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ABSTRACT 

Studies have shown that adequate attention needs to be paid on processing of solid minerals that are potentially 

available in Nigeria to address its economic problem. Clays from five major towns in Baruten Local Government Area, 

Kwara State, Nigeria were examined using ASTM guidelines to determine their suitability for refractory applications. 

The clay samples were classified as Alumino-Silicate refractories due to high values of Al2O3 and SiO2. The results 

showed apparent porosity (19.4-25.6%), bulk density (1.83-1.90 g/cm3), cold crushing strength (38.7-56.1 N/mm2), 

linear shrinkage (4.4 – 9.3%), clay contents (52.71-67.83%), moisture content (17.0-23.6%), permeability (68-82 

cmsec-1), plasticity (16.7-30.4%), refractoriness (>1300oC) and Thermal Shock Resistance (23-25 cycles) for the clay 

samples, which were measurable with the established standards for fireclays, refractory clays/brick lining or 

alumina-silicates and kaolin. Hence, the natural clays could suitably replace imported clays in some refractory 

applications. Appropriate use of information from this study would improve Nigeria’s industrialization and economic 

diversification. 
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1. INTRODUCTION 

Majority of the available natural resources in Nigeria 

have not been receiving sufficient attention [1, 2]. 

These resources, if adequately used could help the 

country in achieving its economic growth. 

Industrialization has been identified as a good channel 

to improve a country economic status [3, 4, 5, 6, 7, 8, 9]. 

To achieve this, effective and adequate attention needs 

to be paid on processing of solid minerals that are 

potentially available in Nigeria, most especially during 

the present economic recession that requires shifting 

attention from over dependency on oil and gas as main 

economic source. This requires development of 

industries that would process these minerals from the 

raw stage to the most useful state. These process 

industries would have to employ high temperature 

section likes foundry and equipment (such as furnace) 

to achieve this objective. Therefore refractory materials 

become very important in this regard. Refractory 

materials are inorganic materials mainly mixture of 

oxides, which are capable of withstanding very high 

temperature conditions. They do this without an undue 

deformation, failure or change in composition [10]. 

Refractory materials are produced from clay refractory 

and non-clay refractory. Special refractories are used 

where there are very high temperature applications as 

in nuclear reactors such as thoria and beryllia [11]. The 

cost of fireclay is much lesser than that of non-clay 

refractory [12]. 

Refractories are known to be chemically and physically 

stable at high temperature. Refractory materials retain 

their shape, strength, chemical identity and are not 

deformed at high temperature. They need to be 

chemically inert and be resistant to thermal shock [13]. 

These properties make refractory materials suitable in 

production of high temperature devices and equipment 
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like furnaces, incinerators, crucibles, insulation and 

other metallurgical furnaces linings where high 

resistant to high temperature is required [14]. The 

devices and equipment are very significant in 

processing of raw materials to finished goods in 

industries. 

Refractories have been successfully used to improve 

performance and energy efficiency in heat engineering 

plants [13]. In basic metal industries (70%), 

refractories are mostly used [15]. About 80% of the 

total refractory materials are used in metallurgical 

industries for the construction and maintenance of 

furnaces, kilns, reactor vessels and boilers. The 

remaining 20% are being used in the non-metallurgical 

industries such as cement, glass and hardware 

industries [16]. Firebrick is the most common form of 

refractory material and is used extensively in iron and 

steel industry, nonferrous metallurgy, glass industry, 

pottery kilns, cement industry, and many others [17]. 

Virtually all refractory requirements in all metallurgical 

industries in Nigeria are imported [18].    

With the privatization of Ajaokuta Steel Complex, and 

Delta Steel Company (DSC) Aladja and the development 

soft solid minerals in Nigeria, there is going to be an 

intensive increase in the use of refractory materials. 

For instance, the Ajaokuta steel complex on completion 

will require about 36,000 tonnes of refractory bricks 

worth over Twenty Million Naira, just for furnace lining 

purposes only [19]. Hassan and Adewara [16] also 

asserted that about 80% of the refractory bricks 

required at Ajaokuta annually will be fireclays and over 

1.5 Million Naira worth of fireclays is consumed 

annually in the DSC as at 1994. Therefore research into 

the local materials for refractory purposes is justified in 

order to meet the technological requirements of the 

country (Nigeria) and to conserve the much-needed 

foreign exchange. 

Earlier researches on some Nigerian clay deposits for 

refractory purposes showed the need for 

characterization of other clay deposits in the country 

for their suitability for intending purposes. The results 

revealed that Igbokoda clay-bonded sand has very good 

durability up to five times re-use [20]. The study 

conducted on the suitability of the natural sand from 

the Ahmadu Bello University, Zaria for foundry work 

also showed that the materials possessed properties 

that made them comparable with the imported 

moulding sand [21]. Sand from Kubami River and three 

indigenous clays from Yelwa, Battati and Kankara were 

investigated and found that they could be used for 

general casting purpose [22].  

Chemical compositions of clays from different locations 

were collated from Technical Literatures and presented 

in Table 1 to be used as standards for smooth 

classification of the studied clay samples. The 

categories of the clay involved include refractory brick, 

ball clay, fireclay, refractory and ceramics. The main 

components of the clay samples as shown in Table 1 

are silica, alumina and oxides of iron, calcium, 

magnesium, sodium and titanium. 

 

1.1 Study Area 

Baruten is one of the Local Government Areas (LGA) 

in Kwara State, Nigeria, with an area of 9,749 km² and a 

population of 209,459 at the 2006 census [28]. It 

shares a long border with the Republic of Benin. The 

location of the LGA is shown graphically in Figure 1.  

In spite of abundant availability of natural resources, 

like natural clay, in this area, there is no presence of 

any industry in the area. Industrialization greatly 

depends on production capacity from availability of 

locally available raw materials used in development of 

technology and in the transformation of the raw 

materials to finished products [3].  

 

Table 1: Chemical Composition of Clays collated from Technical Literatures 

S/N 

C
la

y 

S
am

pl
es

 

SiO2 Al2O3 TiO2 Fe2O3 CaO MgO Na2O K2O L.O.I 

C
la

ss
ifi

ca

tio
n 

1 Refractory brick [23] 51.70 25.00 – 44.00 ND 
0.50 – 
2.40 

0.10 –0.20 
0.20 – 
0.70 

0.80 – 
3.50 

ND ND Refractory 

2 Ball clay [24] 40.00- 60.00 25-60  
0.25 -   
4.00 

- - - 
0.00  - 
0.75 

0.50 - 
4.00 

Siliceous 
(Ball clay) 

3 Fire clay [25] 20-30 2.30 25-90 4-10 15000 20-30 - - 
1500- 
1700 

 

4 Siliceous fireclay [25] 23.7 2 - - 15000 - - - 
1500 
- 
1600 

 

5 Fireclay[26] 15-25 1.9-2.3  
7.0- 
10.0 

≥150 20-30 - - 1500 – 1700  

6 Fireclay[27] 46.00- 62.00 25-39 - 
0.40 
 - 2.70 

0.20 - 
1.00 

0.20 - 
1.00 

0.30  – 
3.00 

0.30 - 
3.00 

8.00  
-18.00 

 

7 Refractory Clay [27] 46-62 25-39 ND 0.4-2.7 0.20 –1.00 0.2 – 1.0 ND ND 8 – 18 Refractory 

ND – Not determined 
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Figure1: Map of Baruten Local Government Area, 

Kwara State [29]. 

 
Figure 2: Hydraulic press used 

 
Figure 3: Blended clay in the mould 

 
Figure 4: Some of the bricks made from the clay 

samples [31] 
 

Appropriate and adequate knowledge about the clays 

in this LGA will definitely foster the establishment of 

sustainable small and medium scale (SME) enterprises 

and medium industries, which will help in creating jobs 

and at long run address many economic and social 

problems in the area. This is one of the bases for this 

study. The results of this work will equally provide 

information require to harness the clay deposit in the 

production of ceramic wares and refractories for 

improvement of the nation’s economy and its 

technological advancement. 

 

2. MATERIALS AND METHODS 

2.1 Materials 

For this study, five (5) clay samples were collected 

using ASTM D4220/D4220M-14 guidelines [30] from 

different clay deposits in Baruten Local Government 

Area of Kwara State, Nigeria, labelled as: 

A – Okuta, B – Ilesha, C -  Baruba, D – Gure and E - 

Yashikira. 

 

2.2 Methods 

2.2.1 Processing of Materials 

The samples collected were air-dried, crushed, grinded 

and sieved through 75 micron (µ), 200µm and 600 µm 

sieves. The specimens for various experiments for the 

refractory analysis were rolled and pressed, dried and 

kept in a crucible in a plastic form before different 

parameters were determined. The chemical and 

physico-mechanical properties of the clay samples 

were tested for easy characterization using ASTM 

guidelines. The tested properties include chemical 

composition, clay and moisture content, and grain 

distribution. 

 

2.2.2 Brick Production 

The plastic clays were moulded into block form with 

rectangular mould of dimensions 5 x 5 x 5 cm 

(cylindrical shape) using hydraulic press shown in 

Figure 2. The bricks were dried in hot air oven and 

fired. The refractory properties of the clay samples 

were then determined using the bricks produced. 

Blended clay in the mould and some samples of the 

fired bricks are shown in Figure 3 and 4 respectively. 

The brick samples in Figure 4 had also been previously 

used in other studies [31]. 

 

 

2.2.4 Determination of the Samples’ Chemical 

Composition 

In line with the Chesti’s recommendation that x-ray 

fluorescence (XRF) or Atomic Absorption 

Spectrophotometer (AAS) can be used for that purpose 

[31], representative samples of the selected clay 

materials were analysed to determine their chemical 
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constituents using Atomic Absorption 

Spectrophotometer (AAS).  

 

2.2.5 Grain Size analysis / Sieve analysis 

For grain size analysis, 500g of each of the clay samples 

was taken and dried in the oven for 15 minutes at 

1100C and later cooled in desiccators. Each sieve pan in 

a set of Indian Standard (I. S.) was weighed. The sieves 

were assembled and each sample was sieved through 

sieves using a mechanical sieve shaker machine. After 

shaking, each sieve and pan with clay sample retained 

in each of them were weighed and recorded. The 

percentages of clay retained and percentages of clay 

passed were determined. 

 

2.2.6 Atterberg limit (Consistency tests) 

Liquid limit, plastic limit and plastic index were 

determined in the course of carrying out refractory clay 

materials’ consistency tests in accordance with ASTM 

guidelines as discussed in details elsewhere [32,33]. 

Liquid limit, plastic limit and plastic index were 

determined in the course of carrying out refractory clay 

materials’ consistency tests.   

Liquid limit 

A 100g of the clay sample each was made to pass 

through 425 micron sieve. The sieved samples were 

thoroughly mixed with distilled water in evaporating 

dish to form a uniform paste. In the cup of the liquid 

limit device, a portion of the paste was placed and 

levelled to have a maximum depth of 1cm as shown 

Figure 5. The grooving tool was drawn through the 

sample along the symmetrical axis of the cup by 

holding the tool perpendicular to the cup. The handle of 

the device was then rotated till the two parts of the clay 

particle came into contact at the bottom of the groove. 

The numbers of blows were counted to achieve this. 

Oven drying method was then used to determine the 

clay’s water content. The operations were repeated. 

Five readings were obtained in the range of 25 blows. 

The liquid limit was determined using required 

Atterberg table and by plotting the graph on semi-

logarithmic graph between the numbers of blow. 

Plastic limit 

A 15 g from each of the sieved clay sample was mixed 

thoroughly with distilled water until the clay mass 

became plastic to be easily moulded into a ball with 

fingers. To form clay mass of thread of uniform of 3 mm 

throughout its length, portion of the ball was taken and 

rolled with the palm (hand) on a glass plate. The clay 

was re-moulded again into a ball repeatedly until the 

thread started to crumble at the diameter of 3 mm. The 

crumbled thread was kept in desiccators for further 

experiment.  

In determining the clay water content, a portion of the 

plastic clay was weighed, sieved through a set of sieve 

and then fired at 1150C for 30 minutes. It was then 

cooled in desiccators for 15 minutes and re-weighed. 

The different in the weight was then determined and 

recorded. Average plastic limit was determined from 

three different tests carried out. The mix levelled to 

have a maximum depth of 1cm during the test is as 

shown in Figures 5 in this study, which had also been 

previously used in other studies [31]. 

The plasticity index was calculated using the 

relationship in equation (1): 

 

 lastic Index ( I)   i uid  imit   lastic  imit     ( ) 

 

2.2.7 Moisture content (Oven dried method) 

The clay samples were air-dried and weighed. They 

were then heated in a furnace for 24 hours to a 

constant temperature of 110oC, cooled in desiccator 

and weighed. The samples’ moisture contents (M.C.) 

were determined using equation (2) 

 . .  
       

   
                                      ( ) 

Where WBD weight before drying and WAD is the 

weight after drying.

       
Figure 5: Determination of a clay sample liquid limit [31] 
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2.2.8 Clay content 

A 50 g of clay was taken from each of the clay samples, 

dried in an oven at 110°C for four hours and introduced 

in a sand wash bottle. Distilled water (475 ml) and 25 

ml of sodium hydroxide solution were added to the 

sample and thoroughly stirred for five minutes. 

Sufficient water was added to make up to the wash 

bottle. The mixture was left for ten minutes. The water 

was siphoned from the wash bottle. The wash bottle 

was refilled with water and stored once again with the 

glass rod. This was allowed to settle for ten minutes at 

the end of which it was siphoned. This operation was 

carried out repeatedly until clear water indicated in the 

wash bottle. This was carefully removed from the wash 

bottle and the rest content dried in an oven at 105°C 

for an hour. The percentage clay content was 

determined from the loss in weight.  

 

2.2.9 Loss on ignition (LOI) 

Samples of the clay were dried in oven at 110oC and 

cooled. The samples were placed in a clean and dried 

crucible, heated in muffle furnace to a temperature of 

900oC for 3 hours. The LOI was determined using the 

relationships in equation (3). 

     
          
         

        
  

   
          ( ) 

Where WDC is the weight of dried clay, WCl is the 

weight of clay, Cr is the crucible, WC is weight of the 

clay, WCr is the weight of the crucible, MC is the 

moisture content. 

 

2.3 Determination of Fired Refractory Properties 

Some of the properties of the fired refractory were 

determined using brick samples produced from each of 

the selected clays and tested in accordance with ASTM 

standard test methods for plasticity, drying shrinkage, 

firing shrinkage, apparent porosity, water absorption, 

apparent porosity, specific gravity and bulk density [34 

– 38] as described in sub-sections 2.31-2.37.  

 

2.3.1 Apparent porosity (A.P) 

Samples of the brick produced from all tested clays 

were air-dried for 24 hours and later oven-dried at 

105oC for another 24 hours, cooled and kept in 

desiccators. The dried-air weight (Wa) of each 

specimen was obtained. Subsequently, the samples 

were fully immersed in boiling water for 30 minutes. 

The samples were agitated from time to time to ensure 

that the tapped air bubbles were released. It was 

allowed to cool in the water. The weight of the soaked 

sample (Ws) was obtained. It was then removed from 

water, mobbed up and re-weighed in air to determine 

the saturated weight (Wss). A.P. was then determined 

using equation (4). 

A.     
  

            
         

   
   

  
  
  
        ( ) 

Where V is the vlume of the water after boiling. 

 

2.3.2 Bulk density 

Fresh two (2) pairs of each sample of the clay bricks 

were selected to determine the bulk density of the clay 

samples. The samples were dried for 24 hours in air 

and later in oven at 110oC for 24 hours. The samples 

were cooled in desiccators. The dried weights of the 

samples were also measured nearest to 0.001 g. The 

weighed samples were transferred into separate 

beakers and soaked with water. They were heated for 

30 minutes to release the trapped air in the samples. 

The samples were cooled and the weight of each 

sample was taken. Each sample was suspended in 

water in the beaker and the suspended weight was 

measured. The bulk density of each of the clay samples 

was determined using the relationship in equation (5). 

             (
 

   
)  

            

      
                   ( ) 

Where SW is the soaked weight and DW is the density 

of water. 

 

2.3.3 Refractoriness  

The refractoriness of the samples was determined 

using Pyrometric Cone equivalent (PCE). Some 

standard cones were mounted on a refractory plaque 

and placed in kiln. The temperature was raised to 

1300oC at the rate of 10oC per minute. The rate was 

gradually reduced till the tips of the test cones bent 

touching the refractory plaque. The refractory plaque 

was removed and allowed to cool prior to examining 

the test cones. The refractoriness of the clay being 

tested is the number of the standard that has bent to 

the same level as the tested cones. The temperature 

similar to the cone number was determined from the 

ASTM Orton series. 

 

2.3.4 Thermal Shock Resistance (TSR) 

Samples of the brick produced from the studied clays 

were placed in a resistance heating box of an electric 

furnace, heated up to 1300oC. The furnace temperature 

was maintained for 30 minutes for uniformity and 

homogeneity transformation. The specimens were then 

cooled in air and returned to the furnace for further 

heating for 10 minutes. Cracks were observed on them. 

The specimens without any observed crack were 

returned to the furnace to undergo the same process as 

earlier done. The process was repeated until the 
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samples cracked. The TSR for each specimen was 

noted, being the number of cycles required to cause 

conspicuous crack on the brick sample. 

 

2.3.5 Resistance of Refractory Clays to Slag Attack 

Hole was drilled into each of the refractory brick made 

from the studied clay samples. The hole was packed 

with the sample of iron slag. This iron slag was 

assumed to be expected slag the clay samples are likely 

to encounter in service. The brick were heated to 

1300oC and maintained at the temperature for one 

hour. The refractory brick was then cooled and 

sectioned. Through examination, the degree of slag 

attack and penetration was observed.  

 

2.3.6 Linear Shrinkage 

The specimens were rolled in rods of 12cm and marked 

along a line to maintain the same position after heat 

treatment. The specimens were dried in still air for 24 

hours and later fired at temperature of 110oC in oven 

for 6 hours, allowed to cool at room temperature and 

transferred into desiccators. The dried lengths of the 

specimens were recorded and their linear shrinkage 

values of the specimens were determined using the 

relationship in equation (6).  

                  
             ( )

             ( )
           ( ) 

  

2.3.7 Cold Crushing Strength / Compressive Strength in 

Green Mould Sample 

The samples were prepared from the clay samples 

materials, which were moulded into a flat shape size 

7.62 cm3. The specimens were fired at 110oC for 6 

hours in a furnace. The specimens were cooled to room 

temperature. The compressive strengths of the cooled 

specimens were determined on a Testometric Materials 

Testing Machine (Model 0500-10080, Win test 

analysis; 100kN capacity, England made) showing in 

Figure 6. 

 
Figure 6: Testometric Materials Testing Machine Used 

 

3. RESULTS AND DISCUSSION 

3.1 Experimental Results 

The results showing various elemental chemical 

constituents of the clay samples obtained from various 

clay deposits in Baruten Local Government Area of 

Kwara State in Nigeria are as shown in Table 2.  Table 3 

presents summary of the clay samples’ grain size 

distribution, while Table 4 also presents some 

refractory properties of Baruten (Nigeria) clay samples 

and some properties’ values for refractory materials in 

literature. The refractory properties include plasticity, 

clay content, moisture content, porosity, bulk density, 

crushing strength, permeability, thermal shock 

resistance and refractoriness. 

 

Table 2: Chemical composition of the clay samples 
Clay 
Samples 

 Composition (Weight %) 
SiO2 Al2O3 CaO Fe2O3 MgO K2O MnO2 NaO TiO2 P2O5 L.O.I 

A 61.2 30.2 0.37 1.16 0.44 1.98 0.016 0.085 0.18 0.041 4.32 
B 58.5 31.0 1.18 1.23 0.13 1.74 0.011 0.051 0.04 0.010 7.10 
C 62.3 31.7 1.03 1.31 0.06 1.13 0.016 0.080 0.49 0.160 2.73 
D 57.1 35.3 0.42 0.72 0.16 0.91 0.027 0.21 0.09 0.180 4.82 
E 53.7 34.3 0.74 2.95 1.19 1.73 0.031 0.137 1.31 0.163 5.01 

 
Table 3: Some refractory properties of the clay samples 

Clay Samples 
Particle Distribution 

(% clay contents) 

Atterberg Limit 

Liquid Limit 
(LL) % 

Plastic Limit 
(PL) % 

Plastic Index (PI) 
% 

Linear 
Shrinkage (%) 

A 64.40 77.7 47.3 30.4 9.3 
B 58.77 77.7 52.6 25.1 7.8 
C 52.71 35.6 18.9 16.7 4.4 
D 67.83 68.4 39.4 29.0 9.0 
E 64.20 58.0 33.7 24.3 6.3 

Fireclay[26]     2 – 10 
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Table  : Clay samples’ refractory properties and some standard values in literature 

 
3.2 Chemical Composition of the Clay Samples 

It is shown in Table 2 that the clay samples belong to 

Alumino-Silicate refractories group having silica as the 

highest proportion of the elements present in the clays, 

ranging between 53.7 and 62.3%. Alumina (Al2O3) in 

the samples also ranges between 30.2 and 35.30%. 

According to ASTM C27-98, Hassan and Adewara 

[16,43,44], clay that contained Aluminum Oxide 

between 25 – 45% belongs to Alumino-Silicate 

Refractories. Other elements present in the clay 

samples include oxides of iron, calcium, magnesium, 

sodium, potassium and titanium (Fe2O3, CaO, MgO, 

Na2O, K2O, TiO2) and loss on ignition (L.O.I). The 

elemental compositions of the clay samples in Table 2 

are in agreement with the view that any fireclay to be 

used in refractories should have at least 30% Alumina 

(Al2O3) and less than 1.8% Iron (III) oxide (Fe2O3) [45]. 

This means that the clay samples are suitable as 

refractories chemically, except sample E that possesses 

2.95% Fe2O3. This value is a bit above 1.2 – 2.5% Fe2O3 

recommended range for a Standard Commercial brick 

[39]. Clay with high amounts of iron is not a suitable 

source of aluminium, since the effect of the iron tends 

to be deleterious on extraction process of aluminium 

[46]. But, the clay sample may be fit for the production 

of earthen wares and chalk. 

The appearances of the raw clay samples were majorly 

reddish colour, except sample D with black/ash colour. 

The reddish colour can be attributed to the presence of 

iron oxide in accordance with the view of Huber [47] 

that sometimes iron containing minerals could be part 

of the kaolinite. The iron oxide concentration ranges 

from 0.72 to 2.95%. Sample E and D recorded the 

highest and lowest value respectively. The Higher value 

of Fe2O3 (2.95% )  in clay sample E is a reflection of its 

higher reddish colour, while other samples A, B, and C 

with relatively average Fe2O3 values exhibited lighter 

reddish colour of the clay. Sample D with 0.72% Fe2O3 

value also displaced a slight blackish colouration, which 

can be attributed to the presence of carbonaceous 

(organic) matter (like vegetable) in the clay.  

Other fluxing agents (impurities) in the clay such as 

CaO, MgO, K2O and Na2O, are within the acceptable 

ranges as shown in Tables 1and 2. Impurities, such as 

CaO, MgO, Na2O, CaSO4, CaCO3, MnO2, P2O5, Fe2O3 and 

TiO2 in an ideal kaolinite should be in small quantities 

[48].  

The chemical compositions of samples presented in 

Table 2 are compared to that of clays from previous 

research works in Table 1. The values of the 

constituents of clay samples derived from the chemical 

analysis carried out are similar to that of local and 

international clays (refractory materials). Thus, the 

studied clay samples may be used as suitable major 

raw materials for different applications as ceramic, 

refractory and fireclay, if other major criteria (physico-

mechanical properties) were met.  

 

3.3 Analysis of the Distribution of the Grain Size Particle 

Distribution (Percentage of Clay Content)  

Virtually, it was observed that most of the clay particles 

were retained within the sieve mesh 75 micron (µ). 

The results of the sieve analysis of the clay  (as shown 

in Table 3) indicates that the clay samples fall within 

silt-clay materials as their clay contents were greater 

than 35% (52.71 – 67.83%) in line with American 
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A 25.6 1.90 78 38.7 23.6 23 Good >1300 
B 24.5 1.85 68 48.0 21.9 25 Good >1300 
C 19.4 1.83 71 56.1 17.0 25 Good >1300 
D 24.9 1.89 81 41.2 22.5 22 Good >1300 
E 21.9 1.83 82 51.0 19.7 23 Good >1300 

ASTM Standards  for 
Fireclay [26] 

15– 25 1.9 – 2.3 82 ≥15.0   20–30   

Commercial Bricks[39] 22-26 1.9 - 2.0    >10   
Commercial Bricks 
[40,+41] 

22-26 1.9 – 2.0+  >20.0   >10   

Commercial Bricks [42]  1.9 -  2.0      ≈1230 
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Association of State Highway and Transportation 

Officials (AASHTO) classification of soils and Soil-

Aggregate Mixtures [49]. 

 

3.3. 1 Plasticity  

Through sieve analysis of the clay samples, all the 

studied clays possess liquid limit greater than 35%. 

This reveals that studied clay samples belong to 

medium to high plasticity clay [47]. Medium to high 

plasticity clay usually possess liquid limit between 30 - 

77.7% with compressibility shrinkage characteristics 

[49], higher value of liquid limit of clay indicates high 

compressibility of the clay. Though, clay sample C had 

the least plasticity with liquid limit of 35.6% and plastic 

index of 18.9 %, which is still within the acceptable 

range. Medium to high plasticity of the clay samples is 

an indication that the clays may belong to kaolinite or 

illite group [  ]. The clay samples’ plasticity values are 

in ascending order of sample A, D, B, E and C. 

Reduction in the value of plastic index increases 

permeability and decreases compressibility [32], which 

is reflected in the results in Figure 8 and Tables 3 - 4. 

However, clay samples with low plasticity possess low 

clay contents (Figure 9). According to Cansagrande 

chart (Figure 10), clay with Plastic Index less than or 

equal to 10% and liquid limit less than or equal to 30% 

is of low plasticity [49]. Figure 10 illustrates of the 

relationship between plastic index, plasticity, 

compressibility and liquid.  

 
Figure 8: Relationship between the clay samples plastic 

index and permeability 

 
Figure 9: Relationship between the clay samples plastic 

index and percentage clay contents 

 
Fig.10: Cansagrande chart [49]. 

 

Linear shrinkage 

The results in Table 3 show linear shrinkage values 

within 4.4 and 9.3% for the clay samples. Sample C has 

the least value of 4.4%, while samples A exhibited the 

highest value of 9.3%. This is an indication of good 

efficiency of firing since the values are within the 

recommended linear shrinkage value (2.0 – 10.0%) for 

alumina-silicates, kaolin and fire clays [26]. The result 

shows indication of better interlock of grains that 

enhances strength of refractory in operation. Too much 

shrinkage of refractories usually leads to spalling, 

warping and cracking of the brick [12]. Loss of heat in 

furnace is associated with cracking of brick. Clay 

samples A and D with value of 9.3% and 9.0% 

respectively are likely to possess higher finer grains 

and moisture content than other clay samples, while 

clay sample C (with value of 4.4%) likely possess the 

least finer grains and moisture content, since linear 

shrinkage of clay increases with moisture content and 

consequently finer grains [32]. The result of the 

experimental tests also reflected this trend as shown in 

Tables   and  . That is, the higher the clay sample’s 

linear shrinkage value, the higher the value of moisture 

in the clay samples. This trend is shown in Figure 11. 

 

 
Figure   : Relationship between the clay samples’ 

apparent porosity, moisture content and linear 
shrinkage 
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3.4 Physico-Mechanical Properties of the Natural 

Moulding Sands (Refractory Properties) 

The results in Table 4 are compared with different clay 

properties collated from literature to evaluate the 

studied clays’ suitability as refractory materials for 

some applications.  

 

3.4.1 Apparent Porosity (A.P.) 

The Apparent porosity of the clay samples are within 

19.4 and 25.6%, with clay sample A having the highest 

value, while sample C possess the lowest value. Sample 

D, B and E respectively possess A.P. value of 24.9, 24.5, 

21.9 %. Most of these values fall within the standards 

recommended values of 22 – 30% for fired bricks [49], 

and 22-26% for commercial bricks [39,40], except for 

samples C and E with 19.4% and 21.9% respectively. 

Meanwhile, Chesters [50] also gave 10-30% as 

recommended apparent porosity values for refractory 

clays. The experimental result is an indication of likely 

good life span for the clay materials, if use as refractory 

materials in operation, since the values are within the 

recommended range. Meanwhile, low percentage of 

apparent porosity enhances the trapping of gases in the 

clay materials which has adverse effect on refractory 

material life [52].  The higher the value of porosity of 

clay material the higher the material insulating 

properties [33]. The relationship between the clay 

samples’ apparent porosity, linear shrinkage and 

moisture content is shown in Figure 11. The clay 

samples’ apparent porosities increase with the clay 

linear shrinkage and moisture contents.  

 

3.4.2 Bulk Density 

The clay samples’ bulk density values are also between 

1.83 and 1.90 g/cm3 as shown in Table 4. The clay 

samples’ bulk density values are in ascending order of 

sample C / E, B, D and A, that is 1.83, 1.85, 1.89, and 1.9 

g/cm3 respectively. Sample C and E possess equal 

density value 1.83 g/cm3. The bulk density values fall 

within acceptable range for refractory bricks (brick 

lining) of 1.7 – 2.4 g/cm3 [51]. Though, sample A and E 

respectively has highest and least value of 1.90 and 

1.83 g/cm3. High bulk density impacts available water 

capacity. It is an indication of low porosity and 

compaction, which is reflected in the results in Table 4 

that the higher the clay bulk density, the higher its 

porosity.  

Bulk density of clay plays significant role in its 

economic value when fired as a refractory, filler, coater, 

and absorbent among others. It is desired that clay 

refractories possess high bulk density, due to the fact 

that high fired-density usually confers high physical 

strength at high service temperature and high 

resistance to corrosion in service, slag penetration, and 

abrasion [33]. Thus, the clay samples have desirable 

values of bulk density for standard refractory 

materials.  

 

 
Figure 12: Clay samples' permeability value 

 

3.4.3 Permeability 

From the experimental results in Figure 12, the clay 

sample A, B, C, D and E respectively possess 

permeability values of 78, 68, 71, 81 and 82. According 

to De Bussy and Gupta [  ,  ], the fireclay’s 

permeability values are between 25 and 90, but ASTM 

[  ] recommended 8  as the fireclay’s permeability. By 

De Bussy and Gupta [52,53] recommendations, the clay 

samples permeability are within the acceptable range, 

an indication that the clay materials were suitable 

insulating refractories. Putting ASTM [26] clay 

permeability value into consideration, samples A, B, C, 

and D possess permeability values that are lesser than 

the recommended value. The clay samples’ 

permeability can be improved by appropriate 

application of organic solvents [54] or with addition of 

organic materials like sawdust, rice husk, among others 

[55].  

 

3.4.4 Cold Crushing Strength 

From the results in Table 4, the clay samples possess 

cold crushing strength between values of 38.7 and 56.1 

N/mm2, with sample A and C having the lowest and 

highest value respectively. That is, the strength of the 

clay samples increases in the order of sample A, D, B, E 

and C (38.7, 41.2, 48.0, 51.0 and 56.1 N/mm2 

respectively). The clay samples possess appreciable 

strength values, which are within the stipulated 

compression crushing strength for fireclay bricks (15 -

59 MPa (N/mm2) [34, 56, 57]. The recommended 

minimum suitable compressive strength for fireclay is 

150 kg/cm2 (14.71 N/mm2) [58]. Clay samples with 

low crushing strength usually have low resistance to 

load, tension and shear stresses than the clay samples 
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with high crushing strength [ 9]. The clay samples’ 

crushing strengths analysed in this study are high 

enough for a refractory material, which accounts for 

good bonding and verification during firing [60].  

 

 

3.4.5 Water Absorption (Moisture Content) 

Table 4 reveals that the clay sample A has the highest 

percentage of moisture content of 23.6%, while clay 

sample C has lowest value of 17.0%. Other clay samples 

(sample D, B and E) respectively possess 22.5, 21.9 and 

19.7%. Generally, the moisture in the clay samples is 

within the range of 17 – 23.6%. An indication that the 

clay samples contains water adequate for proper 

mixing, ensures simple handling and better moulding 

capacity into any desire shapes. This agrees with 

Hassan’s view that good water contents make ease 

mouldability of the clay possible [61]. 

The results of the study show good relationship 

between rate of water (moisture content) in the clay 

samples, the clays’ percentage linear shrinkage and 

apparent porosity (Figure 11). In the clay samples, the 

percentage of the linear shrinkage increases with that 

of moisture contents (Table 4 and Figure 11).   

 

3.4.6 Thermal Shock Resistance (TSR) 

The clay samples survived 23-25 cycles without any 

crack as presented in Table 4. This indicates that the 

clay samples could withstand abrupt changes in that 

temperature ranges. The clay samples fall into “Good 

class” going by Hassan [  ]’s classification of TSR for 

fireclay brick that >30 = excellent, 25-30 = good, 12-

20 = fair, 10-15 = acceptable and <10 = very poor. 

Alternatively, 20-30 numbers of cycles is being 

recommended as refractory fireclay’s TSR standard 

values [51, 57].    

 

3.4.7 Refractoriness 

The clay samples’ refractoriness values are found to be 

greater than 1300oC. This shows the ability of clay 

samples material to withstand the deformation 

temperature at that temperature before fussing or 

bend under its own weight [58]. It is the ability to use 

these clay materials without fear of thermal 

deformation of the furnace wall. At temperature above 

1300oC (refractoriness), all the clay samples did not 

show any sign of failure. This is a sign an indication that 

the sintering levels of the samples were high; thus, they 

have good refractoriness. The samples can therefore be 

used for lining of furnaces and other high temperature 

devices for melting low and medium temperature 

metals. The peak operational temperature of the 

furnace available for the study was a bit above 1300oC, 

which served as a constraint in the course of this study.  

 

4. CONCLUSION AND RECOMMENDATIONS 

4.1 Conclusions  

The following conclusions are drawn from this study’s 

experimental results: 

The clay samples are found to belong to Alumino-

Silicate class of refractories due to the presence of 

Alumina between the ranges of 30.2 – 35.3%. The 

studied clay samples also belong to medium to high 

plasticity clay. Thus, the class of clay samples can be 

used as fireclay refractory raw materials for furnace 

and kiln lining; and as suitable potential raw material 

for ceramics, paper, paints and other industries.  

The clay samples exhibited reasonable physico-

mechanical (good refractory properties), such as such 

as clay contents, linear shrinkage, bulk density, 

porosity slag resistance, crushing strength thermal 

shock resistance and refractoriness that are 

comparable with standards for fireclay. This makes 

them to be suitable for thermal insulation in many 

applications, such as in pyrolysis plant where linings 

are not exposed to fumes and vapour. An indication 

that the clay samples either in their raw conditions or 

at higher temperature were suitable as high melting 

and fireclay refractory and ceramic raw materials of 

acceptable standards. 

The properties of the clay samples are comparable with 

that of similar clays in literatures and international 

standards. Thus, they are found to be good materials 

for refractory applications and could suitably replace 

imported clays in refractory applications, such as in 

production of earthen wares, chalk; as insulating 

refractories for casting and melting of low and medium 

temperature iron and steel. If these clays are carefully 

utilised, it will assist in addressing the nation’s 

economic problem by reducing over dependence on 

foreign goods.  

 

4.2 Recommendations 

This study recommends the need to give adequate 

attention that will enhance proper utilization of 

available local clay materials for local production of 

ceramic wares and other refractory products instead of 

relying on imported ceramic products and over 

dependent on oil and gas as Nigeria major economic 

source. This will assist to boost the lean economic of 

the country through industrialization and help Nigeria 

to come out permanently from its present economic 

recession.  
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The government and individuals need to encourage 

elaborate research works on clay and other mineral 

resources and focus on establishment of small and 

medium scale refractory firms within the identified 

clay deposits (environments) to enhance local capacity 

building, reduce unemployment rate in Nigeria and 

possibly rates of crimes among the youths.  

 

5. REFERENCES 

[1] Aaron, Y. E. A. and Ishmael, A. “Are They 
Predisposed to the Resources Curse? Oil in 
Somalia”, International Journal of Energy 
Economics and Policy, Volume 5, Number 1, pp 
231- 245, 2015.  

[2] Musa, S. A., “Human Resource Development and 
Utilization: A Tool for National Economic Growth”, 
Mediterranean Journal of Social Sciences, Volume 
4, Number 8, 2013, pp 153 -160, 
Doi:10.5901/mjss.v4n8p153.2013. 

[3] Chete, L. N., Adeoti, J. O., Adeyinka, F. M. and 
Ogundele, O.  “Industrial Development and 
Growth in Nigeria: Lesson and Challenges, 
Leaning to Complete Working Paper No. 8, African 
Growth Initiative at Brookings Institute /African 
Development Bank Group / United Nations 
University UNU-Wider World Institute for 
Development”, https://www.brookings.edu/wp-
content/uploads/2016/07/L2C_WP8_Chete-et-al-
1.pdf, Accessed on June 22, 2017. 

 [4] Matleena, K. “Industrial Development and 
Economic Growth: Implications for Poverty 
Reduction and Income Ine uality”, 
http://www.un.org/esa/sustdev/publications/in
dustrial_development/3_1.pdf, Accessed on June 
22, 2017. 

[5] Jelilov, G., Enwerem, H. I. and Isik, A. “The Impact 
of Industrialization on Economic Growth: The 
Nigeria Experience (2000-    )”, British Journal 
of Advance Academic Research, Volume 5, 
Number 1, pp 11-20, 2016. 

[6] Addis, A. “As Developing Countries Strive to 
Enhance Economic Performance, Developed 
Partners Should Honour or Surpass Aid Pledges, 
Addis Conference Hears”, Economic  and Social 
Council Plenary, 3rd and 4th Meetings (am & pm), 
July 14, 2015, United Nations Meetings Coverage, 
https://www.un.org/press/en/2015/dev3187
.doc.htm, Accessed on May 12, 2017 

[7] Investopedia, “Is Industrialization Good for the 
Economy?”, 
http://www.investopedia.com/ask/answers/
033115/industrialization-good-economy.asp, 
Accessed on January 02, 2017. 

[8] Lionel, E and Enang, B. U. “Industrialization and 
Economic Development in A Multicultural Milieu: 
 essons for Nigeria”, British Journal of Economics, 
Management & Trade, Volume 4, Number 11, 
2014, pp 1772-1784. 

[9] Ibbih, J. M. and Gaiya, B. A “A Cross-Sectional 
Analysis of Industrialization and Growth in 
Africa”, International Research Journal of Arts and 
Social Sciences, Volume 2, Number 6, pp 150-167, 
2013.  

[10] Kudrin, V., Steel Making, PIR Publishers, Moscow, 
1985. 

[11] Khan, R. H. Lecture Notes on Fuels, Refractories 
and Furnaces, Department of Mechanical 
Engineering, Federal University of Technology, 
Minna, Nigeria (Unpublished), 1998.  

[12] Atanda, P., Adeniji, O. and Oluwole, O. 
“Development of Heat Treatment Refractory 
Bricks using  ocal Nigerian Clays”, International 
Journal of Materials and Chemistry, Volume 2, 
Number 5, pp 185–191, 2012. 

[13] Atanda,  . O. and Imasogie, B. I. “Development of 
an Integrated Salt Bath Isothermal Heat Furnace 
Unit for Austempering of Ductile Iron”,  hD 
Thesis, Department of Materials Science and 
Engineering, Obafemi Awolowo University (OAU), 
Ile-Ife, Nigeria, 2009.  

[14] Markov, B. and Krivandin, V. Metallurgical 
Furnaces, 1st ed., Mir Publisher, Moscow, 1980.  

[15] Banerjee, S. Properties of Refractories: Charles, A. 
S. (Ed.), Refractories Handbook, CRC Press, Marcel 
Dekker, Inc, New York, 2004. 

[16] Hassan, S. B. and Adewara, J. O. T. “Refractory 
 roperties of some Nigerian Clays”, Nigerian 
Society of Engineers Transaction, Volume 28, 
Number 3, pp 13-19, 1994.  

[17] UNEP / Sida “Furnaces and Refractories”, 
Presentation from the Energy Efficiency Guide for 
Industry in Asia, Training Session on Energy 
Equipment, www.energyefficiencyasia.org,  
Accessed on August 21, 2017.  

[18] Aderibigbe, D. A. “ ocal Sourcing of Raw Materials 
and Consumables for the Iron and Steel Industries 
in Nigeria”, Challenges for the Future. Raw 
Materials Research and Development Council of 
Nigeria (RMRDC), Abuja, Nigeria, p.55. 1989. 

[19] Aderibigbe, A. and Chukwuogo, B. “ otentials of 
Some Nigerian Clay Deposits as Refractory 
Material for Steel Industry”, Proceedings of 
Nigerian Society of Engineers, pp 132-138, 1984. 

[20]  oto, C. A. and Akeju, E. A. “Durability of Igbokoda 
Clay and Silica Sand as a Synthetic Moulding 
Sand”,nNigerian Society of Engineers (NSE) 

https://www.brookings.edu/wp-content/uploads/2016/07/L2C_WP8_Chete-et-al-1.pdf
https://www.brookings.edu/wp-content/uploads/2016/07/L2C_WP8_Chete-et-al-1.pdf
https://www.brookings.edu/wp-content/uploads/2016/07/L2C_WP8_Chete-et-al-1.pdf
http://www.un.org/esa/sustdev/publications/industrial_development/3_1.pdf
http://www.un.org/esa/sustdev/publications/industrial_development/3_1.pdf
https://www.un.org/press/en/2015/dev3187.doc.htm
https://www.un.org/press/en/2015/dev3187.doc.htm
http://www.investopedia.com/ask/answers/033115/industrialization-good-economy.asp
http://www.investopedia.com/ask/answers/033115/industrialization-good-economy.asp
http://www.energyefficiencyasia.org/


CHARACTERIZATION OF BARUTEN LOCAL GOVERNMENT AREA OF KWARA STATE (NIGERIA) FIRECLAYS AS …          Y. L. Shuaib-Babata, et al 

 

Nigerian Journal of Technology  Vol. 37, No.2, April 2018          385 

Technical Transactions, Volume 29, Number 3, pp 
21-27, 1994. 

[21] Bafuwa G.G., “Suitability of Nigerian Sand for 
Foundry Work”, Nigerian Journal of Engineering, 
Volume 1, Number 1, pp 23 -27, 1994. 

[22] Mathew,  ., “ ocal Synthetic Moulding Sand 
Mixtures for Foundry Applications”,  Nigerian 
Journal of Engineering and Technology (NJET), 
Volume 5, Number 1, 1982, pp 57-65 

[23] Parker, E. R., Materials Data Hand Book for 
Engineers and Scientists, McGraw-Hill Publication, 
New York, U.S.A, 1967.  

[24] Worrall, W. E. Ceramic Raw Materials (2nd Revised 
ed,), The Institute of Ceramics. Pergamon Press, 
New York, U.S. A., 1982.. 

[25] Omowuni, O. J., “Characterisation of some 
Nigerian Clays as Refractory Materials for Furnace 
 ining”, Nigerian Journal of Engineering 
Management, Volume 2, Number 3, pp 1– 4, 2000. 

[26] ASTM, Annual Book of ASTM Standards, Part 17: 
Refractories, Glass, Ceramic Materials, Carbon and 
Graphite Products, ASTM International 
Philadelphia, 1982.  

[27] Nnuka, E. E. and Agbo, U. J. E., “Evaluation of the 
Refractory Characteristics  of Otukpo Clay 
Deposits”, Nigerian Society of Engineers (NSE) 
Technical  Transaction. Volume 35, Number 1, 
2000, pp 34 - 41. 

[28] “Baruten Local Government Area, Kwara State 
population”, 
https://unjobs.org/duty_stations/nigeria/kwara/
baruten, Accessed on July 12, 2017. 

[29] Map of Baruten Local Government Area, Kwara 
State, http://www.maplandia.com/nigeria/ 
kwara/baruten/, Accessed on March 10, 2018 

[30] ASTM D4220/D4220M-14: Standard Practice for 
Preserving Soil Sample, Volume 15, ASTM 
International, Philadelphia, U.S.A., 2014. 

[31] Chesti, A. R. Refractories: Manufacture, Properties 
and Applications. Prentice-Hall, India, New Delhi 
110001, 1986. 

[32] Shuaib-Babata, Y. L., Mudiare, E. and Egwim, C. E. 
“Suitability of using Ado Ekiti, Akerebiata (Ilorin) 
and Birni Gwari (Kaduna) Clays for Production of 
Household Ceramic Water Filter”, Journal of 
Engineering Research, Volume 21, Number 1, pp 
77-94, 2016.  

[33] Shuaib-Babata, Y.  ., “Suitability of Nigerian Clays 
for Production of Household Ceramic Water 
Filter”,  hD Thesis, Department of Mechanical 
Engineering, Federal University of Technology, 
Minna, Nigeria (Unpublished), 2015. 

[34] ASTM C133-97: Standard Test Method for Cold 
Crushing Strength and Modulus of Rupture of 
Refractories, volume 15, ASTM International, 
Philadelphia, U.S.A., 2015  

[35] ASTM Designation C 326 - 15:02: Standard 
Method for Drying and Fired Shrinkages of 
Ceramic White ware Clays, ASTM International, 
Philadelphia, U.S.A., 2001 

[36] ASTM C20-00: Standard Test Method for Apparent 
Porosity, Water Absorption, Apparent Specific 
Gravity and Bulk Density. Volume 15, ASTM 
International, Philadelphia, U.S.A., 2000. 

[37] ASTM C1100-88: Standard Test Method for 
Ribbon Thermal Shock Testing of Refractory 
Materials, ASTM International, West 
Conshohocken, PA, 1998.  

[38] ASTM Designation C24: Annual Book of 
Standards: Refractory Materials,. ASTM 
International, Philadelphia, PA 19103-1187, 
U.S.A., 1989 

[39] Association of Refractories, Refractories 
Handbook, The Technical Association of 
Refractories, Japan, 1998.  

[40] Didier Refractory, Didier Refractory Techniques – 
Refractory Materials and their Properties, English 
Handbooks, 1982 

[41] Obikwelu, D. O. N. Introduction to Science and 
Engineering Refractories, AMDI-NEL Publishing 
Company, Warri, Nigeria, 2002 

[42] Routschka, G. (ed.). Pocket Manual—Refractory 
Materials: Basics, Structures and Properties, 2nd 
Edition Vulkan-Verlag Essen, 2004. 

[43] ASTM C27-98: Standard Classification of Fireclay 
and High-Alumina Refractory Bricks, Volume 15, 
ASTM International, Philadelphia, U.S.A., 2013 

[44] Hassan, S. B., Modern Refractories – Production, 
Properties, Testing and    Applications. Timo 
Commercial Printers, Zaria, Nigeria, 2005. 

[45] Sanni, A. G., “ roduction of Protype Fireclay 
Refractories Bricks from Oza-Nagogo Clay”, 
Research Paper presented at the In-House 
Seminar of the National Metallurgical 
Development Centre, Jos, Nigeria, September 8, 
2005.   

[46] Musa, U.,  Aliyu, M., Mohammed, I. A., Mohammed, 
A. D. , Sidi , M. M. and Isah, A. G., “A Comparative 
Study of the Refractory Properties of Selected 
Clays in Niger State, Nigeria”, Advances in 
Biotechnology and Chemicals Processes, Volume 
2, pp 1 – 5, 2012. 

[47] Huber, J. M., Kaolin Clays. Georgia, Huber 
Corporation (Clay Division), United States of 
American (U.S.A), 1985. 

https://unjobs.org/duty_stations/nigeria/kwara/baruten
https://unjobs.org/duty_stations/nigeria/kwara/baruten
http://www.maplandia.com/nigeria/


CHARACTERIZATION OF BARUTEN LOCAL GOVERNMENT AREA OF KWARA STATE (NIGERIA) FIRECLAYS AS …          Y. L. Shuaib-Babata, et al 

 

Nigerian Journal of Technology  Vol. 37, No.2, April 2018          386 

[48] Kirabira, J. B.“Properties of Ugandan Minerals and 
Fire Clay Refractories”, Doctoral Thesis. Royal 
Institute of Technology (KTH), Materials Science 
and Engineering, Stockolm, Sweden, 2005. 

[49] Emesiobi, F. C., Testing and Quality of Materials in 
Civil and Highway Engineering, Rivers State 
University of Science and Technology, Port 
Harcourt, River State, Nigeria. 2000. 

[50] J. H. Chesters. Refractory Production and 
Properties, The Iron and Steel Institute, London, 
1975. 

[51] Chesters, J. H., Refractories, Production and 
Properties, Iron and Steel Institute, London, UK, 
1973. 

[52] Gupta, G. P., Elements of Fuels, Furnaces and 
Refractories, 5th ed., Second Reprint, Khanna 
Publishers, New-Delhi-110006, 2008. 

[53] De Bussy, J. H., Material and Technology. Vol. 2: 
Non-Mettallic Ores Silicate Industries and Solid 
Mineral Fuels, 2nd ed., Longman Group Ltd., 1972.  

[54] Brown, K. W. and Anderson, D. C., Effects of 
Organic Solvents on the Permeability of Clay Soils, 
EPA-600/82-83-016 Research and Development, 
United States Environmental Protection Agency, 
U.S.A., 1983. 

[55] Falih, K. A., “Managing Clay Soils in the Home 
Garden Area Irrigation.  University of California 
Vegetable Research and Information Center”, 
http://vric.ucdavis.edu/pdf/soil_managingclay.pd
f, Accessed on October 15, 2017.  

[56] Aderibigbe, D. A., “ erformance Evaluation of 
Refractory Bricks Produced from Locally Sourced 
Clay Materials”, Journal of Applied Science and. 
Environmental Management, Volume 8, pp 151-
157, 2014.  

[57] Bam, S. A., Gundu, D. T. and Edeoja, A. O., 
“Evaluation of Thermos-Mechanical Behaviour of 
Clay-Silica Sand blends for Bricks  roduction”, 
International Journal of Res. Eng. Sci., Volume 3, 
pp 61-66, 2015. 

[58] Omowuni, O. J. “Characterization of some Nigerian 
Clays as Reftractory Materials for Furnace Lining. 
Nigerian”, Journal of Engineering Management,  
Volume 2, Number 3, pp 9-13, 2001.. 

[59] Shuaib-Babata, Y. L. and Mudiare, E., 
“Characterization and Evaluation of the 
Refractory Properties of Local Clay Deposits in 
Kwara State, Nigeria”, Nigerian Journal of 
Mechanical Engineering, Volume 7, Number 1, PP 
1-21, 2017.  

[60] Akinbode, E. O., “An Investigation on the 
Properties of Termite Hill as Refractory Material 
for Furnace  ining”, Indian Foundry Journal, 
Volume 5, Number 3, pp 10 -13, 1996. 

[61] Hassan, S. B., “The Study of the Refractory 
Properties of some Clays”, M.Sc. Thesis, 
Department of Mechanical Engineering, Ahmadu 
Bello University (A.B.U.), Zaria, Nigeria 
(Unpublished), 1990. 

 

 

http://vric.ucdavis.edu/pdf/soil_managingclay.pdf
http://vric.ucdavis.edu/pdf/soil_managingclay.pdf

