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ABSTRACT

This paper discusses the poassibility of developing at
low cost, alumina fibres based on nmaturel resources such as
clays and bauxite. The ewmphasis, hovover.‘ has been on clays
(a’umino-eilicates); since they serve as cheap source of
material which provide an easy way of entering advanced

coramic materials by developing countries.

INTRODUCTICK

Clays are formed from the veathering or decomposition
of felspathic rocks, and are composed essentially or hydrated
aluminiun silicates such as A155i07.2H0 together with others.

The particle size of clay is less than 0.002 mm,

A typical analysis of clay material from Ghana is shown

in the tzble below,

Content | Clay 1 | Clay 2 |, Clay 3 | Clay 4 | Average Total
510, 69.1 59.2 | 58.5 475 58.6
82105 |40 [184 [17.0 | 137 19.7
Pe3 4.8 5.4 5.5 4.4 5.0
ca0 1.9 3.3 6.4 15.6 6.8
K.g0 1.1 3.3 2.2 0.8 1.9
K0 3.6 1.6 3.0 1.6 2.9
Va0 - - 2.2 2.8 25
pmitton | 4 | 9.2 | 34 |9209 7.6

Source: Kirkendale, G: A Laboretory manual for Testing Clays
for use in the Production of Building Products;
Technical Publicetion, Building and Road Research
Institute (Chana), Ahugust 1975.
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Ghans hes 8 large rescrve of clay deposits spread throughout
the country. The total clay reserve is estimated at 4 514 230 366 MT.
Some of these deposites have been found from analysis to be suita-
ble for paint manufacture as well as for the production of burnt

brick and tiles and other traditional ceramic products.

2.2. Ceramic

The term "ceramic" is traditionally, generelly applied
to anything made by heating clay (e.g. pottery, porcelain,
atono—warelbrické. etc.). Ordinary clay is a plastic, thixo-
tropic material, vhich hardens irreversibly when heated
sufficiently strongl;. The occluded water and vater of hydration
is first lost at about 400o - 700°c, and above this texperature
the 2lumina and ;ilica react to form & new anhydrous sluminium

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

resulting burnt clay will not recombine with water and so does

not soften and reform the initial plastic clay.

()
Al2S1,0,.2H,0 400-700°C Al,S1.0, 700-1200°C Ceramic
———

Natural clays therefore can serve as an casy entry into

research und development (R and D) and the higi: research and
development (HRD) area for a doveloping country to dovelop and
produce alunine fibres as furnane insulators and high tempora-

ture materials.




3. ALWMIEA FIBRES — RSVIEW OF STATS OF THS ART

Aluaina fibres have become a new generation of fibres.
High-Alunina fibres have becoms available in both staple and
continuous forms esince 1970. They offer advantageous high
tenperature property combinations. Their application potential
is compared with those of carbon and silicon carbide fibres.
3.1. Introduction

Host coummon metals that are used bave lov melting points
erd low specific stiffness (see Fig. 1). Many ceramic materials
possess both higher specific stiffness and high melting or
cecomposition points., This is because ceramics contein low
atomic number elements (especially thoee of Croups 3 to 5)
vwhich are cepable of forming onmly 3 or 4 strong directional
covalent bonds. 'In principle such materisls would lead to
large weight savings in high temperature applications (e.g.
aorospace engines) if they could be utiliged in the same marmer

as mnetals.

Ceremics have two main disadvantages. They are brittle

and difficult to shape. Huch progress have been made in recent
years to develop better strengths in monolithic ceramics, but
ceracic materials often exhibit their best properties in the

form of fibres.

This arises from the fact that their strength and fracture

properties are controlled by microdefects wvhich are introduced

by the manufacturing process &nd better control is obtainable

in fibrous forms than in monolithic forms. The availability of




ceramic fibres hzve paved the way for the production of
CAIPOSITES pussessiang mout of the adventages of the ceranmic,

but without disadvantages.

The three main families of advanced ceramics available as
fibres are carbon, silicon carbide and high-slumina f:ibnee)and
there are several posscible fibre morphologics available. Fibres
any be clusuified by their diameter, namely:

(1) vhiskers (less than 1 micron)

(2) staple (1—10 microns)

(3) continuous multifilacent yerns (5-25 microne)

and (4) continuous monofilamaent (1 00 microns).

Fibres ere sold as sggrogate seccondary forms such as wool or
rigicd preforms (".-.'hiskers. staple) and as yerns and woven
(continucus tiores). silicoan carbide fitres are available in
the videst diversity but none of these has attain commercial
maturity. i.owever high-strength carbon {ibres have been in
use commescially in advanced composites (usually in epaxy
resin matrix). The world-wide capacity is ostimated at 500 t/a.

tiuminag fibres are availabie either as staple or as

ouwltifilazent coatim:ous yarms.

4.  ALWMINIW PIBRK COPOSITIONS, TYPES
AL AVAILABILITY

It is unusual to find chemically purv alumins fibres.
Tho ssount of and location of impurities has an important effect

on the physicel properties of the fibres. Very often, the




difference between products depend mainly on the vurity;
(secondary elements ray be added deliberately for synthesis
reascns ). The alumina-gilica family ie guite diverse and

Fig. 2 showvs the phase diagram for this system. Only products
containing more than 50 per cent by weight of alumina are of
interest. There are broadly three composition ranges which are
of interest. Between 50-60 per cent alumina there are melt-spun
glasey alumino-silicate fibres {often called kasolin) which were
originally developed in the 1PB0s as high-temperature insulating
pmaterizle. The best grades cen cnly be used in insulation up to
1400°C because of the low-melting silica rich ’utectic (15%°).
This phase (ulumino-silicate) fibre should be of particuler
interest to deVeIOping.countries of Africa where large deposits
of kaolin (clay) exist and therefore could serve as an easy point.

of entry into &dvance insulating alumina fibre materisls research,

development and production.

For use at higher temperaturs however, alumina-silica fibres
containing less silica than mullite’(vhich includes all available
cortinuous fibres) are most desirable since the relevant eutectic
tomperature is then 1840°c. It should be noted howgver that high
temperature equilidriua phases in this region of the phase diagram
are mullite and corundun (X-elumina). Polycrystalline products
containing 70-80 per cent slumina are of ten referred to as mullite
fibres. Products containing more than 70 per cent alumina can

generically be referred to as high-alumina coatinuous fibroa.




The development of all such fibres dates back to about the 19i0s.

Yhat the phase diagram implies is that high-alumina continuous
fibres cannot be made by conventional melt-spinning processes

as the melting temperatures are too high.

Se FIBEE PiCDUCTION AND ECONC:ICS

Very broadly, the relationship betweon inorganic fibre cost
(1987) end availability ie summarized in Fig. 3. While the produc-
tion of carbon fibres and glassy alumino-silicates can be regarded
as established with many second generation products appearing,
the situation for most other fibres is in the developmental stage.
The processes for producing mnovel fibres are -proprietory so
that in most cases the only informstion available is derived from
the patent literature. Hany of the new products especially the
strean of products from Japanese workers are expensive (up to
£800/kg) as a result of small-scale manufacture on pilot plants.
The cheapest fibres currently, are staple products wade for the
insulation markets (£1-20/kg). Contiruous multifilament yarns cost
fran £50/kg (carbon fibres) to £400/kg ("Eicalon" silicon cerbide
fibre).

whisker products have intermediate pricee (£150 - 300/kg).

The prices of secondary product forms (e.g. vovens) may be double

that of the primary fibre.

These nigh prices, no doubt, has somelow inhibited the
vide-spread commercialisation of the applications of many composite

raterials. There is therefore scope for the reduction in cost




through increased volume of production and also improved fibre -
manufacturing technologies.

6. TBCHROLOGY OF FIBEK MANUFACTURING

Fibre manufacturing techrologies can be classified into

three; namely,

(1) Eelt spinning - only practical for 50-60 per cent
alunins-gilice glassy fibres.

(2)  solid-state transforuations - carbon silicon
carbide, alumina-silica (see Fig. 4), fibres. Both
ére continuous multifilament and staple fibres.

In th;se processes & meltable or soluble precursor
is fiberised and then croeslinked tefore being
co;verted by high temperature heating to the
desired ceranic fibre.

(3) Growth from vapour phase e.g. whiskers (edlicon

carbide) and monofilament fibres (silicor carbids/
boron). Monofilament fibres are made by deposi-~
tion on a carrier fibre of tungsten or carbon
using a CVD process. 1t ie relatively easy to
incorporate thin barrier layers onto the fibre by

this technique.
bach method has its advantages and disadvantages. The melt

spinning procese is very cheap but only gives low quality product.




Vapour phase progesses give generally very high quality
products (especially the monofilament) but at high cost. Many
solid-state transformation processes have teen developed and
usually)the producte are of intermediate quality and cost. Those
giving caibon fibre from a variety of starting polymers have been
extensively investigated but the sol-gel type processes have also

been videly exploited in various versions for making alumina fibres.

Te CHE{ICAL PROPERTIES

The great merit of alumina is that it is extremely inert,
stecle at high temperature and (potentially) cheap (sece Fig.5).
It is stable in oxygen containing stmospheres up to its melting
point (whereas carbon fibre axide above 400°C and silicon carbide
at Ca 1200°C). It can even remain unchanged in reducing atmospheres
to ebout 1200°C.’ It is exactly for this reason that high-alumina
fibres in staple form are popular aa high temperature insulation

materials in both metal-working and ceramic firing furnaces.

It can be used in both metal and ceramic-metrix composites
beceuse, sircilarly, it resists attack by molten light metale
ené it is therzodynanicelly unable to react with carbide ceramics.
Only very eggressive materials such as metallic titanuium and
gono basic rofractory metsl oxides cen attack it elowly above
1000°C. The reaction of alumina wvith silicon ritride to fom
{3 -sinlons is £lso very slow below 1500°C and SiC fibres are by

contrast e¢asily attacked by oxygen, metale and oxides.




8. PHYSICAL PROPERTIS

The prime physical properties exhibited by high alumina
fibres are low thermal conductivity, high thermal shock resistance.
They are therefore used widely as hot-face linings in industrial
furnaces. Unlike monolithic linings, fibre linings can tolerate
fast hoat-up and cool-down and eo the productivityof intermittent
furnaces can be greatly incremsed thereby reducing fuel usage to .
10-20 per cent. The US Space-shuttle thermal protection tiles
also incorporate such fibres because of their excellent thermal

shock resistance.

In short, the physical characteristics of fibres vhich are
most important to their uses in composites are:

- Ligh aspect ratio

= high stiffness and strength (maintained) at high
teuperatures

- low density

- lov coefficient of thermal expansion

- high hsardness

~ eood processability (flezibility) to desired

secondery forms.

9.  APPLICATICNS OF ALUMINA FIBRES

Eistorically, high-alumina fibres were first developed
as high temperature furnace insulation, but more recently they

have boen attracting attention as a component of structural




- 10 -

light-weight parts for use &t high temparatures experienced
in engines and by leadins edges of rocket and space planes.
Thoy may ulso have future potential in electrical engineering

and undersea hardware.

10. INSULATION APPLICATIOKS

The current largest-scale use for high-elumina ceramic
fibres is that of staple fibres as insulation above 1250°C;
belov this temperature, melt-spun fibres are commonly used.
The application of such high-alumina staple fibres began in
the early 19’08.\’ith ICI *Saffil” alumina and there &re now
several manufactures of similar performance fibres (e.g. Denka's
"slcen" and Carborundum's "Fibermsx®). All these products have
Gdianeters in the range 1-7 microns for meximum thermsl efficlency.
The use of fibre hot-face insulation on existing brick-insulated
furnaces leeds to energy-sevings of approximately 10-20 per cent;
hichsr~values corresponding to intemmittent or cyclic operations.
L variety of insuletion methocs have beon developed using both

rigid boards and flexible blankets or staple fibres.

11.  COKCLUSIO:

Staple high-elumina fibres ere the cheapest form availa-
ble and find wide-spread use in furnace hot-face insulation.
They heve also been used in thermal protection systems for
Space Plunes and are beginning to be used in Aluminium alloy

petal-metal compcsites (MMCs) for improving wear resistance and

and thermal fatigue.
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12. NATIONAL POLICIES AND PRIORITIES FOR MATERIAL SCIENCE
TRECHSOLOCY RRSEARCH AND DSVELOPKENT (R&D) AND HICH
RESRARCH AND DEVELOPMENT (FRD)

To set up & national policy in material science development,
one tay ask the question as to why we should draw up national
ceveloprent plans &t £ll. But national development plens are drawn
with the objective of raising the living standards of the people
80 that et Jeast every member of the society can have access to
those basic needs of life. For example, reasonably cheap or
affordeble food, clothing, housing, good drinking wvater, health-

care, energy and so on.

‘’he link between material science and technology
developcent should therefore be seen in terms of providing those
zaterials necded to be produced cheaply, efficiently and with high

durability and strength to meet such basic needs of the society,

In soetting national policies and priorities therefore,
cne muat detsrmine the dbasic constraints in the particular
country thet is preventings the achievément of those basic needs.
r'or exemple, reasonably decent and cheap housing or accommodation
r23 been one of the most important problems facing most developing
conatries of ifrica, quite apart frow providing chesp food, health=~

care und education for their people.

Some of the basic constraints in providing reasonadly
cheap nouses for the people even where natural resources sucl as

good reserve of clay and timber are evailable may be summed up as:
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the high cost of imported building materials such as
cement, iron rods, roofing sheets and fittings(doors,
window fremes, etc.)

the high energy cost of producing some of these natural
resource-based materials considered “cheap™ such ae
burnt bricks, tiles and shingles, wood products, etc.
by using inefficient and badly insulated kilns (ovens,

furnaces) in the production process.

A national policy objective in material acience and

developmei:t shqpld be:

to reduce immediate causes of high production cost of
burnt brick and tile by introducing energy-efficient
kiln wvith good insulating materials like High-elumina
fibres in the caonstruction of kiln. To this end,
deliberate and conscious attempt shoul” be made to
encourage materisl scientists and technologists to
explore the possbility of developing and manufacturing

high~-alumina fibres form national natdéral clay reserves.

Governments of the various countries be urged to fom

nsteriel science and technology councils/committees to

oversee the coherent development of materials necessary
for meoting basic nntional needs of the soclety.

To this end, adeguate financing should be provided for

vigorous research and developaent (R and D) and prdduc-
tion in areas of material science and technology deemed

as of great national priority.
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-~ at the international level there should be inter-
regional cooperation in the developasent of material
science and technology. To thiu end, Internationeal
Agencies cre urged to assist capeble K and D
Institutions, Universities and Centres of Excellence
for training material scientists and technologists
in areas relevant to their immediate mational develop-

ment and in the achievement of basic societal needs.

BIBLIOGRAPHY

E.H. Stacey: "Production and characterisation of fibres
for metel matrix composites”; J. Material Science and

Technology, March 19¢8, Vol. &4, 227.

M.h. Stacc;yx "Developments in Continuous Alumina-Based
Fibres"; Paper presented at Basic Science Meeting at
Harwell, May 24, 1983, '

Kelly’ A‘ and Hacmlan. Nono. "strom SOlidl". 3rd gd.
1986, Clarendon Press Oxford.

Arameki, S and Roy, R.J. Am. Ceram Soc. 42, 644 1959
(No. 314 in "Phase Diagrun for ceraniste" Eds. Levin,
BEJ ., Rotbins C.R., Mc Furdie, H.F., American Ceramic
Society, Columbus, 1964.

Garaide, J.B. and Phillips, R.F.: & Textbook of Pure
end Applied Chemistry, pp. 611, 1962.

Kesse, G.0.s The Mineral and Rock Resources of Ghana;
A.A. Balkoma - Rotterdan/Boston, 1985.




- 14 -

ACKNOWLEDGEMENT

In prepsring this paper I have used freely to some
extert notes prepared by Prcf. Dr. E.H. Stacey, FRS; ICI
rivanced Hsteriels Department, England for the Commonweal th
Science Courcil ¥orkshop on Avareness of Rapid Advances in
Sciernce and Technology (ARAST) on Kateriesls Science and
Techrology held at the letioral Physicul Laboratory, Nev Delhi,

indie; February 19 ~ 24, 199.

1 was a participant at this Workshop.

NOTS: aAll the fipgures attached tc this peper come
ficz Ref (1).




- 15 -

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 Rcad Research Institute of the CSIR which carry out
research and development 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 develoﬁmenc of a strong base for material science and
technology, the Materials Division of Industrial Research Institute
of the CSIR should be strengthened in human, financial and infrastruc-
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 laboratorv work and pilot work.
Most of the researchers in this Division are young and in experienced

and need well groomed 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.




- 16 -

UNIDO could therefore assist this Division to grow on its own
feet as materials research and development institute by providing.
human, material, fimancial 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.




-17 -

Fig. 1

SPECIFIC MODULUS AND MELTING POINTS
OF VARIOUS MATERIALS
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CONTINUOUS ALUMINA FIGRES UNDER DEVELOPMENT

Manufacturer
Du Pont FP PRD 166
| Nextel Nextel
3M 312 440
ICI (Saftil) Safimax
Continuous
Sumitomo, AlLO,
Continuous
Denka (Alcen),N:Os
Mitsui Mining Continuous
1,0,
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Year of introduction

() Staple fibres




ALUMINA FIBRE PROCESSES

Solution
Sol g {res ——— T
Dispersion
Examples
1 Solution Polyaluminoxa_ne + polyet‘hyl silicate/benzene
2 Sols Basic Al salt + silica sol/water

3 Dispersion  Basic Al salt + 0.5 «Al,O,/water

Improvements
1 Rheology modifiers
2 Grain growth inhibitors

3 Reproducible raw materials




1

- Compatible with molten light metals

ALUMINA FIBRE PROPERTIES

Potentially cheap

Chemlcally inert at hlgh temperatures (>1000°C)
in oxidising.or reducing atmospheres

and non-oxide ceramics
Electrical insulator with low dielectric con'stant
Optically transparent/transiucent

Fairly good mechanical properties (cold)
Maintained up to ca 1000°C




DEPENDENCE OF STRENGTH AND MODULUS
ON SILICA CONTENT
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SPECIFIC STRENGTH AND STIFFNESS
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FLEXIBILITY OF CERAMIC FIBRES
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