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1. ABS'l'RACT 

This paper discusses the posaibilit)" ot developing at 

low cost, alumina fibres based on natural resources 8uch aa 

clays and bauxite. The emphasis, however, baa been on cl.&Ja 

(a,.umino-eilicates): since they serve aa cheap source or 

material which provide an eas7 va7 of entering advanced 

coramic materials b7 developing countries. 

2. INTROUUCTICM 

Claye are formed from the weathering or decomposition 

of felspathic rocks, and are composed essentially oi hydrated 

al'i.Ullinim silica tea such as A.1:/31°'1 .2B;f' togetl'.er vi th others. 

The particle ei&e of clay is less than 0.002 mm. 

A typical analyaie or clay material !ram Chana is shown 

in the table below. 

Content Clay 1 Clay 2 Clay :5 Clay 4 .Average Total 

5102 69.1 59.2 5s.5 47.5 58.6 

.11203 14.0 18.4 17.0 13.7 19.7 

Fe°'3 4.8 5.4 5 .5 4.4 5 .o 

CaO 1.9 '·' 6.4 15 .6 6.8 

•~£0 1 .1 '·' 2.2 0.8 1 .9 

'i' 3.6 1 .6 3.0 1 .6 2.9 

!lat> - - 2.2 2.8 2.5 

1£,"Jli tion 
4.8 9.2 3.4 12.9 7.6 Losa 

Socrce: Kirkendale, C: A Laboratory ~ia.nual tor Teetint' Clays 
for uae in the Production o! Building Products; 
'l'echnical Public{ltion. Building and Road Reeearch 
Inatitute (Chana), AtJiu.st 1975. 
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2 .1 • Resource Bnee 

Chana bu a large reaene o£ clay depoaite spread throughout 

the country. '!'he total cla7 reael"t'e is estillated at 4 514 230 '66 HT. 

Some of these depoaitea haYe bean found fl'Clll analJ'Bi8 to be 8Uita­

ble for paint l!Wluf'acture ea veil aa for the production ot burnt 

brick and tiles and other traditional ceramic products. 

2.2. Ceramic 

The term •ceramic" is traditionally generelly applied 
> 

to anythinc made by heating clay (e.g. pottery, porcelain. 

eton~are bricks, etc.}. Ordinary clay is a plastic, thixo­
' 

tropic material, vhich hardens irrevenibly vhd!l heated 

sufficiently strongly. The occluded water a:id vater ot bydrdtion 

is first lotit at about 400° - 700°c, and above this tezz:perature . 
the alumina and silica react to f 01111 a nev anhydrous aluminium 

silicate. The reaction is complete at 1100° _ 1200°c. The 

resulting burnt clay will not recombine with wn ter and so doee 

not pOften Bnd refo:rm t~ initial plastic clay. 

Al~12o7 .2l!2c 400-700°C iltfi12°7 700-t "°°0 c Ceramic 
~~-9~ ~ 

Natural clays therefore can serve as an ~asy entry into 

ree1:rarch unri develop~nt (R and D) and the high research and 

development (HR.~) area for a doveloping country to develop and 

produce alw:dna fibres as furnaae inaula tors and high tempera-

ture ma teriala. 

.~ 
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3. ALl.P.Da FIBR~ - RWIE!f ~ &l'A'f:S OP !HE ART 

J.l\Uina fibre• bave become a nev genera Uon ~ t'i])na. 

lligh-Aluminn fibres have becom available in both staple and 

continuous forms since 1970. They ofter advantageous high 

teciperature property corabinations. '?heir application potential 

is compared vith ttioee of carbon and silicon carbide tibree. 

3.1. Introduction 

Most coc:non metals th& t aro used have lov melting pointa 

end low specific stiffness (see Fig. 1). Many ceramic mater1ala 

possess both higher specific stiffness and high meltil!g or 

cecomposition points. Thie is because ceramics contain low 

a tanic number elements (eopecially tho&? of Croups ' to 5) 

which are cepable of forminc only 3 or 4 strong directional 

covalent bonds. •In principle ouch materials would lead to 

large weieht savings in hi.Gil teoperaturo applications (e.g. 

aoroepace engines) if they could be utiliud in the same manner 

as l!letals. 

Ceremics have tvo main disadvantages. They are brittle 

and .dif!icul t to &hape. Huch progress have been made in recent 

years to develop better strencths in monolithic ceramic•. but 

cerai:i~ materials often exhibit their beat properties in the 

form of fibres • 

Thio ariues trcn the fact that their strength and fracture 

properties are controlled by microdetecte which are introduced 

by the manufacturing procea3 ~d better control 1• obtainable 

in fibrous forms than in monolithic forma. The availability ot 
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ceramic fibres have pnved the way for the production or 

ca.JPO!;ITE:: posse~u:'~ 1:1wt of the adventagea of the ceramic, 

but without disadvontogos. 

'l'be three main familios of advanced ceramics available aa 

fibres are carbon, silicon carbide and high-el.W!lina fil>ree-and 
,J 

there are several posoible fibre morphologies available. }'ibrea 

:any be cl&3:.:if1ed by their diameter, namely: 

(1) tthiskers (less than 1 micron) 

(2) staple (1-10 microns) 

(3) continuous multifila~ent yarns {5-25 microns) 

und (4) continuous monofilament (100 microns). 

f'ibres ere :;old as &£grogate secondary forms such aa vool or 

ricid prcfo:rm3 ~ 11hisken;, staple) and as yerns and woven 

(cor.tinuow: ffores). Jilicon ~rbide fitre::: nre availuble in 

the \JidcEt diversity but none of theuo bas attain coi:unerci.31 

lilaturity. ~;owe·J'er high-strength carbon fibres have been in 

\138 com~~·cially in advanced composites (usually in epoxy 

rosin ~ trix). 'i'he world-wide capacity is ~stimated at 500 t/a. 

: . .!u:::!.!".a fibre!: are avsilable either as st&ple or ae 

oulti!ilD..:ient co:itin1:ous yams. 

4. 1.1..lH IUI\J1 FU!Rhi CCMPOSITIOUS. TYPES 
Al~u AVhiLABILITY 

It is unuaual to find chemically puru alumi.Da fibres. 

~·oo fl.!:iount of and location of il!lpurities Nia asn important effect 

on t.r.c phyeicGl propcrtieo of the fibres. Very ot'ten, tt.e 
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dif'fel'811ce between }lroducts depend mainly on the l>uritr. 

(secODcia%7 eleaents ~Y be added cleliberatelJ' for •JDtheB19 

reasc:ae ) • The alumina-eilica f'amily ie quite diverse and 

Fig. 2 ehovs the phase dia&rBID for th1a SJBtea. OnlJ'.producta 

con taini.ng more than 50 per cent by veight or alumina are ot 

interest. There are broadly three composition ranges vhich are 

of interest. Between 5<>-60 per cent almiDa there are aelt-epun 

glassy alumino-eilicate fibres (often called kaolin) vhich vere 

originally developed in the 19:50s as high-temperature insulating 

ci.ater:ialo. ~he best crades ce.n cnly be uaed in insulation up to 
0 . 

1400 C because of the low-melting silica rich eutectic (159>°C). 

'i'his phnse (tilumino-silicate) fibre should be of particular 

interest to aevaloping countries cf Afrir.a ;where large depoaite 

of kaolin (clay) exist and therefore could serve as an eas7 point. 

of entry into 6dvnnce insulating alumina fibre materials research. 

development and production. 

For use at higher temperatU1"9 hovwer, almiua-ailica fibres 
.· 

containine 19ss silica than mullite (which includes all available 

cor.tinuous fibres) are moat desirable since the relevant eutectic 
0 

tomporature iii theu 1840 c. It should be noted howj)ver that h1a:h 

tanpe1"liture equilibrium phases in thi• region of the phase diacram 

are naulli to &nd corundum («-alumina). l:'ol7cryatalline product.a 

containin£ 70-e/J per cent elU!Din.o are often referred to as zullite 

nbree. Products containing more than 70 per cent alumina can 

generically be referred to as r.ieh-alU111ina continuoua tibroa. 



- 6 -

The development of' all auch fibres dates back to about the 19708. 

lihat the phase diagraa illpliea 1.s that hi.gb-alwdna continuous 

fibres cannot be 11ade by couventionol mel t-apinning processes 

as the mel till£ tempera turea are too high. 

5. FIBF..E PnCDUCTION AND ECONC~ICS 

Very broadly, the relationship betvean inorganic fibre coat 

( 1 981) end availability ie summrized in Pig. 3 • While the produc­

tion of carbon fibres DDd glassy alumino-sili<.atea can be regarded 

as established with lll8JlY second generation products appearillg, 

the ei tuation for 1:10st other fibres is in the developmental stage. 

The processes for prodUcing novel fibres are·proprietory oo 

that in moot cases the only 1nfoI111Stion available is derived f'ra:i 

tho patent literature. Many of the new products especially the 

stream of products frca Japanese workers are axpensive {up to 

.cax>/kg) as a result of small-scale manufacture on pilot plants. 

'i'he cheapest fibres currently, are staple products rJade for the 

inoulntion markets (£1-20/kg). Contil'uous multifilament yarns cost 

!rem £50/kg (carbon fibres) to £.400/q (~f.icalon" silicon ce.rbide 

filirt.~ • 

Mhisker products ~.ave intermediate prices (£150 - 300/kg). 

Tho prices of secondary product forms (e.g. wovens) ma7 be double 

that of the prLnary fibre. 

These high pricee, no doubt, bas somehow inhibited the 

wide-spreod co111111ercialiaation of the applications of 11181lY composite 

P.:.Literiolu. 'l'hero is thereforo scope for the reduction in cost 

• 
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throU&h increased volme of production and also imprwecl :tibre · 

1!18Duf'acturing technologies. 

6. 'l'.b.'CJiHOLOG? OF FIB~ NililJFACTURI.NG 

Fibre 1118Jluf'acturing technologiee can be clasaUiecl into 

three; namely. 

(1) Eelt spinning - only practical for 50-60 per cent 

alumina-silica glassy fibres. 

(2) Solid-state transformations - carbon silicon 

carl,ide, allllilina-siliCll (see Fig. 4), :fibres. Both 

are continuous multifilament and staple £ibres. 

In these processes a meltable or soluble precursor 

is fiber1sed nnd then croeslinked before bei.Dg 

conve1·ted by high temporature heating to thb 

d6oirod cerw:ri.c fib ro • 

(~) Growth from vapour phase e.g. vhiakere {~111con 

carbide) 8Dd n1onofilament f'ibres (silicon carbide/ 

boron). Mono:t'ilament :fibres are made by deposi­

tion on a carrier fibre of tungsten or carbon 

UB1J18 a CVD proce3s. It ie relatively easy to 

inc~rporate thin barrier layers onto the :fibre bJ 

this technique • 

A&ch method has its advantages and disadvanta&es. The melt 

spinning proc~se is very che&p but only ~ivea low quality product. 
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Vapour phase pro'1esses give eenerally very high qualit;r 

products (eopeciall;y the monofilament) but at high cost. Many 

aol1d-state tranaf'ormation proceaeea have l:een developed and 

usually tl?e products are of inte1'Ulediate quality and cost. Those 
J 

~iving cu1bon fibre frm a variety of starting polymers have been 

extensively investigated but the sol-gel type processes have also 

been widely exploited in various versions for making alumina fibres. 

7. CH&.£ ICAL PROPERTIES 

The great merit of alumina is that it ia extremely inert, 

e~le at high t9111perature and (potentially) cheap (eee Fig. 5). 

It is stable in oxygen containing atmospheres up to its melting 

- o· 
point (whereas c-.a:rbon fibre oxide above 400 C and silicon carbide 

at Ca 1200°c). It can even remain unchaJl&ed in reducing atmospheres 

t 
0 • 

o a.bout 1200 C. It ie exactly for this reason that high-alumina 

fibres in staple !01111 are popular aa high temperature insulation 

materials in both metal-working and ceramic tiring i'urnaces. 

It can be used in both metal and ceramic-matrix composites 

beceuse, si~ilnrly, it resists attack by lilOlten lifht metals 

enc it. is theruodynnoice.lly unable to react vi th carbide ceramics. 

Only very eggr&ssive materials such as metallic titanuium and 

sooo basic rofractory metal oxides can attack it slowly above 

0 
1000 c. The reaction of alumina with silicon nitride to !01111 

~-s!Jllons ia ~lao very slow below 1500°c and SiC fibre• are bJ 

contrast easily attocked by oxy~en, metals and oxides. 
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8. PBJSICAL Pjl'OPERTI~ 

The prime physical properties exhibited by high alUJdna 

fibres are low thermal conductivity. high thermal shock resistance. 

They aro therefore used Widely as hot-fa=e lin1Iif;s 1n industriai 

furnaces. Unlike monolithic liniJ1€8, tibn liniDR• can tolerate 

fast hoat-up and cool-down and so the productivity of intemittent 

furnaces can be greaUy increased thereby reducing fuel usage _to. 

10-.£0 per cent. The US Space-shuttle thermal protection tiles 

also incorporate such fibres ~ecause of their excellent themal 

shock resistance~ 

In short, the physical characteristics of fibres vhich are 

most important to their uaee in composites ares 
- hieh aspect ratio 

high stiffness and strength (maintained) .:at high 

teruperaturee 

- low d~nsity 

- lou co~ff1c1ent of ther:nal expansion 

- hich hsrdnass 

- eood processability (flcrzibility) to desired 

seconda.riJ forms. 

9. ~IC/.'J.'lCNS OF ALU:HNA FIBRES 

Hintorically, high-alumina fibres were first developed 

as high temperature !urn.ace insulation, but more recently they 

have boen attracting attention as a component of structural 
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light-vei{;ht parts for uoe et high temparatures experienced 

in engines and by leadinr. e<Jeee of rocket and space planes. 

Thoy may ~lso l•ve future potential in electrical engineering 

and lmder:sea hnrdware. 

10. INSULATION APPLlCA.TIOHS 

The current largest-scale use !or high-alumina ceramic 

0 fibres is that of staple fibres as insulation above 12')0 C; 

bolov thi6 temperature. mel t-epun fibres are commonly used. 

The application of such high-alumib8 staple fibres began in 

the early 1'R0s ls"ith ICI "Saffil" alumba and there are nov 

oeveral manufactures of e1milar performance fibres (e.g. Denka's 

"Aleen" and Carborundum's 11Fiberma:x11
). All these prodllcts have 

~ar..etors in the range 1-7 microns for 1118J:imum thermal efficiency. 

?he use of fibr~ hot-face insulation on existing brick-insulated 

f~-nnces lc.s.ds to energy-sevings of approximately 10-20 per cent; 

hichsi-values corresponding to inten?littent or cyclic operations. 

L. vnrioty of insulE..tion ciethoC.S r..E:.ve beon developed us~ both 

ric;id boards t.nd tlexiblo blankets or staple .fibres. 

11 • c0t;cws10:; 

Staple higr.-.alumina fibre::J are tho cheapest foni avnila-

ble end firid wido-epread use in furnace hot-face insulation. 

T~ey heve also been \isad in thermal protection systema for 

Space Pl1.mee and are beg1nnin8 to be used in Aluminium alloy 

oetal-metal compcsitee (J.u.1ce) for improvi.Dg we&r reoistance and 

es.nd tnermal fatigue. 
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12. llA'l'IO?IAL POLICIES i\BD PRIORITIES FOR MA'l'ERIAL SCill~ 
Tli.'Cl!tOLOCY RRSl!:ARCH AND DSYELOW.EHT M:D AND BICH 
RESEARCH ARD DE\'ELOPMI!.1lT ll!U> 

'fo set up a national policy in material scie:ica development, 

one c.ay ask th9 question as to vey we should draw up national 

developrr.ent plane at e.11. But national development plans are drawn 

vi th the objective of raiui~ the living standards of the people 

eo that et least evoey member of the society can have access to 

tho~e b&Gic needs of life. For example, reasonably cheap or 

affordeble food, clothing, housing, good drinki~ water, health-

care, energy and so on. 

'i'he link between material science und technology 

~<?veloi:cent should thervfore be seen in teru;.s of providing those 

~ateri~ls nucded to be produced cheaply, efficiently and with high 

durability and strength to meet such basic needs uf the society~ 

In setting national policies and priorities therefore, 

one mu:it determine the basic constraints in the particular 

c•untry th.et is preventin~ the achievement of those basic needs • 

.t'\>r exer."?ple, roneonably decent and cheap housiJ18 or acco1D.1:1odation 

r'4ls bee~ one of the most important problems f&cing most developiJl& 

co•L~tries of Africa, quite apart from providing cheap food, health-

care M1<.I education for their people. 

So~e ot the basic conatrainte in providing reaBonably 

cheap ilouses for the people oven where natural resources such aa 

good reserve of clay and timber are eveilable may be &UlllJD8d up ae: 



- 12 -

- the high coat ot imported buildillg aateriala 8UCh aa 

cement, 1rcm roda, rooting abeete and fitt1.Dga(4oora, 

vindoll f'nmea, etc.) 

- the high enera cost of produci.D4: some of these n&tural 

resource-based materials conaidered •cheap• euch ae 

burnt bricka, tiles and shingles, vood products, etc. 

by uailig inaf'ficient and badly insulated kllna (CJYena, 

furnaces) in the production process. 

A national policy objective in material science and 

developmeHt should bes 

- to reduce immediate causes or high production coat ~ 

burnt brick and tile by introducing energy-etticient 

kiln vith good inaulati!Jg materials like High-alumina 

fibres. in the cCll&truction or kiln. To this and. 

delil.erate and conacious attempt ahoul·-. be made to 

encourage material scientists and technologists to 

explore the possbility or developillg and :aanu!acturing 

high-alumina fibres !orm natior.al natmoal clay reeenee. 

- Governoente or the various countries be urged to tom 

r:wteriel science and tcchrioloCY councils/collllilittees to 

oversee the coherent development of materials necessary 

for meotinc basic nntior.ol. needs o! the aociety. 

To this end, adequte financing should be provided !or 

vigorous reaearch ond development (R and D) and prdduc­

tion in areas ot caterial science and te~hnology deaaed 

ae of groat na tionol priority. 
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at the int.rnational level there ehoulcl be 1Dter­

regi.oaa1 cooperatim in the clavelop98Dt of -terial 

eci•ce encl tecbnol.087• To th1u mcle International 

Agenciea Lr& urged to aasiet capable li and D 

I..stitutiona. Universities and Centres ot iZcellence 

.£or trai~ -terial scientietz and technologiata 

in areas relevant to their 1-Mdiate utional develo~ 

ment and in the achievement of basic societal neecls. 
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MATERIAL SCIENCE AND DEVELOPMENT IN GHANA: 
TECHNICAL ASSISTANT 

Work in this area is scattered. There is some work being done 

by individual scientists in the physics. chemistry and engineering 

departments of the Universities of Ghana. But these are all scattered 

individual efforts. 

There is however a Division of materials research and testing 

located at Materials Division of Industrial Research Institute and the 

Building and Read Research Institute of the CSIR which carry out 

researchanddevelopment work on bauxite and kaolin materials. The 

other groups which are located in the Government Departments undertake mostly 

material testing. survey and mapping of natural resources. 

In the development of a strong base for material science and 

t£chnology, the Materials Division of Industrial Research Institute 

of the CSIR should be strengthened in human, financial and inf£astruc-

tural facilities. Presently, the Division is not well equipped in 

human, materials and financial resources. There is the need to provide 

these resources and reorganise the Division, train the necessary manpower 

and provide equipment for both the laboratory work and pilot work. 

Most of the rese2rchers in this Division are young and in experienced 

and need well g~oomed up scientists and technologists to work with 

to acquire the much needed know-how and expertise. 

Work has been going on for years in the development of insula-

ting refractory materials for kilns and ovens but no result of any 

significance has emerged as at present even though some in-roads have 

been made on glazes for the traditional pottery industry. 
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UHIDO could therefore assist this Division to grow on its own 

feet as materials research and development institute by providing. 

human, aaterial, financial and the necessary know-how to convert 

the vast clay/bauxite resources of Ghana to a more economic use and 

thus solving some of the basic needs of the country as in the provi­

sion of cheap houses by use of burnt bricks at low emergy costs, 

cement and other such important materials in the socio-economic 

development of third world countries such as Ghana. 

• 

' 
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Fig. 1 
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CONTINUOUS ALUMINA Fl6RES UNDER DEVELOPMENT 

Manufacturer 

Du Pont FP 

3M 

ICI 

Sumitomo. • 

Denka 

Mitsui Mining 

1970 

(Saffil) 

Nextel 
312 

Continuous 
Al20 3 

PRO 1"66 

Nextel 
440 

Safi max 

Continuous 
(Aleen) ·Al,0

3 

~980 

Corltinuous 
Al2 0 3 

1990 
Year of introduction 

( ) Staple fibres 

~ 
I 

.. ' 



Solution 
or 
Sol 
or 

Disp.ersion 

Examples 

.. . 

ALUMINA FIBRE PROCE·SS.ES 

Dry )Ill Gre.en Heat ,... Ceramic 
Spin fibres fibres 

1 Solution Polyaluminoxane + polyethyl silicate/benzene 

2 Sols Basic Al salt + silica sol/water 

3 Dispersion Basic Al salt + 0.5~t aAl 2 0 3/water 

Improvements 

1 Rheology modifiers 

2 Grain growth inhibitors 

3 Reproducible raw materials 

' I\) .... 
I 



ALUM·INA FIBRE PROPERTIES 

1 Potentially cheap 

2 Chemically inert at high temperatures (> 1 000°C) 
in oxi.dising .. or reducing atmospheres 

3 Compatible with molten light metals 
and non-oxide ceramics 

4. Electrical insulator with low dielectric constant 

5 Optically transparent/translucent 

6 Fairly good mechan.ical properti~s (cold) 
Maintained up tQ ca 1000°C 

• • 

I 

I\) 
I\) 
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DEPENDE·NCE OF STRENGTH AND MODULUS 
ON SILICA CONTENT 

· Dinghra 19861 3M, Sumitomo and Denka Data Sheets 

3000 

2000 f 440 

a/MPa 480 .. 
1000 

3M 

10 20 30 
400 FP 

300 \f 
E/GPa '-.T •3M 

200 1"-.____... 480 

L
Sumitomo • 3M 

Oenka 440 

100 
0 10 20 30 



SPECIFIC STRENGTH AND STIFFNESS 
2500, OF FIBROUS MATERIALS 

•Silica 

2000 

• SiC 
W·hisker. • Al 20 3-Si02,Zr02 

• Conventional Metals 
and Silica Fibres 

C1 t .--p 
High I Strength 

Carbon 
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SiC • ·~...::, 
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FLEXIBILITY OF CERAMIC FIBRES 

1 1 

9~ 

B(W)SiC(C) 

111 5----==---==-~--.:=--==--==-~=-~==--==--==-~~==--=:.__~~ 

Monofilament Multifilament yarns Staple/Vvhisker 




