. 

Sol i.4 atatc •-•i•& •..,ices ar• -• fr- a 
•ariat1 of -terials i._l..,ia& aiaclc crptals. 
s-iC011411ct ia& ... pol ,crpta ll i- -ter ia ls. 
Silicoa. tlae lo a ........,r of its scaaiti•c 
characteristic•. is a ••f•l seasi•& .. tcrial. 1loe 
-tcrial ca• w c...._.iae4 vitlo •tiler •tcri.als aacll as 
piesnelectric .. terials, ""iclo .... ., it scasiti•e to 
accclcratioa, -dt•ical •i•ratioa _. •ircct -••• 
of electroaic potcotiala. 

O..c of the i ... rtaal a.,.licati- of ailic .. 
seaaors utili.&ea the aear perfect cllaractuiatica of 
silicoa, i.e. its clasticit7 for seasia& pressure. 
Other applicati- iacl•4c •icr-lcctiroaics ... 
seaai11& tlae .apetic fiel4. Olher siailal' 
-pielo-aeasiti•e .._ices iaclu4c a OIUS -poetic 
field ... sOI' aA4I a cal'l'ier-.a-ia .. peco-.etel'. 

One bal'ricr to fall i ..... atl'ial aat ... ti.oa laas 
be- the lack of iasu ... -tatioa fOI' •• ia cha 
industrial c11Yi1'-t. Space-related tech-loeies 
sol•n the problc• b7 tlaYclopi.11& 11011-i••i•e an• 
11•-instrusiYc ia•tr-11ts. Mother tcr• a•n to 
Mscl'iba these i11str-u i• bJ the C•chai'lua of 
aoo-tlcstructi•• cesciag ol' •DT. For .,.cc 
applicatiOllS a piece of equipaeat is ofcca allDVl!tl co 
ntirc aftr.r a &i•ea n-cr or hours, •ilcs or •i•ilar 
mit of •••me, nca thou&J• the spacecraft or 
e,..,i,....t _, "' in pcrr~ccl1 &ootl ol'4cr. lhi• i• 
done bF •T ill ordf'I' to ri11tl iocipint failun1. I• 
thio conceal a deYice ••• •••eloped u•i111t • ... 11 
JUri- iron s•rnec (7i&) •plier• of abOllt JO 11i1 
dia ... cer loopctl orouncl vich • si111le turn of vil'e. 
The ~_,,ice hec011e• a l'csonant .,,.,...., in 11t1 .,.cillator 
circuit. Thfl fr"'IUf'ftC'1 •nd • .,Htutle of cite 
oacillacor pr09itl•• the infar .. rion relacin& co the 
condition of che l'•sonator llhich i• affected b1 
crac ... • fl-• etc• 

Solid •C•t• i .. 1in1 de•ice• arc u•n in robot 
Hnooro "" robot •i•ioo where infor .. cion i• 
obtained vitllwr diocurbin& the en•ironwnc, SIH!h •• 
in cll ... sad-coupled d_,,icu - cc•. CurrentlJ ccd• an 
of the 1ise ~f p1•C•&e •C••P', haYe low •olra.,. 
requir ..... c1, J""'•r•t• direcc di1iral outpur and 
re1bter pod i .. ps. 

lobocic •--•or• or• al•o u••d in w«IJin& where a 
•jor application i• in •u• crackins ond nlootic Ho• 
weltlina. 



'De 11A9tnt m,.ct ef dae •.-ct nlate<I •-•r 
tedmelao fer a....trial applicati ... .._ ._ ia tlae 
ar• ef -.tical filln •- teclmelao • ..._,.,...t 
ef filke •ic •-era •t•te<I ___. die late 
•-tin. Filln eptic •-• effer a .,.._ ef 
••-taaes - eaistiaa tedlai•- _. i-leole 
se-tric wwrsatility. retati.- ... tloeir •e ia 
cernsi-. lli.p ... 1taae. electrically -a.1 _. etlaer 
stnuiaa -•~ts Adt - arc -••iaa· 

'Ille .tewel.,...t ef -teri.ab. t••daer vitla 
... _. ia tile tecla-lao ef fallri.cati•& parts. vi.ll 
play a by nle i.a •er-pace apt- ef tile liat.re. 
-.as tile -terials llewele,_.u prajecte<I fer tile 
year ZDllO are - c..,..ites _. alleys r- •tswct•al 
--"era; •-.erallep. cerma ... s•-• caepasit•• 
r- pr.,.lsi- apt-. _. c-"-t_._ camp99itn 
(car.._ fi•rn ia a cast.a. -trill) f•r 
llip-t..pomatwe applicati- ill places ..,en 
resis~ ta lleat ... alllati- i• critical. 

la f .... icatiaa part• _. stswct- tile -•• a-I 
is ta • ..,e -ipt. t•er•y iac.rea•i•& f-1 efficieacy 
_. tile •ist.-ce rr .. en .. per .. uar •peat f- f-1. 
u. 1•• liael •c~te<I fer n per ttal ef tlae •irect 
c-t ef aperatill& - airlm.) llllCla prep-es• •a• .._ -* t-• fallricatiq •enaolary str.etara~ parts of 
... __. _,.site -terial•. villa .._tr.tn -ipt 
• ..,u.p ef fr- :n t• JO per ceat. llllCla r-ia• l• lie 
._ ill fiMU.g a•-n -terials tlaat ere r-pcr 
_. <1t doe - ti- c•icr la procn• • n tlaal lite 
-l ef ruricati- ~ H relecft. ll vill al•• •e 
-cnsary to ""•IYe •- st.-.ctaral ~ip c-cpts 
llaat are specifically .atlaptn re eapl•itias tile -jor 
can-cal "-elc-,_.t ia -teri.als scicace~ tloe 
iacrcasiaa ca .... ility to tailer -Eft'ials ia or•r lo 
Hlai""e specific propertin. Oaly ia llais _, will 
die pot-lial veipl a .. c-t •-fits pl'-i• ... by tbc 
._ -terials k fatly ruli&n. 

A .... starr t-•• -tiaa tile -rerials 
r"'!l•ir-ts ,., all tllne pals of tloc Office of 
Scicacc • Tecltaoloo (USA) laas •- -• "" tbc ,.st 
f- ye••· 11aose par• ••c •- aor-tll1 a•-ea 
ia t- ricl .. ; .,..thni&ia& ·- •lerial• ... 
e.ployi•a •- c-podte -rerials ia aer•psce 
suectarea. 

A -j• acv pl'oceas is rhe prcpsrati• of • ..,el 
allor• •1 wllac i• calln rapi•-aoli•ificatiOll 
tedlaolag (IST to -terials •aianra). Tbe keJ is 
eatr-ly faat coolina of the -terial fr- a li1uicl 
•Certin& ;;ll•e to a sola. phaae ltbat is a ,_..,.. De 
rata of cooli•c ca•"• vpvar• •f - ailli .... uees 
per HC .... Tbe proc•S &iYeS a.1-Uai- allOJS loiper 
specific stiffness ... scr ... &tll ... allot• llaae• on 
aluaini- or nickel iapr ..... t..,.rature resistance. 
.,... • .,.,,_, •chinina .... aot affect tN c!nirc• 
properties. ••• aa a rault the •terial• can "• -­
ia:o structural parts lly c-•ti-1 tadlniques. 

leYeral etther • .., or eaer1i•1 concepts in 
processina a•d ••s...,11 arc c0tttri.,uti•a to the 
i•prff-t of •terials. TbeJ incl .. • auperpl••tic 
fot'm•a. •iffuaion "onclina all4 "nee shape" 
fakicatiOll. IR auperplaatic forain1 larp chaeta•• in 
die lhape of a •terial are achined under conditions 
of hilllt C'lapenrure and lov pr•••'"'•· In diffusion 
"°""i•a the paru He joineci ac hip t•per.uure -" 
pr .. aure. Joinina results llecauae acoaa •iffu•• 
acr .. • th• ••Ii• •urfacea ••ins joined; ic ... s not 

-tail t1ae •ltias tlaat c•- ••- ia -l•ias. •• 
-t-alaape f .... iati.- • ...... ~_. •terial is 
f__. i•l• a finUlaeol ... ,. vi~t tile _. far 
f•tlaer -clainiaa- 'Ille tedlai.- is te aapr-• dae 
...,.... ia a cl.-. ce.-..ac er ateel c-rain« ...... 1-- tile .... t. 

'Ille •- ~ite -teriala -iat •f a -tria. 
•icla c- lie eitlaer - -s-ic r•i• er a -t•l. _. 
fikn •t ll ip •tr-at• dult mre _. d•c• ia tile 
-tri.a. .... c eat filon ia sr• .. i.te. IMot fikn 
are aln -• ef cl••• .__. silic- ca,..itle • ....,lar 
<- -caaic fi•re) ... fil-tary -tals. 'Ille -tria 
"91 .. t.M ~ite reptlaer _.au- die -teri.al 
tu "e f.....,. inte Yari- ........ ..._. ef tlae 
-tria it is aln ,..aillle te tail- tile -tcrial ta 
.. tai• ... i.-8 preperties ...0 - atrenct• _. 
•tiff-. c.npa.ite -tcrial• arc str-•r ._ 
•t-1. stiff..- 11a- tit_i _ _. li•tn- tt.an 
al-iai.... la ... iti• tllq effer ... i,._ aeclaanical 
.,..pcrtics. -'" •• rnia~ r• cwr•i- _. tu 
lair.la r...,...at..ire. Fer tlacse rNa ... tllq are 
perticularly effectiYe ia ...,_ .. acr-p11«e 
str•t•res r.,at -t "e ltetla arr-a ... li.t. 

..,.,. r-tlJ ..,,el ..... -terials ar• al..U.i­
all•p ti.at rcsiat laip t81pft'at•c. al ... iai ... all•p 
1- in -...ir1 ... tlaeref-c lov ia weir.lat. i~-­
cer ... ica ... •i•-•treaat• steels. ~·••• • ef 
tit_i _ _. •l-i•i- effcr lov ,._ity _. 
rnisraace ta •ida te.perarurc. aiai•-r .. ,.a,..rs 
are al•• acv; -u r ... -* ef a pol:r-r 
• ...,..trati•& laip ntreacr• _. stiffen• are ... ...,,. 
ia a t-p pol,_r ... eris • 

M in4icati .. uf wloat -tcrials tnla-log baa 
nlraolJ achieYe• in ..,....,inc aer•psce Y•icln c­
"e aecn ia its npplic•ti- tu jer easines. Olrer tlae 
... , JO years doe tlor•t HliYcrc• •1 • "ia jct -aiae 
for rr-port •"" carp aircraft ... iacrnsM al-t 
siaf•l•. •lil it - • .,.._cloes ••.ooo ...... . 
DllTi•& th• s- ..,ri .. t .. c -ipr •f t .. e .... _ ... 
incrc•"'' llJ a factor of _,,. r- ... r•-· 'lloe 
thr•r-t.--ipr rati• of r•c jet easi-. ""'i•a •-cl• ... for rhc ...,., pncrati- of nililnrJ aircraft 
vi II ••""" 10: I ; .,,. t"c year 2GOO i r _, 
a.,..oac1o as~•. 

An eaanplc of wbat Ila llcca ... ., is •ccn in rloc 
blaqs •f jet !tw.,ion. 'lloey were o..cc -• •f 
wrowpt 11•ckrl. llov an-n nctal allora slaapr.• "' 
casrin& arc· '•""'""•· llore..,•r. thcJ caa lie •4c wirh 
c..,lca int••• 1 passaies tloat pr..,iff cool ins •1 air. 
t"crcltJ cat( "'I tlae acrYic• life of lite Illa•. Tbc 
ke1 co this .tc.,a••-t is "iaYn-t castina"• A 
••• parter• of th• c..,.....t is coat•• vith a ccr ... ic 
alarr1. ""ich is th .. •rin. .,....r hur tile .... in 
.. are• out. l•aYiaa a cera.ic nol• for the part, wloicla 
is th•••• •1 pouria1 nolrca -t•I in&O the ... ell. 

A .. jor receat clCYelo,...t is •irecrional 
aoli•afication •uri•a tllc i,..eac ... c-caati•& proc•••· 
In this proc•r• a teapcrature aradicnr aad a 
contr•ll•• rate of coolina ciYe the lllalle c•lut111ar 
cr1stal arain• alipted al•a its •jor asis. 
Directional aoli•ificatiOll 1ielcla •jor pins i11 lllade 
life. inan .. ch •• failur• usuallJ starts at traaa•erae 
1raia lloun4srics (perpeadicular to r.lae asis of dte 
"lade) and direcrioaallJ soli•ifi .. cryatala .. •ot 
hn• aucl1 •-••r iea. 

Another inpr.w ... nt has tak .. place in Ill.._ 
cHt inp, ""ich protect Che aitruclU1"• fr- oaidac '°"• 
corrosioa and •ulptarlon froa th• J•t IHI. Th• •ev 
coati•aa consist of chroaiua. al111tiniu• .... JlCriu• 
allo,e• with iron, coltalt or nickel. Th•J off•r 
procectiM ar t-peraturea as hip H 2 0 IOOo P. 
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Vitt. dlese ~-t• _.. amil ... -• 
affectiaa etller •,ect• ef aircraft ~l•i-. a 
tn-ical ,...,.1.i- a,.r:e. t ... F c-iata ef JI per 
ceat aidel • ZI per ceat •t-1. ZZ per ceat tit•i­
... l.'J per ceat ••-i•i-. al-a vitll -n -t• 
ef c..,..itn. al>alt _. c-..ica. 1'lle ..,.._t• 
c- .. ~le<I t• -ti-.•• tllat loy t•e ~r ZOOD 
a tnical pr9t0tbi- apt- will loe liltely t• -taia 
.... t n per ~t eada •f c.,....ite•. steel. aidtel 

.... ··--·-· n per ~t tit_i_. 2 per c-t er•er• all•p (al-aaioles 0 --iaa tit-i--al-ia&-
w aidtet-1-a.i- ef a a,ecific ~iti-) _. 
l per ceat cer-ica. 

mar- ia -a -· daaa ,r.,.1.i- vill .. 
-*"re r•da tbe aer-,.ce .-•• a,ecifie4 loy tlae 
Office ef Scie.ce 6 Tedleeleg. F,..daer ••~n ia 
n .. -. - •teriala ... ia pr9CU•ia& eaisti•a ... 
are cracial. 1'lle •- paerati- •f ·-•-ic aircraft 
vi.II meri a•-n aateriala f• ... da tJae aidr- _. 
die •ai- if tliq are t• acliiewe tile olesi.rd Jewel 
ef hel efficieaq ......... -teriala will•- t• loe 
-'a atr....-. stiffer ... lidtter tloaa tile - tliey 
replace. 1'lle -terials vi.ll alsa '"- t• effer 
caasi<ler•IF i.,....,.. resist- t• fraclan·. 
~i-_.loi.&lat~atar.. 

&1-U.i-. •t-1 _. tit_i_ vill pr•a!tly 
c-ti- t• loe the pri.aci,.t •teriala ia •-•-ic 
airfr-. All tlaesl! •terials. "-er. vill la.- ta 
loe i .... -... Al-iai.m allep vitli nll•cd atreeatll 
•• st•ili.ty at llidt 1:..,...at,..e •• - tile loeri•-· 
Vwlt is loe31t ._. ta ..,.._ dae •ility ef al-iai­
all.,a te resist carc .. i- a .. frmctare. 

n. af tlle allap ef -j• iarerest is 
al-i•i--litll&-. Its iapc-e<I prepertia are••• 
• its •- .._ity. Otlier al-iai- allep (sucli as 
al-iai--ir..--l~zircaai .. ) faacti- .,.11 
_.,. at lii&la t_,.n-atwe r.o loe ce.,er <ti"e vitlt 
tit•i- •P to 6000 F. 
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Fllbore steel all•p viii loe _,,. taler•t ta 
stress ... MR•&• vitloa.t ~isiaa etreaat• ar 
e .. e ef falori.cati-. lletal--tria ,._,..itn alao 
•- pr•ise. A •lerial c-isti•& ef fikea 
........ i•. a•y. al-iai- ca• acloi..- larite loftefits 
ia dae ._ip ef aircraft loeca•• af its •-r -ipt. i.mpr_,.. atr-stll _. &rNtl!r rniataace t• •ida 
t_,eratar.. Soda u.peaitea ... likely t• pt wtter 
vitb i91fC'--ts ia tbe ••lity ef tile r- -tuial• 
-• ia dae -factwiq pr911:eaa. T ... y'• lit•i­
allaya ••-Uy h-e to be f .. ricatri al laida 
t-...rat,..... Ftttare allap viii loe vectt•te at r­
t,.....rattore loera .... •f iapc--t• ia •icr•trurt•ral 
ce:a,esiti-. 'lloat vill re<looce tile c-t a( ulti•& 
.. .. t. fr- lb-. 

.. Oltloer ....,eto,...t tloat is llawia1 a -jar ef[ect 
- aircraft W.i.p is tile rapi•ly ar-i•s .....,,. .. af 
,.rt• -•a( araa:ai.c-.atria ,..,..ilea, s.dl as 
1ra ... i.te filor ............ ia - epaay -lria. S-
40 per ceat ef tile parts af tlie •••-ic aircraft ef 
tlle a-.1.iate l•tare •y loe •* •f aOlda •••cri 
c..,..ite -lerials. A •- tr-• is t-r• 
tiler-plastic c-.-i.tn':. fik•s ............. ia a 
plastic tloat c- N ........... -neat.le loy bat a .. 
tlial loe~ atr-s _. t-&la after c-liaa. 'The 
c..,..ites -rlt -11 ia c ..... ea•i- ... al hi ... 
t_,,.ralare. 'lllep alsa resist ._I'! ia -fact ... e 
a .. ia aKYice ... are si-..ler ta repair t•• ot•er 
campaailes. 

Tlae ai.• of all this -rlt is to ll .. e a rPpl•-t 
far tile prcs-t larse •••-ic aircraft, ••ch as tloe 
lowiag 141. ~y tile year 21100. I ........ the project has 
tile far_ I - Tr-c-r.ary s.lta-ic Tr-port. 
Taki.as iata acc-t tile r1tee•t ••• pcos,..cti.•e 
,.,... __ ts ia -lerial• ... pcoceasi•& tech•i•-•• 
- can fora.e !:hat tile •- subsoaic craft vill 
acloieve vei&for. rKacli- of •- 40 per ceat. lea•i•& 
to sipific-t pi .. ia f-l efficieac;r. S.- of dae 
veipt r..._ct; .. vill rnalt beca .. e aa aircraft 
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•aipn te t8ke hll ••-tap ef tlae imprtofttl 
~,erll:in ef a•..ce<I •teriala c- •e s-ller tll.­
t .... 7•s airpl-es. ia w•ch parts _. ef s.da 
.. terials eft .. ..s-el7 • ... tibate for parts -- of 
loBYier •terial. 

Saviac r-1 vill k evu _.e U..-t-t ia fvtce 
s•per-ic aircraft. A ,_.. ef f-l •-" ia sllch a 
craft loas tvice the ,.,..u ef a ..-• s-4 ia a 
s-s-ic -e. lla•l' ether u.,.r-u viii a.-e to ~e 
... to aeet tile Office of Scieace ~ Tedlaoleu .-1 
f- _,.r-ic waicl .. s. 'lloey -tail .... aacts i• 
aer ... :r-ics -a iwe,.lai-. all of ... ida vill <ie,n• 
.. i..,r..a<i .. terials. 

'llae r~•ir...ats ia aero<l,...ics arise .. ial7 
fr- tile fact tll'lt t~rat.res - the sur fa~ of a11 
aircraft fl7ias at llach l.S ().~ ti.es t~e •pee• of 
•-"> ca11 reach 1.000° F. n.e air ialets. tile 
.. tlet aa&&les ef the -&iaes _. tile Iseli•& -4 
traili•& rises of tlae viap vi?l •• cdtical areas. 
..., _ _. -tal allop -4 a•aaceol c...-ites viii .., 
aee<ie4 ta cope vitla sadt teeperatares. 1........,. -•t 
of tile primer7 stir.ct..-. at tlae airfr- vill •• .. tie 
of •-'" .. terials i• oroler ta achiewe aeetl teooperabare 
resista11n. lil,ltt -i"9t aa4 a hil,lt ratio ef arnacth 
re oleasit7. A s....,icla Slr•t•re _.istins ef l­
tlaia .. iu of tit_i _ _. a laene7ceal. tit_i_ filler 
is a likel7 caaoli4ate. 

Ia ~rffpulsiea the aev sapers .. ic aircraft viii 
!left rMacti.Olls in the veipt of the eosi11n a,.. 
iapc-ts i• their perfor-e. the c-prnsors 
aa4 c.,.uaters of tile -aiaes vill b-e tor- at 
lliper teaperaturn th- is - tlle case. The7 vi 11 
therefore call for such •terials as refractor7 
aetals. iater11Ptallic c,..pou111is (tit .. i--aluai11iaa 
alld aickel-al,.i11i- a-& th-) a,.. structu.-al 
cer .. ics (silic011 car•i.a.. silicon •itricle .,4 
carloo:.-carlt011 ~posites). 

The tr-•a~pheric airpla11e viii r"'luire 
further 1..-tua a ... aacn ia the tiedtr..1lo1ties of 
pr..,..lsi011 0 aero4J'll•ics, a•i-ics (electrnaic C'1ntrol 
systna) •• loa&-life •terials f~ •oth Jo.,.. and 
hip-t...,.rature applicati-s. Propuhi.,. tedtnoloo 
is the •issest challen.,., foll....ed closel7 •1 
-teriah tech-too for ltotb the pr..,..1si011 •plea 
_. the airfr-. 

\ , 
~D--...QV .. 

ADYAMID MATUIAIA •IA ........... , ................ ,...- ...... _,, 
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Ia all likelib .... tbe craft will i•corporate a ... 1 
propulsi- apt-; r-jeu fuc fliabt ia doe 
•-,a.ere ... scr-jeta fer •pa- fl iabt. A r .. jet 
··-s -7 villa tbe i.e-7 air caapress« ,._....,. i• a 
t•rltojet; at ••per-i.c apeetls tlae air -terias tbe 
-aiae caapressn itself •1 r-ia& U.to a •arrier. 
lloe CGeOpcnsM air i.s tlaen•poo ai-4 vitll a 
lapr-ar .... ml fer ~-ti-. A •er-jet hlle -· 
c- fr- -.-rs-ic cemlt•i- r--jet) -k• moda the 
s- va7 ••t "r• .,.,..r..... n.e i..,..roaett is sterM 
ia tile craft as .. eslr ... 17 col• li••i•. lit• li••i• 
la.,..r..,. cools tlle -&iae. 111 ti.,. precess. it is 
va.-ae4 -·lo loec- a&•• •iclo serwe• as the 
fvel. llaterials of iaterest are tbe aidtel- ... 
c•alt-t.ue• all•p. s•it•l7 c-rn. that resist higla 
t...,.rat•res ..... coate4 refracto.-y allop of ai•i­
aa4 -lylo .... _. 

'llae airfr- of the hJ'PCrs .. ic tr-at_s,..eric 
craft viii hawe to ff •• of atrOll&. li&ht. 
heat-resistaat -terials. A pr .. pect- •r- •P •1 
ai.:bar• •· Ba4coclt of er- Aircraft SptellS. lac •• 
ea•isa-. f-•l•ae -·of loeat-resiata•r -lal 
allop9 vinp ..,. fi- -• ef a cas-•e..-carlt­
ceapasite; eaciae ialets, 411ets .... ••&les •tie of 
cer-ic-..tris napositn; l_.ia& par -• of 
-tal-aatria c..,...sites; interaal parts -* of 
os-a-ic-..uis c..,....ites .... fittU.cs •tie of 
titani-. 

nae aates-ials technolo~ for the ais-fra.e ••il4s 
on the applicati- of a • .-. • .- of aatedals concepts 
that h-e alrea47 •ee11 put into pr-actice in the apace 
shuttle. For eaaaple. tla• nev aerospace craft vill 
hne lo vitbatan• hill• eater-I leaperatures. 
Calculati-s hPe •eea -• of tile r...,.rature at 
wado- places - the -ter surface """ the pl•e is 
i• sustaiaecl Ui&ht al a s ...... of llach I a ... a 
altit•tle of 11.ooJ feet. 'llw7 r-ce h- l ,•uu··~-
al ... & the tnp of the f•elaae t~ l,260° al the 11ose. 

noe space shuttle'• solution to s illi lar 
c.,...ili-•• csr•no-car•Oll c-posite Mlerial• for the 
aose amt leadinrt-d1te structar". can •e applied to 
the transat-phCl'ic craft. Such • •tn ial c-i•ts 
of a l .. inal~ Hr11ct11rP _ ... nf laJl'!rll of 
Jraphite-li•re cloth vi.th a ca.-bon .. crix or •incler 
•"" a silicon cerbitle coati•&· The fi•res prwide 
hi&h •trenath and •tabilitr at hi&h , .. ,..r•t•ores; the 
•i11cler prwides the saae qualities plus risiclit7 and 
lov porositJ, M the coatinc pr,..ides res1stance to 
oxidation. M a r"11lt the .. trri•l ia rf'lo•able 
because it is not _..lated and c-tinue• to •e 
effecti•• in successiwe flipts. (Ensinrers often 
refer to the •ter i•l •• acc. for reusallole 
cari.o.-car•an.) In aol4ition the lesdins-••ae 
structures of a transat-ploeric cnft will pr• .. 11 
neecl an active cooling •1stea. It would consi1t of 
pipes circulatin& a liquid-.et•l coolant. 

noe outside shell of the vehicle vill pr•at.ly be 
a three-part •truct1Re. Froa the exterior invarcl the 
coaponenu vill be a layer of a heat-resistant -till 
allny, a la1er of in1ulatin1 11aterial and a atr ... a •ut 
lipt l•1er ude of an orpnic-c011posite uterial. 

Another i•portant C011ponent of the structure vii I 
be cr101t11nic tank•&•~ •n insulated •tnr•!P' •J•t•• to 
Mintain the liquid·h1Jro;en fud at s lov 
te•P"rature. On« c1n cnviaion a tank con1i1tina of a 
...,tal...,.trix cOleposite and • aurroundina l•r•r of 
insulstinn c•.S. of a foa• ••t•rial that i• virluallJ 
i•p•itr•iona to the tre111 f•r nf he•t. 

llp11cl'!CUft in the put have incorpnrAt.,.d 1uch 
1tructurel .. cerial1 •• aluainiU11, 1tainl••• 1tl'!el, 
tiranin•, ••II"""'"•• berrl iua and l11var (an 
irnn-nic:kel allctJ nctt«d for low thHMI eirpAn11ion). 
Tod•J the tend•ncr i• tov1rd incorporatin& aaterial• 
that Jield atil I b11ttar ..-rforMnce becau111 th•r an 
hiah in atiffna11, lov in .... and 1tablo in 
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•i-i•. lllPhll--tria nmpesitn •e -t•le fer 
tlleee pnapHtiff. ....... c:-. ara ... ite-.•-•·i- ... 
gra ... ite--pffi- ... _ tlae sr•teat pra.iae_. 

Fer tile pnajectn a,.ce atati- tile .. ti-1 
br-tica a .. Space M.iaiatrati• lau prepead t ... t 
tlae i ... •ite<l _..lea lie -- •f al-iai- Qae I'-- ia tlaat c ..... ite •teriala C- &iwe erf &••H 
tllat maipt lie teaic. "---· al-iai- effera _.e 
pretecti- api .. t ra•i•ti•. Fer •tiler parts ef tlae 
a,.ce atati•. a.da .. larae •- ... tr.an. 
nmpuite •teriala are lil<elJ' t• •e i~l lleca•e e( 
tlaeir atif& .... 1- ~itF a .. raist- t• 
ea.-i•. (Eacerptn _. repriatn villa peniiHi•. 
CepJript (c) HH. Scieatific ._ricaa. lac. All 
ript• reserwri. Article wittea .,. 
llKris A. Srei .. ers) 

••••• 
S.rcess i• space 

o..r tlae pat IS J'HT• er ••• aeweral tlaees-• 
c..,..ite ,.rt• lane •- lhlCCltHftollJ' asd -
a,.cecraft. 1'I« •i• reas• f• -t ef tlae earl,. 
applicati- vu -idtt r~cti-. .., • "-er. tlae 
treatl t-ra laida-perf- c-icati­
satellites ...S precisiea apace acieace i .. tr.meats ia 
ch•&i•& the tech-1011 of apacecraft •teriala ia 
geaeral. As a resolt n.pMitea •e - tlae la•i•& 
c ... i .. tes aot jost for ..,,ia& veipt ••t ai .. for 
iacreasi11& apt ... ' per for.ace. "lheir laip apecifir. 
streaittlas a ... stiffness"• toptlaer vitla their 1-
ateffici-t• o: ther-1 ea .... i- ... e tlaem •el"J' 
attractiwe for hip-preciai- apace atr.ctorn. 

Until receatlJ'. the 4esip lifeti• of -t 
a,.cecraft vas a •re fiwe to sewea par•. •• -terial 
ch•&es i• the space e...,ir-t hne -t •.­
c-siHrd wery iaportaat. 'tlae curreat trea•. 
h.....,,cr. is towards lifetiaes of 10 to IS years • .,. 
olti .. tcly this is likelJ' to •ec.- 20 to ZS years. 
'lhe 1-g-ter11 dunbilitJ' of c_,...ita i• tlae space 
e""ir-t is therefore ar-ias -ch iaterest. 

The basis of desip i1t -t c-posite apacecraft 
strocturn ia stiffness. The cari.- fibres ••n are 
hip ...tulus or ultra-hip -.1u1 .. type•• tohereaa 
those ••ed i1t aircraft are hip ..tut .. or hip 
streaath fibres. Ultra-hip -.lulua filtrea are aa 
order of -pitucle -re espenaiwe th• aircraft 
fibres. &wen so, the hip laUltch c~•t• of aatellirea 
-k• each kilosr- of _ .. sawed vell -rth tile eatra 
coat. 

'Jhe increasing UH Of C:-poait .. ift l'Cce11t Jean 
has been nrongly i1tC1ueac:ed lty the continuing 
•nelopiMnt or hip and ultra-hilllt molllulUll fibres. 
'11teae hne re•ulted in lighter aad aore di•naionally 
stable •truc:tures. 

Oii~ of the proltle .. •r1a1n1 fr,.. these ultra-hip 
llOdulus carbon fibres, however, c:onc:er ... te•ting of 
•- •terial ap«c:i-•. They •r• aore brittle th•n 
•ircraft c:•rb1tn fibre c: .. po•it•• and for 1pec:e u•e 
teats 1teed to be c:arrie• out ac c:ryosenic: 
r"•perat.,r••• vhic:h euc:erbate• the proltlni. Te1u 
therefore h•n to be lllHlified to reduce cl,. 
diffic:olli•• ari1i1t1 frcim this. 

C•rbon fibre c:a.poaicea are aore brittle ell4 aore 
••riable in their properti•• than so.. c:onwe1ttional 
.. teriala and both th• ltritclen••• and the Yariability 
incr•••• •• the aodulu• inc:r•••••· Whe1t dealin& vith 
ultra•high .odul1111 fibre•, therefore, eatra care i• 
needed vhen interpretin& .. terial• t••t• re1ulta. 

,.., u1era of 1dv•nced c:oapoeit•• 1e .. to h••• the 
kno.tl•dJ• to c:•rrJ out 1uc:h an•lyae• •nd not •II of 
che .. chod• •••• •re appropriate for th,•• .. terial•. 
HoveYer, •uit•bl• technique• are •••ilable. A 
c1111prehene ive •uh• of eoftvare hH be"' dneloped at 

llne-i Space s,.n- fer tile •tatiatiul a-lpi• ef 
tnt .. t• _. tllia Hr-i.,.. t1eais-n.-.1e .. ta ,.._ 
ten .. ta •inctly ... ••ickly. ~ fer.I -tpia 
c•rie• -t - tile rea•lts ef - e•t-iff .. teriale 
teat presr- "• rn•lltn ia deais-•11_.le 
prepertiea .. ich ... iper• c:aa .. _ sr•t _,....._ 
ia. 

Care •ee<I• te •e talt- ....... ipi•& jei•t• fer 
_,. cempesite atnactllff. It is .. rtic•larl:r •iffic.lt 
to .,...e efticieat st•~~t•ral c....-cti.a te .,_.,c~ 
.-els. llaia ia -t a .,-•1- .. ida ia pecoliar to 
UllpNitea ••t is a f.ac:i- ef tlut _. •f .,-1 
~tnoc:ti-. lllttal i•ert• are ~ ia ~ite 
a....,icla ,..el• ••t leawe _.. to •e •nird fr- •ot1a 
tlae -• •d reli•ilitJ' peiata •f wi-. Otlaer 
opti-. •.da as-•*" allert c:ar._ li•re/efOllJ' 
i•erts f• ••ltia& dorenp tlae .-el•. •e awail•le 
lt•t •~-re •eweao,...t, •re atrai.tfon.r• edp 
atlaO-.ta ca• H -• ltJ' c"-fer ias tile la-J'COall 
ewe _. r.aias t1ae .-el• _, t• ••li• "4ps. 11ae 
edae• are atiffeae<l •y eatra pliea ef c:..,..ite a .. a 
ayatactic f ... cere. 

...... jeiats al•• prneat pr•l-• •• at 1-t 
i• part t• ltM lack of reli•le ..._ip .. ta_. 
liaitN •oip t-1•. 5-lo .. ta ia .. hli ... le. 
"-r. ,,.. die reli•ilitJ' ablti.stics fer ~•ite 
joi•~• are tlae •~ as fer c...,.site .. teriala. It is 
a .. tter of carryia& -t s•ffici-t rests _. die 
-Hary aaalpn. Attac:lamata te lidtl_i.,.t 
stnoc:tans are •ifficult to .-e vi.tllant re .. cia& 
structoral effic:ellCJ. Care ia therefere r .. •irri ia 
pr .... c:ias desip• re ai1tiaize this I••· 

Fatipe i• •ot a pr••- vith siaale-oae 
spacecraft ht the ... ip of re--•1• spacecraft vill 
laawe to tue it iato acc:-t. Cari.- fi•re c:oapoailes 
are less ... c•pti•le to fatipoe thaa c°""eatioaal 
... teri•l•, ••t the ~oeaCiOft of fatipae •till has lo •e 
c ... i4ered. fortuaatelJ' • ewidenc:e .. uata that 
c..,.aite fatisve perCor .. ac:e is liaked ~o static 
strn,th. •o for those vith u _..erstaadias of Pia 
area of c:-po•itea tech-lo&J the r&•l- •h-lti be 
•_..,at re•c:ri. 

Car._ fibre/epoay has the capacitF for laigb•r 
"-"apins than al ... i11iua a11.,.. at leaat i1t principle. 
bot c:roa•-plyin& reduces its effectiw .. eaa ia this 
respect. lf this property could •e used effec:tiwely 
it -ld lead to higher .. .,in& in structures for-4 
rr- c:-posit• •teriala. lh• ...... hi&•• of sue: .. 
atruc:torea vould include sr•ater protec:tioa for 
·~itiwe electronic:• dewic:ea ••ch as point cOl\tac:t 
diotlea. 

C-positl'• can also t.n• an ... t•p• ower othf'r 
.. terials in the theraal •••ign of •pacerraft. Cl••• 
fibre/cposy haa • lov ther•l cltAductiwity alMI can •e 
uan for iaaulation. CaBon fibre/•poaJ Oft the ether 
hand, haa a hiper ther•I c:Oftduc:tiYity alMI c:1111 l>e 
S10re efCec:tiYe as a ra4iator. Car•on/c:arbe1t (c:arbOlt 
fibres in a carbon Ntris> caft be ••ed lllher• ewen 
hisJler ther .. 1 c:on...,c:tiwity is r.,.uired. lhi• 
Nterial hovewer i• ••pen1iwe a1td difficult co 
aanufac:ture. Th• proccH i• qoit• protr•cted .... 
c-ponetiu thf'refore h..,• Ions lead ti••· 

th• •SC c:-lJ UH.I resin •tricH ift lh•H 
•teriall are the epoaiea and the t-peracure• Choe 
can vith1tand are liaited. The perfor .. nc:e of epoaiea 
at elevated ce.,.rat•r•• is deter•ined •1 their 
c:h-iatry and c:urin& •chcdule. 1h•Y are liait•d co 
o.,.ratift& conditions b•lov their sl••• tr11t1•iti1tA 
c .. perature (T•>· floi•ture in th• •tl90Sphere viii be 
ab1orbed bJ' epo•y resin• aftd thi• ha• Pe effect of 
reduc:in& the initial Ts. 

lut the priNry concern for ap<1c:ecraft i• hov tha: 
•t•rial viii re•po1td in Che oniq..- oper•tina 
environ .. nc of 1pac:e. Yac:111111 can r••ult in nut1aa1in& 
of .. cerial• and chi• ia parcicularly 10 vith 
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,..,:y.Kic •teriala. O.ta ... ia& ia a pr•l- lloeca•e 
it clla l_. te £M -taa~ti- •f aeuitiwe 
i-t..-u aa -n aa alteriaa tile prepertiea e( tile 
-terial. 

k wery l- t_,a ... t•ea. HJ 90 lt 0 raiu 
atiff- ... •- mere •rittle. Altlll-p tlllia ia ••t 
•i•ific•t ia terma ef -ran •cm.-ical prepertin 
tlllere are mcr•cepic effecta. 'lller-l CJCli•& 1 .... 
t• aicsecrad:i•c ••a ceaaet1-t ~cti- i• -tri.a 
.._, .. ~ preperties. Craclt .... itin after a ciwea 
..... r ef CJClea YarJ nr.- -terials ... Ris is 
attri .. ~ t• .affer-t ceeffici-ta ef ra.-l 
ea,_.i _ _. atiffana ef fikea _.-trices .... ina 
ia t11r11 ceatrel tile iaterul atres• atates ef tile 
-teriala. T._ile _. fle:imral stiffa- are -t 
aipific-tlJ affectn •1 aicrecr"c'll.s aa dtese 
pr9pel'tiea an .._iaatu •1 tile fikes. -t tile -uix. 

W-rtera e.,..•re t• r .. iati- c• lea• te 
i....-ptll 04liati- ._e lnels tllat esCftOi tlllc ._.&e 
dareslle1' fer -1 pel,_ra. PnperlJ llR&r ... ti- •l 
tlleref•e lie eapectH ••i•& die serwict life of 
aa,esites. la -tria ._iuta (tr•-•H) t- ile 
prepertin. •iffernces ll..,. .,_ f_.a ~!*ii~ 
irr .. iatn _. .. .-irra•ia~ -teriala *-iac llaat 
space n•iati- vill olep-aH -t pel,.u •trices • 
.. .aati- ic•ce' •ecr ... ti- ef tile -tria al•• 
aHecta tile titer.I ea,...i• preputies ef daese 
.. terials _. re6aces die &l•~a traasiti .. teaperat•e. 

F• l•a-tera •e pel,.u •tria caapnit" aiaJ 
-u llawe t• "e c-tn 1:e pr.etect tlae resia fr­
•ltra-wielet llecraolati .. _. at-ic ••11ea er .. i- ia 
l- eartll erltil. a .. fr- 1- eaerg electr ...... 
pret- •en-ti- ...... uti ... rJ onil. 
Eqieriaeatal coatiap are carr-tlJ "ei•& •neloi-' 
s..cll aa tH •a..- a,..ha• of •tala _. •tal 
oaiMa. _. vrappias vitb •tal foila. 1111 .. e •J 
protect tile .. tr ia. 

,. i...-t•t spacecraft appl icatioa for cnr 
(carltoa fi.,re reiaforcH plaatics) is ia tbe 
c-trtoeti .. ef ut-. Tile aore pi• tbat ia 
requir .. at a 1iYea freq..,.CJ tl:.e larpr u a11t.,...a 
aeeola to M. It also aee .. to •e •i-i-111 at•le. 

Tile electrical properti .. of CFIP lane lteea 
,..., .. tiptn "•t -•t of tbe k-lrip pi•n bu !ten 
i• relati .. to aircraft structarea aa• appliea to 
•irect er 1- frequ-.ac1 c•rr•CS. Little i• k- of 
pr•pertiea ia the cisa"ert& r•p, eapeciellJ .. ..,. 
JO Gii&. 

Tile reflection of electr-petic radiatioa ltJ 
the s•rface of a Cftp aareana •icla doea DOt hSYe a 
coHucti,,. coatitac vill take place at llle li•ns 
closest co tile surface. 1he reflectiYe properties of 
such - ant- Hpend oa •ether l:Ae filtrn are 
unidirectioaal or ...., .. , aN if vOYen, on the for• of 
the vea••· 1he orieatatioa of the fi•ru affects the 
polarisati• of reflect•• eipels .... lllie 11ee•s to •• 
coasidered •urine dai.,.. 

1hne polariution effects •J not Ille of SllJ 
1reat i•portence for CC11811111ticaci ... anre1111ae, •ut for 
aac.....ae ia instr..a11ta 1uch aa radi ... cera, 
polari&etion is Yer1 i•porte11t a•• HJ prcll>l.­
arisi111 fr .. fibre orientaCiOft "°uld effect thea. 
Thi• can Ille 1nerc ... •r Mtellisins the ectiH •urfece 
of the ant-. 

It ha• to It• illlll'•e in ailld that carllloa f iltre 
c .. poaite1, ec l•a•t in their present for•, can 
prOYiH onlJ li•it•• eleccrical lhieldina. Aleo Ch•J 
cannot prOYi .. an adeq .. te electrical ltond pach. If a 
c .. poeite •Ceriel vith .. ch lll•tter electr ... ptecic 
shieldin& i• fllfluirn, car•on/carlton or a .. cal •crili 
c .. poeire ll'OUld hn• to lite Din. 

11. ia possi"I• l• i_,....,~ the electrical 
properties •f can- fiwn, •1 iatercalati.-. 'Ibis 
ia clai ... t• i.crraae the electrical c .. 41.ctiwitJ •f 
ultra-loi&k -4ul .. fikn. fw e...,.la, •1 - -.a..- e( 
-pit..., vilb little er .. .-~ti- ia mec1a-ical 
·properties. All tlllese fHt•es are complicate•"' tile 
au.I (er jeiar.s. 

Jeiata can •~ • pr.itl .. fr .. tile electrical pei.at 
ef wi- ia t ... t car•- fikes .... ida ar., tla..-elYes 
elec:tci~allr c ...... ctiYe. are c ... raiaeol in aa 
i-ular.i•tt -tri.a. The •iel•i•& preperties of a CFllP 
str.ct•re al•• •epeaol oa tbe ~try •f the jei•t. 
I.be si&e ef th• gaps _. tile fr""laeac:J ef the iaci...._: 
r .. iati-. Joints c- ""' •esipH t• "e -re 
cea4olctiwe -• lPS• pr-• to ra•iati- le•aR• "-t tbe 
~ice is a4'1ir.i ... l c-.licati-. (S..rce: Adwance' 
c..r-itora Encineed111, llarclll 1911) 

J. 

S,.ce: 

• • • • • 

llUD IALS rlGCZSS IK I.II SP&Qt 

lltesi-inp •f a • .., c ... pnHne iaolustrr '1 Patr~ck llal>arle 

Space pr_i..,a a -••- s.,t ef c-•iti-• •icb 
are oliffic•lt te rec ... tit.te .. Ea.-th - I.lie altseace 
ef c .. Yecti .. curreata or YPrationa. a sterile 
•-ir-t, aa al-t perfect ••~ ... "' ca...-ae 
YHJ 1- 1raYit7. these c .... iti-• are YHJ 
ao .. r.ase- for •terials processing ... pcciall7 the 
pr ... ctioa of •llra pure c.-ptala, tbe ae,.rati .. o( 
•ultst-ces .... tile i.-paisatioa of c..,.-... 

Altb-p tbe i""'• er usiuit ne.ar veiptlessness to 
c_...ct Hperi-u ,.. -terida vaa theupt of loa1 
•eo, aost of the preject• aov uaHr va1 ar• erill ia 
tile '#KJ earl1 eta&e•. 'lllle -t ao .... ce• is aa 
eaperi-t ia electr..,..or•sis (a tech•i•ue for 
••perati•1 ~r111aic s ... staacea in an electric fiel4 for 
tH pr.-cti- of -•iciaee) .,.r(ftrll'e• - "•rd the 
Space Sb•trle. This project. ""ich vas srartH i• 
1977. is loei.111 cooulucte• ltJ llcDonell DDual .. ia 
c-juncti- vith Joh .. _ a .. Johna ... •otla US fir•. 

Phar•cevtical•. 11 .. a pr ... cta alMI 
•-i-coaolucten are the are .. ia ..e.ich "'S •ight •• 
tlae -•t pr .. i•i•I· The -•t optieistic forecasts are 
for a aarket of seYeral •illion dollars ia the 1990•. 
llowew .. r. ao far, onlJ -• space pr....,.ct 111 .. beea 
-rkete4 - ti•J latea spheres -(actureol oa "ehalf 
of tbe Unitri Stues liati .. al lureau of Stan<larols. 

llov profitable space pr...,cr.i- viii lte •• ,... .. 
on the nloe adffol •ich •ipt llte contriltuted •1 space 
techaolou. the c .. parati•• perforuuce of epace alld 
larth techniques ...., the cost of laU11cbin1. 

further rnea.-ch i• 11eceuar1 in chi• u•c•rtain 
•rea. Ccweraente are incre .. inc their a .... o lhMlsata 
••t are altOYe all cryin1 to eti ... late priwate 1ector 
initi•ti•es. ln the lllited State•, Joint !nde..,or 
Aare,,....ta (~) and TechnolellJ !xch ... I" Aitr•.,....t• 
haYe !teen dneloped to encouras• pr....,ction in a 1pace 
rw¥ironw.11c. C:O.paniH •isnina the •ar-nu .re 
then entitle• to cut•rate• for lhuttle fli-"r• aa• uae 
of •ASA'• eaperti••· They keep the i11doetriel 
propertJ right• concer11in1 the ••t• and reeulte, 
prOYided that the Aaency ia 1i•en ace••• to th... The 
J!Aa 1iana• so far include the aare,,....u on 
electropltoresi• (vich McDollell Doual••>, on oraanic 
cr1stal• (vith JM) and on aalliu• ar•enide cr1•t•I• 
(vi.ch MicroarHilJ •e•eerch A1eoci1t••>. llASA ha• 
aleo ••tended the ranaa of it• asreeaent• ltJ 
concludina a JltA vitb f1irchild Jnduuri .. for ti•• 
dCYelo,..nc of the L&AS!CIAFT, a retri••able 
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-•ti-ini- platf-. 'the AaeM:J' is ll:lao offtti•a a 
c-iater aHYitt ~or 580 kr. ,_ .. (er.,.• -ia"t) for 
l~•t •-ll-acale eaper'-ta. 

I• Eoorope. acti .. i• CHtre4 - •-•lopi•1t tloe 
e<a•i,....t rett•ired for eaperU..tal acti•ities ia 
s,.ce. n. Fe.feral h,..lic of c.~,. loas lo•ilt tloe 
fr--flJ'i•a SPAS platfora vhiclo -• its firat fli&fat 
- die ... title ia 191). ESA startri space 
aicroerawitJ' experi-ettts - tloe first SPACELilS 
•issi-. It is at f':"HHt fiaaaciac tloe ,.ll'Welo,....t 
of a EUaEC& platfora. FiaallJ' • It"• .Jape-•• pr--sr­
fM" die - of aicrograwiltJ' ..... :• .. terial ice at tloe 
...t of tloe .. ecaR vhla eaper-.ta ia orloit. 
(Earractn fr.a nae CJ&CD Clltserwer .... 114, .._,. l91S) 

••••• 
la search of the perfect cr..-stal 

"-facr.-iae k• space ia - e&peaaiwe 
pr.,.,.iti-. ~ca .. ictate tlaat tlae pr..,,..cta vitla 
tile laipnt wal- per -it -•- are t""' lltest 
ca ... i,..tes for apace processi•lt• Electr .. ic .. tori.ala 
fit tlais retair-t aicely .... the -i'I•• ab•taces 
ialaer-t ia the orlltital eawir-t _,. .... --~ 
•••- t• tla·, ._ract-ri crptals t• ..... the eff-t 
feasilale, pemaps .,..,. aeceasarJ' i• tlae ~titi•e 
electr .. i.: c_,..._ta laasiaess. Several .. reriala 
1a .. e latta i._tifiri as &oocl prospects for future 
proer-es, ...,. tbe raus iaclu<le 4etector -teriah 
as -u aa t1a .. e suited to c-puter chips. 

ElectcGRic .. t.-rials ace likelJ' to hawe the ... 11: 
striall!t"t p1ocessi•1t r""tuire.eats of •DJ' of the 
c-'i•te .. terials •- llteiaa c-i.: >!l'ed for space 
-••facuriag operati-s. AD eatr-1,. cl ea•. 1-
erawity e.,,ir-t is a -r. for &oool pro<lucti­
J'iel.,. of .. islocatioa-fr.- aeai-iaaulatina cr,.stala of 
~,._...-has plli .. arsnin .o4 i_..iu• 
....... i ... 

Stellar oerortunities for CaAs 

CaAa is a veil-kn...,. •iah-efficiency ~hip 
.. terial vith mny potential applicalioaa in 
electronics .:an4 el•ctro-optics. The 4ifficultJ' in 
pro4ucin1t accepta~le crptal• at reasonable J'iel•s 
also is veil koOUft. Prof. RarrJ' C.tos al K.t.T. has 
~ewelo,.... •• ele~tra.pitaaial crya~al er-er ia • 
co-operati•e effort vith KicrocrawitJ' lle•earch 
Associates lnc., Coral Calltles, Florida, that cou14 set 
the arap for • iaprow-t in CaAa yielu fr- the 
leas thM 17 ,.r cent sntt oa Earth to 97 per cent in 
apace. The ".1.T. l•orotory hH ar- crystals 2 to 
4 - thick, 1/2 in. (IJ -> 4i-ter, vith zero 
dislocatioa• oncl carrier aobilities of 7,000 to 
1,000 wolt-aeconds - aesr the theoretical li•it of 
l,SOO •olt-aecon4s. 

&lectroepitaay is M.l.T.'s patented proceu - it 
in•ol•e• pa1sina an electric current throu&h • 
solution to encourage the •isration of ato• to the 
crJ•tal arovth interface. Th• prnce•• is I••• tlller&J 
inteaaiwe than other c- Mthods llacau.e tbe 
solution t .. pl'roture rc~uir .. is llelov the Mlting 
point of the crystal. A 1uitollle Curnace 4eaisn is 
un4er .... elopaant for a 1ni11S or 1huttle fli&l•t• that 
vi 11 toke the proar- fr• prctof of co11cept Lhrou&)t 
proof run• of full-•c•l• productioa hardware. Dulin& 
thi• •cries, tho researcher• viii look at other lll-V 
.. rerial• inclu4in1 indi.,. pho•phido an4 o•en 110re 
c•plra cryetal• itwol•in& throe or f~ur c•pon•nt 
eflllpounda. C:O..Orc:ial quantities of oloctroe•pitoaial 
CM9 itself .. , lie on the Mrk•" llJ 1990 •• a rHult 
of thi• proar-. 

Ccftoro> Electric recently c•plotod • etudy for 
•ASA that a••e•• .. tho auto.ation tachnolo1y rwquir .. 

for lt\IO f•lhore Splitt Staci .. -••facttoriae 
facilities; a f:aAa olectroepitaaial wafer factor,.. 
aa# a facililtJ for fabricali•a•icroelectr .. ic YLSI 
doips. Li•n topth .. r, thet.e lt\IO factwiea coal• 
t .. o r- plli- oraeai<le ia oae .,.,. •• aerwe •P 
r•<IJ'-to-<lice aicroproceaaora .. wafers at tloe otlaer. 

Althouda a c..,.lete aaal,sia of cost effectiwesa 
- .. t part of thia •ta<IF. researcher• a.a. •Hot 
•• D.&. IEll&atlo of CE feel that •• i111te1rate<I factor1 
ca,.le of ,....._cina up to 10,0llO l-ia. wafers pee 
J'O•r litJ tloe J'O•r 2QUO is feasilole, ai•n c..tia...a 
pl'•aresa - r ..... tica l.,.lt -·•• al lov laraelJ' 
a•tGa ..... operari .. of the facilitJ'. 

Free fall; 5rawity io a aev l,!i•• 

«:oawecti .. cure-ts ace tloe lltigest 4r....,ack ia 
Earl ........... crptal 1r-iag operati..... Of the t­
forcea that •riwe _,,ectioa, lt-ra•CJ is the-• 
eliai11ate• ia zero erawit,.. S.rface teasi- •ri•ea 
forceo badt as 11or....-i coa•ecti-) r-i•. ••t to 
•- eatnt these c- lite llaraessn lo_., ..,_itiea 
•waJ' fr .. llle •••elopi•a crptal. 

Tile .. jor, el,.ctronicallJ siaaificaat er-th 
Rfecta f-• in crJ'•tah are arovth ....... arovth 
a"Cltor ll-4aries, iac1 .. i .. • a ... 4islocali-. Tlae 
origia of tlaese ftfectr. ca• lae attrilaute4 largelJ' to 
the iaflueatt of 1trawity. C:rawity acts .. 11:..,.rature 
gra4ieat reaiODS ia a selecti•e .... er, .... iag 
•isruptiwe .... transfers ._rine crystal erovlh 
innit•le. CID Earth, tllat is. 

la fr--fall coa•itiona, io Earrh orlltit, object• 
appareatly eaperience zero arawity. 'Ille absence of 
arawitati..al effects is an illusiOP, hovewer, since• 
a,.cecrafl io orloil is IM'l -t of reach of the Earth'• 
infl-ce at all. Accor4ias to Earth-"-• 
•isionarie• llevt- ... Kepler, olojects in .tiUereat 
orbits r.-.uire •iffernl welocilies to atlaio fr.­
fall. Si•=• a .,.cecrafl is oot just a poiot &n space 
lltut a J-4iaensional structure, ito fraae is ... llJ 
tviatetl llty "tiul" forces fr• Earth tlaat pull oa tbe 
ovtvar4 edae .,... push apiaat the closest. These 
accelerations are fell by olltjects within tbe 
structuce, as ~11. To cars• llteine carrie4 (or • 
process bei111 conoluctri) at any location other than 
the spacecraft'• centre of .... , ti4al acceleratioas 
look eaactly li~e 1trawity; •icruara•ity. perhaps. lout 
the source of conwectiwe perturlltatioas in crystal 
arovth just the aaae. 

llloYeaent• of th~ er.., vithia the ~pacecraft ••• 
pulses fr.,. the attitutlo control thruster• looth ••• 
accelerations to th~ proc•••in& cnwiron .. nt. A quiet 
•icro1trnitJ lnel of 0.00001 a vH ••pectn for the 
cr,.atal 1trovine eaperiaents on 5pacelall J flown in 
191S. The crystal apparatu. vas carefullJ in•talled 
near the centre of ..... Tho shuttle vaa place4 in • 
aravity-sradieot orientation that .... use of the 
orbital fore•• to lock the attitucle of the craft 
relati•e to the Earth in a ...,ner aiailar to the vay 
th• tloon is constrained to always point the ••• face 
toward us. TI1ru1v:r firins• were reduced by tl1i• 
stroteay, llut actual ... a1urCIM!nts of the aicroaravity 
••perionced by the proc••••• con4uctod on this fli&ht 
inclirated • le•el 1111> l i1111a h isher • 0 .oo l '' titan that 
hope4 for. This i• aoae in4ication of the difficulty 
in satisfying the 4esiro eapres•..S by one .. teriala 
scientist for on enwiron.ent one nillion ti111e• •uietor. 

Prncusin1 without vall! 

&liaination of conta•inating influence• is very 
difficult to 4o on Earth. 'nte procosaina container 
al1>t10 can lie the eourco of •any prllblne. In 
•icroeloctronic•, where •ianificant electrical off•ct• 
can be pro4ucod by tha addition of dopant• in tho 
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aU.tesl •-titin, - -•"like to••••• to 
i•-• tN .-•i•ilitJ' of trace -terials c-trihtd •ir tlae ceetaiaer. la space. - c•• • tlaat •J' •-•••& 
die ce-taiaer -t of tlae proceH -tiret,.. la place 
of c-fiaia& valls, - c- rfttraia tlae -u:- of tlae 
s•l•ti-• .,. a~ltical 1..,itati-. a g:eatle •1111etic 
fiel•. or, as ia tlae case of float aoec processioa., •J' 
a •licate aarface t-i- c-ctioe to a supportin& 
r .. of tlae •- -terial. A boeua of c-tainerless 
precessia1 is tlae eliai-ti- of pllpical eUecu oe 
tlae sr-U.a. crptal ca•-' .,. c-tact vitla tlae valh 
of tM daalllter. 

11ae laigh-,aole ••cuua of apace is oee of the 
iatri111Ji•& •""antages to or•ital procesai•&• 
llaiotaiaia1 • clean, eatr.-lJ' low-pressure 
eo•ir-t is both eapensi•e ••• oecessary to -:i.ro 
electroeic -terials fawicati-. Ole proposal, put 
fonrar• •J' ...... t J. •-of ti.. llanhall Space 
n ipt Center• -111 tH·.? a -1ecular •.- epitaaJ' 
{ltaE) <lnice -tsi• of the spacecraft -tirel7. 
Protecteol fr- 1-rloit •t-ic OXJ'Pft •J' its positi­
•elaiaol the -•iter•s valte •iet•. the -fer proceuio1 
a,,.ratas c- ~ ••out its -rk -•r ... e4111i•alnt 
prn••re of 10-14 torr. 'Ibis eaceeu P!'&etical 
Earth ••- t:hsliJer liaitati- of 10-ll to 
10-12 torr. !n ... iti ... , 011t in the open there are 
- daalllter -11• to cOlltribate caataaiaaats, anol the 
'",_pin& s,.n'" of such an arr•v-t is infinite -
-leculea released fr- the operatiaa c•tiaue -ia1 
ript - -t of the aeip•-·:boool. 

Ka-n's -t•oors c•.acept for •-icaoductor 
fal>ricati .. .., .. aakes use of the scouria& effect 
at-ic oayg- and -filtered solar eaergJ' ha•• on 
•protected surfaces. 11ae shield is cleaned llefort'! 
procnsia1 be1ia1 l>J' turning it ar ..... to face the 
••ital oaygea flux ..... bllke in the •-· 

Speci31 •terials neeoled 

Space processin1 is a 1olutioe to the proltle• 
enco-tered in 1rovin1 aufficieatlJ' lsrae crystals of 
tlae '"ideal'" Ia focal pl•e -teriala ~ B&CclT• and 
triglJ'Cine sulfate. 

lecause the sol•ent Hlution in H&CdTe crystal 
grovin1 is ..... dense than the bulk aelt, 
deasity-dri•n CGn"ectioe interferes vith atabl .. 
grovth and a flaved crystal results. The opposite 
density prolol- occurs vith PbSnTe, another iaportant 
• .,.iconductor, hut the effect ia the sa..,; perfect 
crystal• of sufficient 1ice for the intended 
application• are iapoHible to 1row on Earth. 

ConYecti•e flow• are • !"'oltlea vi~h triglycine 
sulfate (TCS), al•o. TCS i1 •aluable aa an infrared 
detector b;acause it can tbeoreticallJ attain hip 
sensiti•itJ' without the extrellfl coolin1 required bJ 
other hi1h-perforunce •teria11. TGS is one of the 
fev electronic aateriala lleina Jrown in •pace in 
-••rate t•perature solutions << 100°c). The llulk 
of orllital cr1stal research is concentrated on .,,It 
1rovth or •apour 1rowth proceHes. 

Another detector .. terial of hiah intere•t is 
N1t:z. A spaca-1rovn perfect llgl:z cry•tal could 
aer•e •• a hi&flly sensitive X-raJ and sa ... radistion 
senior thst doea not require die cryopnic operatin1 
teaperature• needed by other co•par8ble detector•. 
!f&l:z has a hill' density and i1 cxtr..,,lJ veak at it• 
cr1stal JrOWth te•perature. Crnity de forution of 
its la1ered •tructure i1 inevitable durin1 &arth-l>•sed 
proces1in1. &G6G ia curr911tly studying the 
characteri•tic• of a substantial cr1stal of the 
aaterial forud llJ' the vapour 1rowth Mthod aboard 
lpacehb 3. 

Vapour ar-th. 'llhile arpar .. tlJ' s...-~ss(•l in tlae 
E\O.C eaperi-t. ol@ts -t perfora vell - Eartla ...... 
askeol to pr ... ce crptals -large ••-da for electr .. ic 
applicati ... s. A hot polycrptalline .011rce proori•e• 
the ••pou!' pr.,.stJl'e n.....,.. as the cold s...S proori•• a 
,..cleatin1t surface for c ... densati.... GrPity pln7• 
bpoc vith the process .,. •isrupti•1t tr•srort 
•ch-i•-· E•- the heat of s .... li•lion releasH as 
•apour ..,posirioe occurs at th• crptal surface aHs 
to the c:-cti•e -elstr- vithin the cha ... er - vith 
•--iror• growing conoliti ... s alva,.. the result. 11ae 
•a pour gr-th st•Jies c ... olucted in space, h-er • 
hpe the 1-lf'•t historJ' of success of an7 
cr7atallizatien approach use• in aicrogravit7. 

Altb011p tin• vorking ...ater ia b u•ed • CeSe aod 
CeTe, are D'llt valu..Ole seaicanactc>rs th-el•es, 
their behaviou.- during a lanrr-in1 vapour gr-th 
progr- (a series of ll eaperiaents) bas tot• us a 
&reat •o!!al .. out vhat to expect ia space preducti ... 
operations. llesearcher• D.V. Toel, &.S. Rolaes. and 
R.J. Villl'Rberg of Boein1 Aerospace Co. aa• 
B. Viedaeier of leesselaer PolJ'technic latttitute hPe 
r...:entlJ' reported on vhat they hne learne' abOllt 
ch-ical an• phpical •apour tr-sport in space as a 
rnullt of Skylab, Apollo-SoJ'11&, and shuttle flipu of 
their apparatu•. The finolinp centre ar-.1 the 
follovia1 key poiht•~ 

Vapour transport crystal g.--th in space has 
d.-strated iaproHd ch.,.ical ancl .. •pical 
aicrnh-a.eneity in the rroduct coapared to 
Earth-based process iag. 

I 
'l'lipt 

...ylab) 
~CVT) 

SkJlab 4 
(CY?) 

~llo-
SoJu• 
(CVT) 

sn-1 
(rlf) 

Cheaical and pllysical •apour tr-port 
apace ftipt history 

Transport 
llaterial •pat Results 

Ce Te eei,. l•proved crystal 
-rphology 

CeSe Cel4 Hip.er ..... 
CeSe Cel4 transport th•n 

predicted 

Ge Te Cel4 l•proved crystal 
-rphololJ 

CeSe Cel4 Riper •H 

CeSe Cel4 transport r•tea 
th11n predicted 
(different 
teaperatures, 
preHurea) 

Gd CeCl4 • AK laproved cr7U•l 

•.i··~~,) .. ,.~:~-· ~ .. 0 .... 
-rphology 

Cel4 Higher _ .. 

Gt-Seo.99 transport rat•• 
Teo .01 C.:14 than predicted 

c;.,s. Xe Tranaport rates 
agree vith 
diffusion 

CeSe Xe l.arpst crystal 
IOU X lar1er than 
on lartl!. 
t.ar1est crystal 
vithout direct 
vsll contact 

r.ourte•r, loe1n1 Aerospace Co. 
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Sol•ti- sr-tla TCS. LAL/Alalta- Mii 
Proteia er-ti.. Fei&""lsoa/Stanford 
Orc-ic c..-Ctocs. Heeger/UCSa 
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Properties of Si. Uar.ty/•IS 
Oxide skio for-ti-. Yerhoewea/ 
I-a State 

•ASA oruce of Sf!Ce Seance - AEl!!lacataoos . . . 
ftacrograYaty Science ancl Ap£l1cat1oos Pa•. 

The crystals foraed in space can lte -ch larger 
tla8R th•e olttai,....le .. Earth usiag this process. 

The eaperi.eot oa shuttle flipt STS-7 prO¥ided 
dr-tic pr-f of the i•prOYed si&e of space-gr_.. 
cr:rsula. The lar~est •apour process gu_i_ 
sr.leoicfe crystal ol>tained oo Earth -asures l -2. 
wile tha' er- aboard STS-7 vu 10 X 4 -· 

Applicatior. of the knowledge obtained in vell­
co-ordinated pr~cr..,.s such as this ooe is certain to 
.-. th~ transition fr- scientific -.lel •t•rials oo 
... 11 •eh1cles to c...ercially •aluable products in 
larae apace station factories a s.ooth and 
nolutionary one. When the space station arri•es, the 
electronic .. terisl• c011111U11ity is certain to lte ready 
and waiting. (Source~ Ad•anced 
Materi•l• • Pror.essrs, April 1916) 

••••• 
Unlocking nat11re's •talhrcical secrets 

Research Mtallurcins througjlout the vorld are 
excited, and rightly so. Process inc •tala and alloys 
in near-sero ar••ity viii 1reatly increase our 
understanding of phy1ical .. tallur&J principle• - old 
theories will br. verified or refuted and new ones 
dew•loped. Thi• resurch will •st c ... tainly provide 
the bu i• for succeHful dnelo,..nt of sophisticated 
nev alloy• and for opti•ising properties of 
lonc·••tlbli•hed vorkhorse alloys. 

Row do s .. 11 allny sdditions affect a .. tal'• 
ttructure and properties? What ar• the li•it• of 
undercoetlins M«tal• and alloys? Mov ... lf'avity-driven 
con•eccion current• affect secrecation and dendritic 

I 

&!"~It! Tian• are j..st •- ef tlae ••sti­
ac:i-tiau arr. a•i•c -• ... pi•& t• -r tla~gla 
e ... r '-t• io llicroe'.., ity, ltetlt - Eartla _. ia i­
-"i ta l .,.c:e. 

Duriag all•J aeti•ificati ... i•t•r..,..ritic 
•ic:resesrepti .. ca•es ._itf •Hf..-e.ces lfft-­
-tr..... li••i• a .. ltwllt li.••i•. Abe. •-v ites 
k•;A _, -• are carri..i t• ortaer locati- dlle t• 
.... itJ .liffer-ces a .. c:-ectiwe n-. 'lltese 
pcoc .. ses cr .. te •icro- _. .. crosegrcpti .. vitlt 
c .. comitaat pr ... rty wariati-. ~lliac •-•ritic 
gr..,tla, ... •etenmioiog t~e role ef cr..,it,-.lriwea 
,.._, auda U CO.:ftCti .. -· se•i-tati-. 
•riog aoli•ific:.uioa are •- .. jur altjecti•cs of 
eaperi ... ls io re.iuc..i sraYity. 

A sU.,.le ....,1 • .lewelo ... l>y Dr .... _._ (OIU). 
... cria.es _, ••- features of .ll!l'lolritic cr-tla i• a 
l>iaarJ alley .elt. ~& its capal>ilities ar• tile 
pre•icti .. of ltetlt tlae tr-iti- fr- a •ea•ritic to 
planar (n• •~r•R11li.,.) interface••• thr. •liaiaati .. 
ef -tectic c.mpoaitioo (r•prest!Otiog sewere 
•eKW"epti.-> at ... n aa• lar• er-tit rates. 

Stu•i•s of c:asti•& seli•ificati .. io 1- ~raYity. 
vlaere inh...o~nc:itic:s •re •liainate<I. are eapect .. to 
leatl re i•prOYri proc:rss c-tretls for applic:ati .. -
Earth. Se•c:ral proposed slaatth~ l!aperiaenu viii 
•i-latc the -cros•srepti .. that oc:curs i• large 
inpts - Earth. lo oriaiaal cr-·d-lluc:tl 
eaperi-ots, ..i .... 1, e-le.i, •-II Plt-S.. iogots u• 
-re snere sr~epti- th- -••i•e iotlustrial 
ingots. .....,al of coOYecti•e disruptioa at 1-
&raYity will •erify the 1ra•ity iaflueoce theory. 

Dirccti.,.al solidification uses a unidirecti .. al 
tbcr-1 cra•ieat and controlled growth rate to pro..,ce 
castins- vith hiply dircctiooal properties, a ... can 
produce aatural c-positea as veil. Kic:rost1ruct11ral 
features are depenckont oo growth rate; hi&hf!r sr-th 
rates yield finer structure but require •ery hip 
ther-1 cradients. Also, C-Yection in ll1e .elt 
cau•es •- •icroaeitr•ption. fticroaravity prOYides 
the advantaitea of reduced -It c-ection, ""ich io 
t11rn, lovers th• total heat transfr.r, and al lovs the 
U9e of •ery thin, lov-heat sink -o1lds. Under these 
conditions. c-plicated sh~:-:.• like turbine ltl.:adet caa 
lte .. ited and directionally solidified using only a 
thin oaidc 1kin to ..aiotain the •hape • 

A shun le eaper &.mt based on theta 
c-sideration• viii prcwide data on the fe•sihility of 
producing turbine engine blades in space and can h•lp 
i•prove production techniques on Earth. PeYeloped lly 
tlAll lleue Technolo&ie, Federal Republic .>f Cer11Sny an• 
lletherland'• Delft ~i•enity of Technolo11, the 
eaperU..nt consisted of directionally casting a si•ple 
~ray cast iron in a JS-~• thick cf!ra•ic .. in. 
Direct i .. al solidi ficstion of the 0.3 in. (I -> 
dia111Cter by S .s in. ( V•O -> 10111 sMple p1oduced a 
fibre structure in a superslloy .. tria. 

Coin& in the ri1ht dirc~ti.on 

There is hi&h incere•r in lov-1rs•ity, 
directionally aligned aa.,.ctic c .. posite• ba•ed on 
rHulU of e11pcriMnts tponsored by Cr-n Corp. 
Finer, .. re re&ulsr •icrostructure• in 
•n"°'nesrbist111tb•ltis1111tlt (tin-Ii/Ii) c-po• it'• are 
oitt~ined under •icrosravity than virh idftltical 
processin~ nn r.arth. The liner pattarn of allt1111ed 
rods in the cniaposit• •• • result of conwection 
da•pin" yiel.i. very hiah •cnetic coerd•ity. 
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Micro/macrosqrrg•lion in la'Jc inllustrilll ingots is rcsponsibk for nonuniform pro,.rfin ~ lsisla scrap. wh_icla 
kful lo lsiglau costs. In llai! micrognavily ,;rpnimmt. NASA uRC scimlisls lao,_ to wrif y tlw anflwncr of gr•t>•ly­
driwra con~clion on ~n srirqlllion by simulating wry slo'UI coolini of inJustrilal ingols in Snlllll. llO-g 1"1-Sn 
sampks. 

Where we stand on solidification 
/undame11tals 
PIMaommDD 
of 
inluat 

Maaoscaile 
Maiaosegrtp• 

lion 
Po~ fonnation 
Built undeKooJ­

ing 
ColwnnM­

equiaxcd 
transilion 

Microsu~ 
Microscgrega· 

tion 
Controlled 

undercooling 

Curreal 
level of 
Wlflirr· 

st.andinc 

Fair/well 
P"°r 

Some 

Well 

Very well 

Some 

A9 • follow-up ro the•• esperi.ent•. rhere i• 
additional intere•t in producin1 •a .. riu.-cobelt 
(!lllCoS) COlllP"•it•• to inve•riicare th• pore"tiel of 
approachin1 the .. teria1•1 rheo~etical .. si.,. 
.. anecic •rren1th. Pre1encly. the .. .,.ecic •tren1th 
of S.C-s -aneu produced on Earth ia Hid ro be 
only 10 per cane of rheoreticel .. si .... 

Oireccional aolidificacion of ca.r iron in 
•icroareYity aha ia en "'" of iiocerear. Ar nor•l 
areYity, 11111er ~entity carbon particle• in .olren iron 
float to the tnp of Che .. 1c a• a re•ult of buoyant 
forcH and convection. Oeere and Co. enric:ipetH char 
it• apon•ored reaearch of lOV"aravity, directional 
aolidi ficecion of flake- and •pheroida l-sraphire cell 

iron will provide in,or .. cion for i•provin1 proc••• 
control• on larth. 

Cunirnt ro1e..ml ro1mam 
-o.c- for lime-fr~ 

KtiYitics coalri- fur induslri.11 
bution implement a· 

lion 

High} 
High 

long lirnn 

limilrd 
High I Medium Iv 

short lenn 

Mrdium 

Loe 

Some Shorl lenn 

In •irroar•vity. the ab•enrr. of flotation allow• 
incorporecion of pri .. ry araphirr. into th• 
• .,hdifiution frMt prc>ducina coarae sraphirr. in 
1_.phoaphnroua, fl..,e-araphirr. i~on. Also, larpr 
eutectic cell• are produced in hish·phoephoroue, 
flalcr1raphite iron tit.a thoH produred under nor•l 
1ra•ity, which •uase•t• rhar convective fl"" prClllOte• 
incr••••d nucleation. 

lle1earclteu believe th•t the ,_rcent•v by weipt 
of carbon th•r cen be rereined in th• .. it under low 
araviry could ~o •• hish a1 10 ,.r cenr. At thia 
levsl, the •olu .. friction of cerbon would be over 
SO ,.r c~nt Nkin1 an iron/rerbon C-l"J•iu• with a 
sreaLly reduced den1ity. Purcl1er.ore, wiLh 
dir~ctional •olidificatietn, th••• .. crti•l• would have 
• hisJtly oriented 1tructure end properti•• if th• 



&raflaite atr.ct..r .. were aeli•ifieol. F..- e .... le. 
do-l na<kcti.wi.ty -i. lte •cr1 lli.,. al-a tlae 
••li•ificati.- aaia u• •ery 1.., acr•• tlaia aaia. 

l · ~r,-e U- t:hat oil .... -t•r 4-•t aia. 
•at ia ,.. .... ,,. leH -n "- is tllat there are 
reportnl1 -•r 500 auo,. t:hat coal• llawe ••f•l 
eaaiaeeriaa prapcrties if tll•J c .. l• •• pr~aaeol. 
a-er. doe _,.._ta are i-i•ci•te; •-i•a 
-li•ificati-. the it.. _,.._ta rapi•t1 ••toar•t• 
tlooe t• ..._it1 •iffereacea reaultiaa ia •earl1 
c-.lete atratificatiaa. 
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Fer eaaaple, tile Plt-Za bi-r1 sptea bu -
cat..-. aolubilitJ aap ia doe li••i• state; tlaia laas 
place• liaitati- - focaia& Plll-Za allop. lee••• of 
the arut •ensity •iffer-cc• of tile t- -lta ••-• the 
..... tectic teaperat ... e, it is •irt ... tly iapNai•l• to 
olttaia Plt-Za allo111 lte~ tile Ii.its er 0.9 aa• 
99.S per ceat n. It abooal• be r-siHe to pnerate the 
catire apcctr- of Plt-Za ano,. in aicre1r..,it1. 

Dr. a.a. Peaol. Jeha• Roplti- •i•eraity, vill 
•etermi•e the •iffuai- ~ta•t• of li••i• lea•••• 
ta.•i• &iac •- tile ..... uctic ... c-olute 
teaperat.res. in hia propoaeol alaattle esperiaenta. lie 
espccta t:hat tne results of this research vill allov 
tile proolucti .. of aay Plt-Za allo1 c..,..iti- ia 
aicngr..,ity. Tloe techaa.ae -·•• r-i•t of puUiag 
the aeccHar1 ratio of Pb aa• Za iato a coataiaer aa• 
heatiaa •- the c.,..olate t-perature for that 
alloy. After a ti- •-c _.,_ to allov 
h-&"t'lizati .. bJ •iffuai-. the temperature is 
1-n to soli.41ify the alloy. 

la ai•ilar vork, fiaely disperse41 • ...._geaeoua 
aiatarea of ea-ai, Al-la-Sa, Cu-Pit-Al, a•• C4-Ca-Al 
hawe be- pr .. ce4 in lov gra•ity. Stu4iea of these 
aa4 tr ... pareat ...tel •terials vill help i•entify 
... ,ra•ity segregati .. ph-a and help to estali.ia 
pr ... ctioa -thoda. Applicati-• .,,. be speculate4 
fr- tlaeoretic .. t c-iderations. HoveYer, bulk 
sa.ples produce4 in lov arawity are reqair.,. to •erifJ 
upectatioas. 

Joiat research by Celle• AGsociatea aa4 aattelle 
Col ...... Laboratories is aiae41 at 4eterainin1t the vay 
•icroatr.ctural features nf liqui•-phase •i•cibility 
llllP alloys lle•elop. Stu4ies of itroua4-base4 and 
shatrle uperiaents in Al-In, Cu-Pb, an4 Te-TI allo11 
haY• pr-ided iafor-tion oa the effects of cool ina 
rate, c-positioa, alld illterfacial enera•ea °" phase 
separation an4 solidification proccs•cs that influeacc 
•icr .. tructural deYelo,.cnt. 

Processing goes untouched 

1'ov that relatively long pcrio4s of aicroara•ity 
are a•ailable on the shuttle, there is '""eved 
intere•t in the 8bility to proce•• s..,rl•• without 
physical contact vi.th • C011tailler. '?hers are several 
adHlltapa to containcrleu proceHin& inclu4ina the 
ability to: MHure ther•phr•ical propertiH of hip 
, .. ,.rature and corrOfi•e Mtal• ... allors c .. c.ri•l• 
wltich ailltt 4••troy a conlaincr); produce ultrapure 
, .. pies; study nucleation and •••ociated 
ti .. -t .. ,iereture•transitioa relation•; an4 1tudy 
•olidification of deeply undercooled s .. pl••· 

Terrestrial containerl••• proc•••inK i• 
accoaplisheil by free-fall or levitation techniqiw•. 

Only a fev •~ ef tr- coatai•erless ... •-r-&er• 
ar..,ity .,....iti ... are pr-itle• •1 free fall. 
Le•iteti-. - tlae etll.r ....... caa s•pport a • ..,1. 
fer - ilMlefiai :e peri•• •1 -- of - eater-I 
:orcc. such a• electr•tatitc, electr-pctic. or 
acoustic. vitla .. t aeli• c .. tact. 

llafer-tely. wery bi. paver i• r.,_•ir• to 
ICYitate lae..,J •-plea. la ad•iti ... appli .. ferrn 
are ellt:?r-1, .. irb c:aa c-s• -•te41 •Ntiaa or 
atirri-a, ... doe ...,1e still is s .. ject t• 
sr..,ity-i•fl-cH con•ection a ... s•i-tation. 
Altlao::p COlltaiaerless pcucessiag ia space prowides 
esseatially free-fall c-•iti ... a, soae eater ... t 
lCYitati- (erc:ca are aeeoletl l• keep the •-ple ia 
place. ~er, the effects of these lov-lCYel fctrces 
are aegliaila le. 

Collaborati•e verk bPt"""" llSS, lice Vni•.,rsitJ, 
... CE'• Spece SystPDI Di•isi .. vill prowi•c heats of 
fusi .. , hut capacities, anti eathalPJ incr-t 
f-rti- for tbird-rov traasiti°" -tals ... other 
refractory aetala vith aeltia~ pnints a~O't'e 
lt,lll'"F U,21D°C). T-vtea has laeea si•"" 
priority Mcaae af its i•,..rt-re as the hiRbest 
-ltins el.....,.t. I• a aiailar proeraa.e .. t "i~st 
~earch lastitute. hip teaperatu.-e p.-opertr 
_,.aur-ts are beiag aa• bJ laser inJucl!d 
fluoreaceace (I.IF). Space eape.-iaents al lov 
applicati .. of this -tho4 to a br-der raage of 
.. terials. 

Studyiaa solidific.ti- ia a COlltain~rless, 
aicroar..,ity ellYir.....,..t eli•iaates possible 
auc:leati .. an• solid phase grovth on a conrainer 
surface aad pr-tea deep uaolerc:ool ing. Drop-t,.e 
cooliaa rates are generallJ lover than coolina rates 
of at011i:&ati .. aad splat •u•china. Thus, effects of 
u1141ercooliag an.& recale•Cellce oa alloJ aorpholoaies 
can be abser•e• at lara• uadercool iag without the 
iatcrferCllcc of a fa•t quench. 

Vaaderbilt Uai•ersity rl!searchcr• stu4iied the 
effects of -•erc:ooling on lliubiua and it~ alloy• ia a 
aumbcr of drop-tube eaperiaents. Verr olecp 
undercooliaa in eaceas of 912 °r (~OOOC) vas 
obscrYed oa •aall droplets. Many llb alloJs also for• 
.. tastallle phaaca ..t\en solidified at the higlll' 
undcrcoolM st11tP. Of parricular int.rest is ti•• 
possibility of for•init bHlk H•ples of a 
high-teaperature •uperc-ducti•& neuatablc pha•e 
(llb1Ce) in the •ee alloy •J•tn. So far, 
result• ahov that rccalescence largelJ cause~ 
tranafor•CiOll to equil ibriua although •- of 
the -t••t8ble pha••• rcaain in ••ll q ,titi••· 
'ftte relatiollship betvcen the perfection ~i the 
crystalline •tructurcs asa4 •uperc:onductance can be 
4ctcrained if larl" enouglt •••pies of this aatcrial 
can be produced. Other 111101 sr•te.s of interc•t 
are niabiua-•ilicon, niobiua-till, and 
niabiua-aluaiaiua. 

S- •.1nnl'!'.cte4 resnlu 

latccllc •cienti•ts believe that co..tainerlcH 
.,..iercool ing uy prOYide another toverful approach to 
rapid quenching. four repre•tmtat1Yc, !cc, 
non .. itnctic, austeni tic ua bleu sud• (Atlil llOS 
an4 )16, aa4 •iLronic 40 •n4 40W), VRre eval~ated in 
4rortub• experiaenu. Whfln ,,, ... aBor• are rapidly 
•olidified, theJ retai• •oae fp~r111111111etic della 
ferrite, ,.ich pr~i4e• • qu•litativ• Ma•ureaenc of 
quench HveritJ. 
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FM' e-.1 •• chill cut aitr-ic 40 retai .. eal:r a 
f.., ...-~•t ef ftlta ferrite, .. •reas a.a-~il -it •-da .. aitr-ic •o retai .. •• per oat •elta 
fnrite; this is esti_t .. t• •e ... i.,al-i tea 
lo'ts./aec. •-da rate. Dr.,-t•e aeli•ificati- •f 
tlae - allo7 ,.. .... ~ a strertwe vitla .. per cnt 
retai ..... lta ferrite. Tlais ia•iutea tlaat ,.rert•e 
...-..•ia& caa aclaieYe lai&faer •-"rates dl­
c-•ti_.t splat •-clai•&· 

Ceatai•erless •rep-t,.. rr-cess ia& ala• vu _ .. 
t• ... taia ••li,.ificati- ef 100 per ce11t peritectic 
ai&lJ ia tlM ai-Al apt- •:r ...lernolia& tlarw&fa lloe 
li••i• pl• ••li• .... e reci-. aidtel allep ricla -
at-iai- are •u u catalpta tor a _.er •f 
i,..ertaat ci.mcal ructi-•. a .. die ai&t3 eta .... e 
is ti.. ... t actiYe catal7ticall7. 

Altlleedo tile joiat Iha Poat ... llSFC effort to 
pr.-U a aiasle-ploase peritectic str•t•re vas 
-cce .. f•l. tlae ·~ ..--i•• edler •alw•le 
iar.r-tioa. Tia" atr-s affiaitir ef al-i•i- fer 
•aysea f- eaiff• ta.at ,.._eat sipi ficaat 
-*rceol i•&· Tlaia i••icates tloat e•ea vitla-t aa:r 
a..-face coatact. a..-face laeteroe-- -cl•ti- _, 
rnwlt fr- tlae rncti- ef s- -•t• vitla .-ieat 
...... ra ... itioa. s .. 11 ,.r•pl•t• soli,.ifieti with • -a.- •r,..aloay •-•isti•& of 1tipl7 c-ol•tn 
a..-faces -• interior por•ities. Tlte •-llest 
veplet• Ito ••lit .... ities •• low as 20 per ceat of 

·--· oleasit7. -

Ultrapure •bis aad all•:r• are poasiltle vi.th 
CGDtaiaerlesa processi•& •:r eliaiaatias poteatial 
crwci•le coataaiaati,... I• .... iti ... contaiaerless 
e•apguration ca• purif) -Its if i.,.ritiu lane a 
ltiper ••JMl•r pressure tltu tloe -i• •ll. aM tloe 
woe~ of apace wouj,,. •• "'"' .,re .,eaeficial. 
Iatereat is hip oa protlucins .. terials frze of 
•s:ra••· Aa one e.-pJ~ • oa7gen iapurities in W:oS 
-pets are tlo-dat to liait tlo• •terial 'a -petic 
streasth. (Source~ Aol'lfaaceJ lbO.•riah 'Processes, 
April 1916) 

••••• 

.... glnss cnarosi~ions 

Durin& Earth pJ"ocnsing of &l.v .. es, t.cterosene­
nuc:learion can occar at the ae1r:container interfacft. 
Thi• liaits the clnl!lopaent or new coiaposition• that 
are consiclftred r•luc:tant 1tl••• roraers. For instance, 
neoc1,.i--Joped gl••• ... .,.. (or 1 .. ers can bee- -re 
efficient bJ inueuing the calcia content. 11-ewer, 
the hijther calcia content proaotes rapid 
cr1stallization, •o a glau eannot for•. Re•earcl.en 
have calculetecl hoao~neou• nucleation rate• that show 
containerle•• proces•ins •:r eatend the rMlge of the•e 
glass-forainc coapositions. 

Th• Univr.r•itJ of Mis•ouri - ilolla, USA (1111) i• 
tr7ing to o.,tain quantitative eviclence on •..veral 
thuttle fligltts fnr the supprc•sinn o( heterogeneou• 
nucl•ation/cryatallization .,, ac:asurina er·. <cal 
cnoling rate• (a.,>. The critical coolins rate i• 
11erined •• the slove•t rate at ""ich a aelt can b• 
cooled and •t;ll fora a sl•••· Therefore, d•t•r•ination 
of the ratio, •c-••rth/Rc- aicrogr.,,itJ. per•it• 
quantitatiwe .... ure_..t of th11 •upprH•ion. TI•i• 
valtt41 h .... .,..J to exceed 1inhJ and the enhanc•aent 
of gla•• for .. tion .. , eYfln ... increa•ecl up to 100 x: 

The ~tucl7 will uae binary calcia-.,.llia, 
leact-sillcate, and ternary calcia-aallia·•ilica 
coapo11itic>n• hsvin& difrerant critical cool in• rat••· 
~•ral •a•ple• that were prnc••••d in an acou1tic 
lewituor/fnrnace on •recent flijtht are being 

.... ,. ..... Tlaeir ... ,.ical, o~ical, t•-t, •­
•cla•ical ~petties vill H napan• vitla tlae -
,.-epertiea ef Ear~• &l•••. 

,.•titer iaportaat practical taallt of 119'• 
eapew-i-t i• t• •teraa- die sait•lit7 af -ias 
lat11:-,..esari ,.-ecer- •-.l•• for ce-taiaerless 
-ltia&. a.t ,.-esaias laaa tlae ••-tap •f Hiag a 
nlati•el:r aiaple va7 af pre,.riag precenac ...,1es 
vitla-t cto...ical c-t-i.aati- fr- a c-taiaer. 'llae 
·~- of claeaical i--cea•it7 tlaat •- H tolerate<I 
ia • •et-prna .. precaraar .. ile atill 7iet•i•& a 
claemicall:r .._S-- -ltic...-at -lt vitlaia a 
reas..-le ti• ia aicr-.-it7 is •eiag fttenii•M· 

Lf?•itate it villa ..... 

•-&fa ao ce-taiaer ia ....... to laaH tile -•r, 
.-iti-ia& ia r .. air..,. t• ,.. __ t •ifti•s iat• tlae 
f11r-tt vaU. Ac-tic leYitati• caa •• aaM ... 
l11ter•-ics lac. (_.tlalwaall, 111. USA) laas ._•lo,.. 
al!Yeral Wai.-. 

'Doe •esip ..... a •-r ... __ , iaterfer ... ce 
tP.doai•- tllat -t-ticall:r a•j .. ta fac tlaese 
cit-pa; tlaerefore, •• t-i•& is .-.. airM ... laiper 
t.,.,.erablr ..... to 2,912., o.~> ar• po•ailtle. 
Calin a •ia&le-aais •-tic lewitator {SAAL), tile 
-it ala• r .. aires .. cha•er. A sinsle •ilwater 
eaite• .. axial -tic vne, vbicla ia tlaen 
nflecte40 the ...,1e is leYitate4 at a _ .. ef the 
reswlti•& ata .. i•c vne. 

.tlco•tic 1 .... itatioa hu .. _ sussest•• as • 
poasi.,le aeau ef -facturins optical filwn. lilaea 
tloe ac-tic •-es are refli£:te•, sta .. ias wnea are 
~o4ucn. n. .. e n_.iac •-es fora high- ... 
loor-preasttre rqioos; tloe 1- eaeru vella preYi• 
•table poiau of lewitati- for sapportial tloe •-ple. 
n.e lai&fa-pressare wells preYide a str-s aai•l 
rutori•& fortt that acts •• a coo•trai•in& force to 
resist tlae pullins. 

'Fl .. tiag• gl .. s 

There ar" •eYeral cli•••-uses with .. ins •• 
ac-tic lewitater .... eause the radial fore!£ is ••11. 
the a .. ple cnn .. ciliate, aakia& it •ifficnlt to pull 
the fi.,re. The saapl• al•o .. , •rift into the wall •• 
th~ 1-itation forces •ecrease vith an incrc.tse in 
teaperature. la aclclitioa, tloe hi&h welncity field 
••aoc:iat•cl with aco•tic• produces larse aaouata of 
enero that could cause nudeat ion. 

Spacer 1tp1ics 

one of the k~J area• of interest fnr cootain1£rle•• 
proceasins is optical gla•ses. Fluoride &laase•, 
un.t..rRi>ing re•earch at llen•••laer PolJl,.cllnic Institute 
(arl) • have peat pr-ise •• in fnred optieal 
coaponent•, ••peciall7 fibres, .,ecau•e the7 are 
tran5rmromt to·~· and hiiJter. At chi• wavelength, 
•catterins i• ainiaiz..S, p~r•ittin& lottger cli•tance• 
between rel•J•• llov..ver, aanJ coapositiona are 
cli(ficult to for• in • container, auch •• the he••J 
e•tion (Zr, H(, Th) fluoride gla••••· Oth•r fluoricles 
include thOlle replacing Cafz CrJStala that control 
the HeondarJ spectr- in Ol'tical ayate• Ccallecl 
apochr-ts). On Eant., PzCJs hH to be introduced 
to prevent cr1stalli1ation. Such fibre• ususll1 hsve 
loeae• on the ord•r of 2 X 10-l ell/••~ it i• hoped 
to reduce thi• loe• to the tlleorecinl liait of 10-3 
for fluoricla sla••e•. 

The aclvant•ltl'• of contain•rle•• proc•a•in& •l•o 
can bA earencled to optical len•••· for in•t•nce, 
aallia-calci• coapositinn• onl1 ran be produced in 
... 11 111111nthi•• on !arrh. TI•••• and other 
coapo11ition• containins 1 .. zn), TazO~. 
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•205 • Al20]. C.20] • Y20] , -d rare 
Earth -illes eaail1 caa 'be•* iato apherical ahapea 
of •efttl aiae for leaaes •d via.._. 

Sol pl precursors 

lee••• coataiaerl~•• processing all..,. co 
atirriag of the Mlt. startiag .. terials -•t be 
campositi-111 h-geae-. lbe sol gel technique. 
•ere pol:r-risatioa of alltoxymilaae vith •tal 
allto•ide• or •tal aalta fora a pl at r-
t-pen tun. is being studied for this purpose. The 
gel is theta heated to fora a glua that retaias the 
..-igiaal puritf aad b-geaeitf of the startiag 
-teriala. hcause the caapoa•ta are slreadJ aixetl ia 
the gel, ao fwther aiaiag is required. 

'ltallJ biaarJ and polJllarJ' glass SJSt- •- aa 
abore-liquidu• i-iscibilit7 regillft of t- phases. On 

Earth. grnitrU....cetl aegregatillft prneata the uaif­
•i•ing of these two phases. CID the other band. the 
I iquid phases ahoultl aot segregate uatler aicrogrnit7 
-•itioaa. lleace. a •ole aev faaily uf awel 
aicrophae-separated •teriala _,.be po.o;i~!e. lbe 
-ifora aiaiag caa be e•tended to other -teri.ala that 
include glaa:1111tri• coapositi ... s reiaforced vith llC'tal 
spheres for electronic applicatioas -d glass cer-ics 
whose •trices tend to sag in uait grPity. 

Suppreaai ... of i-iacib>lity regiOfta also caa lead 
to iapr.-ed properties. Sowiet researchers iacreaaed 
the 1111203 coatent of a laser glass fr- 2 to 
10 per cent in a aicrogra•ity eDYir-t. the lasing 
efficieacy vu iaprcwetl. Likewise, IChe ralliatioa 
resist~nce of a .,.aosphate-buell optical glaas vu 
increased. Other researchers •-• that the 
efficiencJ of a Mpetic-optic borate glaas iaprOYed 
tlue to a aore-unifor• diatributioa of the acti•e 
ir..-.•icle c·.-,atala in the -tris. 

In atldition. intereat in directioaallJ aligiled 
compositH is increasing. lased on the high •petic 
coerci•itJ MHured in space-gr- c-positea of 
tin-Ii/Ii, M.I.T. researchers hne ••tended their work 
to rapid-solidification of -P'etic o•idea. The first 
systea being studied is Sro-Fe20], which contains 
the hard Mgaetic c-pound atrontiua heuferrite. 
As-quenched ribbons contain hialt concentrations of 
auper-par-petic particles• IO to 250 l in dia•ter, 
in a glaHJ •trix. Therefore, it _,. be possible to 
produce llOllodoMin (leas than o.•...-· in di ... ter) 
stroatiu• heuferrite during .ubsequaat heat 
treataent. The coercivitJ shoulll be greatly increasell 
c-parad to that of c-aational •tariah. 

the trouble with bubbles 

One disadYantaae of .. nufacturina glaH in •pace 
is reaoYing bubble•, othervi1e called finina. On 
r.arth, large bubbles rise naturally to the surface 
where they burst; ••ll bubbles are r_,,ed by 
dissolution. Thoup dissolution can be used to re_,,e 
... 11 bubble• in llJ8Ce, tbis .. chanis• is too slov for 
large hubbies. In addition, on &arth, buoyancy help• 
to ar.hieve unifor• aixina of the 1lass •lt. 

Rete•rchera at Clarkton IMiversity have already 
deterain..t in ground-bated atudiea th•t gaa bubble• 
~iar•t• in a thar .. 1 gradient in a glass aelt under 
aicro1ravity condition•. The thar•l gradient h 
produced by heating a tpot on the surface, rasultina in 
a turface tan1ion on the drop that cre11ta1 a 
cireulatory .otion within the drop. Th• bubbl•• tend 
to ..,,, towl'rd the heated apot and can than be removed 
frOll che •It. 

Another theory prsdicta that the ••locity of an 
i•olatad buhble liquid under r.ha ''tion of• unifor• 
ther .. 1 1radianc i• proportional to the dit .. t•r of the 
bubble. Thue, luger bubblH aove ac hialtar speedt, 

requiring •- Mans to aake the s•ll bubbl•• coalesce 
ioto the larger ones. lf the lliHeromce ia sise is 
sipificant, the large bubble vill hawe a stroag 
influence on both the t...,.rature field and fl­
,.uerns of tbe ••ll -· 8-twer, the s•ll bubble 
h .. little effect oa the temperature field and flov 
patterns of the larp -· 

'lhe lar~ bubble also affects the •elOH:ity of the 
•-ll one tlepenlling - the aeparation dist-ce. If the 
lar,e one ia cloae·to the a ... 11 bubble, the latt~r vill 
ia.:re .. e its speed. no •titer ... icb one is leading. 
On the other band. the speed of the large bubble is 
only reduced slightly by the presence of the saaller 
one. In coatr .. t, tvo bubbles of e,.uat si&e h~e no 
effect on each other regardless of the separatioa 
distance. 

llooheYer. bulhole beha.,iuur of equal aise differs 
significantly ... der gra•itatioaal effects. With 
buoy.ant rise, each bubble .,.es -re rapi.tlly than 
either bubble would if isolated. Hence. the velocity 
vill increase still moore as the bubbles are placed 
closer togetber. a.idel" ther-l gradients. a larp 
bubble tl'ailing a •-llel' one vill catch up villa it in 
ti... If the large bubble leads. the •e..-ration 
distance vill increase with ti-. 

These theoretical ...tels also can generally be 
applied to drops of one fluid in -ther. Another 
-cbanisa that can be used to _,,e bubbles and •ro,. in 
the absence of gra•ity i~ concentration gra•ienta. 
These can occur ""en a single phase •ixture is cooled 
to a t.,.perature at which a different c .. position 
precipitates. Clarkson and others are atudJing this 
•ch•i•• in addition to the ther-1-gradif'llt vock. 
Several shuttle experi .. nt• are planned 11sin1t the 
three-aaia acoustic leYiator. Drops of ..,del fluids 
containing gas bubbles vill be rotated or spot-heated 
and the behaviour recorded on •ideotape. 

Uncleratanding bubble behaYiour also viii lead to 
iarn..,ed MAufacturing of hollov-gl••• shells used in 
inertial-confineaent fusion research. 'lh• shells aust 
be perfectly spherical with a unifor• vall thickness; 
hence. the bubbles -•t be centred vithin the -lt­
glsH. To understand tihat •chani•• - rotation. 
oacillatioa, expansion, or -;ontraction - centera the 
gas bubble. gra•itatioaal buoJancy 11Uat be a•oided. ln 
addition to tl!e Clarkson eaperiMnts, both .JPL and 
Los Al-• are conducting research to deter•ine vhich 
•ch•ia• control the diMuioas, 1phericitJ, 
concentricitJ, and the surface topology of the shells. 
(£xtractecl froa Ad•anced Materials 6 Processes, 
April 1986) 

• •••• 
h.:'n results froa the first Spacelab aission 

The first •ission of the European built Spacelab 
took place during the ~riod 28 Nove•er -
8 Decellber 1983 on board the US Slmttlr. Orbitrr 
Colu ... ia. The aisaion payload va• .ulti-diaciplin1ry 
and the tvo •icro~ravity lliaciplines "Lifr. Sci"'cr.s" 
and "Material Scien-:es" var• tvo •-pt sia others. 

The preliainsry ra1ult1 of the life 1ciences 
axepriaenu heva been preaent"d by the inve•tiptors in 
June 1984 •t a s,.posiua held in Cologne and were 
published in "Science" in .July 1914. The re.al u of 
the -terial sciences a•peri•nta were presentall st the 
&l•u Conf11rence, S-7 lfml•••r 19114. 

Material• science• 

It would go beyond the scope of this su ... ry to 
lla•cribe 111 )) .. terlals sci11nca1 •~peri1M1nt1 
parfor .. d llurin& the Spacalab l als1ion. Tvo planned 
axper iM11U could not be per foraed b•cauH of ltarclvare 
1111lfunctioning. Several ••peri .. nt1 did not obtain the 
full •et of e•pari.ental run1/opar1tions. 
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The .. aic ••-tap of the •i~p-awity 
e11Wir....ent for .. terial proce9aiaa ... fl•i• ,..,.ica 
is the practical .... _ce of tllermal (arawity •riwea) 
c-cti-. arii-tati- -• ll~oatatic ,..nace. l• 
P'he microgr..,ity e..,ir-t ··-•ry •iat.r .. iaa 
factors• like ••rface teaai-, capillary fwces, 
ioterm»lec.lar forces etc.•- •omi-t. 

C:rwth of inaol•le cryatah by paciritati­
reacti-

the •jectiwe of the eaperi-t to arw 
•ear-perfect dialocatioa-free aiagle crratala ... been 
adaiewed .. y coatrolle4 pacipitatioa reactiGD. u..ler 
terrestrial coaditi-• ae4i-tati .. of ar-iaa •-lei 
haa to •e eliaiaate• .. , the •e of pla, •icta ca•ea 
iacl•i ... aad other i.,..rfectiou ia the crystals. la 
th" arii-tatioa-free aM c-ctioa-free apace 
eaperU...ts the aet is aot r.,.uir ... a .. fr....-floati•& 
-clei ar- -.ier p.arely diff ... ioa-c-trolle• 
coa•iti_.. 'The apace eaperia..at vu perforari vith 
the hyuophoa .... tea , .. " -• C•Nf..2112 aa11 
reswltecl ia •islocaltioa-free crystals aa •- .. Y X-ray 
topoara ... y. These h1dro ... •phates are re,..eaeatatiwe 
of ioaol,.le • i•ceatt~tly -ttiatt or ther•lly 
tle~i•a .. terials. Then is a larae f-ily of this 
type of -teriala which - th• far -ly acceasiltle .. ,. 
ar-th i• &•ls. 

the •jecti•e of tbi• e•peri-t vaa to arw 
aiticoa ai.aale cr,..tala vithoat 4opant striatiou (i.e. 
dopaat coaceatration •ariatioaa) ... ich alvara occur oa 
Ean:h. Fr- the •pace eaperU...t it can be coacl,.... 
that - aa lleliewed antil •- - &l'aYity-dri•n 
c-ecti- ia aot the oaly ruaoa for these dopant 
atriatioa• but also sarface teaaioa-ia•cn tlar•~i 
coa•ecr.i-. wbich oce11ra both oa Earth aa• in apace. 
As a c-etaueace of thia exper1-Dtal result oae ia n­
coaai•eriag to eliaiuta free -lt aurface• in fl-t 
aone ceo-triea ., thi.a o•i• !ayer• .... first 
experi-U vith ailic°" gr- in a alillttly oxi•iaiaa 
at-,i.ere haYe •.-stratecl that by eli•iutinr; 
ttar-a1111i conwctioa •ch .,..e "-aene- crystab 
could 1te gr- eYen uader terrestrial conditions. 

Fr- con•ection in •- graYity 

Thia ia one of the •ia Fluid Physics lllodule 
ex~r1-nts. SeYeral of these experiaeata were 
affected by unexpected beha•iour of the anti-apcadina 
barrier, which vaa leas effecti•e in •pace than 
expected fr- teats. 

Thia experiment waa concei•e• to inYeatipte free 
conYection in lov grnity for coafigurati-• such as 
liquid bri•ae• and modellina tile floatina-..­
technique used for cryatal growth. The experi-c 
confirNCI the pre•iction that ther•l MarangOlli 
conYeccion and tlarangoni boundary la;ten exist in larp 
I iqui• bri•ge• in •Jl9c•. On larth only 3 - hip 
liqui• bri•ae• with a radiua of 3 .. could be obtain .. 
vllereu in apace the heipc of the liqui• colu• vaa 
61 ... ln the aeC111Ctry conai••red there i• no 
detectable influence of the i•posed electric fielda, 
when 1ilicon oil i• u•ed aa flui•. 

Capillary •urfacea in low gr••ity 

The uperi_.t of Dr. Padday wae concerned with 
the behaYiOUT of flui•• in contact with aolida. The 
ah•pe of• floatina aon• (or bridAC) ia itleally a 
catenoid. It wa• the objective of the lnY••tiption to 
1111aaure the influence of th• interface layer on the 
•acro.copic shape of a larp liquid bri•p. In • larp 
... tac.- • very ••ll chanp of the condition• u the 
eda• reaion of the bri•K•, which ia due to 
Van der Weal• force•, entail• a larae deforMtion of 
the curvature of tha .. niecua. ly thie .. thod it wa• 

,...i•le for the firat time to -••e ,._titatiwely 
the atn•ath of,,_ tier lllula fKcn. micla are at. 
•-c-r-ae i•ter80l-lar ferces .. e_ sol i ..... 
li"•i• ia -•ec•lar c.atact. a. Eartlt •ery -11 
li"•i• •r idps caa H predltced, .. icla are t- •• ll t• 
perf•• ... -titati- •••-ta of dane 1-a-raa&e 
seli•-H••i• force• wlaida are of hipeat iattteat fer 
••rface ,...,.ics _. ••face c"-iatry. 

net.atl ... p 

& .-.er of experi.eata ..re ~ted •eali•c 
vith .. tec:tic aoli•ificati .. (i.e. aU..lt ...... 
f-ti .. oft- separate ••Ii• ..... ea fr- a 
It-pa- -•t> ... the fer•ti .. ef f-lt atr..:hre 
ia fi•r- -• 1-nar -tectics, ,..eparati .. •f 
c..,.aite -teri.als, e.a. •i•perai .. alloys, 
•oli•ificatioa ef •tallic bi-ry spt- ltaYiag a 
aiaci•ility gap ia the Ii.qui• state aad dea4ritic 
••lidificati .. (cut ir .. ). These ayst- are 
ialaer-tly rathier co.plea aad tlt-p experia..at&l 
c_.iti- i• aear -iptlnsaea• •e-" Htter 
tlefiaed tit- oa the u-4 •eca .. e of wirtwal ••nee 
of araYity-drin• c-cti-. •ecli-tati- _. 
•-yaacy ia heterogea- apt-, the reaalta are 
atilt difficwlt to -lpe ia .. •-titati- t-. 
......,,er, a .-.er of aec1a-ia- c-i•c c..,..eat 
separation eYl!ll .-.er •icrocrawity c ... itiona that •e 
-enuled by ... i .... tati- - tloe ar-4 c-1• .. e 
ideatifi.,• -•oar ..,erall f_.._tal _..rat ... iac of 
the proce•ses i•••l•ed in c_,.site preparati- aad 
-tallic aoli•ific.ti .. ha• •eea -ch ••-ceo1 .. y die 
i-otipti ... conmcted d•rina the Spllcelslo l 
aiaai... (C..p1led •1 G. Seibert, 11ea•, "icroarawity 
Office, ESA. Short S-.r1 of the llilin .. suits fr­
the Fir•t Spacelab KissLon •• the "1Cr05!aw1ty ... earch 
Di•cirlinu, 11 J•uary 191~) 

***** 

Anal1sis o( aew results ia •P!ce -terial• science 
Obtained in recent l-4 yean 

The rniev of the e•periMntal atuoliH ia the .. in 
fielda of 5"S (Space Material Science) perfOl'•d in the 
ussa allowed ro ..... a conclusion th11t conaiderslole 
pror;rn• haa •een achieYed in .. taining wari­
•tniala and lliolopcal •peci-ns with i•prtWe• 
prnpertie• anoler aicro-arawity (Ill:). Thia ia 
,.nicularly 1r·..e .Jf •teriab (OI' electroaica. llev 
tech-loaiea were dCYeloped which aipr prO'f'ide 
ecoaoaic .. mefita ia sianu(acturins .... •pacific 
•teriala in •pace. 

Phyaical in•ntiptioaa aheol new lipc on effecta 
which •Y lloe uan to i•prtWe pc-iaing tecllnolosical 
pl'OCeasea. They are aoli•ificarion of -ocryatala at 
escreaely hi&h races, •olidi(icacioa of O'f'•rcool•• 
.elta, propertie• of theraocapillary con•ection, 
eleccr-peti.c control of a pbPe c-pnaicion of •lea 
and •o on. To SIOtlify tech-logical equi,....t co._. 
escmc the pl'incipl•• of their f•ctioniag were 
outlin .. aad certain reco-.endaciona for their 
optiaizacioa w•r• VOl'ked out. 

'lhe re•ulca of apace atu•i•• .... in che USSI 
allow for a concluaiOll that it i• ci- co ao f11rcher in 
the dCYelo,....c of Al anol co aterc production of 
•teriala of iaterear in .,.c.. Th• ,..i .. ry ai• of 
rhi• •t•lfl is to •••ian on-board facilitiea for 
•terial production in •Jl9c• for -•• an4 -e• 
•talion• • 

It v•• au.,..•r•d rhar in lha ne11r future lh• 
s.1,.c-t7pe lona-r•r• •pace stsrion•, on lloard of vllich 
co11111naur• work froa ti .. to ti .. , viii lloe replaced lloy 
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a -lti ...... le -t•tlJ i ..... ite<I edtital aaplea. 
i.e. aiqle lara-sia1t atrwct.AS lecatn • edtih 
Una HD te 4.IOD Im) ... sll!Ktliaa ... •eaaer-carp 
tr-.-h. '1-.e nafiprati• ef _.. a aaplea vill 
i_l..., •11Hial-,...,..e aci•tific 1-.rateriea. 
amfert .. le ._.il..,le .... lea. ,...ufwl ~ pl•t•. 
a hd-tr-fft" •tali•. re,.ir .......... ~ ... a 
aile f« -fact•e a .. an ... lJ ef lJPical atrwctoaral 
1tl-ta. 

T• selWlt -tti-por,..e _. larp-acale pr .. 1_ ia 
iatft"nt •f -ti .. 1 ·~ a htare enital camplea 
(DC) .... 1• .-•n• •-al tediaical het .. n •ia 
•- •t ._ Jltl pr_i_. •1 applin -tics. 

'1-.e ~sr- impl-tlt4 ia die ussa are. l• 
•- eat-t. l•e preparatery acliwilJ' fer 41Rwelepi•& 
Ada• edtital -.1-. la parlia1lar. dleJ' are 
esper.._ta • -1'i•1 i• .,.ce. applicati• ef 
caaliap. °1-.eJ' pr..,.. dial ia -ler .,._ - c­
•-hlly re,.ir str.cl..-al d-t• ... rntere 
tlairfil• -li•p villa a ... lit:r •ia -ta -t 
snere, brtla a~r•. Tep~ villa IP' +~n 
tnlia& ef str.cllll"al el-ta f• a hllll"lt edtital 
aapl1ta it is .1 .. pl..- ta lest ita paerali&H 
... pical ..Wlr <•-ll-scsl1t) .. ria& •r•ital flidota. 
'Ille •~J •f tlleir haawiew ia -l« .,._ ._._, 
2-S pan viii au- fer prelicli•a reli .. IJ' l•1t •tale 
•f CIC slrwctw.., .. fer die perie4 ef 20 pars_. _.e. 
1lle s-erali&n "'pical ..-1s are ••n • 
-lli-lapr t•irfil• c..,..iln •ia • .,,., •­
sbl<lin ia die USSI fer snttal ,.ears. 'Ille C9aplicaln 
pr..,1_ ,ertaiaia1 te •-• f1111Cli•i•1 ef or•ital 
.-..,1- are i•pos•i•le le •e solwe• vitlMut f•tlaer 
vitlnia1 a .. •eepeaiag fu..,_.lal abl<liea • 
.....,.tnl:r. these •tu•in c1Wer -ipl:ln .. n• ,..,..ic• 
a .. 5115. 

llev results in •pace .. terials scieace 

bperi-ts - sr-•·1 ·-•c ..... ctor crptal• in 
ltC ~ confirm •- earlier c-ci .. i- aM :rieH •­
•- iaterntia& results ... icla are~ 

It is c-fir.e• vit• CaAs as ••-pie Pat 
crrnals COllSistin& of t- coapooeats 
(A llaY, AllaYI ae4 AIYaYI) coul• 
lie er- fr- -•ta .. llC villa ..... _ ... 
h-pn- iapuritJ dinrillutioa aiul f-r 
.. fee ts; 

It is •- that s11ppreasi- of c-ctioa 
stre,... in the aelts 4ecre11sea stoichioaetric 
i.._1-itin, -t oal:r i.._paeities ia 
iapllritJ distribution; 

- It is •- that for•tioa of .,..lea cu lie 
pr .. eate• ia srowin1 ·- •teriah ia ltC; 

- A n....,er of 11ev results are aho obtaiaed ia 
1rowin1t thrce-c•poaeat cr71tah ia ltC; this 
jutifiH further endeSYorl to prodlo.:e in 
.,.ce O'IOl'e perfect crptah of this c•ple• 
t1pe th.:" is poHible oa Earth 1ince thltJ' are 
fairly i•p:n-tut for prac1:ice. 

Allons •- it•• is the for-lation of•- uill 
out11tndin1 ucl clebatd probl•• ... iclt lhould be 
further 1tucliad in future. It 1hould be .. c1a clear 

- How non-1rawitational C°""9ction t7pc• affect 
the i•puritJ' discrib11tion whan doped cr,.atal1 
are ar- fr• the aell•, ud al•o the 
h-1eneic7 of the compo11idon _.. the 
cleYiatint1s fr1119 1toichioaetrJ' in two- aad 
three-c.,.ponent 11•iconduccora; 

- What i• CJpical of the c1.,,elo,..nt of 
non-aquilibrilll9 phen-na (in particular, 
oHrcooJ in1> in IC llllich •J •-ti•• 4-&r•d• 
rather th• i•prlW• rh« h-aendtJ' of the 
composition of '•"''" ··ri-•; 

- Ullat •tails 0-ecleria• ~ •fleet ef the 
-at .-tiall:r C--.iaa the ..,..1.,•a -u• 
... di -r• -- ~ Ii .......... e .... -
-••t- doe •terial •f thea1t _,..a.; 

•at •-ti- are still -•l,,.,. a .. •Matd. 
•ict. i-l- all rec-li•iti• ef npta~ 
&r..tla fr- the • .,.... ..... e i• ac. esl'Hiall:r 
i• c-es .._ efhct• ef ..-.&cal _. .. JOical 
pa tr-pert •-a. H t ... _ iatie 
..-i....-.ti-. 

Gae -:r feel .. ., t•at t••• a .. edaer 
f_._tal ~l- ef SllS. if ••I,,.,.. ca• loe _.as 
• ••ia fer a....uial preilllcti• •f •-
............ ,_. •terials in •.-ce _.fer a.,r .. u., 
s.-i......,..ter -facturies - Earth. 

'Ille i-ntipti• ef peaoliaritiea ef 
seli•ificati• ia -tal•. allep ef r...-ites ia IC 
... ala• iateratiaa. llRv ea:per-.ts perf..-.M in IC 
•*it .-.••le: 

Te a-lpe ia •tail tlae ~isa wia •ia 
a-issmle •ll•p .. ,. lie .. tau.e.I _. da1t 
pNsi•ilitJ' ef •ecr-i•& ... - eliaiuti•& 
daeir aicrNnpic s1tpuati- in IC; 

la •ta~i•1 t•1t -lti•& ... crystallizati- ef 
.._,..ites ia IC <- esperi-u whida •iffer 
fr- t••e _.. earlier) I:.., a .. 1,. aa iraita 
act .... fer ... el'Yia& ia ... Cit .... aa4i 
•-•In in tlae -It a .. to .a.taia wal ... le 
u.r .... ti- - tu pccul iarities ia daa 
soli•ificsll:i• ef c...-itea i• .,..-.; 

- To .. .., llh1le •t••1i•1. pecwliaritin of 
r_.i -tal for•ti .. i• ... ce. tllat 
•icroer.,,itJ' con•iti_. faw .. r a -re iatease 
cneratiOll of , .. iacl•si ... ia I i••i• phase 
... ida lads to tlae s•ller size of .,,..lea, 
1-r eaer11 aad •idott for•tioa rate. A 
c-cl• i• is ... tllat i• flol•e stu•ies it 
is aeceasar,. to ua<lersta ... atill better Chit 
resularities of ll:he processes b•ic l• the 
pneration, sravtll ... aal-ratiOll of 
bubbles a .. to their r....,al fr .. the -Its; 

- T• deri•e cliffereall: concl .. ioaa in at•~i•& 
eutectic• crptallizatioa, this •ichl •• 
e•plaian a.,. •iffermces ia the iapuritJ 
c .. positioa ia the •lerials •plo:re• bJ' 
cliffereat apccialiats. A aeries of•­
••peri-t• i• required co •eri•e -•ieuo•• 
alatisticall:r •~•t••tiated cOllclusi-; 

- To cOllfir• the earlier coaclwion that 
•icrosrSYitJ' •PPreciablJ affect• th~ 1tructure 
SAd phpical propertiea of aupercoacluctia1 ud 
•11111ttic .. ceriala; 

- To ..... a concluaiow th11l espcriaenu in ltC 
are indiapans .. le _. proai•inc co furch~r 
... aace fun ...... tal concepts of both deaclritic 
sad cellular cr7•tallization of aetal allo71; 

- To shov hov a apecific role of capill11r7 
forces is di1pla1ed in ltC, ia particular, in 
the shapia1 of cr7nal1 er- bJ' 
cr7•tallizalion .,thods preser•in1 • free 
surface of Che •It, ••&• the StcipanlW •thod; 

- To show that .. perillenc1 ia MG pr1Wide 
••lu .. le iafor•tiOlt on phpical constant• in 
•uch .. ,, crusfar proce11e1 •• cliffu1i01t, 
ther .. 1 •if f .. ion aad electrical aner17 
craafer. Harell,, if at all, is it pos•i~I• 
to ~taia auch iafor•tion ia terrestrial 
condition•; hence further use of •icrosra•it1 
111• proai1ia1 for aeasuri"I - in the ab•ance 
of 1trSYilational comraction - cll•r•,..J•ical 
and ph11ical par••Cer• • aho promi• ins in cha 



0ediq ef die doeerin ef lleet _. .... 
u-fer;. 

-n-

- '19 aclti- c_i._ .. le -nsa ia f•tt.er 
•-e1.,_.t •f apea -••iaa ... ••l<leriaa •ere llicrear•ity c_.iti- -e ••ic i• 
die at .. ie• •f f_._.tal pecsliarii.tia ef 
tllfte ..-c-an. .& larp ...,.._ ef ••i­
...... ef -~ ceatiap - •taa-• .., 
tla-1 e•a,.rati- a .. c~ti- _tit ... 
ia lllC0 tloeir prepertin ~ i-tiptH _. . -•-i-- -- lloat -•·t- ... nc-oiiti•iaa epeC"ati- •e ,....i.lole i• 
-•it. Tecluai•- -e •eYelepM to lit•iJ• 
•111Rcial -•*' tloirwallH atr.ct•- _. it 
••-•clear •Y tlley set .._.t -t ... _ .... 

I• rec""t i...esticati ... ef slaaa ••li•ificati• 
ia llC ftlfloasis is litei•& -• - at .. yi•& tile 
.. li•ificati- ef --in -tal •ll•p • tile 
preaHa ef aecleati- ... tile ce.iit.i- •f 
, __ ti- .r -t•l l isn alases. llicnv ... ity ·­
e.pl.,.eol t• ari•e - Yal...,le i•f-ti- - tile 
npl•iti- ef tlteae ,rec-•-·_. - doe •iH_i_ 
.. ein•w - silicate &las•-· Farther a,.n 
eaperi-l• •- pnmiaiac l• fi .. pnaof• t• ,_.illtle 
•iffer- i• critical c-li•& rates i• Ill: c..,.r .. t• 
doese •taa.e. ... Ean:la;. tltey alse •- ,c•pects fer 
pr-ioli•& -re •ata - sar(aa aM 'iti .. i- ,.. ___ 
..._ sr..,ity is --.aiatia&. Te f•tlaer •n•ce l:M 
st .. ies of glasses ia llC - sy•l- si.-1• lite 
Msipe• 'llllicla -•• pttait lliper 11 .. tia& 
le.pieratern. raster ~•iac ••• stalitle leYitatioa. 
r.,ac-1: .. t ... iaterestias pr•ar....es are curreatly 
loei•& pla:;aeil t:• laelp sol•e eH-tial ps-•l- of tile 
scieace of alass. 

Of -t: interest -s doe resalts of nev sta•ies 
ia crystal cr-tla fr- water solatioas ia MG are tlae 
first .. ta .. the ar-th of orp11ic crystals vitla 
-tallic c0Rdoactance 0 """" a •-el tlaree-claa•er 
reactor vith Yal•ea ... ippeol vith special-parpose 
filtns to prll!Y-t harafel c-ctioa (tlae YalYn 
litei•& opea) is asri. Atteatioa slaoul• also be •r­
to the e•periaenta "" _.,..,inc crystals of 
""a,.thetic--tal'" type coa.,.ctri alitoar• the LDEF 0 an 
.. t-tri •ASA -.lale for leng-daration eaperi-ts. 
Successf11l were also e•periaenu on sr..,iag 
lov-sol ... ility crystals ia a three-cla...,er reactor. 

"9sl pr-i• ing aa• iapress i•e were the 
e•periaent• on groJVth of proteia crystals fr- -Its 
ill llC. Crystals er- i• space were -ch larpr • -re 
perfect i• •lructute all• purer than thoee olttainn oa 
Earth .,.d al•o were crown at a -ch lli&lter rate. 
Thld. all further esper'-"t• OP sr-i11g Yati­
ps-otein crJ•tal• are rather praiaisins for practical 
u•e aad vill undoubtedly be perfor .... 

lather illtere•tillS could also be fuada8eatal 
studie• to te•t the hypothesis collcerni11g the (act vhy 
protein cry•tallisation becoae• drastically 
accelerated in tlC; (ill other vor .... the hypotheai• 
coiacernillC c'usters). Praiaise is also llh,_. ill the 
e•pctriaenr• on the i..-•itu 11echani•• and kinetic• of 
.... cry•t•llisatiOP fraia 11elt .. ill& dir•ct aethod• 
for ol>Hninc the sr..,th of ••ll crystal•. e.g. by 
vay of holography. 

So. r~cenc analysi• of cry•tal growth fr1119 
aolutiOP• in llC and their srovth frOll .wlta of 
•-ic'MldHcton and 11etah yiel~d inceostiPg and 
pr ... i11ina 011utu. ancl posn probl- uhich •ho .. ld be 
theoretically and experiaentally sol•ed in futur•. 

Tlu1 equi,...nt and •thadolocr U8ed for studie• ill 
the field of saro--11rnit1 pl•y•ics apd IMS in llC lhould 
~. furth•r i•proved. It i• •lreadJ nov that 
C0111ideration11 _,st be si•an to de¥elopilll new 

a-erati- ef ••t-tic ... i,.eat ... _tla ... leg fer 

---"" platf- -' •- -"ital atati .... tlae 
...... ,_.t •eai.,.n far llip ,...er .. ,.1y a ... 
-fact•ia& - -teriala ia apece. l• rec-t 
years certaia a .. aace• ll..,e •- rNdad ... -1 
rn•lts laave "- •taiae<i ia die fell-iaa •111RCta: 

- ~ela-i.•e all:tl<lies of llip-te-.eral11re 
f•-n ~~ti.H (t_,,.rat•• fielcl) 0 •­

operatiq ia 111:0 a .. clesip ef etloer t.ypn ef 
fw .. ce vi tit ~aweil par-tera. A 
atep-litratei- i .. l-tati- ef a•t-tic 
llealia& aysteas t• operate .... ar• 1• 
a,.cecraft. •• -n as of -r• f'Mlft'f•l 
aysteas ... ida -•e lai.glaer laeoti11c 
teaperateres a .. •-lpi• •f speci- ef 
larp •&-ter0 al-t Mela aa require• •F 
i .... try; 

- F•rtlaer ••isticati- ef ... i,_..t .... 
-tloaolelolJ of •t••ies ia tile fie1' ef .. pies 
of l i••i .. ia IC taltiaa iate acc-t tllat i• 
•"iti- t• ... 1,,iac t11t f~t•l ,.. ... 1 .... 
tile esper&-ts perf•r-' vi.lb tllis ... i,_.t 
aipt lite ai-• at v.d.i•& .,., rec---ti­
- apti..isati- of tlae tecla-legical ,ceaHes 
ef -fact•ias •- -teriab ia 
ser.-ar-ity. Sa .. isticati- ef tlae ... i,_.l 
fer crystal sr-t" fr- -111:1 ( i•cl••in& 
special ther-stat• ... cr,..stats l• gr­
proteia crptala), •-e1a,....t ef •- types ef 
tlaree-cla .... er rdctors ... Yal•es as well u 
•f aev -llaoolelegies to -•erYe -c1-t i­
precessn aM crystal gr..,th ia tlae -1u;. 

- Se ... istication of tech-lesical e••ipaeat for 
cuttiac velclinc, applicati- of thin-layer 
coatillp ia a,.ce. cle•ip of •- paeratioas 
of tlais ... i,_.t; 

- FurtlaP.r creati- of looth theorerical loasn ••• 
•- eaperi-tal ettui,.ent ro pr°"itle 
le•itation in llC ••inc •arioua t•chaique•; 
eleclr•tatic • electr-pe1:ic • acoustic, 
iorpla~. clue to alolation. with the help of 
cas fl••e• and so °"• la this fiel• • certaia 
proerna has heen achie•n; 

- De•elopwnr of ll- light •-ll-•icn 
hclocra ... ic insl.,._U for operation ia 
•p•ce. TheJ' haYe a lrea•y loeea used let carry 
oul eaperiaents in llC, aacl the -thatlolo&J is 
iat~·•cle• (or st,..iea ia the Ciel• of plaJ•in 
of l1ivi••. the prvces• of cry•t•l sr-th froe 
-1r.s a:1141 in other space e•periaeats; 

- Develo,....t of sophisticated instr-nu to 
-asure •icroaccelerat ioias 0 they were used 
for lluaeroua stu•iea of cra•ity coaditioia• 
aboard Yarious spacecraft aad orbital stations; 

- De•eloi-ent of other technique• f11r studyina 
•ariation• of condensed aediua •tructure and 
propertie•; •pectr .. copic. l-r•J tnpographic, 
optical U9ing TV •y•ce-, as veil •• •pace 
•acuua, •kin-technolo&J and •o on • 

I)' and larv., aophi•ticated eq11i,...nr and 
•thoclolociH U1Je• in llC for the dnelo,..nt of 5"S 
a11ke ir po••ilole to perfor• .. n7 e•peri.,.nr• and co 
prepare •- •teriab for apece ...,ufacturinc. 11-.r 
of the space 1111thoclologie• can al•o ba u•ed to sol•• 
'"Hr th praltle .. " aitd dnelop ad•anced r"chnnloc1. 

-..,..,...,. ser..-grnit1 tovP.r, aircraft and, 
particularly. rock.c axperi .... u ware contin1wd in 
•horc•t•r• llC. n.e obj•cti•e• of lhe•e ••per~t• 
verr; (I) en p·r•pare and sub•tHC iara the P.xperllNnU 
aboard •pacecraft, orbital •t•rion• ancl 1in111SRned 
plecfor• in lona·t•r• ..C; (2) to perfor• eaperilNnc• 
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f ... f•tlaH •~lo,.-t of 5115. mec-tlJ .... i ... 
r-•lta of i..,_ti•ti- ia •.-t-tKm llC ..,a.•i&e<I 
t•• iat•r-t to t•e eap1tr-.,ta ia tlle fieH of 
sero-arawity ,.,.ica _. ., .. t •tM<ielocical 
pesai•ilitiea of their U.,.lemeatati... Specifically. 
doe a..,_. ~·i,_.t •a• •- •ewelopn f.- the Ria 
... 1'EDS rocket•. •i~ .,... llrMt pasai•ilities f ... 
ah<liea ia tlle fieH of SllS. The test• ia ah ... t-lt:era 
IC -re eaaea1t:ial ia tlle -lati .. of i•- of 
s ... o-ar.,,ity .. yaica a!lll gr•tly c-trihtd to apace 
-teriala ,..pica. iacl••iac the *"tlo,,_.11: of 
••-tic e<t•i,...t. 

It is ...... that the eaper~ta - 9hart-tera IC 
vill •e ~ prac1t:ice ia f•t•re -- th-ala 1-rtera 
apace nreriaeata are pl-n to lie perf-• ....... 
_. _. -8 spacecraft. 

S- receat papers ._cr-i.,.. the eaperi-ta 
iat....,. for- atu.,ias the effect of IC _. hiper 
p-nit7 - tlae alloy aoliolificati- processes ...a 
crptal crMltla. These e.,.riaeata r __ , .. 1t:laa1t: ia 
lliper u ... i11:7 tllt effect• of c-cti- _. alloJ 
iater--11:i .. vith lt:he a.,...le valla are eaha.ceol. ""•It 
yielola ... i1t:i-• .. ta - the r-ole of arawitati-• 
... capillar f ... ca ia crptalliuli- procnan. 

O..er tlle .-11: 2-J pan - a•..c:n •tloMolo&J 
vu •sipel 1t:a slt:Uy crptal sr-11:11 aaol -tal aaol 
alloy seliolificati• ia •iper sraYitJ vitll ••lky ...a 
r-illi• e••i,_.t iaatalln ia a ,.....rful ceatr-if•itt 
... ere accelerati- reache• JO &• 'the •t• .... l•&J vaa 
teate<I Ito perfora eaperimenH - cryatall'i.&ati .. of 
•-ic...a.cter -1t:eriala P•Te vitla A&; Te; Tc-~; 
T..-si i.,..r-ities aaol oa aoli•ificati .. of eu1t:ectic 
allop Al-C. at •iffer .. 11: cr-awitJ Jewels. The 
ilWestipti .. of the peculiar-itiea of crptallisation 
aa4 iapon-ity •is1t:rikti ... the -erlM• iacreasias. 
p•e •aite uaeapecte<I results •icll oleaerwe a 
coaprela-iwe .-lpia. 

Diac••i• of lt:be results of receat atuolin anol 
aaalpis of the opiai_. the apecialiata eapreaan .. 
the pr•iaiap of Hro-cr-Pilt:J phpica u.t 5115, all­
o,ciaiatic forecasts ••out the fatare Gf these ac~-cea. 

At prnent the foll-ias trnola of SllS procnaa 
cu lte outlined: 

- Further dewelo,..ent of f......_.tal studies ia 
the fielol of &ero-srnitJ phpica aaol 
coiapreh-i•e preparati• for ..,..fectoriac 
ao.e specific .. teriala; 

- ._rou long-ter• eaperiaenta altoarol -ell 
apace platfor .. aloag vith ahort-ter• 
ia•eatigatioaa altoard 11a1111ed spacecraft, 
rockets aM sero-arnitJ t-•• 

- Preparation for the iaYeati1111tioaa in the 
field of 5'IS altoard aev orltital atariona where 
hip ,_ ... supply viii lte enaurn for ltodl 
experimental aa• industrial facilities; 

- !a tab I i..._t in •- COUlltriea of the 
cround-ltu• SMS laltoratoriea ltoth to prepare 
apace eaperiwt1ta llftd to check whether r.heJ 
are correct, and to carr1 ovt arouaol-ltuad •ad 
apace aaperi-ta. lt ia atr•slJ rac-ded 
that 1111ch attcntiOll lte 1ina (includina 
fiallftcial aapect) to arouaol-ilue• aaperiMllta; 

- Deeper and c-prahanaive diacuHiOtt of 
aapadiellCJ of nav a111peri-t• to lte parfor•• 
in •P"C•, i11•ol•i111 a arut ....... of 
1pacial iatl frOll varioDI fielda of 1ciance, 
lloth theorina and exparU..11cora. 

All •- aapP<ta i-•l•n in receat ... licati­
•• -r-• rn•lta •t•iaeol for J-4 rt•• all..,• 
to _,.asi&• tltat tero-gr ... ity ,.pica a .. SllS viii 
face ... , ~lleacn ia the aear fat.r•. 

The foregoing •iacaaai .. poiata to the aeceaaity 
of iat-i•e at11•i.- ia th• fiel• of &ere-grnity 
,.,.ica all4i 5"S ..,in ca• ill•atrate peacefal a•• 
fraitf•l •e of _.era achi-ta ia eaploralt:i- of 
a,.ce. .Jeiat efforts of t•e apecialiata of ... , 
c..-tries ...t ntaloli._.t ef the r.specli­
iateraati-l sci,..tific aoci•ties ....... ....,e a great 
c•trikti- to tlae progress of tlaia ltr•ch of 
acieace. 

It is safe ta say that SllS will II• fartller 
a .. •cetl ... tll ia apace •ti vi th ia sr-•-ltaseol 
laltoratoriea tlue to tlae aocc•••f•l atooli•s ia the 
fat.re. (Eatractn from Proc. •th Sr-pesi- -
llaterial Scieaces ,...r llicn.grnity c•olitioaa. 1or•-. Fr ... ce. 2-S llece ... er l'M• vnuea lty 
L.L. -gel" Space a.aearcll 1-tit•te, USS& Aca-.,. of 
Sci-ea ..... c .... ussa> 

••••• 
Coatiag •e•elope4 for •race stati ... solar cells 

A cost-effectiwe coatiac pr~•• to protttc:t aelar 
cell panels oa a f•t.re space atati ... is oatler 
tle.elo,...at •:r Battelle Col"""us Laltoratoriea ia Cllaio 
for the .. ti-I Arr-tics aM Space 
Aolaiaiatratioa. The cf!lls vill power the spac• 
atati• .... ich is sche•ule.& to '"' c•struct•tl ia the 

'"°•· 
The solar paaela vill r .. aist of silicon cella 

-te• oa thia plastic straps tllat are c~cted -• 
fol ... like aa accor-dioa. At laoach, the arra7 is 
fol ... ; ia the proper crltit ia spece. it ia 
eatea.... 'llae apace atatioa vill lie locatri ia 1.., 
or•it, flri•s at l~~u kil-ten fr- the Eartla. 
lattelle s17s. Without special prot•cti ..... al t•ia 
altitu• atoaic O&J&""' 11Uuld react vith tlae plastic of 
tlaa paaela aaol olesraole it. 

lattelle'• coati•s process is iat..,... to help 
preaerYe the panels ltJ applJias a pol:r-r coatiag that 
olon aot react vith o&JJ""· 1'he coatiac .... ich -t 
last for H para. ia applied throup aa illai&M a•• 
tech~i•ue knova •• plaa,.. pol:r-risatioa, lattelle 
eaplaias. The procua is ineapeaai•e loeca•e it does 
not r.,_uire a hiaft-wac- en•iron..at to applJ and it 
also ia capaltle of cuatinc larlle area• ia • ... ort 
P"'riod of ti•. (btracteol fr- lat. Solar !aerp 
lntelli!p!nce ••rort, ll Mar-ch 1917) 

••••• 
lleYelorment of a ... lti&one furnac~ for cha "°lti 
Furaace Aaa.,.ly OIFA) 

The .. 1ti&0tte furaace i• a specific ••vip!M!at 
deaipn for Mterial science ex~ri..,.tal research in 
apace. It cnn1titute• an ale.ant of the Multi Furnace 
Aa• .... IJ ("FA), a ... 1ci-uaer facilitJ integrated on 
the retriewaltle orltital ir•trulM!nt carrier ""ich ia 
llein1 dneloped ia the fr- of the Wl!CA European 
proar-. The platfor• ia scheduled to lte la,..ched 
in earlJ 1991 for a firat •icro1ra•it1-orit11ted 
•iaaioa. 

Tl1e furnace featuraa the peculiar capaltilitJ of 
achiaYi11s and .. i11tainin1 hilltlJ accurate r .. perature 
profile• alona it• ••ia, for Iona ti .. period1, to 
proc••• 1uch •an•iti•e e•pcri .. nra •• ther.,diff119ion 
or cr11ral arovth in a veillttle1a an•iron .. nt. 
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Tr_i_t ti- to rucla stu•J' 1 liow• 
state operati- at 9008C 
(i1M:l••i•& .. t& .. •i•& 
to < to-6 •ill i•ad 

Cool""'- ti- f,... 900 to 50"C 64 bows ..-r •ac-

- Kaai- .. .-..- of tller9DCO•ple• 
per eaperi-t 

lla•i- .-er c _ _,.ti.- at 
21 YDC h:r-ieat) 

Sta•1 state ,_er c _ _,.ti­
(9CJCIDC) 

I. lltda .. ical architecture 

1 

22.0 -

)15 -

9 

• O.OS°C 

11oe f•ruce iacllMle• thret! loeatiag ltlock• eack 
ueipiaa l .S ta -tu • • iac•el tuh. 

1'loe t .. e -st •e thia -nn to rn•ce tiler-I 
Iossa "'ile the hip re•-t fre.aHacJ of t01e t•e 
call• rer tloiclt wall•. Thi• opC:i•iaatioa vas .. e of 
tile critical poiat• of the project. 

111e butiag useoololJ is superiuulate• aa• he1' 
at co1' eatrmtJ •J' • flaase •oltn .. the hut si .... 
while tile other eatr-itJ ia ceatere• •1 a law tber .. l 
c...._cti•it7 --ii.raae. 

Mlea f•raace ia hot. -~ial •ilatatioa reaches 
4 -. fur-ce hot ea• ia .i 1-4 to uaaat fr- the 
cntaria1 ..-r ... e to a•oi• ther•l streHea. 

Mia the twe ia colil • the ••r•e eaaurea a 
SOO • pratraa oa the tuJ.e ia or4er to a•oi• shock• 
••ia& •ikati ... .- to -ure proper tuh cntcriaa. 

this -•r•e 4ou Mt iatr .... ce ... , nlati•e 
tr••••aal -tion .,etvwe• the tulle aad the ••dope. 

The outer eaHlope is •M of 2611 A alloy. It 
acts aa support as well •• protecti•e .,arrier ia case 
of cartri•ae rupture. It is ri., reinforced in ita 
lover part, close to heat •ink iaterface. The ver1 
hiah aerYice te.,.roture of 2611 A allow• to auorontae 
structural iatearitJ wa ia cue of •nor•l 
coolina. 

2. Ther•I architecture 

'l'ha fUl'nace MJ •e di•ided into c- part•~ the 
hot sone aH the cold sona. 

The coU 11one includtr• cha fUl'naca heat •ink• the 
atoncl-off and the core en•alo,.. 

Tito hot sono c .. pr iH• the furnace tu ... vi ch ita 
rhrw 1o .. tin1 "locks. 

"'°tin& .,lock• are evenlJ diacribvtod olon1 
furnace axia. Each hNCia1 .,lock coneina of on IO -
Ion& pure nickel c1lindor, cha diffuear, char•llJ' 

._. to tla• ia~I t••· llacla iaM er-es oa the 

.. ter c7lia4rical surface receiwe a llairpi..--.ped 
rHistor fin4 vitla staialeH atet!l ltiadi•& la-po. 

•lock t-,.ratwe coatrol is perfer-' at laeater 
le.rel. - tit• aiclt•l .aiff-•r -ter .. rf•ce. for 
aafet1 pur.-• • _, at c .. tral t•el•iff••r 
~ .. le~ :-.-.c., iv &-.. c •• aia;•t•lc •--.i..r t~rature 
profile nplati-. lla~pln •e -te• villa 
srNt care ia orwr to a•oi• -a••r-t errera; they 
are ia•i•i .... llJ cali .. rated • 

Tile t- •iff-era •eat to t•• heat aiak are eacla 
et•ipped with aiae aMi--filled heat pipes to 
1Pstaltlislo isotloer .. lit7 ••er tlle foll "lock ll!!'&tlo. 
....... •a,..rirn ia tr-i1Pat la•atia1. a .. damp 
tlaer..l n-t-ti .... 

c-•criwr ther-1 nu-s are ew-atri thr_.,. 
the for-ce t,.. to tbe loeat si,. .uMI th ... tlor-&la tit• 
staa<l-off to the llFA cold plate replated ar-• 
2QOC. 

11&4iatiwr fl•~• are li.itn •Fa s•perias•latioa 
set c .. posed of iacoael ~ t!~!!!!!'!!!!! f~il~. 1\ ~• 
50 .icroa tloick. 

'Ila• ••periaa•lati .. ce.sista of: 

ZS aicr .. tloidl a. ..... 1 HU foils for t•e 
a-er cJliadrical iuulati .. 

Z5 .icroa tlaick titaai .. foils for the outer 
CJ'l ia•rical iDOalati-

iacoael 600 foils ia •isc ataclta for tbe aaial 
iDOulati- Htveea diff•er• 

titaai,.. foils ia disc stacks for th• loot ea• 
aaial iDO•latioa (Htveea the last iacoael 
•iac ataclt ... th• cor• -elope •nd cap). 

llae saprdasulatioo all-s to coatrol tlaer-l 
loaan tavarda the eawelope. 

Tise •-inal ,.,....r coa•-ptiaa ia thua r ..... cri lo 

-11 190_ vatts at 9CJUDC. 

J. Electrical arcloitectare 

Each heati•& •lock recei•e• a 1HUJIOQ)AX Z -
dia-trr heater of 200 wtts power dissipetioa 
cope•ility ia tr ... aint louti•&· 

PovH is dalinrn •1 the MFA l'CCS (Paver Coatrol 
aad Coa•ers ioa ~ayat-h IS _,. ... uader a 
27 ! 4 Y •oltase. 

Heater terainala are .. raal!d oa CP 20 coaaectora 
located oa the heat sink •ueplate. 

EisJat K-tJpe Chraa.l-Al.,..l tlorr1Dcouplea are 
diatrib•t•• ineide the furonce~ 

- Two for each heating block (heater oa outer 
part and t••l•iffuaer interface) 

- Ona on the tuba flan..,, close to cha heat sink 

a.ta on the cunneccor holder between diffuser 
and heat sink. 

Th••• ther1M1couplo1 are ao[dered to a 1et of t"" 
10-pin LCMO cOtUt•ctora located on htrAt sink •••aplata. 

Their "hot" junction i1 alectricallJ inaulatad 
froa their inconal 1haatlt vith aapHio. 

All therMOcoupl•• •r• •elect••, •l"d and 
calibrot .. d hJ hot crcling at 900°1:: .. .rora bein1 
inte1rotad in tha furnace. 
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•· F••ett .. pieal c1i .. ct..-iatics 
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l. Cartri•p -.cripti-

lJO -

no -
105-

'llle c•tri•v is a Z2 Cll 11.10 staial .. s st .. l 
CJlia<ier ltel•ial tlte S ... le te •e prKeHel. 

- ....... t ,.n .... ic1a i• •u-t•••. •• 
all-. l ... i•1 • .. _l ... i•c •f tit• •speri.nt 
(tlt....-1 •iff•i-). la die UJStal p-Mltla 
alter .. ti••. tltis part ia r••~ t• a sU.,.le 
.. aru ..,..1. ••t• at .. tit ea•• "1 
a,.r .... iate cu .. i_ to prn•t •reekap fr­
•,.-ical w tit-I 1 ..... 

Fer tlaer_.iff•i• tit• ... t part •J •• •ladt 
e11i•is .. t• iapc .. e r .. iati•• -•li•& •u- tile 
cartri•se ... the f.-ce t .... 

- 1"e col• put, .. lteat si1* •••plate si•. 
recei•n all i .. tr-tati .. ~ti- .. •• 
iHtb..-•l pciatn circuit ltoar•. 

lt ill •• of ataialua steel •• lipt alloJ •• 
prninau a c .. ical part -tias vitlt Che c .. ical 
ailic .. sol .. lteat si• si .. to -•• Ch..--1 
rr-f•r te the •A col• plate. 

2. Cartri•s• iast....,...rate111 

The cartri•se is i .. t....-tn to • -·i-• of 
11i11e tlt..--ples •••llJ aierriltutn ale•& iu 
•• 1 •• 

&lectrical c-ectioa is ruliaeil thr"sh .. 
isoth..-.. 1 pcinted circuit located in the cartridce 
h .. d (col••••> to a SOCAr&K .1J'06. 37-pia coanecter. 

'Ther•couplea cold ;-tiOft ia located at 
elertrOftics le9el. 

Eap!l'i-t• 

I. lllUCA I e11peri ... t de11cripli01t 

ho tJ,.• of Hperi ... u ere i•pl-&ed to lie 
prOCH•" llJ the M'n furMcH on the IUllCA I flipt. 

• DiHution llM ther•diffU11iOft in li41ui• 
phHe; 

(P.t. • Dr. raA:ZCY • CIA/CPIC) 

lhher diffuaiOft of a dopin1 c .. pc11111c in • 
pure ... cal (cottcencration •r~Jaent) vich 
p81'ticle •isracion •er•u~ ~, ... 

Por •-•••~ depin& Co in lln 
or r .. io•cti•• tracer in • r.,lcen .. , •• 

~ tlt~if! .. i- ...-.ir ~l sr .. int ef • 
1tiau1 an.,. w i .. t.,. .i.1,rati .. <-.-•ti•. 
fr- - iaitial •-• .. •• -trati-). 

- Ya..- ,._. •e,..iti .. arw'/er crptal ar-do 
~ t .... rat.re cr•••-t (•rarerced n-· 
-tNd> 

(P.t. • ltr. LlllM'f (mD) 

llais ,.c.liar eapera-t ... a ••rt• ....,.la 
fill .. at ltetlt ..., vitlt a tir-1 .. • t•ll•ri<k ef tile ,_ 

'Dae -terial is Itel• ltJ eptical ••rt• sri .. 
c-trell ill& tlte •Ur..i- fl••· 

A do-I p-.. i•t is estaltli• .. .,._ tile 
-c• _.tile ai•. 

A tlti• la,.r .1e,..it <-rptal) ecc•rrs ar_. 
- iaitial -•- lecatd ia tile •i .. le ef tile ......... 

2. r...ai•I• aprlicati ... 

..,._. tll-• tva e.,.rm..ts. tit• -tti11-
f11r .. ce c-1• lte .... fer_, P1tpical Ya,.... cor-tlt 
•r 0.-ical ...... r eor-tlt preens. 'This is of .,.cial 
i•terut fer tile ter .. rJ s-i~ters like I& C. Te. 

.. ~er •-ic..-Cter P'-tll _tit .. ia 
•irecti-1 seli•ificati- _.er 1- &radiewt • 

'llais cewl• lie .. tai ... ltJ proer..,i•& a coaataat 
t_,.rat-e •iffereace .,._ •-• l _.&ate 2 '*ile 
ltetlt t..,.ral•ra .. cr ... e ••r- ti-; tltia ru•lU 
ia soli•ificati .. rr .. t •isplac.-at lilt• ia GllF. 

'llae thir• a•e c-1• lac ••n at c ... ta;tt 
t-perature Ce •iataia tbe •apoar pcnsure of tit• 
-t •olatil• c_,....t ... •1 suclt. Hoid c•po•iti .. 
shift •-i111 pcoceH. 'The -• el ltnt pipe• ... tit• 
•et"J hip leaperature ataltilitJ eaaara that the ... ,._ rr•··-· remaiaa c-t•t. 

la the Hatioaar1 cr .. ieat ..._. it c-1• lte ••" 
for eaperi-u r•&i•s ~r- th•r.,.iff•i- to 
th..-.. 1 c .... cti•itJ -•s•r-u. 

q..alification tesli•I 

'The furMc• •••t•in• rec"tlJ •••ir-cal and 
f,..cti-1 •••lificati .. tests. 

'The f•r .. ce tuttaian hip le•el •inua and ....... 
•ibration test• vithoat ..,, ...... ,. •••pit~ tbe rather 
H9'ttC .... ir__,.l (1.9 If-). 

lhe rirsc retanant <reoa .. enciea of the furaace are 
veil o•er the IO Ha •pecification. 

'l'he fir•t cran1•er1e •de ia ...... 120 Ha, the 
fir1c 1on1itudinal llOde ab09'e 62~ Ha. 

The furRace sustaine4 ther .. 1 •acu ... teat• in • 
... icated facilitJ ltuilt llJ SIP ia or•er to perfor• 
•1•• f1U1ctiottal te•t•. Ulti .. te Ytc,.... can reach 
S.lo-' altar vich furMce inaiile •tc- ch.,.er. 

Aut ... ric control ensure• chat pr•••ur• n ... er 
ncHil• 10'"~ • durins heac-.. p chu• eYoidins furRace 
hoc part• oxidation durin1 Ion• duration te•ca. 
(l11cract•d fr• Proc. 6th &11rof!•n lz•eo•i,. on 
Material ~ience• under aicru1rll9'itr condition•, 
1or .. au11, Prance, 2-S Dec...,,, 1916. wriccen bJ 
J. Terracnl, D. Val111ti•n (-IP), C. C.,..nn 
(CllH - CUM&)."'· MarJ, Ptrlerb (SOTlHM)) 

• •••• 
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hftl•i-ent ef pl• fer •tilizati. .. of •pace 
-i.r-u-.Japea 

l• tile 1'10a •• i.c,..... research - aic:rocrawi.ty 
.... ia partic:.lar. experimeata - r- -teriala vill 
a.. tile -~- ••.iect •" ruearch i• the apatt 
...,elo,_.t proer-. la .laP"n. tile First Material• 
Pr:ocr- for Testa (FllPT) project. tu first r­
-teriala exper-.t. llas •- set •P "'"ich is alatM 
to a.. iapl-te4 i• 1911 ia the apace .._ttle. 'Ille 
pr•ject • as sla_,. ia the ta•le. iavolYea eaperiacata 
... icla are associate• vi.do •arieus t7pea of r­
-terials such as •-icea•ctors. -tals. allop. 
ca.posite -terials. glass .... cer-ics. Tllis 
i .. icates tile lligla llope .Japaa bas fer MYelo,....t of 
•- r• -teriala usin& space. 

Precessi.ag of r.., .. teri.als i.n s,ace 

a- -E:erials pr:ocessiac. as •U9plilie4 b7 tile 
pr .. action of ain1le silicOD cr,stals frea ore. is a 
tedlaoloa f.w .-intt •ari011ts •al•e-a....,. pr:o•cts. 
e.g •• crystals. ch<!llicals. aetala. aa4 cer..ica. frea 
- t_.-pr:ice4 r• •terials. 

'floe -t iaportant rm•- for contluctin1 r­
-terials eaperi-ta in apac"' is to ....,e •• of its 
veiglatless en•ir ... -t. CID the Earth. H1hsta•ces 
separate fr .. each other accordinc to their 4i.fference 
i• te.perat•re ao4 •easit7 aa4 •""'use of their 
cr-it7, pr.,..ciag ch•cn in ••re -ing to its 
veiglat. la veiptlesa r., .. terial procesainc. on the 
otller hawol. gr-tit of •-ic-'uctor single cr7atah. 
far -re h-po- an• -cit nearer per feet i- than 
.. the Earth. is cMKei,, .. le. Tbia is also true for 
aiaing ... aoli4ification, througla contai,...rlesa 
processing, of -tala ... cer-ica ,.ich are of a 
Aape a_. ,..rit7 not to •e attainM on the Earth. 
O.ter space permits -facture of high-value rav 
-terials .. tll i.A scientific an4 ~rcial ter-
.. iac veiptlesaaess. 

(1) Electrooic r- •teriala 

t.pr..,_t of the technolo17 for -ufacturing 
•-ic-•ctor crptals has pla7ed an eatr-ly 
i•portant role in the dKelo,...t of c .. potera, 
lasers, a•• a ••riet7 of sensors. Crystalline 
atructurea .... purity are Yitai factors in this 
techaoloa deYelo..-ent such that e•en 1 ppb iapuritie• 
(one-ltillionth) can aoaetiae• render a cr7stal 
defectiYe, just as structural defects of e•en the 
n .. ic leYel can pro4uce fatal effecu on aoae 
occasions. On the Earth, these prolll- caa be 
•ur•uated only partially by c .. plea and -coo-ical 
•a••. "-""", in -iptleasneu, larp, near 
perfect aincle crystal• can be crown vith ca.parati•e 
•••e ••c•-• of the lack of natural con•ection th•t 
pro4uc1t• ...... growdl •urfac•• .... distorted crowth 
sones. 

Weiptlea•n••• is ••portant in directional 
solidification, a .. ;or technology for rav -teriala 
processiftg. ly i•p.•rtinc directional future• to 
aetal •t the ti .. of its •olidific•tion, .... 
characteriat~ca of the •t•l can be atrensthend. A 
unodirectionally solidified .. tal •hould b• an 
•••anti.al r- •terial for •uch proclucu u turbine 
111tgines, where ht1aYy stress is applied in one ainsle 
direction and llhere • l•r11t str•in is produced in that 
direction. 

Another i•portant prci.iainc proc••• ia space is 
repid quench ins. In thi• proceH, a •tal i1 
aolidifi., et such a rapid r•t• that its constituent 
Sit- canftOt Htrle the•al,, .. in their unique 
nructural arra11.-•nt, ConHquently, a rand .. 
•tructura i• produced like that of al••• vith unusual 
properties. 5uch r••••rch of technoloai•• in space is 
•apectetl to a""anc• .. tal casting tachnologie• 
developed on the larth. The .. nufuture of nev typH 

of su,.rconducti•• alloys, ft'r ... ich us.ssmPDt of 
s,.,cial properties is not ,...sible Oft Earth toeca,.e 
.tiffcriratt• ia specific 1traYity uf c_,...irat -tals 
preYetlt th• -tals fr .. aiaiuc properly, is alao .... 
rHearcll th,._ -i .. -ly adaptri to space. 

()) Class aa.t ceraaics 

Wber• cer&iaics are usPtl ia turbin• bla4es, jet 
enci••s, etc.• ,.; ...... are s•ject...& to hip 
l~raturots an4 hea•7 str""s, a .alter of concern is 
the destnactiOG of the -terial. Ill• aeth.,.a for 
•eating vith this prolll- in•olYes iapr--t of the 
perfor-c• of the cer-ic by the a<lditiOG of •­
specific ~tal to the .. terial. This controls its 
ai~roscopic alr01Cture. In sucb a case, veipatlessness 
again pr...,ides an iaportant ..., ... of research. 
lkmgrawity in spare peraits ane to pr•pare a 
aicroscopic structure which is un.aYailalole on Earth 
loecauaot of the absence in apace of up -4 4ovn 
--•t of the c .. ponenl -l•rials •ue4 on the 
•ifferences of specific gr-iti•s, &IMIAlt other 
thinp. Tllat is, it pr..,itles i ... rtant knowle4ge for 
the .teYelo""""'t of high-f-clion r.., •teriala. 

Another i•portant fi•l• of applicatinn for 
processing rav -t•rials in space is tbat of 
""'•loi-ot of opr.ical fibres for use in optical 
c-ic:atiOGs. The ... facture ol' optical fibre vith 
a lov attenuation coefficient for liid>t, vhich is 
reoiuired for sending sicnals ower long dist-c•s, 
sh0tald be .ade possible b7 containerlesa treat11eat in 
apace. This per•its fusi"" anci soli•ificatiOG of 
cr1atals under conditions that pr•clu4e an7 
contamination by i•purities deri•ed fr.,.·a container 
and aakrs it possible to pr .. uce bighl7 pure glas• 
vith hipa trans•ittance. 

F~ture prospects 

According to NASA, aicrograwit7 science and 
appropriate appli~ation progr.....,• are ai.e• at the 
application of the veiptleaa enYir-r in apace 
vith a YiPV to o~taininc a deeper understanding of its 
physical i•plicationa and also to deYelop further 
tec:hnologi•a for the .. nu~acture of rav -trrials. In 
this series of projects •ASA has .. ppe• out a plan 
•tartinc vith experiaenta using fall tubes aoci fall 
t-er• on the ground, ad•anced to airpl•e• an• 
aoundinc rocket• in •eaiorbirs, and is preae.atly usina 
the space shuttle in orbit, to be foll-• by a apace 
station, also in orbit. 

Utilization of apace environaenta -•t include 
effort• to d..,elop applications of that envirconaent in 
industrial technology, .. de aiaultaneously vith 
efforts to put in order the 7et unkn- physical 
phen-na unct.r veijlhlleaa conditions as part of 
sci.,.ce, ln thi• •ense, progres• in the science of 
veightleaaneaa ••Y require a syatir• of research in 
..t.ich the 1JOY•rtw1ent, industry, and acadeaic circles 
have to co-operate 90re intiaatel7 than ever before. 
We .. y see in the future nPV S6T prospering in apace. 
(btracted fra. Tolkyo l'Ull~TEUSU, S.pte..,er-
October 191S. Article by llobiyvki Ta11jiuchi, df'puty 
director, Social Syate .. Division, Kitsubishi Ceneral 
ltc•earch Institute.) 

• • • • • 
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Karketin1 ourlonk• 

Orhitin1 f•ctori••~ fact or science fiction? 

h space the final frontier for Mterials 
proce••inc? With the •pace •tetion, perhaps the 
rHearch r-r forMd ltoth on the sro .. nd and on the space 
shuttle viii finally bee ... a c.,..erciel reality. The 
llev York Tiae• predicts that •aterisl• processing in 
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space will aaerate Sl •illi• per ;rtar •:r lHO; ia 
tile -•t fiwe para. ,ia-ce.tical •teriala vill lie 
a SJ llilli• ll•ians. electr-ic -terials. 
&2 •illi• • ..._daer (~c•t •:r tile c.acreni~l 

Space ca- ... pr•jectn a SJoo "ill i• Craea 
•ti-l P~t fr- s,.ce ••iaeH .,, die :re• 
2UDO - \llllida ala• vill paerate 10 ailli• jells. 
'Ille Ceatre f• S,.ce r.lic:r is a little aare 

~ 

• llnearda topica 

aattelle Col ...... LaheratoriH Catalpt• for .. procarlooa pol,_rizati•; 
(vill •e llASA Levis lffe•cb pol,_r .. _ ... electr•ic cr:ratal• 
~tre"a Kicr~rawit:r Materials (piezoelectricit1); &l•• •terials (or 
Sci- .... oratory) 

~-ti- (or llateriala 
~elo,-.t ia Span- 0 

V.iwenit1 of Ala-
•-tnil le <-t eapui-ta 
-..e to •e fl- • CAS 
-• otlter ,.:rl•• ia 1916). 
Fotm"e: Ceatre for Applin 
Ditties 
-1.•eraUJ of Ala--
airaiaP.... Ceatre for 
llacr-lecular Crystallosr•plaJ 

Yaaoler.,ilt U.iwersit1 

1le Lalloraturiea 

Space Industne• Inc. has 
av-t vith llASA) 

louns Aerospace 

fa1rch1ld Space Operation• 
(hH JU vith •ASA to 
recaiwe a free •hurtle 
fli-"t 11nd retrieYal •i••ion 
in 1917) 

ntr• or pace o ic1 0 

~pace lab Inc. 
(ht• MOU vith llASA) 
Aeri tali• Jr11I 
ln•tr...antat on echnolos:r 
AuociUH 

pace a1c nc. 

•isital electr•ics ... fi'-re optics 
(coatrolln "°r-ity) 
¥ical crptals; or ... 1.c crptal sr-th 
•ia ••poor tr-pert; ,...ificati• of 
.,ioloeical -teriab .,, ph•e partiti•ia&; 
•-face c•tiap; catalpt ,.. .. cti- .,, 
electroolepoaiti-; o~ iaterecti• 
vitlt -tuials ear-n ia s,.ce 

Crptalhae atructore of eas,.a; prote1.a 
crptd cr-t .. (were to ... n- ...... a 
fall 1916 a,.ce 1• aiHi•) 

Directi.al soli•ificati .. ; cut~•& of 
al-iai- allors. plati•- er-• .n.,.. 
•• U.iscule allop• c•taiaerln• 
processins of Ti allo:rs. refrector:r 
allap. -• steels; ,-s ,..ocaaia& of 
su.eralloYs ••• c ........ sites 

Facilit:r 

AUacbH laborator1 affule 

ln•ustrial s...,.ce facalitJ ISF -
eapan .. llle attachri lalJoratorr for 
research aM pr .. uctian 0 •ial1 MPS, up 
to 6 i.._tical aoclulH 0 perMneat vith 
in-orbit aerwicin 
s.a l l Pa:rload Fl ighc S:rst- <sns .,... 
orlliter carp llay, 4 ,JOO Ill of pa1load 0 

•- power a .. coatrol•, •ta recor•in& 

c.,._rcial Materials Proce••in& Support 
facilitJ (COMPS) for space natioa 

Modular eapcn-.it platfor• for aciace 
"'"' a licatiot1s (f!UA) 
Lcnacraft - un•niwcl •pece platfor• 

retri«Y*I• free flyer 
PriMrJ paJload•~ 32,000 &b, 
*4 to 1 •illion/.onth~ 1econclar1~ 
2.200 lb. so.5 ,. l aillinn/lllHlth 

•• ec au~tataon u •• , 
shuctla paJlOOtd ba1, awail•l• 

Pr..,ades aervaca•, hardvare or l:rin1 
••ll pa:rload• (CAS and larpr) 

••••• 

lhi•ersit:r/corporate ,....er• 

~ Clteaical C•p •• Ql 0 c:o..t:rear. PK. 
1oc1r.-u. llerC11le• loc •• Altr• U1ai•erait1. 
QlllU0 Clewel_. State. Goio State. Mia• 
VeHias laatihte 0 Vaslliast- State. 
Clark- U •• Uis• Pol-r i .. tit.te 
loei•& Aer-.. ce. Cel-e lleanrcla 0 

Deere 6 Co •• c:m ....... • _.ti• lln"ietta 
aer ... ce. llc .... ell ....... ':eln,..e 1r-. ••- c..•it1e 0 V,le ........ 
•i•n-sit:r of Al•--Toacal-• 

llc..._ell Daoal•. Scherias0 Sail'- Uiae. 
Frnc .. I.alts •• llerc 0 UpJ-.. Do P.r. 
Ce•&i• Tea. S-tltera lcaurm laatitote 0 

U.iwersity of Al•a--a-tnille 
'l'llelwe C99paain. lla1.wers1.t1 of Flan.Ila. 
llltiwerait:r of Al•--ToacaloaH 

lletluire• fee for serwice - wanta priwate 
sector to caacri"9te "9t .. tedulicallJ 
_. -teriall1 
Operat••& .,. a leue-for-aerwice lluu 1 
c..,.tillle orllit vitlt •pece ataltiaa; fullJ 
operati-1 vitlt a •i•sle -.lule _. -
t .... ch; accelerate co.oercialisaci .. of llPS 

tlstaruls Sc ·nee La vaa int peJ • 
(12/lft); lav cost. ••iclt tur .. rouad; 
,....,i.._ fr-.ueat flipc opport•itiH 

Includes lalJorator:r, piloc praduction 
teat equi..-t. _. ,..o•ction support. 
capallilit.y; u•era would •hare •upport 
coses Mii fees bued on these cosu 
a- coat, reh•le. a .. pt•le co utltar 
Ariane or shuttle launch a ate .. 
Lca•e space for co.oercial -teruls 
proceHinJ. 1..,arn11ent project•; i-•ic 
parloa• eirch,.,.p; reconfipration capaltilit,; 
payl•d intefrat ion tupport for ho th plat for• 
•n• ehutcle aaterface 
ncruer •• ec ,,.,. J per cant; 

•""'anct•' aodule will contaia indapendent paver 
and thar•l •Jlte•; ra•ce baclt-lo& of 
•nr ri-u· •u t • ca •tation 
0 er• H&e aaperaMnt 1u;·,_---,-.. -u-... ,_..--,-.---1 
da•i11t• 11nd •••...,l•• •••iJlllMnlt. handle• inter­
actinn vich •ASA~ racluca "upfront" technical 
""' financial riek• ea and to• ce et•tion 

paJ oa n a1rac on a 
docu .. ntation eerwica• 



C9a-ti ... : sn te n •nn.. o.t er t11i• tetal 
t"-F .._ ...._.. tlleir -terial• p:ecaei-s 
~icti• fnm SI~ •illi• te a .. in... e( 
ill •illi• - • n .. lt ef tile ~- alay ia 
"t•li•iaa doe .,.ce atati•. Oriciaally act.eale<I 
te n e,erati-l .,Y tile -rly l'90a. tllere .,r••ly -
_. •f•t-tely - vill M - -. •l•JS ._ te 
tile r-t .. uottle •i•uter. •• doe a,.ce etati• 
vill fi-lly h eperatiac. tile ••-taps viii 
u 11mte f• tlle •lap. (EatraC"tft fnm ....,__. 
llateriale • Prect•••. •116) 

lliP pnfite eapec:te<I fna .,.ce .. ter ial 

Tearly ,refit• ef aear:r ..a •illi .. 
Uuz .nu-> an e.,.cte<I tllr_. praoloacti- ef 
·•-" .. terial• ia epace i• tM par noo. J ...... 
.. ti-1 Space .._1.,_.t Apacy (USDA) Ila• reperte<I. 

Accs•iac te tile repert. -teriale ,......._. ia 
... n 11-titin at llip -at - like H•ina<kcter 
-teriale _. t1t-ce.ticala - vill n .... t ,......._. 
ia a,.ce ar.uaol die t,.. ef tile c-t•y _. tetal 
pr•fit• ef •"-t -¥SI •ini- CSZJ4 •illi-> c-1• .,e 
.... ,_. fnm die eaptcte<I a.ltiae<I .arllet ••l- ef 
SUl.I •iUi- <Utz mlli-) after -iac 
.... ract•i-s ceete. 

Span-pr ... ce<I ee.i__._ter •teriale ... 
.. ar .. ce.ticah ll- a .... cfa•ce ef hn.iag 
SlOO •illi- (S.01 •illi-) i ..... triu. tile report aete<I. 

1"e -teriala curr•tly ....,i••111• iacla• ia•i-. 
galli- ... ar-iH ••• for lliP-•pte<I ••icee6lctor 
cl-u _. ur•ia•e. - -titllrwloolitic ageat. 

1"e llASllA re,ort eta-.1 ,._ceaticale _. 
a..a-..,cter -teriala vil~ •e ,.. ... _. at 
•o per c .. t •• 60 per ceat, rn,.cti•cly, of tlleir 
cwte ef ~ti• ea Earth. 

Y.ile •ASDA officials ... it there are atill ... Y 
...__ factor• imrel•N ia a,.ce -•factariag of 
theec ,...-Cu. they are c•fi._t the .arllet •alue 
ceti•tee vill aot .,e far off the .. rll. (Soarce; 
Takp Deily Y•iuri, 16 Dec.-cr 1'a.) 

••••• 

It ie profite.,le to HYelor •ece -luiale 

lmreetiptioa hH lteea carria• -t for cha 
fellowiag two ,.r,..a: (1) to pra,.ra "uic .. ta for 
et••yiag l:ha Jepaana •pace eta ti• projec~. AMI 
(2) to et•dy ""ether or aot Jape•'• ,.rticipatioa ia 
the US apace stal:i• project viii N coat-affacti•a 
vith coaaidaratioa to fut•r• project• dcYalopiag fr .. 
the praacat project. 

a. a caa•lt of the iaYaati,.ti•, the following 
it•• ca• lta coaaidarad to lta the Mia -tariala ..t.ich 
viii •• Ned in the -t pr .. i•i•c apace -faccuring 
fia14. 

(I) S..ic...,.ctor •tarial• and electronic 
Mtariala c .. ,._d ••ieo11 ... cton Cop1:oelacrr•ica, 
aolid l•n •tarial, •d hip-apnd opcrati•c 
••ic .. ducton) 

Allorphoua alac&r•ic .,tarial (optoelacCr•ic 
.. cariaO 

lupcrc...,.cti•a •tarial Cferr ... p1etic field 
1nn•cln1 Hpercon ... cti•• •pat) 

llich-pcrfor-ca •P••ic •Cerial (c•pect, 
accurace, and hip-perfor•nca upat) 

s.,.r-,.rract crJStal <ataadar• iriagle crJStal 
fer reHIH'Oiac tllpical prepertiaa) 

Pretein 8'lcla .. eaz,.ra. Iler-•. etc •• 
( .. ar•ce.ticale _. raaarcla raac-t) 

lielesical calla ,,._ca;atical --fact•riac 
cdl ... reaearo cell) 

Optical laaar gl .. • <large _t,.t luer _. 
iafrae• v- pi•) 

Rip-streastll ceramics (cerr•iea-resi•t-t a .. 
lli11t--str-sth .. terial. -ar-rn ist•l •• 
llip-sn-stla -terial. au llut-raiat-t aad 
lai&la-str .. gtla •tarial) 

IA-liar car-ica (precise precessia& t-l _. 
•ltra LSI - larsc-acale i•tecrale<I circuit -
a•atrate) 

(4) Rip-f-cti- alley ••• -tal c..,.sita 
•terial 

Dircctioaally soli•ifie<I alley (h•s.h-leefl.:at•re 
•• lai&h--strcast:h alley .. ccrial) 

u..i_. alley (•wrati- allserltiag alley 
.. tarial 0 ltearins -tarial -d aaperc...,.ctiYa 
-t~rial) 

~tal c..,.site •terial (hip-t..,.erat•-· ••• 
hi&"-strcagtlt •terial •• aircraft •terial) 

(~) Pol,_ric orpnic ..aterial 

llip-atrength orpnic c-poaite .. terial 
( .. tomalltih lipr.veipt -tcrial _. ••ical org•ic 
.. cerial) 

En•ir-t-reaistant high pol,-r -l•cala 
(apace atract..,.al •terial, hish-hut ree iat•t rn ia, 
... rui.ai .. protecti- raaia) 

Pree; .. ahaped hip pol:r-r -1acule (latex 
ephara villa a •ifora •ia•ter) 

Space i• a world coatrolled lty veiptlaaaneaa. 
••c- cl•• to perfirctioa, axtr-ly hi&h 
te~rat•ra, cryogenic t-perat•ra, a large a-t of 
coa•ic r•y•, •nd aurlJ lt--'lau aolar enero. la 
aay cue, apecial coaditioaa can lte •i-11:-0 ... IJ 
olltaiaN ia apace, allhoup thaae c .. ditioa• caanot lta 
real i&ad oa brth except at .. .,._,.. coac. 

for a11A8pla, lead and tin tall•ri11111 (PltSnTa) 
aingla cr1atal, •rClll'J ca .. i11111 tellwi11111 (HcCdT•) 
aingla crystal, al11111ini11111 salli11111 aracnida (AICaAa) 
aiacJ• cryatal, iadi11111 plli11111 aracnida (l..C:aAa) 
•i•ala cr1etal, •ilicon aracnic talluri11111 (SiAeTa) 
-rphwa, ate., can lta c i tad aa ••icon•ctor 
.,tariala. lt ia expected under the abcwa-ti••d 
amriron .. nt that th.,a .. tariala can"• ralati•aly 
•••ilJ -••-proct..ced !tac•••• they •ra •inly 
••ancapoua ia a vai&htlau at•t•. 

Th••• projecu require a laraa a•unt of 
imraac .. •t• at the initi•l •tap, h...,• llllftJ alllli,....a 
point• concarninc nspactad affectivene•• ac pre•ent, 
and h...,a -Y prollle• which -ac be aolvad in the 
fut•ra. ror th.,a raaaon•, ic would be ••c•••ary co 
conaidar that the •para •tation project and cha apace 
11811Ufactlt1'in1 field •• a part of the project fho•I• lte 
pr-Ced H a key tecl111oloo in the futur .. da•alo,..nt 
of •pee• acti•itiH, Hide frOfl the "profitability". 



• 

iw ..... ti• 
~ell_i_ 
(l'llSaTe) 
... , •• ayatal 

•ida-•,... operati- •-i­
coMactor el-t (tish-9,... 
c_,.ter) 
Laser el-t ia far-iafr•etl 
resi- (Optical -icati­
syst-> 
Seasor el-t ia far-iafrar .. 
resi- (..._te s-ias. &• 
•- el-t. etc.) 

- l'.i -

Alth-sla laser el-ts i11 
tlae far-iafr••• ra1ti•11 .. ..,,. 
~ repr ... cibilit7 ... their 
-ts are •t•le. the 
...,elo~t plaa for tla- h• 
.. t ..._ •t.,...U.u. 

Effecti•ftl,..• eapectortl 
i.y -factwi•s 
•teriab i• ... ce 

It is sai• to ... •i ffiaalt to 
-fact•e lara-izN. 
hi&11-... tit7 si•sle crystal• 
- Eartla wca•• of hut 
~ttti- ia -ltd li••i•. 
specific srnitJ •iffenaca ...lVaall ......... st•ac:e•. 
etc., kt it is aa,.ctetl 
tlaat such siasl• cr7stals 

1----------------1------------------------------1--------------------------------t caa ~. IUllufactura• i.y -*i•s the -t of a 
~c.ry ca•i­
tell•a.. 
~¥41Te) 
llia&le crystal 

u-u.i- plli-
1rseaile (AlCaAs) 
iacte crystal 

... i_ plli-
19rseaille 
~ l..caAs) 
1Siape crystal 

Silia1tt arseni .. 
~elluri.a 
~SiAsTe) 
... r ...... 

Seaaor at .... t ia iafraru 
reai- (Artificial satellite, 
optical -icati- apt ... 
etc.) 

Laser el-t ia wisi.,la 
reai- (Optical ~icari­
syste• •• laser •iu lipt 
•-rce) 

Rich-spat• operatioa 
a .. icoa .. cror al.-at 
(Rip-.,.a C-f-:ter) 
Ridt-seasitiwa .. paetic 
• .,...,.. el-t (C:-putar 
_,.., dewice) 

Rip-effectiwe solar 
"•ttarJ 
Snsor ••-t i11 •isible 
iafrarad ~•&ioa (Optical 
C4lllmlllllicatiott sJste•) 

It Ea aapectu that tbe 
-raary ca•i- tall•ri­
aiasla crystal will ..,..iac 
... _tel-ts vitla laipec 
aaasiti•it7 •• reli•itity 
•• 1 ... 1er life u a •terial 
of sll!'DSoc el-ts ia the 
far-iafrare• resi- tltaa 
... , otlter s""•t-ca. 

It is "•liew .. for the ti­
"•i•& tlaat IDP is us .. in the 
sa- VDJ U Ale.As. 1"tt it is 
eapectN that this aaterial -
i.e •• the AICaAs sinsle 
crystal - vl'll "rins ..._t 
hi&her •ualit) el-ts. 

It is i.eliew .. foe the ti­
"•in& that CaAs is us.. as a 
•-icOIMluctoc al-t ""ic" 
replaces silicon IC 
(intasratad circuit), li>ut it 
ia eapected that this •terial -
i.e •• the lnCaAs ainsl• 
crptal - will i.ria& •-t 
hi&her qualit7 ela-11ta. 

The SiAsTa bu -=- i11to the 
li•lialtt, li>ecause the ratio 
of c-ponnt• or ol'p11ic 
ele-ta can be chaa&ad, etc., 
but the .... , of tbia 
characteristic c-t "• •de, 
becauae this •terial ia li•l• 
to "• unewea ""en it ia 
.....,factured on &arth. 

(htncted fr- llikko tlateriab in Japen"•• March 191S) 

••••• 

claar-•c£~ristic • i.e.• 
veiptlessaess. 

Althou&h it is difficult 
co taa11UfactUl'e Che larse­
aizn, hisJ•-qualitJ •-rphous 
on Earth, it ia aapected that 
aucb ... rplaoua can i.e 
-faccured in apece. 



s,.ce_u pr.-Ct salts 

Spact--• precioact aal"'a vill reach Sll "illi­
ia the ,..ar 2000. accor•i•s t• tilt c ... ue for Space 
P•liCT• ~i--~ltssaua -ly ai•plifiu tlat 
-fact•rt •l .. - •r..-. cr-ity -"" tilt 
-lec>ales ef prettiu. -:r-s. -• "-"'• atick 
l•!l"'tliitr. la tbt a••-tt of sr-ity. rurr-ai•s 
-1 .. calu to.,.., aev •ras co.peao: .. is easy. 
It i• alro ,...si.,le to .-lte .. tviata ..... e 
crystalliat atract•rea are frte of •tfecta aa• to 
ais •tals to fora perfectly HeMe• alloys. lt -y 
•e possi•lt to aat-te _.t apatt -•factarins. 
r..-Ci•& the c-t• aa• llasar .. of~ flight•. 
(ExtractM fr-~· ) llarch 1916) 

••••• 
PerseYering in space resParch 

Ylea llASA HSaa prowi•in1t h"oratory 'lUrtua 
far corporate research ..... r• tbt Spa~e Shuttle. 
-1y - -jer US carporati- res,...re• vitll 
eatbusiaaa: Jll of St. P-1. "i-. n... first 
-•-aeraspatt ceapaay to utaliah a apace 
res ... rch lab-atory. )II bas alrea•y con._cte• 
three tsperiaeat• altoar• tlae ala•ttle ... 
r .... i•• coaaittt• t• it• proar ..... of 
.atetial• research ia aicrograYity •espite 
the n ... t "• t-porary sr-•iaa. 
(lstracte4 fr- Hip Tecbaolov. J11ly 1916) 

••••• 
la Cheaical llarketing Reporter of 

15 hH ... er 1916. lll ulks D011t iu f11t..re plans in 
concliactins f..rther tests in space: 

·111 c-pany and the •tional Aeronautics " 
Space Allainistration plan to condt1ct 6~ aaterial• 
pr-essin& eaperiaent• oYet' a 10-year period aboar4 
the space ahuttl"!. The eaperiaenta vill be in the 
areas of orpnic and polyaer aciencP. 

Uadtr an aaree-t, any .. terial produced or 
process de•eloped viii be for re•earch and 
ilnelo,_..t purposes. vith llASA and Jll a• co-equal. 
'co-operati•e participant•'· 

Th~ aareeaent further •late• that it is the 
intent of both parties that any pr-i•ing na11lta 
arisin& fr- this joint eudea•our vill result in 
coaaercial production and ••lea. 

llASA Hys it vill uheclule the 3" esperiaent 
flights on a 'spece aYailable' bar is. Aaaipaent of 
specific eaperi-t flipu vill be contin&tmt upon 
negotiation of indi•idual task asreellellta. 

The asreeaent cal ls for tvo eaperiaent• uch 
year in the •huttle orbiter aid-deck oYer a 10-yaar 
period, rvo esperi111e11t• a year in the cars• bay 
clurina th• flrat three years of rha •sre-nt, and 
•i• experiments a year in the cargo bay froa the 
fo11rth throup rh• ninth year of the asca-nt." 

* ••• * 
llA.~A an-I lloo!ina •ian anrcri-1• procusin& 
aare .. ...mt 

llAllA and loaina Aar .. paca Coapany, Seattle, 
Wa•hlnatnn, UllA, ha•• •ntared into an aara ... nt to 
fly • ••riH of utariah procaHin& eapariaant• on 
the llpaca Shuttle. 

Cll>iactiYa of cha •aperiacnt• i• to pl'oY• that 
cryarab of a •h:a and quality iapoHible to create 
on lar&h can be pr"clucecl in •pace. Th .. • ·:ryatal• 
are expected to b• of • cype valuable in the 

- )6 -

c-rcial pr~ti- e( a ... ic-olac:tor -• 
tlectro-optic •.,.ices. 

1be eaperi-ta iaY•l•e tht _.,.. eperati- of 
a n-ical Yapoar tr..SpGl't crystal sr-tla f..r-ce 
... icla uill "e iastallri ia the salley area of tile 
9"ottl• or"it..r ai•-4eck c .... rt...at. 

loein& t•pecta to fly a tot•l o( three aeparatt 
f,.....ces - eacb ef tbe tlart• rlipta. 111• 
•iYersity of Al•-• .._taYille. USA. vith ... icla 
lloeins ia affiliate• undtr tlae 11.ISA prosr•.,.. of 
Centres for tllie De•elo,.....t of Spaw. also vill 
perforatapuiaeats ia tlat lloei•a (arnaces ....-ing 
tae lligbt proar-. 'llaue is n •pti- for tvo 
a••itianal flipls for protetype prO<luc:tien 
ta~ri-ta if th~ progr- yiel .. pr-ising 
results. 

•wr tlae a~-•t, loeia& vill fun• the 
eaperi-ts • prowi• the crystal ar-th furnace a•• 
other .........., e'lui,.....t. loeiag al•o vill prOHsa 
•- llASA •-plea in ita furnace - eam flipt. 
llASA agrees to iatesrate tlae esperiDPnt parkase• 
iato tile Space Shuttle. prOYi4t aYail•le 
off-the-•elf •upport .,..,.i,.....c vhere applicHle au 
prowi•e r- .... crev a11pport .. Shuttle flipts. 

IMSA's iaYolYeaeat ia this agreeoeal aad otbers 
... c1eracores the •sency's c-it-t to the 
deYelopaeot of c-rcial ende••-• in space, 
particularly ia relation to the Space Station. which 
llASA plans to hawe operational in the 1990• • 
(S.urce: llASA llevs, 15 tlay 1916) 

••••• 
lloein1 Aeraspace vins S95,000 research 
contract 

loein& Ar.r ... pace ha• further - a 
*95.000 research contract to build araphite 
epoay coapo•ite tubes to be use• for sµce •tation 
trua• •tructure studies at llASA. lloein~·· Part•. 
tlaterial• 6 Proce•••s Tecbnolo&J di•i•ion viii 
fabricate 21 h:ah stiffness c-po•ite t11be•, •aryin& 
fro• 12-120" Iona, to be •ubaitted to llASA for a 
te•l pro1r .. to deteraine the durability of the 
aaterial• in loV'"!arth orbit. The tubular tr111• i• 
a 1rid-like structure that vill fora the space 
•tatioa's body. (Source: lw. Mtl tltt, 8 April 1986) 

* * *. * 
Proclucu aacle in •pace 

Space beads 

The llational Bureau of Standard• i• ullins 
"•pare bead•" a• an ecluc•tional tool, •••ur-t 
standard. The first co-rcial product -- in 
•pace i• nov beins •old by lllS on a •icro•cope •licle 
•• an educational tool for teacher• and •tudent• and 
a• a standard to c~librate •icro•copes for •aall 
particle •••vr-nt•. The new product contain• 
aateri•l procl11cecl aboard • "ASA •l'l'ce •huttle ,..ins 
a ch .. ical proce11 da•elopecl by La~i&h Univer•ity. 
The first •rac•--cla reference .. cerial put on ••l• 
by •BS in July 1985 contained about 30 •ii lion 
•icroacopic •phera• packapd in a •ial; the nav 
.. terial contain• only a frrv thou•ancl sphere• ..tlich 
are Haled in a •Iida. Tl1( •pharea are arranpd so 
that undenu in h iRft •chooh and colle;t'"• c•n carry 
o .. t a ••ria• of laboratory aapariMnU that are 
included in the packap. 

1111 i• •ell ins the nav reference .. rarial -
5IUI 1965, priced at t77 • as a wa1 co offer a 
lower-colt venion of the •p•c•-d• Mterial, co 
per•il wider cli•tribution of ch~ .. carial, and co 



eateM die._. ..... liioite4 .. ,.,ies. •s ll•• aol4 
_.. tloa• lOO of tllllt ioiti•l riefieracie -tieriala 
(SM 1960), ""ida cos•· Sia uda, to in .. trial, 
_.ical, •i•ttsit1 .... ~wnt •era. 
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(5-re11t: .J_.aal of ltesieardl of tllie Kati••I lur .. o 
of St..,.ar4a, J....-rFnr.u-1 1M1) 

••••• 

'Ill• SlltC_. c-rcia l .·,.c•~• pr .... ct is -
a •~•iaie, •-II-particle _ .. ,..._t at..-r•. lt 
is St.....U ~ftt-cie l!laterial IHI, 30"9 
pelJSt7reaie aphern, ..... 1.,... for ia ... tr1 •J' thie 
.. ti ... l lloorieau of Staa.lar•. Tbe rieferlltDce 
aatierial is aaie to t.e an i ... rtaat ... Ht,.-c•trel 
t•l f- ch-i•t• us i•& .... iers for the -uf•ctld'e 
of ia ... trial nmpoua4s _. other pr .... cts 
r .. uiriac pnticlie sizias aear 3'?'•· 
(Sourcie: KachiDllt Desip. U J-e 1981) 

•••• * 

s,.ce-•orne sola!'JIOll!! ielectrical 
geaerator 

AEC (FirHral ....... lie of Ce.--..,.) is deTelopias 
a space1orae sttlar-pover electrical geaierator, 
•ida viii •e usu - the European Space AgeacJ''• 
Eureca, a r11tUSablie paJ'load carriier that vilt bie 
la-ch•• t.y the US Space Shuttle. Tbe Eureca 
carrier viii require a total of Z.3 kW of coatin­
solar-parr•ted ,-er, • aeed that has to be -t 
durinc full sua phases a1141 eclipse phases of its 
flilJ1t. If factors such as ..-er losses in the 
paver •:rst- itself aad the efficincJ' of the eneru 
stor•ce sptea are taken into •ccOUllt, th« tot•l 
.-er •-nd o• the aol•r paerator could be as 
-ch as ~.Z kV. To -et ,_er aeeda during 
eclipse phases, Eureca needs f-r bat>:erJ' aoclules 
avitche4 in p.:rallel. Each t.•tter1 _,..ule 
c...:~riaes 30 •iCD cells, e•ch vith a capacitJ' of 
40 Ah. During a aissi.,.., each battery goes 
throu&h 4,000 charge./ diacharse CJ'clea vith a 
discharce of ap;•roai-telJ' JO per c-t. Tbe 
•oltase e .. nating !r.,.. the solar senerator is 
-itored by sequentially avitched Yoltage liaitera 
to aainta•n a reieulatcd ZI Y .. in bus. 
(Source~ Elcc lltng T, 6 August 1917) 

*. * *. 
Single-crystal blades 

SeYeral fir .. and the FoundrJ' Institute •t the 
technic.I uni•ersity in Aach ... , RC, hne begun a 
joiat project to research hov aicrocrnity can be 
uaed llJ' industry to optiaiae the •terial properties 
of c"ponents. The OSllllS (oxicle-diapened single 
crystals iaprcwed lly re1olidification in apace) 
project i• initially expected to run for three 
years. 

The project ia • nev idea in the area of 
aaterial• re1earch in •icroaravity. It encoapas•e• 
•eY•r•I proltle• areas ""ich ar• bei~g re•••rched by 
aean11 of indiYidual eapcriMllU in •n Earthbound 
lallorstorJ, 1uch H hne already Ileen perforaed in 
lj,ecelab, •nd o•er th• Iona ura link• th- vith • 
COlllMlll, technically feasillle oltjecti••· The crux of 
~h• .. tter i• the 1tallility of a auspcn1ion of oaide 

particles vithin aolt- -tel, rhr \atrracti- of thr 
particles vith th• a..,aaciug 1oli•-li••i• i•t•rfacie, 
th• •irrctioaal •i•gle-crystal soli•ificatiea of 
••per all•J'• ... the •irecti ... l aoli•ificatiou of 
prefor-.1 parts vith c...,..l,.a ....-uin. ln ... itioa 
to aolwins aci11tDtific ... t•chnologic•l r:,..leta1, the 
project •h,..l• •lao allov eatiaates of hov to utilise 
th• results. Aa aa applicati-rrielate• e.-ple • 
turbin• Ill .<lea •re to he inYeatipted. lh•JP are of 
-- ec-ic iaport-c:e bec:a-e t'"'' are used in 
at•••r-•tate ••• aan-atea•y-atate turhin"'5 to provide 
ftlerg. Tbe super •lloys -.1oye4 to •te r•pl'' •eat 
the curreat state of the art vitb respect to 
•esirat.le pcoperties such as higb-t-peratnre 
rnistancie. lEatracted fr- •;h-ische lluftdschau ia 
eer-. 6 llarch 1911, p. l) 

••••• 

Space Industries (Houston) v;11 jointly desigA, 
dft'elop, buil• -d aarket - industrial space 
facilitJ' (ISF) vitb Westinghouse Electric for "ASA. 
The .. n-tftlde4 • apace shuttle-la••ched 
pri•ately-ovned facility viii initially ser•• as• 
aateriala processing laboratory, and e•entually be 
usetl for the purification of pharmaceutical and 
biolnsiral products, groveh of lar~ protein crystals 
esseaatial to adwanced drug research, and grovth of 
ultra-pure aeaic.,..ductor crJ11tals for use in 
high-speed c.,.putrrs. the -dular ISF vill h.,,e a 
pressurized 2,SOO cu. ft. cabin and viii operate in a 
circular, Zl.S degree orbit at lUO ai. ISF's 
facilit7 aodule viii r.,..in peraaneatly ia space and 
its supplJ' 8'0tllule viii be carried to and from space 
by the shuttle •nd trilnsport rav aaterial~. ,nd 
reaupplJ' equipaent and products produced in space. 
(Source; Satel lfevs, JU June 1916) 

* •••• 

Space Ac,·.isition 

Saab Sface AB of r.oteborg, Sweden, a p.>rt of 
S•ab-Scani.a's C<.tobitech, haa beco- a part--er of 
lntospace. This is a newly for-d European c-pany, 
the goal of Mhich is the c.,....rcial utilisation of 
•pace technology for research and ~Yelopment under 
coaditiOl'la of veigJ>tleasneas. The prodt1cti"" of nev 
type• of plaar .. ceuticals and nev aaterials vi.II be a 
sil!l'ificant part of acti•itiu on board the apace 
stations of the 1990a. (Source; Stockhol• Svenaka 
llagl!ladet, Z7 August 1986) ...... 

Sia Ja-paneH co•panies inclttd;nK hhikavaji .. -
Hari .. Heavy Industries and Hitachi, Ltd., viii •et 
up• nev coapany for outer &fl"C• experi•nt•, vith 
•ullsidi•• fr09 the Basic Technoloay Research 
Pr-tion Centre. The nev coapany viii aake 
preparation• for parLicipating in the "P2" plan 
•cheoluled by tne Federal Republic of CerNny for 
autu .. of 1981. (Source~ Che•ical Econ .. 7 • 
!n1ineerin1 lleviev, July/Augu•t 1916) 

* ••• * 
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Adv.,.ced co-rosite ... terial 

A• 'ttweil!Jlt, strong, and high-perfor-ce 
co.poait~ .. terial is called "Aat (adYanced COllpO•ite 
.. terial)". The ACM ia reiaforced vith carb- fibre, 
araaid fibre, boron fibre, etc. A typical AQt is 
CFRP (carbrxa fibre reinforced pl .. tic). The CFIP baa 
videly been used in sports equii-ent such as tenni• 
rackets and fishing rods, in Japan. It has also 
attracted attentirxa in the ~at, particularly the 
IMitetl Statea, and has been d...,eloped as a .. terial for 
space equii-nt and aircraft. Vorldvide u•e of car"­
fibr.s in 1984 va• 2,800 t-. Thirtr•...,en per cent of 
the 2,IOO tons vere used a• a .. terial for apace 
equipaent and aircraft. Sixtrtvo per cent of the 
carbOft fibres used in the lllited State• ia used in apace 
"lui.-nt and aircraft. hlportance ia attached to 
performance rather than coat of ailitary aircraft and 
apace equipaent. There ia a atrong poasibility of 
particularly ACM being used in such ailitary aircraft 
and apace equipaent. CFRP is used in nose cOGe, 
storeh-e doors, fuselage of booster rockets, of the 
space shuttle. One and a half of ton• of ACM .. ::nly, 
CFRP is used in the rudder, etc., of civil aircraft such 
as the Boeing 767, the nevest jet paaaenger airplane. 
As Mntioned up to n-, the ACM contribute• to reduction 
in weight and risr in fuel efficiency. 

Epoxy resin has been used a therllOlletting resin 
called ''Matrix RHin" combined vith fibre reinforced 
.. terials, because it ia a veil-balanced resin vilh 
respect to ..,ldability, cnst, and ""'chanical and 
phyaical prol"'rties. However, a rise in resin 
characteristics, particularly heat resistancP and 
toul!hness has be.a required in proportion to the 
incr•ase in ranKe of application• of reains in the apace 
and aircraft industries. 

There are two tendencies for nev reaina. On" is • 
..,dification or i•prov-.lt of epoxy resin, and the 
other i• a polyi•ide type ther11011etting resin. Nev 
resins are being developed so that they can h.:1Ye the 
h~at resistance and mechanical strength tsUCh higher than 
th.,.e of re• i.1a used in a ports equi.,.ent. lut, of the 
nev resins, thoae based on epoxy ha•e the liait in the 
riae of heat resistance, and th~ .,st aenlational topic 
•t preaent is the development of reaina based on 
thf!r-f!ttinK i•iM. The US National Aeronautics and 
~pace Ad•inistration is developing the polyiaide of 
norbornane end and acethylene end, and is atudying the 
reain hased on (bi1 .. 1eiaide), which ia excellent in 
aoldsbility. Coaparing the ALCll reain tlhich i• a re1in 
based on (bismalei•ide) and the present heat reaistant 
epG~y re•in for aircraft vith each other, the ALCll re1in 
i• excellent in 110ldahility, and the heat resi•tance of 
the ALCll reain i• about lOO°t higher than that of the 
epoxy re•in. 

In the future, ACK'• eaploying new re1in1 will be 
adopted •• .. terisla for •pace, •ilitary aircraft, and 
ci•il aircraft, and the .. in structural .. cerial for 
aircraft will probably be changed fro• .. cal to ACK in 
the-19901. ln addition, it i• anticipated that liaht 
vei~1t and tough aircraft vill be flyina vorlclvide. 
A110, these aircraft vill be excellent in reliability 
and fuel efficiency. Cixtracted froa Tokyo NIKKO 
MATl'.RlALll, May 1986, "Future Kllteriah" vritieii'Dy 
Terillio Xdach i) 

••••• 
A nece11ity for the space effort 

Th• contrib11tion of coapo1ite a&tf! bh to thf! 
•tr•t••ic and sp'9ce •y•t•., of Atroapatiale certainly 
need not be de1110111tratad any lon11r. Thair advantage• 
re1ide in their liaht weight, thair reliability durin1 

atorage, and their operation ia a wac.ua (satellites), 
perfor-ct (beat poeaiitle di-ioni.g), reprooloactivity 
and quality par-tee (a11t-ti- -d control), 
intecration of l•cti- <-• -d r- caia). 

'the proceHin& -thoda ua .. by the Sl:rateaic and 
Space Syat- Diwiaion f« the -t part are aiailar to 
the procea•e• already -ntioned; h-er wide use is 
beinc .. de of fil-t viadinc. The latter ia uaed to 
aal<e nonpreaa•i&ed t•'*•• oricinally •i•c claa• fibre 
and then avitcbing to araaide fibre or le•lar -d n­
very-bigh-atrencth carb- fibrea. llae heli- ta'*• are 
who -• by fil-t vi11ding of ar-ide or carbon - a 
titani- liner. 'the -• pins are c-i•enble: 
l:!o per cent on the Ariane V i.-tera, 30 per cent - the 
heli- talllta, conpared to the all-titani- ta••· 

Mben it co.ea to iapr0Yi11g the specific ricidity, 
carbon aanclvich atructurea are used. A specific 
technology vas developed for the rigid solar 
gf!tleratora; it uaea very-high-carbon fibre fabrics, 
_.ule CY 70 SE vitb 6:!> g/.J. and 1l11e fit• vith a 
gr•• crxatent of .. -ch .. n ,1.r. 

llovever, the Strategic and Space SysteSll Division 
is distinguiabed froa the other divisians in the field 
of .. teriala that can reaiat 't..ry high t11?11p1?rat11res. 
these .. terials had to be • ..., .. loped to t .. e the stresses 
connected vitll re-entry into the ataosphere; the 
stoppage teaperaturea can go beyond 6,000"C and the 
pressure can exceed 100 bar. This led to the adoption 
of ablative .. terial• vith base subatance• consisting of 
resin, carbon, or ceraaica, rf!inforced by cariHln fibrea 
or ceraaic• VOYen in three dimensions. 

Heat protection feaaibility studies for Her.es are 
under vay. Aa of n-, only carbon fibre .altes it 
possible to guarantee -chanical resiatance at high 
te•perature (l,800oC in the area of the attack edges 
and the no•e). A c .. ri.--carbon .. ter ial vaa created to 
get satisfactory ae~hanical resiatance at l,llUOoc, 
cood re•istance to oxidation, cycling, and beat ahock. 

In the field of .. teriala for Her.es, Aeroapatiale 
va• designated to conduct the .. terial teats. ln thia 
connection, the CllES (National Centre for SpAce Studie•I 
order•d the SIMOUN teat unit vhich vill be installed at 
the Aquitaine heat teating establishlleftt. (Extracted 
froa Air et Co1aoa, 20 Deceaber 1986, "RlD, Application 
of c-poaite• at France'• Aerospatiale") 

• * * *. 
S2ace atation co•po•itea froa lunar regolith 

Since lifting one pound of .. c .. rial fro. the aoon 
cotta I/20th of booatina the .. _ paylNd froa Earth, it 
aakee •en•• to look to the lunar regolith for .. teriale 
for the apace station. Civen tt!e expense of ainina and 
refinin1, hiah quality lunar ~lloys cannot coapete vith 
aetah .... on r.arr.h, but ~thapa lunar glaH-alaH 
coapo•ite• .:an. 

ixperi .. nts confir• that ala•a-reinfotcina 
fibre• can be .. de u1in1 feldspar, a readily 
available lunar ore that contai~• al1111in• and little 
conta•inatin; iron. Cla11 or porcetain-ene•l 
technolol)' could supply the .. trix. The al-ina-b .. ed 
fibre• •lt at 9800C, and the ideal .. crix would be 
fritlike .. cerial• that .. 1c ac 31so-37soc. 
I.a a bonus, pyrolytic production of fibre, frit 
and oxy1en for Che lunar colony could be .. de 
p1rt of one continuoua operation. They could 
be proceeaed like theraopla1tic/1laa1 coaposir.e1, 
and convenion froa pr•pr•a co end product could be .,.,.,, 

Procell heat would be auppl ied by a I iaht-veipt 
aolar furnace, and the fibre• could be .. de riaht on the 
lunar 1urface. Th• initial .. 1, would coec the around 
and insulate the production .. it froa conta•ination. 
Thia eliainace1 contaain•tion fr09 .. 1t tank walls, and 
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tlae laigher purity ....... aiaiaize fi•re ... e .. •ite t ... iaa 
,.11 i•a _. yiel• pnpertiu •t 1-11 ia Elirt..._• 
fi•rn. 

nae final caapoeite ce.l• tt •tie either •r •ippina 
tlae fi•re iato -1t- fric ••fore foraiag. or o1e,..itiq 
...,.ern frit -to tlae fi•re. aiateriaa iato a ,repres 
aa• -ertinit. Tlae •-• _th .. •- -re 
coatrollai.te -d tlegratlea the fi•re leas. a-git c....­
aite at.-.ct•re c .. ld t.e -• t.y •en•i•s. for.inc a_. 
1tlasa-claH veldinc .... ile _.e "'fiaed .. ject• are 
c...,..naioa .. 1-... fil-t -•. ,.1tr.-. or tape 
laid. (Col.....,..thy Engiaeeriaa, 1-•• 2J'30 1111•iaoa St •• 
T•rr-ce, CA 'll0505-608).) (Sotltce: Ri&h=Tech llateriala 
.!!!!!_, Yol. 2, Ko. 11, lfowealter 19U • p. U 

***** 

St .. ilitr of araphite c .. poaitea in apace 

Perhaps a- is the ti- to tuna yo.r au:-tioa to 
-..1opi•1 -t•l, polr-r .... alas.-..... coapoaitu 
that c- at ... up to the har.., -ir-t of apace -
hip Yac.a, raiatioa, atoaic Olllfpll .... tlleraal 
cycliaa. 

naer-1 cyclin1 is cause••- - .. ject paun ia 
a•• 011t of the Earth's ah.._. It ca•• aicro­
cradiiq, •ich aHecta both the coeffici-t of tlleraal 
eirpaaai .. (CR) and stiffness of the co.,..ite. T1ae en 
of a flat polyiaide/PAll baaed gra'Jllite fibre apt- fell 
SO per ceat after ryclinit 250 ti-• between -IS6CIC -• 
+121CIC. The part did not reach equili•riaa cradt 
•rr.aity ..,_after 500 cycles, so further dro,-ffa in 
CTE vere expected. 

Craphite/epoxy (Cr/Ep) tubes• c-i•ered for 
hip-stiffness trusses in apace syate•. ahor•n a 
JS per cent deitradatioa of torsional stiffneaa at a 
crack density of 10 cracks/ca •fter 500 cycles. ..t the 
reinforcin1 fibres hel• up vell; ••tensional •"d 
flexural atiffneaa vere not aipific-tly affected. 

.. cliation is 11nother hazard. Ower 20-30 years, a 
satellite in Kf!OSJRchroaoua orbit vill be belted vith 
ab1111t 10,000 llrads of hi1h-ener1ty electrons and 
protons. ladiation tends to •esracle -trix propertiH 
•ile le.,,init reinforcing fibres alone. In Cr/Ep 
•race.. it 1-ra the epoxy'• aoftenin1 point, which 

. generates greater free Yolu• and ·1olatiles that 
e111brittle and stiffen the -tri• below r ... 
teaperature. Elaat-r-toup-• 12l°C cured epo•y 
co.poaites are ~e aeaaiti•e to radiation than 1770c 
cure• epozy composites. 

Sequential radiation an• ther•I cyclin& causes 
ellbrittle.at, Miich lacl• to ~• •icrocrackiag. (IASA 
Langley llasearch Center, aa.,toa, YA 2J662). (Source~ 
High-Tech ""rerial• Alf'l't, Yol. 2, llo. 11, 
...,....,er 198S, p.7) 

***** 

Craphi te •ro117 

A cMposirr 1Mterial •de of graphite epo•y ia 
ideal for use in space because it ii atronpr than steel 
yet liaJtter than al..,.in: .... Unlike .. ral, it. cloea not. 
••pand fre111 Pxpoaure to hat or colcl, and ita r .. uced 
veipt translate• inro lower coats ind larser paJloada. 
For Haapl«, uvin1 juar one poun• in a •P9c• •alticle 
.. ana a reduced launch cost. of •.,,eral t.hou•and dollars 
or a•.tsd fuel for lon1t9r opentiona. Unti I now, 
howner, 1raphile c011po1it.H have ,...., •• difficult co 
iaold co 1hape1 iaora C091pl•• than a ai•ple cylindsr. lut 
research and cl.,,•lo,.ant. by Hush•• Aircraft. C..panJ has 
opened th• way for th• bbr ication of a varierJ of new 
for•, incluclin& tubH with int•sr•t•• encl fittinp in a 
one-piece claaign, support baa•, incl rin& structures up 
to • .,, .. fut in clia•ter. (Source~ ltono.iat, 
:U-31 JulJ 1987) 

• *. * * 

.!:!!!!. 
Space 11•• pi•• er--'• .., •• 
Pillliaat• Spece l'ea•loSJ <•>. joiatlr with tlatt 

Spa~ DIPparr-at of tlae .. pl Aircraft Eliralol..._t 
(SM), Faraloor-ala, laaa i.- _.._.a Qooea'a ..,_.for 
Tech•l0itical Adli.,,_t for the ..,,.l.,...t ef a•­
aolar cell c..,eralaaa .. ~ ia aatellites. Pilkiaar­
c.Yerali,. .. .,,. •- _ .. - -re tlo .. 100 utell itn 
_. tlae •- tec:Moleay cOYeral i,. were •n - tile 
C:iotto aatellite • ._. •t .. lley•a -t. 

Satelliru ia or•ir are --nr poverM •r larse 
viap of solar cells c-ertiaa tile •-'• rap iate 
-erg. Special altrrtlaia 11 ... ia r.,.airn to c.Yer 
die cell• to reracliate •-r iato apace Mc••• aolar 
cells l•e effici-cy •t laip temperabfres. nae a••• 
•iel• the cells api-t ra•iati• _. aicro­
-teoritea ... protect• die ~t attachiaa the cell• 
tosedler fr .. tile effect• of iat ... e ultraYiolet 
r•iati-. 

'Ille specially coated aicroalleet slua •ri -til 
recently for cell c..,eralipa .... aeweral disa•-tasea • 
partiaalarly vbea ••jectn to apace raiati-. 
Spaaaore• ~ llA£, Pilkia1toa .-.elepecl a•- alaa 
coapoaiti•. •- slua •r-iaa tecla•i•-, aacl cl ... iaa 
... c-tiaa operatioas _. ._ -f•ctarea die•-
pr ... ct, Clllt, for apace •e. 'Ille •- CllX alas• caa •• 
•n ia cwerslipa or optical aarface reflectors• 
airror-like alas• vbicla ia fize4 to the skin of 
•pacecraft to control the iasitle temperature. Tlae , .... 
c•• be aa thin as a i.-n hair. Thia help• re .. ce tlae 
veipt of the aolar array vhich can ••••re •-eral 
1141uare -trea, as the laiach c•t of a apace .... t ia 
approai-tely SS0,000 for .,,err ....-d veipt latae:hed. 

The &lass hu i"Pl'Wff flataeu and ca• •e ..... •P 
to JI) c• square. ai•iag sub•t-tial assnltly coat 
s.,,inp to the cusc-r and increasing the pover to 
veipt ratio. Alao, a nev c-tin1 ext-ds the operati•& 
life of a solar cell in orbit and because the surface is 
iaert, it is not affected by •t-pheric corrosion •ile 
.. Earth. •o eliainatin1 atorap and haadlia& rr••-· 

October 1986 Hv the introductior. of Pilkia1toa•a 
fint nev patternM slus for -er four years, •• 
Pris• is not ju•t another pattera. lt features a 
atron1 1-tric deaip coacei•ed to appeal beyond the 
establish .. acceptance of patterned alaas, ... it also 
heralds • •jor MW iaitiati•e to rnitaliae the •e of 
the .. terial in .to-stic and c01111ercial interior•. 
(Source; Glass Technolop. Yol. 21, llo. 2, April 1917) 

••••• 

llational Aernapace Laboratory dnelopa 
hut-raistant .. renal 

1he .. tional Al!roapace Laboratory (llAI.) of the 
Science and Tedtnolosr AsencJ (Japan) is proceedin& in 
the joint clenlo,...t of a hut-resistant .. terial •de 
of cf!l'aaic c-poaite •terial usios "dtirano fibre" 
jointly .t .. elopecl by .. e JnduatriH a!141 Shikishi• 
CanH (heatlquanera, 0..lka), 1hia all'H-C on joint 
d.,,elopaent has been•• by the three entities and 
trial llADufacture/.,,,luation of the heat-resistaat 
.. teri1l ia acheduled to be conducted by Nardi 1981. 
The ai• ia to deYelop a heat abiel4 .. rerial for uae in 
the JapanHe ••rsion of the apace shuttle. 

Chirano fibre i1 a f ibra 4e•eloped bJ ... 
lndv•triea. lt ha• a hi"' •cr .. 1th of lOU ksf/..;t 
(2,900 "Pa) at a hi&h te.,.rature of 1,)00 to 
l ,J5CJOC. llAI. ia •kiAJ the •at of th•H propertiea 
of chirano fibre with • tfore.-di-•ional vea•e a114 ia 
developina a •t•nal which can IN fa•t-d 
.. chanically, not with aclle•i•e, clue to it• hi&h 
•tr .. 1th ce111pared co the he•t-r .. iatant .. teriala uaed 
up to now in th• apace shuttle. If thia, the 



•eet-resist•t •t..-ial vill -t fall •ff _. 
-i•t- aftft' l_.U.c c- lie crutlr aiaplifin 
a.,ar .. ta the ... ttle. 
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n. •tKial cwr-tlr ...... sh4r •• dlmpol the 
par•t -terial to cer..&ca _.. iaipcepatn a .. ., ... 
the ,, ...... •tlll'ial pal,.tit-artt•il•a •n U. >:lie 
dlil'- fi•re str.ctllre iat8 a tloree- 4i_i_.l _,,. 
clair- like. De •i• af tloia ia ta 4ewelap a 
•ut-l'Bis~t -terial vith a •eat- nsiataace str•st• 
af - l.>508C. a specific cr•itr af 0.1 cl~. a 
'-t ~tiYitr af O.Oli 'tl/rf*C. _. a str•cth af 
1.0 qf/.,,,;} (t.I llPa). 

Ga tile atlaer ..... die struadl af dlu -tecial 
c- •• da•ce4 aYer a viola r•p •r dl•ci•c t•• ,,.1-
c-t•t of dair- fike. Far dais re••• it c• 
•••• ... .... far t-'ian ... 1 .... c. -u.. nae 
i-4iate ... jectiYe •f 1111. lies ia -...iepi•c a 
._t-rnist•t •terial far a viap4 fiipt .....,.. ht it 
al•• pl- ta pracee4 vidl a stll4r af ether •es. 
(S.-ce:. T*J! UUEI AlllOSPACE• U Septemllec ltH) 

•••• 0 

.laat •wela,_.t f..- - c..crete 

'Ille Slai•i&v C...trvcti- Ca. Lt4. will M&in JH•t 
rnurcll villa t•e Ceostr.cti• Tecll-l<JU La•arat•rr 
(Cl'L) af tile US Ceocrete .__ciati- • c-crete f• •• 
i• •r"tt• lesearcla vill ceatre ar-4 die•• of -
ndt U. tile ~ctioa of concrete. 

en. is •iac - •terial alttaiari fr- llASA to 
c-4vct research i•to tbe pco4vcti- of ca.crate. So 
far. CIL •u •ccee<le4 ia ._.tratiac chat - rock 
c- •• •n to pr_...ce coacrete vith a str•st• of 
740 •a• -ell atrOD;:er th• st•4ar4 coacrete U• to 
no KPa). 

Slai•i&a Coastrvctioa .... u to H i• a positiOD to 
c_,.te for eo11crete or4ers ia tile .., .. t of US 
c-tnctiOD of a - ...... Ia ad4itioa. tile fir• 
vaats to esplore Earth applicati- of aar techaolo&J 
widl •irt emrp fr• the research. Tia•. tlte joiat 
resep-ch will -t onlr i .. es;:ipte •- •teriah ... t 
vill also aeek to ....,elop cODcrete pro4vctioa 
tedw.olog. The resep-ch is also attracri•e to 
lhimiaa u a farther eatrr iato the field of hip 
t•dl-loa. (Source: Tok70 llUr:l AUOSPAC%. 
2J .... 1916) 

••••• 

ltartia& ia •id-lffl0 Francia r .. earchen will •e 
altle to •• a 47-.-bip altrahip "'"- tulle in 
c:rea•l• oa the c_,.. of the c:rn•~• •clear Stadiu 
... urch Ceacre (CUC:). Tlaia will lie oae of the •at 
powerful deYiea ia the world. fl"er • •pecific r•s• of 
par-tau. for the •tadr ot the aolidificatioa of Mtal 
allo:J8 llll4er •i .. late4 llicrosr.,,icr coaditi-. 

Tlae •'4· tna• of this wa.- t•• ia it• bip 
,,_ tullie (IOI ton) ia aUitioa to the free fall 
perio4 (J HCoada) escecde4 only "1 the larp tower• in 
the United State• (100 •and S Heottd• of free fall). 
Th• aev daYiee vill llenefit fr .. all the esperti•• 
acquired lly MC i• the,,_ aru wich iu c0ttatruc:tioa 
of larc• accelerator•. 

Tia• cover vil I al low estre•lr short uperiMllU 
to lie carried out Oii •t•l allOJ• of i1tter .. t in llatic 
raaarch .... poati"1y th• preparatioa of espariMftU 
to aetaally lie carried out in •pace. Cllltraeted frOll 
-• kle11ee•, in Preach. S Pekuarr 1917) 

••••• 

A s•ce••(ul eaperi-t ia tile liel• •I -terial• 
rnearm •a• •-~tn ia a pr•e racket fir.a 
Esr•p &. ltiroaa. 'l\lel•e 4iffar•t eaper~ts were 
eam4vctn. ""t i-•l"" the t.s&.c af -tab that 
are iac..,.ti•le - Eartla, ... t c- lie jamn taptlaec 
_.r -iptlns aa4iti.... Sil•er _. aU.c are tve 
ha -cals. n.e -iptless c_.iti- laun 
1 .a-t•• _..IS._.,._ Qoe ,..aa..le result af t•e 
eaper&-t is tlaat i .... trial ca11p&11ia fr- ar-.1 
die -••ca.I• ar4er rare all.,a diat are ia cr•t 
.._.. fr- IEsr•P• n.ree •re pr ... rackets will ... 
•-t up far a .. iti ... l eapeci-ta. (S..-ce; 
StadMl• ft TD•lK i• SIYetli*• 14 April ltaJ. p. 10) 

••••• 
Lov 4easity al .. iai....-loerylli...-lithi .. all•7! 

Al .. iai...-lithi .. allap ( .. ida alse iacl.­
capper • .:.•ni ...... airc•i-> cwitm'! bip 
atiffaesa .... 1- 4t!aait7. Far str-tural 
applicati-. dlamp. tloe7 aee4 ta •e stiffer. _.. 
tluctile. t-per • a .. still lua 4ease • 
... atft'Utia& Yariati- - thia di- pas a 
1•1 war t-ard _.ti•c t"-e pala. It cavtai•• 
O.li-4.J ,... c•t lie.a .. (Lil. 0.02-10.0 per c .. t 
•eryui .. < .. >. a .. t•• •a1- a1 .. a.i .. (Al). 
Tlae ruult is -•-llr •- Masitr. cruter 
atiffana. a•• laip atr•cti.. 'Dae a,.iti ... af 
•errtli ... like that of sirc_i ... •elpa refi­
al ... iai .. allor •icr•truc:t•r• a .. disperse slip. 
le also lover• allor 4eaaitr -• mcreues 
atiffaesa -• atr•st•· Properties are opti•i& .. 
•r auch •iaperaoid streacth•er• u ••ni ... 
silic-. au ••paese. A typical allOJ 
(J.6 vt. per ceat Li 0 t.I vt. per c•t le) •as 
- elastic ..-1 .. of 96.4 GPA. riel4 atreaatla 
of 41J.4 •a. alti•te teasile atr•ct• of SIO.O llPa. 
aa4 :Z.J per cent elonptioa. Al-Li-le inpta are -• •1 rapid aoHdi ficalion. col4 c .... ction to 
J0-'50 per ceat •-itr. •a- hot preHia& at 
4-.0 C aad 69 Ill'• to fall tleasity 0 Hd estr•ioa. 
(Lodt•nd "iasiles an4 Space Co.) (Soarce: Aerosere• 
~.July 1916) 

••••• 

A anphiaticated scientific apace iotcr...at. 
called IEPlllSTO. i• ...... deYelo,....c at ClllS. 
the French llatioaal Space Ceatr•. for the er.A/QIU/ 
IASA Co-operati•• procra- oa the F1111•-ul 
aa4 Applied Sca4y of *terial loli4ification fr­
the 1 iquid pbaae. t&NISTO ia the acroo,. for 
tlatfrial pour 1 •1tu4e ••• l'lllnCllllaa laclrnHat la 
loli4ific•tioa aur Terre et ea Orllite. 

Tlae purpoH of cha tltNlS'IO apparacu• ia co 
perfor• f1111A-tal •tudiea oa Che iafluenee of 
4iffer•t par-ten infl-ci•c the arovth. fuch •• 
the char-I cra4ient Ct11• th• •oli4ificati- nte a. 
ia coaipari•oa vith the ar-th -chani•• and the 
charaeteri•tica of the aolidified ... ,1. 1111der 
•icroarnitr. All thue atudie• are •de with 
different cl••••• of .. cerial• vith different 
coaeeotratioa of dopinc. The ph•-n• co •• oltaerw .. 
are~ 

- The tolur•I aier09e_.,e .. rioa in the nperi-t 
••pie durmc solidifieati.on. 

- The •olid/liquid iaterfaee •tability 
threfholH • 

- The arowth parturllatioa•. 

- The interface ...,phololJ • 



~ Wi1ti-lit7 .. ,...ticoolerit7 •f doe IENIS10 
iast..-t are tltat it ia olni ... f• i.-sit11 
eapui-t -H•-t• ia rHl-ti- vitll possi•ili­
tin fK tile sci-tist ef r-1-ti- _.1,.ia· -• 
necti• fr- tlae 1tr_.. n. e:aper.-_t fligllt .. ta 
vill loe cerrelat,.. vitlt etlter fli""t ,...--ten. sOldo 
u •icrecr-it) 1 ... e1. perborNti-•. avail•le 
r-cn. •issi- eta,...ri ti-. •tc •••• -• al­
vitll ,..t-fli•t a~lFSi• •f .. taian .... :e 
.i~trvct•n. 

T ... p!rat•rr fi•l• al-s tlte -.,le .... ce<I 
fr- therm>aMOpln pl_ .. ia the -1r- ••th 
• ia the soli• .... le .. teciai. 

S.litl/ti,uid iaterfac• < .. J"!r•t•e flact..ati• 
~-~ • .._~fr- the SEDIEQt effect. 

S.ti•ifiratieo rate ...,c.,.. either •1 PELTlEa 
poobe -rlu•& •r •1 electrical rcsiauace 
wariati- ----t. 

- Sel i ti/ H,. i• iar:cr face llllU'll>LOC'l •1 
electncal ,.1ae .. rkaas •arias the lut 
••I i•i ficati•. 

S..l iol/l i'ai• i1n:erface c•c-tratiea pre file 
Mkbd lo7 lecal QUEllCBIK at the a• of tile 
n;ttr-t. 

The 11Eftt1510 lastr-t •neloprtl fer the 
aclliew-t of a Yttf large aad f-•-tal SCi-tific 
prosr.....e "" the "'tcrial Soli•ificatieo •t•'1. is 
,.._, the -st sophisticate• apparatas for space 
research ""'er llicrosrawitJ coa•iti .... 

A prosra- of sia flipts - •-rd etf the VS 
Shattle is sch ... led fr- Scpt~er 1919 vith a _.,. 
pcri .. of - 7ear l>etveca each flipt. The -.lalar 
c•ccptioca of the scintific iastr-t viii perait a 
possi•le nolutiea f,.cti• of the results fro• 
flidats. (Extracte• fr-Pree. 6th Europ!!aD S,.posi­
on l'latr.rial Sciences aadcr Kicro ravit Condit& .... 
lordeaua, France, 2- Dl!celllber 19 Vr&ttea l 
c. Cuollea, C. Cadet, Ceettn .. tional •'Et••• 
s,.tiales, ~.E.a.11.E •• 18, Awnue Edouar• lelin, 
)l 0~~ Toulouse CEOEJt FaMCE, J.J. Favier 0 

C:-isHriat I l 'fnergie At-ique/allC, Dfparte-.t H 
Mtallur1tie de Crmoble, Laboratoin il'Etu.t.s H la 
Soliilification, JI OU Cnnoble CEDEI RMCE) 

* •••• 

FLT Oa board eapari.au •• La111tch date (a_.ar of furnace) 

l 14 Sept • ltlO •i-TiC c..,.,sita All07 {2) 
Si-As-Ta Aaorph ... S..iconductor (1) 

2 lS Jan. 1911 Ni-TiC C-pNita Alltt7 ()) 
'i-Aa-Ta Aaorphoua Sa•icOftductor (l) 

) 2 .. ,. 1911 Si-As-Ta Mol'phous Seaiconoluctor ()) 
Pit-Sa-Ta Sinai• Cr7stal Crwth (l) 

• 16 Aus· 1912 Si-Tie C-pNit• AlloJ (l) 
Si-Aa-Ta Aaorph ... l«aiconducror (l) 

llhHltiai ._, l ..... tries _. s-it­
CM.ical c..pa.7 la._ jeiatl7 •ewel• .... a tla-1 
i .... lati•s -terial for redtata. It ia iateHed for 
•e ia iasalati- ef tlaa -ai- ewer of ..-lets 
like tile •-n. 

llta j.iatl7 tlewel ........ t•rial is a •i•t•re of 
alu• aicr••ll-. •ido prwiole tile ias•latiaa 
pr-.erties • a ••• ef epo111-i• res ia • ... 
fik- of pot-•i- tit-te t• str-1tlla l'.M 
••face ef tile ,.iat. It vill pr.tect wari­
parts fr- lleat tltat ia ra•iatri ._ t• bae 
altrai• C99lias effect. Its till-I coa•ctiwit7 0 

•icll eapresses i .. alatiaa perf--. is 
O.Zl tl/•"c. _. its "-it7 is •-t 0.1 s/cml. 
It c- loe •pr•7" •r otherwise appl in ta ports 
•ido reaaire i•••lati•. Ta ..... that ,..silole, 
c-i•erati- - ai•- t• eae •f •e. iacl .. iaa 
Yiscoaity a•• llar .. ia& ti- ef tlla iDSalatias 
.. terial. 

Tillis iasalatias -terial vill h.e -" te 
prev-t .... SC to tlae atr11etural parts ef red:ets 
or missiles fr- rocket n- •rias l-Oias 
er air fricti .. 4-ia& rapid flipt. leca•e larae 
,_ti ties -•• •• asH • a larae rod.et I ike 
tlae 11-11 • it ia naposri of iaea,... i•e -• 
easil7 ebtaian i•&rHieats. It is sai• tllat as 
a rcs•lt, t1acr .. 1 pretecti- ef strvctaral 
campoa-t• af rod.eta c- •e acc ... lislan at a 1..,.... 
cost di- (or tlae D-1. •icll •e• • eapeasive 
,uarta furic. 

•t Illas coa•ctri •- lleati•& eapera-ts 
... plu- arc lleati•& eaperi-t•. -• llu 
c•fir-" tllat the .. terial '• perf•r•acc as -
i .. ulator is ia ao _, iafcrior to that of 
reckeu ia the US. After fartlaer testiag of 
VKk&ilit7 h7potllcsizc• ia actual •e ...a 
testins of ther .. 1 iasalati•s characteristics. 
1111 i.opn lo •e it ·• a• 11-ll rodtat. 
(Source: •tUEl A£a05PACE, ia Japoaae. 
2 llsrcll 1911) 

• •••• 
leceat dewelor-;nt of -U•rial procassia1 
•ladles uculer aicrOJl'.,..it1 a .. futare outlook 
ia Japaa 

llASDA lauachn sia TT-500A rockets for •terial 
procasin& Hperi-t ua•er lov craYit7 batv•ea 
19I0-191). bperiaeatal r~alts ara •-riz .. .... .,,~ 

fliot nsulu 

lapected result vu obtain .. includin1 raco•arJ 
•y•t•. 

Ratin1 -4 c-li•1 vara ...... 1. uam 10-•c. 
Payloa• raCOY•ry uaauccassful. 

Haatins -4 coolins vara ...... 1, ,.dar 10-•c. 
Payload raCOYary unauccaasful. 

Ona furnace t•peratura control Ml funct ianad. 
Other parfor-ca• vara n« .. l under 10-'-G. 
Payload racOYary 1uccaHful. 

S 27 Jan. 191J li-Aa-Ta Aaorphous k•iconduccor llaatinc Hd coolins vara nor .. 1. 
Pb-Stt-Ta linsl• Cry•lal Halos•• 1.a., (l) 1.111dar 10-.._.. Pa7l09• recovery aucc•••ful. 

6 19 Aus. 191J C-fibra/AI Coaposica Al/In Acoustic 
"i•i•1 Pll0-12'3/Dia11n11d C..potita 

Ona alacrrit furnace t..,.ralura COAtrol 
•I functi9"••· Other parfor-cH van nor•I. 
under ao·"C. Pa7l09d racovar7 succa••ful. 
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Aircraft eap!!i ... t• 

Fi- l'HlP.iaary flipt teet• fer fllft"/SL-J 
(IRll'T • First lllaul'ial PnceHiaa Teat. It is tlae fint 
-ti-1 .&cncr..,ity ea,eri-tal ...-.iect. SL-J is • 
jeiat fli.,.t •arn .,,. fllrt ... llASA•a prejtct) laawe 
loeea c..-Ctn in llarcla 1916 loy •iac jtt aircraft 
~lOO. Doorati- •f lw cr..,ity is •-11: 20 •· 
a.ic-tic lwitati• f.raaa (ALF). cu wa..-ati­
•a,erU..t facility (c:EF). li••i• •rep ea,eri..,.t 
facility (LDF) ... fl•iA ... ysica ea,eri ... 11: facilitJ' 
(RF) .. ida c:e.aistad af t- •ita (lo .... le loaawi~ 
es,eri-t •it UIU) ... llar•s-i c-cti­
e11J1eri.eat -it (llCV)) vere teatn. 

ltehiac -• h•itati- ef 1;lass r-i•t ... af 
6S ca0. ZS c:a(2)0(l) ... 10 Ce0i2) v.re c-fir.N ia 
tlais ea,-•--

hC'ia& 1- grawity c...&iti•. a beater in the laulk 
v• liptn ... tlac crwiag •-*e loall eltscrw...a ia case 
ef ea,cri-t vitll ~, caps•le. - f .... te .,,. 
••nres•" .,,. ~tr•lliac tlae prns•c •f tile filln ..­
_. "-tia& t_,,.nt,... 

a.i•il'Cctieeal ••li•ificati .. test ef Al - 6.1 vt% 
,. - 6.1 vtl Ii a ll•y h• •eea -mctri •J' the 1EJUS -
1J U. llaJ 1916. 'Ibis es,eri-t is ,.r1--• •1 die 
.. ti-1 lcsearda l-titute fer lie ta la. 

'llae all•J ia a U cncilole fl'eheate.1 t• l.200-C 
hfere lift-.ff ef t:he ncket. vu sali•ifin -4cr 

aicracrawitJ' ...,ir--t .. riac Uae flipt. It 
.... ars t ... t tloe n••t "'"_" ... ..-pie .... -c1a 
..re la-CM- •iatri ... ti- •f n.-ai all.,. 
particles i• Al -tria. ahla-· a •-ll •ifter-ce 
ia siae •iatri"eti- eai•t• .. id> laas •~ ,r .. •IJ' 
ca-e.I loJ' tbe ,.. .... a el t..,.rar•r• cr .. i-t. 

flll'T is tlae fi.rst aati-al aicr,.... ... ity 
ca,eri-tal prejPrt. Aller a fc•illti.litJ' st ... ,. llty 
llASDA. aia• faci I it i•s -l'C selcctot<I •• ca_.i .. tes ef 
c- facilities I« -tcrials precessi•& test ia 
l,IO. llASDA's palicy fel' Flll'T" or:os llt•i.cally 
..... 1e,.....t ef capcri ..... tal farili.ti.•s bJ' ~stic 
l~le17. As a result ••inr. prcli.ai•.:uy .,,,....,_I'• 
aoolrl test. it vas ceacl..,... that ••••ln~t sf four 
faciliti,.s •-It th• .. _ .. •i•• v.r .. •ifficult within 
liaitot<I sda....,lc ... i....a,..r, .. ida VCI',. wcry high 

11: .. ~ratur• heating f.,..nacc ... t~ctric in.....,ti .. 
f•rnare, clopctreaa~,.ti.c l""'itati .. facility an• 
clcctren-lleaa ... ltiac facili.tJ-

ntrriSL·J viii "" .. _ .. ,., .... i.• t•9U. FllPt 
c-i•t• of 22 -tcrial ,reccssiac ... 
12 life sciCtlre eapcri ... u. Fer the -tcrial 
l'recessiag rest. 10 ""l•i,.•••ats were """cle ..... 
1\19 ae,al'ati• e•;lft'i.,..ts •1 clectl'• ... orcsis 
~-cerai•& loi•ccaic ..atcl'ials a•• aai.aal cell•l•r 
ers-ella. an<I - crptal er-th cspcri-t el 
eait,...s -l'e classifi,.. iato life sciCtlce 
ea,cri-ts ia the fllPT ,_-eject. 'llaemes of 
22 -tel'ial ,.. ....... ia& arc •-run i.a the 
fell..,i•& talole. 

EqllllPlllllT UP • .. IEXPUlllDT Tln.£ SMIPLE /SPECDIU 
.. ······ . . 

C-ti•- h .. ati•s R-4 Casti•& of SufCrcoamctinc Fil-tarJ Coapoaite Katcriala Al-~li 

furaace (Clll') 

.... , Diffusioa in Li••i• State a .. Soli•ification of ,..,A& 
lio ... y SJSt• 

R-11 Fabrication of Ycr,-Lov DeaistJ. Rip-Stiffans CHP/Al 
Cariloa Fike/Al apri•is .. eo.,oaitea 

R-lJ Fabricatioa of Si-Aa-Te; TerArJ Mor,.._ Scaicoaductor Si u Te/•i 
ia die Ricro-p-nitJ lawir-t ia Space 

I 

K-19 Soli•ification of Eutectic S,.stca Alloys ia Space Al-Cu 

Larp iffth..,._l ... 5 For•ti- ltech•i•• of Deoxi .. tio• Pl'o ... cta ia ll'OA Iron inpt 
fal'UCC (I.IF) l•8"t Deoiddi&ed vithTvo or Thl'ce El...ats 

.... Pnpal'ati• of •i laae DiafCraion Streastlum,.. Al lop Iii ltuc alloJ• 
Al (2)0()) • TiC 

K-12 SCUdJ' on the llech• isa of Liqai• Phue Sinreri11s Tuncstea ,.,.,der/lli 
... 

c ... •ienc heati•c K-1 Crwrh r.xpel'i-· of llerr- land-Cap Sc11iconcluctor Pb(l-x )Sn(x )Tc 
furnace ( GllF) PllSnT• Sinsl• Cr1scal i11 Space 

tt-10 St•dJ on Solidification of 1 .. iaciltle Alloy Al [II 

t'..-22 Cr1acal Crovth of C:O.pound Seaiconducrors (II Ca Aa 
in a Lotr-Cravit1 lnvironlAlftt .. 

• • • • • 



1. - M9 LIST OF SMG-nc:mDl.Oa c:anD 

•itn States·ef ii-rica 

C-trn · fer tloe _.cial "-•l•,_.t •f 
•pan ,-er 

- 4) -

'Ille as lllti ... 1 a.r-tics _.Spece 
.w.aaiauati- "• ••l-te<I •ev t- t• rn-rcla ar ... 
pnmiaiac l• tloe -cial "-el•,_.t •f apace. 
iacl .. i.• apaa ..,..... ..,._.. U.i•eraitr • .,._ •• 
Ala •• _. l:M ,. ... Mil lesearc" C-ter. C.llep 
Stati-. Teaa. Vft"e -a pidr.• t• •et •P C-tns f•r 
die c-rcial Drirtl•,_.t ef Space •-· n. 
i .... trjl .. iweraitr t...s are eli.ci•te t• receiwe •P l• 
ll •illi- -ur fer tlae -•t fi~ para t• .. ,,...t 
res-ra •ida ~l• i-• t• aev teda-lecin 
_.ciall:r eaplei.t•le ia apaa. n.e ·-- c-trea -
alae •-•lwiac apace ,...,.1ai-. r9otic •-•iac 
apt-. aec.-eti- researa. •i•erwe apace 
t.O..lesi.,. ... -teriala fer apace atr.ct•res - -..e 
select• (rem za .... ,...... (S.W-ce: latl. Selu 
Ellerp l•r..llip!ft S.pert. 4 &.&ldt 1981) 

••••• 
C-tre· fw·crptal er-tit ia·srace 

Clads- llai-...ait:r 11- _ __. lite f-ti• ef 
a C:-cre fer dae DPirel.,_.r: ef C-.-cial Crptal 
er-tti ia Space vitto r-•iac ef -er h •illi- per 
piw fnm llASA. a....r:r:r • _. ttie a ta ta ef llev Tedi. 
n.i .. , ... llHsedaaetts. lloile tlte pra-ry &-1 ia 
t• p-- crptals ia space ef lai.&her perfecr:i- _. 
l•llH' siae t .... it ia ,..sole t• er- - lartla. tit• 
raearcll will •••• a•aace lite tecllllel•&r ef aptal 
p-~ • larda. 

Tiie c•tre ia •H •P ef a c-erti- of eipt 
-i•eraitia • 11 CKparali•• .... r:v. aati.al 
lawat«i•. Clarka• _. lite U.i•eraitJ ef Fl•iola 
are -tratiac on .. 1 i•i fi.cati- •f ca_i_ 
tell.-i. .. _. plli- ars•i•. lleaaaelaer Polrtedlaic 
lastit•te ia •~Ji.•s t"• .,.,._. tr•apGrt of -rcarJ 
ltali._ fer ra•iati• •teeters. Ala- Alll 
lllai.•eraitJ i• cr-u.a iafrar• HlteClOI' ... 
electr.-.ptic crystal• fr- .. -- aol•lti-. 
V...ceater Pelytecltaic ... iweraitJ ia coatiauiag ranrda 
• me p-wdl of seelita aptala. 

Sci•tiaca fr- tlta • • .; ... 1 hr••• of St ... arda 
vill •• tlta •1:i ... 1 SJacltreu·• Li.chi: Source at 
Ir ..... _ .. •ti .. 1 ....,orat«J to .......... feet• 
._iag _. foll-ills crptal u-clt llJ lt-r•r 1:opop-aphJ 
ia rnl 1:i-. (Sowrca; Cer-ic lulleti•• Vol. 66, 
... 2. 1917 (c) ACerS) -

***** 
....,_. •terials raaeardt pi.tie 

A wdul pi .. to •teriab tadMI~-· _. 
properties -•r rnaarclt ar-• tit• vorl• ia Haihllle 
fr- Tadlllial l•ipta (P.O. loa IJ04 0 Port Le•. 
llJ 01024, USA). llDra tit• J50 llip tacit •Leri.ala 
r .. aarclt ceatrea arc ... crU.• in ..,. .. cc• ... teriala 
.. Hardt C.i ... a tacllaical iafor•t1 .. •-rec co 
•t•for-,roffi r .. earclt ors-iuti- i• JO c-tria. 
'Ille tadtwical capPilitin of the •teriaa. rnqrclt 
cntrn • -· dlaa ltalf of •iclt are locate• outai .. 
die us. are deacrill... ..... and .......... of the 
caatrn, tltcir kaJ a•iniatrati•• per•-•I, re1earch 
progr- -Wr vaJ, tlteir -.-kins r•latioa•hi,. with 
iaHa&r7'o _. cltair ,.tat actiwici .. ar• .. acrillt ... 

••••• 
"'Hrial• ·-faccuri115, a f..,ouriH of iuuaur, _ ........ 
llni•al An-tica .... s,.ca Ml9iainraci•'• 

(llASA) •• -rcial ... , ..... craacad i• HH 0 i"cl• 

• aicrecr-itr l.._at•rr a .. fi•• ceacrn r.r a,.n 
~cialiaati- rt.at fer.a - -tttiala p.-.ceaaiag 
•-" "'·ptal 1tr..cla. 'Ila• sites are •eai&'M"I t• 
ir,eatigat• doe pateooti.al fer •..,•lepias .. r:..-iala aa• 
pr-aes of c-rcial •ipificaace. 

Ena tla-da tlae ••tt l.s _.... for tlae apaa 
perli .... a of tloe •aperi-ta lt-e •eea ........... llASA'• 
•ac1tia£ of tlte •- ceatrn -•as tltat t"er• vill lie 
••Cai..,. iat•rest ia s,.ce -•fact•riac for tlar ••al: 
fi- ,.ara; It• tlaia agrees tlle teduaical •irect..- •f 
tlte •teriala sci-ce .. par-tat lattell• Cel...,_ 
a.»orat•ies' c:-tre fer tla• -=-rcial ._...1.,_.11: of 
Space, lattelle, c.1.-•• Claio, -• •f tlte fiwe 
c-trea -• •r •ASA. The res•arda c-tre vii l foe­
- •lec:tr-ic -t•rials, -Ital alleys. c•-·· 
ceraaoics, ,.1,_,.s -• asMciatd pntc:esa 
tec1a-1,..ies. nae _ .... viii lie •f •pttial iaternt to 
cltemical fir-. •idl •J •e altle to •• th• 1-
cr-itr ef apace '" ...,•l•p •- ... •ltra,..re 
a..icala, ... t• -teriala -fact.rera, ... ida .. , •• a••· to ,.._. •• - t,,.a •f _, .... au.,... 
classes, ceraeics ... pel,-ra ia apace. 

A -r: .. riala-processiac a .. project sci .. tist fer 
tlae apace atati- at ttoe 11ar•all Space Flipt C-tre 
i• •-tswill.,, Alalt- ad_l.,.iva th,. l•• ef aa 
..-llirn- is lt.rtiaa the s,.c .. -fact.rinc pregra-. 
11.r lite aP.tlltaclr can f- effort - ptt iag t"• -11: 
.. t of sr-ds i•e verk. 

O.e var l• .. •- apcace-lille verk is te ge r:e 
Cl-•l .... Tltere, at •ASA"a S-ia .... earc .. C-tre. 
tile llicr....--itr llateriala Sci"9ce Lalleratorr i• 
efferiag -iweraitJ •• i .... tl'J raearaer• a 
l91rcoac. l91rriak -tla .. ef testiag pr.,.aals ,ror 
•lttials proceaaias ia apace vitto .. t leaYia& lite 
larl:lt. Al•& vi.tit .... facilities " fur .. ce •:rat­
-· •dupa of flipt laar•are. me lalaorat«J al•• 
offers ace,,.•• to Levis' ,_ drep t-• • ..i.icla ltelp 
adaiPe veiptleaaans for up to fi•e a~. 

lla• far ... 1, crE Lall-atoriea of Wal tit-. 
llaa• •• ltas •" cite laicrocr-itr laoratorJ to c .... ct 
CaAa crpcal-sr-tlt eapera-ta. 

Ola• of tlae ••t pr-iaiaa raurcla uua ia me 
pr ... ccioa of parer CaAa ia a,.ce. llicr•croitJ 
....... c1a Associate•. 1-•• Coral ca1o1 ... Flori .. , 
-tare• a joiat__.._or agre-t vi.tit •ASA ia 191) 
to •e-•trate the ••perioritJ of CaAa crrstal 
-terial pr ... ced ia apace. 

Siace the earlJ 1970•, llASA h• 11..­
i•estiptina •-eral •Cito•• r- proca•ia& 
1..-•efect •-icooiuctoc .. teriala in .,.ce. ...,., 
tit• processes -• ... i•eatiptioo are cr,.t•I sr-1:11 
llJ ch .. ical wapo.,. trMaport ....... cootaiaerlaa 
Hli•ificati• of .. ceriala such as ia•iuo ... ti-i•, 
and acead,-arat• ar-lh and •ea,.pti°" of i11•i­
_,i_i... A ••pour crJata l-sr-cla aptN dlat •• 
•••ip .. for use oo lhe •hurtle has also llten .... to 
ar- aiasle crptala fro• wapour. •ASA ha• l7 
aaiatina or pe11•i•1 joi11r agr•...,....l• with indu•trial 
partnr.ra for apace -factlll'ia&; I) joint •v•-U 
are ia •lectr•ica ... eleccro-op1:ica. That a...i.er ia 
aur,..••• ""'' llJ Cit• llioloaical eaperi.Sltllt•. 
(latracce• fr .. llactr•ica. S llaJ l916, ~A llrui• ... 
RAIA hMp i• villa apacc-factorJ prosr•-" wiuea llJ 
C.orp Lcopol•) 

••••• 

·nur DnLa (Cer•n ••earrh and h~ri•ntal 
l••titur• for Aeronautics _. Alltr1111aucica) in 
ColOll'e-Por1 la conatrucci111 • llicrol"..,itr U•er 
lupporc Cmcre ("VIC). 111• "USC project viii prowid• 
••pporc for •ciencific a114 indu•Crial apace uaer• ia 
pl-iaa and carrrinJ oCJt •rec• sapari ... c• vhh the 



_ .. _ 

S,.cel ... £.nu.-• c.1_. .. ,,.icln .... ida-. •r 
will h -•il .. le ia tnTeSttial _.it f• •:rs. -tla•. er ,eara. 'IN -t i..,..-taat verll •r- will 
•e _.,_.tiaa mcrear-ity ea.-ri-ta i• tile apeci.fi.c 
fiel• ef -tcrial• aci-•. •i•leu .... ..aicm. 

o. ..... u ef doe iaternt .. ,_ti-. doe llllSC 
eSferta are iawelwn ia doe ef(ici-t pre,erati- ef 
pl-' eaperi-ta. ia tlet-iaia1 die •-t •e ef 
t•e preci- ti- ia a,.ce ..... fi-117. ia tile 
epti-1 nal-tioa ef die ---t r .. •lt• allotaiael. 

'Ille llicre1tr-it7 User s.,,_t C-tre will n 
erp11i& .. a• t•at aci-tific _.. c- •e canin -t 
ia doe a,.ce atati- • ia • larp rnearda 
iaatallati .. cempar .. le t• a .. rticle accelerater7 
facility. • re.earn a.clear react•. • -
astr-ical .. ser••ter7. lll'5C iutallati- will •e 
-•ilaltle te iatcrntM parti- fire. die FS -' 
_.._ -rrin •f t•e Eior.,_. Span Apacy (ESA). 
(Eatractn fn. '91 .. cki.datea. H Seph9ft' 1' .. ) 

••••• 
First Eoonlr!•• C-tre ia Italy 

la 1'A Italy will •- die ~int Eer.pe- ceatte 
fin' tH a~. pre,.rati- aH vdlisati- •f 
acieatific ... i .... trial eaper&-ta ia r~• 
sr•it7 c-•iti .. •. -17 llAIS (llicr..--it7 .,.,,_. 
Saearda _. Users• s..,,...t). ·.:1oia ~t -
-- •t doe 21t• latcr11ati-1 s,.n llMti•a ia ..... 
(Eatractri fr- a- AlanESS, JI Karda 1H1) 

••••• 
lri•·prepare· for sp;ace tau 

A •-11 c-pa11y ia tH le ... lic ef lrel-• ia 
••-t ~o take •eli••rJ' ef eq•i...-t fer tcatiaa 
eaperi-ta rhat arc te p iato a,.n. 

c:,.cc Tedmolo117 lrel .... is the fint fir• .. a 
aew •ci- park at St. Patrick'• Collcp. 

Tiie "'t•i..-.t to •e •eliwcrn to s,.cc Tcdtaolou 
lrel-' rep!Ollucca •-of the coa•itiOft• foua• ia 
apace. -- test cha•er bas •i-ioas of altaut oac 
<Wic -rrc. nae i•• ia tlln acieatista vill aca• 
ca,.,ri-ta that they IQllt to •"•lify for apace fli-"t 
to the facility, where tltc c-paay vill ,.t tllc 
eaperi-c. throu"' tbcir paces at tbc t-pcraturea 
••• prnaurn t..-• i• apace. Tltc apcacc ap•cica, 
aurll as IASA anol th•· Euro,.• Space Agency, iu iat 
lllat e11uip.cnt -st paH ccrtaia tcata ltcforc they arc 
accept.. for a la..ch. 

1cai•e• this cmriraaiaeatal tcatias, the c01Spaay 
J•aips u• teats cqui,....t for a,.u •••writes 
aoftv•rc. So f.r the c_,.., has .i-c vork for the 
T•chnic.1 Uniweraity of Cru in Auatri• ••• th• 
••pr i• Aca._y of Scincca in .... ,.at. 

the vnk i• lluna•ry vH c-cte• vith the rholtoe 
•isai... DHrina the •iHiOft, • prollc frOIS •• orltitins 
a,.cec ... rt vill Ian• Oft the surface of Pholloe to study 
the -·• ch-ical c01Spoeici ... 

s,.ce Technoloay lr•h"• •lao checks to .naure 
that •leccr-ll"ctic .... iatiOft JHCl'Are• •y other 
pares of the •pacrcr•fc lloe• not interfere vich the 
el.ccric•I circ11iu on a particul•r Hpcrhwnt. ror 
•• .. pie, •iait•I svitchina circuit• Oii che .. in 
spocecr•ft •iKhc gener•t• elcctrot111p1wtic r .. iation 
th•t effect• th• OP"l'•CiOll of, say, ch•rsc ..... iti•• 
.. plifir.ra. <&•tract.,. froai llcv Scict1tiat, 
• ,.,... 1917) 

••••• 

kiti• •ti_.l Spaa Ccatrc ia __.pratiwc 
tal~a •at• doe llSSll 

a. effi.ci.al •n- -•er •l~ti .. •f l .. 
lriti• .. ,i_l Space C:.trc (....:) wiaitn .... c.r 
r .. - 29 Sept_._ ll:e l Oct-.r .... at ti.~ i-italti­
•f S..iet efficial• te •iac .. a aev ,...i•iliti .. f• 
a,.ce __.,.rati- ••~ ~e •itri ltia ....... the 
msa. A ,...t_.a ef •cr-t - .,.,... at tloat ti­
.,. llllSC - - oiolc, .... ,. t• 1-tihtc for c...ic 
acaearcll ( lltJ) -' Ge 1-tiblte f- •i-'ical 
• ...... _ - t•c •doer, rcaar•i•& -,crati- ia 
.. terials sci-. a,.ce •i•le&J' ... ..aicm, •i• 
Cllft"IF aatr .... :raiu. •-•rtll ,.,.ica. pl-Ury 
ocicnce, •• -n •• •ltr•iele11:. iafrarctl. 
....... iactcr, ......... aatr-a-. 

..... ussa ·- •ffcr .. llllSC ..... tici,.ti- ia t•e 
S..iet ll-ray tel __ ,_ ,.-eject captttn It• •c 
iDStalln - a •JPcialian .... ,. ~at will n 
•ll•doeol It• doe llir atati .. f- fi~ yews. ~ 
S..ieto will accept to earr,. fiwe lriti• • llester• 
ll-ray •tr-i caperi-ts. 'llicJ" • lse ...,..e1 that 
lmC partici,.te ia tile S..iet ,..eject fer -
•troaeay Ntcllite ia the ~•tr- •ltr-ielet. •• 
-n .. ia -tcrial• sci- .... ,._ •i-'ici­
,...jccta. (Eatractd fr- P•ia Ala• CDSllDS ia 
FrC9da, II Oct ..... 1"6. P• •t. artLcle •Y 
Pierre 1.aaaer-> 

••••• 

1he Span lcacarcll • Tedi-leg Centre II• 
complctM Ille_, ••-ce• larae •pace •i-1.at• i• 
the -••· The 9.S • •i-ter aimulat•r is alr_.y 
hiaa •N t• tnt die ltali• ... care• l•tcri• 
plat.fer• .... icll vill •c ..... ia spa«! t• •-t craft 
iat• loi ... cr •ltiu. S,.cecraft •e t .. tc• _.... a 
llildo ,,_, •"" llip ln•I• of solar ... iafrarn 
ro•iati ... Opticol --•-U •• take11 of 
-c11-ical ... tber .. a •iatorti- tllat occ•r ... _ Ille 
object is irra•iatri. A•- ai-lator llu • 
i•tcaaity of l sol• -taat, ••• •irr•• •ll­
reflectina tllc •-at •ari- analca to ain.Iate 
••i- ,_iti- i11 orllloit. Tiie li•r: is pnerate• loy 
• •-" of 20 - 1..,.. Tempcr•t•rca are C01Strolln 
llltJ aurro ... iaa the •i-lator willl a steel weasel 
c-t•i•i•~ P•- or li•ui• aitropa. Tiie •- is 
,...-cc• wi tJa curlllto--lecular -' er,. ,_,.. 
Prcaaurn or 0.0000001 •illillltan h .. e ·- achin8. 
Spacecraft •ti• is achine• vitla a t•ntaltlc _.. 
apinltoa. n.c Ult 110 •ii •'-lator will teat tit• UA 
llipparcoo, lntelHt _.. l(ureka (the s.ro_.­
lcc..,craltlc Carrier), wllicll arc all too laraie for 
cxiatin1 •i-laton. luil'ina Ille •- ai-lator was 
cheaper tll• h•i•s to _.ify craft ahca•y ia a,.u. 
(Source~ llcv Scieatist, 22 J-•ry 1H7) 

• •••• 

A .,.co• •••ir-t utiliaaci- cc•tr• vao sec up 
in 1916 uaur the a11,,ort of Ill• "i•iatry of 
larernati011al Tr• • l....,stry ("ITI) ... lite 
Scince • Technoloay Aaeacy for the pur,..• of 
-. .. aopiag hip t..chnoloSJ lty 11t i lis ins che veipl IH• 
state in ourer .,.u. 

'lh• altoY• centre is achcdtlle• co ilWntipte 
needs froa priHte Cflter,..iaca c•cer11i111 ,..i-ry 
Ml•rial ••pcri-ta, to utilise• •pace laltorotory 
•"elope• lty UA Uuropcan Spacw Asancy), _. co 
... •lop aachinery, equipaant •IMI facilities neceHary 



(M" •.-c• -•r--11: •1tiliu11:i- ia ce-e,.nti- viltlo 
it'- pri-11:• Melter. "tTI vill Sltarlt ~ ..,.1.,_.11: 
e( a (..- flpr -1111: par. (ar .,.iclo iar.r-lti.­
••D-at _. ce-e,.rati- viti. ~ pci.••l• Helter vi.ll 
... ••••ti.al. 'Ila«• ia • sr-i•& i•t•rnlt ia 
...,_trial •liliuti.- e( -11:.r •pan. 

n. ~ltre vill ,.._, .. - fM' •ari­
••-r•. -rksla.,. .... •-"-• vitla ~slera -11:i ... 
_. ••~ .._.tie .. 11:.rpris.a. llEatractn fr­
a...icd Ecea~ a..t Ea1i.•-ria1 ir.e.i-. J- 1"6. 
Wei. ii .... •> . 

List 

••••• 

&re,._ Span ~ (DA)• 1-10 .,_ 
"8ri.-llillis. 7S1ll Paris Ce.lea• IS Fr-a 

............ s,.a ~rati-• c-11:r .. (IESUC), 

.... Klt-lesda Sltr••• s ......... Dar•U4t. 
h"-al .. ,...ie ef ~ 

i.r.,.._ s,.a llesearcll .... T .. ~lag C...lre 
(IESIEC). l:•plerlaaa l, ~•ijk ... i.e. 
lleda.rl ... 

Cr-,..-11: bra ..... 41•£r.._ s,.tiala 
(Ear•paa). lbr•,.•• Space 511: ... , cr-p.l. 
I• •is• - ao-.-1. 75007 Paris. Fraaa 

W.isary er-. for Aer•paee llesearcla .... 
DeYela,_.1 (.ACAU). 1 ~ ADcell"'• 92200 ... illy 
·- s..m.. , .. _ 

Arseat~ 

Ccatra Es,.ci.al Saa tlipel (aan. IS- Ripel 
Space c ... 11:rel • A••iola Ri.tre lllJO. Saa Ripel 
16'J ...__Air• 

.._.tria 

Osterreiclaisclae C:..sellschaflt r8r S-.•ener11ie 
_.. Udtra-fras•• c.llR (ASSA) IAaatri- Solar 
... Space Ageacyl. C:.uia•paH 712'. A-1090 Vi.ea 

Eva i I 

laa1ti1t'tl0 •e Pe~111i&N !apaciais (l•f&) 
1laa1titule for Space laHrcbJ. P.O. loa SIS. 
A••iola as Anr-ua 11sa. UZOO Sao Josi ... 
ea.,.s. Sao Paulo 

•nioaal Ila.arch Couacil of Cafta .. (RC). 
Roatrul loa4. Ottawa. Onurio llA 111• 

c-•• Centre for Spece Science 

Aerosp.ce lnfor•1tion Analysis .,.. DiHniinacion 
Cencre/lOS-Yr&I VZW, 199 OS Pnha 9 • Ler.ft•y IJO 

Centre llatinnal 4'lcudes SpacialH (Cllf.S) 
flllci-1 Cenlre for Space lr.u4iesl, 129 rue • 
l'U..i•ersicl, 75007 Paris 

Caia11& Space c:.nrre, IP 6, 97310 Kourou, 
rr•ch Cuiana 

Toul-e Space Cntre, II .,,enve ldouard-lel i"• 
)1000 ToulouH 

C..rr• .. ti-•l w I• ir.clocrcla• Scicatifi•­
(ams) l•ti ... l Scicatifie bsHrcla C-tr•I. 
IS ..-i Maltale-Fr-a. n100 Paris 

Saciftf ol'Et•tlc• T~ai ... s •It ol'Eatotrpris.s 
Cfoafrel .. (SGDEUC) • 9 ..,_ If-• 
92lSO i... Pl.a•is-.... ias-

Ecele lbti-ale S.pfri .. re ole "'ea•i•- •I ••• 
"icre1tedulol•1ics, r-l• • Cray. ZSO)U .... _,.,. 
Ce4ca 

Lalo-•lt•rr •f Astr-....,. Ul>scr••t•ir"• 41 i.is. 
•- ole 1 •dtserwa1teire. ZSUOU ..... ,_ 

...,..•lliaist .. ri- fiir F•r•cla-c •aol Tecla-laci .. 
(lllFT) (F.,.;eral Riaistrf vf ksot:ardl -4 
Tcdo••l•11l. Bei-trass .. Z, P-tfa;;!a ZWM. 
D-SlOO, .... 2 

Dar•ier Sfslt- c:.MI, Pestfadl 1160. 
D-7990 Fri .. lkiclaslaaf• I 

•eiaisc!a-Uestfiili•cbe Tf'dlnisclae Bo>dasdl•I• 
Aadopa (11118) (.Aacb ... T.,duaical U.i•crsicrl. 
T'""Pl•rgnlt• SS. D-5100 Aaclaca 

Air an4 Space Tr..,el laatitute 

1 ..... 

Aatr .... pics -• Eatraterrntrial 11'.seerch 
lastitut ... Auf ..._Ried 11, D-noo a-.. 1 

Spac., Applicati-• Ccau .. (SAC). ai-ui.a4 31001) 
Gujarat 

Space Drsipt Drparr .... 11:, riazzalr Tecclaio SI, 
C..dls Poslale MS ... ,.Ii IUIZS 

c ... tr-> 4i Sta•io ••lie T,.ltt-nicazi-i 
Spnial i (Spare Trl .. c-"'icaci-.1 a..s .. arcla 
Cl!ntr•I, c/o lastituto El•Ctronica •• 
Elecr.ro1t•ch•ica, Polilecnico, Pie&&• t...oner .. •• 
Vinci JZ. ZOIJJ RilMIO 

Piano Spa&iale .. zionale l•ational Space Planl, 
Viale teaiaa Rarpcriu zoz. 00100 ..,_ 

lnscicuto Pf!r lichercbe in Fisica Cos•ica e 
Tf'cnoloaie klati•• ICos•ic Physic• an.I lelaced 
T•chaolo11 lcsearch ln•titutel, c/o lnatituto di 
Fisica, U.i•ersitl. Via Celoria 16, ZOlll Milano 

Polit•cnico 4i Milaao 

Aer .. pacial ln1inecrin1 °"l"''laent, Yia 
Golsi 40-42, ZOIJJ Rilano 

Defence an4 Space Di•ision, 162 Via Sicilia, 
00187 .... 

Telespasio SpA per le c .... nica&iOfti Spa&iali. 
Via krpnini SO, 001S9 ao.. 

.. cional Space °""dop.enc Asenc1 of Japan 
(llASPA) (Uchu ltaihauu Jiayodanl, 4•1, 
"--csu-cbo 2•ch-, Minaco•llu, 105 Tok,o 

larlio 1 .. aearcti Laltoraceor iH (111./DFJIPAllFM) IO.npa 
le'*yulhyol, 4-2-1, tiui-llica-"9chi, 
Knpnei-lhi, 114 Tok,o 
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s,.a Actiwity Diwi.si-. Pest.I>*• l0t 0 lli .. cca 0 

.... J 

C-.eje s.,..-i- • 1-ti111:aci•e• Cieatfficn 
(CSIC) (Richer c ... cil fer Scieatific leaearclal 0 

Serr-• 111. ••i•' 

Stateas ~le~ti• fiir r,....erk..-.et ls..e•i•h 
... r• fer Span Actiwitiesl. lea 4006 0 

S-111 04 s.1 .. 

Sweasll.a a,..aktiel>•l•~t (S-oli• s,.a 
c.r,.rati .. - sscJ. Trit..,,a~ 11 0 

S-111 S4 s.1 .. 

Scll-i.&eriadle Aneit•.-einsdaaft r.r aa-fabrt 
(StFll) (Svias Asseciati- f•r U.rk - Space 
Tr-ti. P•tfacla ion. ar600Z 1-er• 

Depart-t ef Trade ...i l•ol•try 0 a.hol- ...... 
11) Yicteria Street 0 .......... SVIE ... 

•therf•• Applet•• Laltoratory (11AL) 0 Chilt-. 
Diolcot 0 Oaf.,rui.ire OXll IQ& 

•l larol s,.c• Seine• s..boratory. Roh•ory 
St. llary. Dorkin&. Surrey 11115 NT 

•iweraity of l'nt at C-terl>ury 0 Cadtrrbury. 
Keat en 7llZ 

Electrenics ..... oratory 

Air Force Office ,.f Scientific anearch (AFOSa). 
auiliu1 uo. a- A-1u. v.s1au.1 t ... DC 20nz 

Ames leaearch Center (KASA), MDffett Fi.elol 0 

CA •OlS 

Jer Propub ion LDoratory (JPL), 41UO O.IL Cr..,e 
Dr i•e, r .. ..iena, CA '1 lOJ 

1".abpAn Corporation, u ... ceol TechnolO&J' CentH, 
loa 400, 44SS C:.nesee Street, luffalo, KY 1422S 

llni•ersity Attached Institute, Ithaca, KT 141Sl 

Center for bdi.ophysic• and Spece lnHrch 

Cotldard ln•titute for r.pacr Studiea, 
ZllO lro11e..,ay, Kev Tork, KY IOOZS 

Cocldard Spece ni.,.t Center, Creenbelt, MO 20771 

114110,- FlillJtr Faci.litJ cwrr>. w.llof-9 t.land, 
YA 2)))7 

J""nson Spece Center, llousron, Tl 77051 

Solar Syate• P.aploration Di•i•ion 

i..ncl•J le•earch Center <i.ac>, "'il Stop 103, 
H .. pton, YA Z366S 

M••••chuaect• ln•Citute of TechnoloaJ (KIT), 
C•r idp, M 02139 

lllT Ceater fer Spatt ••-rdo 

•ti ... l ..,.._tics ... s .. ce ... iaiatrati­
(llASA). Vaahia~-. DI: 20~ 

•iteol Stat•H ...,.,.n_t of Acric-lt•~·e. 
v.•iact•, DC zono 

.. r•an •f E•lli•eerias lt!ae•rch lllEll). 
P.O .... ,. 19'1 

(Eatractn fr- Earth •d Astr--ical 
Scieaces lll!seardt Cntns 0 • U.rl• DirecterJ 
of 0r1-iaati- •• Pr•sra-. J!>l!fl o-rJ';·-c;ioo;'O-•, 
1914) ...... 

I. e&un OF ..mosD1S 

As the apace presr- c-tia-s. aorv 
tech-loiti..,. emerae. and with th-. norv •er•,_ and 
ahl>reTiatiOftS. the foll-intt is a c_.._s.tl list fr­
llASA dealing -.cly with -terials processins 
eaper i.rtats • 

NIPSF AJ•-crd aur-tf!• directi-•l 
sol idificat ien furnace 

ACC Aft c•rp» carrier 

AllSF .llNt.,..ted directional •oli•ificaci- furnace 

AW Ad•Mce• lewitation unit 

AIC 

ASCC 

CCDS 

Cff.S 

c•is 

DCr 

DPYl.A 

~. leHard• Center (llASA) 

Aat .... uc solution cryacal sr-th 

Ct>nt•r• for th~ c ...... rci.al Dewelo ...... t of 
Space 

IJrorlet co•utt i011 faci lie J 

n.uuch• rorlll111nRJ1- 11r:t1 Yrr•uc:h~anat11lc fur 
I.uh- '"'' ..... rahrt (c;.r- AerN,.c:e 
•~•e•rch ga1abli•h11ent) 



ISF 

lllJf/DT 

ECC 

ECP 

EEYT 

an 

Elll 

Dewele,.eat test •rticle, er •iffereeti•l 
tla-l .... ,. .. 

Drep t•e/Drep twer (facility) 

Electre-epit•xi•l crpul sr-th 

Electr ... petic c .. t•iaerless precessiac 

Electr-'.petic iaterfereece 

Electr ... petic lewit•t•r 

Eurepe•n Spmce lesearch Orcani&ati .. 

Europe•• retricwaltle carrier 

Free fl:rer 

FKPT First a.terial processinc teat (Japan) 

QC Cr- Aerospace Corpor•tion 

CA$ C•n Cet-..,.y-apecial c .. niater 

CC-115 

err 

cnr-c 

cnr-I 

cr-pe O'f.tuff et llrcherches es, 
Sur Teat Materieux Den• L'~PfCe 

Cl au fi.,re pull i• 

Craclient beatin& facility 

General-purpose rocket furnace-1r•dient 

Cener•l-pvrpoae rocket furnace-i•other .. l 

CSFC Codd.rd SPfc• Flipt Centre (llASA) 

Hitchhiker (Coddard) 

Hll-fl Hitchhiker (MSFC) 

Rrr Hut pipe furnaC9 

HTCPr 

IU 

Hip t•peracure 1eneral P'•rpnee furnace 

lloelectric focus in1 

Irr lloelectric focuaina facility 

IC 

ICI 

Icloo (Specel•" Pallet Kiaaiona) 

lnternatioHl Microlf"11vicy weioracory 

- lo1 -

IOC 

UI. 

lSC 

ISF l .... tri.t Spmce Facility 

JEii 

.JPL 

.J5C 

1.aac 

LellC 

lll 

llASU 

IWIS 

J:a,.ano eapert-t .... le, er .Jeiat 
8Mle-• -ser 

.J ....... s,.ce Center (•ASA) 

ltenao4y Spmce Ceater (MSA) 

.._cley lleseuclo Center (llASA) 

I.en& ••r•ti .. expesure f•cility 

Minaesou Mini•& _,. ...,_f•cturiac c:.. 

.. terulvisaenachaftliclae JlutonOmD 
Experi,...te Uater Sdaverelosid<oit 

lll£A .. torula expori.eat aas...,ly 

MEPHIS10 Mat*rial pour l 'Etude des Pllfn..tftea 
Intfreaaaat l• Solidific•tion sur Terre et 
en Or"ite 

MLI 

""" 
1911.S 

Maasa::husect• lnHitute of TechnolOIJ 

Monodiaperae latex r•actor ayatea 

KicroaraYity and flateriala Proceaaina 
Facility 

KicroarSYity llateri•l• Science La"or•tory 

Material• proceaainc in •pece 

MIA KicrosrSYity lc•earch A••ociate• 

Mll Midve•t leaeorch Institute 

MS Material• 1cience 

MIA MicroarSYiry science and application• 

MSDl Material• 1cionce dnuble rack 

MllFC 

MSL 

MTL 

M~rlhall Space Flilltt Center 
(llASA) 

Msterial• Science ..,..,oratory 

Manufaccurina and Technolo11 Laboratory 



OCP 

OFl'V 

OSF 

ass 

055& 

or& 

OTY 

PI 

... 
PS 

PYlUS 

a I 

Office ef c:-rcial PreP'­
(llASA) - COiie I 

Office •f S,.ce n ipt (llASA) - Ce* II 

Office •f Space Rati- (llASA) - Ce.le S 

Office •f Space Science ... &pplicati ... 
(llASA) - C.- E 

Pri.ac:ipal ianstiaatar 

Payloa• 

Physical ••pour tresport of or1aaic 
solutioas 

lockvd l Intenatioaal 

a1Er aecirculatin1 isoelectric focusi111 

a PI Seasselaer Polytechnic Institute 

SAAC Space Applicatioa• M•iaory C:-iu:ee 

Science aad Applicatioas AdYocacy Croup 

SAAL 

SASJt Science aad Applicatioas (lliasioa) 

SAi Space Applicatioas loard 

SCG Solutioa crystal 1rowth 

SCIP Static colu.i i..oelectric focusin1 

SDl Scannin1 electroa •icroscope 

sn 

SIL Space lib 

SPAIZLAl-0 Cer .. n Spacelel> lli••ion 

SPAaW-J Japanese Spacelel> lliuion 

SPAI Space proce••ins application• rocket 

SPAS 

IPlc:& 

"'° 
II 

C.r.an llhuttle pallet 1atelliee 

lpscelel> payload integration and 
co-ordination in Europe 

Spacel1b P1yload Project Office (lllFC) 

Space ICat ion 
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SSlP 

SSP 

STEP 

STS 

lFCG 

TfDV 

Sci-tific ••• Tech-leci.cal As~cts 
•f lltaterials Pr•ces•ia& ia S,.ce 
(C-itttt) 

Tri••lecical ea~ri.mrnts in 
zere 1rawi.1t:r 

Tlli• fil• ...... itiGll llDit 

1FSUS Task Force - tlae Scientific Uses of Space 
Stati• 

lAAL 

UAR 

usu Uai•ersities Space lesearch Associatioa 

vccs 

(Source~ AdYanced Material• and Proc~sses, 
April 1916) 

••••• 

'. ftllLICAnoms Oii SPACE-SELA'IED 
AllD or .. 11111 llATDIALS 

Space coloaiution; technolop and the liberal 
arts 
iiOi'itrow, C.H., aus1ell, A.II., Sutton, C.f., 
American Institute of l'bysics, llev York, •.Y. 
1986, lSJ p. ._.ricaa Institute of Pbysic1. 
Conference proceedinp 141 C:onfeunce on Space 
Colonizatioa: Teclanology and the Liberal Arts, 
Ceaewa, a.t., 11-12 Octob..r l91S 

ce radiation effects on .aterials spoosored by 
AS1M C:0..1ttee E- on ra 101sotopes and 
ra.tiation effects, l'biladelphia, AS1M. 1962, 
61 p. "-erican Society for Testin1 and Material• 
Special Technical Publication 

Thi' Cuture for lp!!CI' trchnoloq 
ParCIOe, C.i.c. tOnCIOn, Pu.ter. 19114, 206 p. 
future for science and trchnology 

Sy•posiu• on lalliuic lliuile an<! Spice 
Teehoology. Stii, LO• Anph•, Calif., 
29-ll Aup•T"iJ60; procudin11. LeC1lley, D.r • 
.. v York, lt.Y., Ac•de•ic Pren 1960. 

~.ce Conareu, Znd, Cocoa leach, l'la., 
7 April 19'5; proceedinp. mew di-• ion• in 

•pace technolol)'. Canaveral Council of Technical 
SocietiH. n.p. 196~, 7~1 P• 
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later .. ti-•l C.e-ns ''1111• Iba -' Tedlaol•cJ i• 
tloe •dear .... Spatt Age', Ri.l-, 
llJ-21 Apl'il 1962~ pc---.liap. Alsociui­
l•t-iaa.le U.- aell• Spuio, .._. 1961, 

•1 •· 

srece r.s•arch ...- technology, n...ps-, C.Y.E. 
lritis~ laterplaaet~ Societ7, llev York, •.Y., Car._ _. k••ch. 1962, 216 p. Pre~•i.ap 

or t~e Sp.tt t1.•icine s,..p.si-, 
16-11 October 1'5a. .,diet _. Sarell ite 
lnstr_..tati- Sppnsi-, l S.pt .. ft' 1960. 
Spece ._ipti• s,.pesi-, ta .....-H 1960. 

...,_c.,.s in SC!re tll!daaoloF?• lb7lrr, J.L. 

...,..._, S..-es. 1962, 21) p. Procet4iep er a 
s,_.-i_ - Aapets of Spare Tedaaolog:r, lletfiel.t 
Cell•I." of T•da-logy, llertforolshir•, 
l-2 Rsrch 1962. 

Aooerir:lft Astr ...... utiral s.tci•tz s:raros'-· 
Las Cruces, •. ••·• 23-2) l'ctulter 1969. Space 
Tedlaolo1tJ ...a Euth Preble- ed. t.J 
C. QDentia For.I, 11.ashingtan, D.C. • AA.~. l'1U, 
401 p. AAS Sciaice and Teduaology Series Y.21. 

latPrnati .... al Sp;ICP p!~rra-s .....S ('!lici.rs, 
Jasentulir-. • •• Chip•""• a. "-tHtbm, 
.... tlt-Roll.....t. 1914, ))I p. lloaite' •ui .. s 
Coafereatt on the Esploration -d Peacef11l Us•s 
of 0..ter Space (UlllSPACE), 2a4, Yi-, Austria 
1H2; proctt4iap. 

Ats:t1"9ll:11etic:d rngine-Pring :1nd 11cifl1tcll!-. 
fro• p..._•••rnolr to plwtary spacr, 
Stuhlinc•r, E. ir..w York, •.i., llc~r•.rHill. 
1963, J,. p •• illus. 

Cnspar directorr ,.r organiHt ion ""4 
-M>•n 1917, Yarn.a. 1977, 104 p. 
SJ"lre Srienc•s - Dir•ctorirs/Aatrona11tical 
ltes•arcb - Directories. 

A •••-rv of rxrr•-• of iso>topic: Yariations in 
•stra· .... rrr~tr1sl .. trr1sls, Shi ... Mlls81io 
Cllati.,.al Science 11us ...... Tokyo, (Jar-». 
En1tlish. c;..nc-hia. eos..,cbi•. Acts. 
ISS• 00 16-7037 • COOEll: CCACA. ( Apl' i l 1916) • 
•· )0(4) V• 577-5114. 

Use of rll!rractorr Dl!tals. Pri..,.<!flie 
tuJt"pl..,,kikh ... callOY. Efi..,,,, Yu.Y.; 
MMt•roY, P.Y.; SSYitskij, f..M.; Hors C.; 
lurllh .. OY, C.S.; Ottenber&, f..Y. luHian. 
llefr.ctor7 Dl!tsb sad •llop. Tupplanie 
-tallJ i Splny. lurlchsaOY, C.S.; 
ll!:fi-, Yu.Y. (eds.). 450 ref•.; 140 fip.; 
)I tabs. Mo.cow (USSI). tletallurgiya. 1916. 
P• 2H-l40. 

The European c:111tference on non-deatructiYe 
reat1ng. ll!:Yropejaka7a konferentsira po 
nerssrullharu•cheau kontrolyu. KlJUeY, Y.V. 
luH i•n. Vrnn. Akad. ..... SSSI. 
ISS• OU02-l442. COOi!:•: YAWSA. (1985). (llio. 7) 
p. 74-77. 

tee no n,1cnl "' , "'!ta•llJ rloe field of 
seron311t 1ca and satrnnauuc11 and nnc:lrar 
rn11nerr1n9· lntern•t1onsle Zusa..en•rbeit in 
lioclitec:hno oaitchen knic!'len - 11nter bra1111derer 
leruchichti1P'n1t •on ronchuns und !ntvickluna 
in der Lo1fr - und 1111-fahr·: •ovie der 
Kerntechnilr. llchunk, c. · :.r .. n. 
.. den-kden ( redersl lepsib' i c of C..r•ny). 
llollO•. 19"1. 305 p. JSU J-7890•076G-9. 
lnternst ioHls lfooperu iOP. Aschener 
Studien aur Jncernstional•n Tschni•ch­
Wirttchaftl ichen Zv•s..enarbeit. Iii>. 22). 

Eaci•eeriag uni•& n••ir-ts i• FED/lnua. 
..._, II.A.; .,._, a.E.; llK&•, ...... ; 
Tr.ac11-1. c.&.~ Vire, c.; ~r-, £.; 
hip, •; c;.1•. a.r.. &rs- •ti_.1 
1.s•or•tor7, IL (USA); llcDoaaell Daaglu 
'-tr-•tics Co., St. S-ia, llO (US&)~ 
._for• Eaciaeeriaa DeYelo,,_.t LalHlratory, 
Ricbl••. VA (US&); VRati•p-e llHotarda 
l.al>oratories, Pitt .. ••• P& (USA). E'a&li•. 
QHIF-11)-~6. ClctoMr 1'82, ] •· 
&wail~ilit7: UllS. A•ail~le fr .. irtlS, 
re AOl/RF AOl .. DE0009S&9. 

lbt-..rials sci~ce• ia .,.~; a coalrihatina to 
tL,. sr1P11t1 he: L•sas of spac.. pr_.sun1 • 
UitN lty a. fe•..-bach«, B. 8-datt -· 
a.J. •-- llY: Spc-i•itotr-Yerl•c. 1916, 
496 p •• 15 .. C>--Ja7-16JS1C-l. 

Caat...,rs: Ric:r0fl'..,it7 ,..teri•ls scientts. 
Phpical pb--. f.aperi-t•l ltar .. are. 
Case st11•iea aa4 res•lts. 1..-a. 

..,t•: n.is Yoluae was vrittea to iatr.,....ce 
rea ... r• to tbe fiel4 of mc:rop-... it7 .. teri•b 
•cieace. It proori.les rntlers with b.Op--• 
iaf.w .. tiaa obtai_. fr- apace eaperi-t• to 
slate. This k-ldge will be ...... for future 
c-rrial apace util iHt.i... De contr ilMati.a& 
authors are fr- orpuizationa allds as 
RASA-J•t Propulsioa i..i.oratory, the IEuropeaa 
Space Ageacy. aad llASA-llsrsls•ll S,.ce Fl ipt C:...ter. 
The intaid«• •u•ieac:c c:-i•ts of scieatists -• 
encinrers ""ose specialtJ is aot aicrop-..,itJ 
,..terials sci.ace. 

Euro,...an SpaCf' dir~tnry. A Se•i& Press 
pubhcauaa spciosor•d by Eurospace. 
SEYIC PIESS P .. lish in& c:o..panJ, 
11, rue AlelUladre C.baael, F-7S01) Paris 
Frsac:e. 

Rir!> tf'm,...lnq, •nee and aodety. 
"--el Cut•ll•, ed. 19 • Saie Pabhc:•tioas, 
leYerly Rills, CA. l2U pap!s. ISU: 0-801~2414-J. 

'nli• c:nlll!Ction of 14 ••••JS esplores the 
relationship between tecbaolocy and •pac:•, with the 
-diation efforts of the •coa-ic, c11ltural an• 
political pcocesae11. Di•ided into 6 .. jor areas~ an 
OYerYiev, the aev ia ..... trial space, the trsaslor .. tiaa 
of ser•ices, thr c...,....icati- revol11tion, theoretical 
perspo!Ct i•e• sad al terast. iYa. 

sit• ,..t•riala for aircralt 
lrisn c. Hoslua, sad Alan A. a.ker, 
Aernon•11tic•l a..scsrch Laboratorie•. 
U.partaent of U.fense. 

s tr11eturn. 
l 0 l •e 

jlgr.tralian 

Content•~ la•ic Priaciples of Fibre Coapoaite 
tlaterial •• "fibre Syste•. a..in S1ne ... 
Coaposite S,.•tr•. eo.pnnent Fora and tlanufacturr. 
Structural Rechanics of ribrc C-p09itira. Joiniag 
Aolvo111crd Fibrr c .. po•ites. En•ironaePtal &ffect11 
and Dur•ility. u. .. p Tolero111u of Fibre C-pcMtite 
1.-•inaces. ..,ndPatructiYf' ln•pectiaa (111>1) of 
kinforcrd C-p09ire l111teri•I•. 11'-pair of 
Graphite/ll!:polCJ c...,..•itea. Aircraft Applications. 
Air110rthin••• Consideration•. (Aaf'ricsn ln11ritute 
of Attnnaurica '"'" Aiotrona11tin, 16Jl lroaclvay, 
llev York, •.Y. 10019) 

11erractor1 c:o•p!?•ite iotaulacion 

lrochurr 11114 three data •heeu esplsin thr 
concl!pU, spplicuions, and pl'OpPrtin of l.19UU, 
Ll22110, •nd FllCI refr•ttory co>apo•irr insulation 
•Ur is ls for rhe aerospace industry. 
Lockheed HiuilH 6 S,.Sc• Co., So1nnrsle, C•lif., 
uu. 
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n.i. •cif!ftC ...... -tttial sci-ct i• space - a 

E.rerua per•pect ·-

•·•·Vatter (Uitor), 1917. Approa. SOO fiprn, 
2000 nf. ap,nx. IOO ,.SH, Har• caorer. 
ISU l-Y.~11162-7. ,,_licati.- .. te: J-e 1917 
hntatiwe). Spriapr-Yerlac. ~l i.a, lleioiel.,erc. 
11eV Tadt, Paris, TaltJO. 

'Ille -1- ci• .. a ccaplete r'""iev of the 
prneat stat.s of aicrog:-Pit:r resnrch. It iacllllle• 
doe r.,.•lts of Ille D-l s,.cet• aissi-, Ille last 
aicr._.-aYit~icated aissioa •efore tbe Cballeaser 
•isaster. Cl•e to )CJ E.arope• sci.,..tist• bne 
co-operateoi ia tile •oak'• preparati-, aad tbis 
.,.erptic approach bas p-eatly l!ah•ced tbe upth 
_,. tile scope of tbe coatri .. utio,.s. ~da inoiiwioiual 
dua~er first pl'Heat• the theoretical badtcr....t to 
j-t; fy aicr~nity esper i.eots, thea foll-• a 
r""iev of the esperi-ta perfor-• -• a 
critical oiiscussioa of the results obtain .... 
Finalll'', re..-... ti-• for f>ature actiwities are put 
forvaroi. 

A tb•saurus of l!Of.in..,.ced _t.,rials has just be"" 
... lislae• by tlllterial• lnfor11ation - a joint serwice 
of The lutitute of lletals an• ASll Internatioaal 
(USA). Tbe ll2-pap first editi- is the basis for 
the terainolaty used i• the recently introduced 
"Eacineern Kateriab Mstracts". lt contains the 
-c•alary for classification, processinc •• 
properties of pol,.era, cer-ics pd co..,..sites. 

Ja,_ Technical lnfK•tioa Serwice and A!itl Int:al 
(Metals Park, OH) vill jointly produce 2 publicatioas 
on Ja..-ese nev •terials •D in the VS~ start-up: 
J•e 1911. The publicatioas are Jsp:an llateriah lfevs, 
a llOllithl:r repKt on dewelopinc nev •tei:ia!s, and 
Japan Naterials Report, initiall:r a bi-..onthly report 
on nev tren• on nev -tei:iah 116D. the publications 
viil inclllllle such -terisls as 111:tals, cer .. ics, 
polya.rs, craphites ... c-posites, an.t -nufacturing 
and procesaiac '""tho... Japan Technical is a aubsid 
of •ippoo Steel, vh•e larp infor•tion-gatherinc 
aetvork vill be used to pr-te the project. 

PublicatiOI'• fro• Proceedin's of Conferences 
orpnised •Y the lnstitutt of lfetah, 1 Carlton 
B-e Terrace, Landan, SVlY SDI, Ult 

lkteri•ls at thr.ir li•its. Jlut,.... Ho!•ting, 
Septe..,er t98S at the IMi•ersity of lir•in&h••· 

Ccontents: Cera•ics~ applic.uions and 
liaitat1ona 0 ".B. Levis. C-,Oaite• - the present and 
the futun, C.D. ~cowen. Mechanical alloyin - the 
de.elOJllllC!'RI: of strong alloy•, M.J. Fleetwood. 
Al-ini- alloys for airfra-•· li•itatioaa and 
d..,elopiHftt•, C.J. Peel. Aero imgine alloy 
d..,elopaent - the sky"• the li•it? D. Driwer. 

(I 392, 210x210.., 86 pp, ISIN 0 904357 86 4, 
Paperback, publithed 1986) 

llllurials data sourcn 

The guide is si•ple to use and for r..ch category 
of -terial it aives reference to authoritative 
printed teat•. ttandard1, trade and retearch 
as1ociation• end ecade•ic e1teblish111:ntt. lt alto 
identifie• tOlle .. terial selection •yste .. .-hich are 
in text for• or coaputer bated. (look 40S, 210xlSO... 
111 pp, ISIN 0 852986, 36 I Pa,.rback, published 1987) 

Y.nainecring C0111po!it11 •tni11h by 
lryan ilern• 

Contenu~ The nature of cCM1potite Mterial•. 
llenic propertiH of fibre co•po•ite1. Stunath of 
COllpotites. Fracture and touaJ!ne•• of cOlllpotit••· 

Fatilt"• behaYi-r of fi .. r• coaposites. Eawir_.tal 
effects. 

(...._ l'6, 240 a llO -. ll6 pp, ISP 0 9014W, 
21 4, Paper.,ack, Publisbe• l'8b) 

liasinecrin& co_,osites 

Literature package focuses oo Fiberloc pol,_er 
C-pecitH, a &lass fi.brr-reinforcetl •t .. r ial base• -
lli&Jl fl- tbera>plastic resins. Set of three 
brochures pcowide enginecrinc dcsip da~a. -
injectioo .,ldinc processing guide, and an eatrusion 
processing K"Jide. IF Coudrich, c..on Vinyl Di•., 
Clewelaad, llhio. llos. FL-UIO, FL-ou9, FL-Ull, USA. 

Graphite products 

lroclmr• describH Desulco cari.-/graphit,.. and 
tlae nth"r tyl"'s of graphite process•d by Superior. It 
also cowers standard sixes of graphit• and .. jor 
pro.fact applications. Superior Craphit• Co., Chicap>, 
111., USA, 8 pp. 

f.n~inerred 1Ntr.ria!s handboult, vol,_ I: 
co-rsitors 

Chief Editor: Th.......,re J. ~inhart, Hardcower 
9"dl", 911U pagr.s v/illus.; AIM llarkctinc Drpt. ASll, 
l~ll lrnadvay, llP.v York, R.Y. 10019 (AIAA • jlmerican 
Institute of Aer'lftaulics and Astron3ulics) 

A..thor•: S • ...,th, ft. a..11, A. Cl.,gg, N. Hurd, 
a. Sa•ery. Pui>l ishcd: IMF !ktals Technoloo 
Centre 1917; 200 pages; INF M.?uh Technology 
Centre, Dol!llchvorth lid., W-ta&e, U.on OJU 91J, Ult 

Specialty additives 

Brochure hi&hli&ht• the ph,.ical and ch-ical 
properties of the company's .. road line of specialty 
additiwes and depicts, by vay of application ~i•. 
aany of the effecti•• vaya in ""ich these additi•e• 
may be used. Products fea~ured include: Surfynol 
surfactants; Ancor acetylenic alcohol and a•ine ... •ed 
~orrosion inhibitvrs; Ami.cure, l•icure, and ltetacure 
a•ine and tin cat•lysts; additives for eposy resin 
sysr.eas; and acetylenic fine cheaicals. Air Proclu~t• 
and Cheaicals lnc., Allentown, Pa., USA 

Mvance•I COWlpO'f itu: con fer~ce pr-eedinp 

AM•rican Society for Mr.rats Publications, 
11,...rcl• 1916, ISBN Ul7 l70-22l-1; Proceedinp of a 
conferpnce held in Dearborn, MichiC"n, USA in l91S; 
organi&ers .. inl:r A5" and the Ensineering Society of 
Detroit •nd Advanced co•re•ite: the latest 
!evelopients, Conference in Novt!liiller 1986. 

TouJtl>ene.t co•po•it"s covr.rs current res•arch 
findings in the effort to dr.vclop high perforaance 
fibre co•posilr.a. The papr.rs are multidisciplinary, 
cover in1 11icr-chanic1, i11terla11inar fracture, 
c-po•it« toughness, interf•cial scD1esion, 
ther..,pla•tic .. trices, and therMOSet .. trices. 
(ASlll, 1916 Race Street, Philaclclphia, PA 19103) 

AS'l'M (AMcrican Society for Testina and MAteriala, 
191~ ••cft 5treer, Phil•dr.lphi11, PA 19101, USA) hs• 
publishprl 0.-1 ... ination 11nrl P..bnnding of MAtf!ri"h 
(STP 876), sponsored by co-1ur.u on fracture end on 
hiltl'-.odnlu. fibr"s and their co•po•ir...a. The 
h11r-'-ciwr.!" nntholn1y (499 pp) contains 
l) pee• "'"d p11Pf'U groupord into three 
catr.itn ·ractoar•phy and Nl>l, streu a11elysi1, 
and ..,, ,,. •eh av iour. 



Pelz-era 

Mite<I •1 Sill II. C.l••rt.- _. 
.J-a E. llkCratlt. 11'1: Plea- Presa• ..... SSl p. 
(Pel per Sc i<!ftce anoi Techaolou ~ ies; Vol • 12) 
BS-24411. ISP •106-42109-7. 

Thia .,.,_,_vol- c-taiaa 2S papers ... ich 
•-ri.&e rec.at •realltda-aJ>a ia ltasic r.,.earch -

- Sl -

... ,... ayathnis. The ieditars eapect that this 
wol- viii ati-late ftartlter resnrch ia this field. 
lrev pal,_eric .. teriala are ,..e.led for tile aut....,tive. 
aer•,.ce. electr-ica. and ~icati-• iadustriea 
•-g _,ethers. Fae collecti-s su,....ting 
aca-..ic er ia .. strial resnrch ia ,.1,_r ch-istry. 

Yol- 6, Ed. J.1. 1tr .. chvita 0 llPv Tack~ 
.Jeba Wiley 6 Sons 1916 0 pp. aai• + 119. 
lSU o-471-IOUOSO-l. 

This aev ••l- eat_ .. the value af .., iapactant 
aerial verk. The aulljects covered pi fr- 'Emulsian 
pal,-ri:uti-' to 'Fi•res', ._tb -jor serti ... a. By 
the luck of the alphabet, other iaparuat topics ia 
.. lyaer science discussed iaclude eoeru caaserwatiaa. 
eagiaeeriag plastics. ~••,.es (iacludiag i....i.ilizetl 
eaayaes), epoaiH palyaers, epoay resias, ethyleae 
pol,-ers. ethyleae-pronleae elast-rs. estrus iaa 
<-tbetls far plutica), coated fabrics. elast-ric 
and engineeriag fibres, and filtre .. nufacture. 

Fibres 

ISF 'IS Society of Filtre 5cif!ftce and Tecltnolngy, 

~ 

Elsevier P'*liahing ~. Inc., P.O. loa 1661, 
Crand Ceatral itatioa, lrev ?ork, N.T. 10161, 19R6. 
J6I PP• 

Preaeats S.J papers eaphasizing three areas of 
filtre •cieace and technology: structure and function 
of fibres and fi•re coapositea~ aOYel teatile 
processing, .. chinery. and testing; and cellul~e. 
pulp, papers. sad nev utilization of .... ranea. 

Car•on fibres. technologr. uses and prospects 

The Plutiu and ll'*ber Inst. '-don, lloyes 
Publications, USA. 1916, ISBN •llSS-1079-8; Thia 
•ook, ,.ich is divided into four part•, is hued oa 
the 3rd Intl. Coaference oa Car~ Fibres held in 
October 1915, sponsored lry the Plastics and !lubber 
Institute of Lon.Jon and published in USA. 

Hi5"-pU1'ity ceraaica 

Ca.pany'• line of coaposite reinforc~aent 
.. teriah. hidt purity i:er•ic povden. nuclear 
cera•ics. and c~raaic shapea and coaponents are 
described and illuetrated in Pil!Jtt-psge bull•tin. 
American "9tri11 Inc., lnoPille. Tenn., USA 

of hi 

The pro.:eedinp of the HCond "115 '""P°' iu• on 
Defect Proper~ies and Processing of Hip Technoloay 
Nonartsllic Material• feature• progress in advanced 
cer•ics, particularly in physical properti•• and 
ceraaic processing. Topic• of int•rest include~ 
sJl!thesis of cer•ics throup nDY•I ch-ieal routes, 
thin fil• ceraaic preparation, cconoaic ssp1cte of 
alternative cer .. ic proc•••ing techniques, and optical 

aecb-i.cal •eh•iour of •-talli.c -teriala. 
Hardc .. er, Sll pp •• 193', lsall ~9lllll-2S-I. 
(llateriala a.search Society, 9800 lkltaight M., 
Suite 327, Pitta•ur&h, rt. 1Ul7, USA) 

i-..r,...at process •thods for hip-tech-lov 
cer-1cs 

l'bterials Science llPsearch Vol. 11. Llite• by 
lt.F. Devis, H. Palaour Ill, a.L. Pocter. Sev Tack, 
..... .,. 19114, 14Z pp., cloth, (Eaclish). 

Th .. collection of 5& ,.,.,rs off .. r • -•Ith of 
c-prehensive sad 11p-to-date i.nfoc-tion ""such 
topics as colloidal processing, cera.irs derived fr.,. 
pal,_rs, laser-• ion •ca• surface .,dification and 
depositioa, laser preparatioa of ,......rs. •n '. ch..,ical 
vapuur llepasition of ceraaics an• c.,.pasites. Other 
topics cover..i inclulle aicravave and plas .. sintering, 
thera.tc reactioas 0 hJdrother .. 1 preparation of 
,_.•rs. as veil as hot isostatic pressing, shock 
condi.tioning, aad dyn .. ic coapaction of povdera. 

Proceedings of the z .. International Syapasi11a, 
l.Ubeck 1916. W. llunk, H. Hausner, lad 11. .. nef 19116, 
1205 pp., (English). This volume contains l.J4 lectures 

llathor; P. Vincenzini. Published; Ela.,,,ier 
Sdrnce Publiahen IV 1917 ( Elsewi"r Scieace 
Publishers av. Sara kr~rhartstraat ZS. 
P.O .... 211 0 IUUO AE. Amlter~a. 
The lletherlanda), 15 .. U 444 42776 1 (set); 

Hid> Tech Cer .. ics is a nev publication 
containing the procHdings of the 6th Intl. lteet ing :in 

Koclcrn Cer .. ica Technology (6th ClKlEC) held in "ilan. 
Italy, 24-21 June 1916. 

Clasa-cer ... ic ll'lteri>la by z. Strnad 

Clan Science and Technology Seri••, 8, Elsevier 
Science Publisher•. ""'8terda•. 1916. ISSN C>-444-99524-2 

Second edition, W.E. Worrall, Llsevier P'*lishing 
Co. Inc., P.O. loa 1661, Crand Central Station. 
llev York, N.Y. 10163, 1916 0 242 pp. 

Incorporates research in the field over the last 
ten years vith hidtlia'>U of the relevant literature 
published d11ring this ti•. Presents the •in aspects 
of clays and ceraaic rav .. terials. including geolo&J, 
occurrence. structur~. phy•ical and cheaic•l 
pro,..rtie•. and applications. Contains additional 
chapters on silica, sluain•, fluaea, bone, gypsua 
products, and various refractory ~aides. lncorpor~tes 

advances •de in clay ainerology and instr"aentation 
d1>rins the pa~r o.::cade. 

Pub I iution• fr- rhe ""°,.r ican c .. rsaic• Societr, 
757 lroolt. £d1111 Plau Dr ave, W•aternlle. 
01143015-2811, U5A 

H"nrlbonk nr prnp!'rtill!'S or technical and 
•~11n•erin1 cera•,c• 

"Part 2; Pets lledev•, S..ction I: Hi-" Al-ins 
Cersain", by II. Plorrell, c1MWpr iae• a •eri.,. of data 
reviews on the prnperci~• of cersaics, divided into 
groups accordin& to c-po•itinn ,•nd/or application. 
Thi• vol- coven hilllt aluaina -c•riala, whicl1 
currently hffe aore th•n ~u per cent of the toul 
vorld -rk"t for technical ceraaics. The •terisl• 
are divided inco lZ croup• eccordin& to narrow ran&•• 
of coapnsicinn baaed on tncal aluainua oaide content. 
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Each review c.,,.inn -•factoaren' data vith data 
rroe the acientific literaur• .... froe .. ti .... al 
Ph,aical Lab te•t• to prcwi.te an authoritati•• and 
unbiased view of the reu-able property eapec:tatioas 
of c-rc:ia l products • Hardc:oYer, 210 pp. 1911. 

This is the third vol- of "Cer:aaic:s and 
CivilizatiOft" - a continuing series edited by 
W. l>Pid linR•ry. Opening vith a disc:ussim of the 
historiography of technology, the boalt describes 
specific innovative dewelopwnts of high technology 
c•r-ics. C.r-ic:s -• of noYel, specially prepared 
.. terials and aanipulated vith i .. ginative 
•nufacturing -thuds can achi••• nev or iaprcwed 
properties not obtainable by traditiooal ceraaic 
practice. Art cer-ics, electronic: -terials, 
refractories, glasa, and concrete are also presented. 
The final three chapters discuss the aource of 
innovation in ceraaic aateriah and processes as well 
as ways of assuring the health o! the activity. 
Hardcover, 404 pp. (Ceraaic ""t,.rials for Electronics 
Processing, Properties, and APPl1cat1ons, Edited by 
Re lv a C. ..chaoan, Maree l Dekker, Inc., llev York, 
19116, Electrical Engineering and Electr.xaic:s, llo. 31, 
lSlll-0-1247-7501-5) 

Engineering applications of ceraaic ... terials 

Source !look, Ed. M.M. Schwartz, American Socif'ty 
for ltetals, Ohio, 1986, ISIM 0-87170-207-6 

The boolt is divided into aewen aectiona and 
contains an Appendiz and aubject In.Wa. Thi' aection• 
£re a compilation of 45 papera and articles being 
divide~ into: (l) Introduction; (11) Ceraaic 
Applications~ engines, eapecially turbin,.s; 
(Ill) Ceramics: asking thea - past and future; 
(IV) Ceraaics as cutting tools; (V) Ceraaic•~ 
applied in electronics and electron tubes, and aethod• 
of joining to aetals and other .. terials; 
(VI) Ceramics~ properties, design and use as 
coatings; (VU) Ceraaics~ future trends and uses. 

High-technology ceraaics - pHt, present and 
future 

The Matun• of Innovation and Clange in ::eraaic 
Technology, W.D. Kingery and f.sther Lente, Eds. 
Americ•n Ceraaic Society, Westerville, OH, 1987, a, 
388 pp., illus,. +plates. Ceraaics and Civilization, 
vol. 3. froa a syapoaiua, Chicago, IL, April 1986. 

Derived ko• a seuion of an annual •«ting of 
the Aarrican Ceramic Society, this volu,.. is concerned 
both with technological innovation broadly and vi th 
its unifestation• in the production of cer ... ics. 

tletAh 

Nun·frrrnus lllf'tala and alloys 

Sedla~ek, Vladiair. NY~ Elsevier, 1986. 
47S p. (Material• Sc&ence Monograph•; 30) 85-13159. 
lSBM 0-444-168S-4. 

Conrenu; FundaA!ental properties of w.tal• and 
alloys. L!iacionship• between structure technolOIJ 
1nd properties, A brief review of non-ferrout •tali 
and alloys. Physical propertiea. Mechanical 
prnpertiu. Behaviour of struct11ral .. terials under 
load. Technological pre>perties. Surface propertiH. 
Cheaical properties. Subject index. 

""'"' ~ Th is aodern tnnslated vork HU out froa 
the r.ctth11t "11 the proper tiH of any aeta 11 ic 
Mtl!rial are gov1!1'ncd by the b1aic paraa11ten of its 
httice 1nd structure and the author deal• vith 
individu1J prop11rties (about SO of thn) r11ther than 
individual ucerials. There are brief e11planation• of 

the undPrlying ,_.._tels of ••ch property. ••• the 
various factor• that iafl-ce it .... thee -
euainati- of the fuo .. _tale ia ita ceacr.,te 
c-t•at• - indivi•al •tale -d alloys. .._y tables 
are prcwitle•, for euaple, to perait •irect 
c:-pariaons .... thua facilitate the choice of a 
aaterial vith the .. sired c .... ination of properties. 
This is a ltf'J publicatioa for any collectioa oa 
-terials acieo~ io both acad.- and industry •ere 
phJllicists. aetallurRi•ts, pracluctiOft ..,ginf'rra. aad 
atatisticians caA work toRether ·io solving tlae 
probl- of selecting a aaterial for a given 
applicatiOft. 'lhe -thor is vi th Tedmical Daiveraity, 
Prague • 

Oalt lidge lbtiooal IAboratory (USA) has publiahri 
its Technical Literature Reference Guide .. d 
Professional Activities of the lteta~s oai"i:eraaics 
D1nnoo for J-uary - llalrcb 1915 _ The bibliography 
U9 pp) includes abstracts of ,....,.rs "" ..Wy curreot 
teating of ste9a geoerator tubing, X-ray eacitati,.. of 
argon, and other studiea oo -terial properties and 
beh-iour. 

Corrosioo and _t,.rial testing 

Corrosion, failure analpis, and aetallograplty 

Proceedinp of the Seveoth Aanaal Technical 
Meetin~ of the lnternatiooal lletalloKt"apbic Society. 
Edited by Stuart A. Shiela et al. lletala Park. daio; 
Aaerican Society for lletals:t9J6. 599 p. 
ISBN 0-87170-215-0. 

Conrents; Kicrahar .. es• - techni~ae and 
appl icat10ft. lletal logra ... y, aicrostructures. 
Corrosion-induced surface changes. Fractogra ... y, 
failure and,aia, and aicr09tructural studies. 1911lo 
International lletallographic Eahibit. 

llote~ A collectioo of J9 papers presented in 
1984 under the sponsorship of the lnter:nati-.1 
ttetallographic Society. Theire is • broad r•ge of 
aicroscructural topics such as applications of 
aicrahardneH teating; ... ysical aetallurgy on 
.. teriah •uch as al-ini-. thoria fuel•, •d deatal 
a•lga•; corrosion probl .. ; and Nterial 
failures. llo subject indea. for coepreh-ive 
collections on aetallur11. 

Mat .. ri11h to resist vur 

ly A.R. IAnaclovn • A.L. Price, Persaaoo Press. 
El•ford, 11.J. 1986. Pp. 125. 

The authors explain th.r thi• boalt is intended H 

a siaple guide to the selection of •teriall for 
variou• situations where wear occur•, aiaed at the 
fairly uninitiated readtt. 'n1e book begins with • 
co•prehensive •-ry of the trpe• of wear that asy be 
found vith an excursion into the buic theory behind 
the eifects. There follow• a diagnostic chapter 
explaining, vith the help of uHful tables aod flow 
charts, hCIV to identify particular 1ituatioas aad 
their causes. At thit point the authors di•ide the 
subject into seven cat~gories, na .. ly 1lidin1 vear, 
fretting, three body abraaion. 1ou1ing w .. r, lov 
strf'H abrasion, erosion, and corroaive wear, .. ch of 
which ia defined sins exaapl••· The follovin1 seven 
chapter• take each of th• afor811811tioned cate1orie• 
and, usin1 the baaic theor1 outline• in chapter one 
vith photocraphic H•phs, su11Ht choicH of 
aaterials to alleviate the probl•. lach of theH 
chapt~n aak• Hcellent •• of photographic exaapl••, 
flov diagraas, an• tables, endin1 with .. neral 
guideline• llhich are ••pscially .-eful for readers 
vith .,re unusual en1ineerin1 probl .... 

ChAptl!r ten go•• on to discuu wear rHiatant 
cOAtinp, coverin1 the various coating •thod1, new 
coatin1 technologie1, and the effect of h .. t 
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tr .. t-t. 111e -•t chapter is •-t..,. to t~ effect, 
botla •-fic:ial -• •tri-tal, of h1ioric•ts on -•r 
••fac:ea. Fia .. u,. the -tboola of veer testi•1t ••i•1 
both l•orator,. •• ri1 testiag tec:hfti'l•H are 
•iaaosae-1, oatliaiag hav the res•lta of aac:la tests caa 
•e _..,. to pr..,.ict vear l>elaawiow vithia tbe lillita of 
the eaperi-t. .Ao appea<le• aecti- 1ti•a tbe •-• 
•• atWresaes of aappliera of the •ari- -teriala 
-ti-H ia tbe teat. 

laatr1191ftlted ia rt tPStin of lastics ..... 
!,..,.posate .. teraa s coas1sts o •• or-t•oa re ate<I 
to the -c1aaa1cal aa• ch-ical properties of pot,_ric 
-terials ...a their c ... poaites. n.e particular area 
aUressed in this lltoak is the characterizati- o( 
iapact perf-ce. Fiwe .. jor catepies ia the 
lltoolt are: aethodologJ" for i.,..ct testing, i ... ct 
testi•& for end-use applicatioas. ia.,.ct 
charactPrization of aelected aaterials, partial 
iapact t.stin1t ....a fatigue of plastics, aad fracture 
t-dlnl!Ss. (AS'IM, 1916 Race Street, Philadelphia, 
PA 19101, USA) 

z. Sdtlarska-S.ialowalta, "'tianal Aasociatioo of 
Corr•i- Eagin.era, P.O. loa 111140, Houston, 
Teus 1n1a, 711-491-ons, 1986, 4UO PP• 

Written for corrosion researcher• and 
practitioa~rs, this l>oalt is the first pulltlication 
dewote• solet,. to the wast proble• of pitting 
corrosion. Discusses the reasons for pit Jnitiation 
and gravth, and eaplains hav to naluate the pittiag 
susceptihililF of wari- -tal lie -rerials. A 
co.prebeasi•e and critical rniev of all aspects of 
pitting corrosion on di Hereat uetals aad allo,.. is 
presented. 

F'lav and fract11re at eleYated t-peratures 

U. llishi llaj, M..rican Societ,. for Metals, 
198S. ISll 0-11110-101-0. 

Flow and Fracture at Elnatetl T,..peratures is a 
collection of papers froa an ASll Materials Se•inar 
held ia Pbiladelphia, USA, 1983. 111is •-inar 
rnievetl the status of our understanding of high 
temperature flav and fracture of structural .. terials, 
and in ,.r•icular, directs attention to engineerin& 
-tals and allo,.s used ir. high temperature 
applications. 

Coalpo!it.e 1111terials - testing and design 
proceedanp 

J.M. Yiitne,., laltimore 1916, 4S7 pp. 

The 7th confuence on coapositas in Apd I 1984 in 
Philadelphia dealt vith the fielu of tasting and 
dnign. It vas oraanised b,. the USA luruu of 
sundaru. 

CMl•r•I llftorhncl• and lnsrru...ntation 
Voh1w. 14.02 - l'of'fteral fesr Ml!thodsA;;lkii1•t•l; 
taboratory Aerararu•; St•t1•t1c•J rhnd•; 
~p!•r•nre of ffllterial•j Durabilir,. of llnn111ttallic 

tPr1al• contain• stan ard spec1f1cat1on• for 
T'ii6Ciriitory ap.,.ratu•, includina 1l•••vare and 
Microche•ical; pr•ctice• fot stati•tical an•l71i•; 
practices for HpCISUU tHtingj •pecific:ationl ror 
plat••, screen1, and siev•• uaad in particle size 
••••uraMl!nt; guides and ta•t ... rhods for .. carial• 
11Hcl in 011ygen •ervicH·, pr•cticH for evalU11tins 
te1cin• and in1peccion •aancias; ta•' .. thod• •nd 
practicr• for datar•inin& the appcannca Of Mterial8, 
the h•serd potential of ch .. icah, and the d11rabil it,. 
of non .. tsllic Mterial•, pri .. rily pipeline 
to•tin1t9. (AS'DJ, 1916 lace Streat, Philaclal~ ia, 
PA 19103, USA) 

kc,.cl i•& 

n.. Ecoa-ic F•nilltility of lll!c,.clias: A Case 
St•<IF o{ Plutic Vaat1Ps 0 T. ba•ll ~•rlee, 10J paJ1PS 0 

Pr-ger 0 ....., York, ltl6 0 ISP ~11S-'2J16-1. 

111is lilOGk rnievs the curreat arar•s of plastic 
vast• recycliag rr ... the wi~poiats of tech•ical 
iss..-s. ecoe. .. ic i•s...s. iastit•tioaal i••~. 
iaceati••• ao• lltarriera. 111e -•lpes are <let•iletl 
vith plentiful olata. 

Poct-c_a_r vaste is projectrol to lHS. The 
author c-cluoles that rec,.cl iag of -c-t.aainated 
vastes viii 1tr-. but seieregat•d vutes viii lite usri 
larlt'!lF aa ref-• oleri•etl f•el• for tbe foresee•le 
future. 

18. •ITED llATIOllS DOQlllEll'IS 

The Co•er-•t of ..,.aico boste• aad co-sponsored 
a ... ited •ti- meeti•& of eaperts - Space Science 
aa• Techoaolocr aaol its Applic.tioas vitbia the 
fr-k of Educati-al s,..t ... ia tkaic ... D.F. froa 
U-17 October 1916. 

A/AC.lOS/)71 (;ll Dece ... ,.r 1916) "C.-ittee oa 
the Peacef•1l Usu of U..ter Space" 

IEscrrpt~ The Cener•I AaseolblFo in it• resolutioa 
37/90 ..,r lU .. celllher 1912, endorsed the rec-dation 
of th• Second Uaited Katioas Confereac,. on the 
E&plorati- aad Peaceful Usrs of Outer Space 
(UllSPACE 12) that the Uaited Kations Progr- on 
Space Application• sh-Id pr-te thf' iernwth of 
indi5enoua nuclei and auton-• technologic:al lltases 
in spsce tecbaolou. At its tvenr,.-e ild•th ans ioa, in 
June l91S, the C:O-ittee on the Peaceful U.•• of 3utu 
Space (Q)PUOS) endorse.a the United llatioas Progr­
on Space Applications for 1916 as ;>roposed i.,. the 
Espert ,.. s.,.ce Applications and rec-Jedi.,. the 
Scientific and Technical Subc-ittee of Wl'llOS at its 
tvaot,.-s•c-d session. SubsequentlJ, the c;..eral 
Asseolbl,., ia its rnolutioa 4U/162 of 
16 Dece•er 191S, aodorsed the Uaited llstion• 
Progr- on Space Appl ic:atioas (or 1916. TI•e 
i.titetl •tioaa tleetin& of Eapen• on Space Scieoice and 
Technolo&F and its Applications vithin the Fra.ev .. rk 
of Educational S,.ate .. is part of the 1916 actiYitia• 
of the Space Applications Prosra-. 

The objective of the -ctin& va• to pr-te the 
growth of indipn- capllbilitiea in the arcN of 
1.,.ce 1cience and technology. The -eting prcwided 
the participants vith the knovledse of the role that 
a,.ce •cienca and techaolo&J can pl•J in national 
dewelo.-nt. It also focuaacl on the procea•e• and 
inuea inwolved in introducing a•l""cr1 of • .,.c:e 
1c:ienre and technology and related di•ciplinrs intn 
the e11i•ting education curricula, particularly in tbe 
d.veloping co.., tries. 

A/AC.J0~/1~.t/1 •• 1~0 01 O..c.,.,,.n 198b) "Report 
•ub•1ttrd bJ the International Aatronauti~al 
Peeler at ion ( IAP)" 

~~ The sen•r•tion of rlrc:trical "°""r in 
orbit--..--oT great i•portanc:e to all •pace activity. 
As • .,.ce i1 beins incrca•inglJ rec:osniKed ~· ~~ 
1rana for industrili 1ctivitias rhat holot the !:ey to 
future global acnnoaic arovth, these broad!'! ••ed 
actiYitie• ara projected to prcwicle opportunitie• 
durin& the .. 11t tvo decade• for the dev•lopwnc of 
•pace infrsstrucru:-a in low and hi&h Earth orbiu. 
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A ••ir t• tile "9l•tioe •f tllis iafratnoctw• vill M 
tile .. ,.1, •f ,...... t• wariaus ... ltital facilities ... 
-eoat.all7 to faciliti•• ia cir-1_.r apact. - the 
- _. - •• aear otller ~in of tile ••lar apt-. 
n.e s,ecific tecla-toeical ~eto,,_.ts of aigaificaact 
i• spact,...... ... ida ll•e -'l"d •uriac tllae ye:ar .,..,. 
It.- a<IY•tt• ia solar power COB" ·ai .. •• a free­
pi•t- aterlia1 ea1iae vitll ••- J apace-ra•iator 
t•dlaeloD for a layki• .......... ppt7 apt- fuc- tile 
llASA Space Stati-. A f•rtllcr • ....,1. ia _.1c oe lail,la­
efficieacy plaaar ... coaceatrator aolar cells vith 
iacrusn rnistaace to tllae ... letera- effects of the 
space -ir-t. Furtller vor• llaas It- carrie• -t 
- ascl-r reactors ia tllae 100-lcV r•&e aa• also 
•••en ia eaeru-storap apt-. fw e-ple • ltasri 
- aidr.el1J4npa. 

n.e •••-trialiaatioe of space is associate• vi.tll 
tech-l91tin -• •pt- sacla u tlloae for Eartll 
..,serwatioe ....& ~icatioe. It v•• -te• ia •ari­
pa,er• prnl!llte• at the lAF c..vn• that tlae.-e s1a-1• 
lte a realistic ..,areans of the ti•i•1 of f•t•e 
~rcial beaefits •idl c- be •ri•M fr- space. 
T.,duoelocin .. c1a u -terials pl'ocnsiac ia erllit • _. 
••i-ffs rr- a wariety of pl'aCHSH. Nth har•-· 
-• soflvare. arisiag fr- the ~eto,...t of 111•da 
., .. icles •• spacecraft (iacl••ins tile wital area •f itr-• support e11•i,...t) 0 all geotft'ate e•-­
,.teatial wal- • ._t tile realiaatioe of tllis ••l­
re11airrs caasci- effort aot .. 1y by tllae ae.-oapace 
r_i_y ._t also by tile -•-ae.-ospace c-itin of 
the-••· There is a -jor _ .. foe iafonmtiea 
pc-~r-s to sti-late the talce-sp 1tf illeas .. a 
seasiltle and profitable ltuis. This -ses stroe~ly 
as .,. iacreuing requir-t for -t actiwities of the 
voci. space c-ity. 

A/AC.105/C. l/L.10 (17 Dl!ce.lter 1986) '"teport 
s ..... iue• 'y the i:Mittee oe Space leseanh 
(QJSPAll) of th• latl. C-cil of Scieatific ... ioes 
(IC:SU)'" 

1. The Westnn F.uro(I!• p!ogra- (Please Nte al•o 
the article "iillia rnalts froa the first Spacelab 
KiHiGD on pace 24) 

Th• •jor ewent in the Eur1tpe11A prou•- vH the 
D-1 •iHion of Spacehb fl- in lloYnber 1915. lel­
is a list of e.pni-H perfor-• •Ul'i•c thi• flipt: 

- 4 eaperi-t• ia "irror h•atinc facility 

- 6 caperi-ts in C:r .. ieat heatinc facility 

1 Hperi-ts in nuid Phpic llDlluie 

e.peri-t ia Proceia crptalliution 

e.peri.eat in llip precbioa thenouai: 

- 2 Hperi .... t• ia (;r .. ient heatan& f•cilitJ 
vith 11-chia& 

- 4 experi .... c• in Hol1op 

l experi-l ia Salt intft'diffU9ion 

I Hptti_, in Kannpni COllHCCion vith ltoaC 
s•-tr1 

The e11peri .... u wf!re cerried ouc ., ... , 
•ucc•••full1, ind nU11erl'UI r••ulce h.,• be.ii reported 

.. ri•tt sci .. tific -tiap. "-"as: T-1-e 
(QJSPM - J-e/.l•IJ 1H6). -.-•er-ir (h<lttal lliaiury 
fer ~s•.nda • Tech-le" <•FT) - Aolll'dt 1916). 
•-•ltr•cli (later-ti-al llsu-•ic.al ,...eratioa -
Octelter 1916) ... lor•a- (Eooro,e- Space Aceacy -
DorceaAoer lH6). 

E,,.. if• accor•i•c to tloe l.aten i•f•r-tioe. the 
EmECA (E«o,.,_ ~triew•l• Carrier) flid>t is te lte 
postpoen to April 19'1. iu ,...,parati- is proarusiac 
rapi•ly. ....t e( the -si•rtr i•1 .-.lels ef the 
facilities fer -terials researc:lo lla8"e alrn•r lteea 
pr .... c ... _. testK. 

lite Fe•ral ~pultlic •f c:er-1'• s-•i•c rod:et 
pre1tr- TO!- c-ti-es to play aa i•port-t rele i• 
ES&•s actiwity relatri to lltllterial• Scieaces. It i• 
pl-" to iacreue tile fretucacy ef r.xlcott la-daiap 
ia th is proer- fr- 2 to l per year. n.. Solriislo 
pregra- of s-•ia1 rec:llct llaser •-1• also lte talcea 
iate accosat <tlli• payl-u of Te- ar• c..,.tiblc vitlo 
lluer). 

la lliardl 1'16 0 ES& alse usn tha llASA ll:C JU 
aircraft te •t•y -••Ir c.--ti- ...a n•i• "'pies. 
Tlae participati- of ESA ia the D-2 •issi- •• tile 
He_. lateraati-al llicr•C"•ity Laberatwy ( 1111.-2) is 
presftltly -•r pr•parati- at tloe lew•l •f payl-• 
•fiaiti•. 

2. Act iwitiu ef rite c-tC' ies participatin1 in the 
latcrcos.os Frocrames 

Vithia the ,.,riot1 ua•C' rewi..,, cn-tial 
•tt-tioa has beftl paa. lty the aatioeal vorlcia1 cr-ps 
on ~lcC'ials Scieatts'" of the lntcn:vs-s c-uies to 
the •ewelo,_..t ... resti•a of nev et1ui,_..t for 
crystal er-th ••• veil •• of •ewice• for ia-situ 
pr-••• -a•ur-t. This equi,....t eaal>l;;-a;;;re 
prcci•e tbft'-1 process resi- _,. data recor4iag. "Ilte 
•i• of this vork coasi•ts of the complete utilisation 
of space eaperi .... t•' inforaat ioa coeteat -• of the 
coastructiOA of fully aut.,...t•d aCCl"•~tcs for .. terial 
research in space. 

nae thoroup scientific cwatuatioa of the past pc 
eaperi.,....ts indicated that llOC'e detail,.. tbeoretical 
VOl'lc aad e•prri-nts ..ere reqair,.. to elaci. .. te tloe 
f,..da ... tal pc-able• of -te.-ial tr-port in fluid 
phases of crptallisation. Jr-th aad ••sr•ption 
processes. 

To study the h,.trn.tyn-ic proreHes •nd -chanis• 
of interaction in diffuse tran•port processes, 
temprrat11re aftd concentration fields h..,• lteen 
aathrm11tically ai. ... Jat•d for rhe ca•e or prectical 
er-ti. ,_tries, .... their effect• on -terial 
propertiee hpe lteen drriwed. 

Si .. ltan""'91J eaperiaent• on -t•l• ••• 
H•iconolucron hPe lteea carried out reprdins the 
r-••ntal condition• and -cheni•• (or .kinetic ....... 
transition• ltetveen different c-ection •des. 1he 
i.aYeatiptions oe -ot•tic ead eutectic •yate• u 
well H •lloy1 bawe been continued under •i-ltane­
application to secreption ,.. .. _ .. in unstable ..... 
coapNition1. 

In sprinc 1916, the 3rd lnterco•.,• le•inar 
"Material• Sc i.iicea" tOGk place in the Ceraaa 
o..,cratic llepultlic and vaa atcended t.y SO parcicipenH 
fr09 7 countrie1. The .. th ... tical aaaly•i• of 
h7drodpa•ic proceHH of crpul sr-ch _.. th• 
•pplication of thi• ll-l•lla- concernin1 the influenca 
of con••cltion proceHe• on du•ical co11pnaition end, 
ph1sic•l rHI •tructure were th• •iR topiu of 
contribution• and of dhcu .. ion. 

3. Otlutr national eroe-• 

In .Japan, th• baaic ,..,,arch on ~r-d •nd on , 
eircraft, inr.ludins •-low P'""it' np!lri•nta h•f 

• 
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"- ~tri. & fer -tKial pr.cft•i•c •apft'i-u 
•-"- carrie<I -t ia doe Get-J Sfecial > 
eaper~ts - -lli•i-• "•t- -11 -t•I "•II •ti -It• ... lb •- Jiel4e<I iaterntiac rn•hii. 

n. Clll•ll-&ft' cataatre .... affectri tlle us 
prep'-. rn•lti•& i• tllle Ml•J ef • ....,er ef 
-terial •cieacn •apft'i-lta. -c •tiller•. 

Alt DFYta (c.r- llesearclll a. Eaperi-tati­
INtit•te fer Air a. Space Tr-el). tlle pr.,.rati- •f 
t"- D-2 aissi• ia fw aitl-lHI. DFYU viii al•• lll•t 
_.. lllllSC (llicr-.-ilJ U.K s.,,.rt C-ter). 'lhia 
c-tr• is ia 4-el•...-t •• ..._l.t "e actin fer till• 
ElllllECA •issi•. (Plus• see P8&e t.1 "Riu..,..,itJ U.K 
s.....-t C-tn"> 

~ Fr,..ch •terials sci.a<• eaperi-ts r..ai• 
w.tJ acti•• i• pr•pari•& •- fur.aces •ti•-
,.rejects. '11teJ c...-Ctd a ....... r ef •aperi-r.s ia 
lHS -i•1t the Te- 12 •-•i•1t redt•t. •• -n as ia 
tlll.. RC Spcaceh• D-1 •issi.-. 1hcJ are also 
eh•eratiag • ..... ft' •f ~.-.pPrati•e pl'ap'_., i• 
particular the lle,..ist• prejcct - tlle i.-situ sbltlJ ef 
tllle par-ters S-K•i•& •irecti-al ••li•ificati-. 
EapKi-ts are •••• niac preparri fer ti.. E.UllEC& 
phtfera. 

QJSPAa c-ti-n iits ,...,..., •• for the pc-ti­
•f .,." research ia ....,elopi•c co-uies. It 
rec-titat•• a P•el - Space lescarcll i• .-.elopiac 
C-uin fa 191) •ich has be"9 t.:alting ... , ate,. 
jeiatlJ vilh doe Ulaitri •ti-• -• COSTED to pr-te 
this actiwitJ ••ti. in particular. •..-ce •cience. At 
the Uth C:OSP.All Pl ... rJ at Craz, 1-tria, • V«kshop an 
the Pr-ti- of Space llesearch in DeYelopin& C:-tries 
vu ors-is. .... 

la 1914, -ther vorks.°'\op ...... , .... to ._te 
Snsiag of interest to ....... topinr: c:o ... tries took place 
i• c-j-c:ti- vith the 26tlo OOSPAll l'lecting ift 
Toul-•, Frai.c:e in July. This workshop vas 
ce-spooutored by the Ulaite• llmti .... , COSTED, and other 
iaterpYer-tal aad "--s-•r-tal o.-pni&ati-•. 

The acti•itiH of the P•el in 1916 v•r• p..-ti.ally 
supported bJ C:OSPAl's ,.rent or~ni&ati- - lCSU 
Unt..-.. tional c-cil of Scieftti!ic liaionsl - ud the 
suppol"t of the U.itcd Kati-• an• other ol"pni&ations 
is slso gratefully acknovle.tae-1. 

Fo" the 27th Plenary in 1981, srrang...n.t• a.-e 
beill& -• to o.-pni&e a Workshop on Possible Way• of 
Pr-ti•& Hislter Ed.lcati- snd lnearch ift At-phe.-&c 
Seine•• as • --• of self-rel i•nt aanpover pnttatioa 
to support spue application prosr•- in reaote 
•ensin11, -teoroloo and c-nication in H•elopi•& 
countrin. It is ••pected that thi• Vo.-kllhop vill alH 
be co-•pon•ored by the U.ited .. ti011•, COSTED, ICSU, 
etc. All thne acti•ities h..,e already •- ...,idence 
of increasing partici,.tiOll or •dentist• fr-
...... lopins c-trin in th• COSPAll Plenary •etinss fol:' 
which tnHI •upport i• prO¥iclccl in •ny CHH by 
C:OSPAI, •itecl •don•, u.r aad COSTiD. 

A/AC. l0S/l74. ~~t on rhe "'ired Niltion• 
legaonal lff!etins ot.'t':rr• on Spsce THhnolo17 
Aprlicstions in th• Indian Ocean 1tegion hosted and 
co-•pon•ored Gy die eonrnaenc ol In ta•a, 
Col•o, IS-19 Septnl>er 1916 

A/AC.IOS/~~. F.ducation, tninin1 1 r~oarch ,... 
lall,,.,ittap o~rrun1t1•• 1n ap11ce acaance and 
Carhnolo!l •~•ts applications~ a directory, 
•_.,iced t1uion1 lllrparr1M11t of Pol itiul and 
leci:rhy C:-cil Affain, 1916, 244 P• 

A/AC.IOS/l9J, l1111ce AccivitlH and 11 .. 1turcea, 
lfliated •t.on• blr,.n .. nt or Pollucai and 
Security Council Allain, 1977. 

lllr. llir Ak"8r Ali .. o vrote aa article for 
tlli• -itoc llu alrntlJ witt- -• e•lier foe 
lllllDO •r.t-tial Applicati ... of Space-9elate4 
Teclia•l•&i .. t• ...,elepiac C:-tries• in IH2. 
It -• tlle ltadr.cr-4 paper t.r lite "Sec-4 
U.ite<I •ti-• CaafK- - doe Eaplwati.- •• 
Peacef•l Uses of 0.ter Space• laeltl ia •i-•. 
... pat IH2. (-.C-t •· &/QlllF.101/IP/H»/ll, 
ta. J•IJ 1912) 

n. Orpaizati_.1 C-itt,... of tlle 
..,_inistrati•e c:-ittee - c.--tliuti-, illt ils 
-ti•& ia .._ ia April 1911, atltltwi.&ri tlle 
c--i•g of tl.e aiath late..-&pllCJ lleetia& -
O.ter Space ~ti•ities. 

laf•r-ti- - fh .. preposetl •-i••r• .... otl>er 
acti•itin to •e lteltl _...... the •it.,.. •ri- Space 
Applicati-• Pr,.r- .. ri•& tll• 1911-IHI peri .. , 
u • ..,...,.,., loy lhc Sci•tific _.. Techaical 
s.lt-C...iu: .... , i• c-taiaM ia tlle report of tlae 
Su.,_C-itltM (A/AC.lOS/Jll •A C«r. l) ... tllat of 
tlle Eapert oo Space Apphcatioo• (i/AC.IOSll•>. 
'lhe later-&pacy lllntiac viii lte ltne!eti - fwtller 
•e•elo,....ts ia the pre,.rati- ef tltne acti•itin, 
vitll a •i- te coasi•rias suepati-• fer fardaer 
pl.,.i•&. parlic•larlJ for t1t .. e pr•&'"•..,.. c.-...Ctetl 
joiatlJ vith tlle apacin ••ti orpai&ati-• vitloia tille 
•itM •ti- spt-. 

11. mlDO llUTIKC:S Oii ... llA1Dl&LS 

1917 

11-ll Scptt.i.er. Thir• lllttti•& of EapP.l"ts of 
lfnn-Al ipn lloY...,...t ••• Other ....,,.lopiac C.-tries ia 
the Sphere of St8"4artlizalioo, •trolO&J _,. QtoalitJ 
C-tr,.I ( ... rcau of Indian Staadar .. , tlanalt ..... -. 
9 lahadur Shah Zafar llar& • ..., Delhi 110002). 
lelsr ..... YuF•l..,ia. 

2l September - 1l .......... r. 11th lrPl•t Trainiag 
r.-ogr- ia the Field of Plastic TechMlogy, 
Yiemaa, Aust.-ia. 

14-22 Octobel". WllllO/UCl"U s-iaar on 
Pl:'oduction and Use of •chiae Tool• in 
Selected O..•elopi"C Countries - 11th lllO, 
"ilu, Italy. 

19 Octob"r - 20 •o•..t..,r. 14th 1..-Plaat 
Croup Traiftins Pl"•CI"•..,. on .... ..,...,. Fibre•, 
Yi ... a, Au•tria. 

26-ll Octobe.-, Joint UllIDO/UlllSQ)/IJEI 
Vork•op on ener1y coau•rw .tioa .-.d lllSI. 
for sasll aad .. c1iua intlu•t.-ie•, Daejou, 
loru. 

2-27 llo•_.er. ln-Pl•t Croup Train in& Progl'- in 
the Field of Mould llaking, Yi,... .. , Austria. 

JO • ..,,..,.., .. - 4 Dec...,er. Fine Coft1Ultati1111 on 
lfo•-farrou• Matah Industry, .,clapesl, llun&•ry. 

12. PAST lftll'TI ,_ fU'IUal NllTlllCI 
Oii 1111 MATlllAU 
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JO Septnlter - Z Oct .. er. St• &ore,-• s,.....i_ -
P..._eltaic ~Kater• ia Spatt. 'Pie ••eoe. 'Pie 
•daerl...... C•daerl• .. A&-cy fer ler• .. tt 
Pn&c-. ASE. ES&. P.O. les. JS. llf 2'4JO M Delft. 
De llRdaerl..-). 

lt-Z6 Oct .. er. s,.._i._ - Cerr•i- ef ler•pace 
llateriala •riaa tile l10da 11Mti•1t ef t•• 
Electrwdlemical Society. S- Diep. CA •• U5A. 
(Electredaeaiical Soci•tJ» 

zt-Z6 Ort•er. Stla C..f«•c• - "-t-ltaic 
~rater• ia Spatt. a..ter .... 'Dae •tiaerl..a. 
(ASE: A&-tt S,.tiale ~e..-. ESA P•li.cati­
Diwiai•• Em"epe- Space llesearm _. Tecliaei.au 
Ceater. ES'IEC 1e,_r1- l • .._ ZZGO &c;. 11aer•ijlt. 
De •daerl-.k) 

I-IS h~er. S,.,.•i- - lllllteriala Precesaiaa 
ia doe l!Nilc8 CrawitJ' Ellirir-t ef Space • 
... t-. 11&. USA. (Der- llat.r·iala Eas. Drpt. 
a-s.elaer PelJ'tedNaic laatit11te. Tr.,.. •.t. IUIO. 
85A) 

ltl7 

- S6 -

1-1 J•.ar,.. lateraari-1 Confereace - Pol,.era at 
Lev Temperatarn • a.a....• m. (The Pal,-r Pra,.ertin 
er •• of dae Plutica ........ r 1 .. t •• Ceatre fer 
C..,..ite llaterials. t.,.rial Collep. Priace 
c-.. n M.. a-.. 911 zit. •>. 
ll-ZJ J•NrJ'· lltll ...... 1 C-fereace - Caapallitn 
•• .. ••ca• Cer•ica. Cecaa leacll, FL. USA. (Eas. 
Cera.in Di• •• AMrica• aae.ical SacietJ'). 

7-16 Fek.ar,.. Aer•pace Applicati•• C..fereace. 
YIL 0 CO., USA. (IEEE C:..fer-ca c-r•iaati•. 
J4S Eat 6hlt sc •• 11ev ton. 1.t.) 

17-19 Fm..,.. Merica• i .. titate of Aer-atica _. 
Astr•aatic• Aer•pace Ea1ti•eeria1 Ceafer-ce ••• 
Sit-, Laa M&ela. CA. (AUA 0 1290 AYC. of tile 
Amer icaa • lev torll: • I. Y.) 

27-21 llv.dt. Jo\tlt later .. ti.onal C-p-n• on 
Electr•ica i• Space; Zilk lateruti•al lleetias -
s,.ce. "-• Palaase wi Ceap-aai. (Rieaa, 
Secretariat wia Coraceacia, '• 1-001n. ltal7) 

lfaJ •• 11-Zl J-. lateruti ... t Aer-tica _. 
Space Slaw. Le lourpt. Fr•ce. (Salon hteruti.Clftal 
H l"Aer-ti4ae et H l't. .. ce. lo rue Galilee, 
r-7S116 Paria) 

J-7 11a,.. Aerospace 1 ..... triH/Tat lleaaur-t 
SJ9po•i-, Laa Yep•. USA. USA; laacr-t locietJ 
of Allerica, 67 Ale.-.er DriYe, laearcll Triaasl• 
ran, IC 27109. USA) 

12-IS 1117. ACZ 17th Int. Airport C...Lructioa -4 
Aerospace ln1ineerin1 &ldlibition and Confer .. ce, 
Oamka, Ja,_. (Gas• lnteruti•al Tr•• Fair 
c:-i ... ) 

7-10 J.... S,.poaiu• on M¥anca ia Space Science 
Techaolo&J' and it• Application•, leijias, China. 
(ChiHH loCMlJ of Aacr-tica, J.,.. ...... t 
lociec7) 

11-19 June. a.c7clin1PIH II, Valhinaton, DC. 
(Plutica lase. of ,,....ice, USA and sc .. na lntt. of 
Tecllnoloo, Cuti• Pt., l.J. 07030, UIA) 

IJ-16 Jul7. a.enc M¥Mlcn in Pol1i•i••• and 
Other lli,,.•Perfor•nce Pol,..n, a.no, IY, USA. 
Spon•ored bJ ACI (AINlrican Cer••ic loci.ec7); 
(PolJ'C•chnic VlliwenitJ, Di•. of Pol,..r 
Ch ... ,., .. ,., JJJ ,.,. It., ~OClklJ'D, ., 11201, 
UIA) 

ll-11 J•IJ'. Corr-•-~ n.. Ea,.ir-tal Decr ... ti• 
of llaterials. Calllllri•~. RA •• USA. (Rassada-ett• 
laat. ef Teda-19"• 11 Raasacll•eUa A-•• ea.lori••• 
II& 0Zll9) 

14-11 J•lr. llalapia• latl. Pluti.c:s 6 ~ec 
IEMibi.ti-. &.ala &-poor• llaluria. (Fairs 6 
a.Di.Iii.ti-• :.t• •• )l ..... .,.[,.St .. 4;rar•• 1 ... 
a-.- llC:X 2U) 

19-:K JwlJ'· llth ai-ial c-(rr,..ct - Car._. 
llarcester PelJ'trdoaic last., "'9rcester. RA. USA. 
(UaaatPr P•lJ'leclaaic t .. t •• 2U Tr..,..ri.;ce M •• 
V.Ccnter. llA 0 tii09) 

Z0-24 J.1,.. •r• lat. C..f ... c...,..site 
lllllterials/Sec_. 1-epPaa i:..f •• i.,..-ial C.llese, 
a-....... (Ceatr• fer c.....,sitr Raterial•. t..puial 
C.llrltC. Priace C:-.ert M. 0 i.-•- SVl DY • .-> 
21w-Jl J•lJ. lOt• U..rt• c-srns •f tlar Spaa 1S7s-. 
"-ida, FeHl"al lle ... lic •f Cel"-J· ( lF&C 
;Oecr•tar iat 0 Sclat .. splata: IZ 0 A-Z:S.l La ...... _,, 
liaatria) 

21-29 J•lJ. ·~ latl. C-f ... c.,...siu lkract•rrs. 
Pa ialeJ' Collep of TPdMlel•KF. UC. (E. I. •• •-t .. 
._ ... 6 Ce., 1-•• c:..paaite• Di• •• Chestaut 
... 702, liihaiact-. DE •• ,.. USA) 

2-S Augosst. Silic- CarlliR S,..posi-. Col_._• Oil. 
USA. (Merica• C.r..ac SacirtJ. ?H ......... ,. Pl-a 
Dr •• lleater•ille. Oii 4lOl1-ZA l) 

1.-21 .Aupat. IUPAC latl. s,_.. •• Pel,.ers foe" ..,,•ce• Tecltaole&ies, Jer••'-· laraet. ls,.p. 
Ors-izer• _. Seer •• Ortra ~-. Z la.(- Str., 
P.O. loa )Olol2. Tel A•i•, lar~l. ~l)UU) 

17-19 Aupat. S,..p. on PolJllWr llklt .,,.__ica. 
Ri•l .... "I, USA. (tlichican llolec•lar Inn., 
1910 lleat SC. MR-• ... , Ri•I••. RI ltl6lo0 0 USA) 

11-ZO Aupst. Confereace on Emersi•g Tech-loaia in 
ltaterial•. Mi-eapoli1 0 "•· USA. (Aattican tut. of 
a.-ical Ea1i•eer•. llt) E. 47th St.. llev Yerk 0 

··'· 10017) 

11-20 Au par. lat Intl • SNIPE (Soc. for the 
M¥•c-t of ltaterial aad Procesa £as.) 11et•h 6 
lletala Proceaai1t1t Ceaf •• Chrrr7 Bill. •.J., USA. 
(Sac. for ~e &.ttr•c-t of llaterial 6 Preen• r., .. 
10 Veat Gleataaa, CoYina, CA 91722) 

2S-27 Auguat. Tnti•& Rip-Perfor•nce Cer-ica, 
loatoa, llA, USA. USllT - Marie• Soc. for 
.._watructi•e Teatins, an• Merica" Cer•ic SacietJ. 
&SIT; 61Sl Arliapte ri_., Colu•ua, Oii OJZl-0511) 

JO Aupat - 6 Sepu•er. fotl. S,..p. on Pol,_r 
ltaterial•. Sao Seb .. tian. Spaia. {11tcl. s,..,. on 
Pol,..r Materiala 0 Facvhad H CienciH Qui•icaa, 
•i•. ••I P•i• Y•co. Aparta•o lU72, Saa Sebutiu. 
Spain) 

JO Aupat - lo Sepee•er. 9Cla lAtl. Conpna of 
Ch .. ical En1iaeerin1. a. .. ical "a•ipMftt Daip • 
Au'-tion, Prapae, Csechoalonkia. (Consr•H CHISA 
•11, r.o. lo• 1~1. 11121 rr•p• 1> 

7-9 S.pee•er. Mwancl'd li.cffriah and Prorrni1t1 
Techai4ue• for Structural Applicati011•~ A1Hnain1 Ch• 
Prearn• -• ia Mwuced ,,.Cl!rial• and ProcH•ina 
fr .. Praccical and Pun .... ncal Scandpoinc•. ••ri•, 
rraace. (Dr. lllaa, c/o AIM Europe lecret•ri•t, 
IP •zlOt, 7Slo2lt rari•, Cewa 09) 

7-9 lepee•er. Incl. Conf. on th• Scienct of 
Cer••ica, a.ti•erailJ of Keal, UK. ("9•ocialion 
luropre11e .., Cer•i'I• .. a11d or8"1tiaed 117 Inn. of 
Cer••in ... •Icon Howe, Stolle N., .. ellGn, 
lcoll.-Trnc, n• 2M, UK) 



• 

- S1 -

7-1• SeptnitK. Sea.I I•tl. C..f. - law ~le 
Fatia- _,. Eluto-Plutic ... ..,._ ef llltwiala • 
.._icla. RC. ( ... tadaw Yer._. hH llatH'i_alpr.ehq) 

7-ll Sept...,er. Firat l•tl. C..r;rna - llaterula 
Sci-: C...t~-ti- ... terials Eaai11ttri•a AFSlll. 
P•ia. Fr-.. '12 ne ar-i•. F-1Sn1 ••ia 
~-•n 

9-ll Septftl>ft'. .__.._ lllteriala ..._.-at 
Ceafer- • E•i~i1:i-. T=-r•te0 C-... (T­
C..f. lllaaa,_at c. •• JJl lltet Vaale:r SI: •• .._t•. 
Ill. 60111) 

11 Sept ... er. att:rcle• Plutica: ...,. •• ,...ta I. 
... licati-.. East Laui.a. ••. USA. (Sdoeel ef 
Pac1ta1i11&0 llidaipa State lbiw. • East r...U,.0 
RI Ul2lo-l22J) 

14-11 Sapt .... er. Pilet fer Pl•tica a. Ap-ie11lt-e. 
lapaaraa ... Pacltasi•&. Tel Awi•. lar-1. (Sec. ef 
Plaatica E'as·o 14 Fairfiel• Dr •• lrellltfiel• Ceater0 
c.-... n 

lS-1' Se~. Ceaf. • s,_t_ i• Plutica 
Fi.ialaia&. 1-iawille0 P. (Sec. ef Platica la&•• 
lit Fairfiel• Dr •• llrellltfi.eH C•ter. c.-.... s> 
lS-11 Sa,C.-er. w..-• C..,..itea C..f •• Detreit0 
111 0 USA. (ASll l•ter•tic.aal 0 llletala Parll 0 Clllie) 

11. Sept ..... er. 1 ... ntmeat 5-iaar - ti&1rPerf­
.. teriala0 Vorl• TrMe Ceater 0 llev Terk. (Stratepc 
... lpia. I.e ..... l41S. a.D.J0 Fairl- ..... 
au•i•a. PA 19606. USA) 

11-19 Sept-'"er. s,... - Rialt-T-perat•e 
S..per-•c1:ia11t llaterials0 Cllapel •in. •.c:. • USA. 
(Dept. •f a.-iatry. Yea•l• .. 11 MS A ........ •f 
•rda Carel iaa. Cypal •i 11. •.c:. ~1Sl4. USA) 

Zl-21 Saptniter. IC:S 011 - Intl. C:eaf. ~c .... ary 
111e1:an""· Aadlan. nc:. <wo•. Sell•tr••e 6S. 
D-4000 llUnael .. rf l 0 Ponfacb l'Z090 PllC) 

22-24 S.ptO!tlllter. llev llateriala llalte ver .. tila ..., 
Pl' .. wct. los-t. Ill. (Soc. of Plutica lag., 
14 Fairfial• Dr., lll'ookfial• Ceater0 C... OHOS) 

22-24 Sapte•er. 1EQC11. Sec..., lateraati-1 
Coafel'aace Oft Teati•11t. Ewaluatioa ••~ Qualit:r C..tl'ol 
of C..poaita. •iwerait:r of Surrey. Guil•for•. Ult. 
Spoaaore• 1ly the jo•aa la; C:..poa i.taa _. ll>T 
lnteraational. (C..farace Orpai&er-Tl:qc87, 
•n:arvortb Sci. .. cifi.c Ltd.• P.O. lox 630 Vea~ury 
.... e, lury Street, Guildford, Surrey C:U2 SIR, Ult) 

22-24 Septe•er. Teat, fle•ur-1: _. lnapecrioa for 
Qualir:r C..trol Coafereacc a .. hbi~il:i.oa, De1troi1:, 
Kl. USA. (Tovar Conference l'lanllr.-t Co., 
])J W. W.ale:r Sr., Wbul:oa II. 60117) 

22-zs S.pte•er. llev llateriah and 1heir 
Applications. Uni•er•it:r of Warwick, C:O.entry, •Jlt. 
(luti.t"te of Phpica, 47 lelsrawe r.auare, 
l.oR41ott SWIX IQX) 

29 Sepr .... er - 2 Oc1tahr. llnciet:r of lhe Plutica 
llMluUl'J, polJUrathan•• di•i•ion. pol:rurelbanH -rid 
COllJl'eH • P.uroareaa C""ter, Aachm, PIC:. 

30 S.pce•er - l Ocl:ollel'. ,..chine Asia 17, 
Sin1111pore. Sin1-1pora lbhibition krwicH Pl• Lttl., 
II DhollJ Ghaut lS-09, Calh•J luildins, liRppou 0922. 

1-31 Octollar. Aerol:ech '17; Conference and 
'-•position of 1th• Society of Aut-li•• EnsinHn 
Aeroapac• Technolol)', lats leach, CA., UIA. (lociet:r 
of Aut-tive Ensineera; KIC: "1C Pr-rion and 
C-1nication, 400 C-allh Dr., Werrmdale 
PA IS09', USA) 

4-9 Octaller. Dr'l lat..,_._ric- Caaf. - lllteriala 
Teclaaeleo. S-tiap. Claile. (~pt. ef Sci•tific 
Affaira. ora. ef Aarericaa States. 11tll _. 
c-titati- A-•• Vuloia&t-. •.c. 29006) 

S-9 0c1:•er • ._ricaa S.Ciel:J r- ..... t.--ti­
TeatU.. Fall C..fereace _,. Qllalit:r Teatiaa a-. 
Atl•r•. CA. USA. (ASlll'. ltlSJ Arliapta Pla&a 0 
c.1 ..... al 41221-Sll) 

S-9 Oct•er. Si•r-1:al-1ica - E•illiti- r.r tile 
Steel llRtail-v 1Ro1.a1:r:r. Iii~-. S,.ia. 
(Feria later-ci.-1 • Iii•-. a,... 461, 
,. ... Iii•-. S,.ia) 

a-n Oct•er. Plastics: tile - SO years • 
a.ar1 .. 1:-. SC •• USA. (Sec. ef die Plutica J.._tr:r 
lac •• i21S It S1:.. ... Suite toao, lladoiaat-. 
D.C. 2UOO:!l) 

l.-16 Oct•er. llATDIALS W&lt 011, Ci•ci-ti • Oii, 
USA. (ASll - AMric• Seciet:r ef llRtala, llRtala Park. 
........ l:e 11) 

lJ-IS Octehr. llateriala ... licari.- I. 
Senicea lbpaaiti-, Ciaci-ti 0 Oii. USA. 
(ASll lbaapr .: 1:a,_i1:i-. llRtah Park. 
Oii .... JJ) 

ll-IS Oct•CI'. J9tll latl. SMIPE (Sec. fer dae 
Mw•~t of llaterial •• Procna faai.aeerU,.), 
Terbaical Caaf. • Crpl:al C:it:r. YA., USA. 
(SMll'£, 141 W. Cl-a:aa., lea 24S9, Cewaa, CA 91122, 
USA) 

14-22 Oct .. CI'. 7da £llO lluhiae T-1 9-r, 
Kil•, Italy. Spoaaore• •:r tlae E.r•pe•• C:-irtee 
for Co-operatioa ef tbe llacbiae T-1 l .... trin 
(CECDIO). (7. Ell0 0 c/o aw. wiale F•lwio Tati. 0 121, 
20092 Ciaiaell• lal.- (RI), ltal:r) 

19 Ocr..,er. S.parc....,.ctiwity - The Opport .. itiea, 
r.plicatioaa a ..... Jicati ............ Ult. (lllC 
Tedaaical Serwicea Lt•.• lath .... e • S6 Re~«• 
Yia•ct • ._.... ECU 2t.X) 

19-20 Octoloer. s,.,. •• _ - .ww-cea i• n.er-plutic 
llatria C:O.poai.te .. teriala, Slaerat- lal ~-. 
lal Rar1'our • FL. (ASnl, 1916 aace St., Pllila•lfbia, 
PA 19WJ) 

19-21 Ocl:olaer. 1911 P,.,.r llR1t•Jl•r1F cr-p 
llleeti•&• Pov4er Slaapi•1 -• C:...-cti•&• 
Caweadhb Hotel, bat~our-, Ult. 
(The l•acirute •f lies.al•. l Carleo• Rouse Terr., 
Loa4loa 1111 T soa. Ult) 

26-JO Oct .. er. IUll laU. Fi~l'e Optic C:-i.ceri-, 
Anahei•, Calif •• USA. <I•for•tioa C:ateknpH• l11e., 
214 lal'Yar• AH., loal:oa, M 021J4. USA) 

27-ZI Octoloer. Cl••• a .. Car .. ic• Dewelo,...ii:a, 
"""ich, Federal kpWlic of C:er-y. h~tal hlleti• 
Confen11cea Ltd., Park llavae, Pal'k Terrace, WorcHter 
Park, Surl'eJ ltTlt 7"1'. Ult) 

27-10 Octolaer. Al!rotech '17 - The Ael'oap.rce 
Technolns:r !llhibitioa and Conferewce, •.&.c. 
lirainah .. , Ult. (bhibiti.- I. !•mta Diw., 111e 
llational IMibicion Centre Lt•., linainah .. 140 lllT, 
Ult) 

Zt-JI Octoller. Ill. llational Conference oa ClaH aad 
Fine Cera•ic•. Varna, lul .. ria. (Ceftcr•I Union of the 
lcimcific Technic•I U.ioaa, HI lak..,9"y lu •• 
IOOC Sofia, lvlpria) 

J-4 ......... ,. Production of llon•atructiH THtina -
The Dewelo,..nt Key for Proce•• Control. Myatt 
Dearborn, De.rltorn, Michipn,UIA. (AM lnterutiClflal, 
llttal • Park, Oii lt407J, UIA) 



1-4 ....... r. latl. r-f. _. blai11ti11:i-
•,.. a.res~ llateri.ia•. &..&era. Sotitzoarl_.. 
,..,. Plil>li•iac Ser .... Lt• •• 01• ._.. .. it••acs. 
lella11:-. ~-Y. SYl l811 0 UE) 

- SI -

2-6 ... e•oar. Plasll:ica - A aeries ef c-(er.-.. a loel• 
ia •-iati- "'itlo lall:erplas •11. lirlli•&h-. UK. 
(Plull:ics aail ..... er 1-11: •• ll ... art Platt. 
~ SWlVOIL. 1111[) 

~> 119nt6er. Filltroa-Tea .. 1 (C..f. - .a..,aace<I 
ft&• ft.lorn ... 1tea1tile atr.ct•rn fer c..,..aited. 
en-ille. sc. USA. <•11:i-l .1er-r:ica 
... Space ...... i•trati- -· c•~-- ...... 
ms&-Laacler baurdl Ceat•r. &a.pit-. •& Zl'6S-52U) 

~1 ....... r. laterplaa •11. "'"ti~l blailltiti-
c ... tre. lirm•~-. m. Uaoiiostrul ... Tr811e Fain 
Lt• •• llaolcliffe •-e. 11..-ei• c. .... 11:. S.lila•ll. Veoot 
lli•t .... lltl ZIC. IS) 

~1 ....... r. 11air• latl. blailltiti- •f ~ 
Tea..le&iea 6 1-•ti- .__ti- 6 ~ llaterials. 
T.ria. Italy. (Tilloer--Pea:- 0 llH •· Fairfaa Street. 
S.ite Mt. AleuMS"ia. FA 2u1•. USA) 

lo-S ....... er. 11.apetic ,..terials &nract ._iaes• • 
........ •· (BA Teo-leg Lt•.• Cleewe M •• 
Ludaedleeol 0 Serrey. U22 1$&) 

S ....... er. C:..,-itn T-ar•s 2000 (te ca::acitle 
vitlo lQDl'LAS •an. lirm••-· ... 
(lriti .. Plastics ~ati ..... I.At. C...altanta 
Lit•.; lritiab Plastics F~ •• S :Jelsr..,oa s.-re. 
...... Siii& J.u) 

7-ll "-nlller. Teatlo latl. C-arna .. lln.allic 
c.n--i-. llawas. l .. ia. (Ccatral Eloacuedt-ical 
bsearclo las11:. 0 laraik .. i 6Jl006 0 la•ia) 

9-11 ......,er. Tbir• Arab C..srna - tr .. 6 Steel. 
Alsiera. (Atsv. a.P. °"• Cloerap. &lpria) 

9-11 ....... er. Ea.A - lhe 0.-ic.al lncl•tl'y i• Tian 
ef a.-p. lal'celoaa. Spaia. (EYAF/EOlll& Secretariat. 
Caiufer• llotlae 0 llS Stati .. 1Ncl 0 Wot Viddt-. 
leat ••on. UI) 

t-12 ........... .._&in& Corroai .. vith Plutics. 
lev Ortea••. USA. ( .. t. Ass. of Corr .. i .. En&i•eera. 
P.O. a.a 211340. ••at•. Teaas. USA) 

9-lJ ........... Pieri .. M••rri 111.ateriah c .. r •• 
Slaerat- Pala Coult bsort. (Dept. of a.-iatry. 
U.iw. ef rleri ... C:aineawille. FLA 32611) 

14-JO ........... lnteraational Tea._ fair; 
Pl .. tica Tech-Jog. Applicatioas a .. 
ita,...11: Capalltilitiea. l .. ia. THM fair AutlooritJ t>f 
l .. ia 

IS-17 ........... Asia-Pacific :.-... ti• an• 
ltapHiti- - IDT 0 ParkvaJ Parade. Sinppore. 
(C..-tec1' C:...ulcaocs. 10 Ilaria• ParaH M •• 
Siappore l~) 

IS-JI ........... ltlt SUI Photwoleaic• MYaacecl 
..... rch 6 DeYelo,..ac Projecc lleYiev Meetins. Den•er. 
Color•"• USA. (Solar 1Aer11 RHearch Inn •• 
1617 Cole 11••·· Col .... CO I0401-JJ9J) 

16-11 ...,e ... er. luperf1111d '11. VHhint-, o.c. 
(llasardova llateriah CoAtrol RHearch lnacirute, 9300 
Col ..... ia llwd •• Silwer Spri•J• MD 20910-1702 0 USA) 

16-20 ........... . 
Pari1 0 France. 
r-75116, Paci•> 

C-poa ... u ltleccroniotuea 17 0 

(S.D.S.A. - 20 rue H ... lin, 

17-11 lloYe ... er. the 1917 ICC C:-f. on Pl11ric1, 
sc .. forcl, co •• USA. (lu•ineaa C011111U11icariona Co., 
lnc •• 2S Yan Zant Ser •• llorvalk, CO O"SS, USA) 

11-111 ...,_...,. ~ First llajer l•t•r-ti-l 
C-rrial Space IEa,_iti- -• C-f. ia tile USA 
•SftUZ• • .... t-. T•us. USA. (srac;E: T.c:lo-190. 
C-l'Ce 6 C-.icali-. J9 lli.lk St •• S.i.le 1101 • ... t-. llA Oliff) 

11-1' .__.•r. W.ar ~iac-l llalerials - l•fl-­
•( S.l'face Tr•ar-t1. St. Eti-. Fr-. ( ... l 
Tr.atmeal T...iaaical Ass .... Freadl Cel'-ica Gr-p. 
Seer. •f Cercl• .&•Et• ........ lllltt-. 111• C.-a 
Fa.rial. lo2UZJ Saiat Eli-. Fl'-) 

ll-~ ....._.. ..... ACS (._ricaa 0.-ical S..C.)/l'elper 
Di.w. C..f. - Mw-..es i.a Si.lice.-~• r.1,_.. 
Scil!llce 0 llakaba. Oahu. 9-ii. (Saailia .. li-1 Lalla. 
a1• .. lld<t-. •-"· aun. us.a> 
l~~ .... ei1o...-. ...,tal 11.auia C:-,..sil•s. Str11el•re 
-• Pr•poartJ Assn-r. •,al a..c-tical S.C:iet1. 
.......... (The l-tit•te •f ""tals. Tech-l•n 
C-iuee. l Cal'lten ... _e T .. rr •• 1-dea SVlT sos. Ill:) 

n-~ ... _. .... _ Enai•-ri•& ~r-ic•. Seneol Earepe­s,....&-. Park a.-e •tel • .._.,__ (JIC Tedlaical 
Sa-wices Lt• .• latla •-e. '5• Bellloera 'fiaW<t • 
..._.... ECI& 2Ell

0 
VS) 

ZJ-~ ... _.. ..... Sec_.& .. .,.. .. Sy.p. - Eaci•-riaa 
Cer-ics 0 ._ ..... Ult. UK Tedoaical Serwices Lt•.• 
latb •-e. '56 BolltM-a Wia•ct • ........ ECIA :zEa. Ill) 

llo-1• ............. Carlltea Fit.l'e u,.ate. Cr•fiel• Ill. 
(Cr•fiel.& l•sl. ef Techael•u. cr .. li.el•. 
lrifer4 11:41 OAL. Ult) 

z..-za ... --.er. wao Plastic•; Eailloiti- of tile 
&pplicatieas •f Spdloaric llalerials ... c..p..itea. 
ll'DSa•la. lel&i.... (lrDSaela Intl. Tl'a<ie fair. 
c/o lelsa-Lu--.ars a.a.bee of C:-rce · iw 
c:r .. .at lritai.•. 16-JJ rica•illr. a...... VIY Ol'I.. UK) 

H llo• ... er - J Dec.-tt. 111.atel'ials lleaeal'clo SocietJ 
fall lleeti•s. a..t-. USA. (llaterial• llnearclo 
Snci•lJ • tll>O llclni&ilt M •• S.ite 327 0 PiUA.rp 0 

PA lS2l7) 

79 ........ r - l Deu.lln. lhe 1917 •tallursical 
SocietJ Eatl'actiwe an.& Process lletallaraJ Fall 
~tiwc. ltarriou'a O.-s1tl't Spri.ap. Pal• Spriwp. CA. 
(lite lletallur&ical SocietJ. •20 c-tth Dr •• 
VarreaHle. PA JSOl6) 

JO •o•...,•r - S Dec.-er. Fall lleelina of tloe 
tlaterials lnearcb Soci.etJ. a..11: ... USA. (llllterials 
leseSl'ch Soc •• 9100 llcltni&ilt M., Suite Jl7 0 

Pi.ct ... arp. PA JS237 0 USA) 

1 DecnibH. QJllPOS IT!S • to.clotl. 
lletala. lllltel'ial• lnaineeri•s. 
Terrace • ....._ SWl'f SDI) 

(lhe laatitate of 
Carlton llo•e 

1-l Dec.-..r. lla&ar .... ""teri.ah "8na..-ar C-f. 6 
!.sbi..,ition/Ven. "°"'leach. Calif •• lr..A. (T-r 
C..f. "-•S-•l Co.• lJl Vest ll.raley St •• lltear.-. 
Ill • .0111• USA) 

I-lo Dec .... er. 5P '17 Special icy Plastic• C-fereace. 
lurich. Svitaerlanct. (llaack lluei.ne1a Ser• •• Cll-llOlo 
AAJnear lurich. Solitaerl"'41) 

J-• Dec...,er. Pol,..r1 for Compnaat••. Solihull. Ult. 
(the Pla1tica .... l .... er lnac •• II Kobart Place. 
Lonclotl SWIV OIL) 

9 Dec..-er. Triholo&y of ""Cal ,._tri• C-po1irea 0 

llniw. of lra<lfor•. UI. (1he ln•iirute of Ph,.ic•, UI) 

ll-16 Dec .... er. c.r.,.ic Chia• '17, C..anphou • 
wM&4-1. People"• .. public of China. (O.iaa lci ... ce 
and Technolo111 r..chMp Centrll'; for info.~ 

Pocuaworld F.ahihition•, Ira• la•ah Po•t Office. 
P.O. lo• 292, Sinpporo 9111) 



-n-

.... 
6-9 .J-.y. lattt•ti ... J c..r..-.. ce - C...-ite 
lllateriata _. Str11rt•rn. IIT llatlra. 1 .. ia. 
(Ora-istts: RP bsearclo C..tre. 1 .. iaa l .. tit11te ef 
Tedoael•ii:r. Rlua. 1 .. ia. S.-S••: 1 .. i_ 
last i twte ef Tecloeelettf • ,...,. as. a.r-••t ica l Sec:iet:r 
ef l .. ia. l .. i_ Span- bsHrdo Ora-iaati-. 
Aer-a11tical kseerrlo aa• ...,,.1.,.....t llGar•. l .. ia• 
Aca*9y ef SriP11Cn. CloU.ese Soriet:r ef 'llo..retical 
... Applid llerlo-ics. 1 .. iaa llotdet Soriet:r. 
C..tact: Dr. 1:.A.Y. P_ .. lai. c.--•iaat..-. lCOIS-11. 
nP 11es .. rr1a c .. tre. UT (IO). 11a.,. __ MIO o>•. l .. ia.> 

ll-14 J-r:r. 26th .lec•pace Sri-res llioeti•c. a-. 
llY. USA. (AIM • '-ericaa Inst. •f Aer-••ti.cs aa• 
As tr-tics) 

11-20 J-r:r. 12th Aaa-l c-r ... reace - c..,.sites 
....... ~ CKamcs. C.c- leach, Fl•i .. (speasacri 
h:r AC.KS EaciaeKiaC Cer-ics Diwisi-. U..iw..csitJ ef 
Flari ... llltpt. ef ltltft'ials Sci .. ce ... Eac-. 
Caiaeswille, Fl. )2611) 

ll-20 J-.ar,. latl. c-1. - rechael•u Traasrer i• 
tlae ...,.1.,.iaa llati-• • .., Delhi, l .. ia. (Sela-I ef 
llaaa.-C., SU.Y, aia~-. aiapa.t-. S.Y. IHOI) 

n-2• J_r.,. Sec.atl. latl. s,...,.. - Eaper'-atal 
Jktlla4s rer Kicrecrawity Kllterials Sri .. ce lles•arclo, 
~ia, USA. (Tecloaical PrltRI'- C.-er•iaater-nis, 
420 C1 realtlo Or., Varr ..... le, PA l50M, USA) 

.J-r:r. Asiaa Aer•pace 11. Siappere. (ca...-s 
EDilli.tiea Cr-p. S.A.) 

1-5' F....._ar:r. 4lr• Alutual C-fKence ef tile 
C ..... ites lastit•t•. CiaciDaati., Claie (Caaposite 
Ian •• Sec:iet:r of Plastics laJustry lac •• 
1"5' Leai•cc- An.. !fev Yerk. •· Y. 10017. USA) 

1"-11 Fnruar:r. Semi•ar - tber-pluti.c c_,...i.tes. 
C99p0Site fatipe. -t•i-pel,...r iaterfaces, lauar•. 
... prelll...,.. in aircraft applicati-.. FlOl'i ... 
(Sh-. 4227 East 99tla St •• T•lsa, Git 742>1, USA) 

21-2_. Fnr•ary. ...,.ual C-ewti .. •f the c..a•i•• 
Cer-ic Societ:r in Ter .. te, Ca .... (Caaa•ian Cer-ic 
Soc •• 2175 Aep,.r• Awe., I., Suite llO, Vill-•ale, 
O.t • • 112J 1111 • Caaada ) 

2J-15' F .. ruary. 2M Mwancecl Ceraaic• C-ferewce ia 
Chica.,., ill. (Snciet:r of llaaufacturiaa la1iaeers, 
~ 5"& Dr •• lea tlO, Oearloor1t, "' 41121, USA) 

1-J llarch. laciaeerH Materials for Mwaace• FrictiOll 
oa• Vear Applicatioa, Caither ...... ic. llD., USA (ASll 
later1tati ... l, lletal• Park, lltio 6407)) 

1-10 11arch. '"'· c .. r ... a.pi•l1 Soli•ified 
tlaterub, Saa Diep, a.. USA. <•. Soc. of tletab, 
llfetah Park. m 6407>. USA) 

7-10 llarch. Jlr• lncl. Techn. Conf. OD "1teriah on• 
Proce•sn. Alalhei•, Calif. (Snc. for M• ... ce..nt of 
t!Ueriah aa• Procn• F.A1inurias. 14) Vest Clewcaaa. 
lea 14519, COYl•A, Calif. 91122) 

11-24 starch. Jlllterial• Testin1 'II & ... illitioa, 
lir•i•-"•• Ult (llack-lrOGks lllhilli.ion1 1.e•., 
Poru• Place - llatfiel•. Hert• AL Olll (Utt)) 

12-1S starch. scrace1ie• for the Developaenc of lllev 
Jlacerial•, in Jap1n. Intl. IJ•ro• i ••.,.. Frontier 
Techaolos:r, Kolle an4 A&encJ of l•••u•trial Sci.nu .,.. 
Technoloo of "lTl 

2J-U starch. llJlfcah and Jlllc•rial• 'IS in lir•inr•. 
UK (Jlaterial• Science CCM111ittec and ln•titucc of 
llfetal,, l Carlton Hou.e Terrace, Len•oa SWIY 5'01, UK) 

2J-U llirdo. Filore-reiaf•rce4 c_,.sitH, Liwer,..t, 
UC (Plasrica _. .....,er lllSt •• ll ...,art Place, .._... 
SUlV OIL) 

S-9 April. llaterials llesrarrlo Society Spriaa .,.ti•&. 
a-o. •Y, USA. (llatttiah aes. s.. 9IOO lklfai .... t .... 
S.ite )27, Pittslour .... , Pa l5'2JJ) 

11-14 April. 7th latl. Coafer-ce - °"f•r-ti-. 
YiPl• ... ""ract,...e of Pet,_..s. ea-..itlr;e. US: 
(Plastirs -• .....,_ last •• ll ••act Place, Lea ... 
$VIV OIU.) 

11-IS April. ASllT's l9U Srriag C-f.: 
a...,racterizati- of llateriah _.. Flaws, 
0r1-•. Fleri .. (ASllT, 4lH Arli•pte Plaa, can .... 
... 21HI) 

12-15' April. s. ..... • araziliaa latl. Flastic Sh.,, 
lkail. (C.al Pr-cees e Feiras Lt•. a.a cla 
.ksHltlelai 45' - 1 Aaur. a;r l<iOll, Ceatro. 
Kie •• .Jaaeire, lraiU 

11-11 April. !atl. llacfliae T .. t aatl 11a .. fact•riac 
Teaaolo11 uailoiti-. airai•s,haa. 111t. 

('lloe llacloiae T-l Tr.- Aas •• 62 aap-ter ..... 
.._... V1 JPB) 

11-20 Apr ii. 29th Str-turn • Struttaral o,.-ic:s ... 
ltacer ia l•. Vi II , ........ It. YA. USA. ( ... last • 0 f 
&.r-.>•lica ... Aatr J11a•tics. a.. S.C. of &ch .. ical 
Easiae..-s) 

19-2U April. Hid> T....,.,rature IEll~ia....-ing Pol,....rs, 
Car•iff, UK (Plastics .....a 11...i.rr 1 .. c •• 
11 11 .. arl PIKe, ........ SWlV OIL) 

20-27 April. l .... strie •11 - •ev ""terials 1911, 
U-..,er, nc. (Uaaa.,,er Fairs tafo. C..tre, 
P.O. lea 213. s.a•rstead M •• Sa_....rsteacl, S..tlo 
Croy ... , Sul'HJ QZ OU) 

21 Apr ii. .,,,..,..1.,._..t,. in ""l•l'ials Tedaaolog:r for 
the ,...t.,..ile ln4-lry, t;o•,.eatry. Uf: (,..tats 
Tech-1011 C:-iuee of the lastitule of l'letals, 
l Carlt- 9-e Terrac:~ • ._._ SVlt 5'fla) 

2S-26 April. s,_,.si- •• lier al llatria eo.posites: 
Tuti•1. Aiaalpis _. Faihtre 11o•e• ........ ..,a .. 
(AS'DI, 1916 lace St•• Ploil .... lplaia, PA 1910), USA) 

251-27 April. latl. Coaf. oil llet ls.-tatic frn•i•s of 
staterials: Applicatioas aa• Dnelopmeats. Mtverp. 
lelsi ... (Techaolo1isclo lastituut, Krtallur1ical 
Secti-. Jaa w• lijsvijcklaaa 511. a-1011 Aatverpea, 
1e1ci ... > 

26-21 April. >r• 11ul. C...f. oa Joiaina of c:er-ics, 
Cius aacl Kusl. 1a• llauheia RC (Deutsche 
Cesellschaft f'lir Metallk,..cle eY., Mewauerallee ll, 
D-6)70 Oloerunel, FIC) 

2-6 9111J. ~Application• for Steel ia Yi..,, of th• 
Challenp fr• Substiruro Jfat•riah. Lt1se•our1 (UN 
"'C-iHioa for ltHl'Ctfe• Palais tie• .. lions, Ql-1211 
Ceaewa 10, lilitserl""") 

S-l:Z KaJ. IL.\ MlltlOftl •11 (lhh latl. Air ... d Space 
lhhillitioa), Airport "-""or-1.tns•masea, FIC. 
(a-deswerllM• tier De•tschew Luftfahn-. aa.,.fahn­
_. Aueruest•pinduicric e.Y., lonn, und die DeuUcho 
llfeHr u•• AuHhllunp-AC, llallft.,,er) 

9-1) "•1· tlaterial• 'II. llateri•I• and P.ngin•erin1 
Desip, London Onstit11to of ,..uls, I \:arlton Ila•• 
Terrace. London SWlY "'11) 

t-U fla:r. Ith F.uroptran Phot.,.,ohaic Solar P.nority 
Coaf., Flor.,.ce, Italy (VIP, IJl•ew•t•inetrasse :z. 
D-IOO N'Ulllchen 10, FIG) 



11-19 lllay. latf'rMti-l Ceaacess ef llRtall.rg. 
Palm• •i C-atres•i. lel• .... ltalJ. 
(S,..S-etl .,. tlut Asncia:sa- ltali- • 
llRtall•itia (ADI). Pi-le a • .._._.i 2. 
l-2DlU Iii.I-. ltalJ') 

26-26 lllaJ'. l•PLAST •aa - latl. Plastics 6 .... er 
Ealoi•iti- ..... li .... ,.1 .. Ii. S.Ciet,.. 
(Iateraati-1 Fairs _. Eda~iti- Lt• •• hlcrawe 
.._, n h•sr- ...... ladiaiaa • .-Ha •> 

- '° -

JS-2' ...,._ llKJCliasplaa 111. ) ........ , C-f. 
•ali•& vitlo doe is- ef plastics reqcli•&. 
Vaslliaitt-. D.C. (Plastic• 1-tit.te •f America _. US 
Dotpt • • f Eaer1.7) 

16-U .J-. latl. s,... - Pel,-iott•. Plastics 6 .,..er Pr.cotsaias Tot~l•n. T•r•t•. ea.a•. 
<w.11 ... ta.as•r. P.O. lea 111'. c.r-11 dll ~1. 
Oat •• c-•> 
2._2) J-. lOtlo s,... - n.-fhpical Pnperties, 
Cai tilers••&. llD. ISA. C .. ti-1 .... _ •f St ... r .. • 
C:.itloer•-s. llD, Americ- S.C. ef lltdlaaical 
Eap-rs .... tloe llaiYersit:r ef 1tar7l ... ) 

21-29 J-e. s,.... - c-r•i- lates ef Steel i• 
C-rete. lelti_..e, 118, USA. (•.S. llerke, v.a. f;race 
C.., 62 Vllitt-re & .... c.9rillp. lllA 02140) 

4-ll J.1,.. laurplutic.a .... lleanw. ussa. , ... 
latl. c:n.1111, PMtfad1 U 02 OJ. Stedt-r 
l.irdoatr•ae •1. D--4000 D.esael9rf JO. Re) 

12-14 J•l:r- 4tll Bati-• Space Ea1iattria1 s,....i_, 
.,....,.e• •r die •.ti ... l P•el - Space Ells·• tile 
Jei•t C.llot&e le.ar• ef tloot •-t. ef Easi•-..a, 
._.tralia. Motlai<le • .loosualia. ('lbot C-fltl'otaelt 

lllaaa&1tr. F .. rdl Bati.-1 Space Ell&• Spp. 'lloot 
1 .. titeti• ef lia&iaototrs. Australia. 11 .. ti-1 
Circeit ..... t_ ICf Hao. -.tralia) 

24 Jely - JO Sltpte9•r. 1'H v.rl• llatotri.ah 
C..1tr1tas • Cllica.-, USA. (&511 latl. • •ta ls Park, 
Cllli• 44011, USA) 

...... ltl'. ltla Ar.-tiaot C•itrotss-Espesiti• ... 
Site ... lloere-.191tricaa Cer-i.c, Class. _. 11'.fracter7 
Caasress, .__Aires. Arpatia.a. (Ar.-tiaot 
Tedoaical Cer-i.c Ass., Pent 1420. 1141 .._. Aires. 
Arpati .. ) 

TECHIOLO&Y II TESTING 
"Mm>" Universal Testing Machine 

• Microprocessor controlled 
• Real time graphics 
• Programs for batch testing 
• Auto-ranging 

Keyboard control 
Statistical iJfOQrams 

For further information please contact: 
Nefll Instruments Umited, 11 Fleming Close. Park Farm. 
Wellingborougl\, Northants NNI 3UF 
Tel.: Wellingborough (Im) 87Wl7. Teltx 312521Nene G 
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General provisions 

1. UNIOO activities in the field of adYe'tising 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. UNIOO cannot guarantee to print advertisements on specific pages of the Monitor. 
Page proofs will not be provided to advertisers. 
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in United States dollars or Austrian schillings to the UNIDO bank account (see below) 
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Prices in Auslrian sclliA1gs (ASJ 
(or equin/enl in US$) 

ASS.000 

AS3.700 

AS2.500 

The price for the publication of announcements of up to five lines under the ~bric 
·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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Fully electronic plastic injection molding machines "ACT" 
provide versatile, h-molding • 

'flle"ACl" .................. 
adou.,11a1gl1dalign.•­
lligll1P89dalld1 , ••rniw. 
MllC--laallo ..... 
In ................ ..... 
.-. .... au .......... ., ........................... ,........,,......._....... ...... 
ilY- belt/IC--...... 
will• pqciliOn of Cl.GI - -­__.... ......... ......,. _ _,.llC __ _ 
.......... ___ Afl:on 

........................... 

..... ACT'• CGllllliil9d - of ....... 

lull llC - - ..... pr9Cilioft .,.._ ... ......,eaecl 
CDllfnll of.....,_ polillofts 
_. ...... .,..._ 'flleACT's 

-1188fy11u!Y /IC-­...... .._.,._conerof 
llc:llnOIGIJ wlllell ........_ poww­
lul lllfqua-ill lie llilf*' lllwd ...... ... addllon.,,__ 
.,......, ............. ICt .. 
IO llfO'lde ,,_. C4lfllnll 
-.er . 

CDIRilCOMIATD 
Mii.ACRON 



Youd be Ible to c:ontrol Wll 
lhicknea fOleQnc:es not only 
over Ille Jul pipe lenglh but 
ov• pipe circumf•ence as 
wel. 
Tt111 fnlufe yieldS wall thic:k· 
ness toler9nees of below ''•of 
lhose admitted by DIN stand­
ards, llld you tave e11penllve 
raw malerill! 
CIMIMAT"IS '-'lo incr .... 
lhe efftcienCy of your opeta· 
lion llld ... you IO redUce 
raw malerilll cosll while al Ille 
Mme time producing betler 
quality pipe producll 
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You will be fuly independent of 
lluc:MllJOnl in diffarenl raw 
malerilll COfllflOUlldS: 
The ne. weighing system 
SAVEOMAT c:onllola Ille pre· 
Cise malerial consumpllon of 
lhe exlrUder. When employed 
m slandard pipe plants. lhe 
SAVEOMAT aystem makes tor 
conrroling haul-off speed so 
al ID ruch c:onlMI meler 
weights And wtlen employed 
in a CIMIMAT' pipe line. lhe 
dala acquirea are used for 
automaic gauging in u!trasoni.; 
wall ll'llCkness meaauring. 
In ll'l1s way you are independ· 
enl 01 temperature ftucluarions 
and Ille wall llllCkness metar 
will co'llrof l'laul-otl and cenrer· 
1ng un111 to """""""' wall 
ll'lie-nes' 

Finding better W9'9 
10 mew• profit. 

Becaule: 
The automatized pipe elllru­
sion line CIMIMAr ii equipped 
with Ille thermal pipe centering 
system CIMICENr. 
Thi$ is replaciflg a complic:ated 
and medlanic:ally sensitive die· 
head COMlrUCliOn 
The lhennll pipe centering 
system CIMICENT' works fault· 
kee llllCI iS able to centralise 
tllln 01 thiCll areas by eQUl!lis· 
ing opoalnf sides. 
Wilh CIMIMAr you11 have an 
advlllllage In the vary compe­
lilive pipe market 

c:-i---AG 
·••v11r . .,,._, 5f~,...., ''fl 
•·o4off,V,~ t" "i1:n VI·•" AU\!'•• 
r, :oni,r,n~nfi 
fr,.. 11'1\ft.r...~"""' .. 
, .. "'"• 1ll'2' '110; ';'1 i'1 

The automalic pipe plant 
CIMIMAT"" means r~ly to 
you 
MicroprOQllOf con'Jol 
CIM!CRON 9116 guar1ntees 
pipe producoon Wlltun closest 
roterances and ii tnlrrants 
moreover 1l'lal onc.t optimized 
process parameters are 
reliably reproducible. 
Only Ille automatic: pipe plant 
CIMIMAT" from CINCINNATI 
MILACRON AUSTRIA offers 
you the combin«l 8Cl11antages 
of the lhermal pipe cenlenng 
syslem CIMICENT• lftd of 
automaliC gauging ol the wall 
rl'lickness musunno 

- .. -u.11 
,~,,,.., •.ertt fndllt-frril E•'"'" 
'.It> 11,..:1:1c A:1MrJ, ~,,_!lff" 
\,!f').,;. t•llt9fltf 

•~•frJ'r1·•"•f\· tJ :r*lll'!t 
ft: r;:~) l~IPlf I .. 
Jr~• "l WM'.l I" mt!"Y 0 
f,. "'"'" ;W/'1 :\!. fll '11)1 

11\ ©D~©OMJ~irO 
H1%MllACRON 

" 
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UIUTED MTlOllS lRDUSTlllAL Df.YELOPIEllT OGAlllZATlOll 
Vienna lntemational Centre. r .o. Boa 300. 

A-1400 Vienna. Auatria 

Advances in Materials Technology: llonitor 
Reader Sune1 

llae Advances in Materials Technology: Monitor ba;;- :aov been published aince 1983. 
~ Although its aailing list is continuously updated as nev requests for inclusion are 

received and c.banges of address are aade as soon as notificacioos of •uch changes 
are received. l would be grateful if readers could reconfira their iaterest in 
receiving thi$ newsletter. ~indly. therefore. answer the questions belov and .. il 
this fora to: 'lhe Editor, Advances in Materials Technology: Monitor. UNIDO 
Teclmology Progra- at the above address. 

Coaputer access number of mailing list (see address label): 

Position/title: 

Address: 

Do you vish t6 continue receiving issues of the Advances in Materials Technology: 
Monitor? 

ls the present address as indicated on the address label correct? 

llov aany issues of this newsletter h~vP you read? 

Optional 

Which section in the Monitor is of particular interest to you? 

Which additional su~jects would you suggest be included? 

Would you like to see any sections deleted? 

Have you access to soae/aost of the journals f roa which the information contained 
in the Monitor is dravn? 

I• your copy of the Monitor passed on to friends/colleaaues etc.? 

Please make any other co .. ents or 1u11e1tions for i•provinc the quality and 
u•efuln••• of chit newsletter. 
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FOi NEV SUISCallUS: 

If ,.. ... 1 ••••• 10 rec•l~• ....... , 1-.e a.wa11ee• ..... l•rl•I• T•C ... IDJl: 
1toa•ter ia U.. Mun. ple-ue ~t·~ tlae tora Itel-_. rduna il to: 

llfAll( ........... ...., ..... 

UNITED NATIONa - NATIONe UNlae ........ ..._ ..................... _......_, 

Abmacu ta •t•rlala Teclmeleu: lf!alt•r 
(Wea _,..) ___ &mr __ ..__1K1191.. 

.... -..... -~ ...... 
T ......... ~ ............... ._.._....._ ..... _. 

----- .. - - -
TITLl OR "'51Timl --- ..... - -
OACAf <Z• .... ----·- - -'- . ,-- ·- - . 
StAH. •..;.Olla. .. P.D. .... --
~ITY-DSTAftOll~ -
COUllTllY I 

llA 0 ..... a.mo _. ... n=ri 
cnw I I I I I I I I I I IJJ 

leaders' cotl9ents 

Ve abould appreciate St Sf readers could take the ti_. to tell ua In lhS• 
space vbat tbe7 tltSDl of the tenth Sssue of Advances 1n Material• Tech-lou: 
Hon!cor. eo..aat• oo tile uaefulaesa of the lnfo~tloa and the va7 lt haa ~eea 
ors•nlzed vSll belp ua la preparln& future laauea ol the lfonlloJ. Ve thank JOU 
for your co-ope.relloo and look forvard to hearSn& fr- JPU. 

... -
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