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ABSTRACT
The geochemical and refractory properties of Egbahieme clay deposit in Kogi State,
Nigeria were investigated. The objectives of the research were to determine the
suitability of the clay for refractory applications and ceramics manufacturing. The
geochemistry was carried out using X-ray Florescence (X-RF) method while the
refractory properties were determined based on ASTM/AFS standards. The chemical
analysis revealed that Egbahieme clay principally contains silica and alumina
mixtures of 56.10 % and 21.96 % respectively which classified it as semi-silica
refractory. Other oxide impurities were also found in the clay at various low values.
The results of physical properties obtained were; plasticity (23.1 %), linear firing
shrinkage (4.937 %), apparent porosity (25.24 %), bulk density (1.64 g/cm 3), cold
crushing strength (9.25 MPa). Other properties obtained include; thermal shock
resistance (22 cycles), refractoriness (1500 oC). From these results it can be
concluded that Egbahieme clay is a potential raw materials for refractory furnace
linings and ceramics manufacturing.
Keywords: Geochemical, Refractory, Clay, Egbahieme

INTRODUCTION
Refractories may be described as
materials capable of withstanding very
high
temperatures
without
deformation,
softening
or
compositional change [1]. Refractories
also refer to materials that are
resistant to the effect of heat [2] .
They constitute the principal factor in
maintaining any required and desired
high temperature. The main functions
of a refractory are to confine heat
while resisting the abrasive and
corrosive action of molten metal, slag
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and gases at high operating
temperatures, without undergoing
softening or
shape distortion.
Researchers stated that refractories
are chemically inert and can be easily
moulded into bricks or other forms of
construction
materials
[3].
Refractories are employed in the
construction of furnaces, kilns and
crucibles used in high temperature
operations.
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The constituent atoms in a refractory
are held together by very strong
bonding forces which may be ionic
and/or covalent. As a consequence,
their melting points are often very
high, making them suitable for use in
energy-intensive systems such as
industrial furnaces and gas turbines
[4]. Refractories also serve as
protective sheaths in temperature
measuring thermocouples which must
be capable of withstanding hot and
aggressive environments and for
filters which remove foreign particles
and oxide dross from fast-moving
streams of molten metals prior to
casting.
Apart from metallurgical
industries, refractory products are also
required for various processes in
chemical, ceramic, petrochemical, and
oil manufacturing [5].
Unlike in metals, there is deficit of free
electrons needed to promote flow of
current in the structure of refractories
for which reason they are employed
for
production
of
insulator
components in power generation,
transmission and distribution lines [6].
The development of heavy industry

and the necessary power production
would have been impossible without
development of refractories [7]. In
the automobile industry, refractories
are also used as raw material for mass
produced components such as spark
plugs owing to their high load bearing
capacity when adequately fired. Clays
appear to be the most widely used
raw material for refractory production
owing to their abundance on the earth
surface and their ease of processing
as-mined [8]. Previous researches on
mineralogy,
geochemistry
and
resources estimate of clay occurrences
in Nigeria show that every state in
Nigeria has at least one deposit of
clay. All that needs to be done is
intensive prospecting and exploration
of these deposits to meet market
demand [9]. This study focuses on the
potentials of Egbahieme clay deposit
for refractory applications. Egbahieme
is a community in Igalamela/Odolu
Local Government Area of Kogi State
Nigeria. The local government is
located on (Long 7o 10Ꞌ 0ꞋꞋ North, Lat 6o
50Ꞌ 0ꞋꞋ East). Figure 1 shows map of the
study area

Figure 1: Map of Kogi State showing Igalamela/Odolu Local Government Area where
Egbahieme Clay Deposit is located [10]
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MATERIALS AND METHOD
Materials
The following equipment / materials
among others were used for carrying
out the experiment; Ammeter,
Beakers, Casagrande Apparatus with
the accessories ,cotton wool, crucible
tong, digital electric furnace, drying
oven, evaporating dish, laboratory size
mixer, mettler balance, , small
crucible, standard sand rammer,
universal strength tester , voltmeter

Method
Sample Collection
About 50 kg of the clay sample was
collected from Egbahieme in Kogi
State, Nigeria using the grab and
trench sampling techniques. That is,
samples were picked from different
trenches and merged before analyses
and processing.

Geochemical Analysis
Thermo fisher X-ray Florescence (XRF)
with Model Number ARL9400 XP +
uniquant software was used to
determine the chemical composition
of the sample.
Sieving
The as-mined clay sample was soaked
for 48 h after which it was air dried for
24 h. The soaking was meant to
eliminate dead organic matter. The
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samples were then ground and
pulverized using a miller (Model
number LM2). Pulverized clay samples
were weighed and poured into screen
of mesh 355 µm of ASTM standard
sieve Number 45. Mass of material
passing and mass of material retained
on the sieve was recorded.

Determination of Plasticity Index
Plasticity index was carried out in
accordance with ASTM D4318.Using
the Cassagrande apparatus (Model
AASHOT0 T89), the experiment
comprised of liquid limit and plastic
limit
determination
being
the
arithmetic difference between the
former and the later limits.

Production of Test bricks
The freshly sieved clay was mixed with
water and pressed to cylindrical
shapes with dimension Φ28 x 50 mm
high by application of 10 kgf/cm2
pressure using ASTM standard sand
rammer (Model Number 27EPM) in
accordance with [11].The test bricks
were first air-dried on the laboratory
floor for 24 h followed by drying for 12
h at 1200 ºC in a GK4 Electric Furnace.

Determination
Shrinkage

of

Linear

Firing

This experiment was carried out
following ASTM Standard C311. The
shrinkage properties of the test
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specimens were determined by
measuring the length (height) of test
specimens in the green state and
comparing it with the length of
samples after firing using a venire
caliper.
Linear
shrinkage
was
expressed as a percentage decrease in
specimen length (height) given as per

equation (1)
LFS
=
………………….…1
Where,
L1 = Length of specimen
before firing, L2 = Length of specimen
after firing

Determination of Bulk Density and
Apparent Porosity
Prior to the test, the bricks were oven
dried at 110 ºC overnight and quickly
transferred into a vessel of boiling water
for 2 h. The boiling was discontinued by
addition of cold water for at least 30 min:
with the brick still suspended in cold
water, weight of specimen was taken
as
. The soaked brick was then taken
out of water and weighed in air as Sw. The
dry weight was measured and recorded
earlier as
From the relationships
.
below, Bulk density apparent porosity
and
moisture
absorption
were
determined.

⁄
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( )

Determination
Strength

of

Cold

Crushing

A test piece was placed in a universal
strength tester (Model Number 172)
and a compressive load was applied at
a uniform rate until it failed. The
maximum load at which the test piece
failed was recorded. Thus, the cold
crushing strength was determined
using equation 4. The values of
strength of the bricks in the forming
direction and the direction normal to
the forming were noted.
(

CCS =

Determination
Resistance

)
(

of

Thermal

)

………4

Shock

Thermal shock resistance was
experimentally
determined
in
accordance with ASTM C149 standard
by soaking representative test
specimens in a muffle furnace to 1100
°C for 10 min and cooling on the shop
floor for another 10 min. While this
cycle of heating and cooling
continued, the bricks were observed
for failure. The number of heating and
cooling cycles which the specimens
endured before they can be readily
pulled apart was taken as the thermal
shock resistance of the sample
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Determination of Refractoriness
Each test sample was loaded in a
furnace, heated, and had the
temperature monitored using an
optical pyrometer (Model Number
8622 manufactured by Leeds and
Northrup Co) attached to the furnace.

The heating continued at the rate of
50 oC/min until a glass form was
observed and the corresponding
temperature at this point was
recorded
as
the
approximate
refractoriness in accordance with [12]

RESULTS AND DISCUSSION
Geochemical Analysis
Table 1: XRF Results Showing Percentage Chemical Composition of Egbahieme Clay
Sample/Oxide SiO2
Al2O3 K2O Na2O CaO MgO TiO2 Fe2O3 LOI
(%)
Egbahieme
56.10 21.96 1.59 1.34 0.56 2.43 1.02 3.22 11.71
Clay
As shown on Table 1, Egbahieme clay
was found to contain 56.10 % silica
(SiO2), 21.96 % alumina (Al2O3), and
3.22 % iron oxide (Fe2 O3). The sample
was found to contain higher contents
of alumina and silica as compared to
the silica and alumina contents of
46.00 % and 38.07 % respectively
found in Ozanagogo Clay in Kogi State
by [1]. The silica content however fell
within the range of 50-70 % SiO2
required for semi-acidic refractories as
prescribed by [13]. Similarly, the
alumina content of the clay fell within
the range of 15-21 % characteristic of
semi-acidic clays as indicated by [14
and 15]. It is known that high content

Table 2: Sieve and Clay content Analyses
Description
Silt (%)
Clay (%)
Sand (%)
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of alumina in clay will chemically
stabilize the refractory, the reason
being that alumina forms high melting
mullite (3Al2O3.2 SiO2) at high
temperature [15 and 16]. Loss on
Ignition (LOI) of 11.71 % was obtained.
LOI refers to the amount of organic or
volatile matter loss as a result of
heating and this influences the
shrinkage and porosity values.
Alumina and silicate mixtures in the
proportions determined in the clay are
the primary constituents of semiacidic refractories [13 and 15]. It can
therefore be deduced that Egbahieme
clay is semi-acidic.

Egbahieme Clay
60.08
25.26
14.66
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Sieve Aperture Size(µm)
355
Initial Mass of Material on 355 µm Sieve,M1(g) 1000
Mass of Material Retained on Sieve, M2(g)
372.8
37.28
Cumulative Percentage Material Retained, R
Cumulative Percent Material passing,
P=100-R

37.28
67.72

Sieve Analyses
As shown (Table 2), a cumulative mass
percent material passing of 67.72 was
obtained in Egbahieme clay. It shows
that the percentage of material finer
than 355 μm is 67.2
Plasticity Index
As indicated on Table 3, plasticity
index was found as 23.1 % in
Egbahieme clay.

Table 3: Plasticity Index of the Sample
Description
Liquid Limit(LL) Test

Egbahieme
Clay

According to [17], the various range of
plasticity of clays as follows; nonplastic (0-3 %), slightly plastic (3-15 %),
medium plastic (15-30 %) and highly
plastic (>30 %). Thus, the sample from
Egbahieme was found to fall in the
category of medium plastic clays. On a
general note however, the plasticity
index of 23.1 % found in the clay fell
within the range 10–60 % required for
ceramic clays as recommended by
[18].

Plastic Limit(PL) Test

Pan
Moisture Number Pan
number Content of
Number
Per pan blows
(%)

Moisture
Content
Per pan
(%)

N90
N112
N46
K5
A19

28.57
16.7
14.29
19.9

42
42
45
42
44
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48
38
27
16
11

DD
N30
60U
Average
Moisture
content=PL

LL
(%)

PI(%)=
LL-PL

43

23.1
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Table 4: Surface Characteristics and Linear Firing Shrinkage
Description
Egbahieme Clay
Colour before firing
Grey
Colour after firing
Reddish brown
Surface Appearance
no cracks
Green dimensions(mm) Lg1 47.0
Lg2 45.01
Lg3 52.24
Lg4 50.42
Lgav 48.668
Dimensions
after Lf1
45.60
firing(mm)
Lf2
42.50
Lf3
49.01
Lf4
47.95
Lfav 46.265
Linear Firing Shrinkage
4.937
Colour
As indicated in Table 4, the presence
of impurities like calcium oxide (CaO),
sodium oxide (Na2O) and magnesium
oxide (MgO) may have given the clay
grey colour in the as-mined state.
Upon firing, the clay showed reddishbrown colour. The reddish-brown
appearance is an attribute that may
have been conferred on the clay by
the presence of 3.22 % iron oxide
(Fe2O3) [14]
Surface Appearance
After visual examination, most of the
bricks produced from Egbahieme clay
had no cracks. This may have been a
result of uniform heating as shown in
Table 4.
Linear Firing Shrinkage
Linear Shrinkage is recorded in Table
4. Shrinkage value of 4.9 % was
determined in the samples. For
refractory clays, the recommended
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range of linear shrinkage is 7-10 %.
Minimal
shrinkage
below
the
recommended range confers the
advantage of size stability on the
refractory but with a corresponding
disadvantage of a less dense or highly
porous product. Excessive shrinkage
above the recommended range on the
other hand confers the advantage of
high density but with a disadvantage
of an extremely distorted shape on the
brick.
Large
powder
particles
thermally stabilize and serve as antishrinkage agent [1]. As the size of
powder particles increases, the
shrinkage and density of the bricks
decrease while the porosity and water
absorption increase [7]. Linear
shrinkage is a very important property
as it shows the shape and size stability
of refractory bricks [5] .It is suspected
that the value of shrinkage obtained in
this research may be an indication that
the powder particles may not have
undergone complete transformation
to the denser crystalline form.
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Table 5: Apparent Porosity, Bulk Density
Description
Egbahieme
Dw1
56.00
Dried weight Dw2
58.00
in air(g)
Dw3
55.00
Dwav
56.33
Sw1
64.00
Soaked
Sw2
66.00
weight(g)
Sw3
65.00
Swav
65.00
SSw1
32.00
Suspended
SSw2
31.00
weight(g)
SSw3
29.00
SSwav
30.67
1.64
3
Bulk Density (g/cm )
Apparent Porosity (%)

25.24

Apparent Porosity

Egbahieme clay gave apparent
porosity value of 25.24 % (Table 5).
Apparent porosity is an important
parameter in considering a refractory
material for use as it affects the
permeability, crushing strength and
thermal shock resistance [19 and 20];
it is known that as the moisture
content in the starting material
increases, the porosity of the bricks
increases, water absorption increases,
compressive strength and bulk density
decrease [7]. Apparent porosity values
that lie within the acceptable range
promote
high
thermal
shock
resistance but the excess of these may
expose the refractories to the harmful
influence of furnace flue gases and
slag.

Journal of Raw Materials Research

The value fell within the standard
range of
20 – 30 % required for
refractory clays as indicated by [1].
Bulk Density
Bulk density is recorded in Table 5. As
shown, the bulk density of 1.64 g/cm3
was found to be low but very close to
the range of 1.7 to 2.3 g/cm3 required
for refractory clay as indicated by [11,
12, and 16]. Low value of bulk density
in any refractory may be due to
increased percentage of water in the
rammed brick such that the excess
water evaporates thereby creating
numerous pore spaces [7]. Low value
of bulk density may be ascribed to low
degree
of
vitrification
[14].
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High degree of vitrification is usually
accompanied by mineral conversion to
the denser crystalline form. For
instance, in silica-bearing bricks such
as
Egbahieme
clay
at
high
temperatures, there is considerable
transformation of quartzite (specific
gravity, 2.26) to tridymite (specific
gravity, 2.32) and to crystobalite
(specific gravity, 2.65) [3]. This
accounts for increased density of
refractories
upon
long
firing.
Prolonged soaking in the furnace could
however lead to distortion of
refractory bricks shape which is the
major reason why the refractory
manufacturer is often faced with the
challenge of either producing dense
and less porous bricks with high load
bearing capacity/high resistance to
slag attack but susceptible to failure

on account of sudden temperature
changes
or
producing
less
dense/porous bricks with excellent
thermal shock resistance. The average
crushing strength of Egbahieme clay as
shown in Table 6 was found to be 9.25
Mpa. The strength value of 9.25 MPa
was very close to the range of 9.8 –
68.8 MPa recommended for refractory
bricks [21]. The cold crushing strength
of a refractory material is controlled
by chemical composition, firing
temperature, moisture content, the
manufacturing processes, the powder
particle size, and the degree of
vitrification [5, 22]. It is however
suspected in this research that low
degree of vitrification may have
contributed negatively to the value of
crushing
strength

Table 6: Cold Crushing Strength
Description

Egbahieme Clay

Strength
along Strength Perpendicular
Direction
of to
Direction
of
Forming(MPa)
Forming(MPa)
17.37
1.13

Average Cold
Crushing Strength
(MPa)
9.25

Table 7: Thermal Shock Resistance and Refractoriness
Sample

TSR (Cycles)

Egbahieme Clay

22

Thermal Shock Resistance
As shown in Table 7, Egbahieme clay
failed after 22 cycles of heating and
cooling. This value fell within the
range of 20-30 cycles required for
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Refractoriness
( 0C )
1500
firebricks as recommended by [12, 14,
and 16] As a consequence of pressing
the refractory powder particles into
desired shape, pore spaces may have
been created between the powder
particles some of which were
eliminated during firing. The process
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of pore elimination may have been
incomplete and left behind some
residual porosity which safeguarded
the test bricks from excessive thermal
expansion during the cycles of heating
and cooling and has resulted in the
high thermal shock resistance values
obtained.

Refractoriness
Table 7 also indicates the softening
point (refractoriness) of the sample.
Egbahieme clay
indicated a
o
refractoriness of 1500 C. The value
obtained fell within the range of 1500
-1700 oC required for low heat duty
refractory applications [15 and 23].
Owing to the presence of oxides
impurities, refractories do not possess
sharp softening points but rather
undergo a gradual solid-liquid
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transition over an extended range of
temperatures at actual service
condition and this is governed by the
viscosity of the liquid. For instance,
fireclay refractories may partially
liquefy and commence softening at a
temperature as low as 950 °C [3];
however, due to high viscosity of the
liquid,
their
limiting
service
temperatures may be several hundred
degrees higher.
CONCLUSION
This study has shown that Egbahieme
clay is a semi-acidic refractory which
can be exploited for the following
specific applications; backing layers
for silica bricks in coke ovens and kilns,
construction of reheating furnace
roofs, regenerator chambers and
furnace doors where refractoriness of
up to 1350 oC and resistance to
thermal shock are desirable.
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