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I. SPACE TECH!'IOLOG\' MATERIALS AND THE CONVERSION 

by Yuri G. Bushue\·• 

The Jewlopment proceS!> of space technology -
from the cn:ation of the first spac'"-ships to the execution 
of the sophistic;ucd Energia-Buran system - has always 
been accompanied by hard dforts a.'iSOCiated with the 
dcwlopment and moderni7ation of material-; to ensure an 
optimum balance betwt.-cn the weight and reliability of 
structures. This neces.o;itated the n:alir.ition of ad\·anced 
ide;L' in the science of m.:talo;. metallurgy. welding. 
polymer chemistr} and physics. and the chemistry of 
compkx heterogenic systems. 

The de,·dopment trend in machine- building. 
e~pcci;11ly for the agro-industrial complex and li~ht 

industrit.'S. novel medical equipment and medical tool-;, 
show~ that the de\·dopment anJ organi1ation of machine 
production that comply with global standard.-; cannot be 
achie,·ed without the extensive use of new progrcs..o;i\·e 
mataial<,. The high material-constructive potential of 
space h:chnologies can be demonstrated by the fact that 
in "Enagia-Buran-. a complex system from the 
standpoint of technology. about 80 per cent of iL-; dry 
weight were DC\\ material-; (do1cns of new material-; 
were de,·clopcd and applied). <her (J(}() new original 
design and technological decisions were recommended 
for u .. e in the national economy of the Ru~-;ian 

FcJeration. 

:-.:cw materials used in the Energia-Buran system 
operate within the h:mpcrature range of · 25YC to 
2.0fKl'C It might he worth mentioning !>Ome of these 
material .. : high-tensile steel ... titanium and aluminium 
alloys. including cryogenic- re'ii'>tant. titanium and heat
n:'i~tanl alloy' ohtained hy granule metallurgy. high· 
strength gla'' and carbon containing pla.,tic'.'I. carbon· 
carhon compo'.'litc material ... heat- protccti\·e and heal· 
re'iistanl materials and coating,. high -modulu, beryllium 
and hc"t rc,istant copper alloy~. ~oliJ g~ca.,cs and 
'ealanh. 

In fiµure I on page 10. the locations of new 
maleri;1I .. in the Encrgia· Burnn .. yslcm arc shown. 

Of primary importance for the COO\W!'lion in 
re,pecl of new mah:rials .,h1111ld he the cxlen'>i\c use 
of lnw·alloy. marµing high·tcn,ik steels, high·,lrenglh 

• Yuri c;. Bu\hUe\. Depuly Direclor-(iencral. 
""KOMPOZIT CORP."'. Kalingrad. Mo.,cow Re!!.ion, 
R u"ian h·dcral ion. 

aluminium and titanium alloys, non-metallic composite 
materials, materials obtained by super fast crystalli1.ation. 
and gas-armoured materials, structural and wvear
rcsistant ceramics and new polymer materials for the 
reduction of material, energy and labour cOSL'i. exte:ision 
of operability and reliability of newly created machines. 

An extensi,·e use of the defence industry's 
experience of the national cconJmy and a reduction of 
material production will unavoidably cause a sharp 
increa.-.c in the application of new material-.. From our 
standpoint, this increase should ~ characteri7.ed by the 
figures given in table 1. 

The highest growth rates in new material-; 
applications arc expected in consumer goods and medical 
equipment. 

Interest in space technology material-; ha.-; been 
a.~o;ociated with the fact that their high characte;istic.o; 
permit a drastic reduction of material consumption and 
improwment in wear resistance and durability of 
machines and mechanisms. 

For example, an extcnsi\·e use in space 
technologies is made of low-carbon steels with a strength 
limit of up to 200 kgr/mm2, high-Lensile cac;ting steel-; 
and aluminium alloys with strength limit-; of 50 and 
.W kgf1mm2 respcctiwly, titanium deformed alloys with 
strenglh limiLc; of up to 140 kgf/mm2 and titanium 
ca.<.ting material with strength limits of ;)() kgf/mm2• 

material-; shape memor~ for the creation of vacuum -
right joinLc; in pipings. gla..-..o; and organic pla..,tics with 
strength limits a.-; high a.o; 300 kJ?f/mm 2 and cla.c;ticity 
modulus of (13-15) 103 kgf/mm-, heat-resistant carbon 
pla.<.tic.. ope~al!ng at temperatures a.c; hifh a.-; 300°C with 
a strength hmu or up to 250 kgrimm-. carhon·carhon 
material-; operating at temperatures a., high a.c; 3.5<K>°l'. 
progreso;ive manufacturing proces.<,cs for high-quality 
semi· finished producls, etc. 

Some example~ of the application of new 
malerials in the national economy or the Rus..,ian 
Federation follow hercund·~r. 

The utili:1.ation of small-grain :<.tecl 20x3M for !he 
m;inufacture of pres.\ dies to produce granulated 
comhined feed using centrifugal ca.o;ting tecirnology and 
~uhscquent rolling of hlar.h reduced the cost of dies hy 
15 · 20 per cent, about a JO per cent reduction of metal 
con~umption and ct 2.5 to lhrecfold increa-,c in !he 
equipment's service life. 
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Table 1. Expected increase in the application of new materials 

Growth rate 
Field Purpose and technical and economical parameters 

198'1 1991 1995 

Equipment for food Extension of service time and efficiency. Product loss 
industr~· l 1.4 .. ., 

-'·- reduction by 20 per cent. 

Invalid carriag~. prostheses, diaphysical pfates, tooling, 
diagnostic instruments, treatment devices. Two- to 

Medical equipment I 1.8 3.7 fivefold reduction of rehabilitation period. 

Reduction of ma~s, energy consumption. increa.o;c of 
Household appliances I 1.5 4.'1 ser\'ice life by two to three times. 

Cbemical-n .. -sistant reservoirs, piping. tanks for aggre~i\·e 
agents. Substitute material'> for stainless steels. Scn·ice 

Chemical ir1dustry I l3 2..5 Ii fc as long as 15 years. 

Dishwashing machines. trading equipment.. One point 
Trade and public use I 1..3 2 .. 4 fi\'e- to threefold extension of sen·ice life. 

Thread-dri\·ing ceramics components for looms. lncrca.-;c 
in efficiency anJ ser\'ice life by three to four and 

Light industries I 1.2 23 impro\·ement of thread quality. 

Rotary excavators and materials handling equipment.. 
Ensure reliable operation of aggregalt..-s in northern regions 

Fuel-; and energy at temperature!'. as low as -50°C and wei~ht reduction by 
complex I 1.2 2.0 20 per cent. 

Structural components for automobile and tractor equip-
ment, filters and \·alves [or automobiles. Heating electric 

Machine- building thermal furn aces. Three- to fourfold increa.o;•.: in scr\ice 
complex 1 1.2 2.0 life. 

Transport 1 1.1 1.8 Better safrty of p.r~<;engers in .;;t-;c~ of emergency. 

Fibrcglac;s c;truclures. Tightening hea1 · insula1ing m;;teriaL\ 
ba<;ed on polyurethane. Reduction of construction tam<. 
and C<>!>ts. Provision of necessary conveniences in 

Construction 1 1.3 3.2 buildings. 

Note: Scope of application of new matcrialc; in 1989 ha'i been taken a.'i equal to one. 

This sophi!itticated technology permits the 
production of quality blanks, i.e. rolled rings of up to 
800 mm in diameter and 80 to 250 mm in height. 

Service properties of ma'i.'i production and newly 
dcvclopcJ dies for the c.imbincd feeding industry arc 
given in table 2. 

Dies for the combined feed induiary are shown in 
figure 2 on page 11. 

A technology has been developed for the 
manufacture of knives of special design. cutlers of 
improved wear for meat -proccs.'iing c'tuipmcnt, 
i.e. cullers, lard separators, and for wood" working 
ecpsiflmcnt. 

Steel 'i() x 15 M t •, Jc vdoped for )!pace tcr h nologie!'. 
and resi!'tlanl while ~orking under corro:.ive conditions 
and shock loadings, with a hardnes-. Hnc==50- 'i2 after 
hardening and low tern pc ring, ensure .. good performance 
of meat· proces.c;ing cullers cqu;1I lo the be!>• world 
products. Results or comparative tcsls of culler lmive!t 
arc given in rab'c 1. 

De'ipirc a lower sl!cngth limit, the Rus.'>ian-made 
low·carh•in m;.r~ing steel ha., a higher wear rr.:'i"t.1ncc. 
This can be explained by tht· fact thal !he low-carbon 
steel Joes not form coarse •:arbidc inclusions. which rend 
lo c;pill OUI. 

Such a steel strullurc minimi1c~ rhr.: removal or 
metal required lo fl - grind a culling tool. 
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Table 2 

Value for 

Par.imelcr Ring manufaclun:d in mass Ring newly develo~d out of 
production steel 20x3M 

Efficiency. lons ~r hour 55-65 6.0-6.7 

Work-in time. in hours 16 (average) 5-6 

Awr&age ~rvice life, to complete 
material w.:ar in hours 2,650 7,535 

Table 3. R.:sults of cutter knife service tests 

Steel grad.: Strenglh. kgf1mm2 

·IOxl.'\ uo 

Similar to 
S0xl5MB• (FRG) 150-160 

Marging 5tccl 150-160 

Appcarance of the "·acuum cuU.:r wilh a set of 
bh1dcs of marging steelc; can be seen in figure 3, page 11. 
Concurrently, work i" being carried out to create hig~ -
quality cutting toolc; for the blank-culling of fabrics in 
lighl industric-;. for fi5h-proc'-'f.Sing and forcslry needs. 

For the lake-off structures of lhe Energia carrier 
a numhcr of high-tensile steelc; were dcvdopcd which do 
not require heat trealmcnt after welding of structures 
directly in the field. One of such cold- re~islanl weldable 
~ igh- lensile sled,, I ZxH5. - : . : : ·Ill may be used in the 
manufacture of lar~e-scalc structurei; for hoii;ting and 
lran:.port equipment intended for !\crvicc al lempcralures 
a" low ai; • 70°C. Thii; steel (!ilrenglh nol les.'\ than 
'JO kgf/mm 2, yield point nol lcs.' than 80 kgf mm1 and 
vi5rn~i1y KCU. 711 C> 6.0 kgf.m,'cm 2) can he welded by 
au~l..:nilc wdding material'\ without pre· heating and docs 
nor n..:u.·.~~il;llc p()!;t ·welding heal lreatmenl. which is of 
p.irticular imporlancc for large·:.calc !\lructures whose 
•1.,,emhling and welding arc carrie1l out al lhc ~rvice 
~ile. u~ of 1hi, sled pcrmilli weigh! reducrion or such 
m;ichincs a' ro1ary excavators by a.'> much ai; 20-
Z.Ci per rent. 

The application of a number of casting aluminium 
alloy~ in the national economy also (ooh promi!'iing. 

The chemical comp.l!'.ition and properties of lhec;c 
alloy:- arr· givr·n in lahles 4 and ~ 

Hardness. kgf/mm2 
Quantity of proccs..c;cd meal 
to complete wear, in tons 

45 400-500 

53-55 2,:xKJ 

50-52 3,000 

A5 can be seen from the table given, the chemical 
comp<>5ilion of the alloy5 is complex enough: tilanium, 
zirconium and boron arc introduced in the composition 
as modifiers of the solid solution. Cadmium and indium 
aid uniform and extensive formation of Guinnicr
Preslon 7.0nes upon ageing of copper-containing alloys. 
B.:ryllium protects alloys from oxidation in the liquid 
state, while bismuth being a modifier of eutectic 
particles in alloys of the aluminium-silicon 5yslcm, 
increa.c;cs the threshold stress under corrosion of up to 0.9 
from ~ 0.2 . 

Ve~5atile propcrtici; and a wide range of working 
lemperaturcs permit the application of lhesc alloyi; in 
cr~ogenic machin.!· building, ini;trument components 
intricale in configuration and computers, in 
con!>tructioni; of compcn~ting devices controlling the 
tension of contact lines on railroad5, in prosthesi!'. 
componcnli; and invalid carriages, elevator 5lair hell'\ 
used in underground i;tation!\, etc. A diagram of a 
pr()!;thesis component made of aluminium i.o; shown in 
figure-'· while a thin· walled struc1ure for an instrument 
is shown in figure 5, page 12. 

In developing space lechnology product<;, 
ex1ensivt~ u~ has been made of procei;...ci; of powder 
melcillurgy, primarily for lhe manufacture of lung. .. ten· 
copper pi:.cudo· alloy parl'i for un:L'\ suhjcrt to heat 
;.ttack, and r.ccondarily for the manufacture of critical 



Table 4. Chenical r~ition of casting aluninlm c1lloys 

Alloying elEl'll!fltS, \ (w/w) 
Alloy 
Grddt: Al "1 Si Cu Ti ltl Bi Zr B Cd In 8e 

,\~ -104 base 0.3-0.5 7.5-9.0 1-2 0.1-0.2 - 0.1-0.3 - - . . 0.03-0.1 

A.-lllS base 0.15-0.35 7 .0-8.5 2.3-3.5 0.05-0.2 . 0.15-0.4 . . 0.15-0.35 . . 
,\' -246 ba~e - . 4.8-5.5 0.12-0.25 0.4-0.6 0.1-0.3 0.05-0.12 - 0.1-0.25 0.05-0.12 -
A~ -311 base 8.3-9.4 . - 0.08-0.2 - . . 0.01-0.1 - . 0.05-0.1 

A. -322 Fe 
base 6.8-7 .2 0.1-0.3 - 0.2-0.4 0.25-0.4 0.1-0.2 . . . . 0.01-0.03 

... 
Table 5. Properties of casting alunlnlun alloys 

PT"ODerties 

Alloy gr.tde Casting nethod Method of heat treatnent '-' It • kgf /rmf .;:.. n .,,kgf/rmf (.., ._,\ 
Working ten.,erature 

range, ·c 
,_. -104 .. 30-34 16-19 3-5 -196•200 

A~ -18!> . TS 36-38 29-33 6-8 -253+200 - TS 43-47 27-33 10-15 -253+200 
A'-246 T6 47-51 40-45 4-8 

A. -Jll T4 33-38 16-18 14-18 -70+100 . T4 36-40 17-19 17-22 

A~ V.2 25-27 22 6-9 -169+100 
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part.; in hydn>gen j.:ts frum fa..;t cooled powder; 
(granuk"S). In onkr to oht;1in high pmperties anJ a 
lheon:tical Jcnsity or mat.:riat... the method of hot 
isostatic pn."S...;ing wa..; u..-.cd extcnsi\·dy. The combination 
of the powder obtaining. method and a hig.h ClX>ling. rate. 
a..; well a..; the technoll>gy and equipmer.l 10 prepare 
p~uJn·a!!oys. p.;rmiacJ the fa.;t Jcwlopment of the 
manufacturing. pmce-;..; of parts for \·alw groups uscJ in 
automobile engino..-:.. in particular the \"al\"e scat from 
hig.h-s(l\--cJ culling sh.-cl of the P6M5 type containing 
15-25 per cent copper. which compeh.-s with the ~-st 
foreign analogU\.'S. The pans underwent succo..-s..;ful 
(l.'Sling in the automobile cngin ... -s of Mosh·ich cars 
within the Federation and abroad. It ha." been estimated 
that the production areas rclea.-.cd a.'i a rl.'SUlt of the 
conwr.-ion will he used lo set up the manufacture of 
-' million \·ahe parts. 

The appli .. ation of h:chnolngics for superfa.<,l 
cooling of melts in co1nbina1ion with the method of hot 
iS<>!.tatic lrealmenl pcrmim:d the dcn:lopmenl of a new 
g.en.:ration of hig.h-energ.y corrosion-resistant mag.net-; of 
lhc nendim -iron- boron sy:•acm (sec figure 6, page 13). 

Characteristics of these magnet-; arc g.iwn m 
tahle f1. 

Tahk h. Magnet propcnics 

Prnpert~ Value 

Residual magnetic 
induclion 10-12.S kgf 

Coercive magneti1ing. 
force 12-IS kA 

:\.fag.no..·tic ener~y 25--lll M<isA 

Kuri temperature :\()1)- .JIJll° C 

Den,it~ 7.J-
75 ~ cm·' 

Senice temperature up to 1511° c 

The application of these m;1gnets ;is the sources of 
permanent magne1ic fields in gener<1lors 1:nd cleclric 
motor... magn.:tic collar'\, su~peno;ion!., hearings, 
liAhtcr.ing.,, in .. 1rumcnt.., ;ind mcdi..:;,I eljUipmenl tools 
will permit a con~iderahle improvement in technical 
c:h<1ri1cteri.-.tic' or the a.c,. ... igrment of new properti..:s. 

The lechnology of hot i~r.-tatic treatment h;L<, 
;ilre;idy been •ucce ... .,fully i!pplied lo improve the strength 

of drilling equipment anJ cutting tools u.~d hy road
wurking m;ichinl.'S 10 remm·c a."phah coaling.s. 

E\·en beryllium. a specific material used in 
nuclear cncrgclil-s and space lel·hnology. may al'\O 
become a subject for conwrsion. A combination of high 
cla.,.1icily noi.~ spr·~ading moduli with il'i low density 
makl.-:. this clement lhc bt.-st material for dcctro-dy·namic 
stands. A diagram of the plakn of the \·ibr.ttion stand of 
beryllium .l 10 mm in diameter is shown in figure 7 
page U. Comparali\·e characteristics of the vibration 
stand tables of magm.-sium and beryllium arc giwn in 
table 7. 

From the data giwn abow it can be seen that the 
beryllium \·ibration stand tables double n.~>nancc 
f rcqucncil.'S and reduce the acceleration parameter scalier 
50-1110 times agamst the tables of magnl-sium. which 
mako..-:. beryllium the preferable material in testing radio
dcctronic component-; and devicl.'S. 

()f major importance is the USC of new 
progro..·ssi\"e metallic material<, in the medical field. Thu. ... 
high ·s[rength casting aluminium (table 5) anJ titanium 
allcy·s may he suCCl.-S.'ifully u~d in the manuiacturc of 
'.ntricatc ca.-;t parL'i for use in medical items (Ilii"arov·s 
extension de\·iccs. prosthesis components. JOtnl 
endoproslhl.~'S. part" of invalid carriages. etc.). The 
weight of the part-; will thcn:hy he reduced by 211-
50 per cent. 

Diaphysical plates of cryogenic steel with the 
strength of not k-s.-; than 180 kgf /mm.! aml high viscosity 
an· sUCCl-S.'ifully u~d in curing complex limb fractures. 
To increa.<;c biological incrtncs.'\ of Jiaphysical plall'S, ;i 
special technique wa.'\ Jewlopcd consisting of their 
coating with titanium nitride, ;i wry hiologic;il inert 
matcrial. Due to the high strength of the pl;1tes their 
width is reduced against that of ;inalogous Rus.'ii;in-made 
and foreign plates, which permits a two- lo three- fold 
reduction of the rchahilit;ition period for p;itients 
suffering from limb fractures. A diagram of the 
diaphysical plates made of cryogenic;illy hardened steel 
is :-.hown in figure X, page 1-J. 

The Je\·dopment of devices for the osteosynthesis 
of limb fractures near jo:nts with the form memory 
cffei.:t al\IJ shows promi~. Specially developed m;1lerial., 
haw ;i temperature of the reverse martcnsitc conwrsion, 
32- Jh

0

' ', while strcs.<,cs dl·vclopcd in form restor;11ion <1re 
within 12-25 kgf/mm.!. A diagram of the device for 
fixing limb fracture'i nc;ir joinrs and ensuring their 
compression is shown in figure CJ, page 14. 

The m<1terial pos.,es.'\Cs high incrtnes.'i tow;irds 
human tis.<;uc and permits a halving of lhc rch;1hilitation 
period. 
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Table 7. Comparative characteristics of vibration stand tables 

Table material Diameter, mm 

Magnesium 
214 

Beryllium 

Magnesium 
310 

Beryllium 

Magnesium 
390 

Beryllium 

Especially efficient is the application of polymer 
compo.site materials in various industries and may be 
characteri7.ed by the following figures: 

Percentage 

- Shipbuilding 23 

- Construction 21 

- Machine and instrument 
building 21 

- A\·iation and space technologies 18 

- Ground transport 17 

The acquired experience for the creation of Jcsign 
and technological solutions and progressive 
manufacturing processes pcrmitc; the organi;r.ation, within 
the sphere of the conversion, of the production of a wide 
choice of product'i. The main items will be: 

- Sectional reservoirs with capacities of up to 
1,000 m3 for the storage of liquid and bulky 
malcrialc;; 

- Pipes up to 400 mm in diameter for the 
transportation of foodstuff and dangerous 
substances; 

- Ga.c; and air ducl'i for the chemical and 
microbiological industries; 

- Heat insulating panclc; for use in refrigerators 
and containers; 

Componenl'i of invalid carriages and other 
medical equipment. 

A joint Rus.c;ian-ltalian venture, Compital, wa.c; 
founded for the manufacture of containers and pipes. 

Resonance frequency, Acceleration scauer, 
Hz o/c 

4,500 1,000 

14,000 10-20 

3,500 1,000 

7,000 10-20 

2,500 1,000 

5,000 10-20 

The manufactured and tested specimens of shell and 
pump pipes for the oil extraction industry have 
demonstrated the feasibility of using polymer compo.site 
materials in piping for pressures as high as 560 kgrJcm2• 
The utilization of such pipes is especially efficient in oil 
fields high in sulphur, where the service life of low-alloy 
steel pipes does not exceed two years a.c; a result of their 
poor chemical resistance. 

Plastics may be efficiently used in large-scale 
thermo-containers and refrigerators, increasing their 
commercial loading by 20- 30 per cent by assigning load· 
bearing functions to heat-insulating panels and reducing 
the integral heat transfer coefficient through the 
reduction of a number of joints as compared to the 
containers and ref rigeralors using ordinary melal panclc;. 

Efficient wind power plants of 100-1,000 kW can 
only be made of high strength and .stiff fibregla.c;.c; 
pla.c;tics. The first environmentally safe planL'i of 100 kW 
capaci1y whose structural components, i.c.fan blades and 
aggregale body (deflector, spars and supporl maslr.) arc 
of fibregla.'i.'i, are now pa.c;.c;ing scrvicc lCSl'i. 

The next stage is the u.c;c in heavy-duly unitc; of 
carbon and organic pla<;lics whose unit ~.trcnglh is twice 
that of the unit strength of fibrcgla.c;.c;. 

A fibrcgla.c;.<; with an alumophor.phalc binder ha.c; 
been de.,.·clopcd for the second stage of lhe Energia 
rocker · to protect the uniL'i fixing iL'i jets. The 
development of this pla<itic laid the ba.o;is for a new cla.c;.o; 
of material<; intermediate between the polymer composite 
malcrialc; and ceramic..'i. The manufacture of malcrial'i of 
this clas.'i is carried out in accordance with t!1e polymer 
composite material tcchnologicr., while the material 
properties approach those of ceramic materialc;. It ha.c; 
been confirmed experimentally that gla.'i.'i pta. .. tic..'i of this 
cla.'i.'i arc incombustible anJ do not emir any toxic mailer 
up to lcmpcraturcs a.c; high a.'i 1,200°C. The n:atcrial hac; 
a dcn!iily of 2 g/cm3 and a bend strength of about 
15 kfg/mm2. 
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Modern decorali\·e surface finishes in 
combination with high flame resistance offer grcal 
advantages for the use of this material in finishing 
interiors and exteriors of different means of transport. 
The application of this material in place of plastics using 
organic binders considerably increa.-;es the safety of 
passengers in emergencies. Nowadays. this plastic 
material is used lo co\·cr walls of underground trains. 
Pauerns of this pla.slic with various finishes arc shown in 
figure 10. page 15. 

An efficient sphere of application of polymer 
composile material-; is the frict;on unilc; operating under 
heavy-duty conditions al high rates and loads and the 
effect of low and elevated temperatures in different 
ga.-;cous and liquid mcdid. However. contrary lo the 
traditional methods of approach towards the 
dcwlopment of polymer composite materialc; in self
luhricaling materials for friction units, the polymers 
should be of high strength. thermal and wear resistant, 
while their binders should be powder or fibrous 
materials with low friction coefficients and wear. In 
order lo cr.:ale non -metallic self· lubricating materials 
operating at temperatures of up to -t00°C and in liquid 
aggres.c;i,e media. the binders should be po!y!:-a1ides. 
polyphenilensuphides. polyben1eimida1olc;, while the 
fillers should be molybdenum disulphide. graphite, 
oxalon and carbon fibres. The main grades of sclf
lubricaling matcrialc; and their properties arc given in 
ta hie 8. and a diagram of parts made of self· lubricating 
compo-.ile materialc; is shown in figure 11. page 15. 

As can be seen from lhe labk, self-lubricating 
malcrial-. ensure operability of units within a wide range 
of h:mperatures and loads. The composition of Synlec 
uses a fobric of helerocyclic polymer·polyoxadia10I 
<>x ... alon and car hon fabric U r;1l, and formaldehyde resin 
Sf- :!1J. which ga\·e thermally resistar1l sewn structure 
approaching the carbonated structure and ensuring stable 
anti- friction properties upon lr;msition bclween 1he plus 
and minu-. temperalme' and durable (l.!KIO hours) 
opera bi Iii y ;11 loads of up 10 XO MPa. The material Aflal 
is succe.,sfully u1ili1ed in the construction of exca\·arors, 
including !hose operating al temperillures <L., low a.'> 
. 5fl°C. 

lmprO\emenl of technical parameters of space 
technologies neces.-;ilated the creation of ero-.ion · resislanl 
materials that po!'-..,es.c; high thermal stabilily and strength 
lo temperature-. as high as 1,flflfl°C. A wide sclcction of 
-.uch material-. has been Jcvdoped on lhe ba.'>is of 
carbon· carbon, ceramic and carbon· ceramic 
composilion... Research h;Lc; been carried oul covering 
oplimitetlion of the hody struclure, dclibcrale change of 
dcformalion properties of 1he die and adhesion conlrol 
on the die- fibre houndary; re~·arch ha' shown the 
fe;1sihili1y of developing carbon-carbon materials with a 
slrength of no le~., than -to kgf/mm 2 and ceramic 
material., with lhe 'lrenglh of no 1c~., lhan IOO kgf/mm2. 

\fain effort!-. in the development and improvement of 
carhon -carhon metlerials is lo improve I heir -.rrenglh and 

oxidation resistance while for the ceramic materials 
ba.c;cd on oxides, nitrides and carbidt.'S the main purpose 
is to increase destructive viscosity. 

These materials. that were developed specifically 
for space technologies. have also found their use in 
\·arious industries such as materials for heat insulators 
and melting crucibk.-s for metal-;_ Carbon-carbon 
materials arc u..c;cd lo manufacture heating clements for 
high-temperature furnaces, braking devices and hot
pressing moulds. bearings and piping.-; for chemical 
machine-building aggregates, and recently for 
cndopro.sthescs for the coxofcmoral joint (figure 12. 
page 16). 

Sc\·eralsucccs.sfuloperations ha\·e been performed 
on patients with thigh cervcx fracture. The material is 
outstanding for its high compatibility with human tis.c;ue. 
while the manufacturing process for the endoproslhesis 
permits complete reproduction of the bone tissue. 

Extensive use of structural ceramics obtained on 
the ba.c;is of aluminium oxide with a microhardncss of 
l,6(Xl· 2,000 kgf /mm2 permits the moderni1.ation of light 
industries and the manufacture of chemical fibres. 
Threads may pass through looms fj\·e to seven limes 
faster if conlacl parLc; made of such ceramics arc used. 
The strength and quality of thrcadc; also incrca'iC by 
approximately 15-20 per cent. Wear resistance of the 
thread driving parlc; made of aluminium oxide is three lo 
five limes higher than that of the traditional metal 
material'> and porcelain. 

New perspectives in developing and modernizing 
malerialc; may be opened upon introduction of cosmic 
technologies. i.e. the production of malerialc; under i'.Cro 
gravity conditions. Zero gravity causes considerable 
effect on heal and mas.' transfer proces.-;cs, hydro· 
dynamics, pha.o;c pa'i.sages and superfici<1l phenomena. 

About 51lfl experiments carried out during rode! 
launches and on the aulomalic orbilal complexes of 
Foton and lhc space stations Salyut and Mir permiued 
the determination of the mosl promising materials and 
lhe -.cope of their pos.<;ible u1ili1alion (figure B . 
page 17), vii.: 

Thallium arsenide for the r•roduction of 
integrated circuits; 

(iermanium, mercury diiodidc and cadmium 
tclluride for infra-red and gamma-ray sending 
units; 

Cadmium <oulphide and 1inc oxide for 
pcrspcc1ivc uhraviolcl and hlue· green lasers; 

Protein crystals (neurominid<ise, reverse 
lranscripl;1sc, ch:.). for lhe creation of 
4ualilalivcly new lreatmenls for influen1<1, 
AIDS and olhcr illnesses; 



· Protein preparations for medical purJlOS'.'S of 
high purity (insulin. tumour necrosis factor, 
hepatitis B \·accine. elc.); 

· Highly producti\·e cells · producers of feed 
\·itamins and antibiotics (ribofla\·in. 
tlarnmicine. tylozine. etc.): 

· Gradans (gla.o;ses with \·ariable refraction index) 
for pcrspcctivc optical systems; 

· Monodispcrsc filled or unfilled latexes for the 
preparation of diagnostics and transport of 
medicines to affected areas. 

. 8 . 

The technical requirements for the manufacture 
of compkx semiconductors and biological preparations 
in space arc gi\"cn in table 9. while the conditions 
a\ailable on spaceships arc drawn in table lll. 

The gi\·cn dalil demonstrate that space vchiclt.'S 
Nika· T and TMll fully :-.ali.-;fy the rcquir..:m..:nL' for the 
material production in space. 

It should be! -.:oncluded that new materials may 
delermir...: the development of ci\·ili1.alion aud permit the 
realitalion of new engineering dt.>Signs, as well as help in 
the solu::_,;1 of our planet's nutrition problem and health 
protecti. '". 

Table 8. Properties of self· lubricating materials 

Material grade 

Property Syntec AFT AL EONIT-3 FENAN Polyar 

Density. g/cm3 1.1-1.2 2.0- 2.5 - 2.1-2.2 1.3 

Friction cocfficienr 0.1-0.15 0.1-0.2 0.1 0.08 at 200°C 0.1-0.2 

Wear Intensity. mm I 10·9 I 10·9 0.5 10·9 1 10·9 o.5 11r 10 

Unit load, MPa 80 250 - 150 -

·250-
-+250 

-253- shortly: up -150· 
Service temperature, °C ·150-350 -+250 to .WCJ ·#iOO -190-+200 

Table 9. Technical requiremenL'I for the manufacture of material in space 

Returnable mao;.'i, tons per year 
Duration of 

Material Power, kW Acceleration process, hours Net Gros." 

Complex 
rn--•. ur5 semiconductors 5-30 up to 250 1.0 2.0 

Biological 
ur3- ur6 preparations 0.5-5.0 up to 400 up to O.ot 0.5 

Fundamental 
research 0.5-2.0 up torn·'} up lo 400 0.05 0.1 



. '} . 

Tab!.: IO. Spac.:cr<1fl condition..-; 

R.:turnabl.: m;L'\S. tons p.:r y.:ar 

Spa1:.:crafl Pow.:r. k\\ Acc.:kration Lik years '.'\.:t Cirnss 

Foton llA ur.; 11.0.t 0.03 0.1!5 

'.\lir 2 11r1-10·3 2-3 0.02 !I.OJ• 

Nika· T•• .t·h 10·.i O . .t 0.05 II.! 

Buran to 25 ur5 0.1 0..1 115 

T .:chnological 
moJul.: T'.\111° 0 25·.tO ll,.l) 5 1.0 2.0 

• For one flight of lamling moJul.: "Soyut''. 
· • 'ow only <lcsign.:<l. 
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Figure 1. Space rocket system "Energia-Buran" - general "iew. 

1. High-strength marging steel. 
2. High-tensile titanium alloy. 
3. High-tensile aluminium alloys. 
4. Heat protection. 
5. Carbon b~d plastic. 
6. Cryogenic thermoinsulation. 
7. Cryogen -resistant aluminium alloy. 
8. Beryllium ca.sting alloy. 
9. Carbon-carbon composite material-.. 
10. Cryogen·rcsistant steel-.. 
11. Heat-resistant nickel (alloys. 
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Figure 2. :\fac.r~~'S made from sted of 20x3~l type: for animal formula feed manufacture. 

Figure 3. Vacuum cutter with knives made from marging steel. 

T 

/' 
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Figur~ 4. A kn~ joint part made from Al-based alloy. 

Figure 5. Thin-v.-alled Al casting for de\ic.?s. 

( { 
' , 

..... 
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Figure 6. High-energy .::orrosi\·e resistant ~d-Fc-Br magnets. 

Figure 7. Vibratable stand made from beryllium. 



\ 
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Figure S. Diaphysical piates made from cryogenic reinforced ste:l. 

------ ------- - -

Figure 9. Bone breakage fixaiure made from shape memory material. 

' ... 
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Figure IO. Fire-proof plastic . 

• 

Figure 11. Parts from self - lubricating composite ma1erials. 
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Figure 12. Hir joint endoprostbescs. 
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Figure 13. Range of products manufacturing in space. 
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2. TECHNOLOGY IN SPACE. ACHIE\'EME~TS. PROBLEMS AND PROSPE<..IS 

by Yuri G. Bushuc\"• 

The la.'il decadt..-s ha\·e seen a new Jircction in lhe 
progr\.'SS of astronautics. namd~· the industriali;.ation or 
space. 

Work on mastering a new production medium -
space - is carried out over a wide range and 
incorporates. for instance. the science and technology of 
space materials. 

The science of space materials inmh•es a number 
or inlerrdated problem5: 

Study of the prOC\.'SS\.'S of heat-mas.s transfer. 
pha..-.c! transitions and surface phenomena 
under conditions of weighl~ess with the 
aim of de\"eloping corresponding r undamental 
scientific Jisciplin .. -s: 

Jmpro\"emenl or pr\.~nl production prOC\.~ 
on thi." ba.'iL'i; 

Creation of a complex of on-board 
production installations and testing the 
production proccs.'il.~-

A new scientific discipline - the physics of 
weighdessne!'S - originated and is fast de\·eloping al a 
junction or the theory of heal- mas.'i tran.'ifcr. 
hydromechanics, theory or phase transitions and surface 
phenomena_ It studies the physical condilion.'i that occur 
on board spacecraft. Weightk-s..'inCS..'i physics reprc.cnts a 
scientific ba.'iis for mah:riab science and technology in 
space. 

At present, srndies on space technol..1gy problems 
arc mainly carried out in the RU.\.'iian Federation, 
the USA and Europe. 

The first expcrimenl'i in space technology were 
performed in 1969 by the Soviet cosmonauts 
G. S. Shonin and V. N. Kuba."'lv on board the spaceship 
Sojuz-6. With the help of a "Vulcan" installation. 
experimenLo; were carried out on welding, a.'i ~ell a.<, 
studies on the proce-;...cs of melting and Mllidification 
under conditions of an orbital night. 

Studies in the field of space lechnology began in 
1he \;SA al the end of the JC)(i(Js by a ..cries of 
expcrimenL'i conducted on relea...,ing towers anJ then 
in aircraft laboratories. During the nights of lhc 

• Yuri G. Bushuc\, Deputy Director (icneral, 
"KOMPOZIT CORP", Kalingrad, Moscow Region, 
Rus...,ian Federation. 

US spaceships Apollo-14, -16 and - 17 in 1971-1972. a 
number of demonstration experiments were carried out. 
including the first experiments on electrophoresis 
separation. A considerable step forward in the 
Je,·elopmenl work in space technology were the studies. 
carried out in 1973-1974 on lhe Skylab orbital stalion 
followed by experiments wilhin lhe founework of the 
So\"iet-USA project Sojuz-Apollo in 1975. 

Regular research inlo space lcchnology began in 
the USSR on piloted spacecraft in 1976 with expcrime'lts 
on the long-lived orbital stalion Salule-b. A number of 
experiments Were arried OUt OD the pcculiarilies of 
cry-stallizalion in wcighllessness, the beha\"iour or liquids 
and occluded gas in lhe liquids with the help of crystal 
and diffusion instrl!ments. etc. A lechnology for 
soldering lhe permanenl joints in space was teslcd in the 
Reaction installation. An extensive work programme in 
space technology carried out on high-temperature 
elcctriC' heating furnaces Alloy 01. Cry-stal and Olhers on 
growing monocrystals from a mdl of directed 
cryslalli7.ation methods. steam and chemical transfer. 
epitaxy. etc .• was carried oul on the Salutc-6 station. 

Already these first research experiments ha\·e 
re,·calcd a number of lechnological process peculiarities 
when obtaining materiak under orbital llighl condilions 
of a spacecrafl. The experiments on growing crystal<, 
from mdL'i re\·calcd phenomena of melt separation from 
non-wettable walls or the ampoule and heavy action or 
the Marangoni comection on a mass tran.'ifcr in the melt 
ilS a priority role of diffusion. In thi.'i case, the obtained 
crystals themscln.-s turned out to have a lower density of 
dislocation hy I -! orders and increased macro- and 
micro-uniformity or distribution of the alloying 
impurities. 

Technological prOC\.'S.'> peculiarities that were 
rewalcd in order to obtain material" on board a piloted 
orbital station stimulated the carrying out of studies on 
the technology in space in ai:tomalic spacecraft a.' well. 
During the period from 1976 to 198.! a programme of 
investigations Wib carried out with the help of vertically 
launched rockcL'i with a weightlcs.'i time of about 
ten minutes. The material" science cxperimcnl.., were 
carried out with the u.<ie of chemical exothcrmal healers 
(referred to a.'i BKT). More than 140 expcrimenl.'i were 
performed with the U<,e of semiconductors, gla..._., and 
composite material<,. The peculiarities of alloy structures 
formation were studied from non-mixing components 
under Earth conditions (Pb-Zn. Bi-Zn, ('u-Cr, etc.), 
eutcctics (Al-Cu, Mn-Bi, etc.), multi-component glas.<,cs 
(ph,~phate, borate, etc.). The strictly regular structure.., 
of eulectics and impro\cd optical characteristics of la.<,cr 
gla.<,.~s were obtained, a..-. well a."t confirmation of the 
bcha..-iour peculiarities of mell.,, depending on the 
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moistcnability of ampoule walls. Semiconductor 
monocrystal specimens (Ge. etc.) were oblain\.-d, while 
prm·iding the replacement spa.-d or a crystalli:ration r ronl 
hig~r than the slip speed of dislocations. 

The launching of the So\·iel salellit..'·s Cosmos-
16-15 in 1985 and Cosmos-17.U in 1986 started a period 
of using special automatic spacecrafl (Photon) for space 
technology experiments. 

So far, about 150 experimcnlS have l:k.-cn carried 
out with \·arious c~ of materials on installations
fumaC\.'S with gradient and isothermal 7.0n\."S of heating 
(Zone 01. Zone 04. Alloy 02) by using directional and 
\·olumelric cryslallintion methods, steam and chemical 
transfer and crucibleness 7Dnc melting. These 
experiments once again confirmed the redm:tion of 
dislocations density (approximately by an order) and an 
increa'ie in the uniform distribution of monocrystal 
impurities, obtai:icd in space (Ge, alloyed Ga, Tc, Sb; 
lnSb. alloyed Tc, etc.) al the expense of suppressing 
thcrmo-gra\·itatioraal convection and withdrawal of melt 
from the ampoule walls. Experimentally confirmed was 
the efficient suppression of convection or convective 
mixing of the semiconductors melt with the help of 
magnetic fields in case of a zone melting. An increase of 
the coercive force two to three times of the magn~tic 
alloys (TbGd)3 Co) and others was re\·ealed, as well as 
peculiarities on the formation of anlifrictional alloys 
(Pb- Zn. Pb-Al, etc.) structures and superconducting 
ones (NbSnT e clc.) in wcightlcs.'\ conditions. A more 
uni form distribution of magnetic inclusions wa'\ achieved 
in magnetic-and-optical gla .... ~-s. in this case the 
incl .. sions lhemsch·cs had larger sizes. 

Ciradans - gla..,.c;cs '' ilh a variable index of 
refraction in diameter. which arc practically of a 
parabolic profile - were obtained. The peculiarities of 
polystyrene and polyacrolein la1ex polymeri7.alion in 
weightb.,ne~'\ (Biser (bead'\) equipment) were studied 
and larger lalcxes wirh magneric nuclei were obtained. 
When cryslallizing 7oolilcs, op1imal condirions were 
found for lhc formarion of a highly impro\·ed gel. Ten 
expcrimenL'i were carried our on the scpara1ion of 
albuminous preparations by using rhc method.'\ of flow 
electrophoresis on the NAF equipment "Biophispribor" 
and of column electrophoresis on the Kac;h!an 
equipment A relative improvement in dividing 1he 
biopreparalions into frac1ions (cz 1-1hym<Y..in. cz2 
genetically engineered interforon) wa\ demonstrated. 
Several biocry,tal'\ suitable for X -ray structural analysis 
were grm•n in spacecraft condirions. Micro-organism' 
for the producer!\ of \lilamins and an1ihio1ic. ... were 
exposed in the Biom ca.-.....clle of rhe Kompo1it Scientific 
and Production As.'iOCialion. 

In individual ca'\Cs, lhe micro-organism slrains 
ha\le increa.\Cd their acti\lily hy approximately 50 per 
ccnl, compared 10 reference specimens. The 
experiments on the crystalli1.a1ion of prolein:r. (innucn1.a 
viru:r.) were al"> carried out on 1he Biocrysl ins1alla1ion 

(the Rotor Scientific and Production Association) on the 
automatic spacecraft Bion. 

Especially wide investigations on space technology 
were realized in the Soviet national programme and the 
lntcreosmos programme from 1977 to 1985, when an 
orbital complex S.."l:ute-6 - Progress and then Salute- 7 • 
Sojuz - Progress and finally Mir began lo function in 
space. 

About 400 experiments on the phy!>ics of 
weightlessness ha"·e been carried out on piloted orbital 
stations. The basic directions of experiments were 
fundamental studies on hydromechanics. heat-tran..,fcr, 
surface phenomena. phase transformations. struclure
formalion, eleclmmigration proccSSt."S in biocontaining 
media. By using the iDSlrumenlS for measuring miero
accelcrations on Pion, Vibration and other equipment of 
the Kompo1j1 Scientific and Production Association. as 
well as on the Biryuza, lsparitel (E"·aporalor) of the 
Ukrainian Academy of Sciences and others, il was 
possible lo obtain data on lhc mechanism of lhc birth 
and de\·elopmenl or the Marangoni conwction. the drift 
of solid and gaseous inclusions in model media al \·ariou.." 
configurations of temperature fields while on board. 
The structure- formation dynamics in di.'\perse media 
(aero- and hydro-soles) were studied. The in"·estigation.'\ 
of peculiarities of the heat-mass transfer in solution.\ and 
melts, when crystallizing the pure metal'\ and alloys al 
sa!idificalion of g~ were continued on the Crystal 
equipment. mirror-radiation furnace. Alloy 01. 
Crystalli7er and others. Condition.'\ for predominance of 
di~fu..'\ion lran.'\fer lo the f ronl of cryslalli7.alion. nature 
or lhe streakin~ origination in lhe specimem; of 
additive semiconductors, clc. were established. A strong 
action hy the capillary con\·ection on mas.'\ transfer in the 
mdL'\ \\"a'\ shown again and new pha~s in composite 
alloys were found. 

On the Pion-M equipmenl, reali1.a1ion was made 
of an experiment to obtain monocryslalo; by using 
Slepanov"s method under conditions clo.-;c 10 
weigh1lc~o;nes.'\. The experiment demonstrated lhe 
pc.s.,ibilily of growing the profiled monocrystalo; with 
higher growth rates than underground conditions by 
e:..panding the regions of the liquid 1one slahilily. 

A sludy cycle wa.'\ carried oul on rhc Tavria. 
Rohol, S\·e1lana and Ruchei (slream) equipmcn1 of 1hc 
Rolor Scienlific and Production As.'\OCialion on di\liding 
alhuminous preparations (inlcrferon, inlerl~ukin, etc.). 
cell-; - 1he producers of interferon, insulin. flavomycin. 
etc. - by using isoclectrofocusing and zonal 
electrophoresis methods. Use was made of colcmn 
slationary and flow lype equipment The !.IUdies 
esiabli~hed an improvement of the rel"o(>lving p<>wer of 
separation proce~...cs and an increase of lhe productivity 
of proce!\..-.c~ hy approximalely two orders. The Biocryst 
equipmenl of lhe Rolor Scientific and Production 
A~""·cialion and Ainur (the Riolech Scienlific and 
ProJuclion As."">eia1ion) of 1hc A1crhaijan Academy of 
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Sc~l?C\."S were used lo perform the crySlallir.tlion 
rl'OC\.~~'S of moJcl rroteins. lhc prolcin of influcn7.a 
\·iru.."' - ncuraminidasc. The indi\·idual crystals lurncd 
oul lo be slighlly larger lhan the Earth analogues. 

A considerable part of lhc experiments on piloted 
spacecrafl was of an applicalion character, being carried 
out wilh induslrially importanl materials, especially wilh 
semiconductors. The CDTc, GaAs and Olber cryslals 
were obtained, with a lowc1 densily of dislocations by 
1- 2 orders, increased macro- and micro-uniformity of 
the alloying impurily distribulion in monocryslals 
compared lo lhc Earth analogues. In a number of c~. 
lite Slru<.lural and eleclrophysical paramelcrs of scmi
conduclor specimens oblaincd in space did nol improve. 

In order lo lcsl lhc lcchnology for gaining 
promising scmiconduclor malcrial"' of high qualily, 
special inslallations were dc\·cloped. among them 
Corundum. Gallar and Opti7Dn; for the produclion of 
the pilot indu....trial batches - Craler B (lhe Scienlific 
Ccnlrc of lhc Scicnlific and Production Associalion). 
Based on lhe results of lhe invesrigations, a range of 
scmiconduclors for lhc space produclion was dclcrmincd: 
epitaxial silicon, gallium arsenide. cadmium tclluride, 
cadmium sulphide, zinc oxide, mercury diiodidc and 
some olhcrs. These materials arc used in the mosl 
important fields of elcclronic engineering. It is 
anlicipalcd that in lhc near future, a"' special spacccrafl 
conslructcd for lhe production of malcrials (see figure 1. 
page 2.1} and a long-life orbilal Slalion complex arc 
launched into orbil, we may solve lhc problem on their 
profilablc production in space and satisfy lhc demands 
of lhe cleclronic.\ industry for these high-quality 
producL'i. The first space specimens have shown, for 
inslance. that the silicon epitaxial structures feature a 
unique uniformily of clcctrophysical paramclers and 
allow material-; to be crealcd that have an increased 
integration cxtcnl and fa.<;t response; gallium arsenide 
monocrystal-; have an extremely low density of 
dislocations and high clcctrophysical parameters for the 
production of various electronic in.-;trumcnl'i, while lhc 
tine oxide monocryslat.. arc suitable in their ideal 
struc1urc and uniformity for lhc manufar1uring of lhe 
UV -lao;c rs. 

At pn.:scnt, already used or ready for use in the 
currcnl year on piloted spacecraft arc the Zone 02 
in!\lalla1ion for the fabrication of ultra- pure and alloyed 
germanium for sensors, and Gradient, whose ha-;ic 
p•Jrposc is to obtain gradans, and the Alloy 03 
i nstalla1 ion. 

Thus, ii may soon be ~<iihle 10 s1arr a pilot 
production of a number of semiconductors and gradans, 
a.<; well a.<; oblain hatches of individual bio-prcparations 
and itlhuminous crystal-; in 1hc intcrcslli of ground 
Ice hnologicli. 

II should also be noted thal alon~ with the resting 
of rhc lcchnology for the production of cor.;:rctc 

material.'\ in space. fon<lamcntal studies an: continuing, 
which in combination with a mathematical modelling or 
lhe Sludicd phenomena. assiSl in understanding lhe role 
or weighlk.'SSnCSS 3S a technological factor in lhe quality 
impro\·emcnt of manufaclurcd products and help to 
improve lhe lechnological processes and equipmenl for 
th.: production of malcrials bOlh in space and ground 
conditions. 

Parallel to the in\·estigalions on piloted spacecrah, 
experiments were carried out in the USA, Western 
Europe and Japan, as well as in the Soviet Union, on 
malcrials science by using high alliludc rockets, directed 
mainly al oblaining metal alloys and semiconductors. 

Especially intensive Sludies in lhe field of space 
technology were carried oul in the scientific programmes 
or the USA and the European Space Agency after 
pulling inlo service lhe multi-lime transport space 
complex Space Shuule and Spacclab orbilal units. 
During the flights or these spacecraft, a number or 
important lechnological experiments were realized and 
many or them were directed at solving the 
commercialiT.ation problems or space production. In this 
ca.<;e, the foreign specialists paid greater auenlion than 
we Russians to experiments on producing biological 
prcparalions in space, which will obviou. .. ly have a 
considerable economic impacl in folure. The situation 
i.c; now being corrected and Rus.sia is planning to perform 
a number of biological cxperimenL-; on the newly 
developed cquipmcnl (ultra-pure \·accinc against 
hepatitis Bon the Ruchei- 2 equipment, cell producers or 
vitamin.-; on the Shtamm (Strain) equipmcnl, etc.). 

At present, an analysi.c; ha.-; been made of the 
situation with rcspecl lo the level of micro-accelcralion. .. 
on board cxi-;ting and some of the future spacecrafl 
specially conslructed for space production (sec figure 2. 
page 24). It is ohviou.-; that there is no ahsolu1c 
weighllcs.-;ncs.c; on board spacecraft. 

To prO\·ide the preparation to proceed from 
experimental studi\.'S 10 pilo1-indus1rial produclion in the 
Earrh orbit, rcquiremenL'i arc formulated for spacecraft 
conditions which arc required in order to obtain high
quality producL'i. Work ha-; been staned to set up 
speciali:r.cd space objccL'i (sec figure 3, page 2J). Ba.o;cd 
on the rcquiremcnl'i for the level or micro-accclcralions 
on board (not more than Hf IO Ci), it is desirable l<l locate 
the ma1crial<, produclion equipment near the spacecraft's 
ma<;.<; centre; in thi.-; ca<;c the preference for iL .. 
arrangement is given to independent pilollcs.-; space 
objecls, since no dynamic disturbances can take place a.-; 
a result of lhc presence of personnel and. in addition, no 
cxpcn!<.es arc required lo set up and instilll a life-support 
syslcm. 

' 

Since lhc dynamic si1ua1ion in 1h,· produclion 
equipment ;ronc is one of the mc)!;f '>Uhstanrial factors 
wh'en determining the final producl quality, ii is 
ncccs.<;ary to use the production equipment vihrarion 
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diminalion slruclurcs. !!Specially when using a piloted 
spacecraft. 

The Kompozil Scienlific and Produclion 
~ialion has crealed and uses an experimenlal module 
(Vibralion) on board lhe orbilal slalion Mir to study the 
influenl-e of vibr.uing micro-acccleralions on the run of 
production proces..c;es when manufacturing materials, and 
t.-specially on lhe heal·m~ lr.msfer in liquid phase. The 
suspension lo protect against vibration is also dc\·eloped, 
which enabk-s the vibro-isolalion o' an objecl with a 
mas.s of 5 kg and possesses a good carrying capacity 
under orbital stalion condilions. 

There is no doubt thal. aher accumulating lrue 
dala on lhe positi\·e influence of spa.;e conditions on the 
production processes of high-quality materials and 
taking into account or eliminating negative faclors, 
industrial manufaclure of products will be organized in 
independent orbi1al stations. 

The organi7.ation of large-scale production in 
space will require high power capacity, bigh
temperature production equipment and correspondingly 
the powerful systems of energy supply (30 kW and 
more). So far, the basic type of equipment for the high
lempcralure production processt.-s is represented by 
elcctrolhermal installations and the power systems are 
based on solar balteries. It is considered irralional to use 
electric power obtained by photoclectrical conversion of 
solar radiarion to perform heal production operations. 
The heat proces.'iCS can be carried out directly by solar 
radialion heat by using the concentration systems, by 
increasing the density of solar radiation flux lo a level 
necessary for its efficienl use. The high-intensive 
radianl fluxes. oblained with the help of solar radiation 
concentrators, may be used lo perform production 
proces.o;cs with sufficiently large objecL<;. 

In preparation for the use of solar radiation 
direccly for heat processes, the optical furnaces 
(Opti1on- I, etc.) were produced, bao;cd on artificial 
sources of light. Such furnaces allow comparatively 
small reflectors lo obl.•in lhc luminous fluxes capable of 
irradiating small object-; wilh a high inlensily. They are 
succes.'\fully used bolh in ground condilion~. and in 
spacecrafl condilions to provide radiant heating while 
performing a number of experimental and manu
facluring proces.o;cs bao;cd on radiation-and· heat· 
lrcatmcnl technology. In many cao;cs lhey arc more 
efficient com pared 10 cleclric heat -lrealing furnaces on 
the ba<;is of an ohmic hearing. The optical furnaces are 
of special importance for providing high-temperature 
produclion proces.~s. By a relalively simple melhod, 
t'1ey permil lhc melting of refractory joint., at 
temperatures of up lo JOOOK and grow mono·cryslal<; 
from melt!> in a wide range of temperalures and 
pres.-.ures. The fearures of radian! heating in the optical 
furnace,; i;ucces.-.fully combine wilh lhe condi1ioni; of 
weighller..<iner..'\ and vacuum. Under weightles.-. 
condi1ioni;, the optical furnaces enable conlainerles.o; 

healing. As a result, conditions are created lo obtain 
pun: materials; that is, the appearance of impurities in 
materials caused by contact with a contaminated atmos
phere. crucibles or the heater. is practically impossible. 

The space ••acuum is supposed to be used lo 
obtain ultra-pure materials for fundamental studies on 
thin films, as well as for studying surface phenomena, 
applying the reflecting coatings on mirrors and 
de. veloping materials with synthesized micro-structures, 
such as superlattices in electronic and photoelectronic 
devices. For such applications. it is proposed lo set up a 
space supervacuum research module (SU RF) in the 
USA. 

The Kompozit Scientific and Production 
Association has started work on developing a solar 
furnace. During the de,.·elopment and testing of this 
furnace (based on the concentrator of solar energy), use 
shall be made of the experience in technological 
processes on rocket probes through the use of solar 
concentralors and the known results of realizing the 
production processes with the help of optical mirror· 
radiant furnaces (based on artificial sources of radiation) 
on lhe Soviet orbital station Mir and piloted USA 
Spacelab orbital units. In Russia, it is planned to create 
an experimental base for the ground testing of space 
helium installations by the production processes used to 
ob1ain materials. The reali7.ation of this work is 
associated with a number of difficulties. Firsl of all, it 
is very difficult to create an accurate concentrator with 
a high reflecting power which is stable to exposure lo 
elcclron and proton fluxes of a high power under space 
conditions. However, despile lhe various difficulties, the 
application of solar energy concen1ration syi;tems 
represents one of lhe promising ways of improving the 
energy-m~·dimension and economic indices of 
spacccrafl with an increa-.ed on-board power 
engineering for lhc power-intensive proccs.o;cs of 
indui;trial production of malerials in orbit. In addition, 
the concentralor should be stable to the effecl'i of meteor 
particles and uhraviolel radiation. For such a i;pacecraft, 
the power planl supplying electrical energy ii; al'\O an 
important componenl and 10 a consider;ible extent 
de1ermincs its mass, efficiency and cost Dcspiic the fact 
thal wlar batteries have proved lhcmselves to wnrk weli 
in space, they may be out·compe1ed by power i.ystems 
wi1h 1urbogcnerators. 

Therefore, a hybrid !J<>Wer planl is under 
consideralion to supply the orbilc.I space station complex 
wi1h electric energy, containing ph-,toclcclric converters 
and turbogcneralori;. Pow1:r syslcms with 
lurbogenerators have a parabolic mirror lhat focu.~s 1he 
solar rays, and a power receiver. Th" power receiver 
con1ains a melting ma:erial (i;ah), accumulate,; the 
conccntra1ed heat energy and a working i;ubi;1ance (gas) 
activates the turbine, which rotates the electric generator. 
Under lhe aclion of !iOlar radiation heat, lhe salt melts 
and when lhe slation is in i;hade solidifies by giving lhe 
heal lo a workiog :1ubslancc. 
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The efficiency of the turbog.cneralor system is 
determined first of all by the efficiency of the heat 
engine. which comes lo about 30 per cent and the 
efficiency of the heal energy accumulation (o\·er tJO per 
cent). As a r'--sult. the efficiency of the turbogenerator 
system may be considerably higher than that of a silicon 
solar haucry ( 1-1 per cent). 

The turbogenerator power systems haw so far not 
been used in space, but there is a reliable technological 
base for their production for ground purposes and 
a\·iation. It is assumed that the most suitable heal 
engines arc turbines, operating on the Renkin or Braiton 
cycle: lhe preference lo one of these cycles will be gi,·en 
aflcr performance of comparative tesls. 

It is hoped that the hybrid power system will 
combine the best qualities of photoclectrical systems 
(high reliability, low expecled risk, low scnsiti\·ity to 
guidance errors) and systems wilh turbogenerators (low 
cosl of the ba.r,ic a.'iSCmblies and area of the mirror), 
especially important if the power systems arc designed 
for long-term use. 

When a..-..o;cmbling large-scale constructions in 
space. us.: may al-;o be made in the processes of welding 
and soldering of direct heating by concentrated solar 
radial ion. 

Likewi~. the use of a sclf-propaga1ing high
tcmperature synthesis process (SHS) is rather promising. 
Welding by 1hc SHS method is useful in the absence of 
power sources for the traditional methods of welding and 
soldering or in lhe event of th-:ir low efficiency. The 
application of the SHS method for welding refractory 
melal.; and malerial.;, especially heterogeneous pairs, 
i.e. graphi1e-slainless steel, is mcr.;t expedient. 

For the clemenLo; of large-scale space construclion 
in open space, the characteristics that determine the 
sclcc1ion of structural material arc density, slrength, 
~tiffnes.' and the cost of delivery of the required material 
lo the specified orhit. Alloys of magnesium with li1hium 
arc !he ligh1es1 of those which may be obtained in space 
and used in \'arious constructions. Although the lithium 
~nodulus of cla.r,ticity is very small, the Mg- Li alloys 
(conlaining up to 14 ma.'\.'i percentage of Li) have a 
slightly b., modulus of ela.r,ticily than !he modulus 
of Mg. If it is desirable to incrca.;c the cros . .;-scction area 
tenfold by using this alloy in a foamed state, then we 
will gel the stiffncs.r, of a cros.r,-scc110n beam equi\'alcnt 
to the s1iffncs.' of a heam from continuous Al with a 
mass per unit of length five time!> grcalcr, or 1hc 
Miffnes.o; of a hcam from foamed aluminium with it ma.<,,r, 
per unit of length grealcr by 1.6 times. The metal.; in 
foamed and sponge stales in Earlh conditions arc 
manufactured hy various methods, including the 
methods of powder metallurgy and by decomposing 
hydride~ and carbonates of metals in 1he melt!\. It is 
obvious 1hat because of the absence of notable 
gravitalional forces, 1hc mc<imds of gas foaming, 

cspc:cially for large parts. may be reali.ted in spare more 
readily than on Earth. 

For example. the following production flow 
diagram is possible. Under Earth conditions. we obtain 
compact blanks of alloy (Mg-14Li-Al). containing a 
foam -forming component of a barium hydride type. 
decomposing at heating with the liberation of a large 
quantity of gas. The compact solid blanks may be 
foamed in orbit by heating in a chamber whose inner 
size and shape provide the reception of a porous part 
with the specified siz.es of the beam of a simple or 
complicated (for instance, lrapez.oidal) section. 

The Kompozit Scientific and Production 
As.sociation has proposed and started, jointly with the 
USSR Academy of Scienc'--s, the preparation of an 
expcrim~nt to obtain porous material.; and articles in 
space by the SHS method with the aim of developing the 
technology of further production of large-scale 
constructions with a low specific con!tumption of 
materials. However, it is still a long way to the erection 
work in space on a permanently operating orbital 
complex for the industrial manufacturing of product<;. 
although the interest in organizing such production is 
incrca.c;ing, not only in Rus..-.ia. For the aims of space 
production, the orbital space station in ihe USA 
(Freedom) and in the countries of Western Europe 
(Columbus, Euvrica) arc at present under development. 
but the real possibilities of industrial produc1ion in space 
arc a.'i yet ab!\ent. The main barrier lo the dewlopmcnt 
of space technology is the irregulari1y and high cosl of 
orbi1al flight-;. 

The space stalion shoulJ be linked to Earth with 
a functionally reliable transport syslcm. fhe progress of 
work on space technology is subslantially hampered due 
to profit uncertainty sufficient for its in\'eslment pay
back. Practical in formal ion is pre~ntly being 
accumulaled ao; to the advantages of ohlaining products 
in space, which should demonslrale the economic 
expediency and commercial potential of production 
under wcightlcs.' conditions. 

In perspective, the economic efficiency of space 
pr1,Juction docs nol caw~ any <louhts. Sci1:n1ific sludics 
and technological cxperimcnL'i carried oui. so for have 
permi11cd the accumulation of experience, tho.: lesting of 
lcchniqucs and development of infra!llructure, 
representing a ba.r,c for the commcn.:iali1a1ion of space 
technology. The arsenal of reliable roe kct ·carriers 
available in 1he Rufl.'iian Federation minimi1cs the 
financial risk a.<,,.;ociatcd with a 1ranspor1 facwr and 
already permiL.; the starl of pilol producls in space. 

The prcscnr, and approved, USSR C ilavkosmos 
programme for developing 1hc lcchnnlogy and 
produc1ion in space for the period 1')1)0 lo l'><J5 
envisC1gcs 1hc use, with it maximum pns.,iblc pay-off, of 
the itVailable spacecraft of 1he Pholnn, Mir· 77KCT type 
and rorke1·probcs, as well as in lhc near fulurc lhc 
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cr~ation and efficient use, from the commercial stand
point. of the orbital complexes NIC:KA-T, LarncHin 
and Tl\111. which arc spcciali7cd for space production. 

Howc\·er. the RF cosmonaut today fac\.'S the same 
crisis as the national economy of the country as a whole 
and the suhscquent sharp reduction of budget alloca
tions for c<1rrying out space programmes h:is required 
the concentration of efforts toward-; the most promising 

directions of work in space production. so as to pro\·idc 
the dc\·dopmcnt of ba.sc technologies lo fabricate a 
number of particularly valuable materials in space. In 
addition. to finance some work on semiconducting 
materials. medical materials and bioprcparations. 
organi7.ations, authorities and br.mch'-'5 of industry which 
are intcR>stcd in the work arc attracted. This factor is a 
main premise for the correct formation of the present 
concept of dnclopmcnt of RF cosmonautics. 

Figure I. Production of matcrialo;: 

- gallium arsenide; 2 - epitaxial silicon; 3 - bioprcparations; .J - zinc oxide. germanium, gradan~; 
5 - cadmium sulphide and tclluridc; b - mercury uiiodidc; 7 - Photon; 8 - Nicka-T: l) - Larnchkin. 
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Figure 2. Conditions on spacecraft 

Returned ma.o;s. t 

Spacecraft Power. kW Acceleration. G Lifetime. year Net Gross 

Mir+77KCT 2 10-.:!_ 10·3 2-3 O.o2 0.03* 

Photon 0.4 10· .. 0.04 O.o3 0.05 

Nicka-T 4-6 10· .. 0.4 0.05 0.1 

Buram up to 20 10·5 0.1 0.3 0.5 

Larnchkin 4.5 10·5 2 0.()2 o.s•• 

TMll 25-40 10·5 5 1.0 2.0 

• Per one flight of Sojuz spacecraft. 

•• Ma5S of production equipment and finished products. 

Figure 3. Requirements placed upon spacecraft for space production 

Returned ma.o;s, t/ year 

Material Power, kW Acceleration, G Process length, h Net Gross 

Complex 
semiconductors 7-15 10· .. _ 10·6 up to 250 2 4 

Silicon 100 10·5-10·6 up to IO 3 4.5 

Biopreparations 0.5-5 ur3-10·6 up to 400 up to 0.002 0.5 

Fundamental 
studies 0.5-1 up to 10"6 up lo 400 0.05 0.1 

••••• 
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3. NEW MATERIALS IN MEDICINE 

by 

Yuri G. Bushue\·, V. N. Karpov and Yuri G. Shaposhnikov 

The great medical and social significance or the 
problem or long tubular bone fractures stipulates a 
continuous attention or investigators on search or new 
more crrcctivc methoJs or medical treatment and 
shortening the periods for patients recovering therefrom. 

During the last decades the new surgical lrcalmenl 
methods enabling the precise connection or bone 
fragmentation and their stabHity for a long period or 
time by application or the different fixtures for 
immersed osleosynthcsis were developed. 

A number or inVL'Sligators have given great 
consideration lo quantity and characteristics or the 
fixtures used, in order lo determine their tendency lo 
diminish such postoperative complications as slow
k11iuing, rcfracturcs and the formation of faulty joints. 

The fixtures, made of co-alloys, which 
correspond in shape lo complicated bone surface 
configuration and tightly fit lo it arc of advance type in 
lhal sense. 

The structure of fixtures put over the bone for 
treatment of long tubular bone fractures designed and 
produced NPO by "Kompositc" arc the mosl available. 

Design of pla~cs which was carried out jointly 
with the Central Scientific and Research Institute or 
Traumatology and Orthopedy by N. N. Priorov and the 
Sibirian Department or the Rus..c;ian Academy of Science 
wac; based on the following principal medical and 
technical requircmentc;: 

The plates must withstand the loads on the 
extremities during normal activity without 
application of plaster immobili7.alion; 

The degree of stability of fragmentc; fixation 
must exclude the pos..c;ibilily of secondary 
displaccmcnLc; or fragmcnL'i instability of 
c;omc degree for all bones during the knitting 
period under functional load conditions. 

The plates musl be workable to production. To 
obtain this performance the metal plate of cylinder 
~gmcnt shape on the face of which there were holes lo 
fix screws was put into the ba'iC of the structure. The 
plates and screws were made of biologically inert 
Tif,<>A 14 V alloy .hat meets the requirements of 
international standard. Because of the complicated 
configuration of the hone surface, the cylindrical plate 
practically cannot he adapted to it and so the point~ of 
plate contact with the hone arc arranged arbitrarily. 

The base screws werP. used in the plate structure 
lo take up the functional loads without bone failure. 

The optimum forms or plates and hoks and the 
number or screws were found by calculation and the 
high reliability and serviceability of items were 
confirmed by clinical tests. 

Analysis or fixtures applied in international 
practice for osteosynthesis shows the most wide 
application for the metal fixtures made primarily of 
cobalt- base and titanium -base alloys or stainless steels. 

However, these materials arc characterized by the 
comparatively low level or strength performance, thus 
their rupture strength is 55-100 kgr/mm2• 

The serviceabili1y and reliability or the most 
extremely loaded fixtun .. >s such as diaphysial plates in the 
above-mentioned materials for thigh and shin are 
achieved mainly al the expense of increa.c;c of item 
thicknes.c; that should be in the range of 5- 7 mm. 

Lowering the plate thickness down to 1-1.5 mm 
upon operating characteristics level maintenance should 
allow a significant decrease in the traumatism of surgical 
intervention and shorten the treatment period. 
Furthermore, the small thickness of the items 
accompanied by the rather high material-; pla.'iticity 
should allow the surgeon to simulate the design of the 
individual plate according to the patient's bone shape 
with the help of quite simple fixtures. Such a ta'ik has 
been solved on the ba.,.is of the development by the 
authors of the unique technology of cryogenic hardening 
of stainless steel, that makes it possible to improve 
Mrength properties by a factor of 3-4. As a result of this 
treatment the rupture strength level or lOX 18H9 stainlcs.'i 
steel rises from 50-55 kgf/mm2 to 180-19\I kgf/mm2 

and yield i;trength - from 35-38 kgf/mm2 to 1(>0-
170 kgf/mm2. The relative elongation is 8·10 per cent 
al rather high pla.c;1icity at the same time. The trial lot of 
diaphysical plates ha'i been succes..c;rully lcsted in 
Profcs..'iOr Shapochnikov's clinic. 

It wa.c; shown above that modern me1allic 
s1ructures ensure reliable fixalion of bone fragmenl'i and 
eliminate the necessity for pla'iler immobili1.ation and to 
load the operated cxtremily in the early stages. From 
that slandpoinl lhey received a high appraisal and there 
is no doubt of advisabili1y of their use. 

However, a lot of dala about unfavourable 
influence of metallic implanL'i on biological lir...,.ucs arc 
accumulated. Thus, a great difference of the metallic 
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fixtures· and bones· properties often n.-sults in 
biochemical resorption of the latter but sometimes in 
repeated bone fracture. Stiff fixation of the fragments 
that completely eliminah.-s loading of the regenerate has 
the negative effect on remodelling of knitting p~"S
Ek.-ctroc:hemical acti\·ity of the metallic implants causes 
distortion and shunting or bone biopotentials and 
metallic ions storage in surrounding tis.sues. It affects 
bone acti\·ity in an unfarnurablc way. To remove the 
metallic fixture it is ne<:"CSSary lo perform repeated 
surgical operations that m~en prove lo be more difficult 
and traumatic than the initial one. 

Because of the property differences betw"-en 
biological material.; (blood, peritoceum, bone) and 
polymeric and ceramic materials etc. the fixtures 
produced by them arc not ideal either. Having a high 
biocompatibility th"-sc materials, howe,·er, do not meet 
the strength and technology performance requirements 
for making modern structure materials. 

The above confirms the necessity and importance 
of the working out and selection of new materials for 
fixture. In our opinion the ad\•ant.-cd carbon-carbon 
composite materials are the most suitable for these 
purpost.'S from the point of \·icw of biomaterial science 
and biomechanics. By using the various technology 
mod">s and reinforcing fibre orientation in matrix and 
choosing the certain sequence of fibres having the 
different modulus of elasticity, one can design the 
material.; with preset biomechanical properties. 

Without opposing the osteosynthesis performed on 
the ba..c of the struciurcs in conventional materials to 
that of carbon-carbon composite materials, we found 
that the investigation of such material.; and their use in 
accordance with rea.;onablc recommendations will allow 
further progress in the field of traumatology and 
orthopaedics. 

On the basis of a great variety of experiments the 
possibility of applying the carbon-carbon fixture for 
osteosynthcsis in the ca..c of long tubular bone fractures 
wao; studied. 

The material properties were defined both in 
modelled medium and in living organisms. Sanitary and 
chemical toxicological, physical and biological properties 
of carbon-carbon composite material were studied by 
stand test.; and experiment"i in rabbit<; and dog."i. 

Investigations of sanitary and hygienic propertier. 
demonr.trated the opportunity of ito; clinical application. 
In all the ca'iCs the amount of substances given off by 
the carbon-carbon samples to modelled medium is 
20 per cent less than that of carbon pla"itics adapted to 
usage. 

The toxicological properties were estimated during 
experimento; on biological te!it ·objects which reprer.cnted 
the cultures of skin fibrobla.o;to; and stromatic cello; of 

human marrow. It was found that in the pn.-s.:nce of 
sampb of material under study. the growth and 
dc\-clopment of the 1&.-d cell stems are not J'-'Slroyed. 
Examination of the samples by scanning micrOSt:opy 
show"-d the fibroblast growth din.-ctly on the surface of 
the studied material. 

The local and total reaction of animal organisms 
on studied carbon composite material implantation was 
investigated in experiments in rabbits to which the 
intramuscular inserts material were set. It was "-stimatcd 
that the material has no general toxicological influence 
on the animal organisms. The co.,tent of carbon 
partick.-s in tis.su"-s adjoining the implant surface 
subjected to mechanical treatment appreciably exceeds 
that of tis.sues adjoining the untreated one. It confirms 
the advisability or the additional mechanical surface 
treatment of medical items produced of carbon-carbon 
composite materials. 

The course of reparative rcgencraLion of bone 
tis.sue in the presence of the carbon material samples was 
obsen·ed by the periosteum diaphysical defect model of 
radius in rabbits. It was found that presence of the 
carbon composite implant in the defect stimulat"-s the 
processes of reparativc osh.'Ogcncsis. Thus, in sixty days 
the defect, in general, is filled with the mature bone 
regenerate. 

Investigations of the structure-strength 
performance of carbon composite material following the 
sterili7.ation and prolonged exposure in modelled medium 
or animal organism show the high stability of the 
material to influence the external medium factors. 
Moreover, the constancy of the material structure wai; 
established by X -ray structure analysis. 

ln stand tesls of the bone-fixture system it was 
found that the strength of the carbon composite material 
plate is 85 per cent of that of the native bone. In 
addition, the stress-strain relationship curve for this 
system is similar to that of the native one. It meets the 
needs of modern biomechanics to a great extent. 

It wa.o; established in experiment-; in dogs that 
during osteosynthesis of thigh fragments performed by 
the carbon composite plates on osteotomy and aL'iO on 
thigh multifragmental gunshot fracture the stable 
fixation of fragment"i, the healing of soft tis.o;uc and the 
recovery of functions of the operated extremity take 
place. 

Medical and experimental research was the ba."iC 
for manufacture of trial loL"i of the carbon composite 
material fixtures recommended for clinical tesL'i. 

Al prcr.cnt, the scientist-; pay great attention to 
development and study of bioactive materiali; on the 
ba.o;is of hydroxylapalile (HAP), carbon, callogeni; etc., a.o; 
the most advanced ones for modern medical article 
production. 
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A great \·arict~· of methods of Ca11>(P()_.)6 (OH)2 
HAP synlhc..-sis is known. They can be. conditionally. 
Ji,·idcd inlo dry. wcl and h~·Jrothcrmal ones. Each of 
these mc1hods ha.s both aJ,·antages and disad\·antages. 

Dry mclhods. based 0t1 solid phase reaction are 
considered 10 be the most commonly used for production 
of HAP of accurate stoichiometry cnmposition at the 
calcium/phosphorus ratio equal to 1:67. but they are 
protracted. carried out al high temperatures and. 
therefore. too powcr-intensi,·e. It is difficuk to reach 
the homogeneous composi1ion by such methods. The 
HAP s~·n1hesis realized by Ca3(P0.;)2/CaC03• 

Ca2P07/CaCo3.CaHP0_.2H20/CaOmixescalcinationat 
the 900-1300°C tcmperalures and in the wet sleam 
presence may Ix: examplc..'S of the dry methcds. 

Hydrothermal methods of synthesis include the 
reactions running at high pn.-ssures. It is conne,ted with 
special equipment use. HydrOlhermal synthesis uses the 
following reaction: 

lllCaC03 + o(NH-1)~ HP0-1 + 2H p- --> 
u 10(P0_.)6 (OH)2 + 6(NH_.)2 C03 + 4H2C03• 

It should be noted that the Ca3(PO_.)i tricalcium 
phosphate can be also formed at the same time. By the 
wet method it is pos..c;iblc to make both HAP as of 
stoichiometry composition. and 1he powder with 
calcium/phosphorus ratio lower than 1:67. The wcl 
method based on precipilation reactions is implied as 
HAP precipitate production by mixing of waler solutions 
of compounds. containing calcium and phosphorus ions 
on maintenance of the medium acidity index pH>7 a!ld 
keeping the precipitate under corresponding conditions. 
In most cases CaCl2• Ca(NOJl2• Ca(OH)2 are used as a 
calcium source. H3P0-1• NH_.H2P04. (NH_.)2HPO_. and, 
aL"iO, polas.c;ium and sodium phosphates are applied as a 
phosphorus source. To control the medium acidity 
index, the ga'iCous ammonia, ammonia hydroxide and 
sodium hydroxide arc used frequently. The methods arc 
characleri1.cd by formation of precipitate, com.-sponding 
to HAP composition in the initial process stage. Keeping 
this initial pola-;sium phosphate precipitate under 
corresponding conditions results in a calcium/phosphorus 
ratio increac;c with HAP cry~1alli;r.ation taking place. The 
rate of HAP formation by primary t1recipitatc 
crystalli;r.ation to HAP is a function of a large number of 
factors (the type and concentration of parent saltc;, 1hc 
order and rate of mixing the medium acidity index, the 
reaction temperature, the keeping time, etc.) That is 
why, to receive the reprodm:iblc results, it is nece~<;ary to 
keep all the synthe.'ii!i conditions correclly. 

Among all 1he methods of hydroxylapalile 
synlhesis the wet is the most preferable because of it'i 
o;implicity lo reali;re. ll docs nol demand o;pecial 
equipment ttnd high-temperature furnaces, hut the 
conlrol of precipilale formation is a neceo;.o;ary condi1ion. 
Obtaining of HAP under laboratory conditions by 
mixing calcium nitrate with tri-!iUbstituted pota.o;..,ium 

phosphate is ~ most available wet mdhod. The HAP 
synthc.."Sis method with application of water solutions of 
calcium chloride bi-substituted ammonium phosphate 
and ammonia as reagents was worked out. For this. tbe 
reac1ions described in the great majority of publi:'ihed 
patents were taken as the foundation: 

lOCa(NOJh +6(NH.ihHPO_. +SNH.iOH- - ->Ca10(PO.J6 
(OH)2 + 20 NH_.N03; lOCa(OH)z + 6H3 PO_.---> 
Ca10(P0_.)6 (OH)2 + l8Hp. 

Synthcsired HAP represents fine-dispersed 
crystalline powder whose structures are similar to that of 
human bone and dental tissues. 

Th<! main performance of HAP is defined as the 
following: 

Base substance content - 95-98 per cent 

C;,!cium oxide content - 0 per cent 

Tri-calcium phosphate content - 2-5 per cent 

Impurities content, less than: 

Sulphate anion 0.()03 

Chlor 0.005 

Fcrrum 0.0002 

Magnium 0.002 

Arsenic 0.00006 

Heavy metals, no more than 0.0005 

The HAP particle specific surface is within the 
range from 20-100 m2/g to 100-280 m2/g anJ 1he 
particle 'ii7.c from 100- 5!Xl A to 5- 20µm. 

HAP developed by lhe authors may be delivered 
in the form of powder. grains si1.cd from 10-125 µm 10 
300· IOOO µm particle water suspension, pli!tc~ ;ind 
pellets. 

To define lhe pos..-.ibility of HAP applicillion in 
clinical practice a number of medical and expcrimenlal 
invcs1iga1ions were performed. 

La1cly, the influence of pharmacological 
o;ubstances and aL-.o up- to-date bi,>malerials on cell 
culture!\ wa.c; studied. 

In practice the culture of any human cell can he 
ho1h the mean and 1hc object during lhc medical and 
biological investigations. One musl nol forge! that lhe 
cell is 1t.c organism's clemenlary particle, 1he minimum 
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volume of which possc.'SSc.."S the properties characterizing 
the whole organism. Use of the cell cultures makes it 
possible to cverrome a great ,·ariety of physical. 
physiological and biochemical limits caused by the 
organism's constitutional complexity. 

To gi,·e the toxicological estimation of HAP the 
standard method of skin fibrob~ culti,.·ation (the ~ 
of the method of obtaining diaploid stems) and the 
method of cultivation of polyclonal diaploid strunms of 
marrow fibrob~ hu·ing the osteogenic properties 
worked out in the Gameleja Scientific and Resevcb 
Institute of Academy of Medical Sciences of Russia were 
applied. As a result of teslS carried out by the authors it 
was found that synthesized HAP is not C)1otoxic. 
Moreo\·er. the study of HAP ability to regenerate bone 
tissue was performed. 

The toxicological investigations of HAP were 
conducted in two trial series. In the first series the 
reaction of tissues on hypodermic injection of samples 
was studied. It was found that in the early stage 
and during 90 days following implantation there is no 
inflammation around the samples. In the second trial 
series on implantation of the samples in rats a number 
of indexes of organisms' functional state was studied 
during 3 months: dynamics of body weight. composition 
of peripheral blood, workability, state of the central 
nervous system, liver and kidney functions. By the 
time it was fixed. noticeable deflections of the 
above-mentioned indexes were not observed (according 
to stati.'itics done between 2 weeks and 1-3 months). 

On the basis of performed toxicological teslS it 
was i;hown that HAP has a perfect compatibility with the 
organism'5 tissuC5. It has no irritating, allergic or general 
toxic erfcct On the organi.'imS of animal5. 

Research of HAP osteogcnic properties is rcaliz.ed 
in experiments in 40 six-month-old rabbits of the 
chinchilla kind by 2.5 cm resection modelling of radius 
diaphysis. To conduct the investigation, lyophiliz.cd 
sponges produced of modified collagen were prepared 
into which gcntamizinc (0.125 g) and HAP powder in 
1:5 ratio was added. In control series the ddeclS on 
bone resection were not replaced and the ti...sucs over 
them were connected completely. In the other ones the 
studied material wa'i implanted to the dcfect'i. The 
expcriment'i in animal'i were stopped in 30, 60, 90 and 
120 days. On killing the animals X-radiography of the 
stuo1ed bones wa'i performed with subsequent 
histological agent preparation for light microscopy. 
The rcsult'i were C.'itimated visually and densiomctrically 
r rom presence of regeneration signs in the x. ray pauern 
and qualitatively from hilitological agent\. The rci;ults 
arc obrained a:; follows: rhere were no i;igni; of 
regenerarion in any ca.~ in the control r.crieli (wi1hou1 
defect replacement). Rer.cctcd surfaces of the radius 
wirhin <iO, 90 and 120 dayi; were covered with tip plalcli. 
The defect ii; partly filled wirh bone reagent moving 
from lhc i;ide or lhc rer.ccted surfact>s oi lhc radius 

adjoining to the defect of the ulna. Within ()() days or 
HAP implantation. in three e&."S out of fo·e. the 
regeneration signs were discovered with n.>generator 
content not exceeding 45-60 per cent. In the l."Ontrol 
series lhe defect is not filled with the bone reagent while 
HAP implantation cuts down defect siz.c. Between 90 
a..'ld 120 days the pronounced ostcogcny or the great 
majority or animals is re'lrcalcd. Moreover, the chara<:tcr 
and body of the regenerator in these trial seffi."S ~ 
similar. 

Thus, on the basis of medical and experimental 
investigation the following conclusion can be made: the 
developed HAP bas pcrfcct biocompatibility with the 
human organism, does not provoke immunoconflicting 
reactions and shows ostcogenic activity. HAP is 
recommended for production of implants when 
surgically trcatng bone-destructivt' disea5es, for the 
manufacture of endoprostheses of joints as bioactive 
coating, for medical treatment on destroyed skull bones 
resection and other clement-. of bone skeleton, bone 
cysrs, osteomyelitis, etc. 

The problem of adoption of new material in the 
practice of medicine is connected with a number of 
solutions to key science capacity tasks. 

The vascular repair operations performed utilizing 
prostheses represent the majority of all va'iCular i;urgery 
operations. World wide, approximately 2.5 million 
varied operations arc carried out yearly. using blood 
vascular prosthesi-.. The commercial production of 
prostheses of various types mainly in synthetic fabrics 
bas been launched by many corporations. In Ru.'i.'iia. on 
the basis of data obtained by the Bakulev Cardiovascular 
Surgery Institute of the Russian Academy of Medical 
Science, annual demand for the blood vascular prostheses 
is 180-200 thousand pieces. A large clinical experience 
of blood va'iCular prostheses applications showed that in 
the early post-operative period in 6-8 per cent of ca'iCS 
emboli.-.m of prosthesis begins due to thrombosis 
formation on the surface. Thus, one of the main 
problems is the making of artificial blood vessels having 
increa~d stability to thrombu.'i formation. 

In our opinion, there arc rhree general dircctio:is 
to the solution of this la'ik today: 

Vascular prosthCliis surface modification, 
based on immobilization of the 
hcteropolymcric conjugations of biologically 
active i;uhlitancei.; 

Creation or porous tiS.'iUe by means or a 
special treatment of polymeric film; 

Development of carbon-conlaining "·a.'iCular 
proi;theliCs. 

There arc liCvcral variations of problem reali1a1ion 
by the rirsl method. One of them, ba'iCd on the 
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hcparinir.ition principle. was de\~~d by the polymer 
laborator)· or Bakulc\" in clinical trials. 

In accordance with the r.!alintion of the second 
di;cction. Core· Tex (USA) produced prosthesis made of 
expanded polytetrafluor<A!thylcnc. 

These prosth'">sc.'S were fanlUrabiy ret.-ei,·ed by 
\-..SCUlar surgeons. Vac;cular prostheses fabricated or 
carbon materials were dc\·eloped by i-.cicntists in a 
number of countries. including RllSMa. On the basis of 
domeslic dc\·elopmcnts performed by NPO "KomplSite· 
in cooperation with the E!emcntorganic Compounds 
Institute of the Russian Academy of Sciences and 
Moscow State Uniwrsity, a new unique material was 
developed, which proved to be a previousl)· unknown 
allotropical carbon modification of linear Slructure. 

Its name was derived from the Latin 
"Carboneum·, meaning carbon with the "inc· ending. 
adopted by organic chemiSlry for C•C triple bond 
dt.-signation. Interest in this material was generated by 
the fact that blood \·ascular prostheses produced oo this 
basis ha\·e high stability to thrombus formation 
compared lo that or conventional materials USc!d for 
\·ascular prostheses production. 

Methods of production or medical articles with 
carbine covering arc ba'iCd on the processes of 
polyvinylidene halides chemical carbonization. During 
the treatment or polyvinylidene halides, in particular, or 
poly\·inylidene fluoride with strong bases, for example, 
alkali-;, the rcactiun or deb ydrohalogenation proceeds on 
the surface or the treated article resulting in the 
formation or the required thicknes.s carbine layer 
~'iCS..-.ing the high stability to thrombus formation and 
fine compatibility. 

As a rule, the carboni7ation process runs at room 
temperature effected by a mixture of alcohol solution 
and acetone on fibre yarn or fini..-.hed prostheses. The 
resulL.-. of chemical analysis of carbon surface film 
showed the carbon content equal to 93 per cent and of 
nuor content equal to 7 per cent. Control of 
dchydrofluoration process was performcci by IR· 
spectrmcopy method. 

The most informative and convincing data of the 
linear carbon were obtained by Gu..-.eva M. B. in MSU 
on the ba..-.is of its electronic structure rci.carch by 
Augcr·spectrO!iCOpy and characteristic energy los..-.cs 
spectr05Copy (CELS). 

Since the probability of the Auger procCS6 
depend..-. on energy of electrons of carbon materials 
valency 1.0ne, it is pouible to obtain the complete 
information on electronic structure of carbons valency 
1.onc by the energy spectrum of Auger-electron..-.. It i." 
seen that all the features of predicted rcsulL.-. for one· 
dimensional carbon arc rcfkctcd by the experimental 

cun·e: positions of peaks of electronic state density 
correspond to Et 125 eV, ~ 165 eV, 
E3 = 19·?0 e\". E4 = 25.5 cV energies. 

The E3 = 19·20 eV and E4 = 25.5 eV peaks are 
connected with the ceiling and the bottom of 6-1D0e 
carbon chains. The upper part of valency zooe (E<l 7) 

com:sponds lo 1IC -subzooe or carbon chain. It arranged 
much deeper than 11t-mnc in graphite. The fall-through 
between the 6 and 1t -subZOilCS is affected by I.he atoms 
number in the chain anc! decreases when the chain 
length increases (the N number of atoms). 

The function of characteristic electron ~'S in 
carbine S(E) and the imaginary (e!-) and real (e1) parts 
of dielectric conslant are presenled. They are estimated 
on lhe base or this function in accordance with Cramers
Crooing theorem. The imaginary part of the dielectric 
constant, being. the function of energy losses, charac
terizes the energy spectrum of single-partial electron 
excitations. As is seen, 1he density of single-partial 
dcctron transilion achieves its peak value at energies of 
E1 = eV; Ei = 7.8 eV; ~ = 9.9 eV. The fragmenl of 
energy structure of one-dimensional carbon chain with 
sp·cross links between aloms is also shown in accordance 
with scheme of lhe following zones: 1wo 6-7.0ncs 
(linking and anti- linking states) and 1t • 1.one. Because or 
Pierls or Motta-Huffard 1ransitions (presented in onc
dimensional sys.lems) s-7.0ne should be broken down 
into two sub:t.oncs with forming the fall-through equal to 
1-2 cV. Thus, electron excitations with energy of 1 eV 
can be rclaled with s-wne transilion between the stalt.'S 
separated with the fall-through. 

The real part or e 1(E) the collective plasma 
oscillations (plasmon) can take place bul for this it i.o; 
necessary for the density or interwne lransitions 
(e,(E)<I) to be low. It is clear, that at energy ,,·alut.'S 
equal to 4 .... .5 eV the real part e 1 is equal to 0 and 
imaginary part e, is < I. It means that at such energy 
the excited electrons of 1IC • 7.onC behave as free On•!S and 
the relalivc peak of S(E) is explained by collective 
excitation of electrons. The 1t • plasmon energy greatly 
exceeds that or graphite and is close to that of a one· 
dimcn..-.ional polyacetylenc chain. It is also in accordance 
with lhe conclusion about carbon linear-chain structure. 
The energy of the second peak (8 eV) coincides with 
energy or transition from locking 6 ·1.one into an anti· 
locking one at K = ±Jl./a. The third peak e, at 
E = 9.9 cV is caused by tran..-.itions from • ·sub;onc 
bouom into anli·baking 6·sub7.0ne al K = 0. 

Th.Js, analysi..-. of the spectrum of carbine 
characteristic lo5.\cs relaled with single· partial inter.t.one 
transition al.-.o completely con firms 1hc conclu..-.ions about 
carbine chain i.tructure investigated by Auger· 
spectrn.-.copy. Moreover, they arc in agreement with the 
theoretical prediction about • • 1.0nc breakdown and 
"metal· semiconductor" transition that takes place in one· 
dimcn5ional systems. 
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On the basis of electron-spectroscopy inn.:sti
gations one can deduce that carbine has a linear-chain 
structure and semiconductor properties. 

lip to the p~nl the large-sized carbine 
monocrystals have not been produn-d: il occurs in 
nature in the form of fine-dispersed impurities. The 
synth\.-sis is used for production of amorphous carbine 
mainl~-. or also of dispersed polycrystal ones. Its 
~"'Slallinc structure was investigated by methods of 
high- \·ollage electron microscopy obtaining the micro
diff raction pattern of single microcyrstals. 

The point electron diffraction pattern represents 
the basal plane of reciprocal lattice or the hexagonal 
system crystal. On the basis of the diffraction patlem it 
~ found thal the elemental carbine cell consislS of 
three b-atomic chains disrosed along ribs of the 
hexagonal cell and one chain in the centre of the cell. 
The rib sizes of the hexagonal cell for the a-carbine 
chain." of polyine type are defined as the following: 
a=b=5,08 A, c=7.8 A. The distance between chains -
R=2,95 A. Each chain consists of six atoms. For lhe 
cumulcne type or 8-carbine crystals the sizes arc defined 
as fo~.ows: a=b=4, 75 A. c=2,38 A. Each chain of 
cumulcne consists of two atoms. The predicted density 
of 8-carbine is equal lo 331 g/cm. Such a model gives 
the correct location of point diffraction reflections. 

The hypothesis or periodically located lurn.'i or 
carbon chains is made. It explains the meaning of 
parameter y (the double length or chain linear 
fragment) and to relate the change of elemental 
parameters with the si7£ or linear section between the 
lUrD.'i. 

The investigation conducted on the electron 
structure or carbine films in which lattice parameters 
\·ary over a wide range confirms the hypothesis or chain 
linear section change. 

Proc~'iing or diffraction dala OR the ba.'ii.'i or 
Peterson's fonction (the method is widely used in X
radiography) makes it poMiblc lo gel the informalion 
about potential di.'itribulion in the crystal. On the ha.'ii.'i 
of these data il wa.'i advantagcou.'i lo con.'ilrucl the 
structural model thal ii; adequate lo the diffraction 
pallcrn of carbine of the mosl spreading modification. 

The electron cloudo; are p·orbitalo; of carbon 
atoms. There is an sp- bond carbon chain at every corner 
of the hexagon. ll determines the above-mentioned 
potential distribution. There is another chain near each 
corner. ll is di.o;placed relative lo the corner chain by the 
third parl of the translation vector. But the direction of 
displacement did not quire coincide with the translation 
vector and is distinguished from it by 2. The distance 
between thei;c chains is 1.49 A. The length of the 

hexagon ribs is 2. 97 A. There is a chain in the centre of 
the hexagon as in the first model 

In addition. in essence the new detail is revealed; 
the atom bound with carbon chain by chemical way was 
obsen·ed near the hexagon corner chains. 

Study of the carbine crystab" chemical 
compo51lK>ll by Auger-spectroscopy revealed chlor 
presence. The foreign atoms detected by potential 
distribution may be interpreted as chlor atoms bound to 
carbon chains by chemical way. It pro .. -icks the stability 
or chain turn. The results show that carbine turns arc 
formed owing just lo impurity in contrast to the 
accepted earlier point of .. -icw according to which 
formation of turns in the carbine chain is accompanied 
by the ad,,·cnl or broken links. With their help the chain 
is united into the crystal. 

The promising results of carbine utilintion for 
production of artificial blood vasculums were shown by 
medical research. ll was revealed that their stability to 
thrombus formation is significantly higher than that of 
materials used in the vascular prostheses structure. 

Also WC studied the p<JS.\ibilitics or utilizing the 
carbine coating.." with the metal joint endoprosthescs as 
biocompatiblc ones. 

Carbine coatings were derived by the method of 
deb ydrohalogenation or polyvinylidenhalogen.'iapplicd lo 
the bitanium prosthcsi." surface. 

The proccs.'i of coating production \\as similar for 
all samples and con.'iistcd in the following: 

The poly\·inylidenfluoride spraying on the 
titanium plates. healed lo 130"C; 

The coating carboni1.ation wa'i performed in 
the alcohol solution of alkaline (KOH) and 
acetone at room temperature; 

The obtained carbine coating wa." healed in 
air for 30 minutes al 130°C. 

The described method or coaling application 
ensured uniform thicL:ne~o; and an unruffled layer. 
Morphology study by electronic microscopy showed the 
middle si1.c of non·uniformities on the surface not 
exceeding 1 m. 

The chemical composition investigations by the 
X-ray microanalysis method demonstrated a good 
chemical composition uniformity over the coating 
surface. The carbon content in all films is no le!\.\ than 
90 per cent; both fluorine and oxygen contcnl'i arc no 
more than 5 per cent. The preliminary treatment mode 
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or the plates• surface determines the high quality or 
coating bonding with surface. 

The prepared coating was studk.-d by infran.-d 
spectroscopy. The in"·estigations re"-calcd the wide 
absorplion band or 1,000-1,800 cm" 1 as a n:suk or the 
dehydrogenation process. This band corresponds to the 
non-symmetric oscillations or the cumulcne chain with 
deformation period along the chain equal to 4 carbon 
atoms. The symmetric oscillations along the chain, 
corresponding lo the 1.900-2,100 cm-1 absorption band 
were not exhibited because of their faint activity in IR
area.. The combination scattering spectra of this sample 
has 1. 900- 2,000 cm - I absorption band corresponding to 
symmetric oscillation of the cumulcne chain. T~ 
results gi\"C C\·idcncc of formation of perfect cai-bine 
chains by the described method. The carbine coatings' 

biocomparibiiity was c\-alualcd by growing polycloaal 
diaploid stems of marrow fibroblasts possessing 
05lcogenic propertk.-s.. 

The rcsuks of investigations showed t~ a~ncc 
or cytotoxicity anJ good biocomparibiiity or carbine 
with bone tissue. 

The area of carbine application in medical 
practice may be significantly expanded owing to the 
unique properties of this material. Boidc their 
application in items for cardiovascular surgery, 
traumatology and orthopaedics it is proposed to use the 
carbine i11 the prostheses of urea and bile passages, food 
passages and as a stitch material. 
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4_ APPLICATIONS 

A bi& boost for US-Soviet wnlurp 

lnda.-d. il ~ blasleJ all the way into space. as 
the first US ex~rimcnt to fly on the Soviet ~ st2tioa 
Mir shol into orbit in IQ89. A protein crystalliDtion 
package - ~gncd by Payload S)-S:Cms (Camhridge. 
M~h115'!lts. VSA). a unit of Space ln.:lusuies 
lntcmational Inc. - will be in spacx for more than two 
monlhs. The long duriillioa is ncccsury to grow large. 
homogeneous protein ~ for generating X-ray
diffractioa data. 

Such information is useful for developing 
products for lhe pharmaceutical. biotechnology, chemical 
and metallurgical industries. says Anthony Am>ll. 
Payload"s president. The Mir Slalion is the oaly manned 
facility offering extended time in microgravily - the 
US"s Space Shuttle is lypically aloft for SC\-en lo ten days. 
not enough time for many proleim to crystalli7.c. 
(Source: Chnnic11/ Enginllring, January 1990) 

• • • • • 

Under the 1987 agreement, the US and the 
Soviets arc working on 16 joint projeclS covering five 
arc~ solar system exploration, space biology and 
medicine, space astronomy and astrophysics, solar
lerrestrial ph)"Sia. and Eanh sciences. Added in 1988 
were exchange of scientific in.\lrumenl fiighL'i on each 
other's spacecraft, and exchange of resullS from Sludies 
of unmanned solar system exploration missions. 
(Extracted from CBEN, 12 August 1991) 

• • • • • 

Italian firm to participate in Soviet space experimenlS 

Kayser Italia of Leghorn is working on two 
conlraclS awarded by ESA's (European Space Agency) 
ESTEC (European Space Research and Technology 
Centre! centre. The contraclS involve the development 
of sophi'iticated electronic equipment for experimenlS 
to be carried on board Soviet satellites. In 1990 a 
meeting took place · panly at the Soviet Institute of 
Biology's (lBMP) laboratories and panly in Kayscr's 
Moscow offices - between a Soviet and an ESA 
delegation to define the scientific and technical aspecl'i 
of the Bion 10 mis.,.ion, which is scheuuled for launching 
in 1992. 

Both or the two contraclS awarded lo the 
Leghorn·ba.\Cd company involve biology experiment'i. 
The first. called Biopan, focU.\CS on the development or 
a container of biological ~mplcs to be installed out'iidc 
the Soviet !Mltellitc. Once the ~tellite i'i in orbit the 
container will be opened to expMC the samples and 
will be cbed prior to the ca1>5ulc's re·e~1try into the 

atmosphere. Ka)-SC:r ltalia·s responsibility under this 
project rill be the development of the data acquisition 
S)"'Slcm. The ~"CODd experiment is calied Biobox and 
consists of an incubalor containing biological samples to 
be installed on board a Soviet Pholon sa1elli1e. The 
contract awarded to Kayser Italia involves 1hc ·phase S
of the entire electronic f ccd. control. monitoring. 
and dala acquisition S)"Slem as well ~ the satellite•s 
electrical interfaces. (Source: Spazio lnformazioni. 
17-24 October 1990) 

• • • • • 

AUSJROMIR joint Austro-Sovict SJ!ilCC programme 

Fanak Data Processing-FOP and NOVA 
Aerospace, prfrrnely ow1ned com ponies r~gistered 
in Vienna, Au.stria 

FDP successfully contributed the joint Austm
Soviet Space Programme ~AUSfROMIR·. having been 
responsible foe the technical project management of the 
two large medical space- flight experimenlS ·MoTOMIR· 
and ·MoNIMIR·. As a resuk of this participation, 
FDP gained unique experience in managing complex 
manned-space projcclS involving Austrian and RYS.'iian 
authorities. engineers and scient.islS. 

In order to meet the increasing demands for 
such expeni'iC, FDP established a speciali'il subsidiary 
company. NOVA. to take over respon.'iibility for all 
aerospace business. NOV A's key-personnel consislS of 
engineers r rom aerospace and related fields, who have 
gained their considerable experience through their 
direct involvement in projects of the European Space 
Agency. 

General agent for Glm·kosmos and for the Institute for 
Bio-M~dical Problems (IBMP): As a con.'iCquence of 
succesdul cooperation with Russian institutions during 
AUSfROMIR, NOV A has been selected a.'i General 
Agent for Glavkosmos in Austria and for IBMP in 
Au.'ilria and Germany. Nova Aerospace executes, 
coordinates and supporlS projeclS and studies involving 
Rus.'iian iDS(itutions, companies and specialisL'i a.'i expen 
con.'iultanL'i, sub-contractors or suppliers. 

Medical applications (space and non·spacc): As a 
founding member of the Austrian Society for Aerl'X'ipace 
Medicine/Life Sciences, NOVA is supported by 
scientific consultanL'i from Au.'itria, as well a.'i from 
Ru.'i.'iia and Germany, and arc therefore in a poi;ition to 
contribute expert knowledge to technical and scientific 
projecl'i and studies in the field of medicine and medical 
re~arch and technology. 
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Spo<·e hardM:are: Due lu wdl-cstablishcd partnerships 
in science and precision manufacturing industries, 
NOVA is in a position to design. dc\·clop and 
manufacture hardware in the following space 
enginttring fields: microgra\·ity and life support 
systems; SC"icntific instrumentation and payloads; satellite 
units and instrumentation: ground support and tesl 
equipment. 

Produl"I assurance (PA): The PA-team has gained its 
e~pcriencc through working with FSA and related high
tcchnology industries. NOV A is therefore able to 
provide support lo the development, implementalion and 
applicalion of procedures in the following areas: 
reliability. a\·ailabilily, maintainabilily, safct}· (RAMS;. 
risk assessment (quantilatiw and qualitative). reliability 
centred maintenance (RCM), quality assurance sundard'i 
(e.g. ISO 9000); configuration management systems. 

FANAK dala processine 

Softtt:are den~lopmenl and engineering: Key personnel, 
recruited from major software houses, ha\·e substantial 
expertise in the developmenl. engineering and 
implcmentalion or software and arc able lo support such 
areas as: ground and on-board software; relational 
databa.o;c systems (SOL); in.'ilrumenl control software; 
data evalualion software for scientific experiments; 
simulation.\; real-lime processing; image processing; 
graphic visuali:1.ations; aJ\·anccd numeric and analytical 
application."; local area networks; "tailor-made" sort- and 
hardware r.olulions. 

• • • • • 

Ausrrian "MIR" experiments 

Experiment: 

Objectives: 

Applications: 

LOGION 

Tesl or ion cmiucrs, used IO prevent 
electrostatic charging of space 
vehicles. 

Preventing static charges building 
up on satellites, space stations and 
probes. 

LOGION - Opcrati<m of a liquid metal ion emitter 
module 1111der microgru:·it_\' 

Austrian Research Centre Scihersdorf, 
Department for Physics 

The experiment LOCilON wao; flown on the i;pace 
slation MIR in lhc framework of project Al!STROMIR. 
The aim or the expcrimenl wao; to lest a liquid mclal 
field ion cmiller (LMIS) under microgravity conditionli. 
The experiment con.'iilitcd of an io" emitter module 
with lhrce liquid indium emitters and a.~ integrated ion 

cNlcctor. This assembly was mounted in a hermetic 
ion-pum~'CI va.:uum system. Elccrronic control and 
data acquisiliO!l units were mounted oulSide this vacuum 
system. 

The experimenl was operalcd wirhoul problems 
;md first data were obtained via telcmelry. The data 
showed thal values for operational paramelers or lhc 
LMIS under microgr.i,,;ty were within the range 
measured on ground with minor differences in power 
consumption of the emitters. The results are \-.tluablc for 
optimizing sof twarc control of similar emitter modules to 
be flown on rhe CLUSTER project. 

PUBLICATIONS 

F. G. Rudenauer, W. Ricdlcr, V. Berzhatyi, 
M. Fehringer, E. GOschl. C. Kropiunig, L. Neznamova, 
W. Steiger, K. Torkar: 

LOGION: Operation of a Liquid Metal Ion 
Emiuer Module Under Microgravity. Proc. European 
ISY 92 Conf.: COSY-8 Symposium, ESA-SP 350, in 
press. 1992. 

fapttimnat 

Objtttiva: 

Applications: 

• • • • • 

MIGMAS/A 

Testing a scanning ion microscope 
for marerial analysis under space 
conditions. 

Furure use, e.g. in rhc diagnosis of 
malerial changes broughr about by 
"space corrosion" in space vehicles 
and slalions. 

MIGMAS/ A - Tesl of a Scanning Ion Microscope 
Onboard lhe Space Slalion MIR 

Austrian Research Centre Seiberlidorf, 
Dcparlmcnt for Physics. 

MIC"rfAS I A i'i a scanning ion micrU'icope for 
topographical investigation of material samples. The 
main componcnL-; arc: (a) a scanning ion gun using a 
liquid metal indium ion emitter and an elcctroslalic 
focusing lens, mounted in a •;acuum system; 
(h) electronic control and data storage; (c) image display 
and proces.o;ing of !\canning ion images. 

During the AUSTROMIR m1s . .-.ion, the 
experiment performed completely up lo :r.pecification!'i. 
Stability and image re!\olulion were identical lo the 
values mca-;ured on ground. It wa'i shown thal a highly 
complex analytical instrument can be brought into orbit 
without degradation, that it can be operated there 
by a cosmonaut without any problems and that complex 
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analytical imaging data can be lrallSfem:d lo ground 
without los.s of information. 

PUBLICATIONS 

W. Rit.-dler, F. G. Rudenauer, P. Beck, 
V. Berzhat~·i, M. Fehringer, R. Finsterbus.-::h, 
L. Nemamova, R. Pammer, F. Purstl, W. Steiger: 

MIG MAS.' A: Tot uf a Sanning Ion Microscope 
Onboard the So,,;el SpaC\! Sl.ttion MIR.Proc. European 
ISY 92 Conf.: COSY ·8 Symposium. ESA-SP 350. in 
press, 1992. (Soun:e: Oscerreit·hiscl?L Raumfahn- und 
SJ.·stemtechnil< ~sellsdwft MBH, Opemgasse 10C, 
A-UJ.10 Vienna, Austria. FAX: 00.:Ji I I 588/.1-121) 
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S- MARKETING 

ThL Baikonur Cosmodrume in the Stniet Union 
has become a commercial concern known as 
International Spaceport, offering the launch services of 
Proton, Soyuz. Zenit and Energia boosters. 

International Spaceport is a joint stock company 
founded by the Kazakhstan Space Research Agency, 
commercial banks md the space associations or the 
Russia and Ukraine federations. 

These founJing organi7.ations own 80 per cent or 
the shares; the other 20 per cent will be offered to 
private im.·estors willing to assist in the establishment and 
activities of the Spaceport. 

Sergei Sopo,· of the Kazakh space agency says that 
it will· ... compete with Arianespace, the USA and China• 
in the satellite-launcher market. (Source: Flt lntnl, 
26 November 1991) 

...... 
Is space research paying off? 

While space technology payoffs are not always 
apparent, it docs produce revenues. The annual yield 
from the use or satellite photos or Earth totals about 
one billion roubles in the Soviet Union. These photos 
are used in prospecting, agriculture, forestry, water 
conservation, and fo•hery. They have helped improve 
prospecting while reducing the cost or surveying by 
nearly 20 per cent. Generally, space map-making and 
probing natural resources are among the most highly 
profitable operations. It has been estimated that the use 
or earth satellites for weather photography saves from 
500 to 700 million roubles a year. 

or course, not all achievements in space research 
can be illustrated by income or another effect in terms 
of money. Nor do we know exactly the amount of 
profit to come from the operation of instruments 
running on monocrystals of lead sulphide. Such 
monocrystals perfect in their qualities are impossible to 
grow on Earth. Specialists estimate that the output or 
semiconducting and other materials, drug.\ and 
biopreparations by the Soviet space industry is to reach 
three to five billion roubles a year in 1995. 

The economic effectiveness of communications 
satellites deserves special mention. The importance of a 
business contact by radio telephone between partners, 
say, 10,000 km apart, is clear to everybody, considering 
that nowadays broadcasting and communications via 
earth satellites are used not only for entertainment, but 
also perform serious economic functions. 

Income from the satellite navigational system 
docs not lend it~lf to exact calculating either. About 

4,500 ships are now fitted ou~ with navigational 
receiving equipment. That makes it p<lWb!c to reduce 
transportation costs and enhance tte safety of navigation. 

The crew of A. Solovyo·• and A. Balandin on 
board the Mir station was the first cost-accounting 
expedition to outer space. The net income from the 
crystals and drug.\ made in weightlessness is estimated at 
25 million roubles. Besides, the direct effect for which 
the specific satellites, spacecraft, orbital stations, and 
booster rockets were made, there are also other •items of 
revenue· from space flight. 

FllStly, it is the economic gain from the 
disscminatii>n of advanced experience, technologies, 
materials. and items in the various sectors of the national 
economy (this process is called ·spinoff" in other 
countries). 

Secondly, it is the parallel or complementary 
manufacture of civilian products at enterprises making 
space rocketry and its equipment (diversification). 

And finally, thirdly, it is a change in the 
speciali7.ation of the factories making various elements of 
space hardware to get them to manufacture civilian 
goods. As a matter of fact, the latter is called 
conversion. 

Let us now consider in greater detail how space 
research benefits ordinary human being.\. We have 
established that it exerts a stimulating influence on other 
types of technology far removed from space uses. This 
is because the makers of earth satellites and orbital 
stations, adapting them for operation in tough conditions 
(sharp temperature fluctuations, vacuum, weightlessness, 
radiation, and overloads), are compelled to invent new 
promising materials, structures, instruments, and 
manufacturing methods. An item for use in outer space 
must be light (it will have to fly into outer space), 
reliable (there are no repair shops there), highly 
automatii.ed and self-contained (man cannot always be 
by its siJe and bis possibilities are not unlimited either), 
and highly efficient (the launch of a satellite and its 
control cost millions of roubles, dollars or francs). 
Engineers have to fight heavy ·batlles" for saving every 
gram of mass, every Watt of electric power. And if we 
come acrOS6 miniature and power-saving radio 
transmitters or electric air valves for a satellite, you 
should know that yet another victory has been scored in 
those "battles". 

And if down· lo- earth items are made in the 
"space" fashion, they become useful in man's economic 
activity. It so happens that many space instruments, 
machine parts and mechanisms find their work on Earth 
without any major overhaul. Some or them are marked 
by high re~istance to heat, cold, and radia.ion. The 
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Soviet Union's well-known sel£-propelled lunar vehicles 
or Moon rovers made a good account of themselves in 
clearing radiQilctivc debris after the accident at the 
Chernobyl nuclear power station. 

Much of what has been :nade in the space 
industry was put into practice elsewhere, in the 
construction, steel. ship-building, electric engineering, 
instrument- making, and medical equipment industries. 
Throughout three decades a number of departments has 
been using information and the first experimenlal 
samples of products from the space rocket complex 
without paying anything for them and even without 
taking stock. For example, among those which left the 
space industry to join civilian production are new 
technologies for manufaduring beat resistant and heat 
insulation materials, beat-resistant coatin~ foam 
plastics, glass- rein forced plztics, special sealants, binders 
and glues, welding and soldering techniques, and the 
method of making light-reflecting coatings. And big 
headway was made by all of them. 

According to the General Designer of the 
Energiya Research and Production Association, the 
technique or making beat-resistant insulation coatings 
for wires and cables with a working temperature of 300 
to 900°C and corrosion-proof and f'larne-retardant 
coatings in an oxygen medium bas been introduced at 
more than 500 enterprises of 11 ministries. That made 
it ~ble to prolong the service life of ekctric hoisting 
and braking mechanisms, electrcmagnetic rollers, rolling 
mills, electromagnetic pumps fok- melted zinc, and 
induction heaters. 

The opportunities opened during the making of 
the Energiya-Buran system deserve special mention. The 
developers maintain that about 600 new technological 
suggestions have been prepared for introducing them 
into the national economy. These include control 
systems, electronic <ievices, radio engineering equipment, 
and electric devices; structural and heat -insulation 
materials; techniques and technological equipment; 
testing benches and cryogenic (low-temperature applied 
to liquid oxygen and hydrogen) complexes, aircraft 
automatic landing devices, speciali7.Cd ground vehicles, 
and hoisting and loading mechanisms. The introduction 
or structural materials alone will earn about 1 billion 
roubles. For example, alloy 1201 wa-; developed for the 
hydrogen and oxygen tank.-; of the Energiya rocket. It is 
twice or even three times more durable than chrome and 
nickel steel and lighter, too. That and other cryogenic 
alloys, if used in mechanisms operating in the Far North, 
are expected to prolong the service life of machines 
threefold. No one will refuse to use paint primer EP-
0214 either. It reliably protects steel from corrosion and 
retains ela.-;ticity at temperature.-; from 253°C below 1.cro 
to 200°C above 1.cro. The antistatic heat-regulating 
coating a.-; well a.o; current- conducting (heating) and 
nonflammable coating AK-5260. 

Is Space ResHrch P.yilll) off? 

Venicu1s of co•MCtions IK- tM milita<.,..indultriml co111plu 
(MIC) allcl ciwiliH prodvctiH (CP'). 

l. MIC a..S CP fu11etio• iiildepe .... lltly. 

2. 
Dmc:lliioalioe of ... _. 
c:qicriu1cc. tcdi..iopcs. 
-criah ... itC8S of MIC 
_. CP wllik bodi nmaia 
........ .ally illdcpndrlll 
(-sp;ao1r1. 

3A 
Muallictuc or ciri&aa 
pl'OllKtil a& llllC 
aolaprioa ud of 90.w _,_..,...,,_.,at CP 
c......-(--1 

Ii!::::~==~~). 

~ 
3C Mammfoct11tt of ••c 

c~o(dcfcaK 

cqmp•Ht at CP catcrpriscs. 

4A Liqaidacioa of ••c CP 4 B CanaJias •ililarJ PfOCl•ctioa 
clllcrprioa ud tllcir ...t ila rcplaccm<el wit~ CP 
roplacemelll .nc~ MIC ( c-.:nioa). 
cllloprita (mililariut.ioa). 

G~ 
5A eo-.lctc miliuriaatioa of CP 58 Co•pldc &q.idatioa of 

aad di«-iaaatio• of ai.c •iliusy pt'Odactioa aad ita 
proct.ct;oa of cioriliaa .-.. rcplaccmc.c wit~ CP 

(c-pkk c-..io• of 
d....ilil•iucioa). 

Nearly 2,000 parLo; of the Buran spaceship have 
been adapted for operation without oil or grease in the 
conditions of dry friction. They arc made of nickel and 
titanium steel alloys. But it is the coating that matters. 
It is both anti friction and wear· resistanl. Many other 
new materials (they number about 50 type.s) arc alo;o 
unique in their qualities and manufacturing techniques. 
And they arc sure to find wide application in the 
national economy. The material of which space hcat
protection tiles are made is already used for the heat 
insulation of high-temperature furnaces which saves 30 
to 50 per cent of electricity in smelting. Works are under 
way to introduce such ceramics into automobile engines 
and high-temperature filters for aggres..-;ive media. 
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The use of a carbon-based composite in the 
national economy al'\O opens ample opportunili\.'S. ll is 
of lhal composite that the lip of the Buran wing is made. 
This material will be used lo make heaters for 
electric furnaces, crucibles for smelting refractory 
metals. and substitutes for various parts of the human 
skeleton (it posst.>s..~-s an absolute compatibilit)· with 
fi\·ing tissU\.'S). 

The Deputy Chief Designer of the En.•rgiya 
rocket once ob<-~n.-cd that hundreds of new sensors. 
transformers. thermometers. vibration gauges, 
equipment, and software for handling large flows of 
information had been made in developing that powerful 
booster. Such sectors as the machine- building, and 
power industries. using the abo\e-mentioned 
instruments to diagnose the state of technical faciiitit.-s 
can raise.! their reliability and efficiency without spending 
time or money on their own research. 

And if we consider that the items, materials. 
technological efficiency. production capaciti'--s. and 
theoretical and methodical stock created and used in the 
span: industry will be used in the ci\·ilian Sc.!Ctors in full 
measure. space r'--scarch will fully pay oH by 1995 
prO\·ided the prt.-scnt fe\ cl of spending is maintained. 

However. the changt.'Over lo the market economy 
is sure lo block the rJad lo the waste of progressive 
achievements in the national economy, rule out their los.s 
and oblivion. Space !light should and will bring in 
commercial profit. 

At the same time space flight can yield profit 
e\·en if il.S technology is used in il.S own field. (Extracted 
from Science in the USSR, 1991, No.2, Article by 
A. Yt:vich) 
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6. PUBLICATIONS 

Materials Processing in the Reduced Gravity 
Environment of Spa'--c 

Edited by R. H. Dore· ms and P. C. Nordine. Materials 
Research Society, McKnight Road. Pittsburgh, PA, USA, 
Symposia Proceedings, Vol. 87, 1987 

The book is the proceedings of a meeting held by 
the Materials Research Society in Boston, M~chusetts 
in December 1986. 

The 42 papers collected in the proceedings cover 
a large spectrum of the microgravity sciences including 
the fluid dynamics of droplets related to biomedical 
research. The majority of the papers are otherwise 
oriented towards material" science issues including 
solidification processes, eutectic alloys, semiconductor 
and protein crystallization and glass processing. 

The second large contribution of papers in the 
book is from fluid physics. Papers on the influences of 
convection in solicitation processes, space furnaces as 
well as in bubbles and droplets present a good overview 
of this microgravity science sector. 

The volume aL'iO contains a set of papers on the 
commercialization aspects of microgravity. The one by 
Battclle Institute presents a good overview of the 
potentially economically viable products that can be 
proces.<ied in a low gravity environment. 

This book presents a good summary of the state of 
the art in microgravity science circa 1987. Because of 
the shuttle accident and the large proportion of 
experimental papers presented, the proceedings are still 
of interest to graduate students and to microgravity 
scientisl'i · ooking for a technically oriented survey of 
microgravity sciences. 

• • • • • 

"Australian Space Activities to the Year 2000" 

This wa'i the theme of the 1991 seminar seri"s 
organi1.ed by the CSIRO Office of Space Science and 
Applications. As foreshadowed at the time, the Office 
ha'i now published in book form the texts of the 
13 presentations made during the series. These give up
to-datc, specialist overviews of current Australian 
space activities in diverse fields, together with a mea'iure 
of speculation on where the national effort might best be 
directed from now until the turn of the century. 

The new book is essential reading for all 
those involved in or associated with space and space
related activities. Copies arc available from the CSIRO 

Office of Space Science and Applications, GPO 
Box 3023, Canberra, ACT 2601, Australia, Fax: 
(06) 279-0812, for $A15 each, including postage. Please 
make cheques payable to the CSIRO Receiver of Monies. 

• • • • • 

1991-1Q92 SAE Aerospace Sources and Suppliers 
Directory 

Society of Automotfre Engineers Inc., 1991, 300 pp. 
(Order No. ASD-91, $49) 

Directory identifies sources of products and 
materials specified in SAE Aerospace Standards (AS), 
Aerospace Information Repcrts (AIR), Aeroc;pace 
Recommended Practices (ARP), and Aerospace Ma1erial 
Specifications (AMS). New to this edition is a section 
that cros.s-rderences AMS specs, government (federal 
and military) specs, and UNS numbers. 

Order from: SAE Customer Service, Dept. 2420, 
400 Commonwealth Dr., Warrendale, Pa. 15096-0001, 
USA; Tel.: 4121774-4970; Fax: 4121776-0790. 

• • • • • 

Aerospace Technology Centres 

Essex: Longman, 1988. 194 p. $245, 
629.1'072 JSBN 0-582-01773-4 

Contents: From Argentina to Zimbabwe. Subject 
index. 

Note: An international directory arranged 
geographically by country. Includes over 700 aerospace 
related research and technology laboratories in th:: public 
and private sectors. Entries include title, address, 
telephone, telex, facsimile, parent, product range, names 
of senior staff, number of R&D staff, annual 
expenditure, act1V1t1es, publications, and client 
organi1..ation (when available). Includes a helpful subject 
index as well as establishment iodex. A good reference 
for science and technology collections. 

• • • • • 

Advanced Materials in Aerospace Application:; 
1990-1991 

Advanced Materials in Aerospace Applications 
1990-1991 is a follow-up report to rhe initial one in the 
series - Advanced Material~ in Aerospace Applications 
1989. The latest report examines the activities of over 
700 organi1ations working on developing materials for 
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military and commercial aircraft. spacecraft and 
satellit~- The \·chicles themselves and their component 
parts arc tabulated by company and by type of material. 
The R& D solutions to the problems faced in these 
applications are al<;0 categorized by company and by 
material. O\·er 1,000 studies are tabulated, profiled and 
summarized in the report. 

Ad,·anced Materials in Aerospal·e Applications 1990-1991 

Con:ragc: 

Si:e: 

Other fl'Otures: 

Price: 

January 1990 to July 1991 

1,100 reports, 500 pages, 6 sections, 
kxxc-lcaf format 

Diskette database, company addrcs.s 
list 

£190 (U K)/USS 325 (USA and 
other countries) 

(ASM International, Materials Park, Ohio 44073-1)()()2, 
USA) 

• • • • • 

Journal of Aerospace Composites: New bi-monthly 
technical trade magazine will SCP e engineers, scientists 
and managers inrnh-ed in the design and manufacture of 
product<; utilizing composite material'\ by presenting 
1echnical articles written by top composites engineers, 
and information prepared by experienced engineering 
and technology editors. Cardiff publishing company, 
6300 S. Syracuse Way, Suite 650, Englewood, CO 80111; 
(303) 220-0600. 

••••• 

Metallurgical As..,cs..-,menl of Spacecraft Paris and 
_Matcrialc; by B. 0111111 

This book presents the science of metallurgy and 
metallography and demonstrates how they can be applied 
ac; an integral part of spacecraft product a•;surance 
schemes which involve quality, material and proc~5.c; 

evaluations and the selection of mechanical and 
component parts. Detailed cac;e studies, mcthodc; of 
evaluation and equipment arc included, together with 
micrographs and fractographs, to highlight the 
engineering problems associated with critical mechanical 
and electronic devices. Welding, brazing and soldering 
processes arc also discus.c;cd, ac; in -depth metallurgical 
analyses uncover shortcomings inherent in the matcrialc;, 
the design. or induced by incorrect proccs.c;ing 
parameters. This hook will also be of value to engineers 
not connected with the space industry. 1989 / 363 p. 
Price: £59.50. (Tee/mica/ StandardJ Sef\'ices Ltd., 
Blake.~ Home, 9H lckle/ord Rood, Hitcl1in, Hem. 
SG.5 !TL, UK. Fax: (0462) 45 77 14) 

Suoerplasticity in Aerospace 

Edited by H. Charles Heikkenen and Terry R. McNelly, 
The Metallurgic:al S()(:iety, -120 Conimonwealth Dri,-e, 
Warrendole, PA 15086, USA. 1988, 373 pp. hardn,..·er 

Superplasticity is defined as the ability of certain 
materials to undergo extensive plastic deformation, often 
in the absence of necking, prior to final failure. Despilc 
the fact that one can find reference to superplastic 
behaviour in the literature as far back a'i the 1900s, study 
of t.his phenomenon has been concentrated over the last 
25 years. Modern study of superplasticity has evolved 
from model systems, such as Zn-22o/cAl, to encompass 
A 1-Li alloys, A 1-Mg alloys, mechanically alloyed A 1 
alloys, high strength A I alloys (i.e. 7XXX), microduplex 
stainless steels, high carbon steels, metal matrix 
composites (MMCs), as well as ceramic matrix 
composites(MgA1p4!AIPJl- Theshifttowardssystems 
of commercial significance has been fuelled by the keen 
interest developed by the aerospace and other industries 
in using the superplastic forming for the economical 
manufacture of otherwise extremely difficult-to- form 
materials. 

There arc 21 papers included in this collected 
work, which is well organized into four chapters: 

Supcrplac;tic Dcformalion Mechanisms 
Supcrplac;tic Deformation Mechanisms 
Superplastic A I- Li Alloys, and 
Supcrplac;tic Aerospace Applications. 

The first chapter cncompas.scs seven papers 
addressing the f undamcnta! mechanisms that lead to 
supcrplac;tic behaviour. The five pap;:rs included in the 
second chapter can be da'>sificd into two groups by their 
topical coverage: modelling of supcrplac;tic forming, and 
cavitation studies. The modelling studies presented in 
the first two papers arc aimed al predicting optimum 
rates of prcssuri1.ation which will result in minimum 
cavitation and maximum formability. The papers on 
cavitation addrc:..\ the fundamental mechanisms 
controlling void formation and linkage during 
superplac;tic deformation. Since it is widely rccogni1.cd 
that most supcrplac;tic alloys cavitate during deformation, 
it is important to design alloys and utili1.c processing 
methodologies that minimize cavitation. According to 
the discus.c;ion presented in these three papers, one can 
minimi:t.c cavitation, for example, by superimposing a 
large hydrostatic stress during deformation, minimizing 
the presence of pre-existing dcfcctc;, altering the grain 
si:t.c, and/or changing deformation parameters such ac; 
strain rate of temperature. 

The third chapter cncompa<,.c;cs four papers 
addrc.<,.c;ing the important subject of supcrplac;ticity in Al
li alloys. Al- Li alloys have demonstrated the potential 
for providing a clas.c; of high !'ltrcngth alloys with 
exceptional propcrtic!'I suitable for weight-critical and 
stifrncs.c;-critical application!'>. Supcrplao;tic forming of 
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these materials is actively being studied as a means of 
offsetting the higher costs associated with the lithium 
additions. The n.-sults discussed in this section suggest 
that with suitable thermo-mechanical treatments it is 
possible to develop microstructurcs that will exhibit 
supcrplasticity. It was confirmed that a number of 
materials, including: Al-Li-Cu-Mg-Zr (8090. 8091), 
2090, and 2024/SiC (whiskers and particulates), will 
exhibit supcrplasticity when subjected to appropriate 
thermo-mechanical treatments. 

The fourth chapter presents a perspective on the 
advances and challenges faced by industry and addresses 
critical issues associated with the production of 
commercial aerospace parts using superplastic forming. 

• • • • • 

Material-;, principles. and practice 

Edited by C. Newey & G. WeO\•er. Butterworth Scientific 
Ltd., a1i/dford. 1990. 405 pp. Price £/8.95. 
ISBN 0-408-02730-4 

The book is divided into seven chapters. In 
chapter 1 much emphasis is made of the relationship 
between materials a-; products, the properties of 
materials, the processing of materials, and scientific 
principles. 

In chapter 2, under the title "The nature of 
materials", scale (si7.c) and mixture, macrostructurc, 
toughness, microstructure, and soft and hard magnetic 
material-; arc all addressed. 

Chapters 3 and 4 arc devoted to bonding in solids, 
and temperature as an elemem or change. 

The subject of chapter 5 is mixtures and pha-;c 
transformations. 

Chapter 6 is concerned with how the mechanical 
properties of materials influence processing. The 
importance or elasticity, ductility, and brittle behaviour 
in proces.'\ing is considered, and it is shown how these 
properties can be related to the microstructurc of a 
material. 

In chapter 7 the chemistry of material processing 
is considered, the oxidation-reduction of materials taking 
up a large proportion of the chapter. 

• • • • • 

A Fract~raphy Atlas of Castini.t Alloys is a new 
reference for engineers and failure analysts who musl 
examine fra.::turc surfaces to determine the cau!iC of 
failures. The atlac; provides optical and SEM 
photomicrographs al various magnifications of 
representative, commonly used alloys that have been 
broken under documented loading conditions. The 

authors have systematically documented the f ractography 
of lO commonly used alloys: as-cast grey iron; heat
trcated grey cast iron; pcarlitic ductile iron; ferritic 
ductile iron; allitempcred ductile iron; heat-treated cast 
steel; aluminium-base alloys A.380, A356 and A319; and 
cast and HIP Ti-bAl-4\'. 1% pp. $87.50 plus $3.50 
shipping. Contact: Battt•l/e Press, 505 King A\•e., 
Co/11mb11s, Ohio 43201-2693; 800 I 451-3543; 
Fax: 6141424-5263; electronic mail 
SHE!..DRIC&BATELLE.ORG. 

• • • • • 

Structure and Propcrti1..-s of Interfaces in Materials from 
the Material'\ Research Society (MRS) focuses on issues 
arising from the relationships between the structure, 
chemistry am! properties of interfaces in metal<;, 
ceramics, semiconductors and composit1..'S. The 889-
page volume includ1..-s papers on composites and high
tcmpcrature materials. $47 (MRS members), $54 
(US list) and $70 (foreign). Contact: MRS, P11blicotions 
Dept., 9800 McKnight Road, Pittsburgh, Pe1111syfrania 
15237; 412 I 367-3012; Fox: 412 I 367-4373. 

• • • • • 

Manufacturing with materials 

Edited by L. Edwards & M. E11dean, Butterworth 
Scientific Ltd., U1i/dford. 1990. 432 pp. Price £22.50. 
ISBN 0-408-02770-3 

The book focuses on how materials arc processed 
into different shapes, and examines how choosing a 
particular process for making a product involves 
considering both the shape of the product and the 
materials it is to be made from. Unusually, an attempt 
is also made to show the importance of non-technical 
ac;pccts of manufacturing, !iUch as marketing, on how 
products arc made. All aspecL-; of manufacture and the 
complex interrelationships between proces..-;, properties, 
and design arc considered with a little discus.c;ion of 
micrO!>tructures included. The manufacturing processes 
arc grouped according to the basic principles by which 
they operate - cac;ting, forming, cutting (machining), and 
joining. 

Chapter I, "Materials and mo1wfact11ring", 
considers manufacturing ac; a sy!.tcm and steps in the 
process arc shown on flow charts with, for example, raw 
material-; a'i input and products and wac;te ac; output. 
This simple but useful concept is used and developed 
throughout the book. Also covered briefly in this 
chapter arc the types of material, design concepLc;, 
surface engineering, and the product and marker place. 
Chapter 2, "Casting", considers all types of cac;ting such 
as continuous, in\lestmcnt, die, and squce;r.e and 
moulding proccs.'ICs such ac; injection, comprcs.c;ion, 
rotational, etc.; nucleation, growth, heat transfer, and 
mould filling conccpLc; arc covered in detail. "Forming", 
chapter 3, cmpha.c;i1.es the effect of the various forming 



- 41 -

pron'!..o;cs (e.g. forging. rolling.extrusion, blow moulding, 
and slip casting) on microstructure and the resulting 
properties. Chapter 4. "Cutting·. dt.-scribes single point 
and multiple point culling mechanism~. grinding. and 
electrical discharge and electrochemical machining. In 
all cases both cutting materials and materials to be cut 
arc re\·ie\\"Cd. 

Welding, brazing and soldering, adhesive bonding 
(glues). and fasteners (ri••ets and bolts) comprise 
chapter 5, "Joi11ing", while chapter 6 "Manufact11ring 
decisions·, is a useful diversion into marketing and 
busincs.'i strategy. Chapter 7, "Con1rolling product 
qua/icy", examines methods of quality control and 
as.'iurance including acceptance sampling and statistical 
process control. Chapter 8, "The electric kettle", is a case 
study illustrating how decisions invoh·ing product 
design, manufacturing process, and materials lead to a 
diversity of products and manufacturing solutions. 

• • • • • 

Directory of Advanced Material Profossional'i 

This directory, publi'ihed four times a year, list'i 
the names and titles of engineers, scientists, professors, 
research profcssional'i, marketing pmfcssionals, and 
consultanl'i. It features more than 14,000 listings, cross
rcferenced by company, profession, region, and 
alphabetical. One year subscription is $399; single 
issue is $150. Order from CEMS P11b/ication.r, 
8807 Mo/rad Way, Fair Oaks, CA 95628, USA. 

••••• 

American Society for Composites. Sixth Technical 
Conference: Composite Materialc;. Mechanic.c; and 
Proce'i.'iing 

These proceeding." of a conference held in 1991 
contain more than 100 reporl'i on the material'i, 
mechaoics, and proce'i.'iing ac;pccl'i of composite 
material'i, a\ well a'i metal and ceramic matrix composite 
systems. Topics include structure-property relationships, 
laminates and analysis, ultimate properties, interfaces, 
design, structures and non-destructive evaluation, 
proce'i.'iing, and micromechanics. Many photographs, 
microphotographs, and schematics accompany the text. 
Hardcot:er, 1991, I JOO pp. Sl75, ISBN 0-87762-893-9. 
Order from Ted111omic P11blislii11g Co., /11c., 
851 New flol/a11d Ai•e., Box 3535, Lancaster, 
PA 17604, USA. 

••••• 

A look into the advanced materials jndU$try 

The Ad1•a11ced Materials Snurcebook afld Directory 
1991-1992 is now available from El'iCvier ac; a softcover 
two-volume set for USS4SO. The M>Urcebook 
(Volume 1) provides general information on the 

ad,.·anced materials indlOSlry, concentrating on ceramics. 
composites, plastics, and the cumpanies that produce 
these materials. The directory contains a detailed address 
list of the companies mentioned in the sourcebook. 

For more information contact Elst\ier .4dranced 
Technology Orders ~partment, Mayfield Hruse, 
256 Banbury Road, Oxford, OX2 7DH, UK. 
Fax: (-+44)(0) 865 310981. 

• • • • • 

international Encyclopedia of Composiles, Vol. I-4. 
VCH PublisMrs. New YDl'k 1990: DM 450.00 eat:h, 
subscription price DM 370.00 each (Vol. 1-6); 
ISSN 0935-9648. The publication of this reference 
work is a noteworthy event in lhe field of modem 
materials science in view of the great importance of 
these malerials in ad11anccd technology . 

• • • • • 

A new science dictionary 

A new scientific dictionary is now a\;ailablc from 
Academic Press. With approximately 115,000 fully 
defined entries in 2,200 pages. the Academic Press 
Dictionary of Science and Technology claims to have the 
largest collection of scientific terms of any dictionary or 
il'i kind. 

Funher in formation obtainable from: Academic 
Press, HarcOllrt Brace, l<A•aflt1'ich Publishers, Book 
Marketing Department, 24-28 O\•al Road, 
London NW/ /YA, UK. 

• • • • • 

Who's Who in Techno~y 

Two vo/iunes. Edited by Amy L. Unterburger. 
6th edition. Detroit: Gale, 1989. 2742 P''· $380. 509.2 
TA 139 JSSN 0877-59fll ISBN 0-8103-4950-7. 

Contents, Vol. Biograp!ues: Key to biographical 
information. Ahbrcviationi-. table. Biographies. 
Obituaries. 

Coflfe11ts, Vol. ltrdexes: How to u~ the U11o's 
H-110 in Technology indexes. Geographic index. 
Employer index. Technical discipline index. Electronic.-; 
and computer science. Mechanical engineering and 
material'i science. Chemistry and pla'itic.'i. Civil 
engineering, earth sciences and energy. Phy!lics and 
optic.'i. Biotechnology. Expertise index. 

Notr: Include!\ approximately 38,000 North 
American men and women who have made outo;tanding 
contributions to the advancement of science, engineering 
and/or technology a'i evidenced by patent output, 
publication!\, award!I, i1pecial achievement.; and positioni; 
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or responsibilily. Eutrk.-s iltt arranged alpbabe1ically in 
one volume; a separate index volume enables the user lo 
idenlify individuals by geographic loalion, employer. 
technical discipline ilDd expertise. An obituaries section, 
new 10 this edition, lists biogr.aphces kno'l••n lo ba,,-e died 

sine-: the prc'"ious edition. A full entry and death date, 
if available, arc prm-ided. For science and tcchooiogy 
research lc\-el rdcrence collections. 

••••• 
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7. PAST EVENTS AND FUTURE MEETINGS 

19'2 

During the summer of 1992 (28 August -
5 September) as many as 5.000 of the world's 
leading space scientists and enginttrs came to 
Washington D.C. USA. to participate in the first 
WORLD SPACE CONGRESS. It was hosted and 
sponsored by the American Institute of Aeronautics 
and Aslronautics (AIAA) and the National Academy 
of Sciences and NASA. 

12-16 October 
Moscow 

23-25 October 
SydMy, 
Australia 

15-18 N<Nember 
Zhukm•sky, 
Russian 
Federation 

International Conference on 
Technology ~ent in 
Conversion for Development. 
Industry Focus I: Aerospace 
Technology (Or-g.. by Science, 
Technology, Energy, Environment 
and Natural Resources Di\ision of 
the Department for Economic and 
Social Development of the 
U oiled Nations. in cooperation 
with the Government of the 
Russian Federation and in 
collaboration with UNDP, 
Office for Outer Space Affairs, 
United Nations Department of 
Political Affairs and UNIDO). 

Australian Space Development 
Conference 1992 (National Space 
Society; further details can 
be obtained from Kirby Ikin, 
GIO Reinsurance, GPO Box 1559, 
Sydney NSW 2001, Fax: 
(02) 235- 3909) 

Seminar on Russian Military/ 
Industrial Conversion with 
Aerospace Research and 
Development Focus. The OECD 
Centre for Co-operation with the 
European Economics held a three
day seminar discussing policy 
issues, including potential business 
development, concerning the 
conversion of military research in 
the aviation sector. The seminar 
was held at the Russian aerospace 
research and testing facilities in 
Zhukovsky, near Moscow. 

ParticipanlS included Russian 
aer05pace indusrry orridals and 
experts, industrialists and officials 

1992 

JO SeptetllMr -
1 October 
BTUSsels, 
Belgium 

7-9 October 
Piestany, 
S/m:akia 

2-5 November 
Chicago, 
Illinois, USA 

16-17 Ntwember 
Miami, Florido, 
USA 

8-9Deumber 
London, UK 

1993 

1-4 February 
Albuqlerque, 
NM, USA 

from the aerospace sect« of 
OECD Member counlries. 
representatives from the 
interuatioml banking communi<y 
and OECD secretariat spccialists_ 

•••••• 

Strategies for Plastics Recycling 
(European Centre for Plastics in 
the Environment, 43-45 St. John 
Street, London ECIM 4AN, UK, 
Fax: +44 (0)71 490 3319) 

8th International Conference on 
Powder MetaDurgy (Director 
Ing. Jiri Miculck, Vyzkumny ustav 
pro praskovou metalurgii, 
Zerotinova 60, CS- 78763 
Sumperk, Fax: (00 42-649) 53.93) 

Technology Transfer and 
Commercialization. 
8th Annual ASM/ESD Advanced 
Composites Con£erence & Expo 
(ASM International, Materials 
Park, Ohio 44073-0002 and ESD 
[Engineering Society)) 

Symposium on Application or 
Accelerated Corrosion T eslS lo 
Service Life Prediction of 
Malerials (ASTM, 1916 
Race Street. Philadelphia, 
PA 19103-1187, USA, Fax: 
0462-433678) 

Corrosion and Relaled Aspecl!. of 
Materials for Potahle Waler 
Supplies (The Institute of 
Malerials, 1 Carlton House 
Terrace, London SWlY 5DB, UK 
Fax: +44 (0)71 839 3576) 

Conference on Smart Structures 
and Materials (SPIE, Box 10, 
Bellingham, WA 98227-0010, 
USA, Fax: 206/647-1445) 
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l-4 March UTEOf Asia '93 - Growth 6-19 }UM ~anochemistry. Advanced 

Singapore through Technology, Conference Sophia Anlipolis. SlUdy Institute Sophia 

and Exhibition for the Franc~ Antipolis (France). Contact: 

Polyurethanes Industry in the Prof. H. Siegenthaler, 

Asia-Pacific region. (Crain U niversitit Bern, Inst. fiir 

Communications Ltd., Cowcross Anorgmischc Chemic. 
Coun {2nd Floor), 75-n Cowcros.s Freicstras.sc 3, Of-3012 Bern, 

Street, London EClM 6BP, Fax: Switzerland 
+44 (0)71 608 1173) 

7-10 }UM Euromat '93, 3rd European 

17-18 March Pmtics Recycling Pursuing the Paris, Franc~ Conference. Contact: 

LDndon Challenge (Institute of Materials, EUROMAT '93, Soc~t~ 
l Carlton Home Terrace, Francaise de Metallurgic 
London SWlY SOB) et de Materiaux, 

1, rue Paul Cizannc, 

13-26 March lntematioaal Conference on F-75008 Paris, France 

Dresdm, Materials by Powder Technology 
Qrmany (Deutsche Gcsellschaft fur 7-10 June Solid-Slate Sensors and Actuators 

Materialkundc e. V., Adenauer- Yokdaama, (Traasducers-7) Conference. 

aUec 21, Obcrurscl. Germany, Japan Contact: SANSF.J International 

Fax: 06171/52554) Inc., Fukidc Bldg. No. 2, 1-21 
Toranomon 4-chome, Minatoku, 

7 April Design against Corrosion (Institute Tokyo 105, Japan, Fax: 

Birmingham, of Materials, 1 Carlton House (81)-3-3433-1612 

UK Terrace, London SWlY SOB, Fax: 
+44 (0)71 839 3576) 7·1/ }UM Nondestructive Characterization 

Oalal, HI (USA) of Materiak, 6th International 

19-10 April The Busincs.\ of Plastics; A Sym~ium. Conlact: D. Harris, 

QM\'a Modem Plastics Technology Johns Hopkins University, 

Briefing, 1 Bauellc Europe 102 Maryland Hall, Baltimore, 

(Freehold Exec. Center, MD 21218, USA, Fax: 

Seminars, 4400 Route 9 South, 410 516 5239 

Suite 1000, Freehold, NJ 0771..8, 
USA) 7-JJ }UM Physics and Chemistry of the 

Aghia Pelaghia, Fullcrencs. Advanced Research 

21-23 April JEC '93 - European Com~itcs Crete, Greece Workshop. Contact: 

Paris Congr~ (CPC 65, rue de Prony, Dr. K. Prassidcs, University of 

75017 Paris) Sussex, School of Chemistry and 
Molecular Sciences, Falmer, 

21-25 May Plastics Asia '93 (Busin~ and Brighton, BNl 9QJ, England 

Hong Kong lndu.~rial Trade Fairs Ud., 
18/F, First Pacific Bank Centre, 14-18 June Semiconductor Interfaces. 

51-57 Gloucester Road, Wanchoi, liilich, 4th International Conference. 

Hong Kong Germany Contact: Forschung.g.entrum 
Julich GmbH, attention: 

1-4 lune German Materials Society, 8. Lcngelcr, Postfach 19 13, 

Friedrichshafen, Annual Meeting (DGM, W·5170 Jiilich, FRG 

Germany Adenauerallce 21, 
W 6370 Obcrursel, FRG, 14-25 J11ne Nanopha.o;c Materials: Synthc5ili, 

Fax: 06171- 52554) Marathon, Properties, Application!">. 
<ireeu Advanced Study Institute, 

6-lllune Materials Pr~ing in Higt. Marathon, Greece. Contact: 

Pot.sdam, NY, Gravity (International Center ProL G. C. Hadjipanayis, 

USA for Gravity Material Science and U nivcrsity of Delaware, Phyc;icli & 

Applications, Pot'idam, NY 13699, Astronomy Department, Newark, 

USA) DE 19716, USA 
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12-15 JUM Ad\·anccd Material'> (M'93). ll-16 July Composite Materials. 9th 
Singapore International Exhibition and Madrid, Spain International Conference. 

Conference. Contact: Timt.'S Contact: A. Miravete, 
Conference and Exhibition Ple. Department of Mechanical 
Ltd .• Times Centre, I New Engineering, University of 
Industrial Ro-~d. Singapore 1953, Zaragoza. Maria de Luna 3, 
Singapore 50015 Zaragoz.a, Spain, Fax: 

(34)- 76-612932 
14-15 JUM Acousto- Uluasonic Materials 
Atlllllla, GA, dw'acteriz.ation. 2nd 11-16 July Cryogeni~ Materials Conference. 
USA International Conference. Contact: Albutp.ILrque, Contact: Los Alamos National 

American Society for Non- NM.USA Laboratory, Protocol Office, 
destructive Testing, 1711 Arlingate auention: J. Hull, P.O. 
Lane, P.O. Box 28518, Colombus. Box 1663, MS P366, Los Alamos, 
OH 43228, USA NM 87545, USA 

:-Jl J11/y Nonlinear Optical Material\ and 16-ll July Melallic Alloys: Experimental 
Erice, Italy Devices fM Applications in Boca Raton. and Theoretical Perspectives. 

lnfOl"mation Technology. FL, USA Ad\-anced Research WMksbop. 
Advanced Study Institute, Erice, Contact: Prof. J. S. Faulkner, 
Italy. Contact: Prof. A. Miller, Florida Atlantic University, 
University of Central Florida, Physics Dept., Boca Raton, 
Electrooptics & Laser Center, FL 33431, USA 
12424 Research Pkwy, S.400, 
Orlando, FL 32826, USfl. 18-30 July Supercritical Fluids -

Antalya, Turkey Fundamental'> for Application. 
2-6 July International Mecbatronic Advanced Study Institute, 
Shanghai Technology and Equipment Antalya, Turkey. Contact: 

Exhibition (organized by Paper Prof. E. Kiran, University 
Comm. Exh. Serv., Room 16, of Maine, Dept. of Chemical 
12/f, Wah Shing Centre, 11 Shing Engineering, Orono, ME °""'69, 
Yip Str., K wuntong, Kowloon, USA 
1-'t')llg Kong) 

19-12 July Fluorioiated Monomers and 
4-9 July Organi7.cd Molecular Films. 6th Prague, CSFR Polymers. 34th Microsymposium. 
Queber., International Conference. Contact: Contact: PMM Secretarial, 
Canada Dr. Pierre-F. Blanchet, Chairman, 34th Microsympa;ium; 

Dept. de Chimic-Biologie, Univ. attention: Institute of 
du Quebec a Trois- Riviercs, Macromolecular Chemistry, 
Canada, Fax: (I) 819 376 5057, Czcchoslo\'ak Academy of 
Tel.: (1) 819 376 5052 Sciences, 16206 Prague. 

CSFR 
4-9 J11ly The Chemistry of the Organic 
Jerusalem, Solid Slate OCCOSS-XI), 11th 19-22 July Materials Chemistry. 
Israel International Conference, Kibbutz Aberdeen. Isl International Conference. 

Ramal Raebel, Jerusalem, lsrad. Scotland, UK Contact: Dr. John F. Gibson, 
Conlact: Dr. G. Berkovic, Depl. The Royal Society of 
of Material'i and lnlcrfaccs, Chemistry, Piccadilly, .. Wci7mann Institute of Science, Burlington House, 
Rehovol, l~rael 76100, London WIV OBN, UK 
Fax: 972-8-3441338 

• 20-22 July Polymers, International 
12· 15 July Polymers. 33rd Microsymposium. Cambridge, UK Conference. Contacl: The 
Pragrte, CSFR Conlact: PMM Sccrelariat; Polymer Conference Meetin~ 

auention: Institute of Management, allention: 
Macromolecular Chemistry, J. Herriot, Straight Mile 
C7.ech05lovak Academy of House, Tilford Road, 
Sciences, 16206 Prague, CSFR, Rushmoor, Farnham, Surrey, 
Fax: 42 (2) 367981 GUIO 2EP, UK 



13-25 Jul_v 
Santa Barbora, 
CA, USA 

28 July -
I August 
Makuhori Chiba, 
Japan 

JI August -
4 September 
Sunshine Cit_v 
lkebulauo, 
TolcJo, Japan 

Ekctronic Materials Conference. 
Coolact: Minerals. Melals and 
Materials Society, Meeting 
Services Department. 
420 Commonwcakb Dr., 
Warrendale, PA 15086, USA 

Silicon Molecular Beam Epilaxy 
(MBE) 5th International 
Symposium. Contact: University 
of Tokyo, Research Center for 
Advanced Science and 
Technology, attention: 
Prof. Y. Shiraki, 4-6-1 Komba, 
Meguro-ku, Tokyo 152, Japan 

Third MRS International 
Conference on Advanced 
Materials. Many symposia arc 
planned: composites, glassy 
materials, powder preparation, 
computer applications in 
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6-8 October 
GaitMr.rburg, 
MD, USA 

materials. science and 
enginc:ering, supcrplastic 
phenomena. materials 
interconnc.'Clion, corrosion/ 
coating, shape memory materials. 
hydrogen absorbing materials, 
structural ceramics, biomaterials, 
and so OI!. (3rd MRS 
International Conference on 
Advanced Materials. c/o Nikkan 
Kogyo Sbimbun, Ltd., Business 
Bureau, 8-10 Kudan- Kila, 
I Chome, Cbiyoda- ku, 
Tokyo 102, Japan, Fax: 
+81-3·3221-7137) 

4th International Symposium 
on ComputerUation and Use 
of Materials Property Dala 
(ASTM, 1916 Race Street. 
Philadelphia, PA 19103-1187, 
lJSA, Fax: 215/977-9679) 
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