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Abstract: Residual clay deposits around Falafonmu, Idofe and their environment around Ijebu-Ode,
southwestern Nigeria were evaluated to assess their physical, refractoriness and firing properties in order
to determine their industrial suitability. The residual clay in these areas is developed over biotite gneiss,
biotite granite and pegmatite. Bulk samples of clays were collected from the four locations, air dried and
the grading characteristics, mouldability, some chemical characteristics, as well as  firing and bulk
densities were determined in the laboratory. The four samples undergo change in colour as a result of
firing with the colour changing from pale brown to Reddish brown (Falafonmu and idofe clay), pale
brown to golden brown (Iganran clay) and cream to reddish brown (Oke-Oko clay). The clays have 
appreciable moisture content of 2.97% – 4.35% with sintering temperature of approximately  15000C.
Furthermore, the Modulus of Rupture, bulk densities and fired linear shrinkage of all the samples increase
with increasing firing temperature with values that are within acceptable standards for different utilities.
The loss on ignition for Falafanmu and Idofe are within the normal range for kaolinitic clays. In addition
to the local usage of these deposits, the properties exhibited by the samples have shown that the deposits
can be used in ceramic production, firebricks production and blast furnace for metals with melting point
of less than 15000C. 
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INTRODUCTION

The occurrence and importance of clay have been
recognized since ancient times, when it has been used
for primitive applications like pottery, construction of
mud houses, bricks, etc. It is traditionally used either
in the raw state or at best made into simple sun dried
bricks for construction of houses. Clay as one of the
major Nigerian deposits cover an estimated proven
reserve of billions of tons, and are found in all over
the states in the country[2,10]. Clay's deposits are found
in Nigeria, in most sedimentary basins (in Imo shales,
Ezeaku shales, etc.). While alluvial clay deposit is
peculiar all around the country, residual clay deposit is
found above various basement rocks especially gneisses
and lateritic soils. Typical examples occur in Omi –
Adio, Ire – Ekiti, Jos, Barkin – Ladi, Imope – Ijebu
(very proximal to the study area). While the geology of
many places where clay deposits occurhave been
studied very little, efforts have been made to assess
these deposits in order to determine their usability.
These days’ clays have found different uses in the
construction of furnaces, kilns, reactors and other high
temperature vessels, depending on the refractory

properties of the clay. Some studies have shown that
some clays in Nigeria are good for bricks based on
their natural water content, the natural swelling and the
Cold crushing strength[4,9,12]. Other studies have found
clays in some other parts of Nigeria useful for furnace
construction as a result of their higher thermal shock
resistance, crushing strength, bulk density and
refractoriness values[13,1] and ceramic making[12].
Furthermore, Kankara clay was found by[11] to be
suitable for use in preparation of synthetic foundry
sand.

Large deposits of residual clay in Falafonmu, Idofe
and their environment around Ijebu-Ode, SW Nigeria
has been discovered by the inhabitant since time
immemorial. The economy of these communities has
been largely depended on limited crudely processed
clay products such as clay pots as well as bricks for
mud houses. Despite the huge occurrence of clay in
these communities, the properties of the deposits
remain largely unknown.

Therefore, this study is principally focused at
examining the engineering and refractory properties of
the clay deposits in order to assess their usability.
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The Study Area: The study area (Fig.1) covers an
area of 18.5 sq.km is located around Ijebu–ode,
southwestern Nigeria. It lies between 60531 and 60561

N, and 30561 and 30581 E. The area is underlain by
biotite gneiss, biotite granite, and pegmatite. The
occurrence of pegmatite intrusion indicates that the area
underwent some intrusive phases and the present
topography and relief of the area was carved out by a
combined effect of erosion and weathering.

The clay in the area is mainly residual clay,
deposited over the basement complex rocks of the area.
The residual clay were formed by surface weathering,
which gives rise to clay by the chemical decomposition
of the rocks, containing silica and alumina. The clays
are largely formed by chemical decomposition of the
feldspars in the basement complex rocks of the area.
Measurements from existing pits revealed a range of
thickness of between 3-12m, with an average thickness
of about 8m, covering about 100 square kilometer. The
area has an uneven topography and is generally drained
by rivers and their tributaries with several streamlets. 

MATERIALS AND METHODS

For a detailed quality assessment of the clay
samples in the study area, four disturbed (bulk)
samples were collected from four different locations
(Falafanmu, Idofe, Iganran and Oke-Oko) within the
study area. Samples were collected at depth of 2 – 3m
(from existing pits) and the collected samples were
packed in sample bags and labelled for laboratory test
and analysis.

Physical properties, some chemical characteristics,
moulding and firing parameters were all determined at
the Federal Institute of Industrial Research Oshodi
(FIIRO), Nigeria. Physical properties determined
include visual inspection, sieve and hydrometer
analysis, Plasticity (Atterberg’s test) and natural
moisture content. Chemical parameters such as clay
content using Na2CO3 as deflocculant and pH were
determined. In addition, some moulding and firing
characteristics of the clay, which include refractoriness,
cold crushing strength, apparent porosity, water
absorption, loss on ignition, fired linear shrinkage, bulk
density and modulus of rupture after firing at different
temperatures were also determined.

RESULTS AND DISCUSSIONS

Grading Characteristics: Generally, the particle size
distribution favours plasticity and mouldability  but
geotechnical engineers are more interested in the
plasticity properties of the clay to determine its
industrial suitability. The results of the grain size
analysis are presented in Table 1a while the grading

curves are presented in Fig 2.  The amount of fines in
the samples varies from 66.5 to 88.25 and the
percentage of clay size particles is between 40.5% and
57%. These values are relatively high and good for
their plasticity and mouldability[3], using the USDA
textural triangle for textural classification; the deposits
were found to be essentially clay as shown in Fig.3a.

Plasticity: The liquid limit, plastic limits and plasticity
index respectively range from 56.52-81.96%, 22.77-
31.48 and 33.75-55.50.  As shown in Fig.3b, the
samples all fall within the high plasticity and
compressibility with inorganic clay group of the
Cassagrande chart.  The plastic limits range of between
22.77 and 31.48 (Table 1a) for the clays studied
indicates that they are suitable for the production of
ceramic clays, as (8) prescribed a range of 10 – 60%
for clay used in ceramic production.

Moisture Content: This characteristic is very important
in the determination of the suitability of the clay
sample for both ceramic and brick making. The
plasticity and strength of clay depend on the amount of
water content in the clay. Moisture content of between
2.7 and 4.35% activate clay in sand causing aggregates
to develop strength. This low natural water content at
1150C (Table 1a) conformed to the high water
absorption value at elevated temperatures. 

Some Chemical Characteristics of the Clay Samples:
Clay Content: The percentage of clay content was
determined by using deflocculant sodium bicarbonate
(Na2CO3) to act as the coagulant of the clay particles
from water/clay suspension, until perfectly clear water
is obtained. The percentage of the difference between
initial mass (Mi) and final mass- mass of dried silt
residue (Mf) to the initial mass (Mi) is determined as
the percentage of clay content. This varies between
63.45 and 78.35 %. Interestingly, the Oke_odo sample
that has the list amount of clay size particles has the
highest percentage of clay (Table.1a), however, the
percentage is less than 88.25%, which is the amount of
fines (% of clay and silt size particles) in the Oke-Odo
area. Implicitly, this revealed that some of the silt size
particles are actually clayey materials that are not
segregated during particle size analysis. The appreciable
clay content in the samples rather than silts favours
easy mouldability and high plasticity.

pH Results: The clay samples are almost essentially
acidic with pH of between 6.02 – 7.03. The acidity of
the clays primarily depends on the processes of
formation, which in turn depends on pH of soil water,
during the processes. In addition, the clay deposits
were  formed  from the weathering of acid rocks. The 

2027



J. Appl. Sci. Res., 6(12): 2026-2034, 2010

Fig. 1: Location map of the study area 

Table 1a: Some Engineering Properties of the Clays.
Locations Average % of particles Atterberg Limits Average % % Clay pH % Lost

----------------------------------------------------------------- ------------------------------------------------- Moisture Content on
Gravel Sand Silt Clay Liquid Plastic Plasticity Content at Ignition
----------------------------------------------------------------- Limit Limit Index (1150)
(> 2mm) (0.063 – (0.002 – (< (%) (%) (%)

2 mm) 0.063mm) 0.002mm)
Falafanmu) A 0.75 18.5 28.25 52.5 76.23 31.48 44.75 3.26 71.28 6.45 11.52
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Idofe B 1.5 21.5 35.2 41.8 79.84 28.69 51.15 3.92 67.36 7.03 14.40
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Iganran C 3.5 27.5 28.5 40.5 81.96 26.46 55.50 2.97 63.45 6.02 16.78
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Oke – oko D 1.0 10.75 31.25 57 56.52 22.77 33.75 4.35 78.35 6.51 18.16

Table 1b: Some engineering properties of the clays.
S/N Location Cold Crushing Strength (C.C.S) Refractoriness

------------------------------------------------------------------------------------ (Sintering Temperature 0 C)
A.(Kg/cm3) B .(Kg/cm3) Average (Kg/cm3)

A Falafanmu 359 361 360 1540
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B Idofe 355 353 354 1530
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C Iganran 372 372 372 1500
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D Oke – oko 394 594 394 1530
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Table 1c: Apparent porosities at different firing temperature
S/N Location Apparent Porosity (%)

---------------------------------------------------------------------------------------------------------------------
900 0C 1000 0C 1100 0C 1200 0C

A Falafanmu 32.96 28.74 25.00 21.92
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B Idofe 26.96 24.00 14.24 9.86
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C Iganran 26.11 15.81 15.13 7.72
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D Oke – oko 21.08 14.56 7.53 3.50

Fig. 2: Grading curves of the samples.

Fig. 3a: Textural Classification of Samples.
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Fig. 3b: Plasticity characteristics.

low pH favours the formation of kaolinite group of
clay minerals, which are the minerals, obtained at low
temperature and pressure during surface weathering.

Change of Colour on Ignition: The presence of ferric
oxide may either discolour or enhance the beauty of
the fired product, depending on whether a yellow or
red material is desired. The presence of ferric oxide
(Fe2O3) imparted a reddish brown colour on the discs
at a temperature of 900-1200 0C as shown in Fig. 4.
The consistency of reddish brown colouration after
firing shows that ferric oxide is present almost
throughout the samples used. 

However, different colours obtained in sample C
(Iganran) suggest differences in chemical composition
and/or interference of certain impurities. 

Moulding and Firing Characteristics of the Clay
Samples:
Refractoriness: The values for all the four samples
(Table 1b) range between 1500 0C and 1540 0C. This
temperature is an indication of moderate refractoriness
because the normal range for a fire clay brick is
between 1580 0C – 1750 0C as recommended by[8]. 
The relatively low refractoriness of the clays suggests
that the deposits may not be able to withstand the
casting temperature of aluminium cast products, but can
be used for other metallic cast products with
temperatures lower than 1500 0C.

Cold Crushing Strength: The average cold crushing
strengths obtained are 360 Kg/cm3, 354 Kg/cm3,  372
Kg/cm3 and 394 Kg/cm3 for samples from Falafonmu,
Idofe, Iganran and Oke-Odo respectively (Table 1b).
These results are comparable to 150 Kg/cm3 minimum
value recommended by[7] for high duty silica bricks.
This shows that the bricks have been properly fired
and can transport flange and flux readily without
damage to the edges and corners. It also measures the
ability of the clay to withstand abrasion and loading. 

Apparent Porosity: Porosity is used for measuring the
degree of vitrification and also directly indicative of
volume shrinkage. The apparent porosities were
determined for the four samples at different firing
temperatures and the result is shown in Table 1c. They
were all found to be in the normal range of 20 – 30%
for dense firebricks at 9000C. The value was high at
9000C and 10000C because of organic constituents, the
pore size increases at this temperature and some
textural changes are taking place. Some of the smaller
particles are disintegrating and beyond this temperature,
vitrification proceeds and the porosity decreases as
reported by[3].

Water Absorption: The water absorption varies with
the apparent porosity values as shown in Fig. 6 The
average percentage of the water absorption capacity of
the  fired  discs  (Fig 5d) at 900 0C, 1000 0C, 1100 0C 
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Fig. 4: Colour Change of Clay samples before (a, b, c, d) and after firing (A,B,C,D)

Fig. 5a: Modulus of Rupture with increasing firing temperature

Fig. 5b: Percentage Fired Linear Shrinkage with temperature
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Fig. 5c: Bulk density of the clays with increasing firing temperature

Fig. 5d: Water Absorption of the clays with increasing firing temperature

and 1200 0C range from 13.32%-18.72%, 8.95-15.97%,
4.58-13.35% and 2.17-11.23% respectively, revealing
consistent decrease with increasing temperature. This
shows that the fired discs of the clay samples are
resistant to moisture penetration at higher firing
temperature, hence the water absorption capacity
reduces as the particles shrink together and hence
porosity decreases.

Loss on Ignition: The values obtained from the
samples from Falafanmu and Idofe as shown in Table
1a are within the range of 12 – 15% recommended for
kaolinitic clays, as reported in[5] for fireclay which are

used as refractory material. Oke – Oko and Igaran
samples have values higher than the recommended
value and this suggest higher content of organic
matters in the clay samples.

4.3.6 Fired Linear Shrinkage: The linear shrinkage
(Fig.5b) of the samples increases with increasing firing
temperature of the furnace used. The firing shrinkage
in a laboratory furnace has a complex relationship with
the total mineralogy of the clay in which almost every
mineral constituent of the original clay move apart. The
individual grains in a compacted clay material may
shrink within themselves at a high temperature, but an
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overall shrinkage of the clay can occur only when the
reaction between adjacent grains takes place[14].

The value obtained at the highest temperature of
the test was high. This was due to the fineness of the
particles, finely – grained materials shrinking more than
those of coarser grain[15]. Also the mineral composition
and the presence of mica and quartz (or other alkali –
bearing minerals), which are the major constituents of
the rocks underlying the area, affect the volume
shrinkage. 

Bulk Densities at Different Firing Temperatures:
The bulk densities of the clay samples at different
temperatures as shown in Fig. 5c are in the range of
1.42 – 2.36 g/cm3,. These values are mostly within the
range of 1.6 – 2.4 g/cm3 reported by[15], except the
values at 900 0C. This invariably suggests that the
samples are better fired at a temperature greater than
900 0C to achieve the desired density. Changes in bulk
density are accompanied by changes in many other
properties, and are means of identifying the acceptable
firing condition, as the higher the bulk density the
better the firing characteristic of the clay. The highest
bulk densities for all the clay samples were obtained
by firing the clay at 1200 0C, hence this is the
optimum temperature for firing the clay samples. 

Modulus of Rupture: The values obtained for modulus
of rupture as shown in Table 1b are within the
acceptable recommended value. At a temperature above
1000 0C, the amount of liquid formed increases and on
cooling, this liquid solidified mainly to form glass,
which acts as a cement to bind the mass together,
thereby conferring great strength on the body[6].

Conclusion: This study investigated some physical,
chemical, moulding and firing characteristics of the
clay in the study area for some industrial suitability.
The percentage of fines is generally high with the
highest proportion being clay. Texturally, the deposits
are purely clay derived from acidic rocks as reflected
in some of their characteristics such as pH.  

The samples have low moisture content and are of
medium to high plasticity; with variations in some of
their properties from one locality to the other. The
optimum bulk densities for the deposits were achieved
at 1200 0C

The lost on Ignition and Apparent porosity are
within the range for fired bricks, nevertheless, he
sintering temperature for all the clay samples of
approximately 1500- 15400C indicates that the deposits
have limited utility as fired brick. However, they can
be used to melt metals with melting point of less than
15000C. 

Fig. 6: relationship between water absorbtion and apparent porosity

Cold crushing strength, Modulus of Rupture, bulk
densities and fired linear shrinkage are within
acceptable standards for high duty bricks.

Recommendation: It is rare that any single clay can
be found, which completely satisfies all the
manufacturing requirement of any one product.
Obviously, different sets of criteria are important to the

production of any specific blend for a specific industry
e.g. in ceramic production hence a further study of the
effect of additives to improve the industrial suitability
of these clay deposits is therefore, recommended.

Furthermore, a detailed geophysical study is
recommended to effectively map the extent of the
deposit and determine the exact depths of occurrences
and thicknesses of the deposits within the subsurface. 
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