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ABSTRACT 

The effect of ageing on various parameters such as particle size distribution, specific surface 

area, dry strength, shrinkage, fired strength, bulk density, and moisture content of clay was stud-

ied. The results indicate that ageing introduces finer particle sizes due to a progressive increase 

in the proportion of the fine particles as the system is aged, the critical moisture content  of the 

aged clays are higher than the unaged clays and the strength of all the aged clays tested showed 

improvement in strength characteristics than the unaged clays. Ageing affects the bulk density of 

local clays as the inherent porosity is replaced by fine particles that are produced as the clays are 

aged. Both bulk density and particle size are recognized as powerful indicators of product quality 

in both manufacturing and strength of the clays. 

INTRODUCTION  

Clays have been and will continue to be one of 

the most important industrial minerals in many 

applications that improve on our lives. Clays 

and clay minerals are therefore widely utilized 

in many facets of our society. Understanding of 

fine particle nature of clays have already started 

imparting on improved clay products like paper 

coating kaolins, enhanced paint thickeners, 

nanocomposites for plastics, pillared clays as 

special absorbents and catalysts, clays for liq-

uid fertilizer suspensions, clays for absorption 

of animal wastes, thermally treated kaolins with 

high brightness and low abrasion have in them 

very fine particles by various processing routes 

(Murray, 2000). 

Ageing which contributes very fine particles 

enhances plasticity of clays and is understood 

as a way of improving workability of already 

processed clays (Sasaki, 2003). Various tests 

and methods have been used to measure some 

relevant aspects of the physical properties of 

clays in many parts of the world and have con-

cluded that fine particles from aging improves 

the nature of clays. Ageing is not usually done 

on most of our local clays before conventional 

manufacturing processes are embarked upon 

which could lead to a number of manufacturing 

problems associated with plasticity and high 

temperature firing. 

Ageing is said to be caused by irreversible 

breakdown of clay particles usually assisted by 

water. The resultant fine particles associated 

with ageing of the clays plays an extensive role 

in the manufacture, drying and thermal treat-

ment of clays and clay bodies. Most industries, 
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especially in the Far East age their clays and 

bodies with the aim of achieving high plasticity 

and other related properties leading to zero de-

fects in their production. Ageing probably en-

hances the decomposition of the organic matter 

present with the formation of dilute acids which 

can coagulate the fine grains of the clay and 

improve the dry strength but work by Roberta 

Gaidzinski, (2008) concluded that plasticity is 

probably related to the initial physical proper-

ties and not to the presence of microorganisms. 

Worrall (1986) explains that during ageing a 

more uniform distribution of water takes place 

and orientation of particles become more 

evenly distributed thereby increasing the 

amount of bound water and specific surface 

area of the particles hence plasticity is associ-

ated with very small particles i.e. those in the 

colloidal range. Permanent changes in volume 

of ceramic articles during manufacture obvi-

ously vary according to their constitution. The 

fine particles in the various compositions help 

immensely in the attainment of early vitrifica-

tion. The main change that occurs when ce-

ramic articles are manufactured is the contrac-

tion or shrinkage during firing which is related 

to amongst other aspects the fineness of the 

inherent particles. 

It is known that certain mixtures of clay, feld-

spar and silica (ceramic bodies) are practically 

constant in volume while others, such as silica 

alone, expand when heated and do not regain 

their original volume on cooling. The principal 

known causes of the permanent changes in vol-

ume are (a) the nature and composition of the 

material (b) its previous treatment, (if any) (c) 

the size and grading of the grains, (d) the pres-

sure applied in shaping the articles, (e) the pro-

portion of water used in mixing the materials, 

(f) the porosity of the material and finally the 

temperature at which the material has been 

fired or reheated as presented below: 

Before the heat treatment by firing of ceramic 

products, losses arise in the green strength of 

the manufactured products by handling, vibra-

tion and   transfer from one area to another.  

In general, the mechanical strength of a plastic 

clay increases as the water content is reduced, 

rising to a maximum when completely dry. The 

origin of dry strength is still an unresolved 

problem although several interesting theories 

have been advanced. CWIIEC (2010) stated 

that high specific surface area of clay affords a 

large contact area between particles, after they 

have been brought into intimate contact by sur-

face tension forces during drying. 

Another theory concerns the last traces of water 

absorbed by the clay which are held intimately 

and are only driven off with difficulty at high 

temperatures. This retained water is regarded as 

forming a thin film covering the surface of all 

particles. This thin film of water may blend 

together forming a continuum which extends 

throughout the mass, as more particle contacts 

are made. The more points of contact of parti-

cles the greater the strength in the mass. If age-

ing brings about sub-division of particles then it 

is absolutely probable that the strength would 

increase. 

CWIIEC (2010) further related distortion of 

ions in the surface layers of particles to dry 

strength. A cation which is situated at some 

distance from the external layers is in equilib-

rium and balanced by evenly-spaced charges of 

opposite sites however a cation in the same 

crystal lacking a full quota of opposite balanc-

ing charges surrounding it creates some distor-

tion. Because of this distortion, ions in the sur-

face layers are unbalanced electrically; having a 

natural potential for attracting other ions, which 

will be rigidly held by electrical bonding. If 

another surface, also with distorted external 

groupings, makes contact with the former, the 
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two adjacent surfaces can share their unbal-

anced electrical fields. The forces between such 

particles will be practically ionic in character 

and considerable pressure will be required to 

force them apart. This definitely contributes to 

green strength of ceramic bodies. 

Ruckenstein (1998) indicated that electrostatic 

forces between two colloidal particles are re-

pulsive at larger distances, giving way to attrac-

tion at short distance where Van der Waals 

forces take over; these latter forces may well 

account for the dry strength of clays. Whatever 

the theories propounded, the dry strength of 

clays is clearly related to fineness of particle 

size, mineralogy of the raw material and pack-

ing density of the unfired mass. 

In Africa, there are very few raw material proc-

essing plants producing the standard clays, es-

pecially the very fine particle sizes for the in-

dustry. Furthermore, most recipes available in 

the literature are based on the use of standard 

clays, hence production of ceramic products in 

Africa relying on our local clays fail in various 

quality standards since the quality and quantity 

of the fines less than 2 microns spherical di-

ameter are extremely low in the unaged clays. 

This paper looks at the significance of fine par-

ticles that are produced when clays are aged 

and examine its effects on known physical 

properties that enhance the strength of clays for 

improved manufacturing properties. 

 

MATERIALS AND METHODS 

The work looked at the local ball clay -Fosu 

clay and local fire clay- Cape Coast Clay all in 

the central region of Ghana, local China Clay -

Teleku Bokasso Clay in the western region and 

Local brick Clay-Mfensi Clay in the Ashanti 

Region. These clays were aged for about three 

months in the open but covered with plastic 

sheets. 

 

Particle Size distribution 

Sedimentation is a well-known and reliable 

method of particle size analysis. Particles in 

sedimentation settle in a fluid under a gravita-

tional field according to Stokes’ Law. Sedimen-

tation velocity increases with the square of the 

particle diameter, so particles that differ in size 

by only a few percent settle at significantly 

different rates. This method does not capture 

particles of lower size limit lower than about 

1µm. 

In differential sedimentation, as measured by 

the disc centrifuge, all the particles in a sample 

begin sedimentation as a thin band. Particles of 

the same size settle at the same speed and ar-

rive at the detector beam as a thin band. This 

method captures finer particles than hitherto 

achieved by ordinary sedimentation which is a 

slow method with a lower size limit of only 

about 1 µm and is seriously affected by 

Brownian motion. The use of disc centrifuge is 

very significant as gravity is replaced by a cen-

tripetal force obtained by rotating a body at a 

high velocity. 

 

Determination of particle size distribution 

A 2.5% W/V suspension of both aged and 

unaged clays are prepared together with a 20% 

solution of sucrose in water. The recorder was 

switched on before hand and the pan adjusted 

to a suitable baseline. After the disc centrifuge 

had been switched on, and the correct speed 

selected, the “run” button was pressed causing 

the rotor to spin. The 20ml of spin fluid was 

injected into the machine through the entry part 

of the rotating disc to effect partial mixing with 

the spin fluid. This was necessary in that an 

abrupt change of density, which would cause 

turbulence when the sample was introduced 

later was avoided. This was followed by de-

pressing a “boost” button for 2 seconds to ef-

fect partial mixing with the spin fluid causing 

the rotor to spin. 

Using a l ml syringe and needle, 0.5ml of the 

clay suspension was injected and the chart re-

corder produced a graph of e.m.f. against time. 

The clay particles both aged and unaged were 

acted on by a centrifugal force of rΩ2,, where r 

is the distance of any particle from the centre of 

the disc: accordingly, each particle immediately 

starts moving radially outwards the circumfer-

ence of the disc, at a velocity depending on its 
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effective diameter. The time taken for one par-

ticle to move from the starting radius R1 to a 

larger radius R2 is given by the modified 

Skokes’ equation:  

BS1377and BS1902. Specimens for dry 

strength measurements were prepared by ex-

truding the plastic clay through a die 

(12.70mm) of a motor- driven “Boulton ex-

truder fitted with a de-airing device and cutting 

the extruded portion into rods of 150mm 

length. The specimens were dried for 24 hours 

at room temperature, and then in an oven at 

110oC for 12hours 

Ten specimens were prepared for the test in 

order to achieve a meaningful average value for 

dry strength. 

 

Determination of dry strength 

Modulus of rupture (M.O.R.)  

A “Malkin” modulus of rupture apparatus was 

used to determine the dry strength. This ma-

chine-driven apparatus gives the strength ob-

tained under three-point bending. The modulus 

of rupture was calculated from the breaking 

load, the loading distance between the two sup-

porting points and the diameter of the specimen 

using the formula: 

1

2
2

1
2 n1

18 R

Rtd S (1) 

Where 

R1  =  sample injection or starting radius 

  determined by the vol. of spin fluid. 

R2 = final radius reached after t1 

t  =  time of centrifugation 

η  viscosity of spin fluid 

Ω =  angular velocity of rotor 

ρs  = density of solid particles 

ρi = density of spin fluid 

d =  diameter of spherical particle  

moving from R1 to R2 during cen-

trifugation (“effective diameter” for 

non-spherical particles) 

 

Calculation of results 
The formula used to determine the size distri-

bution curve is similar to the method used by 

Groves et al (1964). 
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Using this equation, the t values for particle 

diameters of 0.1, 0.2,…...1.0 and 20μm were 

determined. From the recorder, the e.m.f. val-

ues were read off for each of these t values. The 

e.m.f. values were converted to optical densi-

ties from the calibration chart. Using these re-

sults, a graph of optical density (D) against 

critical diameter (d) was plotted. 

From the latter, the size distribution curve was 

constructed as in Figs. 1-4 

The clays used for dry strength measurements 

as well as particle size analysis were based on 

3D

SPLoD

Where P is the breaking force (N) 

L is the distance between the supports (mm) 

and 

D is the diameter of the test piece (mm). 

 

Determination of diametric shrinkage 

The dry-fired diametric shrinkage was deter-

mined by measuring the diameters of the rods 

with a micrometer gauge in the dry state (after 

being in the oven at 110oC for 12 hours and 

after firing to 900oC, 1000oC and 1100oC and 

applying the following simple formula add: 

d

d
D

D

DfD
S

Where 

Dd diameter (mm) of rod in dried state 

Df = diameter of rod (mm) after firing 

Diametric shrinkage 
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Averages of twelve specimens were used in 

obtaining an average value. 

The SD values were measured before the rods 

were used to determine the modulus of rupture 

(M.O.R) values. 

 

Volume shrinkage 

The volume shrinkages of the aged and unaged 

clays were obtained with the aid of mercury 

densometer. For each clay, four – test pieces of 

clay paste were moulded by hand into roughly 

spherical shapes and immediately after weigh-

ing the test pieces were carefully immersed into 

the mercury, any mercury adhering to the 

pieces was brushed back into the vessel and the 

specimen dried at 110 0C, cooled in a desicator, 

weighed and by the same process as before the 

dry volume was obtained. 

The test pieces were fired to 900 0C, 1000 0C 

and 1100 0C and each time it was first cooled in 

a decicator, weighed, and the final volume ob-

tained. 
 

RESULTS AND DISCUSSIONS 

Table 2 shows the results of the modulus of 

rupture (M.O.R.) for both aged and unaged 

clays. The aged clays have unfired strengths 

higher than the unaged clays. This may be due 

mostly to changes in the effective specific sur-

face area (SSA) of the clays as presented in 

Table 1. Aged Fosu ball clay has higher spe-

cific surface area 18.5 m2 g-1 than the unaged 

Fosu ball clay which is 15.05 m2g-1The Cape 

Coast aged fire clay has 18.05 m2 g-1 whilst the 

unaged has 16.5 m2 g-1. The SSA for aged 

Mfensi clay is 11.58 m2 g-1 and the unaged is 

10.3 m2 g-1  In addition to the above, Teleku 

Bokasso kaolin has 9.03 m2 g-1 for the aged and 

6.02 m2 g-1 for the unaged. Further more, parti-

cle size distribution curves of all the aged clays 

tested showed progressively higher percentage 

finer materials than the unaged clays. 

The particle size distribution for the Fosu ball 

clay follows a general pattern showing in-

creases in all the particle size ranges of aged 

clays higher than the unaged clays. 

Subsequently the dry strength of aged clays is 

higher than that of the unaged clays. There is 

also a good correlation between the dry 

strength and specific surface area. The higher 

the values of the specific surface area the 

greater the modulus of rupture which is due to 

the effect of ageing and the availability of more 
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Fig. 1: Particle size Distribution of Aged and Unaged Fosu (ball clays) 
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Fig. 2: Particle size Distribution of Aged and Unaged (Cape Coast) fire clay 

Fig. 3: Particle size Distribution of Aged and Unaged China clays  

   (Teleku Bokaso china clay) 
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fine materials for greater bonding as in Figs 1-

4. However, in comparing the results of the 

clays used, aged Fosu ball clay has the highest 

specific surface area but came second to aged 

Cape Coast fire clay which has the highest dry 

strength. It could be explained by bulk density 

measurements as in Table 3. 

 As regards the M.O.R. values the order of 

strength is Cape coast clay>Fosu ball 

clay>Mfensi brick clay>Teleku bokasso clay in 

the unfired state. However at high firing tem-

peratures (above 900oC) sintering has set in, not 

entirely because of particle size distribution but 

also due to the presence of low temperature 

fusion components in the local clays. Neverthe-

less, aged clays in general have higher strength 

than the unaged clays indicating better handling 

strength as presented in Table 2. 

Table (3) shows clearly that aged “fire” clay 

afforded a better packing density than aged ball 

clay. This in no way rules out dependence of 

strength on the method of processing coupled 

with generic state of this clay due to high pres-

sures nature exerts on it during formation 

which makes it hard and compacted. This diffi-

culty in breaking down into ultimate particle 

sizes due to hardness and compaction is seen in 

Figure 1 where the difference between aged 

and unaged clays was considerably small. 

In calculating the bulk densities, it is seen that 

ageing increases bulk densities of the aged 

clays. Aged Cape Coast clay has bulk density 

Fig. 4: Particle size Distribution of Aged and Unaged (Mfensi) Brick clay 

Clay types 
Aged clays 

S.S.A. m2g-1 

Unaged clays 

S.S.A. m2g-1 

Fosu Ball     Clay 18.5 15.05 

Teleku Bokasso China  Clay 9.03 6.02 

Mfensi Brick   Clay 11.58 10.3 

Cape Coast Fire     Clay 18.05 16.5 

Table 1:  Specific Surface Area of Aged and Unaged Local Clays  
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of 1.92 whilst the unaged Cape coast clay has a 

lower value of 1.83 at 1100oC aged clay has 

1.98 whilst the unaged clay has 1.9 This is due 

to higher packing density of the clays as the 

entire mass is aged and the filling of remaining 

pores with glass phase as the temperature pro-

gresses to above 900oC 

Fosu ball clay at 9000oC both the aged and 

unaged clays have the same values but at 

11000oC the aged clay departs with a higher 

value of 2.3 whilst the unaged climbed to 2.0. 

Teleku bokasso kaolin at 900oC has a value of 

1.25 whilst unaged has 1.22 but at 1000oC has 

1.4 whilst the unaged recorded 1.3 in value 

Mfensi clay at 900oC has a bulk density of 1.68 

whilst the unaged Mfensi clay has 1.6 

The general trend in bulk density measurements 

Clay type 
Unfired Clay 

M.O.R(MNm-2) 

Temperature oC 

900 1000 1100 

Cape Coast Fire Clay M.O.R. (MNm-2) 

Aged 8.22 13.10 15.60 24.00 

Unaged 7.49 11.79 14.78 16.80 

Fosu Ball Clay 

Aged 6.73 12.86 34.88 65.00 

Unaged 5.35 12.10 32.88 59.88 

Mfensi Brick Clay 

Aged 4.36 5.00 13.68 33.00 

Unaged 3.22 4.67 12.57 29.76 

Teleku Bokaso China Clay 

Aged 0.94 4.84 5.54 6.74 

Unaged 0.73 4.01 4.88 5.87 

Table 2: Modulus of Rupture of the Aged and Unaged Clays (MNm-2) 

Fig  5: Modulus of Rupture of the Aged Clays (MNm-2) 
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Clay type 
Bulk Density at Various Temperatures oC 

110 900 1000 1100 

Fire Clay – Cape Coast 

Aged 2.05 1.90 1.93 1.98 

Unaged 1.99 1.83 1.86 1.89 

Ball Clay – Fosu 

Aged 1.73 1.62 1.77 2.25 

Unaged 1.72 1.60 1.72 2.01 

China Clay – Teleku Bokasso clay 

Aged 1.35 1.25 1.32 1.40 

Unaged 1.31 1.22 1.30 1.30 

Brick Clay – Mfensi clay 

Aged 1.75 1.68 1.71 1.87 

Unaged 1.75 1.60 1.69 1.81 

Table 3: Variation of Bulk Density with Temperature  

Fig. 6:   Variation of Bulk Density with Temperature of Cape Coast clay 

is that the aged clays have within them finer 

materials leading to a more compact body 

structure than the clays that have not been aged 

and is evident in the size distribution measure-

ments (Ritter, 2006) explains that bulk density 

of a clayey soil is the mass per unit volume 

including the pore space and increases with 

clay content and is considered a measure of the 

compactness of the soil. The greater the bulk 

density, the more compact the clayey soil evi-

dent by how ageing increases the bulk density 

of local clays investigated. (Davies et al., 2005) 

stated that both bulk density and particle size 

are good indicators of product quality. 

Looking at the bulk densities between the clay 

types, bulk densities for the Fosu aged ball clay 

is lower than for the Cape Coast fireclay up to 

1000oC and Teleku bokasso is the lowest. 

Table (2) also showed the effect of various tem-

peratures on the strength of the clays used. Ball 
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Fig. 7:   Variation of Bulk 

Density with Temperature 

of Fosu clay  

Fig. 8 Variation of Bulk 

Density with Tempera-

ture of Teleku Bokasso 

clay 

Fig. 9:  Variation of Bulk 

Density with Tempera-

ture of Mfensi clay 
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Fig. 10: Variation of 

Bulk Density with Tem-

perature of Aged Clays 

Fig. 11: Variation of Bulk 

Density with Tempera-

ture of Unaged Clays  

Clay type 
Initial Moisture 

Content (%) 

Critical Moisture 

content (%) 

Wet – Dry Volumet-

ric Shrinkage (%) 

 Fire Clay – Cape Coast 

Aged 26.74 16.00 23.70 

Unaged 26.89 8.50 22.80 

Ball Clay – Fosu 

Aged 41.70 26.50 26.70 

Unaged 39.82 20.50 24.70 

China Clay – Teleku Bokasso clay 

Aged 58.24 40.00 25.60 

Unaged 58.98 31.00 21.30 

Brick Clay – Mfensi clay 

Aged 41.65 22.50 28.40 

Unaged 34.90 16.50 24.10 

Table 4:  Initial moisture content, critical moisture content and wet-dry volumetric  

  shrinkage of aged and unaged clays.  
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Clay type 
Wet – Dry 

Shrinkage 

Dry – Fired Shrinkage at various Temperatures 0C 

900 1000 1100 

Fire Clay – Cape Coast 

Aged 6.00 1.06 1.60 2.13 

Unaged 5.55       

Ball Clay – Fosu 

Aged 7.00 1.08 2.15 8.06 

Unaged 6.75       

Brick Clay – Mfensi clay 

Aged 5.00 0.53 2.10 7.20 

Unaged 5.00       

China Clay – Teleku Bokasso clay 

Aged 4.00 2.08 6.25   

Unaged 3.75       

Table 5: Linear shrinkages of aged and unaged clays (%) 

Clay type 
Dry – Fired Shrinkage at various Temperatures 0C 

900 1000 1100 

Cape coast -Fire Clay 0.86 1.94 2.12 

Mfensi -Brick Clay 0.57 2.03 8.86 

Fosu Ball -Clay 0.65 3.71 13.83 

China Clay – Teleku Bokasso clay 3.31 3.48 2.55 

Table 6: Diametric Shrinkage of Aged clays 

Fig. 12: Diametric shrinkage of aged clays 
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clay has the highest strength, followed by brick 

clay, then fire clay and lastly China clay. There 

was an increase in the fired strength for all the 

clays tested as the temperature was raised be-

cause of the formation of glassy bonds as 

shown in fig. (5). 

 

Critical moisture content and shrinkage 

Table 4 shows that critical content (C.M.C.) 

values of aged clays are higher than the unaged 

clays since they contain more very fine parti-

cles than the unaged clays. Aged clays have 

higher C.M.C. because of large surface areas 

they exhibit than the unaged clays (Hammer et 

al 2004) showed that C.M.C is directly propor-

tional to fineness of particles and that organic 

matter tended to increase C.M.C while the 

quartz had the reverse effect. The aged clays 

are finer- grained having much greater water 

retention in the pores of the test pieces at the 

point where shrinkage just ceases and hence a 

high CMC. 

The linear shrinkage which occurs in one direc-

tion can be affected by the method of prepara-

tion of the test piece.  However, the aged clays 

showed higher wet-dry shrinkage as well as wet

-dry volumetric shrinkage for the clays tested. 

The fired shrinkage is seen here to increase as 

the temperature is increased. There was a sharp 

contraction for almost all the clays at 1100oC. 

This could be due to vitrification and consoli-

dation which was accelerated by the reaction of 

the fluxes with free silica from the clay. As the 

shrinkage increased so was the strength. 

Table 5 showed a general increase in diametric 

shrinkage (SD) with temperature. Ball clay has 

the highest SD value at 1100oC followed by 

China clay and lastly fire clay. Particle size 

distribution of the clay tested showed that the 

proportion of the fines is higher for all the aged 

clays than the unaged clays as seen in figs 1-4. 

Ageing of the clays before ceramic manufactur-

ing increases the strength and improves sinter-

ing properties due to the uniqueness of the fine 

particles which are available from ageing. 

Aged clays are composed of inherently fine-

grained particles which as expected, would 

have fine capillary pore-system, hence the 

amount of retained water become greater than 

the unaged clays which greatly helps in shap-

ing, drying and firing of ceramic products. 

Ageing is therefore highly recommended as a 

basic requirement in the processing of local 

clays into bodies for quality improvement. 

Therefore piles of large deposits of wastes and 

rejects around manufacturing premises of brick 

and tile factories will be drastically reduced 

leading to higher profits.   

 

CONCLUSIONS 

CONCLUSION 

The investigation into the improvement of local 

clays has revealed that ageing affects positively 

the physical properties of clays and enhances 

the manufacturing capabilities of the local clays 

tested. The following are the specific conclu-

sions derived from the investigation 

1. In particle size distribution analysis the 

aged clays seem to have more material less 

than 2 microns than the unaged clays 

which is consistent with the literature 

2. Measurements of both specific surface area 

and particle size distribution confirm the 

presence of more fine materials in the aged 

than the unaged clays - as measured by the 

disc centrifuge. 

3. Ageing improved the strength of clays in-

vestigated 

4. Ageing affects critical moisture content. 

The results of this investigation gave aged 

clays higher CMC than the unaged. 

5. Aged clays showed higher linear and volu-

metric shrinkages in both wet-dry and dry-

fired shrinkages. This would allow the 

incorporation of more grog materials for 

refractory production. 

6. Ageing leads to the closing up of pores 

between the particles/grains of the clay and 

hence higher bulk density which is very 

ideal for the stability of refractory grog.  

7. Both bulk density and particle size are 

powerful indicators of product quality 
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8. Aged clays are composed of inherently 

fine-grained particles which as expected, 

would have fine capillary pore-system with 

higher retained water than the unaged 

clays. Aging greatly helps in shaping, dry-

ing and firing of ceramic products. 

 

RECOMMENDATIONS  

Ageing is therefore highly recommended as a 

basic requirement in the processing of local 

clays into bodies for quality improvement. 

Therefore piles of large deposits of wastes and 

rejects around manufacturing premises of brick 

and tile factories will be drastically reduced 

leading to higher profits since both bulk density 

and particle size are powerful indicators of 

product quality.  
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