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SUM~ARY 

This repo~t identifies and describes new materials and related 

technologies which emerged as a result of space programs arid has 

the potential for efficiently utilized in the developing 

cc•ur1t r i es. 

The report describes the status of in-space prc·duction of 

selected materials such as single crystal silicon and the 

pc•ter1t ial for space industrial i ::at ion arid the si grii ficarice of 

involvement of developing countries in such programs. 

The report also describes the details of selected high-tech 

materials that were primarily develop~d for space applicati~ns, 

however, their secondary appplications in industr~ are equally 

important. Such materials include carbon graphite fiber 

techr1ology, high-tech or fir1e ceramic materials, materiAls for 

integrated optics and ind•..&str1al sensors aloi"lg with their best 

application paramet~rs. 

The report goes ir1to the sub.ject of the potential for trar!sfer 

of such material related techn~logies to the developing 

co-.mtries arid the v•rious rnectiartisrn for trar1sfer • 
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In the lives of nations materials have always been of great 

ir1terest and i r1dustrial progress has more often been hinged on 

the acquisition and ownership of these ~aterials. For any 

developing country there is a direct link between their raw 

material resources and i~dustrial infrastrJcture on one hand and 

effective industrial develop~ent on the other. For this reasor1, 

both, materials technology and ~vailable raw materials play a key 

role in the industrial 

developing countries. 

development and economics progress of 

There are many developing countries which rem~in underdeveloped 

despite their possession of vast raw materials and human 

Due to the fact that the developing countries cover a 

m1.1ch larger portion of this planet's land area they own a major 

port ic•n of natural reso1.1rces. Either by choice or by 

circumstances many of the developing countries have been the 

materials supplier to the developed countries. 

are not conte~t to remain material suppliers. 

Justifiably, they 

As such, the field 

of •r.aterials techr1olo3y forces atte•1t iori or1 cooperation betweer1 

the developed arid less developing ~ountries. Mar1y of the 

devel opi rig have ir1m1ediate need for proven 

techr1olog ies which they car1 acquire from the developing 

cour1t r i es. Aroor1g the mar1y pre.over: techr1o!c1gies there i.s a wide 
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selection and availability C•f the "spin-offs" of the space-

related materials processes and technologies developed by thJ 

industrialized and developed countries. Within the U.N. systems, 

this has been documented at the Unispace-82 ~onf~renc~ (!). 

The successful orbiting of the Russian Sputnik in '57 followed by 

equally formidable achievements in the U.S .• under the direction 

Aeronautics and Space Admini~tration <NASA> gave new 

incentives to the industrialized countries to marshall their 

scientific and engineering resources for developing ~aterials for 

space techr1ology. The field of m~terials engineering and 

technology was one of the chief beneficiaries of this change in 

rra t i cirra l priorities of the industrially adv~nc~d countries. As a 

general observation materials techrrology is jr, a highly develc•ped 

state among the irrd•..1strialized nc.tic•rrs and trarrsfer of this 

proven technology to the developing co~ntries would save the 

latter considerable time and expense. 

These materials related "spin-offs·' oi space technologies offers 

the potential to spur industrial, econoffiic and social development 

for the developing countries. These technology may not be a 

total solution for a country's industrial development problems 

and neither can there be any generalized prescription for the use 

of space-related technologies for al! countries. Howev:~r, this 

approach of space-related technology transfer as seen in 

.. 

i 
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several U.S. technical assistance progrdms, has been a more 

effective alternative for achievi~g a given goal and has brought 

abo~t a qualitative change by doing thing not possible through 

more conventional means <2, 3a>. 

the primary responsibility for the industrial 

development of developing countries rests upon these countries 

themselves, however, the transfer of space-related technologies 

to the developing co~~tries is a unique situation and provides an 

opportunity for VNIDO to ~lay the "catalytic role". 'UNIDO can 

be one part of the three-k~Y partnership' with the developing and 

develoned countries who can offer tl1e spin off's of developed 

through space-reiated technologies. 

Space science and technology cannot be considered in isolation 

but must be seen as an integral part of the totality of science 

and t~chnology, which in turn forms part of the industrial and 

technological progress for the entire human race. Space 

technology derived from engineering effort, is in turn dependent 

upon that world pool of scientist, technologist and engineers 

from the developed and developing countries who contributed to 

are nart of the development of space technologies. 

, The sharing of this sp~=e-related technologi~~ can be a vital 

link in the assurance of future peace, happiness and safety of 

all societies specially thnse in the various stages of 
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development and reconstructi0n. ~he present and future welfare 

of human society on this planet cannot be established unless a 

sound and healthy balance of technical economic and social 

standards are achieved. Science and technology, if and when, 

properly applied, can achieve this objective. Scientists whose 

aims and objectives are instinctively to safeguard the welfare 

and happiness of future generations at,ach a far more greater 

weight and importance to the applicdt1on of spac~ technology to 

daily human life than a mere heroic deed of the space conquest c~ 

the mastery of the Moon, Mars or other planets. 

The following sections of this repor·t addresses the materials 

pr~ce~ses and technologies developed through space-related 

technologies. 

It needs to be pointed out that th~re are two categories of 

materi~ls that are being devel~ped for space processing programs. 

o~ is exclusively for in-spac~ (on-board> processing with the 

space industrialization as the final objective. Such programs 

includes production of silicon ribbon tor integrated circui~s 

<IC> and space processin~ of chaleogenide glasses. 

The second c~tegory relates t~ new and improved materials and 

proccesses which were used in the design and fabrication of space 1 

flight equipment and facilities and incl 1es fine ceramics 

<structural ceramics> and various composites. Since the 
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developing countries are at different levels/stages of space 

programs, as s•.ach, this report will address the development of 

both categories of materials. 

Fir1al ly, for the transfer of sp~ce-related technolc•gies tc• the 

developing countries it needs to be emphasized that the United 

St at es t hrc•ugh NASA has t aker1 a very poss it i ve posit i c•ri. The 

foreign licensing program of NAE~ serves to promote and utilize 

foreign patent rights vested in the Administration. The 

objective of this program is to extend the patent coverage of 

NASA owr1ed ir1ventior1s to various foerign cour1tries tc• advar1ce the 

international relatiqnships of the United States limited. The 

section on ~ransfer of space-related technologies to developing 

countries addresses this subject detail. 
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The processing of materials is influenced by the Earth's 

environmental characteristics such as the atmosphere in which the 

processing occurs and gravity. The former car1 ir1troduce adverse 

contamination influences which be minimized by using artificial 

atmc•spheres such as i r1ert gasses. Nothing practical can be done 

earth about gravitational effects which includes phase 

separat ior1, density segregation, uneven cooling characteristics 

and container contamination for glass ceramic and metallic 

materials. On the other har1d materials can be processed ir1 space 

under conditions of virtual wieghtlessness with the potential 

advantages of solar energy and a vacuum sink of unlimited volume. 

The forces that have an effect on the composition or shape of a 

solidified glass, metal and to a lesser extent for ceramics are 

volume char1ges, 

arid convect ior1. 

surface tension and gravity induced segregation 

Various cour1t r i es, 

technology programs, 

depending on the status of their space 

conducted ~~Q~Cim~nt~! materials processing 

studies. 

simulated 

S•.1ch st1.1d ies were both ground-based Con earth 1.1r1der 

near zero "G" cor1dit ior1s, usir1g Acoustic arid or 

electromagnetic levitators> and also on board space flights. 

Further, efforts were also made to exploit the potentials of 

space industrialization which include feasibility studies for the 

I 
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commercial manufacture cf electronic materials. 

sections will describe the details of the experimental and 

commercial manufacturing. 

Based on their space technology capabilities various countries 

had conducted both ground based and on-board materials processing 

studies. 

The United States materials processing studies were managed and 

ad mi r1i stered by National Aurenautics & Space Administration 

<NASA>. Ground-based e~perimental studies were also conducted by 

selected industrialized and dev~loping countries. lr1 thF.? U.S., 

such studies were performed in Apollo, Spacelab and Space Shuttle 

Missicns; Salyout and Syrena in the U.S.S.R.; TEXUS in W. 

Grermany; The European Space Program to naMe a few. 

The purpose of ground-base studies was to conduct materials-

related e><perirnents or1 earth in a r1ear zer•:.• "G" er1vir•::.r1rner1t arid 

to establish the poter1t ial i mprovemerit s or a specific 

characteristic which could not be achieved utherwise. 

NASA has long had an interest in materials, particularly those 

of vali.ae- for the tr1du!'try, aeror1autics arid space flight~. NASA 

had carried out extensive studies on materials in its down 

l•boratories and sponsored research in academic and industrial 
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laboratories. 

For exari~ple, glass melts are highly reactive materials. 

react with virtually any container even with platinum (4). 

They 

This 

includes chalcogenide gla~ses for transmitting in tne infrared 

region arid laser glasses. In this cont~xt, NASA had sponsored 

go1.1r.d based studies in an acoustic levitator to process 

chalcogenide and laser host glasses CS, 6 >. 

Among the advantages claimed for grnwing semiconductor electronic 

materials in space are improved homogeneity, greater p1.1ri ty, 

reduction of physical defects and the ability to grow large 

diameter crystals. Experiments on skylab by Wiedemeier <7>, Wit~ 

and Gatos (8) have been cited for evidence that crystals grown in 

a low "G" env i ror1mer1t are superior to those grown under the 

influence of earth's gravity. 

Likewise, 

related 

the Russians haj also conducted a variety of space-

materials process i rig studies. This ir1cl1.1des the 

directional crystallization of germanium under the influ~nce of 

space environment (9) ; Space processing of CdHgTe, CdMgSe and 

PbSeTe ( 1 (I) and the structural studies on the Te-Se solid 

solutior1s or1-board SALVUT-6 (10>. 
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Such and similar space related materials processing studies were 

cor1ducted by other cour1tries indeper1dently or in collaboratior1 

with the U.S. or Russi an space progra111s < 11 > • Further, ~here 

were several U.S. - Russiar1 joint studies under the Apol lc•-Soyuz 

program <12, 13>. 

Materials related studies were alsc• cor1ducted ir1 the Skylab 

c•rbi ti rag space stat ion. The SKylab materials science and 

techr logy studies were mainly with metallic materials. The 

materials studied include the amiliar steel, aluminum, copper, 

r1ickel, and silver and the less familiar gallium, germanium, 

indium and tellurium. The objective of these studies was to 

evaluate the space environment for single crystal growth, 

immiscible alloy compositions, microsegregation in germanium, 

whisker reinforced composites and so on <14). 

The Space Shuttle program is also being utilized for the 

development of low-cost transportation to and from the earth 

orbit. The system itself is composed of The Orbiter having the 

Space-lab to do research and develop techniques on a variety of 

subjects including materials related technologies. The Space Lab 

is an international ~·ogram developed by European Space Research 

Orgar1i zat ior1 <ESRO>, ( 15). The Space lab provides an extension 

of the ground based studies with the added qualities which only 

the space flight can provide such as long term gravity-free 
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env i t•onment. Ten members of the European space community 

cc•r1sistir1g of West Germany, Frar1ce, Ur1i ted Ki ngdc•m, Bel gi i..mt 

Spain, the Netherlands, Denmark, Switzerland and Austria have 

pooled their resources and combined with the U.S., to conduct 

scientific and technological application and studies which 

includes materials development and processing. For example, 

germanium selenide <GeSe> was grown abroad skylab and was about 

the size and shape used in the electronic devices. The study 

indicated that this type of production is feasible and provided 

data on the conditions under which products of this kind can be 

m~nufactured in space. 

As can be seen all the~e ground-based and on-board test flights 

are a stepping stone for eventual industrialization of space. 

The r1ext sect ior1 describes the details of space 

industrialization. 

The potentials of industrializing outer space is one of the most 

exciting concepts of the space program. The word itself -

industrialization denotes a new vista of thinking. ·one mus~ 

use terms such as production of goods and services, manufacturin~ 

eq u i pr11er1t , 

arid risks. 

labor force, return on investment, products, markets 

Among suggested space industries are unique materials for earth 

and earth resources surveys. Besides allowing the manufacture of 
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better products, space processing f ac i 1 it i es w i 11 a 1 so er1hance 

our techr1ical knowledge of materials behavior. The actual 

properties 

theoritical 

of many of our materials are far below their 

1 imi t; arid space-based materials research pr•:•mises tc• 

help us come much closer to these fundamental limits than efforts 

here or1 earth. Space processi"g allows investigators to 

eliminate the gravity-inciuced effects on materials, allowing 

phase better fur1damer1tal studies Ori sc•l id i ficat ic•r1, 

trar1sformat ic·r1, the kir1etics of vaporizatior1 and cor1densatior1 arid 

the dynamics of froths and diffusion in fluids in a temperature 

gradierrt. 

The new and cheaper products manufactured in space will be those 

that benefit from lack of gravity. With the eKception of 

weightlessness all other characteristics of the space environment 

such as high vaccuum and radiation can be achieved on earth. 

One major benefit of such low-gravity processing would be that 

materials to be processed could be 'levitated' - suspended in 

space without touching the container. Sir1ce there would be r10 

need for containers in space factories, there would be no danger 

of impurity contamination from the container - a major problem in 

earth manufactured highly reactive and high melting materials. 

For eKample,as indicated earlier, crucible contamination is 

probably the most serious limitation in producing high purity 

glasses for lasers, laser system optics and has seriously 

hindered the •bil.ty to grow pure crystals for semiconductors. 
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second major advantage of 10~1-gravity processi..-1g is the 

elimination of container's surface irregularities which contact 

the meited material. These irregularities provides sites for 

undesireable crystal growth in the solidifying liquid which 

spoils the perfect ior1 of the sol id. 

Furthermore, in weighless space, molecular forces like conesion 

and adhesion will replace gravity as the strongest environmental 

forces and become si gr1i ficar1t factc•rs that cor1trol processes arid 

there could drastic changes in the casting and drawing processes 

such as those encour1tered ir1 crystal growth arid fiber arid ribbc•Y• 

drawir1g. 

In this context NASA conducted an extensive techno-economic 

feasibility study for manufacturing single crystal silicon and 

s i l icon ribbon i r1 space < 16, 1 7 > • 

The first task was to evaluate the most common earth-based 

crystal growing processes in relation to processing in space. 

Figure 1 presents thP details of the earth-based crystal growing 

processes which include~~ 

a. Melt growth 

b. Solution growth 

c. Vapor phase growth 

Each of the three processes has their own particular advantages 

for use in space. As s1.Jch, each method was evaluated on the 

basis of its adaptability to the production of single crystal 

silicon 



0 
0 
0 
0 

FIGURE: 1 

CZOCHRALSKI METHOD 

SI Seed 

0 
0 
0 
0 

SIMJLE CRYSTAL SILICCJ~ GRCMl'H ~ODS 

ftE...T SCl...UTIC14' 

FLOAT ZONE METHOD 

SI Seed 

si(I )\1§ 
I 

··" Ga + s;H Ga + 51 I 
··i1 11·1 t 

HOT COLD 

VAPOR 

DIRECT (Closed Tube) CHEMICAL REAtTION 
H 

apor 
Va po_r'--""""""'-._ __ _ 

--+-----·----· 
r-sourc-ecrn-i Substrate (Si SiCl 4 

Hcl 

... 
"""' 



- 14 -

ribbon in space. The technical criteria for select ic·n was that 

the process must be continuous, the shape c•f the er1d prc•duct be 

ribbon, and, in order to be economically attractive, the process 

must be capable of" a high crystal growth rate. <17) 

The ·selected process had the con1binat ior1 of the best features of 

melt growth arid zor1e ref"ining crystal growing prc·~ess tc•gether 

with some unique space techr1iq•.ies. The process was called Bibbo:on 

from ~elt §rowth in §pace or simply RMGS ;:.rocess. Figure 2 

<ne><t page> provides a block diagram arid cor1ceptual sketch of the 

RMGS process <17). In this model process the growth of single 

crystal ribbon was made from a levitated, spherical melt heated 

by a solar colllector. There are two Major advantages to this 

process direct conversior1 of the polycrystallir1e silicon ir1tc• 

the desired single crystal planar f"orm and the elimination of" 

cor1t ar11 i r1a t i or. by the contact of molten silicon with its 

sorrour1d i ngs. 

The single crystal silicon currently grown on earth is not in the 

desired planar form but is in the form of large cylinderical 

boules. 

chemical 

surfaces. 

However, 

The boules are sliced ir1to wafers arid mechar1ical arid 

polishing is required for removing the damaged 

These loses amounts to 50~ of the starting m~terial. 

in space manufacturing operation direct conversion of 

polycrystallir1e sil.i.cor1 into ribbor1 forrn is optimum because it 

eliminates processing loss. Further, microgravity makes possible 
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the levitation of the melt as illustrated in Figure 3 <b~low>. 

Leviation of the melt eliminates both t~e material loss and the 

transportation costs for the lost <waste> material. 

·>~ 

so~-P~ii;.,. 
-·J· .·-

RIBBQf 

IOOLt - ( ~ LOSS + POLISBDfG LOSS) 

-~ 

:J)-~-~-~ 
EARTH MANUFAC'l'URING OP SILICaf WAFER 

Figure 3: 
SP.ACE MANUFACTURING OF SILICC»f RIBBC»f 

Further, silicon ribbon suitable for IC's have been mechanically 

shaped using high purity quartz ( 18>, however, for space 

processing, die errosior1 arid frequer1t die replacemer1t would have 

resulted in higher production costs. The process uses 

alternating current which in the coils results in a radio 

frequency force field that forces the Molten material into 

rectangular cross section. Radio frequency force field shaping 

beer1 largely unsuccessful on earth ( 19)' but the 

microgravity of space should facilitate its application. 
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The advantage of microgravity is that surface tension beco111es 

dominant force and shaping can be effected over a •uch longer 

meniscus height as shown in Figure 4 below. This longer meniscus 

height allows the use of Multiple coils of larger cross section 

thus minimizing resistance losses. The decreased power density 

in the ribbon for the longer shaped height space allows a better 

balance to be achieved between shaping force and heating of the 

molten si 1 icon. 

Figure 4 

EARTH 

• .5 
Shaped He;ght 

h - cm s 

The postulat•d silicon ribbor1 process was incorporated into the 

space manufacturing plant design as shown in the following Figure 

5 <r1eKt page> C 17>. One grour1drule was that the plant would be ar1 

automated free flying spacecraft to provide good operating 

economics. The production rate was based on a 7.6 crn ribbor1 

width and a pull rate t190 cm/hr> already achi•v•d on the ground 

using mechanical dies <17>. 
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Figure 5 SPACE MAHUFACTUIUNG OF. SILICttl RIBBttl PLANT 

SUPPLY 

For determir1i rig the econornic 'feasi bi 1 i ty of space manu'facture, 

cost comparisons were made with earth manufacturing. Property 

i m provemer1t s, eHtrapolated 'from Skylab eKperimental results, were 

postulated for the space grown crystal and evaluated in terms o'f 

integrated circuit processing yield. The yield irnprovernents for 

the two principal device technologies, bipolar and metal-oxide-

sernicor1d•.1ctor CMOS> are shown in Figure 6 CneKt page> for a 0.38 

cm x 0.38 cm baseline large scale integrated <LSI> circuit or 

chip. The approach used was to calculate the LSI manu'facturing 

cost using earth material cost yield <17>. 

Further, 

steps: 

integrated circuit ~anufacturing consist of three major 

di ff1.1si or1, assembly and test. In diffusion t~e 

trar1si&tors arid ir1tercor1r1ect ior1s are form•d by sel•ct ively 
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Figure 6 INTEGRATED CIRCUIT PROCESSING YIELD 

doping the substrate in a multistep process. The circuits are 

probed arid separated int•:> ir1dividual chips. The good chips are 

ther1 assernbled into packages arid the final step is to test the 

assembled integrated circuits. 

The effects of the increased yields projected for space processed 

integrated circuit material costs are shown in Figure 7 <neKt 

page> C17>. 

The largest effect of space processing is the decrease in 

diffusion cost per killogram which is inversely proportional to 

the overall yield. There is a 1 so a srna 11 decrease in assernb l y 

and test cost due to the small improvement in final test yield. 
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Finally, in order to determine the valua and market for space 

produced silicon market analysis was also conducted to identify 

market characteristics and is illustrated in Figure 8 (16, 17> 

below. 
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Figu!e I Projected World Semiconductor Market 

The semiconductor market is composed of discrete devices and IC's 

•nd is currently around S20B and i• growing at •n annual rate of 

11~. Single crystal silicon for use in IC's requires eKtremely 

high quality materi•l in terms of purity and structure. The 
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damaging effect of defects increases with circuit size and is 

greatest for large scale integrated circuits <LSI>. These LSI 

would be a candidate for space processed silicon if the Skylab 

and shuttle studies could be realized in developing a 

manufacturing process in space with an eventual objective •:.f 

industrializing space. 

Space ir1dl!strializati..:-r. is the 1o1edium by i..;t-,.;,c:-. services, prc0 d ... L:ts 

and energy are returned from space to earth to provide ir1dustrial 

ecor1omic benefits 1:0 the entire world. In fact. the developing 

co~ntries are now, and will continue to be prime beneficiaries 

from space ir1dustrial i zat ior1. It is possible to cor1strur-t 

credible SC'enarios which could bring the developing co•.1r1tries to 

the level of ir1dustrial ly developed cour1tries ir1 a relatively 

lesser time frame and cost <20>. The worldwide interest in space 

ir1dustrialization is reflected by the r11.1rnber of countries arid 

agencies that are actively participating by their involvement at 

the UNISPACF.-82 Cor1ference (;21). The great power for what is 

considered "good" in the industrialized world <the word "good" 

relates to heal th, educat ior1, kr1owledge, creative growth, safety, 

etc.> afforded by space industrialization has been comprehended 

by a very few, but there is evider1ce that realizatior1 is 

spreading. It is hoped that thJs report and the associ~ted 

studies by UNIDO will assist in the r•alization and help promote 

the utilization of space-related industrial materials spin-off 

for the developing countrie~. 
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3.0 MATERIALS DEVELOPED FOR SPACE APPLICATIONS ------------- ---- -----

The significance of fiberous materials and products becaroe 

identified with structural developments in the aerospace 

industry. The urgency of structural requirements for the space-

related industries led to the development t:•f carbon/graphite 

fiber composites. 

Carbor1 is an abur1dant element or1 earth and elemer1tal carbc•r1 is 

siKth in the periodic table with an atomic weight of 12.011 and 

consist ir1g of 98. 9" C fl. and 1. 1" fo C 13 • 

The high strength and high modulus carbon fibers are about 7 to 8 

micror1s in diameter and consists of small crystallites of 

"turbostratic" graphite, one of the allotropic forms of carbon. 

In a graphite single crystal the carbon atoms are arranged in 

heKagonal arrays as shown in Figure 9 <neKt page>, and are 

stacked on top of each other in a regular ABAB sequence (22,23>. 

The atoms in the layer or basal plat~s are held together by very 

stror1g covalent bonds arid there are weak Vars der Waal forces 

between the layers <24>. This means that the basic cryatal units 

are highly anisotropic -- the in-plane Young's modulus parallel 

-2 
to the A-axis is 910 GN m and the Young's modulus parallel to C-

.ax is <r1orrnal to the basal planes> 

between the layers is 0.335 microns. 

-~ is 30 GN crn • The spacir1g 

The "turbostatic" graphite 

r•sembles graphite •ingle crystal •xcept that the la~~r planes 
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Arrangement of carbon Atoms in the 
Layer Planes of Graphite 

have r10 regular packing in the C-aKis and the average spacing 

between the layer planes is about 0.34 nm. 

The technique for obtaining high modulus and high strength is to 

have the layer plan~~ of graphite to be alligned parallel to the 

axis of the fiber. Details are available in review articles by 

J•':!hr1sor1 <25, 26>' Perret and Ruland <27> d~d Reynolds 

(28, 2'3). 

In the U.S., the devel~proent of high strength carbon graph~te 

whiskers was reported by NASA (30) and also by Steg <31>, 

Schmidt and Hawkir~ C32>, and Economy (33). Detail information 

is also available in several U.S. patents (34-74). 

Efasical ly, in the various process patents reviewed for the 

manufacture of carbon fibers, a variety of precursor <starting 

material> are used. The basic process in manufacturing graphite 
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fibers is to utilize an organic base precursor with a high 

percentage of carbon atoms, and through heat and tension, drive 

off al 1 volatile fract ic•ns leaving c•nly the carbon atoms. The 

three most popular precursors are polyacrylonitri le <PAl'1', staple 

rayon fibers and pitch fibers. All the three precursors can be 

carbo:•rti zed to various degrees with varying difficulty and 

properties. 

A. eQ!Y~£CY!QDiici!~ __ ![8~!~ Base graphite fibers are made from 

a long chain linear rolymer consisting of a carbon backbone with 

attached carbor1i tri IE:: groups. The first step involved in 

producing a graphite fiber from this polymer is to cyclize the 

1 ir1ear struct•.1re ir1to a "ladder" type structure. The eye l i zat i•::.r1 

reaction is accomplished by holding the prestretched polymer 

under tension at temperature of 205-240 degrees Celcius for up to 

24 hours in an oxidizing atmosphere. 

After the completion of cyclization the resulting infusible fiber 

is heat treated in an inert atmosphere to temperatures ranging 

from 1400 degrees 3000 degrees Celcius. The final prQcessing 

temperature significantly influences the degree of graphitization 

that is achieved and the resultant properties of the fiber. 

Severa 1 U. S. 

detai 1 C75>. 

patents describes their process in more precise 



.....---------·---~- -- -~----- -

- 25 -

On a commercial scale, the oxidation of PAN fibers to carbon 

fibers was revealed in the U.S. Pater1t <37> which also covered 

the copolymers of PAN, and two Japanese patents (76). Both of 

the Japar1ese patents are 1 icensed to Tokai Electrode Compar1y and 

the Nippon Carbon Con1pany. 

In the preparation of high strength high modulus fibers, Tot·ay 

<70> oxidized the PAN precursor by contacting the fibers (for 

less than 1 secor1d> intermitantly at a surface temperature range 

of 200 400 degrees Celcius. Brittish patents granted to Union 

Carbide described a process for the continuous graphitization of 

textile fibers by stretching at temperature around 2200 degrees 

Celsius <77). 

Royal Aircraft Establishment <RAE>, England, developed a process 

for the conversion of PAN fibers into high modulus carbon 

fibers. This required an initial oxidation of PAN fibers in air 

bet weer1 200 300 degrees Celcius followed by carbonization and 

then graphitization in an inert atmosphere up to 3000 degrees 

Celci•Js <78). 

B. The use of cellulose fibers as 

precursors for carbor1 fibers was ar1 importar1t adva .. cemer1t for the 

C/G fiber technology. Such commercial fibers from union Carbide 

ur1der the trade r1arne of Thorriel-50 arid Thorriel-75 are rnade by 
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heat-treating rayor1 filaments in inert atmosphere in a series of 

steps to temperatures on the order of 2700 to 2800 degrees 

Celcius. At these elevated temperatures the filaments are 

subjected to ter1sile loads and are stretched or elc•ngated ir1 

order to allign the graphite layer planes in a direction parallel 

to the axis of filaments (34,35,36,40,42,79>. 

It needs to be described that the carbon fibers made from rayon 

precursor are irregular in shape and the fiber size may range 

from 5-50 microns in diameter. 

c. The newest carbon fiber processing 

technique being utilized more aggressively involves the spinning 

and thermal decomposition of an intermediate liquid pseudo­

crystalline phase of a coal tar pitch known as mesophase.. The 

mesophnse str1.1cture forms in a pitch after heating in a 

temperature range of 400 500 degrees Celcius for up to 40 

hours. At this stage the pitch is in the form of a viscous 

1 iquid arid the carbor1 molecules are kind of plate 

shape. 

1 i ke i Y1 

After the conversion of the pitch to mesophase state it is spun 

through small orifice <bushing> into filament form. The spirmir1g 

process forms fibers having a high degree of axial orientation. 

These ordered fibers are made infusible by thermosetting at a 

relatively low temperature. 
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The use of low cost commercial pitches without the costly 

stretchir1g of fibers at elevated temperatures was first reported 

by Singer <69, 80>. However, Otani and co-workers in Japan had 

filed a patent C4S> t.1e efforts of ~i nger led to the use of pitch 

as a precursor for high strength high modulus, graphite fibers. 

3.1.1 eBQe~BI!s§ QE ~8B~Q~L§B8etl!Is E!~sB§: 

Carbon/graphite fibers offer a combination of low weight, high 

strength, high modulus and stiffness properties quite superior to 

similar properties of convent ior1al non-metallic and metal 1 ic 

aerospace related fiberous materials. Further, for the 

carbon/graphite fibers, their properties vary with the precursor 

material and this point is well illustrated in Tables I & II in 

the next two pages. 

Even 

final 

within a specific precursor material, 

product <graphite fiber> varies 

the properties of the 

and depends on the 

processi rig parameters such as the carborii zat ior1 arid graph it i zat ior1 

temperat1.ire. Table II <next page> illustrates this aspect of 

graphite fibers made from mesophase pitch. 

As indicated earlier, the carbon/graphite fibers were developed 

for a variety of space-related application where the superior 

mechanical and strength properties of these fibers played a vital 

role in providing the unmet need. The next section describes the 

strength related properties of graphite fibers based on the 

precursor materials. 
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TABLE I COMPARATIVE PROPERTIES OF CARBON/GRAPHITE FIBERS 

(BASED ON PRECURSOR ""TERIALSj 

t 
I 

S NO.: PROPERTY 

1 TEN~ILE STRENGTH 
(10 PSI) 

2 T~ILE M>DULUS. 
(1 PSI) 

3 SHO~T BEAM SHEAR 
(10 PSI) 

untreated 
treated 

4 SPECIFIC GRAVITY 

5 ELONGATION, S 

6 FIBER DIAMETER, 

PRECURSOR ""TERIAL 
PAN PITCH 

360-450 225 

30-50 55 

10-4 6 
18-8 10 

1-8 2 

1.2 - 0.6 1 

m 7.5 

RAYON 

300-400 

60-80 

4 
8 

1.7 

6.5 
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TABLE II PROPERTIES OF GRAPHITE FIBERS MADE FROM MESOPHASE PITCH 

AFTER AFTER 
CARBON I ZATI<l4 GRAPH IT I ZA TI<l4 
(1500°-1700° C) (2800° C) 

0 0 

1. SPACING OF CARBON CRYSTALLITES 3.40 - 3.43 A 3.36 - 3.37 A 

2. DENSITY (6'/CC) 2.1 - 2.2 2.1 - 2.2 

3. TENSILE STRENGTH 140-160 ksi 250-350 ksi 

4. YOUNGS'S K>OULUS 25-35 msi 75-120-msi 

5. ELECTRICAL RESISTIVITY 800-1200xl0 -6 150-200 x 10-6 
ohm-cm otun-cm 
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3.1.2 !B~~§I~ eBQe~B!!~§ ~eB~Q~L§B8e~!!~ E!~~B§~ 

Carbon/graphite fibers are the preferred material due to their low 

weight and high modulus strength properties. Further, their 

properties are also related to the precursor material and are 

described as follows: 

Factors which governing the tensile 

strength of PAN-base fibers in relation to heat treatment 

temperature is that the strength gradually increases with 

temperature to a maximum at 1200 degrees Celcius, and, again 

grad1.1al ly drops arid level at 2800 degrees Celcius when the tensile 

strength is around 200 psi C81). 

The referenced figure CSl> clearly indicated that the tensile 

strength does riot rise with the increase ir1 heat treatment 

temperature. The tensile strength reaches a maximum strength of 

about 450 ksi for fibers processed arour1d 1200-1400 degrees 

celcius. The tensile strength drops off significantly for fibers 

processes at higher heat treatment temperatures. According to Watt 

and Johnson <82,83> the tensile strength of fibers is controlled by 

the presence of discreet flaws both within and on the surface of the 

fibers. Barnet and Norr C84> published a summary of strength 

limiting factors for PAN-base carbon fibers. Many of the internal 

flaws can be classified into three categories: inorganic and organic 

inclusions, longitudinal voids due to dissolved gases and irregular 

voiJs <85>. During heat treatment these defects change into 

imperfections and can be seen in the final product <86-88). Basal 

plane flaws are important because they affect the tensile strength 
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of PAN-base carbon fibers <89>. 

Surface flaws introduced during the spir1ning of the polymeric 

fiber retain their shape even after carbonization <81). According 

to Tokarsky arid Diefe'."'ldorf <90> the tensile strerigth of graphite 

fibers is a function of not only internal and surface flaws but 

also of the radial and axial flaws. 

Al 1 of these flaws car1 be removed by careful processing (91 > 

resulting in a significant improvement in the tensile strength. 

The elctrical properties of PAN-base carbori/graphite fibers were 

also studied and indicated major changes in the electronic 

structure of the fiber at the heat-treatment temperature of 1750 

degrees Celcius <92,93>. This has been attributed to the release 

of r1itrogen. Merchand and Zanchetta had shown that the release of 

nitrogen affects the graphitization process <94>. 

EBQE&BI!&§ QE E!I~~ ~8§g 8~Q B8YQ~ §8§g E!§gB§i 

The tensile strength of pitch base graphite fibers is directly 

related to their processir1g or heat-treatmer1t temperature <95>. 

The ultimate tensile strength increases relative to the processing 

temperature ranging from an average of 200 ksi for fibers heat 

treated at 1700 degrees celcius to 320 ksi for fibers processed at 

3000 degrees Celcius. The ultimate tensile strength values of 

pitch base fibers are relatively low and the primary source of 
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Failure is due to porosity. 

The electrical properties oF pitch base graphite Fibers were 

discussed in detail by Bright and Singer <96>. The electrical 

resistivity of pitch base graphite fibers drops with increasing 

processing temperature <From 10 ohm-cm processed at 1700 degrees 

Celcius to 2><10 ohm-cm processed at 3000 degrees Celcius>. As 

such, the pitch-base fibers are excellent conductors and their 

electrical conductivity is significantly better than PAN-base 

fibers. 

The Rayon base fibers posses a high degree oF crystallinity 

ranging from 25-50" and during processing the structure breaks 

down arour1d 300 degrees Celcius arid a re-orier1tat ion of structure 

occurs around 1000 degrees Celcius resulting in voids due to 

precursor arid cor1sequer1t ly lower density < 1. 3 gr/cc> (97, 98>. As 

such, the tensile properties of rayon-base fibers- are dependent on 

several processing parameters <98>. 

Carbon/graphite fibers are basically strong fibers, however, their 

strength increases almost by ar1 order of magr1itude when they are 

used as fibers composites. 

Composite materials offer a combination of strength and stiffness 

properties superior to nor1-reir1forced fibers. Graphite fiber 

reinforcement are es5entially graphitic due to the fact that the 
.. 
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fibers primarily consist of carbon which is amorphous, arid a 

lesser amount of graphite which tias a hexagonal crystalline 

structure. The percentage of graphite in the fiber depends or1 the 

final processing temperature and increases with increase in the 

final temperature. 

Further, thL form of graphite fiber plays a significantly effect 

on the fabrication of a selected composite structure. The 

composite product 

requirements of 

Table III <next 

fora1 is determined both by the structural 

the end product and the Manufacturing process. 

page> provides the data on the mechanical 

properties of graphite fiber composites and compares with Aramid 

lt9, 'S' 

indicates 

glass 

the 

arid boron fiber composites. The table clearly 

overall superiority of graphite fibers composites 

except when compared with boron fiber composites which are very 

expensive. 

3.1.3 eeeb1~er1Q~§ QE ~0B~Q~L2Bae~!Is E!~sB ~g~eQ§!!~§~ 

A very large arid broad techr1ology arid informatior1 data base has 

evolved during the past quarter of the century for advanced 

graphite fiber composite materials. This data base has beer1 

established primarily by work sponsored by U.S. federal agencies 

and aerospace companies. As part of the program to develop 

confidence in graphite composites, 

indicating the progress that has been made in this material for a 

variety of aer?space and industrial applications. 



TABLE Ill MECHANICAL PROPERTIES OF COMPOSITES (60% FIBER VOLUME * 

:REINFORCEMENTS : ULTIMATE TENSILE l ULTIMATE COMPRESSIVE INITIAL TENSILE ULTIMATE TENSILE COMPOSITE 
I I STRENGTH(ksi) I STRENGTH (ksi) MODULUS (msi) STRAIN (%) DENSITY3 I • ' I I oo goo I oo goo oo 90° oo 90° (lb/in ) I I I 
I I I 
I I I 

• I I I 

:A-GRAPHITE FIBER :220 7-12 I 220 40 18 1.5 1.2 0.5-0.9 0.056 I 
I I 
I I 

:HT-GRAPHITE FIBER:220 6-12 ' 200 35 ' 22 1.3 I 0.8 0.5-0.9 I 0.057 I I I I 
I I 
I I 

:HM-GRAPHITE FIBER:130 5-10 ' 130 30 I 27 1.3 ' 0.5 0.3-0.8 I 0.058 I I I I 
I I 
I I 

:VHM-GRAPHITE I 
I 

I FIBER :200 2-3 I 97 27 I 45 0.9 ' 0.5 0.2-0.3 ' 0.058 I I I I I 
I I 
I I 

:ARAMID 49 :220 3-4 I 45 15 I 13 0.8 I 1.5 0.2-0.3 I 0.050 I I I I 
I I I I I I 
I I I I I I 

:s-GLASS :260 5-9 I 100 23 I 6-8 2.0 I 3.0 0.3-0.4 I 0.072 I I I I 
I I 
I I 

:BORON FI BER :230 9-13 I 400 30 I 30 3.0 I 0.7 0.3-0.4 I 0.075 I I I I 
I I 
I I 
I I 
I I 

* W.T. FREEMAN AND G.C. KUEBLER "MECHANICAL & PHYSICALLY PROPERTIES OF ADVANCED COMPOSITES", COMPOSITE 
MATERIALS, TESTING AND DESIGN ASTM-STP, Vol. 546, Page 205, 19N 

. 
I 

. 1,,.1 
I 
I '1' 
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In a program s• .... ~ored by NASA at Lockheed Corporation, advarac:ed 

carbon/graphite .iber composites technology has been developed for 

vert ic:al fins <ACVF> used in L1001 trarasport aircraft (99>. The 

e>eperiences of several commercial aircraft manufacturers 

continuous to show promise in application of the advance graphite 

fiber composites. Graphite fiber epo>ey composites were studied at 

Douglas for NASA-Langley Research Center where in Thornel 300 

graphite fi~er composite were used in the vertical stabilizer of 

DC-10 jets (100>. 

Carbon/graphite composites have also been used in the desigr1 of 

space orbiter and space shuttle <101). Further, there were mar1y 

raoteworthy space-related advaraced comporaents involving the use of 

carbon/graphite composites and ir1clude space stable support system 

for the secoradary mirror of ara optical telescope <102>, structural 

compc•r1er1ts in the design for X-ray observation of galactic and 

extra-galactic: X-ray sources <103>. 

A potential application for the developing countries is the use of 

Carbora/graphite fiber composites for various parts and comporaer1ts 

of lightweight aircrafts. This includes wheels and brakes systems 

<104>, lar1dir1g gear sprir1g blades and er1gine far1 frames C105>. 

Advanced carbon/graphite fiber composites are also being used in 

the automotive ir1dustry. One of the most effective way to improve 

the miles per gallon performance of passenger cars is through a 

drastic reduction ir1 weight of a car <106-111>. Ford Motor 
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Company is working ir1 this direct ion <106) and weight reduct i•:•n 

for heavier trucks has also been reported ( 107' 108). 

Further, there are several industrial and commercial applications 

of carbon/graphite fibers which have been in operation in the 

industrialized countries. They cover a broad range arid i r1c l ude 

bicycle frames (112,113>, carbon fiber reinforced concrete Cas. a 

building material> <114>, corrosion resistant valves C115>, and 

medical prosthesis devices <116 and 117>. 

From a generalized i nterpretat ior1 the carbori/graphi te fibers 

composite technology may be considered as part of the fiber 

reinforcement plastics industry, as such, could play an effective 

role in the industrialization of those developing countries which 

have a broad fiber composite technology base. In this contest, 

several potential products and design applications are suggested. 

lr1 these appl icat ior1s the intri r1sic qualities of the f i bet·;; are 

utilized just as they are provided by the manufacturers. This is 

in contrast to structural applications where R&D has defined more 

sophisticated requirements. 

Bushman had updated the role of carbon/graphite fibers as a source 

for heating in non-metallic tooling <118). Among the tools that 

benefited from integral heating elements are bonding fiKtures, 

tools for thermal forming of thermoplastic sheets arid tools for· 

the curing of thermosetting matriK prepeg into finished components. 
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Carbon/graphite fibers have found Many appl icat ioras in 

radiological equipMent. Advantage was taken of these fibers 

transparency to X-rays making it possible to r11c•ni tc•r patient's 

vital sign during some X-ray diagnosis (119). Ir1 another 

applicatiora carbora/graphite fibers were used to make light-weight 

and X-ray transpare~t tables used during patients' e><aminat ior1 

( 120>. In soMe X-ray diagnosis patients need to be moved and 

rotated which is an uncomfortable procedure during internal 

e><ami raat ion. 

All these applications clearly indicate the significance of this 

space related technology in the industrial development. This is a 

growing industry, and aside from the key markets which have been 

identified there are many small segments which are difficult to 

locate because available data i both limited and restricted. 

However, for the sake of identification selected commercial 

carbon/graphite manufacturers have been identified. 

3.1.4 ~Q~~~B~l8b ~8~YE8~IYBsB§ QE ~8B~Q~L§B8e~lis El~~B§l 

There are several coMmercial manufacturers of graphite fibers who 

make the fibers based on the three precursor m~terials, viz, PAN, 

Rayon and Pitch. Tabel IV Cne><t page> provides the names of 

selected manufactures, the trade name of the fiber, process i rig 

techriique arid selected properties of the fiber. 

There are several manufacturers of carbon/graphite fibers and 

their identification is beyond the scope of this report. However, 
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TABLE IV C0ffo1ERCIAL CARBON GRAPHITE FIBER MANUFACTURERS 

'S. NO MANUFACTURER/ TRADE : PROCESSING DENSITY Av.J..>TRENGTH Av.6111>0ULUS 
COUNTRY NAME : TECHNIQUE Gr/cc 10 psi 10 psi 

I 
I 

1. l'l>DMOR I PAN 1.85 340 59 

2. CELANESE INC. 
U.S.A. CELION 70 PAN 1.96 300 88 

3. COURTLANOS COURTLANDS 
ENGLAND HMS PAN 1.94 250-350 50-60 

4. GREAT LAKES FORTAFIL 
U.S.A. 6T PAN 1.91 420+20 59 + 3 

5. COURTLANDS COURTLANDS 
ENGLAND HT PAN 1.86 325-375 35-40 

6. GREAT LAKES FORTAFIL 
U.S.A. ST PAN 1.80 400+20 48+3 

7. HERCULES U.S.A. HERCULES 
TYPE A PAN I.Ti 400 32-28 

8. UNION CARBIDE 
U.S.A. THORNEL 300 PAN 1.70 325 34 

r UNION CARBIDE UCC TYPE R PITCH 60-200 50 
U.S.A. 

110. UN ION CARBIDE THORNEL 75 RAYON 1.82 385+17 76 + 3 
I U.S.A. I 
I 
I 

:u. UNION CARBIDE THORNEL 50 RAYON 1.67 320+20 57+3 
I U.S.A. I 
I 
I 
I 
I 
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brie~ description of the major mar1ufacturers is as fol lows: 

1. Union Carbide Corporation CUCC>, United States: 

Since 1960 this company has been ider1tified as a majc•r 

manufacturer of carbon/graphite fibers made from rayc0 r1 

precursc•r, and from 1970 UCC has been the distributor of 

C/G fibers produced by Toray of Japan. In recent years 

UCC has been makir1g pitch precursc•r-base C/G fibers. 

Their products are identified as "Thorne!" - Thorriel-50 

b 
means (fibers having 50x10 psi Modulus etc>. 

2. Hercules, Inc., U.S.A.: 

Like UCC, Hercules has been distributing C/G fibers and 

ir1 recer1t times has beer1 producing their o .. m PAN 

precursor fibers. They €.re also the exclusive 

distributors of Courtaulds <England) C/G fibers here in 

the U.S. The C/G fibers made by Hercules are ider1t i fied 

under the trade name of "Magnamite". 

3. Celanese, Inc., U.S.A.: 

A relatively smaller company, Celanese, however has a 

unique product - ultra high modulus graphite fiber C70-75 

>< psi> identified as GY-70. Their PAN precursc•r 

products Celion 3000 and 6000 are the other products. 

4. Great Lakes Carbon Corp. U.S.A.: 

One of the smaller manufacturers of C/G fibers, their 

products are sold under the trade name of Fortafil. 

5. Courtaulds, England: 

One of the major C/G fiber manufacturer, this Er1gl ish 

company pioneered the PAN-based fibers developed for Royal 
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Aircraft Establishment <RAE> in the 60's. Currer1t ly 

their products are sold under the trade nar11e of GRAFIL. 

6. Toray, Japan: 

A leading manufactur~r of C/G fibers and a pioneer in the 

development c.f PAN-based fibers. They also supply 

substantial quantities of C/G fibers in the U.S., through 

ucc. Their fibers are sold as 1000, 3000 and 6000 

fi lamer1t yarr1. Grade M-40 is a hig~. r11c•dulus fiber. 
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Space environr.tent der.1ar1ded a variety of ur1ique characteristics 

which cc•uld oraly be satisfied by cerar11ics. This assesmer1t 

concerns a number of new ceramic materials and products that have 

been developed over the p~~t quarter of a century to fulfill the 

urmu:?t need of space eravironmE<nt and fc•r its unique appl icat io::ora. 

At the same time, the spin-off of these materials and technologies 

are: 

1. Techraical ceramics or fir1e ceramics. 

2. Materials for integrated optics. 

3. Industrial sensor materials. 

There are other materials and technologies, however, 

scope of this report the selected technologies are considered as 

mature enough for transfer and significant enough for potential 

industrial progress of the developing countries. 

The application of heat to ceramic raw materials is one of the 

earliest of materials technologies. Ancient man discovered that 

heated wet clay could be molded into a variety of shapes before 

baking or firing. By the time the ar1cier1t Greeks coi r1ed the terr11 

"Keromos", man had been shaping and firing common clay. 

Now, the space age era is using this ancient material under 

sophisticated names for a variety of industrial application which 

includes automobile engines. There is little doubt that advanced 

ceramics/structural ceramics is a si grii ficant "emergir1g 
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technology" worldwide, affecting such diverse areas as auto 

enginers, power generation, 

industrial sensors. 

cutting tools, 111icroelectronics and 

In the United States, these high temperature cera111ic materials are 

knowr1 as advanced or technical cera111ics. These hi-tech ceramics 

ref"erred to in Japan as "Fine Ceramics" are made from extremely 

pure, co111posi t ion-control led, ul tra-fi r1e particles formed, 

sir1tered arid treated under highly controlled conditions. Their 

properties give the ceramics s•.1perior performar1ce characteristics. 

The great diversity of practical applications of these fine 

ceramics as identified by the Fine Ceramic Office, MITI, Japan, is 

presented in Figure 10 <121> <next page>. 

What are these so-cal led advar1ced ceramics, high-tech ceramics or 

fine ceramics and how do they differ from the traditional ceramics? 

Unlike the traditional ceramic materials based primarily on 

silicates, 

carbonates, 

advanced ceramics include nitrides, carbides, oxides, 

etc. These materials posses specialized properties 

including high heat, wear, and corrosion resistance as well as 

specialized electrical and optical properties which allows these 

r1ew ceramics to 

appl icat ior1s. 

perform well in a number 

Figure 11 <next page 

of high-value added 

following) provides an 

overview of these materials. 

temperature materials. 

The following are selected high 

§9!!:Q~!. The acror1ym "Sai Ion" was origir1al ly given to r1ew cerar11ic 
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FIGURE 11 CLASSIFICATION OF HIGH TECH CERAMICS BY FUNCTIONS** 
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Be<>. M,01 
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1BaT10,. SrTr0,1 
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subsuarc. clccuon1cs rn1crconncc11011 subsintc 

Ceramic capacnor 

Ptczoclccttic matcnals I PZT> [Vibrator. oscillator. fihcr. c1c. 
Transducer. uhrasoruc humidifier. p1czoclectnc spM!t 
!CRCrllor. CIC. 

EJmric functions 1----4 

Magnetic functions 

Opcical functions 

Semiconductor materials IBaTrO,. 
SiC. Zn0-81z(),. Vz(), and Olhcr 
rransilion mclal 01.idcs) 

Ion conducting matenals 
l#J-Alz01. ZrOz) 

Soft ferrite 

Hard ferrite 

Translucent alumina 
Translucent magnesium. mullite. CIC. 

Translucent YzOrTh01 ceramics 

Pl.ZT ceramics 

Gas sensor (ZnO. Fez01. SnOz) 

Humidity sensor (MgCr10.-Ti0z) 

Chemical functions 1----r- Catalyst carrier (cordicrirc) 
Organic catalyst 

Electrodes (titanates, sulfides, boridcs) 

~Solid 

NTC lhcnnistor: 

PTC lhcnnistor: 

rcmpcrarurc sensor. 1cm­
pcra1urc compcnsauon. crc. 

healer clcmenl. s11onch. tem­
perature compcnsa11on. etc. 

CTR lhcnnistor: heat sensor clement 

Thick film lhcnmstor: infrared sensor 

Varistor: noise climinarion. surge 
cumn1 absorber. lighung 
arrestor. cu:. 

Sintered CdS matcrial: solar cell 

SiC heater: clccttic furnace heater. 
miniarure heater. etc. 

electrolyte for sodium battery 
ZrOz ceramics: 01.ygcn sensor. pH meter 

fuel cells 

Magnetic recording head. temperature sensor. etc. 

Ferrite magnet. fractional horse power motors. etc. 

High pressure sodium vapor lamp 

For a lighting tube. special purpose lamp. infrved 
transmission window marcrials 

Laser material 

Lighr memory clcmcnr. video display & storage sysrcm. 
light modulation clement. light shuncr. lighl valve 

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

Cooking control clement in microwave oven. cu:. 

Catalyst carrier for emission control 

Enzyme carrier. zcolitcs 

Efcctrowinning aluminum. photochemical processes. 
chlorine production 

Thcnnal functions 
(Zr0z, TiOz ceramics) t---------------• Infrared radiator 

Mechanical functions 

Cutting rools (Alz(),, 
TiC. TiN. others) 

Wear resistant matenals 
(Al10,, ZrOz) 

Heat resistant materials (SiC. Al,O,, 
Si,N •• others) 

E 
Ceramic tool, sintered SBN 

Cermet tool. artificial diamond 

Nitride tool 
Mechanical seal, ceramic liner, bearings, thread guide. 
pressure sensors 
Ceramic engine. turbine blade. heat uchangers. welding 
burner noule. high frequency combusrion crucibles 

Baoloaical functions Alumina ceramics implan1~1a~t~io:n.:;:::::::--AnificiaJ tooth root. bone, and joint 
Hydro1.yapa1ite bioglass -

I [ Nuclear fuels (UOJ. UOrPuOz) 
Nuclear functions r-L Claddina material (C, SiC. B.C) 

______ __. Shieldina matcnal <SiC. Alz(),, C, B.C> 

** George B. Kenney et al., "High Tech Ceramics in Japan Current and Future Markets" 
Am. Cer Svc. Bill, 62 (5) 590 May 1983 
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derived from silicon nitride and oxynitr1de by 

simultaneous replacement of silicon and nitrogen by aluminum an~ 

oxygen. 

and other 

Similar replacements are possible with other struct •.we::, 

metals such as lithium, beryllium and ma.gr.es i •.u.1 

Sai lc•ns are made c·f one tw·:·- and three- dimensional 

arrangements of <Si, Al> <O,N> and <M,Si> <O,N> tetrahedra in the 

same way as the structural silicate tetrahedrons are in the <S04J. 

Aluminum plays a special role because the Al04 tetrahedron with 

five negative charges is about the same size as Si04 and can 

replace in the rings, chains and networks, 

comper1satic•r1 is made elsewhere ir1 the st1'ucture. 

the first of these r1ew materials "Sai l•:•n" C 122>, 

same time Oyama and Kamingato (123> and Tsuge 

similar achievements in Japan. 

provided valen~y 

Jae~. repc•rted 

th~ 

( 124) reported 

Further, from the point of view of developing these technologies 

in the developing countries, Sailon type materials can also be 

prepared fror11 riat•.irally occurir1g mir1erals. Dense, sinte~e~ solids 

with compositions in the Si3N4-Al203-AlN systems were obtained by 

hot pressing a mixture of naturally occuring silica sand and 

aluminum powder in a nitrogen atmosphere. pressir1g was 

carried out at a pressure of 200 kg/cm 2 and temperatures ranging 

from 1600 to 2000 degrees Celcius for one hour in a nitrogen 

atmosphere C125>. 
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Hot pressing, as a fabrication process, has found ir1creased use in 

cera1nic processing industry with particular emphasis on the 

of material with improved properties through preparat i c•n 

COh1pOS it ion, microstructure and density control. A general 

descr i pt ion of rar1ges i r1 hot press i rig f abr i cat ion is included here 

and there are no sharp distinctions in the press•.1re ranges 

employed as seen in Table V <next page>. 

In view of their potentials, the application of advar1ced ceramics 

to a variety of products is ir1 ir1crease arid ir1cludes gas turbir1e 

er1gir1es, and cutting tools to name a few. Perhaps the most 

difficult engine component imaginable for ceramic applications is 

the turbine blades ir1 terms of thermal and n1echanical stress. 

Typical values of blade specific stress for small engines are of 

the order of 100,000 psi. Allowing a safety factor of 3 for 

ceramic turbine blades, the desired specific strength e~ceeds 

300,000 

field of 

psi. 

Si3N4 

For this reason alone materials technology in the 

and SiC has beer1 directed towards further 

improvements in the processing and fabrication of these materials 

( 12e., 127). Specifically such trends have also been concisely 

identified by Kelly <128). 

These high temperature ceramic materials because of their thermal 

and hardness properties have found near-term application in such 

vehicular parts such as turbocharger rotors, piston rings and 

pistons, cylinder liners and small 5tationary engine parts. 

Further, due to their hardness, the largest single use of these 
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TABLE V RANGES !N HOT PRESSING FABRICATION 

PRESS RANGE & t«D SIZE LIMITS FOR 
APPLICATION MATERIALS FABRICATED PARTS 

1. 1,000-5,000 psi GRAPHITE UPTO 2f t IN DIAMETER 
llHAXIAL 

2. 5,000-20,000 psi SPECIAL 
llHAXIAL GRAPHITES 

3. 10,000-50,000 psi A1 2o3, SiC, INCREASED LENGTHS UP TO 
ISOSTATIC TiB2, ZrB2 

20 - inch 

4. 50,000-300,000 psi HIGH STRENGTH 1 inch - 3 inch 
llHAXIAL STEEL ANO CEMENTED DIAMETER 

TUNGSTEN CARBIDE 

5. 300,000 - 750,000 psi CEMENTED 1" - I" DIAMETER 
TlliGSTEN CARBIDE 
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ad"anced ceramics is fc•r metal cutting toc•ls arid wear parts. On 

Table VI Cnext page>, provides a list of major U.S. firr1t engaged 

in advance ceramic products C129>. 

Along with the U.S., another industrialized country which huve 

been in the forefront of developing and agressively competing with 

the U.S., is Japara. Japan is strongly committed to the rapid 

developmer1t arid explc•i tat ion of high-tech ceramics. The origin of' 

Japan's commitment is a coratbination of ecor1omic necessity arid 

c•ppc·rt unity. Basic industries such as aluminum and refractories 

are being threatened by the developing countries and survival thus 

dictates a move away from commodity to value-added products. 

There is a need to develop substitutes for critica' and strategic 

metals and to develop energy-ef~icient materials. These is als•::. 

the desire to vigorously develop areas where Japan already has a 

high technology foothold such as the electronic automotive 

industries <130,131). 

3.2.2 ~8I~B!8b EQB !~!~§88!~Q Q~I!~§~ 

Integrated optic <IO> circuits are optically guided wave devices 

that perform a variety of processing functions on the light beams 

which they guide. The largest end use for IC's is in fiber optic 

systems which includes both the military and 

commercial communications. 

IO devices can be manufactured using single crystal ceramic 

material~ such as lithium niobate as substrate because of its 



TABLE VI 

ENGINE DESIGN AND DEVELOPMENT 

FORD fl>TOR CO. 
GARRffi CORP. 
ClJittINS ENGINE CO. 
GENERAL fl>TORS CORP. 
WESTINGHOUSE ELECTRIC CORP. 
GENERAL ELF.CTRIC CO. 
INTER.~TIONAL HARVESTER CO. 
HAGUE INTERNATIONAL CO. 
TERRATEK INC. 
CATERPILLAR TRACTOR CO. 
PRATI & WHITNEY CO. 

CUTIING TOOLS 

KENNAMETAL, INC. 
CARBOLOY SYSTEMS DEPT. 
GTE WALMET CO. 
TELEDYNE FIRTH STERLING 
COORS PORCELAIN CO. 
TRW/WENDL-SONIS 
TALIDE METAL CARBIDES CORP. 
ADAMS CARBIDE CORP. 
BABCOCK & WILCOX 
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HEAT ENGINE AND PARTS ** 

CERAMIC MATERIALS AND PARTS 

CARBORUNDtlt CO. 
fl>RTON CO. 
CORNING GLASS CO. 
COORS PORCELAIN CO. 
CERAMTECH, INC. 
GTE SYLVANIA 
GENERAL ELECTRIC CO. 
KAMAN SCIENCES CORP. 
DOW-CORNING CO. 
UNITED TECHNOLOGIES CORP. 
AIRESEARCH CASTING CO. 
CERADYNE INC. 
DUPONT 
CELANESE 

WEAR PARTS 

CARBORUNDt.14 CO. 
GENERAL ELECTRIC CO. 
NORTON CO. 
COORS PORCELAIN CO. 
ESK CORP. 
ART INC. 

** A COMPETIVIVE ASSESSMENT OF THE U.S. ADVANCED CERAMICS INDUSTRY 
NTIS ACCESS NO. PB84-162288, MARCH 1984 
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desirable electooptical properties. Another such material is the 

gallium arsenide. These IO devices offer the potential 

significant performance and cost savir1g benefits, 

for fiber optic systems. 

ir1 part•.cular, 

IO devices are fabricated by diffusing waveguides or substrates 

made of materials that have large electrooptic effects. The 

waveguides or channels have higher ir1dices of refract ior1 thar1 the 

underlying substrate material and allows them to contain and 

trar1smi t 1 i ght. Due to the large electroptic effect the index of 

refraction of the substrate material changes as voltage is 

applied. This char1ge in the refractive ir1dex of the s•.1bstance 

along with the geometry of the waveguide that determines the 

functions of the device. 

Most optical glass and high tech ceraroi~ materials for use in 

ir1tegrated optics are evaluated for having such desirable 

characteristics large electro-optic effect arid ease of 

fabrication. The r1eed for a large electro-optic effect is d•.ie t•:r 

the fact that it allows for a shorter interaction distance, as 

such, a compact device. The change in refractive index in a 

particular crystallographic direction is related to the applied 

stresses by the electro-optic coefficient in that direction. The 

desired material must have a high value for the electro-optic 

coefficient Cr> to induce a substantial effect that is close to 

being equal in various crystallographic directions. 
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In this context, Ali et al had developed a family of high index 

glasses for use as IO couplers. Details on the materjals and 

design development for the glass couplers are referer1ced ( 132-134>. 

Other preferred materials are fro~ the family of single crystal$­

lithium niobate and lithium tantalate. 

Lithium niobate is the pre£erred material due to the fact that it 

the same values of "r" in di fferer1t has relatively 

crystallographic directions thus making it insensitive to the 

plane of polarization of the incoming light wave, arid to the ease 

in fabricat ior .. 

barium niobate. 

Other candidate materials include strontium 

Lithium niobate is a relatively mature material. It is user.f ir1 

single crystal form and is grown from melt bv the standard 

Czochralski r;, thod. 

fabrication flow sheet 

materials are: 

Figure 12 <next page) describes the 

for lithium niobate. The start ir1g 

litbiYro £~C~QD~t~ - a relatively cheap material and niobium 

per.tao>< ide, which is expensive. The two are mixed and melted in 

a crucible and a single crystal is pulled out from the molten 

melt. The final crystal is generally three inches in diameter and 

two feet in length. The cry~tal is cut into 1 millimeter wafers for 

producing waveguides. 



FIGURE 12. FABRICATION FLOWSHEET FOR LITHIUM NIOBATE DIFFUSED STRIP WAVEGUIDE ** 
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The waveguides are made by having channels which are a few microns 

in diameter. Di fferer1t ki rids c.•f devices - frc.•r11 c·~·uplei·s t·:· 

switches arid modulatc.•rs are formed by chang i rig the desi gr. •:if the 

channel patterns an electrode configurations. Figures 13,14 and 15 

illustrates some basic IO devices and a schematic of a fiber optic 

system using lithium niobate waveguide devices <135-137). 

An important spi r1-off of space related techr1c.•l•:•g ies 

materials and technologies could be effectively utilized ir1 the 

developing countries. The sensors are useful in electrical and 

mechar1ical equipment and a whole grab bag of new ir1d1.istries arid 

technologies offer hope and promise of new approaches to sensing. 

These includes solid state sensor, fiber optic 

sensors, robot sensors ~nd smart sensors <143>. 

What are these industrial sensors~ Simply speaking a sensor is a 

small device that detects and or measures conductance, capacitance 

and resistance or self-generating effects into electrical signals. 

More precisely, it is a device which senses and quantifies a 

relative or absolute value of a physical or chemical pher1omer1on 

such as temperature, pressure, pH, flow rate or the intensity of 

radio, sound, light or air waves and converts into a useful signal 

( 138-141>. 
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FIGURE 13 

SELECTED BASIC INTEGRATED OPTICS DEVICES 
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SOURCE: H. Kugelnik, 'Review of Integrated Optics', Vol: 1 No. 3, 1978 & 
R.C. Alferness,'Guided-Wave Devices For Integrated OPtics', IEEE 
Journal of Quantum Electronics, Vol: QE-17(6), June 1981. 
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FIGURE 14 SOME BASIC INTEGRATED OPTICS DEV~CES 
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SOURCE: H. KUGELNIK, "REVIEW OF IiffEGRATED OPTICS" FIBER AND INTEGRATED OPTICS, V.1(3) 
1978 
R.C. ALFERNESS, "GUIDED WAVE DEVICES FOR INTEGRATED OPTICS" IEEE JOURNAL OF 
QUANTUM ELECTRONICS V. QE-17(6) JUNE 1981 
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FIGURE 15 SCHEMATIC OF FIBER OPTICS SYSTEM UTILIZING 

LITHIUM NOIBATE WAVEGUIDE DEVICE 
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. ' FIBRE DEVICE 

POTTING ENCLOSURE (with sliding side} 
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CAPILLARY ; L..._. _____ __.__......_ 

COUPLING DETAIL 

SOURCE: FIRST EUROPEAN CONFERENCE ON INTEGRATED OPTICS, Sept. 1981, pp. 11 
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Sol id state sensing devices are made from a variety .r;of n1aterials 

including single crystals, semiconducting and polycrystalline 

ra1aterials. However, si I icon, due to a number of its sensitive 

characteristics, is a useful sensing Material. The raaterial can 

be combir1ed with other materials such as piezoelectric ra1aterials 

which makes it sensitive to acceleration, mechanical vibration and 

direct measure of electronic potentials. 

One of the important application of silicon sensors utilizes the 

near perfect characteristics of silicor1 - its elasticity for 

sensing pressureC142). Other applications includes micro-electronic 

and for sensing magr1etic field ( 143). Other similar 

magnetosensitive devices include a CMOS Magnetic field sensor and 

a carrier-domain magneto-meter <144>. 

One barrier to full industrial automation has been a lack of 

ir1stramer1tat ior1 for use ir1 ir1dustrial environmer1t. Space related 

technologies had resolved the problem by the develo~ment of 

r1or.ir1vasive and nor1ir1strusive instrumer1ts. Another term used to 

describe these instrur11er1ts is by the technique of r1or1destructive 

testing or NDT. For space applications an equipment is often 

allowed to retire often a given number of hours, miles or similar 

uriit of measure ever. though the spacecraft or equipment may be 

perfectly good. 

failures. 

This is achieved by NDT to find incipient 
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In this context a device was developed usir1g a small Yttrium iror1 

garr1et <VIG> sphere of about 30 mil diameter looped around with ~ 

single turn of wire. The device becomes a resonarit element ir1 ar1 

oscillator circuit. The frequer1cy and amplitude of the oscillator 

provides the information relating to the conditior1 of the 

resonator which is affected by cracks, flaws, etc. The idea was 

developed by Auld at Stanford University and perfected at Batelle 

Pacific Norwest Laboratories (145>. 

Sol id state imaging devices are being used in rc•bot ser1sors or 

robot vision wherein information is obtained without disturbing 

the env i ror1r11er1t <146)' such as in charged-coupled device - CCD 

(147' 148). Currently CCD's are of the size of postage stamps, 

have low voltage requiremer1ts and ger1erate direct digital output 

and registers good image. 

Robotic ser1sors are also beir1g used ir1 weldir1g where a maj.:•r 

application i~ in seam tracking and for robotic seam welding (150-

152). 

The greatest impact of the space related sensor technology for 

ind~ trial applications has been in the area of optical fiber 

sensor technology. Development of fiber optic sensors started 

around late seventies - 1977. Fiber optic sensors offer a number 

of advantages over existing techniques and includes geometric 

verstability, rotation and can be used in corrosive, high voltage, 

electrically noisy and other stressing environments such as arc 
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welding <153-155>. A review paper by Giallorenzi et al with 133 

references presents the current state-of-the-art of optical fiber 

sensors ( 156). The paper further poir1ts out the various 

advantages and industrial applications of fiber optics serisors. 

In conclusion he highlighted the interferometric sensors which 

benefited n1ost from fiber optics technology. By changing the 

claddirag <coating) material of the fiber optics the sensing could 

be changed from an acoustic to a magnetic element. As an e><ample 

he cited a metal coatirag on fiber for makirag magnetic ser1sor arid 

polymeric coating to enhance the acoustic sensing C157>. 

lr1dustrial Ser1sor C149) ir1 their comprehensive report has givers a 

great signi ficar1ce to fiber optic sensors and cites arid variety of 

industrial applications. Due to the extra-ordinary growth in the 

field of optical communications, the potentials for converting 

optical signals to electronics are becoming obvious. As such, a 

variety of new technologies seems to offer new approaches to the 

sensing problem. A list of various appplications are cited for 

references (158-162). 
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4.0 !B8~§E~B QE §~8~~ B~b8!~Q !~~~~QbQ§l~§ IQ 

~QY~!B!~§~ 

The previous sections described the space-related materials, 

processes and technologies which has the potential f~ 

applications in the developing countries. This section describes 

the efforts made and outlines potential mechanisms for the 

transfer of space-related technologies to the developing 

countries. 

The extent to which space technology has influenced and 

revolutionized our lives will be judged through the consideration 

of its non-space applications - an area controlled by the concepts 

of innovations and discoveries and probably by the guiding 

objectives of Space Technology. 

In this context the constructive role of the U.S. National 

Aeronautics & Space AdMinistration <NASA> has been very cooperative 

and several develop~ng countries has benefited <163>. 

Further, in recent times NASA has published a coMpilation of its 

own significant patents and inventions for licensing in foreign 

countries (164). The objective of the program is to extend the 

patent coverage for valuable NASA-owned inventions to various 

foreign countries and to advance the international technical 

assistance programs and projects of the United States. 
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UNIDO, within the U.N. system, is playing a unique role in 

transf'ering 

cour1tries. 

space-related technologies to the developir·ag 

Rt the UNISPACE-82 Cor1f'erence the author wrote ar1 i r,-

depth paper outlining selected space-relat~d technologies to 

sensitize developing countries on the potentials and limitations 

of' such advances (165). 

It is a recognized f'act that space-related technc•logies <m~ spir1-

C•ff's) has brought be~efits to many countries. While ritc•st 

developing countries use space technology they have not yet fully 

exploited its considerable potentials. 

Further, it is also a recognized f'act that space related 

techr1olog ies can be a powerful tool for accelerat ir1g r1at ior1al 

deve l opmer1t. It provides a way to take a giant step over obsolete 

technologies and getting away from percolation and run down models 

of development f'or which developing countries do not have the 

time. 

Space technology offers the potential to spur industrial and 

economic and social development of all countries. The r1ecessary 

resour~es and technological potentials exist for eliminating the 

under development of the developing countries. Although there are 

several fields that are being pursued by the developing countries, 

but none relates to materials processing and technologies as 

identified in this report. As such, i r1 the coritext of this report 

such fields of •pplication are being addressed. 
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4.1 eQI~~I!8b E!~bQ§ QE eeeb!~0I!Q~§i 

The variety and list of space-related D1aterials processes and 

technologies are quite substantial. This report covers selected 

high tech processes and technologies that has the potential fc•r 

successful transfer and adaptatiora in the developir1g cour1tries. 

In this content it is important to note that the technological 

progress made by the developing countries in their field of space 

sicer1ce and technology has been quite substantial and was 

documerited at the UNISPACE-82 Coraference < 166). 

Materials related processes and technologies identified in this 

report <Sect ior1 3. 0> are a broad based techraical field which has 

wide application for both internal applications and as a high-

price e><port item as these technologies are also new for the 

developed countries. 

It needs to be emphasized that it is neither necessary nor 

imperative that the developing countries always have to follow the 

lead of the developed countries in establishing new processes, 

t echnc• 1 og i es arid i rid ust r i es. If a developing country has the 

technical base and infrastructure then they can start the 

industrial development venture. 

This report had identified selected spin-offs of spacerelated 

materials processes and technologies which has both present and 

future industrial potential for the developing countries. 

Furth~r, these technologies are new and find applications both for 
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internal applications of the developing countries and also as a 

high-priced, high tech and low cost export material. The low 

manufacturiTig cost of the end prc•duct and material is due to the 

use of indeginec•us raw materials which are getting srarce f 1:>r the 

develc•ped countries. In this context high-tech ceramics is a very 

good example and its applications are covered in detai 1. 

Likewise, materials and techraolc•gies for the ir1tegrated c•ptics and 

industrial sensors, in a proper industrial environment, has the 

pc•tent ial for µ1·oviding a quantum j~m;:: for the c;evelc•pirig 

countries having the necessary industrial infrastructure. 

4 - . • c. 

The form ~· dimension in which economic benefits are expressed 

depends on the type of pr•:>duct and user. For some products and 

users it may be defined by one single term and for others by the 

trade-off betweer1 several terms or the combir1ed ber1efi ts 

er1cour1tered by va1·ious users C for example, the material producer, 

the product manufacturer and the country>. 

effectiveness a further trade-off is necessary between the gains 

and negative factors, that is, investment and return. The cost of 

research and development is always a negative factor. 

However, i r1 the cor1text of the spin-offs of space-related 

technologies there is no R&D cost. These are the proven 

techr1olog ies arid needs transplantation in a r.iar1•Jfact •Jr i ng 

er1viror.r11er1t for ar1 ir11r11ediate returr1 or investmer1t. 
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In this conteKt, again NASA had funded several mission oriented 

studies involving applications of aerospace technology in selected 

industries <167-169>. All these studies indicated that there is 

no single method to develop economic cost estimates which can be 

rel ieC: upc•r1. This is due to the fact that the investment required 

to develop and n1anufacture would depend on the local industrial 

base and infrastructure of the developing cc•untry. 

ecor1omic estimates should take into consideration: 

Clearly, the 

A. The techr1ical and industrial needs of the country, 

B. Its priorities 

C. The feasibility of meeting these needs and priorities through 

the use of space-related technologies, 

D. The financial, resources, the industrial infrastructure at~ tne 

technological ca?abilities of the country, 

E. The availability of matching scientific and application-

orier1ted as wel 1 as managerial and decisior.-maki rig 

ir1frastructure arid human resources required for effective 

utilization of data and of the information derived therefrom. 

It is therefore obvious that there can be no fixed formula of 

universal validity. It is equally evident that costs and benefits 

of utilizing space related technologies in the developi rig 

countries would vary from country to country and situation to 

sit uat ior1. 
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Thus, each choice of a space-related technology by a developing 

country has to be unique: a decision based upon the parameters of 

its particular context. This requires that each country carry out 

studies regardi~g costs and benefits. 

4.3 Is~~~!~Sb §~!bb Bs~Y!Bs~s~!§~ 

Materials related processes and technologies identified in this 

report do not involve any new disci?lines but are mainly a trans­

disciplinary combination of well-established fields including 

physics, chemistry, mathematics, electronics and various 

engineering disciplines which includes mechanical, structural and 

chemical engineering. Many developing countries do have at least 

some infra-structure in these fields, and can therefore, with only 

marginal help, develop a core of people who understands and can in 

the first instance, make decisions regarding space-related 

technologies and applications relevant to their country. 

Further, most developing countries do havfl small nuclei of 

technica~ experts which needs to be i~entified and expanded 

through suitably tailored national and international efforts on 

advance education and training: Where necessary, UNIDO and such 

U.N. agencies could help the developing countries to develop their 

expertise by arranging fellowships for training and visits tc 

appr~priate center. 

In this context UNIDO should support the establishment of 

Materials Research Centers at regional level, linked whenever 
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t.o potential manufacturing centers or i r1dust rial 

These could be located in developing countries that 

h~ve active space programs. Necessary fundings for such centers 

should be made available through UNIDO and or internat ior1al 

financial i .... st it ut i OY1S. These training centers, with UNIDO's 

assistance if necessary, should organize regular training courses 

of varying durations for different levels of trainees from the 

developing countries. In the long term, technicians training 

should be done nationally and these regional centers should become 

centers for excellence and high level training and exchange of 

Ji. Y1C•W 1 edge semir1ars etc. The faculty should be 

i nt err1a t i or ... 1 1 and drawn from developed and developing countrie5. 

Besides t:.-: need fc•r technologists arid application specialists 

there mdy also be a need for developing a c~dre of technical 

.i' • .:..gers for the planning and speedy of 

technological as well as application programs. E, 

is that with the growing role of space-related technologies, 

developing countries also induct appropriatP technologists and 

application-oriented specialist from various disciplines into the 

~dministration or governemnt decision making machinery. This will 

certainly unable countries to make better choices and to derive 

greater benefits from the spin-offs of space related technologies 

through more efficient and knowledgeable procedures of integrating 

the results and services from space applications into the deci5ion 

maki rig process. 
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As indicated at the IJNISPACE-82 Conference, a few dev~loping 

cc-untries now have be.th the human resources and the industrial 

infra-strucutre to implement the spin-offs of space-related 

materials technologies for various industrial applications. This 

is a very important capability because this can be effectively 

utilized f.:>r the transfer of techr1ology from one developing 

country to another. There is further scope here for joint effort 

among the developing countries - a pooling of human, ir1dustrial 

and financial resources by grouping of developing countries. The 

following table provides some selected economic factors that needs 

to be considered. 



CONSTRAINT 

POSSIBLE 
SOLUTION 
OR ACTION 

TABLB VII 

PAC.'TORS APPllCTlllG USB OP llBlf MTBRIALS PROCBSSBS I TBCBNOUJGIBS 

HIGH MATERl~L COSTS 

UNCERTAIN MA'.l.'ERIAL 
COST PREDICTIONS 

MATERIAL PRODUCER SHOULD BE 
ENCOURAGED TO LOWER MATERIAL 
COSTS. NONAEROSPACE USES OF 
MATERIALS SHOULD BE SOUGHT 
TO BROADEN USAGE BASE. 

A GOOD PREDICTIVE METHO~ OR 
SOUND ESTIMATE ON FUTURE ANTI­
CIPATED COST TRENDS WOULD 
HELP THE SYSTEM PLANNER IN 
HIS FORWARD PLANNING. 

MATERIAL INFORMATION CENTERS 
HSOULD ESTABLISH A GOOD 
HISTORICAL BASE OF COSTS AND 
DISSEMINATE INFORMATION 
REGARDING IMPROVED ESTIMATING 
TECHNIQUES. 

OVERCOME COST-VOLUME BOTTLENECK 
BY lNCREASING USAGE VOLUME 
THROUGH CONTRACTUAL INCENTIVES. 

BCOllOMIC PAC'l'ORS 

HIGH FABRICATION 
COSTS 

UNCERTAIN FABRI­
CATION COST 
PREDICTION 

IMPROVED AND NOVEL 
APPROACHES TO 
TOOLING AND 
MANUFACTURING 
METHODS B't 
DEVELOPMENT 
CONTRACTS OR 
INCENTIVE CLAUSES 
IN SYSTEMS 
CONTRACTS. 

SHORTAGE OF RE 
SOURCES AND 
PRODUCTION 
FACILITIES AND 
LACK OF FIRM ORDERS 
CONTRIBUTE TO 
EXCESSlVE DE­
VELOPMENT TIME 

CREATION OF SOURCES, 
FACILITIES AND 
DEMAND IN ADVANCE 
OF PRODUCTION 
REQUIREMENTS SEEMS 
ONLY WAY TO ATTACK 
THIS CONSTRAINT. A 
JOINT INDUSTRY, 
USER, GOVERNMENT 
PLANNING ACTIVITY 
APPEARS NECESSARY. 

JOINT PROGRAMS TO 
ESTABLISH CAPABILITY 
SUCH AS GIANT PRESS, 
SPECIAL EXTRUSION 
FACILITIES, AND 
EQUIPMENT POOLS, IN 
ADVANCE OF NEED ARE 
WARRANTED. 

SIZE AND AMOUNT OP 
MATERIAL REQUIRED TO 
EVALUATE FOR USE, AND 
TO BE ACTUALLY RE­
PRESENTATIVE OP SIZE 
TO BE USED, CAN BE 
COSTLY POR PRODUCER 
(i.e. REQUIREMENT POR 
HEAVY ALUMINUM PLATE) 

POTENTIAL USERS SHOULD 
AID PRODUCERS TO 
ESTABLISH USE PARA­
MATERS FOR NEW MATERIALS, 
SHPAES, OR FORMS. THE 
GOVERNMENT MAY PINO IT 
NECESSARY TO SUPPORT 
INITIAL PARAMETERS 
DETERMINATION WHERE 
LARGE QUANTITIES OR 
SIZES BEYOND PRODUCERS' 
RESOURCES ARE INVOLVED. 

LACK or PACILITES 
FOR MATERIAL 
PRODUCTION AND 
HARDY/ARE 
l!AultICATION 

Ir &ENEPITS PROM 
USC OPPSET FACILITY 
CU~T THIS IS SELP­
MC.J l VATING. 

CO~ITEMENT OP FUND: 
FOR PILOT SIZE 
'l'RIALS. 

CO!ITRACTUAL I NCEN ·· 
'•:.\'ZS OR RAPID 
RECOVERY THROUGH TAX 
ADJUSTMENT FOR 
SPECIAL PAC. POR 
NC'.~ MATERIAL. 
CNCOURAGE THE DEV. 
OP UNIV. M/C SUCH 
AS DIGITALLY GUIDED 
TAPE LAYERS, LARGE 
PRESSES, BY GOVT. 
FUNDING OR FAST 
TAX WRITEOPPS. 

O' 
O> 
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5.0 ~Q~~bY§!Q~§ 

It is clear from previous sections that: 

A. The spin-offs of space-related waterials, processes and 

technologies have been commercialized in several 

industrialzed and developed countries. 

B. These technologies have predictable prospects of development 

in the developing countries, both, for a variety of internal 

applications and also as an export-item to the developed 

countries. 

Further, the previous sections has indicated that are two types of 

material-related space technologies that are currently available 

for transfer/adaptation by the developing countries - one relates 

to materials related technologies that are being developed for in­

space processing and eventual industrialization of space. This is 

an area ~n which those developing countries who have already 

established a foot hold can keep pace with the developed 

countrie~. 

Manufacturing of materials in space using terrestrial or extra-

terrestrial raw materials is an important are in the developing 

countries also. Crystal growth, synthesis of materials and other 

manufacturing experiments may lead to a 'space industry' in these 

areas in the future. While such commercialization of these 

processes could lead to scientific insights, new materials and 

higher quality and lower cost of exisitng materials, the benefits 

of these would be available mainly to those who can ma;:e the 
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necessary investh1ents in such space technologies !:!Q~· 

The second category relates to specific ma~erial such as hig~-tech 

ceramics <or fir1e ceramic> arid carbon/graphite composites arid 

similar materials that were developed for space application5. 

However, these mat2rials have found a wide variety of applications 

here on earth, as such, they are being manufactured arid 

extensively utilized in such high performance applications as 

ceramic engines, rotor blades and cutting toc•ls. The prover1 

techr1•:•logies ar~ available and deper1dir1g on the i r1frast r•.act ure, 

ir1dustrial r1eeds and potentials of a c•::.ur1try, car. be trar1sferred. 

The transfer of such technologies needs a focal poir1t a QC• 

betweer1 those who have the kr1owhow arid those who r1eed them. 

In this context UNIDO can play a vital role. Bei rig ar1 U. N. 

agency, it has and can be an industrial bridge for transfering 

materials - related space technologies to the developi rig 

countrie~. Later on, these experiences could be utilized for 

similar space related techr1ologies. 

Such r~les should be both passive and active ranging 

promotion of greater cooperation in space science and technology 

between developed and developing countries to the setting up UNIDO 

supported Materials Research Cer1ters on a regior1al basis. 
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With this broad consensus, one must acco1nodate the basic C•:Or1cept 

that change is necessary not oraly for survival but alsc• is the 

only means for growth arid development. This is also true for the 

Industrial development of the developing countries. 

The elaborate structure of preser.t day society is not c•r1ly ir1 the 

highly industrialized count~~ies, such as the U.S., 

the world rests ultimately on a material base arid C•r1 the 

institutions that provide a··,d ut i 1 ize materials techr.ol•:•gy. 

Wh~ther or not this condition is a good thing is irrelevant; it is 

a fact and result of ar1 irreversible process arad r.1ar1kir1d r.11.1st r11ake 

the best of it. Every deve 1 op i rig co•.1nt ry car. be cc•ns i d..?reci t •:• 

have a strategy for the materials field. It May be to develop 

rigid arid cor11preher1s i ve five-year p 1 ar1s or it may be t c• i gr.ore the 

issue~ and let events take their nautral course or somewhere in 

betweer1. Either way, consciously or by default, a strategy has to 

be choser •• 

Space-related material technologies now span over a wide spectrum 

of i r1dustries. Likewise, there are a variety of applications. It 

within this bewildering array of possibilities that a 

developing country must make choices about what applications and 

which technologies it wishes to pursue. 

be determined by: 

Clearly, the choices Must 
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a. The needs of the country 

b. The priorities 

c. The feasibility of meeting these priorities through the use 

of materials developed through space-related technol•::-gy. 

d. The ir1dustrial ir1fra-structure. fir1ancial resources and the 

technological capabilities of the country. 

e. The availability of matching scientific. industrial, and 

application-oriented as well as managerial and decision 

making infrastructure and human resources required for 

effective utilization of data and of the infc1rr11ation derived 

therefrom. 

It is therefore obvious that there can be no fixed formula of 

universal validity. It is equally evident that costs and 

benefits of space applications also will vary from situation to 

situation and from country to country. Thus, each choice of a 

space-related technology by a developing country has to be 

ur1ique: 

coritext. 

a decision based upon the parameters of its particular 

This requires that each country carry out studies 

regarding costs and benefits before deciding upon the adaption 

of a particular application. Such studies should take into 

account not only the economic aspects, but also technical and 

social effects that rnay result from the use of space 

techr1ology. 

Mal~Y of the developing countries may not themselves have all the 

expertise necessary for such inter-disciplinary studies. In 
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such situations the role and input of UNIDO becomes obvious. In 

many cases, assistance may not be required for basic decisions 

regarding whether to get into a specific application; rather, 

it may be required for choices of systems, type of equipment 

and selection of the most suitable methodological approach to 

the prob 1 em. The latter is a particularly improtar1t 

elemer1t, because it has a significant bearing on the choices of 

the mc•st a,::propriate system or ir1strumentat ior1 and thus also 

determines other parameters such as cost, organizational set-

up, degree c•f self reliance, e><ter1t of indigineous participation 

possible, etc. Here again, UNIDO can provide assistance to the 

developing coutries. These are all policy issues. 

The translation of policy issues into the framework of specific 

i r1dustrial po 1 icy requires, guide l i r1es or recornrner1dat i c•r1s for a 

program and is addressed in the following section. 
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A coherent and effective program of policy measures for the 

introduction of space-related technolc•gies ir1 developir1g 

countries requires an acceptance of the fact that space scierice 

and technology has provided many practical benefits arid an 

increase ir1 knowledge. The years ahead hold promise of even 

greater and possibly more revolutionary benefits in fields 

rar1gir1g from materials scier1ces, astronomy, space biology, 

satellite communications to large structures in space and new 

technogies for remote sensing, The recommendations that follows 

aim at realizing these potentials. 

Also, it is often times argued that basic science in general and 

space science in particular are not important for developing 

countries who are presse~ with practical problems. This may n°:.t 

be correct. Besides, the fundamentals argument is that an 

understanding of the universe we live in is important in its own 

right, arid, it is often true that initiatives in space 

applications have most often been taken by people who were 

earlier motivated by their interest in space science. 

1. As such, 

er1courager11er1t 

it 

of 

is recommended that there should be an 

space science and techr1ology at the 

universities and institutions in the developing countries. 

programs would provide an important stiMulus and strong support 

to the industrial development and practical applications of 

space technology in the developing countries. 
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2. It is alsc• recommended that serious consideraior1 be given by 

UNIDO for the developn1ent of a fellowship program for the 

training of space technologist and application specialists from 

the developing countries. Scuh training facilities should be 

worked C•ut at the industries, techriical centers and similar 

operations dealing with the materials related spin off's of 

space technologies. 

.... ..... Ir1 the case space scier1ce missic•r1s, launching 

experimer1tal payloads arid crews or1 spacecrafts, there should be 

more cooperat ior1 betweer1 the developed and developi rig 

cour1t r i es. In the past a healthy tradition had been established 

arid it is importar1t such cc•operat ior1 to cor1t inue and be further 

encouraged. Major space observations to be set up in the future 

should be located ir1 the developing cour1tries arid be C•pen for 

qualified scientists and experimenters from all countries. 

Further, it is essential that the results of experimentation 

continue to be widely disseminated and readily available to 

scientisits working in these areas in the developing countries. 

4. The spin-off's of materials related space technologies such 

as those identified in this report are high-tech materials. The 

developing countries, based on their own infrastructure and 

r1eeds, should evaluate these and similar materials for transfer 

arid or adopt ion. 
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5. UNIDO should initiate a model materials - related space 

technology transfer study for a developing country wherein all 

the essential elements of transfer should be addressed. Such a 

study would provide important and relevant data relating to the 

position of developing countries and their inherent advantages 

and disadvantages. 

6. There is a need and desireability for setting up a 

division/section at UNI DO dealing with space-related 

technologies for the developing countries. Such a 

division/section should exclusively look into the industrial 

aspects of space-related technologies and the transfer of such 

technologies to the developing countries. 

7. There is a need and desireability for expanding UNIDO's 

Industrial Information Service so as to accomodate an 

International Space Information Service. Such a service should 

be able to provide complete information on space-related 

technologies. 

8. For the implementation of iteM 7 it is suggested that 

UNIDO's Industrial Information Section should look into the 

operational mechanics of the U.S. National Aeronautics and Space 

Administration's <NASA> Industrial Application Centers <NIAC>. 
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9. It is also suggested that UNIDO's Technology Prograroroe 

Section or similar section should have a Space Related 

Technology Team which would be a bridge, a go-between mechanisM 

for the transfer of space related technologies froM the 

developed to developing countries. The scope of such a teaM 

sho•.1ld include bt not liMited to working with the MeMber states, 

government and private industries and te~hnical institutes f0r 

applying aerospace - related technologies for application in the 

industrial ~ector of developing countries. 
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