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ABSTRACT 

The use of simple equipment that can reliably calculate plasticity indices of three local clays 

(Cape Coast, Fosu and Teleku Bokazzo) in both aqueous and organic media by extrusion 

method was studied. Experimental procedures were followed and one basic modification was 

made to Worrall and Khan measurement of rate of flow of plastic clays in order to prevent sud-

den rush of compressed air. Results indicate that plasticity brought about by ageing can be 

measured for clays in aqueous and organic medium. Clays aged for a further period of six 

months in aqueous medium showed greater plasticity index values confirming the reliability of 

the measuring instrument. The study revealed that Teleku Bokazzo Kaolin in organic medium 

has high plasticity that can be exploited in various product developments especially in refractory 

production where low iron content clays are usually needed. Plasticity of local clays can be 

measured accurately and reliable plasticity indices can be controlled by the length of ageing time 

for consistent manufacturing results. 

INTRODUCTION 

Plastic clays in Ghana are generally recognised 

as the sticky and tenacious earth very silicious 

with high iron content and generally not very 

plastic in the raw form but can be rendered 

plastic when wet processed through various 

sieve sizes. Most clay manufacturing centres 

end up with clays that are not very plastic since 

the processing is merely achieved by size re-

duction of the excess sand in the clay. Gener-

ally, since the sand component is quite high and 

further sand removal is expensive; our clay 

classification has low active clay content and 

adversely affects our manufacturing standards. 

Therefore enhancement of plasticity by ageing 

in our sunny environment becomes a solution 

to increasing plasticity that is adequate for 

manufacturing and hence a devise that can 

measure plasticity by extrusion process very 

similar to actual brick and tile manufacturing 

becomes very relevant. 

Clays are used by many professionals in vari-

ous fields: civil engineers, chemists, geologists, 

agronomists, sedimentary petrologists all clas-

sify clay according to operational particle sizes. 

However, particle size not greater than 2 µm is 

operationally accepted by operators in rheologi-

cal studies as the active clay (Eterigho et al., 

2007).  
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Large number of industries use plastic clays 

especially the ball clay as the principal binding 

material in bonding and manufacture of ce-

ramic products. Because of the fineness of the 

aged clays, Kwawukume (1998) explained that 

the grains of such plastic clays have large sur-

face area, and consequently exhibit surface 

phenomena (including intermolecular attraction 

and colloidal properties) to a very marked de-

gree and helps in shaping of products. It is not 

unremarkable to conclude that the surface area 

of the particles present in a plastic mass con-

tributes in no small measure to the ultimate 

plasticity especially in extrusion, which is one 

very important forming method in ceramic pro-

duction. Gaidzinski (2008) investigated en-

hancement in plasticity including a link to 

microbiological activity on clays while aging 

but came to the conclusion that plasticity is 

probably related to the initial physical proper-

ties and not to the presence of microorganisms. 

As a matter of fact, and to a large extent, the 

structural clay products for the building indus-

try relies on the use of extrusion methods there-

fore inadequate plasticity significantly impacts 

the performance of the clays leading to losses 

both in energy and manufacturing waste. It is 

not uncommon to see huge piles of manufactur-

ing waste at the premises of related manufac-

turing centres due to interrelated plasticity of 

the clays during manufacturing. Clays for brick 

and tile should have enough clay content to 

promote vitrification of the bricks against 

manufacturing loss (GTZ, 1991).  

Plasticity of clays is associated with extremely 

high content of fine particles (Whittaker, 1938). 

Fitzjohn, (1978) also recognized that clay min-

erals kaolinite, montmorillonite etc have micro-

scopic plate-like structures which are believed 

to be chiefly responsible for their plasticity 

(formability) when wetted with water. Addi-

tionally, the finest fractions of the clays contain 

the clay suspensoids or colloids which are also 

responsible for the plasticity. Ripmeester et al., 

(1993) said the higher the content of the finer 

particles, the greater the plasticity of the clay 

that will allow more granular materials without 

destroying the plasticity of the clay altogether 

necessary during forming and shaping.  It is 

now recognized that the colloidal fraction of 

the clays and the organic colloids together pro-

mote plasticity (Saint-Gobain clay, 2003). The 

presence of soft colloidal lignite as opposed to 

hard massive lignite also as observed by Ken-

tucky clay (2007) appears to promote a type of 

plasticity referred to as waxy plasticity. How-

ever, it is generally accepted that clay colloids 

the (very fine fraction) will improve plasticity 

yielding a sticky plasticity which is much 

needed in ceramic product development (Bole, 

2006). In enhancement of plasticity by ageing, 

the necessary water films adsorbed by the parti-

cles appear to act as a lubricant that facilitates 

plastic behaviour (Ryan, 1987). Many earlier 

investigators, including Moore and Lockett 

(1962), Wilkinson and Dinsdale (1966) agree 

that fine particles in the clays contribute cohe-

sive force that increases plasticity of clays that 

are aged. The stickiness which is an internal 

structure of the clays will resist pressures to 

deform until a certain pressure is exceeded re-

sulting into flow or shaping of the clay 

(Kwawukume, 1982). Another authority, Reed 

(1985) also indicated that retention of shape of 

formed clay is related to the yield stress. In 

looking more into the stickiness of clays, Bues-

sen and Nagy (1953) concluded that clay parti-

cles undergo a gliding process connected with 

rotation of clay flakes as the contributory fea-

ture of deformation of clay water systems. 

Aged clays and clay bodies are used exten-

sively in forming and shaping ceramic prod-

ucts. Though ageing is fairly understood there 

is no desire to replace the empirical methods as 

the potters thumb by instrumental techniques 

that measure relevant physical properties such 

as plasticity. The result of the above is because 

plasticity of clays was hardly well defined. 

Various authorities have looked at plasticity in 

different forms and have postulated theories 

about workability of clays. However, Bloor 

(1957) narrowed the definition of plasticity to 

three areas which is experienced in manufactur-

ing processes.  
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a) Yield value - that property, which many 

clay bodies posses, of changing form under 

pressure without rupturing. 

b) Deformation without rupture- that property 

which enable a material to be deformed 

continuously and permanently without 

rupture during the application of a force 

that exceeds the yield value of the material. 

c) Retention of shape -that property of a body 

by virtue of which it tends to retain its de-

formation after reduction of the deforming 

stress to its yield stress. 

This study was to compare calculated plasticity 

indices of Ghanaian clays by extrusion method 

for aged and unaged clays and clays in non-

aqueous medium. This is supposed to replace 

the empirical methods as the potters thumb by 

instrumental techniques that measure plasticity 

relevant to manufacturing. The results will as-

sist in the understanding plasticity limits of the 

clays adequate for manufacturing by extrusion 

in order to reduce loss rates in production and 

have consistent results. 

 

MATERIALS AND METHODS 

Three local clays; Cape Coast clay, Teleku Bo-

kazzo clay and Fosu clay were processed, filter 

pressed, aged in aqueous medium and also 

doped with organic plasticizers such as lanolin 

and glycerol and extruded.  For the clays in 

aqueous medium, two kilograms each of the 

above clays were sieved through a 200 mesh 

(75µm) sieve and  added to about 2-3 litres of 

water in a Hobart mixer and stirred for about 4 

to 5hours to break down the clay aggregates. 

The resulting slip was then poured into the cyl-

inder of a filter press and dewatered by filter 

pressing then wedged and kneaded by hand 

until it was of a suitable consistency. The clay 

is then referred to as processed clay which was 

put into polythene sheet stored in a cupboard 

for one to six months in order to age before 

testing. 

The unprocessed clays refer to raw clays not 

sieved and poured into a bowl with sufficient 

water and mixed thoroughly with a stirrer. The 

resultant slip was left on a Plaster of Paris slab 

for further de-watering before use. For the or-

ganic medium clays, 40% of lanolin and glyc-

erol were added separately to ensure flow abil-

ity by extrusion. 

Another portion of the clay was rolled into 

shape by hand and rammed into the barrel of 

the apparatus as in Fig.1 and a little petroleum 

jelly (Vaseline) was smeared over the top of the 

sample effectively preventing moisture being 

squeezed out of the sample clay by the com-

pressed air, and then the hollow cylinder was 

placed with the closed end sitting on tightly. 

The barrel was connected to the compressed air 

supply. 

The rational analysis was calculated for the 

local clays and the results are presented in Ta-

ble 1 below. London brick clay was used as a 

standard sample which has documented and 

known properties and served as a bench mark 

in the validation of the results of the investiga-

tions. 

Materials Al2O3 SiO2 Fe2O3 TiO2 CaO MgO K2O Na2O 
Loss on 

Ignition 

Cape Coast Clay 29.30 53.50 3.00 0.95 0.13 0.36 1.42 0.30 11.05 

Teleku Bokazzo 

Kaolin 
20.40 70.60 0.96 0.12 0.13 0.06 0.76 0.26 6.74 

Fosu Clay 

(local ball clay) 
17.80 72.50 0.64 0.95 0.16 0.25 2.31 0.14 5.23 

London Brick 15.8 64.4 7.9 1.6 1.1 2.4 3.2 0.5 1.1 

Table 1:  Summary of Chemical Analysis of the Clays under investigation (London 

     Brick as the standard) 
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Description of apparatus 

The extrusion apparatus used consists of a brass 

cylinder (36.5 cm long and 7.7 cm internal di-

ameter) with two end caps, which were screwed 

on. The lower end cap had a built-in cylindrical 

orifice, consisting of a brass tube 3.9 cm long 

and having an internal diameter of 7 mm. These 

particular dimensions were adopted for the ori-

fice so as to control the extrusion of clay pastes 

for convenient rates of flow. Compressed air 

was introduced into the top of the cylinder 

through the opposite end cap and pressure 

could then be regulated by means of a pressure 

gauge fitted with a reducing valve which had a 

range of 0-7 kg.cm-2. The various parts of the 

apparatus were connected by means of rein-

forced rubber tubing with „jubilee‟ clips at the 

joint and the whole was connected to a com-

pressed air supply point. In the apparatus used 

in this investigation, one basic modification 

was made to that used by Worrall and Khan 

(1972), i.e. the use of a hollow cylinder (with 

one end closed and sitting on top of the clay 

mass and the other end opened and facing the 

direction of compressed air supply) encased in 

the main cylinder which contained the plastic 

clay. This hollow cylinder, which had a tight fit 

with the main cylinder, was seated on top of the 

clay mass to be extruded in order to prevent a 

sudden rush of compressed air at the end of a 

run. 

 

Experimental procedure 

When the barrel of the apparatus was filled 

with sufficient amount of clay and all the nec-

essary connections made, the compressed air 

supply was turned on until the clay started to 

extrude from the orifice very similar to extru-

sion of clays in brick and tile production. At 

this stage the clay was allowed to extrude for a 

while until the nozzle end was completely filled 

up with clay. Before readings were taken for a 

particular clay sample, a length of about 20 cm 

was extruded in order to ensure that all the 

available volume in the lower part of the cylin-

der was completely filled and also to avoid any 

variation in the initial rate of flow due to align-

ment of clay particles taking place in the cylin-

der. The pressure was increased stepwise (0.2 

kg/cm2) and the corresponding rate of extrusion 

was measured with a ruler and stop-clock. 

Minerals 

Weight (%) 

Cape Coast 

Clay 

Teleku Bokazzo 

Kaolin 

Fosu Clay 

(local ball clay) 

London 

Brick Clay 

Soda mica 3.70 3.21 1.73 12.83 

Potash mica 12.01 6.43 19.54 24.10 

Kaolinite 58.74 42.14 24.30 20.63 

Quartz 19.35 46.82 51.72 39.31 

Miscellaneous oxides 6.23 1.43 2.69 5.17 

Table 2: Calculated mineralogical composition of the clay samples from the chemical  

 analysis in Table 1  

Air Supply

Dial Guage

Value

Nozzle 

Barrel Containing

Plastic Clay

Rule

Fig. 1: Simple apparatus for the measure-

ment of rate of flow of the plastic clays  
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Finally, the rate of extrusion was plotted 

against pressure to produce a flow curve. Flow 

curves were obtained for each clay from sepa-

rately prepared samples as in figs 2-4. The plas-

ticity index LE was taken as the average value 

determined from the flow curves. 

 

Calculation of plasticity parameters from 

the flow curve 

Worrall and Khan (1972) have found out that 

the flow curve of plastic clays in general obey 

the same empirical equation as clay/water sus-

pensions e.g. 

 f  = applied pressure 

D = extrusion rate 

f' = yield value 

ηo = absolute viscosity 

 

 a, b, and g are constants related to thixotrophic 

breakdown and build up. Although equation (1) 

contained five constants, four of which are in-

baD

gbD
Dff o (1) 

Fig. 2 Rate of flow of Aged and Unaged Fosu Ball clay  

dependent, the two quantities of interest are 

yield value (f´) and bottom bend which is equal 

to (gb/a). 

Both f´ and (gb/a) can be evaluated from the 

pressure/extrusion rate curves. (Figs.2-4). 

The ratio of f´/(gb/a) was taken as an index of 

plasticity which is denoted by LE. This is in 

agreement with earlier work by Worrall and 

Khan (1972). 

 

Experimental errors 

Two main sources of error were noticed; 

a) variation in the pressure applied 

b) variation in the rate of flow of the clay 

Although (2) obviously depends on (1), the rate 

of flow is also influenced by the transfer of 

moisture towards the orifice owing to the air 

pressure above the clay. The rate of flow of the 

clay was measured by means of a ruler and stop

-clock. The length of clay extruded could be 

measured to ± 0.5mm and it was not necessary 

to increase the accuracy because the mean de-

viation in the lengths extruded under any par-

ticular pressure was much greater than this. The 
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Fig. 3: Rate of flow of Aged and Unaged Teleku Bokazzo (china clay)  

Fig. 4:  Rate of flow of Aged and Unaged Cape Coast Clay (Fire Clay) 

value for rates of extrusion used in the figures 

is the means of several values and the values 

quoted are in most cases correct to within ±5% 

as seen in Table 1. 

During each run, water flows towards the ori-

fice from the upper layers of the clay to the 

lower; consequently the water content de-

creases in successive samples of clay. The total 

variation from the first to the last sample varies 

with the clay used and the actual moisture dis-

tributions are given for all the curves in table 3 

under % moisture content. 

 

RESULTS AND DISCUSSION 
The results for the extrusion method clearly 

indicated the differences in flow properties of 
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the clays tested. Tables 3, 4 and 5 summarises 

the results of the clays at any moisture content; 

a yield stress can be obtained and although it 

will vary with the type of apparatus used- par-

ticularly with orifice dimensions- a comparison 

of yield values can be made. In addition, each 

curve has a definite “bottom bend” which de-

pends on the yield value and the nature of clay. 

Figure 2 portrays the typical bottom bend 

achieved with the plastic clays. 

    f ´ (kgcm-2)    gb/a(kgcm-2) Moisture content % Average 

LE = f1/ gb/a 
1 2 1 2 1 2 

Filter pressed 1.6 1.7 1.5 1.5 34.2 43.2 1.1 

Unprocessed 1.2 1.2 1.2 1.2 27.9 28.0 1.04 

Aged (1 month) 1.6 1.6 1.2 1.2 36.5 38.0 1.40 

Aged (6 months) 1.8 1.8 1.2 1.1 38.6 38.2 1.60 

Glycerol medium 2.0 1.8 1.6 1.6 41.3 41.3 1.19 

Lanolin medium 0.8 0.9 0.7 0.8 40.3 42.4 1.13 

Table 3:  Summary of effect of processing on plasticity indices of Fosu clay (local ball  

  clay) in aqueous and non aqueous medium  

      f ´ (kgcm-2)    gb/a(kgcm-2) Moisture content % Averages 

LE = f1/ gb/a 
1 2 1 2 1 2 

Filter pressed 0.4 0.5 1.8 1.6 35.7 38.7 0.30 

Unprocessed 0.6 0.6 1.2 1.4 60.5 55.7 0.47 

Aged (1 month) 0.6 0.7 1.0 1.1 60.7 58.7 0.62 

Aged (6 months) 0.8 0.8 1.1 1.0 69.6 63.7 0.76 

Glycerol medium 1.2 1.3 1.4 1.6 71.6 71.6 0.83 

Lanolin medium 0.7 0.7 0.8 0.8 70.0 72.0 0.90 

Table 4: Summary of effect of processing on plasticity indices of Teleku Bokazzo  

 Clay (local china clay) in aqueous and non aqueous medium 

     f ´ (Kgcm-2)    gb/a(Kgcm-2) Moisture content % Averages 

LE = f ´/ gb/a 
1 2 1 2 1 2 

Filter pressed 1.6 1.4 1.5 1.7 29.1 26.3 0.92 

Unprocessed 1.0 1.2 1.0 1.1 21.4 28.3 1.00 

Aged (1 month) 1.2 1.3 0.9 1.0 27.3 31.3 1.30 

Aged (6 months) 1.8 1.8 1.1 1.0 30.3 32.4 1.70 

Glycerol medium 1.0 1.1 1.8 1.8 38.7 38.7 0.58 

Lanolin medium 1.2 1.0 1.9 1.9 39.0 38.8 0.57 

Table 5:  Summary of effect of processing on plasticity indices of Cape Coast Clay  

  (Local fire clay) in aqueous and non aqueous medium 
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The yield point, which represents the break-

down or the resistance of the clay to flow, 

could be the function of the plasticity of the 

clay – the higher the yield point, the greater the 

plasticity. In this experiment, the aged Fosu 

ball clay has highest yield point followed by 

Cape Coast clay, and Teleku Bokazzo clay. 

Calculated results of plasticity indices for the 

clays used gave interesting results. Plasticity 

indices for processed and unprocessed clays 

appeared to be closely similar in spite of the 

differences in the moisture content of the same 

clays. Increase in plasticity of clays is the result 

of the ageing which probably produced more of 

organic colloids and colloidal fraction of the 

kaolinitic clay minerals probably higher than 

the finest particle sizes achieved by physical 

grinding. (Kentucky clays 2007) 

Teleku Bokazzo local China Clay mixed with 

organic plasticizers (lanolin and glycerol) gave 

higher plasticity index values than even six 

month aged China clay; the remaining clays 

gave lower plasticity index values than with 

water. From the results, it is feasible to increase 

the plasticity of China clays with industrial 

organic plasticizers since we have been using 

plasticizers to render materials soft and supple 

and also during the early evolution of man oils 

are known to have been used centuries to plasti-

cize pitch for waterproofing ancient boats.  The 

revelation is that organic plasticizers can be 

used with local china clays if whiteness, low 

iron, and plasticity are desired for specialized 

product development that involves enhance-

ment of plasticity. Due to high iron content of 

our ball clays, white ware products in which 

these clays are used are usually tinted. It is be-

lieved that doping clays in organic media will 

open up new direction in clay research and new 

product development. 

The low results achieved for clays in non-

aqueous media and the high plasticity recorded 

for aged clays are explained by the known con-

firmation that the plasticity of clays is greater, 

the higher the proportion of the absorbed water 

(Saint-Gobain clays 2004.) In this investiga-

tion, aged clays tend to give higher moisture 

content values and greater plasticity as ageing 

progresses (Tables 3, 4 and 5). 

An attempt was made to extrude London brick 

clay in glycerol medium, but could not flow at 

all through the circular orifice. Apart from the 

kaolinite type clay minerals e.g. Local china 

clays, local fire clays and local ball clays, clays 

with some montmorillonite clay mineral struc-

tures like London brick clay was not able to 

flow.  This made it impossible to calculate the 

plasticity indices for the London brick clay 

with known properties which served as a con-

trol. This behaviour may be connected with the 

known tendency for expanding lattice minerals 

like montmorillonite (present probably in the 

London brick clay) to absorb glycerol strongly 

and resist flow through the orifice. 

 

CONCLUSION 

In the manufacturing of various Alumino-

silicate refractory, very plastic and low iron 

content clays are needed to facilitate the ther-

mal bonding of the constituent materials. In 

addition, the use of very plastic clays enable the 

incorporation of high non-plastic materials 

(grog particles) a standard requirement in pro-

duction of fire clay refractory bricks world 

wide. This investigation has revealed that plas-

ticity of the local clays can be measured accu-

rately and reliable plasticity indices can be con-

trolled by the length of ageing time for consis-

tent manufacturing results. 

In Ghana, most plastic clays are off white; 

therefore, use may be made of ageing time to 

enhance plasticity that will allow more incorpo-

ration of non-plastics in the refractory recipes 

for manufacturing. Further research should be 

conducted in the use of Lanolin and glycerol to 

expand the potential of Teleku Bokazzo kaolin 

in the cosmetic and in rust prevention compos-

ite materials. 

Finally, the simple testing extrusion apparatus 

as illustrated in the literature is very reliable 

and can be used to calculate relevant plasticity 

indices instead of the known but non quantified 

potters thumb for continuous improvement in 

Journal of Ghana Science Association, Vol. 12 No. 2 . Dec., 2010 48 



Measurement and enhancement of plasticity indices Kwawukume et al. 

production by extrusion process thereby mini-

mizing production losses. 
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