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Abstract- The potentials for the refractoriness of Ajiwa clay deposit along the lake of the Ajiwa town in Katsina State were 
determine. The ability of the clay to withstand high temperature without breaking or deforming as well as its maximum 
allowable temperature were also assessed, the result of chemical and physical properties of the clay shows that, the 
maximum estimated refractoriness temperature attend are between 12240C to 13490C. The clay sample was obtained and 
dried in the sun for 10 days. Afterward, the clay sample was crushed, grounded and sieved with a standard mesh of specified 
measurement (212µ) the rice hush collected was then washed and cleared with spikes, metallic fragments and other foreign 
elements, then dried in an open air conditions for 5 days. It was burnt in a furnace up to 6500C and allowed to soak for two 
(2) hours at same temperature after which the rice husk ask was collected and moulded into ratio and dried at room 
temperature for 24 hours. The chemical analysis was carried out using X-ray spectrometery while physical properties such as 
porosity, bulk density, linear shrinkage, thermal shock resistance, cold crushing strength and refractoriness were done suing 
standard techniques. Result obtained shows that the clay composed of silica 64.50% alumina 16.30%, iron oxide 14.20%, 
calcium oxide 0.2%, potassium oxide 0.74%, titanium oxide 1.71% and other trace oxide in traces. Chemical analysis shows 
that the clay is mainly of koalinite and free quartz while the physical test shows that the clay has an apparent porosity of 
28.46%, bulk density of 1.81g/cm3, linear shrinkage of 6.80%, thermal shock resistance of seven cycles, loss on ignition test 
of 4.46% cold crushing strength of 14138Nm-2. Considering this results this properties can be improve upon to meet wide 
range of engineering applications in refractory bricks for furnace lining, tubes for electric furnace, crucible and in rubber and 
ceramics industries.  
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I. INTRODUCTION 
 
The current effort towards industrialization of the 
nation which has seen the emergence of various 
metallurgical industries, the need for refractory 
materials therefore is no doubt of paramount 
important and necessity (Muhammad, 2013).  
Refractory supplies to industries in Nigeria are tight 
and sometimes delivery promises are obtained 
extended well beyond twelve months from placement 
of orders. Hence with the changing competitive 
structure of the import and export trade and lack of 
sufficient and quality standard of the refractory 
materials threaten the future growth of industries in 
Nigeria (Muhammad, 2013). Therefore, the 
development of local commodities such as clay and 
rice husk ash, for production industries in Nigeria, 
justified by the need to meet the technology 
requirements of the country and improve further 
research in clay deposits.  
Refractory material is one which has the ability to 
withstand high temperature without breaking or 
Deforming. Refractory products are used wherever 
high temperature are required, and this include 
Refractory bricks for furnace linings, Tubes for 
electric furnaces, Crucibles, Thermocouple sheaths, 
Refractory cement, among others(Omotoyinbo and 
oluwole, 2008). Clay product are versatile industrial 
materials with amazing variety of uses and 
applications in ceramic porcelain, table wares, glass, 
refractory bricks, burnt bricks, architectural tiles. 
Important use have also been found for clay in the 

rubber industry where its reinforce potentials has 
been exploited since the early part of 21 century, 
particularly those with tolerance presence of 
silica(which serves as reinforcing component in 
rubber compounding). The important properties of 
clay are plasticity, colour and strength, drying and 
firing shrinkages. The percentage of minerals oxide 
(Fe2O2MgO, CaO, Na2O etc) in the clay ultimately 
determine the areas of application of the clay such as 
bricks, floor tiles, paper etc, while the quantity of the 
alkali metal oxides (Na2O, K2O, CaO etc) indicates 
their suitability for ceramic products according to 
(Abubakar et al 2014). 
Rice husk ash (RHA) is obtained from the burning of 
rice husk. The husk is a by-product of the rice-milling 
industry. By weight 10% the rice grain is rice husk. 
On burning the rice husk about 20% becomes RHA, 
the choice and sustainability of a particular material 
depends largely on its availability, nature of project, 
individual preference, durability, proximity and 
economic consideration (Agbede and Joel, 2011).  
 
1.1 Materials and Methods  
Materials used in this research include, Ajiwa sand 
from the lake area, rice husk from NCRI located in 
Ajiwa, because of their availability. The clay and the 
rice husk will be collected, dried and processed. The 
rice husk was burnt into rice husk ash for onward 
physico-chemical analysis carried out when mixed 
with the clay sample. Normal conventional laboratory 
apparatus and peripherals was used during the 
research, such as digital weighting balance, Varnier 
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caliper, and oven measuring cylinder, sieve mixer, 
stainless steel tray, pestle and mortal, silica gel glass 
wire, polythene bag, marker, safety wares and shovel. 
But the major equipment required are, atomic 
absorption spectrometer, energy dispersion X-ray 
florescence spectrometer (ED-XRF), electric furnace, 
hydraulic press, desiccators and stalker.      
 
1.2  Methodology   
The clay sample was obtained and dried in the sun for 
10 days. Afterward, the clay sample (Ajiwa clay lake 
side) was then crushed, grounded and sieved with a 
standard mesh of specified measurement (212µ). The 
rice husk collected was washed and cleared from 
spikes, bottle, metallic fragments and other foreign 
elements, then dried in open air condition for 5 days. 
It shall be burnt in a furnace up to 6500C and allowed 
to soak for two (2) hours at same temperature after 
which the rice husk ash was collected.  
The rice husk ash was further grounded and sieved 
using the same sieve specification as in the ground 
clay (212µ). Different percentages of the processed 
Ajiwa clay and the rice husk ash (100 – 0%, 95 – 5%, 
90 – 10%, 80 – 20% ratio by weight) was thoroughly 
mixed using distilled water as solvent for the clay – 
rice husk ash mixture until each mixture sample 
attains plastic form. Each of the test specimen (Clay – 
rice husk ash admixture) moulded in to 50mmm x 
50mm x 40mm, air dried at room temperature for 
24hours, then oven dried at 1100 for another 24hours 
to ensure water removal. This way the rectangular 
specimen are made available for the various test 
analysis as carried out by Abubatar et al, (2014), to 
characterize the clay sample for refractoriness 
potential.  
The rice husk ash is as early siliceous material that 
can be used as an admixture in concrete if the rice 
husk was burnt in a specific manner (Nick, 2009). 
The characteristics of the ash are depended on the 
components, temperature and time of burning. During 
the burning process, the carbon content was burnt off 
and all that remain is the silica content. The silica 
must be kept at non-crystalline state in order to 
produce an ash with high pozzalonic activity. The 
high pozzalonic behavior is the necessity if you 
intended to use it at a substitute or add mixture in 
concrete it has been tested and found that the ideal 
temperature for producing such result is between 
6000C and 7000C (Vamsi et al, 2012). If the rice husk 
is burnt as too low temperature or for two short a 
period of time the rice husk ash will content two large 
an amount of unburnt carbon (Nick, 2005).  
 
1.2.1 Chemical Analysis  
1gm of clay was added to 10gm of anhydrous lithium 
tetre borate (Li2B4O7) acting as fluxing agent. The 
constituent was mixed inside a cleansed crucible and 
heated up to 5000C for 8 min and allowed to cool at 
room temperature to obtain the fused sample which 
was then used as sample for the chemical analysis. 

The chemical composition of the sample was 
presented in a table which was done to show the 
variation for the various admixtures of different 
percentage ratios.    
 
1.2.2 Apparent porosity test 
Specimen measure 50mm by 50mm x 40mm was 
prepared for the conveniently made clay samples of 
varying admixture; it was then dried in an oven at 
1100C and fired in a furnace at interval of 1000C for 
every 10 minutes till the temperature of 9000C was 
attained. The fired specimen was cooled and 
transferred to a desiccators and dried weight (d) was 
recorded. The specimen was then transferred to a 
250ml beaker, until the specimen is completely 
immerse in the water, the specimen was then allowed 
to soak in boiled water for 30min being agitated from 
time to time to assist in releasing trapped air bubbles. 
The specimen was then transfer into desiccators to 
cool. The soft weight (w) was recorded the specimen 
was weighted and suspended in water using beaker 
placed on a balance to give suspended weight (s). 
Thus the apparent porosity was obtained from the 
equations. 

Apparent	porosity	 = 	
W	– 	D
W– 	S 	x	100% 

 
1.2.3 Bulk Density Test 
The dried weight of the moulded brick specimen 
measurement 50mm x 50mm x 40mm after being 
cooled in the desiccators was then taken (D) then 
transferred to a beaker containing water and heated 
for 30minutes to assist a releasing air. The specimen 
was then cooled and soaked weight (w) was taken. 
The specimen was then suspended in water with 
beaker placed on a balance to obtained suspended 
weight(s). The bulk density was then obtained from 
equation below.  

Bulk	density	 = 	
D	x	ρω
W– 	S 	× 100% 

Where  ρω = Density of water,  
 D = Dried weight.  
 
1.2.4 Thermal Shock Resistance Test 
 
The specimen measuring 50mm x 50mm x 40mm 
was air dried for 24 hours and oven at 1000C for 3 
hrs. the specimen was then  inserted in a furnace 
which was maintained at 9000C, so that pair of tongs 
was used to remove the specimen from the furnace 
and allowed to cool for 10minutes on firebricks. The 
specimen after 10 min  then returned to the furnace 
and the process was repeated until a crack is 
experienced. The cycles of heating and cooling before 
cracking of the specimens was recorded as its thermal 
shock resistance.  
 
1.2.5 Linear Shrinkage Test 
The day – rice admixture samples  moistured with 
water to a point where it is packed in ball in hand and 
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a bar was fabricated out and fired in furnace to a 
temperature of 9000C for 3hrs. The final length after 
the day has been fired was recorded with ‘A’ being 
initial length and ‘B’, the final length. The linear 
shrinkage shall be calculated from the equation.  

Linear	shrinkage	 = 	
A	– B

A x	100% 
 
1.2.6. Cold Crushing Strength  
A cube measuring 50mm on a flat surface was fired 
in the furnace at 9000C and the temperature 
maintained for 5hrs. It is then  cooled and placed on a 
compressive tester and the load was applied axially 
by turning the hand wheel at a uniform rate until 
failure occurs. On the manometer, reading was taken 
and recorded and thus crushing strength calculated as 
follows;  

CCS	 =    
Where, p = Maximum load (KN) 
 A = cross sectional area (m2) 
 CCS = Cold Crushing Strength 
 
1.2.7 Refractoriness  
Clay samples was formed in cones of 127mm base 
diameter and height 381mm. the cones was mounted 
on refractory base along with several other standard 
cones of the same dimensions and standard 
compositions. The cones was heated at a rate of 
50C/min in the furnace until the test cone is bent over 
its weight. After cooling, the test material was taken 
to the pyrometric cone equivalent of the standard 
cone whose behavior would be compared to that of 
the test cone.  
 
II. LITERATURE REVIEW 
 
2.1 Introduction 
An analysis of chemical solidification of clay soils 
requires a working knowledge in several fields of 
science; steady progress is being made toward 
integrating this knowledge. Specialists in one or more 
of these fields are becoming conversant with the 
factors involved in the other sciences. Chemist, soil 
scientist, mineralogist and chemical and civil 
engineers are being exposed to each other’s 
capabilities and problems. Competence in each field 
in being recognized; armed with this required 
information each specialist is a able to furnish 
competent advice. Unfortunately, the number of 
investigation directed toward solidifying soils far 
exceeds the availability of specialist (Rodes, 2009). 
 
2.2 Clays  
Clays are the most common minerals on earth’s 
surface. Clay are used in many areas of application 
such as building ceramics, paper coating and filling, 
drilling muds, foundry moulds, and pharmaceuticals. 
Clay could be said to also, be the most primitive 
materials to be used as catalysts and absorbent for 
industrial application.  

Clays are natural argillaceous matters formed by 
decomposition of felpathic rock as a result of 
weathering action to the Alumino-silicate group of 
refractory materials and are the most readily available 
sources of fireclay refectory bricks used in furnace. 
The mineral assemblage of clays helps in 
understanding and management of erosion and flood 
related problems (Kotoky, et al, 2006). Clays exhibit 
plasticity when mixed with water in certain 
proportions. When dry, clay becomes firm and when 
in a klin, permanent physical and chemical changes 
occur. These reactions among other changes cause the 
clay to be converted into a ceramic material. 
 
2.3 Mineralogy of Clay  
Clay minerals have a wide range of particle sizes 
from 10’s of angstroms to millimeters (Huertas et al, 
1998).  
 
2.3.1 Kaolinite  
Kaolinite is a white hydrated aluminum silicate 
crystalline mineral. It is a soft powder that has a fine 
particle and plate – like in appearance. Kaolin as a 
name is derived from a hill in China (Kaolin) where it 
is being mined for centuries. It is formed over 
millions of years by the hydrothermal decomposition 
of granite rocks (Aderemi, 2004) kaolin is also found 
in Africa especially Nigeria. It a major natural 
resource found in Kankara Local Government, 
Katsina State Nigeria. Researches conducted by 
various mining experts have certified Kankara kaolin 
as one of the best and cleanest mineral resources that 
lies beneath Kankara soil (Atta et al, 2007; Lori et al, 
2007). Characterized Kankara clay with X-ray 
diffraction and result show that kaolinite is the 
dominant mineral phase with minor amount of quarts, 
goethite and muscovite. The diffraction pattern of the 
glycolated clay sample did not indicate the presence 
of mixed layer clay swelling clay such as smectites. 
 
2.3.2 Montmorillonite-Smectite 
Montmorillonite-Smectite is a very small platy, 
micaceous crystals, usually opaque with variable 
water content. Chemically, it is made up of hydrated 
sodium aluminum magnesium silicate hydroxide. It is 
named after montmorillon in France. Structurally, 
montmorillonite occur in two tetrahedral sheets 
sandwiching a central octahedral sheet (Huertas et al, 
1998).  
2.3.4 Illite   
Illite is a form of muscovite that is non-expanding 
and which contains alumino-silicate in larger amount. 
Its structure is constituted by the repetition of 
tetrahedron – octahedron – tetrahedron (TOT) layers 
(Carr et al,. 1994) several scientists have worked on 
clay for procurements on both polymers and 
geopolymers. Hedge et al, in 2010, reported the effect 
of nanoclay additive on the structure, morphology, 
and chemical properties of polypropylene melt blown 
webs. In 2012, Hedge et al., also present the effects of 
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increasing of nylon-6-blown films, according to 
(Olawale, 2013).  
Depending on the physical and chemical 
characteristics, clay may find application in a number 
of industries such as plastics, paint, ceramics, ink, 
catalysts, pharmaceutical and fibre glass among 
others, according to (Osabor et al,. 2009).  
The oxides of silicon and aluminium are commonly 
found in refractory mixtures. Incidentally, silica 
(SiO2) and alumina (Al2O3) are the chief constitutes 
of all aluminosilicate minerals, particularly the clays. 
The amount of alumina in a clay mineral determines 
its potential use as an aluminoslicate refractory raw 
material. Of all clay minerals, the kaolinites have 
been found to possess the highest content of alumina 
(up to 39.50% by weight), as revealed by the 
chemical formula, Al2O3. 2SiO2.2H2O.  
 
2.3.5 Rice Husk Ash 
The husk of rice removed in the farming process 
before it is sold and consumed. It is beneficial to burn 
this rice husk in kilns to make various things, such as 
rice husk ash been used as a substitute or admixture 
in cements, also as it is now practically being 
experimented upon for use with clays. Therefore the 
entire rice product is used in an efficient and 
environmentally friendly approach.  
Physical properties of RHA are greatly affected by 
burning conditions. When the combustions is 
incomplete, large amount of unburnt carbon is found 
in the ash. When combustion is complete, grey to 
whitish ash is obtained. The amorphous content 
depends on burning temperature and holding time. 
Optimum properties can be obtained when rice husks 
are burnt at 500 – 7000C and held for short time, this 
temperature at which the husk is being burnt is less 
than the required for formation of clinkers in cement 
manufacturing process, the resulting ash can be used 
as a replacement of cement in concrete. The rice husk 
ash used in plain cement concrete often achieves 
economy and cost savings, also imparts specific 
engineering properties of finished products. The 
chemical composition of RHA produced by utilized 
bed type furnace is reported to be SiO2 (80-95%), 
K2O (1-2%) and un-burnt carbon (3-18%). The 
pozzolanic activity of rice husk ash is effective in 
improving the strength. (Vamsi et al, 2012).  
 
2.3.6 Bonding  
Bonding is defined as the combination of all the inter-
particle forces, which are not of purely frictional 
nature. They can be of electrostatic or 
electromagnetic nature, Van der Wall forces and 
vicious stresses within the absorbed water layer, or, in 
general, all the factors acting to keep the soil particles 
together. The structure of clay, as defined above, is 
the physic-chemical equilibrium between soil 
particles. The equilibrium develops during the 
geological life of the soil as a result of mineralogy, 
electrostatic and magnetic interactions between 

crystals, ion concentration and water chemistry 
during deposition, osmotic pressure, temperature and 
organic content. Either externally induced variations 
of these factors or the development of chemical 
reactions within the sediments can cause substantial 
changes of both the fabric and the bonding of the clay 
with time. Depositional and post-depositional 
processes contribute, therefore, to the formation and 
the evolution of the soil structure, which can be 
considered as the result of all the processes that a soil 
has undergone during its geological history 
(Apollonia, 2005).  
 
2.3.7  Physico-Chemical Properties 
The physic-chemical properties of clay are defined 
below according to (Muhammadu, 2013 and 
Abubakar et al, 2014.) 
2.3.8 Refractoriness  
A refractory material is one which has the ability to 
withstand high temperature without breaking of 
deforming. Therefore, test for the maximum 
temperature which clay can withstand on no load. 
2.3.9 Cold Crushing Strength   
Cold crushing strength is the ability of the clay 
materials to withstand abrasion and loading without 
damaging or crumbling into powdered form 
(Muhammad, 2013).  
2.3.10 Thermal Shock Resistance     
Thermal shock resistance is the ability of clay to 
withstand cooling and heating several times before a 
deep crack appears (Abubakar et al, 2014). Thermal 
shock resistance of a material is influenced by the 
particle size, coefficient of linear expansion, and 
thermal conductivity of the material (NMDC, 1991).  
2.3.11 Linear Shrinkage     
Linear shrinkage represents the permanent change 
that may occur to clay particle shapes as they undergo 
heating or after reheating under a given set of 
conditions (Muhammadu, 2013).  
2.3.12 Apparent Porosity   
Porosity is a measure of the volumes of all pores 
present in a material. The pores may be open or close. 
Open pores are generally interconnected with each 
other by channels thereby making material permeable 
to liquids or gases (Muhammadu, 2013).  
2.3.13 Bulk Density  
Bulk density is defined as the weight per unit volume 
of the refractory including the volume of open pore 
space. It is one of the factors responsible for the 
overall weight coming upon the foundation of a 
refractory structure which limits the size of a furnace 
(Muhammadu, 2013). 
 
III. REVIEW OF RELATED LITERATURE 
 
Michael (1994) worked on rice husk as a stabilizing 
agent in clay bricks. In his work clay bricks were 
produced with 0%, 1%, 2%, 3%, 4%, 5% and 10% 
rice husk. Some of the bricks were burnt in an electric 
furnace to a temperature of 10050C for about 3-4 
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hours. Compressive strength and absorption tests 
were carried out. It was concluded that the addition of 
husk reduces the compressive strength of the bricks 
and the husk clay bricks becomes lighter as the 
percentage of husk clay increase.  
Dashan and Kamang (1991) carried out an extensive 
work on some characteristics of acha husk 
ahs/ordinary Portland cement concrete. Tests indicate 
that the compressive strength for all the mixes 
containing AHA increase with age up to the 14-day 
hydration period but decreases to the 28-day 
hydration period while the conventional concrete 
steadily up to 28-day hydration period.  
Abolarin, et al., (2006) carried out a research to 
determine the molding properties of two locally 
available clays used in casting operations. Samples of 
clays were collected from three locations in Nigeria 
and experimental tests were carried out as regards 
their physical and bulk properties. From their 
experimental findings it was discovered that Ire clay 
(golden), Ire (purple) and Erusu clay showed 
appreciable moisture contents ranged from 1.2% - 
4.26%. also for the chemical composition, all the 
samples fell under Aluminosilicate type of clay 
because of their high value of Aluminum Oxide and 
Silicon Oxide. Lastly, the suitability of these clays for 
better casting quality were determined, as well as 
recommendation for its various uses in moulding 
operation was also considered.  
Qhat and Nasser (2010) chemically and mineralogy 
characterized different clays, using XRD. Based on 
their experiments, clays were calcinated at 7000C for 
2 hours. NaOH solution or alkaline sodium silicate 
solutions were used as activators. The curing step was 
performed at different temperatures (room 
temperature, 750C and 1500C). Amorphous 
geopolymer phase was formed at all processing 
temperatures. Their investigation reviewed that the 
mechanical properties of the geopolymers depend on 
amount of active aluminum silicates in the starting 
material, the type of activator and the processing 
temperature.  
 
IV. RESULTS ANALYSIS AND DISCUSSION 
 
Presentations of results obtained in tables, 3.1 and 3.2 
below for chemical and physical properties 
respectively.  
 

Table 3.1: Chemical Composition of Ajiwa Clay Test Results 

 

 
 

Table 3.2: Physical property of Ajiwa Clay 

 
 

Comparative analysis and interpretation of results 
obtained from values of this experimental analysis 
shall be carried out with current available data from 
Agbede and Joel, (2011); Jock et al., (2013) and 
Sultanal et al.; (2014).  
 
CONCLUSION 
 
While enormous effort and work is put in the research 
on refractory properties of clay deposits in Nigeria, 
the need to improve upon its properties, (high 
resistance to evaluate temperature gradients, low 
weight and increased hardness) by what means and 
how far these properties can be improved upon to 
meet wide range of engineering applications, remain 
a search light questions. Hence, incorporating rice 
husk ash (RHA), to Ajiwa clay in Katsina State 
Nigeria, as a bonding material; posse a chance to fill 
that knowledge.  
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