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ABSTRACT
Metallurgy is simply the science of properties of metals, their uses and method of obtaining them. There are various processes and operation that makes metallurgy such an interesting and an indispensable practice in the economic sector of industrialization.  Casting is one of the processes being carried out in metallurgy. Basically casting is a major operation used in pattern and casting of the size 40 aluminium of this project. Metallurgy does not comprise of casting alone, there are some work been done in metallurgy field like forging, rolling welding and extrusion etc. Mentioned are the advantages and limitations of casting technologies. And appropriate sand mixture is satisfactory discussed. Furthermore, how one can produce good finished products from hand moulding method of casting is enumerated. Melting range, knockout temperature for different alloys and the excitement and vigours in pattern making are included.
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CHAPTER ONE
1.0 INTRODUCTION
Casting of metallic substances involves the process of melting and pouring of liquid metal into a prepared mould cavity, allowed to cool and solidify and shakeout to obtain a finished product. Aluminium Frying Pot is a domestic cooking utensil which has different sizes like size
40, 20, 10, E5, E4, E3, E2, E1 and large aluminium frying pot [for frying purposes]. There are various areas of specialization in metalwork which foundry is involved (Campbell, 2003).
Foundry work is a branch of metallurgy in which diverse metal articles of desired shapes and dimensions are manufactured by means of melting, pouring it into the prepared cavities called MOULD and allowed to solidify to take the shape or the form of the mould. This process is known as Casting.
There are two types of casting techniques:
* Sand Casting
* Die Casting
The main difference between these techniques lies in the kind of mould been used. For sand casting, sand mould is used, while for die casting, steel mould is used.
This project is based on construction of Aluminium Frying Pot. Aluminium Frying Pot is one of the essential house cooking utensils used.
1.1     AIM AND OBJECTIVES
The  aim of this  project  is  to  produce  set  of aluminium  frying  pot  for  domestic  and industrial purpose and also to produce this item in mass production and good quantity and quality that will be completely suitable for sale.
  OBJECTIVES
* To learn and analyze process of aluminium casting.
*  To identify the problem in the aluminium casting process, with the benefits and opportunities of the aluminium business.
* To formulate the solution for identified problems and to improve the efficiency of the current 
	process

1.2    CASTING
Casting is the process of producing [making] metallic articles [or alloys] of desired shapes and dimension, composition and of specified properties directly from [superheated] molten metal poured into a mould whose internal shape [impression] reproduce the configuration and dimensions of the required cast with maximum accuracy.
The casting manufacturing cycle includes a series of main and auxiliary operations that are carried out simultaneously or successively in various departments of the foundry workshop.
Patterns, Core Boxes and other needed appliances are made in the pattern making shop. Process of casting is controlled by mould materials, moulding method, chemical composition of alloys and smelting method heat treatment, molten metal pouring, special casting method, felting transport and material handling in foundry.

1.3       REASON FOR CASTING
Metal alloys used in the industrialization of the economy can be divided into two large groups:

*   Wrought/Forging alloys
*   Casting alloys
Wrought alloy are those, which can be shaped by plastic working and intended for shaping into various semi-finished products. They are initially cast into ingots which are later shaped by plastic working, while casting alloys are used for making shaped casting for machining. As a result of this, the difference between wrought and casting alloys cannot be clearly defined. This shows the reason why casting is involved either directly or indirectly in every sector of the economy.

















CHAPTER TWO
2.0       LITERATURE REVIEW
2.1       PROPERTIES OF MOULDING SAND  
Moulding sand are usually produced by mixing fresh silica sand, refractory clay with a definite amount of used sand and various additives.
Good quality moulding sand must adequately satisfy the following properties before it can be suitable for casting:
* Sufficient Porosity/Permeability
It is the property of sand which permits the steam and other gases to pass through the sand mould and escape. The porosity of sand depends upon its grain size, grain shape, moisture clay components of the moulding sand. if the sand is too fine, the porosity will be low.
* Sufficient Plasticity
Sufficient plasticity refers to the ability to acquire its predetermined shape and to relative its shape when the pressure id removed. High plasticity is required of the moulding sand to obtain a good impression of the pattern in the mould.
* Sufficient Collapsibility
Collapsibility is referred to the ability of the moulding sand to decrease in volume to some extent under compressive force developed by the metal during shrinkage and subsequent cooling. Lack of collapsibility in the mould sand may results in the formation of cracks in the casting.
* Sufficient Strength: Sufficient Strength refers to the ability of the moulding sand to withstand shock or wearing away under the action of the molten metal. That is no destruction of the moulding sand should take place during converging and during pouring of molten metal.
* Sufficient Refractiveness
Refractoriness is the property which enables the moulding sand to resist high temperature of the molten sand without breaking down or fusing.

2.2       TYPES OF CASTING
The two types of casting are:
i.     Sand Casting 			ii.    Die Casting
2.2.1    SAND CASTING
The process is one of the most popular and simplest type of casting. Sand casting allows most metals to be cast depending on the type of sand used for the mould.
The process of sand casting consists of three stages:
1.    Preparing the pattern
2.    Preparing the mould
3.    Melting and pouring of the molten metal into the mould
i. Making of The Pattern: pattern is the appliances designed to form a cavity in mould, the shape of which corresponds to that of the casting to be made with maximum accuracy. It is used for making an imprint in a box of sand; a piece of wood is often used in making of the pattern. Pattern making is the first step in the production of a sand cast article. It is helpful to prepare a working drawing of the pattern first, and then use the drawing and measurement to construct it. This procedure was followed for the production of the aluminium frying pots.
pattern can be made  in  an unsplit or in two or more parts, depending on how complex it is. A pattern made in two or more parts is called "split pattern". In the case of making pattern for aluminium frying pots, unsplit pattern was used to allow for contraction or shrinkage of casting when it cools and a possibility for machining, a pattern is normally made a little big larger than the actual size. Where possible, sharp corners should be avoided as they may damage the mould when the pattern is being pulled out.
ii. Making of The Mould
A mould is a cavity or impression of a pattern left in a box of sand into which the molten metal is poured. To make the mould, certain basic materials and tools are needed.

Moulding Sand: Sand is a natural substance, used in preparing the mould for casting. The two common types of natural sand are:
* Clay free sand
* High clay content sand
Clay free sand: is also known as high silica sand, and is the type that's mainly used for preparing foundry moulds. It is called synthetic moulding sand. When a certain amount of clay [bentonite] and water is added to high silica sand, the mixture gotten is called "green sand"(Jin, 2014). High clay content sand is natural green sand [wet sand] which is generally used in making pottery.
The sand used in preparation of foundry mould is classified as follows:
1.    Fine Sand: for making green sand, cold resin sand and cores, this provides better finishes to the casting.

2.    Medium Sand: is used for making green sand, cold resin sand and cores.
3. Coarse Sand: is used for making moulds that needs high permeability.

iii. Tools and Equipments for Preparation of Moulds
*   Shovel: is used in the mixture of sand and separation of sand or breaking of solidified sand.
*   A Moulding Board: is a flat wooden board placed under the drag, filled with moulding sand.
*   A Bottom Board: is similar to the moulding board, it is placed on the top of the drag after the sand has been rammed and the drag is about to be turned over.
*   The Strike Off Bar: is a rectangular wooden strip used to level the sand placed in the flask.
*   The Tapping Bar: is a wooden bar with square cross section, used for tapping the drag screw to loosen the pattern in the mould, so it can be easily removed.
*   Crucible: is the equipment used in melting of molten metal in the workshop.
*   Spring: it is equipment used for tightening of flask together in the cope and the drag.
*   The Riser Pin: is a wooden rod that is slightly tapered. it is used to create hole called riser in the cope.
*   Trowel: it is used in smoothening of the surface of mould and also in the smoothening of sand to provide line of co-ordination.
*   The Draw Screw/Gimlet: it is a kind of screw used for drawing out the pattern from the mould after ramming.
*   Rammer: are equipments used to compress poured moulding sand and used for stamping its sand in the flask to make it compact.
*   Sieve: it is used for separation of sand from particles and it is used for spreading the parting sand on the pattern in the drag.
*   Watering Can: it is used for fetching and sprinkling of water on the sand to dampen it.
*   The Bowler: it is a leather bellow used for blowing out particles of sand from the mould.
* The Sticks and Spoon: it is a type of metal spoon used for removing particles of s and that may fall in the cavity when the pattern is being removed.

iv. Composition of Moulding Sand
Moulding sand is a natural substance used for preparing the mould for casting.
*   Saw Dust: It is a powdery particle of wood produced by sawing.
*     Parting  Compound  : It  is a compound  such as silica or graphite used  to  facilitate the separation of the cope and the drag and the drag parting surface.
*   Water: Water is used in foundry to wet its sand before and after use.
* Bentonite: It is used externally as a clay poultice, mould pack and in the bath and in the skin care recipes, and a good bentonite should be grey/cream colour and anything bordering pure white is suspect. 
*  Pattern:  Patterns are appliances designed  to  form a cavity in  mould,  t he shape to  which corresponds to that of the casting to be made with maximum accuracy.
* Aluminum Scrap: It is melted for the production of the aluminum frying pot.

2.2.2    DIE CASTING
Die casting is a process of producing casting by injecting or forcing molten metal into a permanent Metallica called "Die"


2.2.2.1 TYPES OF DIE CASTING METHOD
There are two basic technique of die casting:
* In gravity Die-Casting
* In pressure Die-Casting
i.       In gravity Die-Casting
The molten metal is fed into a metallic mould by action of gravitational force that is under its own weight as a sand casting.
ii.      In pressure Die-Casting
The molten metal is injected under great pressure into a metallic mould. The pressure is maintained until molten metal solidifies. 

2.2.2.2 TYPES OF DIE CASTING MACHINE
* Hot-Chamber Machine: In this system, the melting pot is an internal part of the main body of the main machine. It is housed in the hot chamber [hearting]. Under this type of die casting machine, there are:
-  The Plunger pressure die casting machine.
-  The Pneumatic pressure die casting machine
*     Cold-Chamber  Machine:  The cold  chamber  die casting  machine consists of horizontal, cylindrical pressure chamber generally operated hydraulically. The position plunger is rattled into pressure chambers.

2.3.   GENERAL SEQUENCES FOR OPERATING A DIE CASTING MACHINE
* Open the die and clean it.
*   Put cores and insert its position [if required].
*   Spray the face of the die with the lease fluid.
*   Inject the molten metal into the die.
*   Allow time for solidifications.
*   Open the die and remove the casting.
*   Remove cores inserted from the casting (if necessary].
* Inspect the casting for possible defects. 

2.4       ADVANTAGES OF DIE CASTING
The die casting process is more economical than sand casting because the process is quicker and therefore suitable for mass production. The mould can be used over and over again. Casting produced by this method is more accurate and need no further finishing process.

2.5         DEFECTS IN CASTING
Defects are undesirable features, mostly found on the surface of casting, but in some cases some are internal.
Defects are caused by variety of factors. The defects in casting are:
*   Porosity: is caused by tiny hole that occur in a casting as a result of the escape of gases from the metal.
*   Shrinkage: is a shallow depression that occurs on the surface of casting, probably caused by insufficient supply of molten metal to withstand contraction during solidification. Shrinkage reduces the strength of the casting.
*    Tears and Cracks: are linear separations or cuts in a casting due to stresses set up in the mould, during solidification and cooling.
* Inclusion: are undesirable matter such as sand particle, slags and oxides buried in the surface of a casting. It makes it difficult to machine the casting.
*   Chaplets: are cracks caused by the coldness of inserted chaplets.
*   Scarabs: are small projection on a surface of a casting which may be caused by trapped sand or slag. 
*    Rat Tail: are shallow hallow holes on the surface of a casting. They are generally found in sand casting
*     Voids: are depressions formed in a casting because of trapped air in the molten metal. Shrinkage can also cause voids.

2.6       PATTERNS
Patterns  are  appliances  designed  to  form  a  cavity  in  mould,  the  shape  to  which corresponds to that of the casting to be made with maximum accuracy.
Vast qualities of shaped moulds, which necessitate the use of suitable moulding outfits for making mould parts and cores and for mould assembling.

2.6.1     ASSEMBLING 
The pattern differs from casting in shapes and dimension. Depending on the shape of casting, pattern may be either integral (unsplit or composite [split]. A split pattern is made up of two or more parts.
i.      Wooden Patterns and Pattern Plates: are mostly used for individual and production of small and medium sizes.

2.6.2      TOOLS AND EQUIPMENT USED IN MAKING WOODEN PATTERNS
*    Layout  Tools:  Measuring  tape,  retractable  steel rule,  try square,  level with  plumb  bob, centrifuge[locator], edge line maker comb, marking gauge, mortise gauge [for scribbling parallel lines], vernier calipers, micrometer, contraction rule, wood working bench, which uses clamps, clamping devices and weight.
* Carpentry/Wood Making Tools: Handsaw, hammer, mallet, nails, brace, hand [manual] drill bits, emery paper, files etc.
* Hand Planning Tools: Jack plane, smooth plane, shaping, rabbeting plane.
* Electrical Tools and Equipments: Wood working machine, circular saw, surfacing machine, molder planners, boring ban saw, wood milling machine etc.

2.6.3.    TYPES OF WOOD USED IN PRODUCTION OF PATTERNS  
Among various wood species; Pines, Alder Beech, Lime and Ash are more popular in pattern making. Pines, used for making medium size and large patterns. It is the cheapest wood easily workable and not liable to rotting. Alder, having a smooth surface after machining is used to make medium and small sizes pattern for contours application. Beech is used to manufacture strong pattern. Lime is a soft wood and therefore used for producing pattern. The best type of wood available in Nigeria is OPEPE, very strong, and light in weight and does not warp easly.
ii.     Metal Pattern and Plates: Metal pattern and plates are mostly used in large size and mass production of casting. Compared to wooden pattern, they have certain advantages e.g., a longer service life, a higher accuracy, and a smoother surface. They are used in machine moulding.

2.6.4.   MATERIALS FOR PRODUCTION OF METALLIC PATTERNS
The  most  common  materials  for  making  metallic  patterns  and  pattern  plates  are
Aluminium alloys, cast iron, steels, bronzes and brasses etc.
Hallow patterns have a smaller  mass than solid ones, while the required rigidity is ensured by stiffening ribs are arranged on the internal surface.

2.6.5 CHARACTERISTICS OF PATTERN MATERIAL
i. Wood Pattern
Wood is readily available and inexpensive material. It has a relative low density, is easily workable and has a smooth and clean surface after marching. Among the drawback of wood are hygroscopic, liability to warping, homogeneous structure, and for some species, low strength and poor water resistance.
ii. Metal Pattern
*    Aluminium Pattern: have a low strength and can be machined easily and are convenient to use. They do not oxidize easily but have smooth machined surface, their drawback are lo w strength and poor wear resistance which is seriously hindrance is especially sensitive in mass production.
*   Cast Iron Pattern: are strong inexpensive and easily machinable to a high surface finish. Their wear resistances are higher than that of Aluminium alloys but are heavy and easily oxidizea.
*   Steel Pattern: these are characterized by high strength and wear resistance. Bronze and Brass pattern have a very smooth surface after machining and do not oxidize easily.
They have a higher corrosion resistance than steel and cast-iron pattern but they are much heavier. Bronze and Brass pattern are employed, preferably for making small intricate casting where high accuracy and surface finish are required.

iii.  Pattern Making
The manufacturing of pattern involves the procedures of making full size drawing of the pattern together with the core-prints etc., making of the pattern blocks and their machining, assembling of the pattern parts[by gluing or by means of pin or tongue groove joints], control acceptance and painting of the pattern.

iv. Pattern Protection and Colour Coding
Painting or varnishing can prevent warping of patterns. Patterns are painted with oil paints and then covered with shelves varnish to obtain a smooth working surface in order to protect them against the action of atmospheric moisture and moulding sand. When not in use, they are to be kept on shelves, away from moisture, heat and dust.
For easy identification of the purpose of casting, patterns are painted particularly coding colours; Red Colour-used in iron casting, Grey-for steel, Yellow-for non-ferrous metal casting core prints and other portions been not in contact with the metal are painted black (Avner, 2006).

v.  Pattern used in Making Frying Pots.
In the process of producing the frying pots, an integral (unsplit) pattern is used. An integral pattern is used because the frying pot has an oval shape and can be easily removed from the mould.


CHAPTER THREE
3.0       MATERIALS AND METHOD
3.1         MATERIALS
The following items are materials used for the project :
* Moulding  Sand
* Pattern
* Aluminum scrap
* Charcoal
* Paint
* Petrol
* Body filler

3.2.      METHOD
This project was accurately accomplished using the method of hand mould.
3.2.1   PROCESS TAKEN IN THE PRODUCTION OF ALUMINUM FRYING POT
This project was carefully and accurately accomplished using the method of hand mould.
The steps for making mould are as follows:
*     The moulding sand is poured on the floor and is rammed to a height of about 3 inches to cover the space that correspond to the width of the moulding box, this is to form a mould bed.
*     The pattern [frying potfis filled moulding sand to the rim, and the sand is then rammed to ensure compactness  of the sand.
*    After step 2, the pattern is turned upside down on the moulding bed. Pressure is applied on the pattern so that the sand in the frying pot produce the accurate shape of the pot on the moulding bed.
*     The natural moulding sand is poured on the moulding box and slighting spread around the pattern to form a layer of the facing sand [10-100m], thick and the rammed. care is taken not to strike the pattern on the side of the moulding box.
*    On the completion of ramming, gating and venting on the mould are carried out. The pattern is rammed to produce clearance and it is withdrawn by hand with caution to avoid dimens ional error from excessive shaking.
*      A light coating of parting powder is being dust over the form surface of the sand on the mould bed.
*    The removed core is returned to the mould bed.
*    The molten Aluminium is poured in to the mould through the sprue and is left for some time to solidify. 

3.2.2.   PROCEDURES FOR HEATING THE METAL
*       The crucible is filled with aluminium scrap and  it  is placed on the furnace (Crucible Furnace).
*    Aluminium scrap is added to the molten metal.
*    The temperature increases as the aluminium melts, overheating molten metal will produce a defective casting.
*       Flux  is added  to the  molten aluminium and  stirred,  just  before attaining  the pouring temperature e.g., battery.
*    The slag is skimmed off at this point. The pouring temperature is between 700-800C
*    The furnace is switched off and crucible is removed from the furnace. The crucible is carried out from the furnace by crucible tongs.

3.2.3. POURING THE MOLTEN METAL IN THE MOULD
*   The molten aluminium is quickly poured through the sprue in to the mould.
*   The pouring of the molten aluminium is stopped when the risers and the sprue are filled up.
*   The crucible is returned to the furnace and is left to cool slowly to make sure that it does not retain surplus molten aluminium.
*     The cast is allowed to cool for reasonable time when the mould is broken to obtain the casting.
All these procedures are carried out for the construction of big sizes of aluminum frying pot.






CHAPTER FOUR
4.0.    RESULT AND DISCUSSION
                                       
4.1     CASTING DEFECT
Castings are carried out  by intermediate checking after various stages of the casting processes, to later subjected it to final inspections in order to determine whether they satisfy the standard  and  work  specifications.  The  metal structure,  properties,  geometry,  dimension and internal surface defects are properly checked.
The common defects found on casting are: cracks[hot cracks, hot tear and cold crack], draw, shrinkage, blow whole, sand inclusion, slag blow, hole flash, rat tail, swell-ram off, pin holes, porosity, metal penetration [2FeO, SiO2] and sand inclusion, chill zone, hard and spot and core shifts.
When defects are visible, they can be amended if it is economical to do so.

4.2 CLEANING, FETTLING AND INSPECTING METHODS
After solidifications, casting is held in the moulds to cool down to the knockout temperature. These are the recommended knockout temperature, for steel casting 500°-700°C, Iron casting is 400°-500°C, intricate casting proves to 200°-300°C for bronze, 300°-500°C for aluminium alloy is 200°-300°C and 100°-150°C for magnesium alloys. The average rate of cooling casting in the mould maybe from the range of 80°C / min to 150°C/min. 


4.2.1  CHIPPING OF CASTING
Knockout castings are usually chipped and cleaned consists of the cutting of risers, sprue, runner vent and other element of the gating system and removal of fins at partings of half mould that is around core prints chipping is done by means of hammer, chisels, abrasive, wheel cutting or in some cases, the riser are cut off on the lathes.

4.2.2  BURNT
On the surface of casting is an unavoidable excess metal for chipping and cutting. In such case, casting together with risers and sprue are cleaned from sand before chipping.

4.2.3  CLEANING OF CASTING
The surface of casting  is cleaned  from sand  by tumbling, shots slating, vibration or electro-chemical treatment. Tumbling is affected by periodic or constant tumbling barrels. The surface cleaning of casting in tumbling barrel takes place due to their friction enhanced by chilled ion/procks charged together with casting.







CHAPTER FIVE

5.0     CONCLUSION AND RECOMMENDATIONS
5.1       CONCLUSION
In conclusion, sand addictive may not be needed each time. The casting is removed from the  sand  in  preparation  for  reuse.  But  the  sand  must  be  properly  wetted  and  tiny  lumps completely crushed to ensure required properties of moulding sand. The melting of aluminium scraps  can  easily  be  carried  out  in  a  crucible  furnace  fired  with  charcoal.  The  pouring temperature must ensure proper flow of the molten metal to tiny parts of casting such as the handles of frying pots. The knockout temperature affects the surface appearance of the casting and hence should be properly chosen. The fettling operation is minimal in the production of the pot. It only consists of cutting off the sprue and cleaning these surfaces with wire brush.

5.2.        RECOMMENDATIONS
The project also afforded the opportunity of putting into practice the things learnt theoretically in the class. It is right step by those who introduced practical project to all engineering students 1, metallurgical engineering in particular who is about graduating National Diploma [ND] as well as going for individual attachment so that they can meet up with the challenges at their places of work in future.
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