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ABSTRACT
There are various deposits of natural silica which may be suitable for foundry applications all over the country that have not been identified and characterized. Therefore, Oro-Ago silica sand found in Ifelodun Local Government of Kwara State was identified and characterized in this particular study. Chemical and physico-mechanical properties of the sand were carried out to ascertain analysis suitable for foundry applications. Chemical analysis of the sand sample was done and physico-mechanical properties were also carried out. The results of chemical composition analysis showed that SiO2 have dominance proportion in the sand sample with an average value of 93.80% followed by Al2O3 with 5.30% and other compounds were also present within acceptable limits of trace elements. The results showed average physico-mechanical properties of the natural moulding sand sample to include grain finess number (63.08), bulk density (1620.7kg/m3), moisture content (7.68%), specific gravity (2.64), permeability (0.12cm/sec), green compressive strength (53.5KN/m2), dry compressive strength (213.6KN/m2), flowability (65.30%), clay content (10.1%), shatter index (25.2%) and refractoriness (>900oC), which were all within the required standards for casting of non-ferrous metals. Although, there may be a need for the use of additives like bentomite, to enhance the sand’s clay content in order to increase the sand potential for foundry applications.   
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CHAPTER ONE
INTRODUCTION
1.1	Background of the Study
Moulding sand is one of the most important materials used in the foundry (Nuhu, 2008), as the quality of casts largely depends on the properties of the sand used (Oke and Omidiji, 2016; Shuaib-Babata and Olumodeji, 2014). Metal casting, which is a process of pouring molten metal into moulds and allowing it to solidify is a convenient and cost-effective means of manufacturing intricate shaped objects (Desai et al., 2016). The solidified object is called casting. Metal casting has several advantages over other manufacturing methods. These include versatility, weight saving, size, complexity and dimensional accuracy (Oke and Omidiji, 2016). Casting could be accomplished through expendable mould processes or permanent mould processes (Ademoh and Abdullahi, 2009). However, the predominant method is an expendable mould process which involves the use of moulding sand (Oke and Omidiji, 2016). 
Moulding sand is commonly used to cast both ferrous and non-ferrous metals because of its ability to withstand the temperature of the molten metal, absorb and transmit heat, and has good permeability to allow gasses generated during casting to escape without causing casting defects (Ademoh and Ahmed, 2008). The use of sand as a moulding medium is determined by the type of metal being cast, economics, casting quality required, and the degree of consistency desired in the final products (Mshelia et al., 2016). The major constituents of moulding sands include silica sand, clay and moisture. 
Each of the constituents is important in determining the characteristics of moulding sand (Nigerian Foundries Limited, 1995). Clay is responsible for bonding; moisture content determines the plasticity of the moulding sand (Steve, 1996), while silica sand impacts refractoriness, chemical resistivity and permeability (Scaffer and James, 1995; Sarka, 1967). Silica sand is specified according to its average size and shape (Aribo, 2011). The higher the sand grain fineness, the higher the cohesiveness, and the lower the permeability of the sand (Aribo et al., 2009). Clay is made up of two ingredients: fine silt and true clay. Fine silt is a kind of foreign matter in clay deposit and possesses no bonding power. True clay provides the necessary bonding action which it acquires in the presence of an appropriate amount of moisture (Atanda et al., 2012; Mechanicalinfo, 2019). However, as the quantity of the clay increases, the permeability of the moulding sand decreases (Atanda et al., 2012).
Also, there exists vast availability of sands in Kwara State that may be suitable for foundry applications and has huge potential for the development of foundry activities (Adesina, 2005; Adesina, 2010; Adesina and Adegbite, 2013; Shuaib-Babata and Olumodeji, 2014; Shuaib-Babata et al., 2019). Oro-Ago of Kwara State, Nigeria is not left out. However, one major challenge is the ability to ascertain the quality and suitability of the available sands. Therefore, there is a need to identify and characterise the natural moulding sands for productive and profitable foundry practices. 
1.2	Statement of the Problem
There are uncountable silica sand deposits in Nigeria, Oro-Ago in Kwara State is not left out. However, one major challenge is the ability to ascertain the quality and suitability of the available sands. Therefore, there is a need to identify and characterise the natural moulding sands for productive and profitable foundry practices. Thus, this project work is centred on the suitability of Oro-Ago moulding sand for foundry application, with a view to determining their chemical and physico-mechanical properties and their suitability for foundry applications.
1.3	Significant of the Study
The study will enhance to a great extent the technological and economic development of the nation at large when the casting produced is of good standard and quality. The study will also increase the industries in the country because it will afford the industrialist or rather; the investors the opportunity to have a good knowledge of the available raw materials in the country and for what application they can be employed. 
1.4	Aim and Objectives of the Project
The aim of this project work is to characterize the silica sand in Oro-Ago for foundry application and to establish the various foundry properties embedded in the sand.
The objectives of the study are as follows:
· Analyze the sand chemical compositions
· Carry out the sieve analysis of the silica sand
· Characterize and determine the mechanical foundry properties of the silica sand at Oro-Ago in Ifelodun Local Government Area of Kwara State.
· Compare the values obtained for the mechanical properties with recommended /standard values.
1.5	Scope of the Study
This study will based on the characterization of the foundry properties of silica sand at Oro-Ago, Kwara South of Kwara State. Various foundry properties such as green strength, permeability, refractoriness, moisture content, clay content and shatter index shall be carried out on this sand. It is highly imperative to note that there is no available equipment to measure refractoriness directly, so the refractoriness of this sand will be estimated based on the clay content present in the silica sand.


CHAPTER TWO
2.0	LITERATURE REVIEW
The process by which casting are made involves melting of metal by melting furnace appliance, poured the molten metal into a pre-shaped mould cavity created by pattern in conformity with desired components and allowed it to solidify before it’s shake out of the mould and thereafter settling operation is being carried out on the produced cast. The mould reproduces the shape of a pattern and a cheap and reliable material for making the mould is a plastic mixture consisting of bounded with moist clay. The mixture is weak enough to flow and be packed tightly around the pattern, strong enough to retain its shape during withdrawal of the pattern and pouring of the metal, and dry enough to avoid explosive formation of steam. Since the sand is used in this moist form immediately after stripping from the pattern it is termed ‘green’. This sand moulding process is suitable for the production of iron, steel, aluminum and copper based alloy castings.
According to Bcira (1985), green sand moulding is still the main moulding process used in more than 80 percent of U.K. foundries despite all the competition from chemical binder such as resin and silicates. Clay bounded sands have been largely replaced by chemical moulding systems for large, heavy casting, where the benefits are:
· High production rate
· Fast turn: round of pattern and moulding boxes 
· Elimination of drying stove.
· Reduces handling
· Less floor spaces
· Improved dimensional accuracy
Greensand predominates for smaller castings, and is still widely used for medium - weight castings. Synthetic greensands, made from silica sand with added clay and coal dust, are used in the majority of medium to large foundries. Many small iron foundries and non-ferrous foundries still rely on natural clay bounded sands.
2.1	Moulding Sands
Sand is the principal moulding material in the foundry shop where it is used for all types of casting, irrespective of whether the cast metal is ferrous or non-ferrous, iron or steel. This is because it possesses the properties vital for foundry purposes. The most important characteristics of sand are its refractory nature, it can easily withstand the high temperature of molten metal and loss not get fuse. Secondly, moulding sand has chemical resistivity; it does not chemically react or combine with molten metal and can therefore be used time and again. Thirdly, sand has a high degree of permeability; it allows gases and air to escape from the mould when molten metal is poured on without interfering with the rigidity and strength of the mould. The degree of strength, hardness and permeability can also be adjusted, as desired, by varying the composition or the ingredients of the sand. Such flexibility is extremely difficult to achieve with any other moulding material. But the properties vary from one sand to another, and it should be noted that only those sands characterized by the foregoing features are considered for moulding work.
2.2	Principal Ingredient of Moulding Sand
The principal ingredients of moulding sand are:
· Silica sand grains.
· Clay
· Moisture
2.2.1	Silica sand grains
Sand grains are of paramount importance in moulding sand because they impart refractoriness, chemical resistivity and permeability to the sand. They are specified according to their average size and shape. The finer the grains, the more intimate will be the contact and lower the permeability. However, fine grains tends to fortify the mould and lessen its tendency to get distorted. The shapes or the grains may vary from round to angular. The grains are classified according to their shape.
2.2.1.1 Rounded grains
These grains have the least contact with one another in a rammed structure, thereby making the sand highly permeable to gases. Sand having rounded grains however, lack strength and do not pack up to the optimum extent states (Jain, 1986). The binder requirements are minimum.

2.2.1.2 Sub angular grains
These grains have comparatively lower permeability and greater strength than the rounded ones.
2.2.1.3 Angular grains
These grains have defined edges and the surfaces area nearly flat. They produce higher strength and lower permeability in the mould than sub-angular grains. The binder consumption is likely to be high.
2.2.1.4 Compounded grains
In some cases, the grains are cemented together such that they fail to separate when screened. They consist of rounded, sub-angular or angular grains or a combination of the three. Such grains are called compounded grains and are least desirable due to their tendency to breakdown at high temperature. According to (Jain, 1986), in practice, sand grains contain mixed grain shapes, depending on origin. A sub-angular to rounded grain mixture would be the best combination.
2.2.2	Bonding clay
Clay is natural mineral found in many parts of the world, several different types of clay mineral exist but they are all hydrous alumina silicates. They are very finely grained material, which absorb water and become plastic, but on drying become rigid and strong. Their properties provide cohesion and plasticity in green state and high strength when dried. Clay are resistant to moderate heat, and the plasticity and strength properties can be subsequently restored by the addition of further water. Since clay bonded sands are easily regenerated and recycled, they are economical for foundry use.
Murray (1986), classified clay mineral most widely used as binder as:
i. Kaolinites (Al2O3.2SiO2.2H2O)
ii. Illites [(K2Al4CSi8. Alx). (O2COH)4]
iii. Montimorillonites (Al2O3.4SiO2.H2O + nH2O).
2.2.3	Moisture
The moisture content of moulding sand is the most important variable, as on this all other properties depend. Temper water act as an activator. Stefanesai (1992), noted that clay however, would not function as a binder unless activated by temporary water, which result in strength development, which is an important property of moulding sand.
According to Asuquo and Bobojama (1991), moisture content of moulding sand is considered as the amount of free or mechanical water available in the sand. The moisture content of moulding sand normally varies between 4 and 8 percent. This is liable to change, and must therefore be checked frequently. It is not practicable to work at peak green strength and the moisture content is normally in a specific range. Anon (1982), also reported that too much water in green sand can lead to formation of gas cavities in the casting. Grim and Gutherbert (1945), states that, dry strength will continue to increase with water for different bentonite content. This is a result of their research study on clay - water system relationship.
2.3	Additive to Moulding and Core Sand
Materials other than sand, clay and water added to foundry sand are called additives. They are also referred to as auxiliary moulding materials. They are introduced into moulding and core sands to improve their properties such as gas permeability, refractoriness, yield ability, collapsibility etc. (Nwajagwu, 1994). Table 2.1 represent the classification of special addition to moulding mixture. They are usually between 0.5 and 12% by weight of synthetic moulding sands. Modern foundry-men use additive for variety of reasons such as:
a.	Improve sand properties
b.	Improve surface finish of castings
c.	To reduce expansion defects such as scabs and buckles
d.	To make shake-out easier.
Table 2.1: Special additions to moulding mixture
	Purpose of addition 
	Substance 

	Enhance of bench life and resistance to drying out.

Hot strength development 
Surface finish and resistance to metal penetration 

Inhibition to metal-mould reaction 
	Molasses, sulphite, cereals, ethylene
glycol
iron oxide, silica flour
sulphur, boric acids, ammonium biflouride 

cereals, saw dust, wood flour     


(Beeley, 1972).
Some of the additive in general use includes
i.	Coal dust: Generally, coke give rise to increase dry and green strength of the sand, but thus effect is gradual process during the repeated use of the sand and not an immediate result of adding coal dust to a new sand milling with the required tempering water (Howard, 1985). Briefly, the effects of coal dust in the mould are:
a.	It increases the refractoriness of the sand by depositing carbon and decomposition product of coal in the sand grains.
b. 	It produces a reducing atmosphere in the mould cavity as it fills with molten metal.
c.	It produces gases of the mould face during casting and so preventing direct contact between the molten metal and the sand or clay particles.
d.	The bind and dry strength of the sand are improved.
e.	The presence of coke particles between the sand grains allows for some expansion of the rammed mass of sand without cracking or bulging and maintains permeability in the mould.
ii.	 Silica flour: This is pulverized silica usually finer than 200mm. It is purposely used to increase the density of the sand resistance for metal penetration.
iii.	Wood flour: This is a cellulose material, its main function is to continue the expansion of the sand by burning out at elevated temperature. It is also used to improve collapsibility and flowability of the sand.
iv.	Cereal: Cereal binder is a finely ground corn flours or gelatinized and ground starch from corn. Cereals are used in moulding sand to increase green or dry strength or collapsibility up to 2.0%. It is also used to mitigate moulds expansion defects.
v.	Ground pitch: Pitch is a bye-product of coke making, being distilled town soft crab at about 600°F and above pitch is used in amount up to 3.0 percent to improve hot strength or casting finish in ferrous casting.
vi.	Asphalt: Asphalt is a bye-product of the distillation of petroleum. It is used for the same purpose as pitch.
vii.	Graphite: Synthetic or natural graphite may be used in percentage of 0.2 to 2.0 percent for the purpose of improving the mould ability of the sand and the surface finish of the casting.
viii.	Gilsonite: This material is a solid asphaltic mineral sufficiency volatile so that it function much as sea coal does in causing improved casting finish.
ix.	Fuel Oil: Fuel oil is sometime used in very small percentage of 0.01 to 0.1 percent, and seems to confer improved mould ability to the sand.
x.	Sea coal: Sea coal is a finely ground soft coal used in moulding sand for cast irons, principally for the purpose of improving the surface finishing and case of deeming the casting. Sea coal may be specified by proximate and ultimate analysis conventionally used for coal. The sea coal is usually ground to a fineness similar to that of the moulding sand in which it is used percentage employed in sands are about 2 to 8 percent.
xi.	Pearlite: Pearlite is an expanded aluminium silicate mineral useful in small percentage of 0.5 to 1.5 percent to obtain better thermal stability to the sand. It may also be used as a riser insulator.
2.4	Classification of Moulding Sands
Moulding sand according to Jain (1986), can be classified into four different types, these are;
i. Natural moulding sands
ii. High silica sands
iii. Special sands
iv. Bonding clays
2.4.1	Natural moulding sand
These sand occurs as deposit in various part of the country, they possess an appreciate amount of clay which acts as bond between the sand grains. The quantity and type of clay mineral present affect the strength, toughness and refractoriness of the sand. The clay may belong to different mineralogical group such as kaolinite, montmorillonite, halloysite, dickite and nacrite. The other minerals present as contain namely; feldspar, Fe2O3 MgO, K2O and Na2O lowers the refractoriness.
Crushing and milling soft yellow sandstone carboniferous rocks e.t.c. during the milling operation obtain natural moulding sand, clay aggregates breakdown and clay particle get uniformly distributed over the sand grains (Jain, 1986). These sand usually have clay bond in excess of the minimum needed for developing necessary strength in the sand mixture. To get desired properties, crude silica sands such as those obtained from river bank and domes, which are relatively free of clay, are mixed with natural sands. By virtue of their ease of availability and low cost, natural moulding sand are used for most of the casting of both ferrous and non-ferrous metals. Table 2.2 represent the various grades of sands that satisfied the requirement for natural moulding sand. The grain shape of these sands is required to be sub-angular to round. Natural moulding sand possess high flexibility of operation unlike synthetic sands, here accurate adjustment of moisture is not required and the range of permissible moisture is high. These sands are therefore suitable for hard moulding, particularly for high casting that use dry sand for moulding.
2.4.2	High silica sand
These sands contain less than 2% of clay, alkalis and mineral. They occur as house or purely consolidated deposits of sedimentary origin dune blown inland from the coast, or accumulated deposits in estuaries and rivers along the coast. They are produced by first crushing quartette sand stones of open texture, and then washing and grading these to yield a sand grade of requisite shape and grain distribution.
Table 2.3 shows the requirement of high silica sand for use in foundries and can be classified into three grades according to the silica content. The clay content of high silica sand should not be more than 2%.
2.4.2.1 Choice of base silica sand for ferrous foundries
The quality of the base sand has a significant influence on the quality of the casting produced. The following properties such as silica content, clay content, sieve grading and grain fineness number, grain shape, bulk density and surface area, fine content, loss of ignition, moisture and sintering temperature were adequately investigated on silica sand deposit in various part of India and table 2.4 shows the outcome of their research work. Table 2.5 shows sand test, which have proved satisfactory for various casting in different alloys.
2.4.3	Special sand
These sands are ideal for achieving special characteristics, which are not otherwise possible in ordinary silica sand. Zircon sand, olivine sand and chamotte, chromites and chrome magnesite sand are often used as special sands.
Table 2.2:	Classification of various grades of sands that satisfies the requirement of natural moulding sand
	
	Grade A
	Grade B
	Grade C

	Clay percentage 
	5-10
	10-15
	15-20

	Sintering temperature
	1350-1450
	1200-1350
	1100-1200






Table 2.4:	Classification of silica sand that satisfies the requirement of high silica sand 
	Grade
	% Silica
	Alumina (max) %
	Iron Oxide (max) %
	Ca & Mg (max) %
	Alkaline

	A
	98
	1.0
	1.0
	1.0
	0.5

	B
	95 – 98
	1.5
	1.0
	1.0
	0.5

	C
	90 – 95
	1.5
	2.0
	2.0
	1.5


(Jain, 1986)
Table 2.5: 	Sand test data which have proven satisfactory for various casting in different casting alloys
	Casting alloy
	Moisture %
	Permeability
	Green compression Lbs/inch2
	Clay substance %
	Fineness number

	Aluminium casting 
	6.5-8.5
	7.13
	6.5-7.5
	12.18
	225-160

	Brass & Bronze castings 
	6.0-8.0
	13-20
	7.0-8.0
	12-14
	150-140

	Grey Iron, light stove plate castings 
	6.5-8.5
	10-15
	6.0-7.5
	10-12
	200-180

	Grey Iron squeeze moulds
	6.0-7.5
	18-25
	6.2-7.5
	12-14
	120-87

	Grey Iron, medium, synthetic sand 
	4.0-6.0
	50-80
	7.5-8.5
	4-10
	75-65

	Grey iron, heavy green or dry sand
	4.0-6.5
	80-120
	5.0-7.5
	8-13
	61-50

	Malleable iron castings, light 
	6.0-8.0
	20-30
	6.5-7.5
	8-13
	120-92

	Malleable iron castings, heavy
	5.5-7.5
	40-60
	6.5-7.5
	8-13
	85-70

	Steel, light green sand castings 
	2.0-4.0
	125-200
	6.5-7.5
	4-10
	56-45

	Steel, heavy green sand castings 
	2.0-4.0
	130-300
	6.5-7.5
	4-10
	62-38

	Steel castings, dry sand 
	4.0-6.0
	100-200
	6.5-7.5
	6-12
	60-45

	Copper-Nickel casting 
	6.0-7.5
	37-50
	6.5-8.0
	12-14
	130-120

	Grey iron, medium floor sand 
	5.5-7.0
	40-60
	6.2-7.5
	12-14
	120-87


CHAPTER THREE
MATERIALS AND METHOD
3.1	Collections and Preparation of Materials
3.1.1	Silica Sand
The silica sand used in this project was obtained from two different points, tagged A and B (5km apart) within the vast deposit at Oro-Ago, Kwara State. 
3.1.2	Preparation of the Standard Test Specimens
The AFS cylindrical test specimen was prepared using the metric standard rammer. The AFS cylindrical test piece of 50.8mm diameter x 2mm was made by dropping 6.356kg weight three times through a height 50.8mm onto the measured quantity of sand. 150g of the prepared sand was weight out and placed in a 127mm height special tube with an internal diameter of 50.8mm, the base of which have been sealed by a suitable metal cup. The weight on the rammer was raised by means of the handle provided on the side of the equipment. The specimen tube and the cup were then placed under the ramming head with the centralizing peg on the metal plug located in the hole of the base plate. The rammer head and weight was lowered until they were supported by the sand in the container. Rotating handle attached to the apparatus was allowed to fall freely through a 50.8mm height determined by the cam on the equipment raised the rammer weight. This operation was repeated twice to ram three times for the silica sand. The specimen was removed from the rammer by raising the weight.

3.2 	Methods 
3.2.1 	Analysis of the sand chemical compositions 
The chemical composition analysis of the silica sand was carried out using the X-Ray Fluorescence (XRF) Analyser at Materials Testing Laboratory, Federal University of Technology, Akure, Nigeria in line with the practice of Patrick et al. (2019). Three (3) grams of the sand sample was measured, put in a sample holder and placed inside the X-ray chamber. The setting of the oxide analyses was carried out. After 100 seconds, the result was displayed on the monitor connected to the XRF.
3.2.2 	Physico-mechanical properties 
In order to determine the suitability or otherwise of the silica sand for the casting process, various physico-mechanical properties tests were carried out. The properties that were tested include the grain fineness number, permeability, refractoriness, green compressive strength, bulk density, dry compressive strength, specific gravity, moisture content, clay content and flowability. These tests were carried out at Soil Testing Laboratory, Department of Civil Engineering, Federal University of Technology, Akure, Nigeria. The procedures that were used is in accordance with the American Foundry-men Society (AFS), ASTM and British standards for the determination of these properties as stipulated in technical literatures.
3.2.3 	Sieve analysis / Grain fineness number determination 
The silica sands were prepared by washing, drying and picking and sorting processes to remove debris and other unwanted materials from the sand. The weight of the dried cleaned sand sample was determined and recorded. The British standard set of sieves was cleaned, and the weight of each sieve in the set was determined with the use of electronic weighing balance and was recorded along with the bottom pan used. The sieves were then assembled in ascending order of sieve numbers (8, 10, 16, 22, 60, 100, 150 and 200) with the pan placed at the bottom. The sand sample was then carefully poured into the top sieve and covered with the cap. Subsequently, the sieve stack was then placed on the mechanical shaker (Endvolts sieve shaker, volts/220/240, single phase; Ridsdale & Co. Ltd made) and shake for 15 minutes. The stack was removed from the shaker and carefully weighed; the weight of each sieve was recorded with its retained sand. The weight of the bottom pan was also determined and recorded also with its retained fine sand. The grain fineness number was then calculated.
	
3.2.4 	Moisture content 
Three (3) aluminium cans were cleaned, dried and weighed with lid as W1. Silica sand sample was filled into each of the three dried cans. The cans were filled with sand covered with lid, weighed and recorded as W2. Each of the can was then opened with the lid placed beneath them and placed in the oven. The sand was allowed to dry for 24 hours in the oven at 1100C. Each of the cans was brought out from the oven with the dried sand in them, weighed on the electronic weighing balance and recorded as W3. The moisture content was calculated.
	
Where	W1 = weight of empty can, W2 = weight of drying can + wet sand and W1 = weight of drying can + dry sand. 
3.2.5 	Permeability 
The sand sample was filled into a cylindrically shaped mould of 8.50cm diameter and height of 12.73 cm. The filter paper was placed at both ends of the specimen and then centrally placed over the bottom saturated porous stone of the drainage base fixed to the mould. The annular space between the mould and soil specimen was filled with impervious material (gravel) to avoid any leakage from the sides. The drainage cap was then fixed over the top of the mould. The water storage was connected with the outlet of the bottom drainage base plate of the mould and the water was allowed to flow in. The whole water was saturated and 1.00 cm depth of free water was allowed to stand on the top of the sample. The flow was allowed in the specimen for 24 hours. After which the water reservoir was disconnected from the outlet at the bottom and connected to the inlet at the top plate. The stop cock at the top plate was opened and water was allowed to pass through it to remove all the air in the cylinder. The stop clock was closed after all the air has escaped. The outlet at the bottom plate was then opened and the water allowed to flow through the soil in order to establish a steady flow. The water was collected in a graduated measuring flask for 2 minutes time interval. The collection of the water was repeated thrice and the times were noted and recorded.
The permeability was then calculated using the relation below 
	
Where: K = coefficient of permeability at T0C (cm/sec), L = length of soil specimen (cm), h1 = initial head of water at time t1 in the pipe above the outlet (cm), h2 = final head of water at time t2 in the pipe above the outlet (cm), a = cross sectional area of stand pipe (cm2), A = cross sectional area of the soil specimen (cm2) and t = (t1 – t2) time interval (sec) for the head to fall from h1 to h2.
3.2.6 	Specific gravity 
The density bottle was washed, dried, cleaned, weighed and recorded as m1. The soil sample was placed in the density bottle with stopper, weighed and recorded as m2. Air free water was added to cover the soil in the bottle. This was placed without the stopper in the vacuum desiccators. The pressure was reduced to about 25 Kilopascals. The bottle was left for 1 hour. The vacuum was released and the desiccator lid was then removed. The soil in the bottle was stirred. The soil particle was washed off before the stirring rod was removed. The lid of the desiccators was replaced and the vacuum procedure was repeated until there was no more air evolved from the soil. The specific gravity was then determined using equation below.
	
Where: m1 = mass of empty bottle; m2 = mass of bottle with sand sample, m3 = mass of sand sample with water and bottle; m4 = mass of bottle filled with water
3.2.7	Sand strengths 
(a) 	Green compressive strength 
In determining the silica sand green compressive strength, the sand was filled into a standard mould of 50 mm in diameter and 100 mm in length and compacted using sand compaction machine where a 6.6 kg load was dropped 50 times at both ends of the mould. Thereafter the sand in the mould was removed with the use of hydraulic jack placed at the bottom of the mould. This process was repeated nine times to produce nine specimens from the sand sample. Three out of the moulded sand (3 specimens) were placed in the sand compressive strength testing machine, where they were subjected to varying degree of load to determine the maximum amount of load they can withstand before the sand collapsed. The readings on the machine indicator at different load was then recorded to calculate the green compressive strength using equation below. 
	
Where DGR means ―Dial Gauge Reading  
(b) 	Shear strength and dry compressive strength 
The shear strength was determined by filling the shear strength machine mould with the sand sample and thereafter the mould was placed in the sand shear strength testing machine and subjected to different loading and the corresponding deflections on the machine scale was recorded for each of the load for the calculation of the shear strength. The shear strength and the dry compressive strength was calculated using equation below.
	
Dry compressive strength = Shear strength – Green strength 
3.2.8	Refractoriness 
Three specimens of the silica sand as described in the green compressive strength procedure was placed in a furnace, the temperature of the furnace was set to 9500C and this temperature was maintained for 3 hours. The silica sands was brought out of the furnace to determine any defect or otherwise in the sand appearances and sizes. 
3.2.9 	Shatter index 
Three specimens out of the prepared silica sand specimens produced were used for the shatter index test. The shatter index value of the silica sand was determined by allowing the compacted silica sand specimen to fall freely from a height of 1.83 meters unto a steel anvil. The degree of disintegration of each specimen was measured by weighing the specimen before falling (W1) and weighing the bigger piece among the disintegrated specimen after fall (W2), from which the toughness or plasticity of the sand was determined using equation below.
	
3.2.10 	Clay content 
A measuring cylinder of 1000 ml capacity was filled with an iodine salt of 50g and water was added to fill the cylinder to 300ml. Thereafter, the sand sample of 200g was added into the cylinder. This mixture was left in the cylinder for 2 hours. The mixture was then form three layers in the measuring cylinder. These layers were water which is at the top level (V1), followed by the silt (V2), and the silicate sand at the bottom (V3). Thus, the clay content was calculated between these layers using equation below. 	
	


CHAPTER FOUR 
RESULTS AND DISCUSSIONS
4.1	Results
	The results obtained during the sand test were recorded and were as subsequently presented in the tables 4.1, 4.2, 4.3 and 4.4 in which tables 4.2 and 4.3 represent the result of the elemental composition of Oro-Ago moulding sand and sieve analysis of Oro-Ago natural moulding sand, while tables 4.3 and 4.4 represent physico-mechanical properties of Oro-Ago moulding sand and physico-mechanical properties of Oro-Ago moulding sand against recommended/standard values. 
Table 4.1: Elemental Composition of Oro-Ago Moulding Sand 
	S/N
	Constituents 
	Weight (%)

	
	
	A
	B
	Average Value

	1.
	SiO2
	93.70
	93.90
	93.80

	2.
	Al2O3
	5.20
	5.40
	5.30

	3.
	CaO
	0.01
	0.01
	0.01

	4.
	MgO
	0.069
	0.067
	0.068

	5.
	Na2O
	0.80
	0.82
	0.81

	6.
	Fe2O3
	0.031
	0.033
	0.032

	7.
	K2O
	0.387
	0.389
	0.388

	8.
	MnO
	0.005
	0.005
	0.005

	9.
	ZnO
	0.300
	0.300
	0.300





Table 4.2: 	Sieve Analysis of Oro-Ago Moulding Sand 
	S/N
	Mesh (N)
	Sieve diameter (micron)
	Wt of sieve pan (g)
	Wt of pan and retained sand (g)
	Wt of retained sand (g)
	% wt of retained sand (g)
	Product (g) [% Wt of retained sand x sieve No]
	Cumulative

	1
	12
	1400
	312.881
	313.028
	0.147
	0.047
	-
	-

	2
	16
	1000
	299.931
	300.015
	0.084
	0.028
	0.336
	0.075

	3
	22
	710
	287.070
	287.443
	0.373
	0.130
	2.080
	0.205

	4
	30
	500
	259.858
	266.046
	6.188
	2.381
	52.382
	2.586

	5
	44
	355
	241.321
	259.083
	17.762
	7.360
	220.800
	9.946

	6
	60
	250
	233.595
	253.175
	19.580
	8.382
	368.808
	18.328

	7
	85
	180
	225.282
	249.970
	24.688
	10.959
	657.540
	29.287

	8
	120
	125
	213.470
	241.188
	27.718
	12.984
	1103.640
	42.271

	9
	170
	90
	211.693
	220.355
	8.662
	4.092
	491.040
	46.363

	10
	240
	63
	208.904
	211.446
	2.542
	1.217
	206.890
	47.580

	11
	350
	45
	210.610
	211.353
	0.743
	0.353
	84.720
	47.933

	12
	350
	-
	196.147
	196.653
	0.5061
	0.258
	90.300
	48.191

	
	
	
	
	
	
	48.191
	3278.536
	



AFS =  

	AFS = 
AFS grain fineness number is 68.03


Table 4.3: Physico-Mechanical Properties of Oro-Ago Moulding Sand 
	S/N
	Parameters 
	Sample A
	Sample B
	Average Value

	1.
	Colour 
	Reddish brown
	Reddish brown
	Reddish brown

	2.
	Moisture content (%)
	7.67
	7.69
	7.68

	3.
	Specific Gravity 
	2.64
	2.64
	2.64

	4.
	Bulk Density (Kg/m3)
	1620.6
	1620.8
	1620.7

	5.
	Permeability (cm/sec)
	0.13
	0.11
	0.12

	6.
	Flowability (%)
	65.20
	65.40
	65.30

	7.
	Grain Fineness number
	68.03
	68.03
	68.03

	8.
	Green Compressive Strength (KN/m2)
	53.6
	53.4
	53.5

	9.
	Dry Compressive Strength (KN/m2)
	213.7
	213.5
	213.6

	10.
	Clay Content (%)
	10.1
	10.1
	10.1

	11.
	Shatter Index (%)
	25.3
	25.1
	25.2

	12.
	Refractoriness (0C)
	>900
	>900
	>900





Table 4.4:	Physico-Mechanical Properties of the Sand against recommended/standard values
	S/N
	Parameters
	Average obtained Value
	Recommended Standard Value 

	1.
	Moisture content 
	7.68%
	5 – 8% (for the casting of Aluminium, brass and bronze, malleable iron and medium grey iron) (Burns, 1989; Mshelia et al, 2016)

	2.
	Specific Gravity 
	2.64
	2.6 – 2.8 (Technology, 2016)

	3.
	Bulk density 
	1620.7Kg/m3
	1100Kg/m3 to 1800Kg/m3 as AFS standard for sand casting process 

	4.
	Permeability 
	0.12cm/sec 
	0.001cm/sec and above (Technology, 2016)

	5.
	Flowability 
	65.30%
	65% for casting of Aluminum (Burns, 1989)

	6.
	Grain Fineness Number 
	68.03
	36 – 90 for non-ferrous metals (Burns, 1986; Mshela et al, 2016).

	7.
	Green Compressive Strength 
	53.5KN/m2
	50-70KN/m2 and above for the casting of Aluminum, brass and bronze, light grey iron and malleable iron (Burns, 1989; Mshelia et al, 2016). 

	8.
	Dry Compressive Strength
	213.6KN/m2
	200-500KN/m2 for casting of Aluminum, brass and bronze and light grey iron (Burns, 1989; Mshelia et al, 2016)

	9.
	Clay Content 
	10.1%
	10 – 12% for the casting of Aluminum, brass and bronze, light grey iron, malleable iron, heavy steel, light steel and heavy grey steel (Burns, 1989; Mshelia et al, 2016) 

	10.
	Shatter Index 
	25.2%
	12% and above (Mshelia et al, 2016)

	11.
	Refracttoriness 
	>9000C
	11000C and above (Mshelia et al, 2016) 







4.2	Discussions
4.2.1 	Chemical Compositions of Panada Moulding Sand 
The chemical constituents of the sand samples are as presented in Table 4.1, Silica (SiO2) constitutes the main element in the sand, with an average value of 93.80% by weight, followed by Alumina (Al2O3) which constituted 5.30% on average value. Thus, the sand belongs to Alumina-silicate group of sand. Most foundry sands for metal casting are highly quality silica with physical characteristics (Shuaib-Babata et al., 2017c). Other elements present in the sand include CaO, MgO, Na2O, Fe2O3, K2O, MnO, and ZnO in smaller proportions as recommended (Jimoh et al., 2015). The sand contained no amount of CaO and ZnO which are one of the significant constituents of the clay content in the sand (Jimoh et al., 2015). However, this may have little effect on the strength of the sand because clay serves as a binder which holds the grains of the sand together. This deficiency can be eliminated through the addition of a binder (Mshelia et al., 2016). Information on the sand chemical composition is important as it relates directly to the metal moulded at the foundry (Akinyele and Oyeyemi, 2014).
4.2.2 	Sieve analysis / Grain size distribution and Grain fineness number (GFN) of Panada Moulding Sand  
The average results of the moulding sand’s grain size distributions and AFN grain fineness number are as shown in Table 4.2. In sand, the characteristics shape of a sand grain is an important factor (Shuaib-Babata and Olumodeji, 2014). Many of the sand’s properties are affected by the grain size distribution (Richard, 2003).
The results in Table 4.2 revealed high concentrated grain retained of the sand (88.6%) between sieve size BS No.100 and 150 (0.15 and 0.075 mm). This shows that the sand had a high concentration of fine structure. Fine surface finish casting is enhanced by highly concentrated small grain structure of sand (Mikhailov, 1989; Adesina, 2010). In natural sand, particle distribution and the sand’s shape allow good permeability and strength (Ihom et al., 2011; Turkeli, 2017). The sand’s GFN was averagely 68.03 which fell within the specified standard values (36 – 90) for non-ferrous metals (Burns, 1986; Mshela et al., 2016). The sand’s average grain size will be approximately 195 μm, which are useful parameters with AFN, as the choice of sand should be based on particle size distribution (Burns, 2000). The size distribution has effects on the quality of the castings. However, the sand has higher compatibility level, since the finer the grains of sand, the higher its level of compatibility and vice-versa (Donald, 2010), which results to good surface finishing.
Sand with higher grains fineness number has the tendency to produce a very good surface finish cast product, with low binders (Tuncer, 2017). GFN serves as a guide to determine the quantity of binding materials required to produce desirable properties in new foundry sand (Shuaib-Babata and Olumodeji, 2014). The grain fineness number also affects the permeability of the sand (Mshela et al., 2016). Fine-grained sands yield better surface finish but need higher binder content (Burns, 2000).
4.2.3 	Moisture content 
The importance of moisture content on the moulding sand and subsequently on the casting quality cannot be underestimated. Moisture test determined the dampness of the mould. The sand has an average moisture content of 7.68%, this falls in the range of (4 – 8%) which is the recommended standard suitable for casting of light steel, heavy grey steel and medium grey iron (Burns, 1989; Mikhailov, 1989). By establishing the percentage of moisture content of the natural moulding sand, it will help in controlling the amount of water that can be added during the process of mould making (Oke and Omidiji, 2016). If the proper amount of moisture in the sand is not achieved, it can lead to some defects such as scabs and blow holes and it will also affect the strength properties of the moulding sand (Mshelia et al., 2016).
4.2.4 	Specific gravity 
The average specific gravity of the sand was discovered to be 2.64 which fall between the 2.5 – 2.8 acceptable ASTM standard (D854) for foundry sand with clay (5%) and foundry sand without clay. Foundry sand with lower specific gravity has been discovered to contain more impurities and inorganic materials that could fuse during molten metal pouring process which might lead to casting defect (Bala and Olabisi, 2017). The sand has a high specific gravity which signifies that the level of impurities in the sand is quite low and thus will not fuse with the cast at a higher temperature (Jimoh et al., 2015). 
4.2.5 	Bulk density 
The average bulk density was found to be approximately 1620.7Kg/m3 which fall within the AFS standard of 1100 Kg/m3 to 1800 Kg/m3 for sand casting process (Bala and Olabisi, 2017). The bulk density has been discovered to be increasing with increasing moisture content. At very high moisture content, the highest bulk density can be obtained when the sand is adequately rammed to drive off all the air in the mould (Mshelia et al., 2016). 
4.2.6 	Permeability 
The sand has a permeability of approximately 0.12 cm/sec which is within the standard of 10-3cm/sec and above for foundry sand (Technology, 2016). Although the sand has fine grains low clay content in the sand can also be attributed to high permeability exhibited by the sand (Mshelia et al., 2016). However, it has been established that the finer the sand grains, the lower the permeability and vice versa. Lower permeability can be attributed to one of the major cause of porosity defect in the casting process. Hence it is an important factor that can influence the property of moulding sand and the property of the cast (Jimoh et al., 2015). 
4.2.7 	Flowability 
The average flowability of the sand is 65.30%. The value is within the standard value of flowability for moulding sand by AFS which is 65% and above (Burns, 1989; Shuaib-Babata et al., 2017c). This can be attributed to higher SiO2 in the sand. Flowability of the sand increases with a decrease in the green strength and vice versa. It also increases with the decrease in grain size of sand (ME Mechanical Team, 2016). This also corresponds to the sand has a higher grain fineness number which shows a decrease in the grain size particles. Flowability is also influenced by clay content and moisture content (Desai et al., 2016).
4.2.8 	Green compressive strength 
The average Green compressive strength of the sand was 53.5KN/m2 which is within the recommended standard (50–70 KN/m2) for non-ferrous metals (Mshelia et al., 2016). However, this strength can be improved upon with the addition of binders and some other additives such as clay, bentonite, corn flour and others so that its strength and toughness can be increased and thus enhanced the handling and making of the mould (ME Mechanical Team, 2016). The strength of the sand is also the compression strength that allows it to hold geometric shapes and grains together under the conditions of stresses that will be imposed on it during the sand casting process. Thus, this result shows that the sand is suitable for casting aluminium and other non-ferrous metals. 
4.2.9 	Dry compressive strength 
The average dry compressive strength of the sand was found to be 213.6KN/m2. This is quite lower in comparison with the standard value (200-550 KN/m2) (Mshelia et al., 2016). Thus, the sand does not have sufficient strength in its dry form i.e. it will lack appropriate strength in its dry form. The low dry compressive strength is due to the low clay content in the sand as the clay content was found to be 10%. However, this value can be improved with the addition of binder and some other additives such as clay, bentonite, corn flour and others. 
4.2.10 	Clay content 
The average clay content of the sand was found to be 10.1% which is in agreement with the standard recommended value (10-12%) (Mshelia et al., 2016). The low clay content in the sand has both advantages and disadvantages. Part of the advantages is that it gives the sand high permeability and thus, minimise the probability of porosity defect in the final cast. On the other hand, the moulding sand will have low compaction strength, which has reflected in the sand’s strength (51.4KN/m2). Another disadvantage is that the sand may not be used for casting of objects with intricate shapes but for simple objects such as round bar, rectangular bar and so on (Mshelia et al., 2016). However, these disadvantages can be adequately taken care of by simple addition of binder which includes natural clay, bentonite and other additives to impart adequate compaction strength to the sand (ME Mechanical Team, 2016). 
4.2.11 	Shatter index 
The average shatter index of the sand was found to be 25.2% which is within the AFS standard requirement (Mshelia et al, 2016). This indicated that the sand sample after compaction lacks sufficient toughness to help satisfactory lift during the withdrawal of the pattern (Jimoh et al., 2015). This high shatter index also indicates that the sand has high collapsibility which is more desired after the withdrawal of the cast from the mould (Sheidi and Ajuwa, 2008). However, high shatter index can be attributed to the low clay content in the sand which will bond the sand grains together and prevent them from easily broken into pieces (ME Mechanical Team, 2016). The shatter index can be improved with the addition of a binder. 
4.2.12 	Refractoriness 
After the sand was subjected to a temperature above 9000C inside the furnace and removed, the sand retained its shape, size and colour. However, there was a decrease in the compaction strength of the sand physically. This can be attributed to the low clay content in the sand which should have sufficiently bonded the sand grains together and prevent them from separating from each other easily by impacting sufficient strength in the sand grains (ME Mechanical Team, 2016). However, this can also be improved with the addition of a binder to impart sufficient strength in the sand both at low and high temperature (ME Mechanical Team).
4.3 	Evaluation of the Selected Oro-Ago Natural Moulding Sand  
The chemical composition and physico-mechanical properties of the natural moulding sand from Oro-Ago were compared with the AFS standard recommended values as shown in table 4.4. On this basis, the potentials of the Oro-Ago natural moulding sand for foundry application were evaluated. Similarly, the physico-mechanical properties of the sand were tabulated against recommended/standard values from literature in Table 4.4, which reveals the suitability of Oro-Ago moulding sand for various castings of metals, most especially non-ferrous metals.


CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS 
5.1	Conclusions 
From this research work, the following conclusions were drawn: 
1. 	Oro-Ago moulding sand belongs to high-quality silica sand; having SiO2 has its dominance element (93.80 %) with other trace elements like Al203, CaO, Fe2O3, MgO, ZnO, MnO, K2O and Na2O. The sand chemical compositions determined when compared with the standard recommended properties of natural moulding sands showed that the sand sample characterised does not possess the right properties for sound sand castings in its natural form. This does not, however, make it totally unsuitable for non-ferrous applications but it implies that its reusability has to be closely monitored to ensure timely reconditioning to guard against the production of defective castings. 
2. 	The Oro-Ago natural moulding sand has very fine grains and considerably sufficient clay content (10.1%) but only suitable for the casting of non-ferrous metals such as aluminium, brass and bronze in its natural form.
3. 	The sand has considerably low dry strength for the casting of ferrous metals and thus requires the addition of clay or binders but however, it is sufficient for casting object with no intricate shape in its natural form.


5.2	Recommendations
The following recommendations are thereby tendered for further work on this research work:
1.	The sands can be upgraded by increase the percentage of silica content through thorough washing.
2.	In addition, the silica sands should be adequately sieved in a 350cm Endecott sieve before the moulding properties of the sands are determined.
3.	Finally, in-depth study of other moulding property like collapsibility should be conducted so as to fully appreciate the service behaviour of the sand mixtures.
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