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ABSTRACT
Effect of graphite additive on the refractory properties of Tsonga clay was investigated. The use of graphite for upgrading some refractory properties of Tsonga clay, found abundantly in Edu Local Government of Kwara State, for the production of refractory bricks for furnace lining have been studied. 20 – 40% graphite were used as blend. Refractory properties measured include: permeability, linear shrinkage, apparent porosity, bulk density, thermal shock resistance, cold crushing strength and refractoriness. Linear shrinkage, permeability and apparent porosity of the bricks made from the blend decreased with the percentage graphite addition. The thermal shock resistance of the bricks was increased as percentage graphite addition increased. The cold crushing strength of the bricks also increased as percentage graphite addition increased up to 30% and decreased as the percentage graphite increase to 40%.
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CHAPTER ONE
INTRODUCTION 
1.1	Background of the Study
Refractory are high temperature materials necessary for lining furnaces and high temperature reactors (Jourdain, Lapoujade and Le Mat; Boch, 2001; Kolli et al., 2007; Poirier, 2011; Minh et al., 2018; Lopez-Perales et al., 2021; Jan et al., 2022). They are strategic materials because they are essential for the production of steel, glass, cement, non-ferrous metals, which are foundations of our civilisation (Boch, 2001; Rouschka, 2004; Kolli et al., 2007; Amraneet al., 2011; Poirier, 2011; Muhammed et al., 2019; Hossain and Roy, 2021; Lopez-Perales et al., 2021). Historically, clay refractory materials are basic materials obtained from cheap local resources (Rouschka, 2004; Subhojeet et al., 2013; Jan et al., 2022). Today, even they do not correspond to “hightech” materials, they remain useful in many applications requiring high temperature processes like pottery, earthenware, table ware, sanitary ceramic, bricks and tiles production (Jouenne , 1984; Maiti et al., 2004; Poirier, 2011; Chaouki, 2014; Bomeni et al., 2018; David et al., 2021). They were also use as general purpose materials, safe linning in the production of steel, cement etc.
Clay as defined by (Chesti, 1986) are those materials with particle of sand below 20mm in diameter which fill to settle at a rate of 25mm per minute or at one inch per minute when suspended in water. (Hoffman) in its own work defined clay as a hydrated earthly material containing a considerable portion of aluminium and silicon [kaolin (A12 (Si2O7) (OH4)]4.
American Standard of Testing and Materials (ASTM) defines refractories as non-metallic materials having those chemical and physical properties that make them application for structures or as component systems that are expressed to environments above 538oC (811K, 1000oF) (Bhatia, 2012). Refractory materials must be chemically and physically stable at high temperatures. Depending on the operating environment, they need to be resistant to thermal shock, be chemically inert, and have specific ranges coefficient of thermal expansion.
Also (Jam and Jam) defined clay as certain earthy which are highly plastic, when wet and which, when heated to redness, losses their plasticity and are converted into a hard mass, which is unaffected by water. Clays are formed by the weathering (i.e. decomposition) of igneous and feldspar rocks by various agencies through time and are composed essentially of hydrated aluminium silicates such as (Al2.Si2O7.2H2O) together with other substances such as quartz, which were present with the feldspar in the original rock (e.g. granite).
2KAlSiO8 +2H2O +CO2K2CO3+ Al2O3 .2SiO2 .2H2O+4S1O2
The alkali is leached out by water.
1.2	Statement of the Problem
	There is availability of refractory clay in Tsonga, Edu Local Government Area, Kwara North of Kwara State which can be used for lining of furnace. So, the study is to evaluate its certain properties with the addition of silicon carbide and graphite so that the refractory can be adequately and effectively utilized for furnace lining.
1.3	Significant of the Study
In Nigeria today, there is need to cultivate the habit of processing our local raw materials into useful form. So, the idea of developing Tsonga refractory clay into useful form for lining of furnace is to save foreign exchange and also create employment opportunity for the people. 
1.4	Aim and Objectives of the Project
The aim of this project work is to study the effect of graphite additive on the refractory properties of Tsonga clay. 
The objectives of the study are as follows:
· To leach out the detrimental constituents particularly oxides of sodium and potassium, which reduce the refractoriness of the clay;
· To test for the refractory properties of the blended clay.
1.5	Scope of the Study
	The study will cover the addition of graphite on Tsonga refractory clay in which the refractory clay will be characterized. The refractory properties such as linear shrinkage, apparent porosity, bulk density, thermal shock resistance and cold crushing strength would be carried out on this refractory clay.



CHAPTER TWO
2.0	LITERATURE REVIEW
2.1	Identification of Clay Materials
(Chester,1973) traced the first refractory used by man to the fireclay, on his work on refractory, fireclay is plastic in nature and when mixed with water become singularly useful for the production of crucible for metal melting and refractories for lining furnaces. Mineral impurities in clays vary considerable and this depends on the different deposits or locations. The amount of particular clay minerals present varies in the crystalline of a particular clay mineral of different sizes. The chemical composition, the mineralogical and the physical characteristics are all varying properties due to different locations or deposit of clays. A common characteristic is their crystalline structure consisting of electrically neutral alumina - silicate layers which lead to a fine particle size and plate-like morphology and allows the particle to such physical properties as soapy feel and easy cleavage.
All clay minerals according to the geologist are of secondary geologic origin that is; they were formed as alteration products of aluminium-silicate rocks in an environment in which water is present. In view of these natural variations, it is important to identify and classify clay mineral from any deposit. The particular properties or class of properties of the clay minerals can be used to group them together. These properties include:

Physical or chemical change
(i)	Those dependents on some physical and chemical within a mineral, which can be measured under, controlled conditions such as in thermal analysis. This method is use to identify and estimate the mineral content of clay materials and in assessing the principal reactions and the temperature at which they occur.
(ii)	Those that depend on the chemical nature of the mineral such as spectrographic analysis, chromatographic analysis and flame photometry. All the elements can be revealed by this chemical method and their proportion in a sample. The analysis results are usually expressed in terms of oxides present such as silica (SiO2), Alumina (A12O3) etc. Therefore the forms in which various elements are combined cannot be indicated by those methods of analysis, this is when sulphides are present, and the result in terms of oxides will introduce error.
(iii)	Those dependent on the external crystallographic features of the mineral, that is, the microscopic properties. The use of optical microscope is employed in this method for examination of thin section in transmitted light which may be ordinary light plane-polarized light under which some minerals like micas, biotitie, display pleochroism, that is, show of colour change when rotated under the plane-polarized light.
(iv)	Those dependent on the inter-atomic or ionic arrangement within the crystal lattice. They include x-ray diffraction, infrared and electron diffraction analysis.
2.2	Types of Clay
In a seminar held at Federal Institute of Industrial Research, Oshodi, Lagos. (Dr. Irabor J.) analyzed the various types of clays that exist on the earth crust. Among these he said, include:
(i) Kaolin: - These are clay formed by the weathering on site of feldspars and are usually called the primary clays. Kaolin clays are characterized by coarse particle, non-plastic and highly refractory. It has its melting point at l800°C. Because of its coarse particle texture, it possesses low volume shrinkage, and a reduction in the water content of kaolin turns it to montmorillonites which possess a less (or medium) grain size particles, further reduction of water from montmorillonites turns it to illites, a fine particle clay size.
(ii) Ball clay: This type of clay has opposite properties to that of kaolin. It is secondary clay found in stratified layer with alternating layer of coal and other types of clay. It tightens into a dense structure when fixed to about 13°C and burn into light grey or buff colour. They are characterized by excessive shrinkage up to20% when fired because of the presence of carbonaceous materials, which burns off during firing.
(iii) Earthenware clay: - This includes most of the valuable clay found in nature. It may contain iron and other impurities, which cause it to become light and hard-fired at about 950- l000oC. The presence of non-oxide impact the colour of red brown, grey in raw state, and these colours change on firing to pink, tar red, brown or black depending on the condition of firing.
2.3	Chemical Composition of Clay
Clay in its natural states, consist of mineral of primary origin, present in the rock and undergone no significant changes. It also consists of minerals of secondary origin, produced by the action of chemical and physical agents on the primary mineral resulting in breakdown and conversion to secondary minerals. The usual chemical composition of clay is similar to the earth as a whole. Silica and alumina content of clay are usually very similar with every small amount of iron. Clays with better composition contain a relatively more alumina and less iron. In view of this study, blending together of two different clay may result in better composition constituent of these oxides, which possess good refractory properties e.g, MgO, CaO, SiO2, A12O3.
If one sample of clay possesses higher MgO, the second clay may possess higher SiO2 or CaO and this effect results in higher refractoriness.
The results of David and Delman on the analysis of the chemical composition of the different clays are shown in table 2.1 below: 

Table 2.1: Chemical Composition of Clay
	Compound
	Kaolinite
	Fireclay
	Earth ware
	Stone ware
	Brick Clay

	SiO2
	44-52%
	44-56%
	45-60%
	45-75%
	60-80%

	A12O3
	34-39%
	31-38%
	24-38%
	15-37%
	5-20%

	Fe2O3
	0.3-1.0%
	0.6-3.0%
	0.8-1.2%
	0.7-4.5%
	3-15%

	TiO2
	0.1-1.0%
	0.2-2%
	0.2-2.0%
	0.2-2.0%
	-

	CaO
	0.2-2.0%
	0.1-1.0%
	0.1-1.3%
	0.1-1.0%
	0-0.8%

	MgO
	0.1-0.7%
	0.1-1.0%
	0.1-1.0%
	0.1-1.0%
	0-0.3%

	Mg2O + K2O
	0.1-1.5%
	0.1-1.5%
	0.1-2.0%
	0.2-2.0%
	3-15%



Table 2.2 Chemical Composition of a Typical Clay
	Constituent 
	Percentage

	SiO2
	45

	A12O3
	40

	Fe2O3
	0.40

	Na2O
	0.15

	K2O
	0.10

	CaO
	0.05

	TiO
	1.15



Table 2.2 Shows that silicon and aluminum oxide are the principal ingredients in typical clay, these two constituent elements in clay are the ones that combined with water to produce clay.
Apart from these two elements, all other elements facilitate the formation of fluxes.
2.4	Classification of Refractories
Norton defined refractories as embracing all materials that can withstand high heat effect, chemical and physical effects within the furnace. They are used in processes that involves high temperature such as steel making, cement making, Glass making, etc. On the basis of chemical reactivity and the nature of slay to be generated in furnaces, refractories have been classified as acid, base and neutral.
2.4.1	Acid Refractories
They have silica (SiO2) as their main constituents. However alumina (A12O3) may also be present in substantial amounts. Based on alumina content, acid refractories have been subdivided into siliceous, firebricks and aluminous bricks. Acid refractories are known to react readily with basic clay.
2.4.2	Basic Refractories
These are based on magnesium oxide (MgO). They generally include magnesite, dolomite and chrome magnesite. However, alumina and mullite are classified as basic refractory because of their amphoteric character. Calcining magnesite rock produces the MgO. Basic refractories are usually attacked by acid slag.
2.4.3	Neutral Refractories
This group does not have pronounced acidic or basic properties (Graphite, Chromite). Alternatively, the acidic basic properties are almost equally balanced.

2.4.4	Super Refractories
These are specially developed for use at exceptionally high temperature (above 1800oC) or for contact with very reactive gas, for instance in gas turbines. These include zirconia (ZrO2) Thoria (ThO2), Beryllia (BeO) and various other carbides and borides.
2.5	Mechanism of Bonding in Refractory Materials
2.5.1	Binding Properties of Clay
The bonding action in clays is acquired only in the presence of adequate amount of water. The water added to the clay particles penetrate the mixture and form microfilm which coats the surface force between the clay particles forming a plastic mass that can be moulded to desired shapes and then fire to hard-mass. Plasticity and bond formation are developed by the addition of water. Net attractive force are developed or generated between charged hydrated clay particles or micelles and between these and other particles of the clay type. This effect is more pronounced when two different clays are blended together inverse in the amount of chemical constituents cause increases in the rate of bond formation. The strength of the ionic bond form is a function of the total surface area of the particles and is strongly influenced by the adsorption of exchangeable cation at the free surface, this modify the balance of the local forces between the particles.


2.5.2	Mechanism of Bonding
The bonding mechanism in clay varies with different clay and with the particle size of such clay. Some factors are responsible for these bonding action of clay and these include.
(i) The base exchange phenomenon
(ii) Surface tension forces and inter-particle friction.
Base exchanges phenomenon
In the base exchange phenomenon, clay crystals become negatively charge either by absorption of anion on its surface (through water molecules) or because of an unsaturated valency bond at the surface of the clay particles, therefore, dissociation of ion occur when clay is suspended in water, this occur to a distant depending on their valency so that each cation of the clay may be exchange for one another. The Base Exchange phenomenon is found to be more pronounced in the fine crystal particles, where there are enough surface area of contact between the clay to clay ions and the water to clay ions. This leads to a strong bond between the clay and water.
Surface tension and inter-particles friction
These are responsible in the coarse particle size of clays, when being compacted, the coarse particle which are basically silica sand are bonded together. The clay form a lens shaped masses at the point of contact of the silica (coarse) grain and with similar clay layer on neighbouring grain bonding the silica grain. Here, there is a small area of contact between the silica and the clay binder. The coarse particles on joining together create some pore spaces within its grains, this pores are filled with water during compaction, hence a weak bond exist between the water molecules and the coarse particle in its vicinity. This weak bond helps to keep the clay particle into solid mass when moulded
[image: ][image: ]




Fig. 2.1 Fine (firmly bonded) clay 		Coarse (loosely bonded) clay
Particles with water binder, 			particles resulting from small
Resulting from large area of contact 			area of contact
It is an obvious fact that low contact result in a small bond area, subsequently a weaker bond, while forcing the grains firmly together creates a larger bond and subsequently a strong bond.
On drying, clays losses water absorbed, these loss of water absorbed, produces shrinkage of the lattice and further strength the bond so that clay binders are effective in both the green and dried condition. Hydration is reversible to temperature well above the drying range. This mould may be dried or used directly. Heating clays to oppressively higher temperature however, removes the chemically combined water and causes permanent loss of binding capacity, the temperature by which this occur varies with the particular clay but the loss begin at approximately 400°C and in all cases complete at700°C.
Kaolin, when compacted changes to illite as a result of reduction in its water content. Further losses of water in illite turn it to montmorillite. Kaolin crystals tend to be larger than illite and illite crystals tend to be larger than montmorillitc.
2.6	Other Refractories and Abrasive Materials Used
2.6.1	Silicon Carbide
SiC Molecular weight 40.07; specific Gravity 3.2; disassociates without fusing at about 2250°C, silicon carbide exhibits excellent chemical stability falls between corundum and diamond or 9 and 10 on mohrs hardness scale and because of its high thermal emissivity, conductivity and low thermal expansion has found wide acceptance in high temperature refractory applications.
Electrical resistance of SiC is such that the materials belong in a class known as semiconductors. The resistance varies with decreased and increased temperatures. Products associated with silicon carbide are loose grain or grinding compounds, bounded abrasives, coated abrasives refractories and various engineered ceramic applications such as seals, nozzles, valves from automotive engine component, heat exchangers, solar receivers combustors, suction box covers and various wear applications in the pipe industry.
SiC refractories are classified into types as the basis of the bonds used. Associated type bonds are oxide or silica, clay, silicon oxymtride, siliconmtride as well as self-bonds. The dense silicon carbonate contain 85 to 90% SiC; the clay bonded contain 75 to 80% SiC and the semi silicon carbide are still lower in SiC content.
Properties of these various type of silicon carbide refractories vary according to the type and amounts of bond used. Generally speaking, SiC refractories exhibit properties that warrant its use in kiln furnace applications, structural member chemical and municipal incinerators coal handling equipment, recuperators tubes muffles, retorts crucible and pyrometer projection tubes. Added to plastic, fireclay, silicon carbide imparts its properties of high thermal emissivity and conductivity to the refractory and extends the useful application of this material. Silicon carbide also finds application as refractory cements, laying SiC brick or mortars are sized for each specific application. Bonds generally of phosphate or clay type impart thermal working range to the particular cement and maintained at predetermined temperature.
The electrical properties of silicon carbide have permitted the successful use of this material in applications such as heating elements, lighting arrestor blocks and electronic components. Silicon carbide is used increasingly as wear materials in both its seal bonded and nitride-bonded porous form as well as dense centered shapes of single-phase materials which are useful to extremes of temperature, wear or corrosion. Application such as seals, coal chutes, handling equipment and proper machine components are widely practiced.
Silicon carbide also is used extensively in the production of both bonded and coded abrasives.
2.6.2	Graphite
Graphite is nature best refractory and graphite refractories have many desirable properties such as high thermal conductivity, high electrical conductivity, low thermal expansion, high resistance to molten metal and flux attack, excellent heat shock resistance, increased strength at high temperatures, resistance to wetting by molten substances and also high refractoriness. All types of graphite are used in refractories. Madagascar flake is used almost exclusively in crucibles. Mexican, Ceylon and flake dusts are used in manufacturing of foundry facings.
Their purpose is to prevent sand from adhering to metal castings. Other graphite containing refractories include stopper heads and nozzles, retorts, tubes, rods and stirrers, bricks, slabs and special shapes, refractory cements and plastic linings for cradles, runner e.t.c. Amorphous graphite is used in most ramming mixes which are generally used in the steel industries.
Graphite is mixed with fire clay to produce plastic patch material, unburned brick, proportion of graphite used in various refractories will vary from 10% to 60% except in foundry facing where some grades of pure graphite are used.



CHAPTER THREE
MATERIALS AND METHODS 
3.1	Materials
	The materials used for this project includes; refractory clay from Tsonga in Kwara State, graphite and water. 
3.1.1 	Equipment
The equipment used for this research are compression moulding machine, Muffle Furnace, oven, desiccators and compression testing machine
3.2	Methods
The as-received clay material was soaked in water for three days, decanted to remove the water and then dried in the sun. This treatment was necessary to remove alkalis and some dead organic matters contained in the raw clay samples. The presence of alkalis, containing sodium and potassium is known to retard mullite formation and hence lower the refractory and strength. The dried clay was grounded into powder using a ball mill. The powdered clay was sieved through 860μm mesh. The sieved clay was mixed thoroughly with 30% ground graphite. The drying was first done in open atmosphere for 24hours, after which it was then dried in the oven at a preset temperature of 110oC. The samples was then fired in the muffle furnace at a temperature of 900oC. 
3.2.1	Experimental Testing Procedures of the Refractory Bricks
The fired refractory bricks produced were tested for linear shrinkage, apparent porosity, bulk density, cold crushing strength, and thermal shock resistance.
3.2.2	Measurement of Linear Shrinkage
Green bricks were pressed in a box of size 75mm x 75mm x 75mm. The shrinkage properties of the pressed bricks were determined measuring the green dimension of the bricks using a ruler or a vernier caliper. These were then compared with the fired dimension; the linear shrinkage was calculated as a percentage of the original green dimensions (i.e. ∆L/L).
Where ∆L is the change in length of the fired brick and L is the original length of green brick.
3.2.3	Determination of Apparent Porosity and Bulk Density
For each of the samples, six test bricks each of 46mm x 42mm size after firing were tested. The dry weight (W1) of each specimen was measured; after which the specimen was transferred and suspended in a vessel of boiling water for 20 minutes. At this time, the boiling was discontinued and the hot water was replaced by cold water. After 30 minutes in cold water, the weight (W2) was measured. The soaked specimen was weight in air (W3). The apparent porosity of the brick was calculated using the following relations.


Where:    Pa is apparent porosity, 
    W1 is weight of dry sample,
    W2 is weight of sample suspended in cold water, and
    W3 is weight of soaked sample suspended in air. The bulk density BD was determined from the following relationship.

		BD	=			
3.2.4	Determination of Cold Crushing Strength
The cylindrical brick measured 49mm in diameter and 75mm in length was subjected to strength test using universal strength-testing machine. The strength values of the brick in the direction of forming were recorded. 
3.2.5	Determination of Thermal Shock Resistance
A standard square brick 75mm x 75mm x 75mm was placed in the furnace and this was maintained at 1100°C for 30 minutes. The brick was cooled in air for 10 minutes. The brick was tested for failure using a standard rig. This cycle of heating, cooling and testing was repeated, until fracture occurred. The number of complete cycles required to produce fracture in each specimen was noted and recorded.


CHAPTER FOUR
4.0	RESULTS AND DISCUSSION
4.1	Results
Table 4.1 shows the result of particle size of Tsonga clay analysis using Gaudin Schuhmann’s method. The physical properties of the pure Tsonga clay sample are presented in table 4.2, while chemical compositions of Tsonga clay are presented in table 4.3. Table 4.4 shows the physical properties of Tsonga clay blended with 20% to 40%. Graphite while figures 4.1 to 4.6 show the graphs of the results.    
Table 4.1: Particle Size Analysis of Tsonga Clay
	S/N
	Sieve size range (μm)
	Nominal Aperture 
(μm)
	Weight Retained 
(g)
	% weight Retained 
(g)
	Cumu
lative (%) under size
	Log of Cumu
lative (%) under size

	1.
	+1000
	1000
	22.42
	4.48
	95.52
	1.980

	2.
	-1000+850
	850
	39.08
	7.82
	87.70
	1.943

	3.
	-850+500
	500
	97.58
	19.52
	68.18
	1.834

	4.
	-500+300
	300
	105.61
	21.12
	47.06
	1.673

	5.
	-300+180
	180
	127.92
	25.58
	21.48
	1.332

	6.
	-180+125
	125
	80.27
	16.05
	5.43
	0.740

	7.
	-125+63
	63
	18.10
	3.62
	1.81
	0.260

	8.
	Pan 
	
	5.36
	1.06
	
	


Initial weight of samples = 500g
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Table 4.2: Physical Properties of Clay Sample
	Sample Location
	Bulk Density (g/cm3)
	Apparent Porosity (%)
	Permeability 
	Linear Shrinkage (%)
	Thermal Shock Resistance 
	Cold Crushing Strength (KN/m2)
	Refractoriness (oC)

	Bacita 
	2.30
	22
	84
	4
	30+
	12000
	1500

	*Fireclay
	2.30
	20 – 30 
	25 – 90
	7 – 10 
	20 – 30 
	15000 minimum
	1500 – 1700




Table 4.3: Chemical Analysis of the Tsonga Clay Sample
	Parameters
	Level Detected (%)

	SiO2
	47.06

	A12O3
	36.16

	Fe2O3
	0.72

	CaO
	0.14

	TiO2
	1.35

	MgO
	0.09

	K2O
	0.07

	Na2O
	0.02

	LOI
	12.78



Table 4.4: Physical Properties of Tsonga Clay + Graphite 
	Silicon carbide addition
	20%
	25%
	30%
	35%
	40%

	Thermal Shock Resistance at 12000C
	28
	28
	29
	30+
	30+

	Permeability (cm/sec) 
	70
	66
	62
	57
	50

	Apparent porosity at 12000C (%)
	20.6
	18.02
	17.74
	15.00
	12.84

	Bulk density (g/cm3)
	2.27
	2.24
	2.20
	2.10
	2.13

	Linear Shrinkage (%)
	4.20
	4.16
	4.16
	4.00
	4.00

	Cold Crushing Strength (KN/m2)
	16200
	18200
	21200
	19117
	17000


Refractoriness: Intact at the furnace temperature

Figure 4.1:	Effect of Graphite Additive on Thermal Shock Resistance of the Brick

Figure 4.2:	Effect of Graphite Additive on Permeability of the Brick
Figure 4.3:	Effect of Graphite Additive on Apparent Porosity of the Brick


Figure 4.4:	Effect of Graphite Additive on Bulk Density of the Brick	


Figure 4.5:	Effect of Graphite Additive on Linear Shrinkage of the Brick


Figure 4.6: Effect of Graphite Additive on Cold Crushing Strength of the Brick
4.2	DISCUSSION
4.2.1	Thermal Shock Resistance
Figure 4.1 shows that the thermal shock resistance of pure Tsonga clay sample falls within the acceptable values of 25-30 cycles. The TSR of Tsonga clay blended with Graphite blend is found to increase as the percentage of Graphite in the clay sample increase and fall within the recommended values of 25 – 30 cycles (De Bussy, 1972). This result was as a result of uniform heating and cooling. Long soaking refractories at high temperature increases mineral inversion, thereby causing high thermal shock resistance.
4.2.2	Permeability
Figure 4.2 shows that the permeability number of the pure sample is within the internationally accepted range of 25 – 90. The permeability of the blended clay with Graphite fall within the recommended value and reduces as the percentage of Graphite increases. Permeability is a function of gases or liquid passing through the brick. Refractories under the influence of gases and liquid should be impervious, this would help to eliminate leakage of gases and penetration of liquids through the walls of the furnace (Chester, 1973).
4.2.3	Apparent Porosity
Figure 4.3 shows that the value for the pure clay sample falls within the standard values of 20 – 30% (Chester, 1973). The values for the blended clay sample with Graphite reduce as the percentage of graphite increases. The value may be increased by addition of fine grain silica or additives such as sawdust, baggage, and rice husk. 
4.2.4	Bulk Density
Figure 4.4 shows that the average bulk density of the pure clay sample was within the range of 1.7 – 2.lg/cm3 for dense firebricks and 2.2 – 2.80g/cm3 for high alumina refractories (Chesti, 1986). Bulk density is an important property of steel - work silica brick. The bulk density values of the brick made from 20 - 40% additions to Tsonga clay with graphite decreases as the percentage of graphite increases. 
4.2.5	Linear Shrinkage
Figure 4.5 shows that the average linear shrinkage for the pure clay sample is within the recommended values for fireclay, 2 – 7% (Chester, 1973). The average linear shrinkage for the blended clay sample reduces as the percentage of Graphite increases. Higher shrinkage values may result in warping and cracking of the brick and, this may cause loss of heat in the furnace.
4.2.6	Cold Crushing Strength (CCS)
Figure 4.6 shows that the Tsonga clay sample have value below the recommended value. The Cold Crushing Strength of the blended clay with Graphite increases up to a certain level after which decreases as the addition of Graphite increases. Cold crushing strength shows the effect of firing on ceramic bond and this may be affected by firing, sintering characteristics and pressing method.

4.2.7	Refractories
The refractoriness of the pure clay sample from Tsonga fall within the recommended value of 1500 – 1700°C, the refractoriness of blended clay sample with Graphite and Silicon carbide at the maximum temperature obtainable in the furnace is 1600°C. The sample is still intact. This value showed that the sintering temperature is high in the blended clay, which is an indication of good refractoriness, which falls within the range of 1580-1759°C for fire clay (Grimshaw, 1971).
4.2.8	The Loss on Ignition
The value obtained for 100% Tsonga clay is within the range recommended for Kaolinic clay, which have values in the range of 12 – 15%. 


CHAPTER FIVE
5.0	CONCLUSIONS AND RECOMMENDAT1ONS
Having gone through the experimentation and the result gotten, necessary conclusion has been arrived at and with this view, recommendations were also presented.
5.1	Conclusions
The investigations on the properties of the blended clay sample show that its values compare favourably with imported fire clay refractories. The result revealed that the addition of 20 – 40% silicon carbide and graphite gave an improvement in the refractoriness, permeability, linear shrinkage, apparent porosity, thermal shock resistance and cold crushing strength properties of Tsonga clay. It can be classified as heavy-duty refractories based on the range of 1600 – 1760°C. The refractory properties showed that the blended clay sample could be used for the production of refractory bricks or ramming mass for furnace lining operating at temperature of about 1700°C.
5.2	Recommendations
These include suggestions for improvement study with related aspect.
The recommendations are as follows:
· Studies should be carried out on other properties such as modulus of rupture, refractory under load and slag resistance.
· Studies should be done on other types of additives and make comparison to determine the most suitable.
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