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Abstract

Development of high temperature dense refractory bricks using clay minerals and grog has been carried out with a view
to determining the consequence of variation in percentages of Al,05.2Si0,.2H,0 and grog on the properties of locally
produced dense bricks. The raw materials were used to compose five batches (of five samples each) from all the clay
minerals and their blends (ED1-ENS5). The clay bodies were hydraulically shaped and oven dried at 110°C. The
properties of the produced bricks investigated after sintering at 1350°C indicated that samples ED1-ENS5 had shrinkage
ranging from 8.4%-11.5% with corresponding bulk density of 1.57g/cm3-2.26g/cm? respectively. The investigation
revealed that samples ED1-EN5 of the bricks as stated above had compressive strength ranging from 13.5MPa—23.1MPa
with corresponding porosity ranging from 12.84% -23.39% respectively. The estimated refractoriness using shuen’s
formula shows that samples ED-EN5 had 1666°%-1768%, while the result of the refractoriness using pyrometric cone
equivalent indicated that samples ED1-EN5 had cone 30(1660°C)— <34(<1750°C) respectively. The spalling-count test
result revealed that samples as stated above had number of cycles ranging from 19-35 respectively. It was discovered that
the higher the grog content, the lower the shrinkage, bulk density and compressive strength while the higher the porosity,
spalling-count-cycle with refractoriness, and vice versa when considering blended samples with increase
in Al,03.2Si0,.2H,0 content. However, sample EN4 gave the most apposite result when considering the properties
stated above. Therefore sample EN4 is recommended for mass production of dense refractory bricks for high temperature
applications.
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1.0 INTRODUCTION

Refractories are chemically and physically
unwavering materials at elevated temperatures,
depending on the in service environment, they require
to be resistant to thermal shock, be chemically inert,
with precise array of thermal conductivity and co-
efficient of thermal expansion. They are quite essential
in contemporary industries because of their ability to
survive high temperature or act in response with the
environment without melting [1]. These materials are
immobile to many fluxing conditions and they posses
reversible thermal expansion and resistance to thermal
shocks. They can also be referred to as non-metallic
materials with chemical and physical characteristic that
make them appropriate for structures, or as components
of systems, that are exposed to environments above

1,000° F (538°C) [2]. Refractory is a material that can
resist an action of corrosion by solids, liquids, gases and
high temperatures. It can be generally categorized with
reference to their fusion range as low refractories
melting in the range of 1580 - 1780°C, high refractories
in the range of 1780-2000°C and supper refractories
above 2000°C [3].

Also, refractories could be classified into
categories based on their level of porosity which
includes; dense and porous refractories. Dense
refractory contains porosity in the range of 15-20% and
are used in contact with hot liquid glass, metal and
gases. They are used at high temperature or as backup
firing of kilns and furnaces. Porous refractories (also
known as porous firebricks) comprise one of the
refractory groups that are most frequently used today
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for heat insulation in industrial applications. Porous
refractories contain porosity as high as 80%, they are
light weight refractories that have much lower thermal
conductivity and heat capacity more than other
refractories. The high temperature insulation bricks are
known as hot face insulation brick while the backup
insulation bricks are called cold face insulation brick. It
is palpable that the characteristic requirements of
refractories vary considerably with respect to the
application and use in diverse processes. Therefore,
individual refractories need to be premeditated with
characteristic properties for precise systems since the
requirements differ with diverse high-temperature
processes [4, 5].

Refractories are the strength of industrial
because they are indispensable for all thermal and
chemical processing globally. They play a very
important role in diverse areas of the industrial
machines predominantly in high temperature industries.
The machine tools industry which used refractors as
abrasives, electrical and electronic industries as
insulators, nuclear power industries as moderators in
nuclear fuel, aerospace industries, ceramic industries,
glass industries and Iron and steel industries that
consumers more than 70% refractory for kiln, furnace
and others are some of the industries that are
desperately use refractories [6].

In construction (lining) of furnaces, Kkilns,
incinerators, reactors and crucibles, refractory materials
plays a vital role. The service environment of
refractories determines the requirement for particular
refractories for furnaces, kilns and others linings which
are quite often used to be the combination of corrosive
environment, high mechanical stress and high
temperature [7]. The shapes of refractory include;
precast cement and fused or sintered refractory products
that are shaped prior to installation in furnaces, boilers,
or other high temperature equipment. They are hard,
heat resistant materials and products which includes
alumina, bricks, fire clay, silicon carbide, precast
shapes, cement or monolitics and kiln furniture [8].

The intensifying requests for refractory bricks
in high temperature industries with some other chemical
processing and power generation industries have called
for research into a variety of alternative uses of more

economical materials. Consequent to the diverse
technological advancements and increasing in needs of
refractory bricks in our industries, the researcher
resolute to investigate the production of high
temperature dense refractory bricks that can give the
requisite engineering properties of international
standard.

2.0 MATERIALS AND METHODS
2.1 Collection of Raw Materials

The Edda clay used was sourced from Izi Edda
in Afikpo South Local Goverrment of Ebony State.
Al,03.2Si0,.2H,0 (Nsu clay) was collected from
Ehime-Mbano Imo State and Ekebedi was sourced from
Ikwuano-Oboro Local Government of Abia State. The
grog used was made from Unwana clay and sourced
from Unwana Community, Afikpo North Local
Government of Ebonyi State, all in Nigeria.

2.2 Chemical Analysis of the Materials

Chemical analysis of Edda,
Al,03.2Si0,.2H,0(Nsu  clay), Ekebedi and grog
(Unwana clays) were carried out to determine the %
oxide compositions of the samples using buck model
210 VGP Atomic Absorption Spectrophotometer (AAS)
at BETA Glass, Ugeli, Delta State.

2.3 EXPERIMENTAL DETAILS
2.3.1 Preparation of Raw Materials

The clay minerals were subjected to proper
drying in an open air for seven (7) days and in an
electric drying cabinet (oven) at temperature of 110°C
for four (4) days. The dried clay (Unwana clays) was
sintered in the kiln (J W Ratchliff, P U 131 type of kiln)
at temperature of 1000°C whereby the clay loses its
water of plasticity and became less plastic (grog). The
clay minerals with grog were crushed separately using
Pascal engineer machine Edge mill and graded with the
aid of sieve into three particle sizes: Fine, Medium and
Coarse particles sizes.

2.3.2 Weighing of the Raw Materials

The raw materials used were weighed
accurately using a chemical weighing balance Metra TL
3000 model. The raw materials were weighed
accurately as stated in table 1 below.

Table-2. 1: Table of Composition

Clay Batch Sample | Clay (%) Grog (%)
Edda ED ED1 100 0
ED2 80 20
ED3 70 30
ED4 60 40
ED5 50 50
Al,03.25i0,.2H,0 | NS NS1 100 0
(Nsu clay) NS2 80 20
NS3 70 30
NS4 60 40
NS5 50 50
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Clay Batch Sample | Clay (%) Grog (%)
Ekebedi EK EK1 100 0
EK2 80 20
EK3 70 30
EK4 60 40
EK5 50 50
Edda and EN EN1 90 10
Al,05.25i0,.2H,0 EN2 70 30
(Nsu clay) Blend EN3 50 50
EN4 30 70
EN5 10 90

2.3.3 Body Preparation and Production Processes

The sample ‘ED1’ percentage of the first batch
was weighed and mixed thoroughly before addition of
water (18-22%). The sample was properly mixed and
allowed to aged for 24 hours. The mixed clay body with
required moisture content was uniaxially compacted
using hydraulic press under a pressure of 35 MPa into a
lubricated mould (lubricated with heavy oil inside). The
dense brick was demould after two (2) minutes of
proper compression (shaping). This process was
repeated for the remaining samples. The samples were
left to dry in open air for two (2) weeks on the floor
with continuous turning of the samples to give room for
even drying. The specimens were loaded into dryer
(oven) at temperature of £110°C for period of one week
for proper drying. The properly dried samples were
sintered at temperature of 1350°C using front loading
electric, J W Ratchliff, P U 131 type of kiln.

2.4 Determinations of properties of the bricks

2.4.1 Determination of Linear Shrinkage

Eleven specimens from each sample were
given mark (line) with sharp object measured 10cm
length at center point of the top side of each specimen
at wet stage. Changes in length of the marks (line) were
determined after drying and firing to reveal drying
shrinkage, firing shrinkage and total (linear) shrinkage
of the specimens.

WL(cm)—DL(cm)

% Drying shrinkage = e 100.......... (1)
% Firing shrinkage = W X100 ........ (2)

% porosity = Wet weight of sample — Dry weight of sample

. . _ WL(cm)-FL(cm)

% Total (linear) shrinkage = meo .. (3)
Where DL = Dry length, WL = Wet length, FL = Fired
length.

2.4.2  Determination of Bulk Density

The specimens’ length (L), breadth (B) and
height (H) were measured and recorded in cm with their
weights to the nearest gram with the aid of venier-
caliper and chemical weighing balance Metra TL 3000
model. The obtained results were used to calculate the
dense bricks’ bulk volume and bulk density in g/cm®.

Bulk Volume of Brick (LxB X H) cm?

LBH cm®
Let weight of Bulk (Brick)= Wg
. _ w
Therefore, Bulk Density = ThHgems 4)

2.4.3  Determination of Porosity

Eleven specimens from each sample were
weighed accurately and immersed in boiling water in a
large pot and boiled for 4 hours. The water level was
maintained by adding more water when the water
evaporated and not covering the bricks again during the
boiling process. The specimens were left to cool for 12
hours and removed from the water, clean with a dry
towel and weighed immediately. The differences in
weight between the boiled and unboiled specimens
were recorded as water porosity as percentage of the
original weight.

X 100 .ooren.. (5)

Volume of sample

2.4.4  Determination of Compressive Strength

Eleven specimens from each sample were
crushed using Compressive Strength tester (Buehler
hydraulic press). The load (force) applied before the
specimens fractured were recorded. Specimens were
mouunted in turn on the machine and loads were
applied axially at a uniform rate until fracture took
place. The maximum pressure shown by the gauge dial
which were read off from the machine was taken.

1
Crushing Pressure (Stress) = F / Looeeeeeeeee e (6)

Where

A = Area of Cuboid

Area of Cuboid =2(LB + BH + LH) M?

F = Gauge reading calibrated in (N) Newton (FORCE)

2.45  Determination of Refractoriness
The refractoriness of the specimens were
estimated using Shuen’s formula.
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K = 3004405 RO )
0-228

Where K= Refractoriness (°C) ,

Al,O; = Alumina Content in the clay

RO-Sum of all the oxides beside SiO, in the clay (or

materials)

360 and 0.228 are constants.

2.4.6  Pyrometric Cone Equivalent (PCE)

Eleven specimens of fired brick from each
samples were given shape of standard cone sized (blunt-
tipped, skew triangular pyramids with sharp edges)
marked test cones. The specimen cones were stacked in
the kiln with standard cones marked reference cones.
They were heated in the kiln (front loading electric, J W
Ratchliff, P U 131 type of kiln) at 2.5°C/Min alongside
reference cones. This process was properly monitored
using the estimated result from Shuen’s formula. When
the test cone collapses, the pyrometric cone equivalent
(PCE) is given by the number of standard cone which
behaves in the closest manner. The behaviour of the
testing material (specimen cones) were compared with

that of reference cones. The Pyrometric Cone
Equivalent (PCE) values were based on a defined
standard time — temperature relationship and the same
heating rate was used throughout because dissimilarity
heating rates will result in variation results.

2.4.7  Spalling Count Test

Eleven specimens from each sample were
subjected to thermal shock test. The specimens were
heated to 900°C in a kiln and the hot samples were then
picked out of the kiln and plunge into water of room
temperature one after the other. This process was
repeated until half of the specimens measured by weight
have cracked away due to the shock treatment. If a
specimen can endure 10 cycles of such heating and
cooling, it is very satisfactory.

3.0 RESULTS
3.1 Result of Chemical Analysis of Clay
Minerals

Table-3.1: Result of Chemical Analysis of Clay Minerals.

Parameters Edda Clay | Al,05.2Si0,.2H,0 Ekebedi Unwana clay
(Nsu clay) Clay (Grog)

Sio, 58.86 46.56 58.53 52.24
Al,O; 27.69 35.60 28.03 27.20
Fe,O3 1.27 0.05 1.41 7.00

TiO, 0.39 0.69 1.12 1.52

Ca0 0.12 0.85 0.28 0.14

MgO 0.21 0.65 0.08 0.04
Na,O 0.01 0.08 0.03 0.54

K,0 0.08 0.70 0.03 0.54

L.O.l 10.17 10.90 8.0 10.50
Other oxides/ 1.20 3.92 2.19 0.28
impurities

3.2 GRAPHICAL PRECENTATION OF RESULTS
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Fig-1: Effects of % Composition of Clays and Grog on shrinkage of the Refractory Bricks
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Fig-2: Effects of Percentage Composition of Edda clay and Al,05.2SiO,.2H,0 Blend on shrinkage of the Refractory Bricks
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Fig-3: Effects of Percentage Composition of Clays and Grog with Edda clay and Al,03.2Si0,.2H,0 Blend on shrinkage of the Refractory
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Fig-7: Effects of % Composition of Clays and Grog on Compressive Strength of the Refractory Bricks
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Fig-8: Effects of Percentage Composition of Edda clay and Al,0;.2Si0,.2H,0 Blend on Compressive Strength of the Refractory Bricks
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Fig-9: Effects of Percentage Composition of Clays and Grog with Edda Clay and Al,03.2Si0,.2H,0 Blend on Compressive Strength of the
Refractory Bricks
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Fig-10: Effects of % Composition of Clays and Grog on Porosity of the Refractory Bricks
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Fig-11: Effects of Percentage Composition of Edda clay and Al,05.2Si0,.2H,0 Blend on Porosity of the Refractory Bricks

e

— /__-.r——'_—-. —+ED
L 1.k
/ EK

i E N

% Compasition of Grog and Clays comparing With Edda clay and ALO-.2510,.2H;0 Blend

% Pordsity

Fig-12: Effects of Percentage Composition of Clays and Grog with Edda clay and Al,05.2Si0,.2H,0 Blend on Porosity of the Refractory
Bricks
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Fig-13: Effects of % Composition of Clays and Grog on Refractoriness of the Refractory Bricks
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Fig-14: Effects of Percentage Composition of Edda Clay and Al,05.2SiO,.2H,0 Blend on Refractoriness of the Refractory Bricks
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Fig-16: Effects of % Composition of Clays and Grog on Spalling Count Cycle of the Refractory Bricks
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Fig-18: Effects of Percentage Composition of Clays and Grog with Edda clay and Al,03.2Si0,.2H,0 Blend on Spalling Count Cycle of the
Refractory Bricks

4.0 DISCUSSION

The result of chemical analysis of the raw
materials as presented in table.3.1 indicated that the
content of SiO,, Al,O; and Fe,O; in Edda clay were
58.86% -SiO,, 27.69% - Al,O0; and 1.27% - Fe,0Os
while that of Al,05.2Si0,.2H,0 (Nsu clay) had 46.56%
-Si0,, 35.60% - Al,O; and 0.05% - Fe,Os. It was
revealed that Ekebedi clay had 58.53% -SiO,, 28.03% -
Al,O3 and 1.41% - Fe,O3 while the Unwana clay used
as grog had 52.24% -SiO,, 27.20% - Al,0O5 and 7.0% -
Fe,O3 (Table 3.1). This shows that the % SiO, content
of the clay minerals are within the acceptable or
tolerable range of 40% and above for particular clay
useful for porcelain insulator and refractory production.
[6, 9]. Also, the Al,O3 contents are within the
percentage essential for characteristic clay minerals
used for refractory production. i.e it should contain 23-
45% alumina [10, 11]. It was revealed that Edda clay,
Al,0,.2Si0,.2H,0 and Ekebedi clay are kaolinitic clay
deposits while grog (Unwana clay) is ball clay based on
their chemical characterization. The chemical properties
of a refractory are defined by the chemical analysis of
the refractory grains, by the nature of the bonding and
also by the capability of the refractory to resist the
action of liquids when subjected to high temperatures.
Also, the bonding system of the refractory plays a very
important role in dictating its properties. When
refractories are exposed to corrosive liquids at high
operating temperatures, the degree of corrosion/erosion
depends on the refractory grains and the chemical
bonding system of the refractory.

The clay minerals were used with grog to
compose four batches of five samples of dense
refractory bricks each from all the clay minerals and
their blends (ED1 — EN5) following these proportions:
100/0%, 20/80%, 30/70%, 60/40%, 50/50%, and
(blends) 90/10%, 70/30%, 50/50%, 30/70% (Table
.2.1). The properties of the dense bricks produced
investigated after sintering at 1350°C indicated that
samples ED1-ED5 of bricks had % linear shrinkage

ranging from 9.9% - 11.5%, samples NS1-NS5 had
range of 9.2% - 10.6% while that of samples EK1-EK5
had range of 9.4% - 11.2% (Fig. 1 & 3). Also the blend
samples EN1-EN5 had range of 8.4% -10% (Fig. 2 &
3). The shrinkage may be as a result of the percentage
composition of the bricks, i.e the ratio of clay to grog.
Also, it may occur due to the growth that accompanied
the low quartz to high quartz and the high quartz to high
critobalite polymorphic transformations that took place
during sintering between 573°C and 1350°C. The more
the brick shrinks, the less porous it is, consequently the
denser it becomes [12]. The higher the percentage of
grog the lower the shrinkage (Fig. 1 & 3), while in the
blended samples, the higher the percentage of
Al,03.25i0,.2H,0 the lower the shrinkage (Fig. 2 & 3).
The result of the shrinkage fell out of the recommended
value range of 7-10% for refractories as in Chester
study [10, 13, 14], except ED5, NS2 — NS5, EK4 and
EK5 and all blended samples (EN1- EN5) that fell
within the recommended range.

The result of the bulk density revealed that the
samples ED1-ED5 had bulk density ranging from
1.57g/cm® - 1.79g/cm®, samples NS1-NS5 had range
0f1.93g/cm® - 2.05g/cm?, samples EK1-EK5 had range
of 1.57g/cm® - 1.81g/cm® (Fig. 4 & 6) and the blended
clay samples (EN1- EN5) had range of 2.11g/cm® -
2.26g/cm® (Fig. 5 & 6). It was noticed that the higher
the percentage of clays the higher the bulk density of
the bricks and the higher the percentage of grog the
lower the bulk density of the bricks (Fig.4 & 6). But in
the blended samples, it was revealed that the higher the
percentage of Al,03.2Si0,.2H,0 the higher the bulk
density of the bricks while the higher the percentage of
Edda clay the lower the bulk density of the bricks (Fig
.5 & 6). This may be due to high percentage of loss on
ignition of the raw materials. The bulk density of
refractory bricks fell within the recommended range of
(0.8 2.9 g/cm®) [15].
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The result of the Compressive Strength of the
brick indicated that samples ED1-ED5 of the bricks had
Compressive Strength ranging from 13.5MPa - 18.6
MPa, samples NS1 — NS5 had range of 17.7MPa -
20.7MPa, samples EK1-EK5 had range of 14.7MPa -
18.8MPa (Fig. 7 & 9) while samples EN1- EN5 had
range of 19.09MPa - 23.1MPa (Fig. 8 & 9). It was
discovered that the higher the percentage of clays the
stronger the bonding and the higher the Compressive
Strength of the bricks (Fig.7 & 9). Also in the blended
samples,  the higher ~ the  percentage  of
Al,03.2Si0,.2H,0 the stronger the bonding and the
higher the Compressive Strength of the bricks (Fig.8 &
9). The high compressive strength value may be as a
result of the growth of glassy phase which brings about
the bonding strength of the dense bricks. Moreover, the
existence of CaO, Na,O and K,O in the chemical
composition (Table. 3.2) of the materials is enough to
boost the process of glassy phase formation. Also, the
nearer to the sintering point a material is heated, the
more pronounced becomes the sintering at the
temperature [12], thereby reducing porosity, increasing
density and linear shrinkage with increase in
Compressive Strength values of the dense bricks. All
the samples of the bricks fell within the recommended
ranges i.e minimum of 5MPa [6, 13, 16].

The result of the percentage porosity of the
bricks shows that samples ED1-ED5 of brick had %
porosity ranging 19.58% - 23.39%, samples NS1- NS5
had range of 15.80% - 19.40%, samples EK1 — EK5
had range of 18.46% - 22.11% (Fig. 10 & 12) and
samples EN1 — EN5 had range of 12.84% - 15.63%
(Fig. 11 &12). It was discovered that the higher the
percentage of grog the higher the pores and the higher
the porosity of the bricks. Also, the higher the
percentage of clay the stronger the bonding system, the
lesser the pores and the lower the porosity of the bricks
(Fig. 10 &12). However, in the blended clay samples, It
was revealed that the higher the percentage of Edda
clay the higher the pores and the higher the porosity of
the bricks, but the higher the percentage of
Al,03.2Si0,.2H,0 the lower the pores and the lower
the porosity of the bricks (Fig.11 & 12). This may
indicated that at higher sintering temperature, thermally
activated material moved into the pores causes’
decrease in porosity. The reduction in values of porosity
may be due to the development of the glass phase which
introduced the barrier of the large pores in the dense
bricks after sintering. Furthermore, when the sintering
temperature of a material reached, the more obvious
becomes the density, which will bring about reduction
in porosity. However, samples ED1, NS1 - NS5, EK1 &
EK2 and EN1 & ENZ2 fell within the required range of
(15% - 20%) porosity for dense refractory bricks [5, 17,
18] while that of ED2 — ED5, EK3 - EK5 and EN3 —
ENS5 that fell out of the range.

The estimated refractoriness results using
shuen’s formula indicated that samples ED1 — ED5 of

the bricks had refractoriness of 1684.4°C - 1714.8 °C,
samples NS1- NS5 had range of 1711.2°C - 1768.3°C,
samples EK1 — EK5 had range of 1666°C - 1678°C
(Fig. 13 & 15) and samples EN1 — EN5 had range of
1720.2°C - 1763°C (Fig.14 & 15). It was discovered
that the higher the percentage of grog the lower the
refractoriness of the bricks, while the higher the
percentage of clay the higher the refractoriness of the
bricks (Fig.13 & 15). Also, in the blended clay samples,
It was revealed that the higher the percentage of
Al,03.2Si0,.2H,0 the higher the refractoriness of the
bricks, while the higher the percentage of Edda clay the
lower the refractoriness of the bricks (Fig.14 & 15). The
result of the refractoriness using Pyrometric Cone
Equivalent (PCE) test investigated indicated that
samples ED1 — ED5 of the bricks had refractoriness
range of greater than cone 31 (<1680°C) - greater than
cone 32 (<1710°C), samples NS1 — NS5 of the bricks
had refractoriness range of greater than cone 32
(<1710°C) - greater than cone 34 (<1750°C), samples
EK1 — EKS5 of the bricks had refractoriness range of
cone 30 (1665°C) - cone 31 (1680°C) and samples EN1
— ENS5 of the bricks had refractoriness range of less than
cone 33 (>1740°C) - greater than cone 34 (<1750°C).
All the bricks met the required refractoriness for
refractory bricks above cone 08 (990°C) i.e minimum of
1000°C [19-21]. It was clearly indicated that
refractoriness test using Pyrometric Cone Equivalent
(PCE) show that the brick samples possessed better
refractoriness.

The result of the Spalling count test
investigated indicated that samples ED1-ED5 had
spalling count cycles ranging from 31 - 35, samples
NS1 — NS5 had range of 25 — 29, samples EK1 — EK5
had range of 28 — 32(Fig.16 & 18) while that of EN1 —
EN5 had range of 19 — 23 (Fig.17 & 18). It was
revealed that the higher the percentage of grog the
higher the porosity and the higher the number of cycle
(Fig. 16 & 18). Also, in the blended clay samples, it
was indicated that the higher the percentage of
Al,03.2Si0,.2H,0 the lower the porosity and the lower
the number of cycle, while the higher the percentage of
Edda clay the higher the porosity and the higher the
number of cycle (Fig.17 & 18). The result shows that
samples ED1 - ED5 and EK4 & EKS5 fell above the
recommended numbers of cycle while the remaining
samples fell within the recommended range of (20 - 30)
numbers of cycles [13, 16, 22] except EN5 that fell
below it.

Nevertheless, correlation between thermal
conductivity and strength exists, while other physical
properties, such as abrasion, gas permeability and
strength are often interconnected to the density and
porosity of the refractory. Furthermore, porosity is
affecting both thermal conductivity and strength. Also,
as density improves, spalling resistance may turn down,
it is very important to look for combinations of
properties that affix to success of the product’s
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application, such as density and permanent linear
change together.

It was noticed that the higher the grog content
of the dense bricks, the lower the linear shrinkage, bulk
density and compressive strength while the higher the
porosity, spalling count test and refractoriness of the
bricks (Fig. 3, 6, 9, 12, 15 & 18). The opposite were
observed when the higher the clay content of the dense
bricks were considered. Also, in the blended clay
samples, It was discovered that the higher the
Al,03.2Si0,.2H,0 content of the dense bricks, the
higher the bulk density, compressive strength and
refractoriness while the lower the porosity, spalling
count test and shrinkage of the bricks (Fig. 3, 6, 9, 12,
15 & 18). The reversed were the cases when the higher
the Edda clay content of the dense bricks were
considered. However, sample EN4 of bricks produced
using blended Al,03.2Si0,.2H,0 and Edda clay gave
the most favourable result when considering the
moderate percentage linear shrinkage, higher bulk
density, compressive strength and refractoriness with
standard spalling count cycle. Therefore sample EN4 of
bricks produced using blended Al,05.2Si0,.2H,0 and
Edda clay can be produce in mass for industrial
production of dense refractory bricks for high
temperature applications.

5.0 CONCLUSION

It was discovered that the higher the clay
content of the dense bricks, the higher the shrinkage,
bulk density and Compressive Strength while the lower
the porosity, spalling count test and refractoriness of the
bricks. Also, in the blended clay samples, It was
discovered that the higher the Al,05.2Si0,.2H,0
content of the dense bricks, the higher the bulk density,
compressive strength and refractoriness while the lower
the porosity, spalling count cycle and shrinkage of the
bricks. However, sample EN4 of bricks produced using
blended Edda clay and Al,03.2Si0,.2H,0 gave the
most encouraging result when considering the moderate
percentage shrinkage, higher bulk density, compressive
strength and refractoriness with standard spalling count
cycle. Therefore sample EN4 of bricks produced using
blended Edda clay and Al,05.2Si0,.2H,0 can be
produce in mass for industrial production of dense
refractory bricks for high operating temperature
applications.
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