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UNIDO Expert Group aeeting on kaolin ,Vienna , Aug.22-26,88 

STRATEGIES FOR THE OPTIMAL UTILISATION OF KAOLIN RESOURCES 

BY THE DEVELOPING COUNTRIES : A TECBRO-ECONOMIC APPROACH 
( 13 pp., 6 tables , 4 (igs., and 2 appe~dixes) 

Executive SWlllary 

1. Ron-metallic minerals, particularly kaolin, are• important 
to a country in establishing and supplying indigenous 
industries , whereby the processing stages and value - addition 
could take place in the country itself • Kaolin is a versatile 
industrial mineral whose global demand has been going up 
steadily • The economic value and marketability of kaolin 
would depend upon (i) reserves, and characterisation (Table 1) 
and the industrial uses to which it can be put ·(Tables 2 - 5), 
(ii) location in relation-to ports , transport networks ,and 
consuming centres, (iii) availability of energy ( both for 
extraction and utilisation ), water, etc. 

2. To c1rcumvent the present constraints in the international 
mineral ma~kets , the Developing countries ·will have to adopt 
a techno-economic ( rather than a purely economic)approach, 
and develop cooperation among themselves , to get the best 
from their kaolin resources ( Table 6 ) • Exportability may 
not be considered the sole or even the principal criterion 
to determine the economic value of kaolin • Due importance 
should be given to the deve~opment of kaolin-based, small-

. scale industries to produce goods and services to give better 
life to people through improved habitation , sanitation ,etc. 

3. Coater or filler grade kaolin , producible at mine 
site at-us S 40 I t. ,and not too far from a seaport ( with 
rail I road I canal haulage costs not exceeding $ 20 I t.)1 is 
exportable at prof it • Principal producers of this grade 
among the Developing countries , should cooperate among 
themselves to stabilise the market price for this valuable 
commodity • Paper coater and filler grades do fetch high 
prices , but have stringent specifications ( Tables 3 & S.A ). 
In the case of some naturally high-grade kaolins , it should 
be possible to achieve these specifications without much effort . 
It is estimated that leas than 25 t of all kaolin resources 
are exportable in this manner • While it is t~chnically 
feasible to benef iciate medium-grade kaolins to paper filler 
grade , it may not always be economical to do so • 

4. General filler grade kaolin ( Table 5 ) occurrira~tar 
from a port , but near population centres , muy be used in 
plastics, pai~ts , pesticides , etc. Manufacture of ceramic 
warg is energy intensive • Kaolin of suitable grade occurring 
near deposits of energy minerals ( coal , oil, natural gas ), 
may be used to manufacture tableware, sanitary ware , stone­
ware,etc. Even small kaolin deposits ( < 0.1 m.t.) could be 
developed by rural communities through manual mining , and 
use of animal power for crushing and grindin9 and haulage • 
Government• are urged to develop imaginative and agressive 
policies to promote kaolin-based industries. 
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UNIDO Experts Group meeting , Vienna , Aug.22-26, 1988 

STRATEGIES FOR THE OPTIMAL UTILISATION OF KAOLIN ( AND 

RELATED HOO-METALLIC MINERAL RESOURCES ), BY TB£ DEVELOPING 
COUNTRIES : A TECBNO-BCORCllIC APPROACH 

Professor u. Asvatbanarayana 
Department of Geology, University of Dar es Salaam , 

Box 35052 , Dar es Salaaa , Tanzania , East Africa 

1 • INTRODUCTION 
1.1 Mineral resources are customarily cl~ssified as Metallic , 

Non-metallic ( or Industrial) and Energy minerals • From the 
beginning of the industrial era upto about 1950, metals dominated 

the world's mineral markets • Presently, non-metallics an~uels 
( fossil) dominate the world's mineral resources picture , both 

in terms of quantity as well as value of the matericf's ,. 
produced ( Fig. 1 - Raw Material "snake3 " ). As Bates and Jack­

son so aptly put it, we are now in a " Modern Stone Age " • The 

optimal utilisation of non-metallic minerals is particularly 
crucial for the economic well-being of the Developing countries 

for two reasons : (1) they are important for establishing and 
supplying indigenous basic industries ( building materials , 

ceramics , glass, fertilisers , chemicals,etc.), and (2) all the 
processing stages and consequent value·creation takes place in 
the country itself , using local labou~ , and involving in most 
cases , simple technology and small capital expenditure • 

1.2 It is a distressing but well-known fact of interna­
tional life that " Developing countries , as a group , have a 

relatively large share of the world's raw materials , yet their 

combined share in the supply of processed or semi-processed 

products amount to only 10 t of the global manufacture value­

added". This is so simply because the processing of the raw 

materials and the value-addition takes place in the industrial 

countries. Even ass~ming that the justifiable demands of the 

Developing countries for higher and stable prices and freer 
access to markets for their raw materials , will be accepted, 
it will not resolve the core problem • The Developing countries 
could tackle the problem only through increased application 
of science and technology in situ , to get the best out of their 
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mineral resources - not only for purposes of export, but even 

more importantly , to give a better life to their people 

by improving habitation, sanitation,water supply,etc.through 

more effective use of non-metallic minerals. 

1.3 Whenever there is a rise in the cost of mineral 

commodities, the industrial countries react to it by design-

ing a more efficient process, whereby the requirement of raw 

material is reduced. In other words, a higher industrial 

production in the Developed countries does not automatically 

imply a higher d6mand for mineral raw materials from the Develop­

ing countries. Barring a few exceptions ( gemstones, high-

grade kaolin,etc.), non-metallic minerals are characterised by 

low unit cost, and hence are not exportable in the raw form. 

It,however, does not mean that they are valueless! 

1.4 Kaolin is a kind of clay, which happens to have good 

export potential. There are numerous clay groups - serpentinite­

kaolinite , talc-pyrophyllite , kerolite and pimelite,deweylites 

and garnierites, smectites, montmorillonites,beidellite, nontro­

nite, saponite,hectorite,vermiculites, chlorites, illites, 

sepiolites, palygorskite,etc. Some clays occur interstratified 

with one another - e.g. kaolinite - smectite • The purpose of 

this reprt is to look at the export and !.!! ~ use of kaolin 
" and associated minerals from a techno-economic angle • 

2. KAOLIN AS AN INDUSTRIAL MINERAL 

2.1 Kaolin is a unique industrial mineral with a number of 
desirable properties • It is (1) chemically inert over a wide 

range of pH, (2) white or nearly white in colour, (3) soft and 

non-abrasive, (4) good flowability at high solids content, (5) 

good hiding power as extender, (6) good reinforcing character, 

(7) ability to impart brightness, whiteness, opacity, and 

glossiness when used for filling and coating of paper , (8)low 

conductor of heat and electricity,etc. It occurs fairly widely, 

and is relatively inexpensive - there is almost no possibility 

• • • • • 3 
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of cheaper synthetic material with the properties of kaolin 

being produced commercially • The demand for kaolin has been 

rising steadily at an annual rate of 2.3 ' ( Kuzvart ), and it 

is unlikely that this trend will be reversed t '' 1>£ APP· A ,. 8 > · 
2.2 The kaolin reserves of the world have been put at 

12 billion tonnes ( Kuzvart). The world production of kaolin in 

1978 was 17 m.t.(Inst. of Geol. Sci., London) • Out of the ten 

African countries producing kaolin in 1978 , only three 

countries( South Africa , Egypt and Ethiopia ) achieved an 
output of more than 20,000 tpa • The present production of 

kaolin in the world is estimated to be around 24 m,t/ yr. 

2.3 Ceramic-industry was the principal user of kaolin in 

the early part of this century, but this is no longer so and it 
now occupies the second place only • Presently, the bulk ( 80 \ ?) 

of all kaolin produced is used in the manufacture of paper and 
board as filler and coater ( in the case of some papers, kaolin 

content may be as high as 30 ' ). Other industries that use 
kaolin are : water-base latex paints , pesticides , rubber , 
plastics, adhesives, alum, catalyst, etc. 

3. DEFINITIONS 

3.1 The name, kaolin, is derived from" Kau-ling ",which 
is a village in the province of Kiangsi of China where kaolin 

was first mined in the seventh century • Historically, the 
dominance of China in ceramic art was such that kaolin came to 

be known as china clay, and ceramic objects came to be known as 

chi~aware or just china • Patterson and Murray ( 1975,p.546) 

defined kaolin as " clay consisting substantially of pure 

kaolinite or related clay minerals, that is naturally or can be 

beneficiated to be white or nearly white , will fire white or 
nearly white , and is amenable to benef iciation by known methods 
to make it •~itable for use in whiteware, paper, rubber, paint 
and similar uses" • The East European countries, however, favour 

a genetic definition of kaolin~ " Kaolin is an industrially 
useful , residual,white or light-colour~d earth, formed in situ 

by chemical decomposition of rock-forming minerals, especially 

feldspars " ( JCuzvart) • 

• •••••••• 4 
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4. GENESIS 

4.1 Kaolin deposits may be authigenic , i.e. formed in situ 

by hydrothermal alteration or weathering of rocks ( e.9. china 
clay deposits of Cornwall, U.K.), or allogenic,i.e. transporte~ 

from their place of origin and deposited in beds and lenses 

(e.g. kaolin deposits of Georgia and South Carolina , USA ). 

Some kaolin deposits may,however, have a polygenetic origin 

For instance, two generations of kaolinite can be recognised 
in the Middle Miocene Puqu Sandstone of coastal Tanzania 

which was deposited in a fluvially dominated flood plain : 

(1) poorly crystallised, ragged, anhedral,"hard" kaolinite 

presumably derived from deeply weathered Precambrian basement, 
and (2) well-crystallised, soft kaolinite formed in sit~ by 
the weathering of arkosic sandstone ( Mutakyahwa, 19~7 ). 

4.2 Exogenous kaolinisation takes place at a slow rate 
( 10 - 100 m/ M.y.) , at temperatures of 16 - 18 ° c , and 
annual precipitation of about 1000 mm. , in (say) tropical or 
~emi-tropical forest zones • On the other hand, ~ndogenous 
kaolinisation( due to epithermal waters under fumarole 
conditions, or foliowing autometamorphism or hydrothermal 
alteration of rocks)takes place rapidly • There are peaks of 

exogenous kaollnisation during carboniferous , ~urassic and 

Cretaceous-Paleogene periods • Carbon dioxide released due to 

volcanism at these times, promoted exogenous kaolinisation 

through C02.-enriched rain waters and removal af iron through 

plant-derived organic acids • 
4.3 The reserves and quality ( mineralogical composition, 

grainsize,chemical impurities,etc.l and hence the economic 

value of a kaolin deposit are conditioned by palaeoclimatic, 

palaeogeochemical and palaeoqeomorphological environment of 

f~rmation of kaolin, and the modifications it may have under­
gone during transportation and diagenesis,etc. For instance, 

an endogenously-formed kaolin deposit is likely to be of lesser 

extent than an exogenously-formed kaolin deposit .The value 

and marketability of a kaolin will be diminished significantly 
if kaolin had significant amounts of iron to start with 

5 
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( because of its generation from a ferruginous rock ) or if it 

has undergone ferrugination subsequent to its formation • In 
short, the quality and quantity and hence the marketability of 

a kaolin is dependent upon the mode and environment of f orma­

tion of that clay • 

S. MINERALOGY AND IMPURITIES 

S.1 Kaolin minerals are dioctahedral, 1 : 1 layer minerals, 

kaolinite , nacrite and dickite , with identical chemical 

composition of Al&SiLOr(OB)~ but differing fro~ one another 
in their symmetry characteristics and henc ... ecognisable on the 
basis of their x-ray characteristics • Kaolinite may be 
vermicular, but may also bte in the form of macroscopicj:rystals. 
Balloysite is a disordered form of kaolinite , with fibrous 
morphology • Two forms of halloysite are recognisable : hy~rated 

halloysite ( 10 A ) and metahalloysite ( 7 A )CS..indlq• l't'ow\'\, l,l'o). 

S.2 The term, kaolin , means different things to different 

people • To a mineraloqist, kaolin is a group of hydrated 
aluminium silicates, as explained above • To an industrial 

engineer, kaolin aeans a clay composed largely of kaolinite, 
white or nearly white in colour, and is useful in paper, 

ceramic , rubbe~. paint,etc. indust~~as • Chin~ clay and kaolin 
are used synonyaously, particularly in Europe • Ball clays are 

C w~_..,o •/.1 d~orduul. k..:..U:..,.L.ta l 
sedimentary , plastic, refractory claysAwhich are used in 

pottery and stoneware industries. Fire clays are sedimentary, 

refractory clays containing kaolin • Four types of fire clays 

are recognised : (1) plastic clay - poorly crystallised 

kaolinite,with illite as a major impurity, (2) semiflint clay : 

comparatively well crystallised kaolinite , but with impurities, 

(3) flint clay - well crystallised kaolinite without impurities, 

and (4) nodular clay : well crystallised kaolinite with 

diaspore and boehmite • Kaolinite may be a component of several 

other clays which are named on the basis of their use, e.g. 

slip clay (9lazin9), terracotta clay, pipe clay, rubber clay , 
earthenware clay,etc. 

5.3 Kaolin is rarely completely pure • Depending upon its 
mode o~ origin , it may contain some mineral and chemical 

••••• 6 
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impurities which will have to be removed in the process of 

refining kaolin for marketing • Since clay minerals 

( < 2 pm ) are generally finer than non-clay minerals( > 2pm ), 

it is often possible to get rid of non-clay mineral impurities 

by washing • In some cases, the byproduct minerals (e.g.silica) 

may be economically useful and their extraction may actually 

improve the economics of the kaolin industry • Thus, a kaolin 

deposit may be considered as a multi-product economic entity, 

which will have to be exploited in an integrated manner • 

5.4 The common impurities associated with kaolin are 

as follows : 
5.4.1 Silica· minerals : Quartz reduces plasticity and 

shrinkage and makes the clay refractory • If quartz is coarse, 

it will have to be removed • Colloidal silica increases the 

plasticity of clay • Microcrystalline quartz is commonly 
associated with kaolinite , but polymorphic varieties(tridymite 

and cristabolite ) and their disordered.modi.fications, may be 
present in some cases • Some kaolins may have fine-grained , 
disseminated secondary quartz • Depending upon their physical 

and chemical characteristics , silica minerals may be used in 
glass , ceramics , pesticides,etc. industries • Device-grade 

silica alone is exportable, but ordinary silica is not exportable 

as such, unless it is processed (say, as hollow glassware ). 

5.4.2 Feldspars : they may be composed of alkali and 

plagioclase feldspars.They act as flux • 

5.4.3 Zeolites : hydrated alu~inosilicates of alkalis and 

alkaline earths , e.9. heulandite , clinoptiiolite , analcime,etc. 

5.4.4 carbonates : calcite , magnesite , dolomite ,ankerite, 

siderite and rhodochrosite • 

5.4.S Miscellaneous : Alumina makes the clay refractory. 

Iron oxide is a strong colouring agent, making the clay buff­

coloured or even red when fired • It should be less than 0.5 \ 

for white-burning clays • Lime has a bleaching effect, but it 

also tends to fora lumps of quick lime • Magnesi~ and alkalis 

act as flux ~ titanium acts as a flux at high temperatures • 
Carbon and water are eliminated in the process of firing • 

I ••• • • e 7 
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' • ASSESSMENT OF TECHNO-ECONOMIC POTENTIALITIES 

6.1 Lorenz (1985) developed an elegant model for 

objectively estimating the techno-economic potential of 

non-metallic minerals in a country • He identified the 

following preconditions which will have to be satisfied if 

the subsequent economic utilisation of the ~ineral is tc ba 

realised - namely, geological , macro-economic, industrial/ 

technical , and others ( manP.wer availability, political ,. 
environment,etc.). Thus, if the geologic environment of a 

country is such that it precludes the existen~e of a mineral 

in ~hat country, there is not much point in looking for that 

mineral in that country , even though conditions are favourable 

for the utilisation of that mineral in that country • On the 

other hand , if the required manpawer is not available in a 

country , it can be got trained • If administrative procedures 

are impeding the progress of the mineral sector, the procedures 

may be modified • When a given condition is satisfied, it is 

marked with a cross, and the factor is weighted as per the 

following scheme : 

6.2 Essential preconditions ( consolidated max. no. of points: 15) 

A. Geological conditions ( max. no. of points : 5 ) 

A.1 Geologically favourable conditions ( x 4 

A.2 Availability of adequate geological data x 1 ) 

B. Macroeconomic conditions ( max. no. of points : 5 

B.1 Immediate interest on the part of the local industry and 

government, as manifested oy preliminary operations 
e 

having been complted ( x 2 ) 
A 

B.2 Possibilities of import substitution I satisfaction of 

local needs I stimulus for downstream industries I 
diversification ( x 2 ) 

B.3 Potential for increasing exports ( x 1 ) 

c. Industrial I technical conditions( max. no. of points: 5) 

C.1 Favourable infrastructure ( transport links , energy, 

water, etc.) ( x 2 ) 

C.2 Extraction is technically I economically favourable ( x2 ) 

C.3 Processing is technically I economically favourable ( x 1 

e e e e I e I 
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6.3 In the most unfavourable situation , the three preconditions 

for a mineral deposit may be assessed as 0 - 0 - 0 , totalling 

zero • In the most favourable situation, the three preconditions 

may be assessed as 5 - 5 - 5 , totalling 15. In a given ccuntry, 

the utilisation of a kaolin deposit with an assessment factor 

of (say) 12, should be accorded a higher prioriority than 

another deposit with an ~ssessment factor of (say) 10 • The 

same pr;_nciple may be ext'O'nded to decide up<,n priorities in an 

economic grouping of countries( e.g. SADCC , ASEAN , etc.). 

A kaolin deposit with a rating of (say) 14 in country A sh~uld 

be taken up first for exploitation relative to another deposit 

with a rating of (say) 11, in country B • 

7. CHARACTERISATION OF KAOLIN IN RELATION TO 

ITS MARKETABILITY 

7.1 Since clays have been used from time immemorial to make 

pottery and bricks , almost all countries do have some knowledge 

of clays within their domains • What most often they do not have 

is what kind of clay is involved, and for what use it is best 

suited • It is possible that in the absence of such knowlege, 

a country may be utilising a superior quality clay for an 

economically inferi.or purpose • Mos~ large deposits of clay 

have lateral and vertical variations in the type of clay • It 

may turn out that different parts of the deposit are best 

used for different purposes • In some cases, blending of two 

or more kinds of clay may be the most suitable way to utilise 

them most economically • 
7.2 A clay is characterlsed on the basis of the following 

parameters : (1) particle size , (2) mineralogy , (3) bulk 

chemical composition, (4) Atterberg limits and plasticity 

index, (5) colour , (6) firing tests , etc. The methodology 

of determining the various characterisation parameters and 

their significance in determining their marketability are 

given in Table 1 • 
7.3 All characterisation parameters are not of equal importance 

for all industries using kaolin. The relative importance of 

specific characterisation parameters for specific industrial 

uses, are qi ven in Table 2 • 

' ' 
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7.4 Specifications are given for paper kaolins ( Table 3 ), 

ceramics ( Table 4 ), and for filler in paper, insulation 
tapes and pesticides ( Table 5 ). 

8. ECONOMICS OF MINING AND EXTRACTION 

8.1 Most kaolin deposits occur at the surface or at shallow 
depths • So, opencast , multiple-bench mining using excavators, 
loaders, bnlldozers,etc. is the usual method of mining kaolin • 

The advances in opencast mining technology permit strip ratios 

of 20 : 1 or even higher in the case of (say) coal • Thus, in the 

case of kaolin , any strip·ratio below 5 : 1 should be feasible 
technically anaeconrmically. 

8.2 The followin~ processes are involved in the pre~aration 
nf ROM for marketing : (1) Raw matex!als crushing and wet 

classification, (2) Thickening and dewatering of kaolin , (3) 

Drying and grinding , an~ (4) Storage, packing and loading • 

Recovery rates of 20 - 30 ' are consi4ered good • 

8.3 Though kaolin can be separated by air flotatic~ in 

situations where availability of water\is very restricted , 

the common method of separation and purification of kaolin is 

by washing with water • Generally about 4 m~ of water is required 

for producing one tonne of kaolin , assuming recycling of water • 

The requirements of water fox domestic use of mi~e personnel is 
put at 100 1 I p l d • Thus, a plant producing 20,0~0 tpa of 

kaolin and employing (say ) 100 workers , would need about 84 milion 
litres of water per year • 

8.4 Energy requirements of the mine - plant operation 
is as follows : 

(i) Electrical energy at the rate of 72 kwh/t. of kaolin, 
for crushing , grinding ,et~. purposes , 

(ii) Diesel fuel at the rate of 15 1 I t. of kaolin 
produced, for operating the earth-moving equipment , 

(iii} Fuel oil at the rate of 43 kg/ t. of kaolin,for 
thermal drying of ground kaolin. 

~hus, a 20,000 tpa plant would need about 1400 Mwh of 

electricity,300 kl. of diesel fuel, and 900 kl. of fuel oil • 

1 0 
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8.5 From the feasibility report in respect of mine planning , 

it should be pos&ible to get a rough idea of the grade of 

kaolin producible from different parts of the mine • To 

supplement this , a kaolin mining company should either 

possess or should have access to on-line analytical facilities. 

The company should have a mechanism to react to the feed-back 

from the customer(s) • It should .be possible to modify the 

flow-sheet so as to be able to produce the product to suit the 

specifications of (say ) an overseas user who is willing to 

pay a premium price for a kaolin grade of stringent specif ica­

tions. The following arrangement is suggested for the purpose. 

R.& o. facility 
linked to mining company , and capable of 
bench-scale and pilot-scale facilities to 
effect modifications in the flow-sheet , 
depending upon the market requirements ) 

., 
Production 

of kaolin and associated 
minerals by the mining company) 

Application 
( users of various grades of 

kaolin ± mineral byproducts) 

8.6 A bench-scale R. & D. analytical facility ( XRD , XRF , 

microscopes, sedimentological equipment , plasticity and 

firing equipment ) would cost about US $ 400,000/- • A group 

of kaolin companies can operate such a facility on a consortium 

basis • Alternately, the facility car. be owned by a private 

testing company or a research institute , which can provide 

analytical services to kaolin companies on a consultancy basis. 

A pilot-scale kaolin facility which is capable of handling 

a~y kind of problem related to use of kaolin ( including new 

uses , depending upon the specific characteristics of kaolin 

is estimated to cost about US$ 1.5 million • An economic 

...... 11 
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grouping of Developing countries ( e.g. SADCC ) can jointly 

own such a pilot-scale facility which can be operated on a 
self-financing basis • 

9. MARKETING AND DISTRIBUTION OF KAOLIN 

9.1 The economic value of a kaolin deposit depends on the 
following criteria : (i) quality and reserves , (ii) location, 
in relation to ports , rail, road or canal networks , 

proximity to consuming centres,etc., and (iii) availability 

of water and energy, not only for producing kaolin , but also 

to utilise kaolin,etc. On the basis of (say) inferred reserves, 
kaolin deposits may be 

About 0.1 m.t. 

0.1 to 1.0 m.t. 

1.0 to 10.0 m.t 

classified as follows : 

--- small or marginal deposit 

economically viable deposit 
----good deposit 

10.o·to 100 m.t. -- large deposit 

> 100 m,t ----giant deposit 

( the limits suggested are qualitative and arbitrary ). 

'Quality-wise, paper-coater grade kaolin fetches the highest 

price • This is followed by general filler grade and ceramic 

grade .Impure kaolinitic clays which are suitable only for 

pottery and st~neware manufacture, are lowest-priced • 

9.2 Let us take a kaolin deposit with reserves of one 

million tonnes , and projected production of 20,000 tpa • 

If kaolin can be produced at minesite at ~ cost of less than 

US $ 40 I t., if the deposit is not too far from a deep-water 
seaport , (i.e. involving less than 300 km. of rail haulage, 

or ..,, - bl/f or less than 100 km. of road haul~geA; these are indicative 

only, as transportation costs vary enormously from country 

to country ),if the kaolin iC coater grade or filler grade, 

that kaolin has excellent export potential • Paper-coater 

grade does fetch a good price, but it has very stringent 

specifications • Sometimes the price differential between 

first and second)paper filler grades, may not be attractive 

enough to go in for a high-tech. product. The low recovery 

rate and technological sophistication involved , do not make 

it poasible for Developing countrie• to take the risk of 
producing a high-tech. product. 

' I 
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9.3 The same kind of deposit , of filler grade generally , away 
from a port, but near population or consuming centre, is best 
used in plastics, paints , pesticides, etc.The availability of 

energy •inerals ( coal, oil or natural gas or geothermal 

energy ) would make it economically feasible to use kaolin for 

the manufacture of table~are, sanitary ware , stoneware,etc.Even 

a small deposit ( say, 0.1 m.t.) of impuI!kaolin , far from 
ports and population centres , can still support a 1000 tpa 

rural industry to make stoneware~ pottery , bricks,etc. The 
deposit could be mined manually with pick and shovei ,and 
crushed and ground with animal power • There is still the 
problem of heat energy. Geothermal power would be most 
appropriate, if it could be tapped.Use of charcoal is not 

recommended conaidering the grave environmental consequences, 
unless,of course, the community concerned has started growing 

" energy" forests • 

1 0. RECOMMEHDED POLICY FRAMEWORK · 

10.1 Developing countries should develop an imaginative 

and agressive policy for the optimal utilisation of kaolin 
resources. The policy could be. based on the following 
formulations : (i) To adopt a techno-economic approach ( rather 
than just economic approach), with steadily inc:r::easing appli..ca­
tion of science and technology, to achieve self-reliance, 
(ii) Mutually beneficial cooperation with neighbouring 
Developing countries on the basis of enlightened self-int~rest, 
(iii) Linkage with industrial countr~· . on commercial basis as 
partners ( rather~ donor - recipient basis ), and (iv) To · 

export semi-processed, high-qrade coater and filler, and use 

other grades to develop local industries, and improve the 

quality of life of people Steps may be taken to streamline 

administrative procedures ( '' one-window" approach), provide 

low-interest loans,infrastructure, assured supply of raw 

materials , water~enerqy,etc. , and assistance in marketing 
products • The modalities of accomplishing the techno-economic 

tasks involved, are given in Table 6. 

" I 
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Parameter 

1. Particle 
size 

2. Mineralogy 

Table 1 

Characterisation of kaolin in relation to its marketability 

How to be determined 
(Phiri et al , 1983 ) 

~et sieving of ~ 63 pm 
fraction ; sedimentation 
for < 63 µm fraction ; 
plotting of spherical ~ 

diameter( µm ) vs. 
cumulative percent. 

Petrological and 
binocular microscopy ; 
X-ray diff ractometry 
of oriented and un­
oriented samples ; 
Differential thermal 
analysis and transmission 
electron microscope 
examination of < 5 pm 
fraction. 

Relevance in terms of marketability 

Particle size of kaolin for most applica­
tions is sub 10 p~ • Kaolins are washed, 

screened, settled in water and filtered • 
Continuous, high-speed centrifuging , 

installation of large blungers to make-down 
and disperse kaolin at the mine, piping 

of kaolin slurry to the beneficiation plant, 
etc. are some of the techniques currently 

employed to produce uniformly sized 
products for the market. 

Well-crystallised, white kaolin without 
mineral impurities, fetches the highest 

price • While non-clay minerals can be 
removed on the basis of their qrainsize, 

the presence of even small quantities 
( about S ' ) of other clays like mont­

morilloni te, or the presence of colloidal 
silica which cannot be easily removed,affect 
fhe marketability of kaolin as (say) filler 
and coater. Such clay compositions are,howeve~, 
perfectly acceptable for refractory ware, 
stoneware , etc. 

.... • 
I 



Table 1 ( contd.) 

Parameter 

3. Bulk 

chemical 
composi­
tion 

How to be determined 

XRF and AAS to determine 

SiO~, Al~o,,Fe~o,, MgO, 
Cao , Na~o , and K&O ; 
Loss on ignition is 
determined in three 
stages : 100°c,375 °c,& 

1000°c; ;pH and soluble 
ions in some cases. 

4. Atterber, Determination of 
!imits I liquid and ~lastic 
plasticity limits and plasticity 

index. 

5. Colour 

6. Firing 
tests 

index. 

Measurement of hue, 
purity and bright-

1 

ness of raw clay discs 
and the same discs 

after firing (say, at 
1100°c & 12so 0 'c> by 

relection spectro-
o 

p~tometry 
~ 

Linear shrinkage of 
briquettes when fired 
( at,say, 1100,1180 & 
1250 ° c ) 

Relevance in terms of marketability 

Chemical standards for finished clay are : 

Ali..0 1 > 38 ' , L·.O.I. : about 14 \ (assuming 
absence of carbonates ) ; FeL02 < 0.5 ' ; Ti O~: 

< 0.2 ' ; Na~O + K~O < Q.2 ' • Chemical composi­
tion of kaolin determines its use in pesticides , 
paints, alum, etc. industries .Iro,.,y far is the 
most serious impurity for paper .g whiteware. 

Optimum moulding is determined from plastic . 
limit and plasticity index • Highly plastic or 
"fat" clays could be blended with less plastic or 
"lean" cla~s to obtain the desired plasticity • 

Hunter Brightness factor has to be at least 80 
for kaolin to be used as a paper coater and 
filler, and this is the grade of kaolin which has 
export potential. Brightness factors of about 90 

have been achieved commercially by calcining ( to 
1050° C), ultra-flotation and high-intensity 
magnetic separation C to remove tries of Fe & Ti ) 
and by .. delamination techniques ( Mu;ray , 1976; f:'~. 3J. If.) 
If shrinkage during drying and during firing is 
too high , the clay cannot be used for firing • 
This test is critical for ceramic & refractory 
applications • 

'"'" I.II 
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Table 2 
Degree of importance of characterisation parameters for industrial use 

Use Particle Mineralogy Bulk Plasticity Colour Pi ring 
size chem. tests 

-

1. Paper A " A B A c 

2. Ceramics B B B A : A A 

3. Paints A B A B ·' c 

4. Plastics A B A B B c 

S. Adhesives A B A A B c 

6. Alum B B A c B c 
' 7. catalyst B B A c c c 

8. Rubber A A A B c c 

9. Pesticides A B A B B c 

10. Miscellaneous* A I B B A B A 

A :Critically important ; B : Moderately important ; C : Marginally important/ unimp. 

* Miscellaneous uses of low-grade kaolinite for making stoneware , 
pottery , bricks, refractory ware,etc., with appropriate blending of clays, 
where necessary • 

.... 
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Table 3 

/\fU\LYSES OF PAPER KAOLINS 

source• DoCUl9entat!on frOlft th• vorloua procluc:or11 (courtesy : STAMICO/AUSTROPLA N) 
U'l'JLlll\TJON COAT I NO PILLING 
Countrr Groat Drltaln Engloncl, ff-Garmany France. ln9land C:emany l\u•tr.lft 
Brand 11._ . Dlntde A Eurocloy "koolln 'c c:rade o L 30 DT 60 

I 

Nhlteneaa CR 45) ' "·'· 86,5 81 . ·12,5 80 7' . . J\bradon (AT 1000) 919 • 1,0 <2 26 n.d. 20 n.d. 
pH (20 t ao11d8) s,o 6,5 n.d. n.d. 7 n.d • 

• > SJ 11.tcr:ona 
. 

n.d. .. 0,02 n.d • o,os n.d. n.d. • ~ >10 -·- 0,5 aax. n.d • - 1,5 ' 12,0 n.d. n.d. 
... 

' J >u -·- n.d. n.d. n.d.· n.d. <o,o• 0,02 ... >u -·- n.d • < 0,.03 I n.d. n.ct • <o,os. n.d. .. I u .. • Cratn fracUon• . 
Ii' <2 •1cron• 1s,o u,o 59 cs,o SS 0,2 • . 

Hean wpcclf1a •urface 
C•2/gl • 10,s n.d • n.d. a,o n.d. 13,&S 
Loan on 19n1Uon ' u,10 13,80 n,10 11,90 12,s u,oo 1102 ' . . n,eo 44,90 46,90 48,70 48,5 ..,,60 Al~J ' . 

I 
37,oo 39,20 37,20 n,oo ,,,, 37,80 i!S Fot,;, ' o,58 0,25 0,11 0,12 o,s o,so • Tl z ' 0,03· 1,so 0,15 o,os o,a o,J i~cao ' 0,04 n.d. 0,12 . 0,06 n.d. o,J J Hgo ' o,16 n.d. 0,21 0,25 n.d. 0,2 (j k20 ' 1,,0 o,os 0,7' 2,12 ,,, ',o Na2o . 

' 0,10 0,15 0,15 0,10 o,t 0,2 f i 10011 nlto •nd othor D •lno1·ale ' 90 ;)' 98 88,40 n.d. n.d. '8,6 
Quart.a ' . <o,s < .o,s 1,40 n.d. n.d. 0,1 1 Fol~cpar, •lea 1 

tt_ 10,0 n.d. 8,65 n.d. n.d. · 0,1 s: roaldUGl •lnorala ' 

.... ..... 
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Table 4 

ANALYSES OF KAOLINS FOR CERl\MICS ( courtesy : S'l'AMICO ) 

~tarn 
. 

O:.-tzy ~ Spain Gl'bat Dcltmln l'nlno9 1\119~.la 
~ 

llMoof•t.r.lal ~,__ IC.Dolin ~ .... Vlc:aJo HSC Stanclar4 SP a: 31 l'.aol.ln Al Hacblhan aainD Olay 
lraoUn ZS PD II 1 

R>l9ture ' 12 12 0,1 12-15 e-1n 10 10 10-12 10 1oc14 12,0 

Fr-.:Uon>~l 
ldczaw t o,CXX>l 0,001 n.cl. o,3 0,01 o,os 0,01 o,os n.cl. o,s 0,01 

lnctlcn< 2 
llle&'CIW' 41-50 ll-«> 46 42 n.d. «> 70 52 31 45. " 1117 lhr1IUge ' 3 3 2 • 7,3 f,7 6,2 n.d • 3,5 n.d. S,3 

1117 berdb9 
•U.W..th NJa.1 22, '3 ., ,. ". 78 139 98 ., 1t1. 73 

l'flUlllDtrlO CllCIM ft.ct. 
. 

n."d •. 9fllwlmt SIC n.d. n.d. 35 n.d. n.d. n.d. n.d. n.d. 35/36 

.,.. Clft J9ftlt1cn ' 11,90 11,50 12,92 10,1 11,11 11,90 12,30 12,50 12.00 12,50 13,00 

SIOJ' ' a,10 49,50 47,ID 5',70 50,30 . 41,00 47,3> 47,40 50,00 •1,20 ~IS,a> 

AlzOJ ' 31,50 35,m n,so 30,00 34,lk> 37,oo; 37,40 37,00 35,00 36,lk> 37,l!O 

Fe20J ' o,m Oi'JO 0,32 o,ss o,1i o,76 ' o,&'o o,9 '·°' 0,12 O,ID 

TJOJ ' . o,«> . o,«> o,31 0,20 ~,12 0,06 0,05 0,1 o,36 o,1s o,30 

QO ' 0,01 0,09 o,os 0,30 0,10 0,10 0,20 . 0,1 0,21 0,13 o,30 

ltP ' o,2> 0,25 o,Q2 o,30 o,30 0,2·• 0,20 0,2 0,12 0,32 0,2> 

~ ' 2,0 2,75 0,11 o,so 2,05 2,30 1,10 1,1 1,so ~.12 1,00 

tfa1J ' o,zs 0,20 0,01 o,oz 0,10 o,os 0,10 0,1 0,20 0,09 0,20 

lfilollnl .. ..ct ~ti- I 

clqalmrab ' 
. IS 81,50 93 74 es,1 15 90,5 7!> as 91 "·' 

9arta ' 1;5 2,50 1,2 20,• '·' - tnca • • s 1 0,1 . 
feldlpr-S 
alc:a ' u,s 11,00 5,3 5,4 1,3 " 8,1 15,0· • I 0,1 

aaa1blllt1• of ••••• ···~· 
. Pt ••••• B,P,Pt '• 8,E,P Py,S,E, B,P8,R · 8,B,Pr Pyr S, E, 

U9a Pt Pt Pt '·'•·'t '••'t· P1Pe1 Pt 
(S,£,A) a, a 

. . 
'1 l!OttelJr 8 e~; • ~. It nfnc:tiolJ A lbrul'Nltr P 'dbh poftlehln, P8 ~tary s:a:wlatn, Pt tedlnlml FQR'111aln1 G 9laae 

.... 
00 
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Table 5 

Specifications for filler applications of kaolin 

A. Japanese specifications for filler in paper industry 

Minimwa whiteness : 80 \ 
( by Hunter Brightness tester) 

Maxiawa abrasion(by Nippon Filcon tester) of 

bronce wire 

plastic wire 

: 150 mg 

. . 25 mg 

Maximum residue (after washing on 320 mesh sieve : 0.5 ' 

Maximum moisture content : o.s ' 
( First grade : US S 200/t ; Second grade : $ 180 /t. ; 

Third grade : $ 150 I t.;all cif Japanese port ; 1qso) 

B • Filler-grade kaolin for the manufacture of PVC films 
for electric insulating tapes : 

Whiteness : abo~e 85 degrees · 

Water content : below 0.5 \ 

Particle size : 325 mesh, above 99.5 \ passed 
Heat stability : above 40 minutes 

Dispersion : none in bad dispersion 
Insulation resistance : above 1014 ohm/cm ( 30 ° c ) 

c. Filler-grade kaolin for manufacture of pesticides 

SiO~: 54.4 \ (max.) ; Al~o,: 33.1 \ ( min.) 

FeLOJ: 0.6 \ (max.) ; Tio~: 0.53 \ (max.) ; 
cao: 0.03' (max.) ; MgO: 0.02 \ ( max.) ; 

Na~O : 0.1 ~ ( max.) ; KLO : 0.14 ' ( max.) ; 

L.O.I. : 12.34 ' ( max.) 

( pesticide manufacture would need equivalent quantity of 

colloidal silica also • Hence both kaolin and byproduct 

silica could be used ). 

Source fer A & B : STAMICO, Dar es Salaam ( AUSTROPLAN) 

Source for C : TISCO , Dar es Salaam 

I I I I I 

I 11 I II 111 I II 
' 

I'' 11 11 I I 111 I I I Ill I 111111 



Table 6 
Modalities of accomplishing the techno-economic tasks in respect of kaolin 

Area of 
investi­
gation 

1. Prospec­
ting & 
explora­
tion 

2. Characte­
risation 
(Table 1) 

3. Techno­
economic 
scenarios 

What a country should be 
able to accomplish on 
its own 

Compilation and analysis 
of all available informa­
tion about clay occurren­
ces ; use of portable 
kits for in situ 
identification of clays ; 
Prospecting for new 
occurrences; computerisa­
tion of data base• 

What can be achieved by cooperation with 
other Developing countries 

~~change of information and experience in 
r~gard to non-metallic mineral resources, 
e.g. geologic setting , mode of occurrence , 
reserves , present mode of utilisation , 

,plans for development,etc., with special 
reference to clays. Since some deposits may lie 
across netional boundaries, exchanqe of data is 
evide~tly mutually beneficial • New prospecting 
strategies may be formulated on the basis of 
re~ote sensing and geomorphological approaches. 

This is a crucial step • Some countries may be too poor o~too backward 
Most often, 'the state to either have R. & o. facility of their own , 
agencies have to get this· or even pay for consultancy to establish the 
job done, as entrapreneurs characterisation • The proposed central regional 
and users will come forwar facility or facility available inpne of the 
only after the characteris -member countries , should assist in this 
tion is known. effort ( vide 8.6 ). 
Techno-economic evalua­
tion of kaolin deposits ; 
Analysis of present and 
projected domestic market 
Assessment of export 
market ;Production progra­
mmes ;Estimates of invest­
ment and production costs 
project financing ; 
financial evaluation ; 
effect of kaolin projects 
on national economy • 

Fair amount of' information is available in 
several countries about techno-economic 
evaluation of kaolin deposits (e •• g. Kimambo, 1988, 

;1 1986 ; STAMICO '/ Austroplan ( 1980). Integrated 
technoeconomic and market models may be 
prepared for a region, so that the most feasible 
projects are taken up first for implementation 
In some cases , it may be more sensible to 
barter mineral commodities across boundaries 
between neighbouring countries , as the 
commodities cannot be exported .Emphasis 
should be given to rural industries to produce 
goods and services to give better life to people. 

t..> 
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Imports of KaoUn by Countries 1974-1978 

(in tomes/year) 
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Production of Kaolin by Countries 1974-1978 (APPENDIX B ) 

(in tonnes/year) 
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