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CHAPTER ONE 

 INTRODUCTION 

1.0  BACKGROUND OF STUDY 

Mould is a container in which a soft liquid or substance is poured into of which it 

takes the shape of the container after solidification (Sally and Ashby 2004). A 

mould can also be defined as a hollowed-out block that is filled with a liquid or 

pliable material such as plastic or raw materials, the liquid sets inside the mould, 

adopting its shape (Wikipedia, 2017). A variety of techniques and materials are 

used in this process, sometimes based on the familiarity and personal experience of 

the person doing the work. 

The knowledge of materials that can give a good impression and their properties is 

of great significance for a mould maker to enable him know the technique and type 

of mould to produce. The mould materials are mainly classified as: 

1. Metals such as iron, steel, copper, aluminum, etc. 

2. Non-metals, such as silicone rubber, plastic, etc.  

They are mainly obtained from natural resources from the surrounding 

environment. The best material is one which serves the desired objective at the 

minimum cost. Also the important properties, which determine the utility of the 

material, are physical, chemical and mechanical properties should also be 

considered. 
 

 Various types of Mould include:  

1. Injection moulding  

2. Compression moulding  

3. Blow moulding  
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4. Extrusion moulding 

5. Transfer moulding 

6. Sand casting 

Injection moulding:   Injection moulding is a moulding procedure whereby heated 

and plasticized thermoplastic or thermoset material is injected under high pressure 

into a relatively cool mould cavity for solidification (Wikipedia, 2017). Injection 

moulding is a high production method. However the moulds can be extremely 

complicated and expensive.  

Compression moulding: Compression moulding is a technique mainly for 

thermoset moulding in which the moulding compound is placed in the open mould 

cavity, the mould is closed. heat and pressure are applied until the material is cured 

(Degarmo, Black & Kohser, 2003). 

Compression moulding is often used for moulding of glass fibre reinforced plastic. 

There are several advantages with compression moulding for example: 

• Minimum of internal stresses in the part 

• Less expensive equipment. 

Limitations are: 

• Difficult to mould complex articles with undercuts or small holes 

• Fair tolerances 

Blow moulding: Blow moulding is a process for shaping thermoplastic into a 

hollow product. A hot thermoplastic tube is stretched with air pressure and cooled 

against a mould surface. A variety of blow moulding techniques exist for different 

applications: 

• Extrusion blow moulding 

• Injection blow moulding 

Blow moulding is a low pressure method where strength and wear demands are 

very moderate (Holmberg and Berglund, 1997).  
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Extrusion moulding: A continuous operation in which hot plasticized material is 

forced through a die opening that produces a profile of the desired shape. 
 

Transfer moulding: this is a manufacturing process where casting material is 

forced into a mould. Transfer moulding is different from compression moulding in 

that the mould is enclosed rather than open to the fill plunger resulting in higher 

dimensional tolerance and less environmental impact (Kendall et al, 1992). 

Compare to injection moulding, transfer moulding uses higher pressures to 

uniformly fill the mould cavity. The material mostly used for transfer moulding is 

a thermoset polymer (Pascault et al, 2002).  

 

 Sand casting: this is also known as sand moulded casting, is a metal casting 

process characterized by using sand as the mould material. Moulds made of sand 

are relatively cheap and sufficiently refractory even for steel foundry use. Sand 

casting is one of the most popular and simplest types of mould making, and has 

been in use for centuries (Todd et al, 1994).  

 

1.1 RATIONAL/ CONCEPTUAL FRAMEWORK 

The conceptual framework of this research study shows that wax mould can be 

locally fabricated for the following purposes: 

1. To determine how the wax recycled can be useful for clinical work 

and to students 

2. To determine the cost effectiveness 
3. To recover approximately 30-40% of wax wasted 

4. To reduce the level at which wax is being purchased. 
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1.2 STATEMENT OF PROBLEM 

Most of these moulds in the market are fabricated, imported and are sold to the 

country at very high rates. Now, let us look at valuing our raw materials, though, 

natural resources due to the extensive usage of metallic and non metallic materials  

used in different fields of science are getting exhausted and hence, recycling may 

act as a tool to correct the imbalance taking place in nature and also help patients 

by reducing the cost of the treatment. The lack of recycling is also one of the 

reasons for exploitation of natural resources. Today’s motto of life should be 

“reducing, reusing and recycling”. Reducing; to reduce the amount of earth’s 

resources and usage should be only when necessary. Reusing; Try to reuse the 

materials which can be reused and minimize wastage of materials. Recycling; is 

the second source of oxygen for today’s life, hence try to recycle every material 

which can be recycled to keep the environment cleaner and greener. In other hands, 

we are also looking at processing waste, hence thermal property of the mould and 

linear shrinkage determination is considered. 

 

1.3 PURPOSE OF THE STUDY: 

The aim of the study is to design and fabricate wax moulds with improved 

performance using locally sourced steel material. And the specific objectives 

include: 

1. For wax production. 

2. Reduce the rate at which wax is been imported 

3. To recycle and reuse dental base wax materials 
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1.4. RESEARCH HYPOTHESIS 

i. Ho- Wax formulation mould cannot be produced using carbon steel. 

ii. HA- Wax formulation mould can be produced using carbon steel.  

 

1.5 SIGNIFICANCE OF THE STUDY 

The study will significantly provide the people with the information on how 

important it is for waste materials like wax to be recycled. It will also help to give 

an in-depth knowledge on how good it is to value these raw materials and also save 

natural resources as well as reduce cost of dental laboratory services. 

 

1.6 RESEARCH QUESTIONS 

1. How can this mould be useful to the environment? 

2. How can the rate at which imported wax products and its cost be 

reduced? 

3. How can these wasted wax materials be recycled and reused? 

4.  Will the recycled materials remain biocompatible? 

 

1.7. SCOPE OF STUDY 

The ignorance of people on how useful and important some of these raw materials 

could be needed to be changed. Also, the lack of good knowledge on how cost can 

be reduced and natural resources saved by recycling waste materials like wax 

desires attention. 
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1.8 RESEARCH METHODOLOGY 

The research methodology used in this research is a quasi experimental approach. 

 

1.9 DEFINITION OF TERMS 

Dental: This means pertaining or relating to the teeth in the oral cavity (Eyarefe 

and Ugwuda, 2015) 

Fabrication: This is the process of creating a new material from existing 

substances. It involves utilization of materials, tools and equipment to obtain a 

target appliance (Eyarefe and Ugwuda, 2015) 

Local: Restricted to a particular place or area 

Laboratory: A place equipped and used for experimental study, research, analysis, 

testing or preparation in any branch of science. 

Mould:  is a container in which a soft liquid or substance is poured into of which it 

takes the shape of the container after solidification. 
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    CHAPTER TWO 

    LITERATURE REVIEW 

2.0 THEORETICAL FRAMEWORK. 

2.0.1 PRODUCTION THEORY 

Production theory is the study of production process of converting inputs into 

outputs (Wikipedia, 2014). Production makes use of resources to make provision 

of   service that is suitable for use, exchange in a market exchange economy. This 

can include manufacturing, construction and packaging. 

Some economists define production broadly as all economic activity other than 

consumption. They see every commercial activity other than the final purchase as 

some form of production. 

Production is the process that combines various material and immaterial inputs 

(plans, technical know-how) to make something for consumption (output) that has 

value and contributes to the utility of an individual or group of people. This 

imbibes personality trait.  Coon (2004) defines personality traits as “stable qualities 

that a person shows in most situations”. To the trait theorists there are enduring 

inborn qualities or potentials of the individual that naturally make him an 

entrepreneur. 

The amounts of the various inputs used determine the quantity of output. In 

relation to this study, the fabrication of these wax moulds has brought fort an 

impact in which it will be used to improve knowledge and reduce cost for students 

especially.  

Production is a process, because it is a flow concept, it is measured as a “rate of 

output per period of time”. 
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There are three aspects to production processes: 

1. The quantity of the good or service produced 

2. The form of the good or service created 

3. The temporal and spatial distribution of the good or service 

produced. 

Economic study of production aims at finding an optimum between benefits and 

expenditures of manufacture.  

In economics, there are three basic factors of production: land, labour, and capital.  

Factors of production or inputs are used in the production process in order to 

produce quality output, that is, finished goods and services.  

Factors of production employed during the fabrication process of wax moulds can 

be categorized based on:  

1. Raw Materials: such as carbon steel materials 

2. Machinery: The equipment/instruments used in the fabrication such as drilling 

machine, centre punch, Angle grinding machine, hand file, cutting stone etc. 

3. Labour services: skills and technical knowhow that was added to the 

production process by the researcher and the technologist employed.  

4. Capital goods: the financial resources used in the purchase of materials 

needed during fabrication. 

5. Land: Is considered to be free gift of nature, serves as the avenue  were raw 

materials are extracted for various use. 
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2.0.2 ENTREPRENUAL THEORY 

According to Becker (1975), education and experience are the two factors 

underlying the human capital entrepreneurship theory. The knowledge gained from 

education and experience represents a resource that is heterogeneously distributed 

across individuals and in effect central to understanding differences in opportunity 

identification and exploitation (Anderson & Miller, 2003, Chandler & Hanks, 

1998, Gartner et al, 2005, Shane & Venkataraman, 2000). 
 

Entrepreneurship is therefore the act of bringing into innovation a business idea 

and strategies to generate profit (Nicole, 2017). It involves effecting social change 

to bring about a new life changing solution.  Entrepreneurship is an important 

factor of growth in the economy. An entrepreneur puts together a business and 

accepts the associated risk to make profit. 

Murphy, Liao & Welsch (2006) contend that the movement offered a logic 

dynamic reality. In explaining this, they point to the fact that knowledge is 

communicated throughout a market system (e.g. via price information), innovation 

transpires, entrepreneurs satisfy market needs, and system-level change occurs. If 

an entrepreneur knows how to create new goods or services, or knows a better way 

to do so, benefits can be reaped through this knowledge. Entrepreneurs effectuate 

knowledge when they believe it will procure some individually-defined benefits. 

Entrepreneurship closes the gap between the inventors and the consumers. 

However, scientists are known as inventors whose inventions have economic 

values that need to be commercialized lying within the realm of entrepreneurship. 
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Entrepreneurship is also sometimes considered a factor of production combine 

with the other factors: land, labor, and capital (Sullivan et al, 2003).  

Through the successful local fabrication of a wax moulds that can be used to 

produce, recycle wax and reduce the rate at which natural resources are getting 

depleted, entrepreneurship could be encouraged. Furthermore, the cost of treatment 

for patients can be reduced, the rate at which material are been purchased by 

students will also reduce if mass production of mould is empowered which will 

also be of benefit to the Dental practitioners. 

 

2.1 OVER VIEW OF MOULD FABRICATION 

 Several fabrications of moulds have been achieved based on different field of 

study where different methods were used. In this study, the concept of fabricating a 

mould can be as follows; 

1. Mould making 

2. Mould classification 

3. Factors to consider when selecting a mould material 

4. Materials used in mould fabrication 

5. Importance of mould fabrication  

6. Problems encountered during mould fabrication  

7. The professional role in mould fabrication. 

2.2 MOULD MAKING 



DOWNLOAD MORE EBOOKS FROM BOOKTREE.NG 
 

  BOOKTREE.NG 
 

Moulding is the process of manufacturing by shaping liquid or pliable raw material 

using a rigid frame called a matrix or mold. This may have been made using a 

pattern of a final object (Wikipedia, 2014). 

2.3 MOULD CLASSIFICATION 

Moulds are classified in three different ways. They include the following: 

1. Biological mould: This aspect of moulding deals with the excretion 

of toxic compounds known as mycotoxins, produced by fungi under 

some environmental conditions (Madigan and Martinko, 2005). 

Many mycotoxins are immune-toxic, but the trichothecene 

mycotoxins are immune stimulating at low doses (Eduard, 2006). 

These environmental conditions affect the production of mycotoxins 

at the transcription level. Certain mycotoxins, or fungal toxins, are 

low-relative-molecular-mass biomolecules produced by fungi, some 

of which are toxic and harmful to humans and animals when 

exposure is high enough. (Wikipedia, 2014). Mold exposures have a 

variety of health effects depending on the person. Some people are 

more sensitive to mould than others. Exposure to mould can cause a 

number of health issues such as; throat irritation, nasal stuffiness, 

eye irritation (Martin and Frevert, 2005). The health hazards 

produced by mould have been associated with so many syndromes 

but there is no validation mode of study that has been able to 

demonstrate that normal indoor exposures to these common 

organisms pose a significant threat (Garrett et al, 1998). 

 

2. Engineering mould: Moulds fabricated for a particular use like sand 

mould which can be used for sand cast are categorized in this aspect 
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of mould making. Here, a mould is being produced by conforming a 

refractory material (silica, chromites) to form a cavity of desired 

shape such that molten metal can be induced into the cavity 

(Askeland, 1996).  In other hand, green sand molding is the most 

common method used to make metal casting. It is the most cost-

effective of all metal forming operations, the properties of green 

sand are adjustable within a wide range, making it possible to use 

this process with all types of green sand molding equipment and for 

a majority of alloy poured (Smith, Hashemi, 2006). 

3. Mould making in dental technology: We are more concerned in 

this particular type of mould making and they are made with 

different materials such as rubber or metal. In metallic materials, 

carbon steel is classified as the best material suitable for this specific 

project. Carbon steel is formed as a result of combining iron and 

carbon. Steel, majorly, is said to be carbon steel when the 

proportions of other trace elements in it do not exert certain 

percentages. The maximum percentages typically are 1.65 percent 

for manganese, 0.4 percent for copper and 0.2 silicon (Knowles, 

1987). Alloy steel are, therefore, considered to contain higher 

quantities of other elements which includes; chromium, nickel. 

Carbon is added to steel (iron) to solidify the structures in it and help strengthen 

the resulting metal. It is one of the most cost-effective alloying materials and hence 

the level of carbon is being altered, properties of steel changes.  In this type of 

mould making, the steel in use must be refined by reducing large amount of carbon 

content, oxidizing and removing impurities, the iron will be converted into a highly 

elastic metal which can be forged and fabricated (Brady, Clauser, Vaccari, 1997). 
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2.4 FACTORS TO CONSIDER WHEN SELECTING A MOULD 

MATERIAL 

1. Electrical Resistivity: A measure at which a material opposes the 

flow of current strongly. 

2. Thermal diffusivity: The rate at which heat is conducted through a 

material. 

3. Compatibility: To determine if the material will react or will be 

compatible to the end product. 

4. Creep: To determine the micro structural changes that occur with 

stress. Here, creep failure should be avoided and it can occur in 

carbon steel materials when it is subjected to long term overheating 

while under stress. (ASM International, Materials Park, OH: 2003) 

5. Graphitization: Several major failures have occurred in carbon 

steels as a result of long term service at elevated temperatures and 

the mechanism of these failures is graphitization. 

6. Weldability: Thou is said to be the least factor to consider, but it is 

important to consider it. 
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7. Durability: This determines if the mould to be used will be definite 

or immediate. 

8. Fatigue: To avoid mechanical and metallurgical discontinuities, 

microstructures and environmental conditions from affecting the 

fatigue properties of steels. 

 

9. Oxidation resistance: Oxidation serves as a natural occurring 

process in carbon steel materials, the oxides are generally a 

beneficial coating that aids in corrosion resistance. 

10.  Machinability: It poses a quality of good surface finishing. 

11.  Availability and Cost: This has to do with the rate at which the 

material can be gotten and if it is scare or readily available for use. 

12.  Suitability of the materials for the working conditions in service 

13.  Wear resistance: The level of wear resistance required will depend 

on the type of resin to be used, mould process, amount of additives, 

length of production, tolerances etc. 

14.  Corrosion resistance: The moulding surfaces should not 

deteriorate during production. Corrosion with a consequent threat to 

production efficiency can be experienced in several ways. 

15. Toughness: Development of cracks is the worst thing that can 

happen to a mould.  Toughness is therefore one of the most 

important properties a mould steel should possess. The fracture 

toughness of a material is a measure of its capacity to withstand 

crack propagation from stress raisers when subjected to tensile 

stresses. 
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16. Strength, hardness, cleanliness ductility and ease of fabrication. 

 

2.5 MATERIALS USED IN MOULD FABRICATION 

The materials used in mould fabrication include: Non-metal and metal-based 

materials. In this specific type of mould making, metals are preferred and are 

commonly used. Some of these metals that can be used are aluminum, stainless 

steel and carbon steel. 

2.5.1 CARBON STEEL MATERIAL 

This type of metal is considered as the most suitable for this project. Carbon steel 

is one of the most widely used materials in the industry. Carbon steels are used 

throughout the world for nearly all of the same reasons: their costs, properties, ease 

of fabrication, availability, weldability, and so on. Carbon steel is steel with a main 

alloying element carbon, and with properties that are chiefly defined by the present 

percentage of carbon (Stepanov, Mamuzie, and Babutsky, 2007). As steel is an 

alloy formed between the union of small content of carbon and iron, carbon seems 

to be the most effective and appropriate material for iron to bond with. Carbon 

solidifies the structures inherent in iron and serves as a strengthening instrument in 

steel and the resulting metal. According to Degarmo, Black and Kohser, (2003), 

Carbon steel is the most cost-effective alloying materials, and altering the amount 

of carbon changes the properties of the steel. By tinkering with the different 

amounts of carbon present in an alloy, many variables can be adjusted which 

includes hardness, malleability and density. Steel, majorly, is considered to be 

carbon steel when the proportions of other trace elements in it do not pass certain 

percentage. 
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Typically, the maximum percentage is: 

Manganese 1.65% 

Copper 0.4% 

Silicon 0.2%. 

 

2.5.2 CLASSIFICATION OF CARBON STEEL 

Steels are classified by inherent carbon content. They are as follows; 

1. Low carbon steel 

2. Medium carbon steel 

3. High carbon steel 

4. Ultrahigh carbon steel 

 

Low carbon steel: This is the type of carbon steel needed for this specific project, 

it is always reserved for metal sheeting used in construction, due to its increased 

hardness and malleability (Stepanov, Mamuzie  and  Babutsky, 2007). They are 

similar to iron but contains very low amount of carbon, about 0.05-0.3%. They are 

very ductile which makes them hard to machine. They are cheap and readily 

available but cannot be altered by heat treatment, which is why they are generally 

used for fabrication purposes (Smith, et al. 2006). 

 

Medium carbon steel: These are steels that have higher carbon content of about 

0.3-0.6%. They are easier to machine, they are relatively cheap and are used to 

make things such as rails, couplings and axles (Madariage, Gutierrez, Garcia-de 

and Cap-devilla, 1999). 

 

High carbon steel: These are the type of steels that are very difficult to weld 

because of their high content of carbon ranging from 0.6 – 1.0%. They also have 
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higher proportion of manganese, which is added to increase the hardenability of the 

steel. They are very susceptible to heat, and it easily hardens when flamed, which 

allows it to be worked into many different forms. They have great tensile strength 

and are used to create products such as blades (Brady, et al 1997). 

 

Ultrahigh carbon steel: these are steels that possess carbon in the range of 1.25 – 

2.0%. This type of steel cannot be cold worked, because it is quite brittle. They are 

mainly used to create components that require extreme hardness like cutting tools 

and blades. The possess good machinability, superior wear resistance and are very 

sensitive to heat (Offor, Ezeokoye and Ezeokoye, 2011). 
 

As the description implies and as stated above, the primary alloying element of 

these iron based materials is carbon. Because carbon is such a powerful alloying 

Element in steel, there are significant differences in the strength, hardness, and 

ductility achievable with relatively small variations in the levels of carbon in the 

composition. 

 However, other important factors such as material fabrication, heat treatment, 

component fabrication, and fabrication processes can result in significant changes 

to the properties of the carbon steel components (Dossett and Boyer, 2006). In 

some cases, requirements established by codes and standards must be 

supplemented to achieve adequate results when working with carbon steels. It is 

important for the utility researcher to have access to metallurgical and properties 

information to aid in making decisions for projects involving carbon steels. The 

metallurgical structure and the carbon content are major contributors to the overall 

properties of the different carbon steel materials.  Materials classified as carbon 

steel might also contain small amounts of other elements, such as chromium, 

nickel, molybdenum, copper, vanadium, niobium (columbium), phosphorous, and 
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sulfur. Each element that is added to the basic constituent of iron has some effect 

on the end properties of the material and how that material reacts to fabrication 

processes. The alloying additions are responsible for many of the differences 

between the various types or grades of carbon steels (Degarmo, Black and Kohser, 

2003).  

Following is a list of the elements commonly added to iron and their effects on the 

material: 
 

• Carbon. Carbon is the most important alloying element in steel and can be 

present up to 2% (although most welded steels have less than 0.5%). The carbon 

can exist either dissolved in the iron or in a combined form, such as iron carbide 

(Fe3C). Increased amounts of carbon increase hardness and tensile strength as well 

as response to heat treatment (hardenability). On the other hand, increased amounts 

of carbon reduce weldability (Philip and Richard, 1970). 

 

• Manganese. Steels usually contain at least 0.3% manganese, which acts in a 

threefold manner: it assists in deoxidation of the steel, prevents the formation of 

iron sulfide inclusions, and promotes greater strength by increasing the 

hardenability of the steel. Amounts up to 1.5% are commonly found in carbon 

steels. 
 

• Silicon. Usually, only small amounts (0.2%, for example) are present in rolled 

steel when silicon is used as a deoxidizer. However, in steel castings, 0.35–1.0% is 

common. Silicon dissolves in iron and tends to strengthen it. Weld metal usually 

contains approximately 0.5% silicon as a deoxidizer. Some filler metals can 

contain up to 1.0% to provide enhanced cleaning and deoxidation for welding on 

Contaminated surfaces. When these filler metals are used for welding of clean 

surfaces, the resulting weld metal strength will be markedly increased. The 
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resulting decrease in ductility could present cracking problems in some situations 

(Philip, et al, 1970). 

 

• Sulfur. This is an undesirable impurity in steel rather than an alloying element. 

Special effort is made to eliminate or minimize sulfur during steelmaking. In 

amounts exceeding 0.05%, it tends to cause brittleness and reduce weldability. 

Additions of sulfur in amounts from 0.1% to 0.3% will tend to improve the 

machinability of steel but impair weldability.  

 

• Phosphorus. Phosphorus is also considered to be an undesirable impurity in 

steels. According  to Danilo and Jaime (2010), it is normally found in amounts up 

to 0.04% in most carbon steels. In hardened steels, it tends to cause embrittlement. 

In low-alloy, high-strength steels, phosphorus can be added in amounts up to 

0.10% to improve both strength and Corrosion resistance, although it is not 

generally added for this reason in carbon steels.  
 

 . Chromium. Chromium is a powerful alloying element in steel. It is added for 

two principal reasons: first, it greatly increases the hardenability of steel; second, it 

strongly improves the corrosion resistance of iron and steel in oxidizing types of 

media. Its presence in some steels could cause excessive hardness and cracking in 

and adjacent to the weld.  

 

• Molybdenum. This element is a strong carbide former and is usually present in 

alloy steels in amounts less than 1.0%. It is added to increase hardenability and to 

elevate temperature strength. 
 

• Nickel. Nickel is added to steels to increase their hardenability. It performs well 

in this function because it often improves the toughness and ductility of the steel, 
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even with the increased strength and hardness. Nickel is frequently used to 

improve steel toughness at low temperatures. 

 

• Vanadium. The addition of vanadium will result in an increase in the 

hardenability of steel. It is very effective in this role, so it is generally added in 

minute amounts. In amounts greater than 0.05%, there can be a tendency for the 

steel to become embrittled during thermal stress relief treatments. 

 

• Columbium. Columbium (niobium), like vanadium, is generally considered to 

increase the hardenability of steel. However, due to its strong affinity for carbon, it 

can combine with carbon in the steel to result in an overall decrease in 

hardenability. 

 

 

Fig. 2.1 carbon/mild steel material.  [Online] available at   

http://www.kesartubes.com/carbon steel.  

 

2.5.3 Carbon Equivalence 

Carbon is usually considered to be the most important contributor to the hardness 

and strength of ferrous steels. Even when other alloying elements are not present, 

high carbon content can result in high local hardness. However, other alloying 

elements also contribute to the overall hardenability of the steel. This effect can be 
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generally quantified by the determination of the carbon equivalence (CE) of the 

steel. CE is defined by several formulas, and it is important that close attention 

be paid to the formula being used (Baily, 1993).  

 

CE = C + (Mn + Si)/6 + (Cr + Mo + V)/5 + (Ni + Cu)/15 

 

It is important that any CE determination be calculated using the actual chemical 

analysis rather than the maximums specified in materials specifications. If this is 

not done, the calculation will result in an unrealistically high CE (Baily, 1993). 

 

2.5.4 Microstructure 

Metallic materials take the form of a crystalline structure in the solid state (with the 

exception of amorphous metals that have been formed under radical cooling 

conditions, unlike those that occur in normal processing). The crystalline structure 

and the alloying elements added to pure iron give carbon steel the ability to have a 

wide range of properties, which make it one of the most useful materials in 

industry today (Bhadeshia, 2001). 

 The crystalline structure of carbon steel might include body-centered cubic 

(ferrite), face centered cubic (austenite), or body-centered tetragonal (marten site) 

forms. The crystalline structure forms in many directions during solidification from 

the molten state of the material. Solidification starts from initiation points and 

continues until the crystalline structure that is formed runs into 

another island that started from a different point, (ASM International, Materials 

Park, OH: 2004). 

Microstructure of carbon steel includes the crystalline structure, the grain size, and 

the size and frequency of the interspersed metallic compounds. Carbon steels can 

exist in different microstructures or combinations of microstructures. The 
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microstructures of carbon steels include not only the crystalline structure but also 

various metallic carbides or compounds in different arrangements. Pearlite, upper 

bainite, and lower bainite are examples of the arrangements that can exist. 

(Barranco,  Cote and Kapp, 1992). 
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Figure 2.2 

Carbon Steel Microstructures (ASM International, Materials Park, OH: 2004.). 

2.5.5 PHYSICAL PROPERTIES 

 

The following are the physical properties of a carbon steel material; 

 

• Mean coefficient of linear thermal expansion: the ratio of the change in length 

to the original length at a reference temperature, T0, per degree of temperature 

change, where T0 is normally room temperature. If l0 is the length at T0 and alpha 

(α) is the mean coefficient of linear thermal expansion, the length at temperature T, 

lt, is given by lt = l0[1 + α(T-T0)]. 

 

• Instantaneous coefficient of linear thermal expansion: the rate of the change in 

length at a specific temperature. 
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• Linear thermal expansion: the change in length over a specific temperature 

range per 100 ft (30.5 m). 

 

• Modulus of elasticity (E): (a) the measure of rigidity or stiffness of a material; 

the ratio of stress below the proportional limit to the corresponding strain or (b) the 

slope of a stress-strain curve in the range of linear proportionality of stress to 

strain. Also known as Young’s modulus. 

 

• Thermal conductivity: the quantity of heat transmitted, k, due to unit 

temperature gradient, in unit time under steady conditions in a direction normal to 

a surface of unit area and when the heat transfer is solely dependent on the 

temperature gradient. 
 

.Thermal diffusivity: the constant in the heat conduction equation describing the 

rate at which heat is conducted through a material. It is linked to thermal 

conductivity, k, specific heat, Cp, and density, ρ, through the equation 

Thermal diffusivity = k / ρCp. 

• Electrical resistivity: a measure of how strongly a material opposes the flow of 

electric current. 

Electrical resistivity = ρ = RA/L 

 

• Specific heat: the amount of heat, Cp, measured in calories, required to raise the 

temperature of one gram of a substance by one degree Celsius. 

 

• Density: the mass per unit volume of a solid material. 
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• Specific gravity: the ratio of the density of a substance to the density of water. 

 

• Shear modulus (G): the ratio of shear stress to the corresponding shear strain for 

shear stresses below the proportional limit of the material. Values of shear modulus 

are usually determined by torsion testing. Shear modulus is also known as the 

modulus of rigidity. 

 

• Melting point: the temperature at which a metal changes from solid to liquid; the 

temperature at which the liquid and the solid are at equilibrium. 

 

• Poisson’s Ratio: the absolute value of the ratio of transverse (lateral) strain to the 

corresponding axial strain resulting from uniformly distributed axial stress below 

the proportional limit of the material. 

 

Property Standard Metric 

Density at room 

temperature 

0.2833 lb/in. ^3 7.85 x 103 kg/m^3 

 

Specific gravity at room 

Temperature 

 

7.85 7.85 

Shear modulus at room 

temperature 

10.88–11.61 ksi x 10^3 

 

75.0–80.0 gigapascals 

(GPa) 

 

Melting point 2597ºF 1425ºC 

 

Poisson’s Ratio at room 

Temperature 

0.29 0.29 

Table 2.1 
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Typical Physical Properties of Carbon Steel table.  [Online] available at   

http://www.eFunda.com.  

 

2.5.6 Mechanical Properties 

The design tensile and yield strengths of carbon steel typically decrease with an 

increase in temperature. It should be noted that this is not in fact the actual 

behavior of the carbon steel because the actual tensile strength might decrease 

slightly and then increase due to strain aging. The design values are modified so 

that the design tensile strength is not allowed to increase with temperature. (ASM 

International, Materials Park, OH: 2002). 

 

The material specifications establish the required minimum mechanical properties 

for each type or grade and for each class of material covered. In cases where a 

range is identified, the property has both a minimum and maximum value. These 

property values can change with a different edition of the material specification. 

Some mechanical properties are not required to be determined and are not listed. 

For the many cases in which the product requires the base material to be plate of a 

different specification, that plate specification is referenced for the properties  

 

2.6 IMPORTANCE OF MOULD FABRICATION: 

 

Mould making is very essential as it has a major role to play prior to construction 

and fabrication. There are various functions of mould, which includes; 

1. To get good and positive results as regards to the production in 

which it will be made with. 
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2. To enable the researcher get specific dimension and good materials 

required during fabrication. 

3. To also get the exact shape of the material needed or to conform it to 

a desired shape and size. 

4. It gives good impression. 

 

2.7 PROBLEMS ENCOUNTERED DURING MOULD FABRICATION: 

During production or fabrication, so many health hazards and mould errors (maybe 

in dimension) are likely to be encountered thou it does not amount that required 

mould cannot be fabricated. 

 

Chemicals can be emitted as airborne contaminants under certain processing 

conditions such as welding, melting, sawing and machining. Residual levels of 

hexavalent chromium may be emitted too during welding or melting. Exposure to 

steel metallic fumes or dusts may result in toxic effects. Health hazards that can 

occur during fabrication or construction include: 

1. Accident 

2. Dust and fumes 

Accident: burns may occur in various ways during fabrication. It may occur from 

spills, from contact with hot metal during cutting. Accident may occur through 

furnaces, which may cause glare that can injure the eyes unless eye protection is 

provided and worn. Mechanical fall may occur which can lead to injuries. 
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Dust and fumes: Inhalation of metal particulate or fumes generated by extreme 

heat, burning or melting may posse acute or chronic health effects. Exposure to 

high concentrations of metallic fumes or dusts may result in irritation of respiratory 

tract and other mucous membranes (Liu, 2007). Signs and symptoms of 

overexposure include redness, swelling, itching, irritation of skin and eyes which 

may lead to “metal fume fever”, respiratory difficulties such as coughing, shortness 

of breath, central nervous system effects, flue-like symptoms, anorexia and weight 

loss. 

Therefore is advisable to avoid contact with fumes during fabrication of the mould 

and necessary measures should be carried out to avoid physical injury and skin 

contact.  

 

 

 

2.8 ROLE OF PROFFESIONAL IN MOULD FABRICATION: 

A mould technologist and designer have the duty to design (involving art) 

construct (science) any required mould for the people who need it for production. 

In seeking to produce the best possible mould, he faces several criteria that have to 

be satisfied. He endeavors to ensures that the mould can be constructed as easily 

and economically as possible. He also plays the role of providing safety measures 

for people that are part of the fabrication. He also needs to be protected while 

working. Example of the necessary protective wears needed while working in a 

laboratory; 

1. Safety glasses with side shields 

2. Protective Gloves 
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3. Laboratory coats 

4. Face mask 

 

 

 

 

 

 

 

 

CHAPTER THREE 

RESEARCH METHODOLOGY 

3.0  PREAMBLE 

This chapter therefore deals with the method and materials employed in this study.  

3.1 RESEARCH DESIGN 

Quasi-experimental design was used for this research work. This seeks to know the 

techniques used on the assessment of safety practices in the fabrication of the 

mould using locally sourced materials. 

 

3.2 DESCRIPTION OF STUDY AREA 
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This research was carried out at the laboratory of Material and Metallurgical 

Department in School of Engineering and Engineering Technology, Federal 

University of Technology, Owerri Imo Stae, Nigeria. Then proceeded to the 

Department of Dental Technology for proper testing. The institution is made up of 

schools (faculties), which include: School of Physical Science, School of 

Biological Science, School of Engineering and Engineering Technology, School of 

Agriculture and Agricultural Technology, School of Management Technology, 

School of Health Technology, and School of Environmental Technology. 

School of Health Technology was established in 2002 and is made up of five (6) 

departments which include Dental Technology department, Public Health 

department, Optometry department, Prosthetics and Orthotics Technology 

department, Biomedical Technology department and Environmental Health 

Science.  

 

3.3  INSTRUMENTATION 

INSTRUMENTS USED   

This involves the Instruments used for this research work, which includes the 

following: 

1. Tape or Steel Rule 

2. Scriber 

3. Try square 

4. Centre punch 
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5. Hammer 

6. Drilling machine 

7. 6mm drill bits 

8. Angle grinding machine 

9. Cutting stone 

10. Hand file 

11. Welding machine 

12. Electrode 

 

 

3.4 . MATERIALS USED 

1. 2mm sheet of carbon steel metal 63cm x 25cm (first mould) 

2. 1mm sheet of carbon steel metal 52cm x 21cm (second mould) 

3. 0.8mm sheet of carbon steel metal 62cm x 11cm (third mould) 

4. 3 numbers of sheet metal for construction of mould plate (x3). 

5.  11/2 inch Angle iron for mould 1 stand. 2 in number. 

6. 16 numbers of bolt/nuts. 
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10.5cm 

7. 1 inch square pipe for mould 2 and 3 stand, (x4). 

3.5 METHOD OF FABRICATION 

CONSTRUCTION STEPS 

3.5.1 For the first mould meant for modeling wax  

1. BASE PLATE: 

1. 2mm sheet of metal 63cm x 25cm is measured and marked for the base 

plate with the help of steel rule or measuring tape and scriber. 

2. Mark out the position for drilling holes for bolting with a measuring tool 

and scriber. 

3. Punch on the intersection lines for drilling of holes with the use of centre 

punch and hammer. 

4. Use 6mm drill bit to drill the holes after punching with the help of drilling 

machine. 

N/B: thickness is 2mm. 

 

 

 

 

  

  Fig.3.1. Mould base plate 

25cm 

63cm 

21cm 

6cm 3cm 
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9cm 

 17cm 

6cm 3cm 

 2cm 

 25cm 

2. MOULDING PATTERN: 

1. Measure and mark out the molding plate of 63x25cm with measuring tape, 

steel rule and scriber. 

2. Mark out for the molding block of 17cm x 9cm which is the shaded block 

on the molding plate. 

3. Mark out the positions for drilling holes to march the holes on fig 1 

number ii with measuring tool and scriber. 

4. Punch on the intersection lines for the drilling of holes with centre punch 

and hammer. 

5. Cut out the shaded block 17cm x 9cm with hand/angle grinding machine 

with the help of cutting stone fixed on it. 

6. Use 6mm drill bit to drill the holes after centre punching. 

 

 

 

 

 

 

 

    Fig. 3.2. Moulding pattern. 

3. MOULDING COVER PLATE: 

12cm 

Moulding 
chamber 
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10.5cm 

1. 2mm sheet of metal 63cm x 25cm is measured and marked for the 

base plate with the help of steel rule or measuring tape and scriber. 

2. Mark out the position for drilling holes for bolting with a measuring 

tool and scriber. 

3. Punch on the intersection lines for drilling of holes with the use of 

centre punch and hammer. 

4. Use 6mm drill bit to drill the holes after punching with the help of 

drilling machine. 

 

 

 

 

Fig. 3.3 Moulding cover plate 

 

4. MOULDING ASSEMBLY 

1. Firstly, place the base plate on a flat working bench. 

2. Place the moulding pattern directly on top of the base plate and 

ensure that the intersection lines are in place in accurate form. 

3. Place the moulding cover plate. 

4. Finally screw the bolt and ensure that is tight. 

 
Base Plate  

Moulding plate 

Cover plate 

25cm 

63cm 

21cm 

6cm 3cm 
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     Fig. 3.4 moulding assembly. 

 

  

Fig. 3.5 wax sheet    Fig. 3.6 wax denture  

Source from: (Anusavice KJ. Phillips 1996).  

 

3.5.2. For the second mould meant for casting wax; This type of mould is 

similar to the previous mould meant for modelling wax, the same materials, 

instruments and procedures are employed. The things that vary are the thickness 

and dimensions.   

1. BASE PLATE: 

1. 1mm sheet of metal 52cm x 21.5cm is measured and marked for the 

base plate with the help of steel rule or measuring tape and scriber. 

2. Mark out the position for drilling holes for bolting with a measuring 

tool and scriber. 



DOWNLOAD MORE EBOOKS FROM BOOKTREE.NG 
 

  BOOKTREE.NG 
 

5cm 2cm 

3. Punch on the intersection lines for drilling of holes with the use of 

centre punch and hammer. 

4. Use 6mm drill bit to drill the holes after punching with the help of 

drilling machine. 

N/B: thickness is 1 mm. 

 

 

 

 

 

   Fig. 3.7 Mould base plate 

2. MOULDING PATTERN: 

1. Measure and mark out the moulding plate of 52 x 21.5cm with 

measuring tape, steel rule and scriber. 

2. Mark out for the moulding block of 17.5cm x 8cm which is the 

shaded block on the moulding plate. 

3. Mark out the positions for drilling holes to march the holes on fig 1 

number ii with measuring tool and scriber. 

4. Punch on the intersection lines for the drilling of holes with centre 

punch and hammer. 

21.5 cm 

 52cm 
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 17.5cm 

5cm 2cm 
 8cm 

 21.5cm 

 2cm 

 2cm 

5. Cut out the shaded block 17.5cm x 8cm with hand/angle grinding 

machine with the help of cutting stone fixed on it. 

6. Use 6mm drill bit to drill the holes after centre punching. 

 

 

 

 

 

     Fig. 3.8 Moulding pattern. 

 

3. MOULDING COVER PLATE: 

1. 1mm sheet of metal 52cm x 21.5cm is measured and marked for the 

base plate with the help of steel rule or measuring tape and scriber. 

2. Mark out the position for drilling holes for bolting with a measuring 

tool and scriber. 

3. Punch on the intersection lines for drilling of holes with the use of 

centre punch and hammer. 

4. Use 6mm drill bit to drill the holes after punching with the help of 

drilling machine. 

 

 

10cm 

Moulding 
chamber 

21.5 cm 
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5cm 2cm 

 

 

 

Fig. 3.9 mould cover plate 

4. MOULDING ASSEMBLY 

1. Firstly, place the base plate on a flat working bench. 

2. Place the moulding pattern directly on top of the base plate and 

ensure that the intersection lines are in place in accurate form. 

3. Place the moulding cover plate. 

4. Finally screw the bolt and ensure air tight. 

 

 

       Fig. 3.10 moulding assembly. 

3.5.3 For the third mould meant for modified casting wax; This type of mould 

has a different shape, thickness and dimension. Thou the same materials, 

instruments and procedures are employed. 

1. BASE PLATE: 

1. 0.8mm sheet of metal 62cm x 10cm is measured and marked for the 

base plate with the help of steel rule or measuring tape and scriber. 

2. Mark out the position for drilling holes for bolting with a measuring 

tool and scriber. 

Base Plate  

Moulding plate 

Cover plate 

Bolts/ nuts 

 52cm 
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2cm 6cm 

3. Punch on the intersection lines for drilling of holes with the use of 

centre punch and hammer. 

4. Use 6mm drill bit to drill the holes after punching with the help of 

drilling machine. 

N/B: thickness is 0.8mm. 

 

 

 

 

 

  Fig. 3.11 Mould base plate 

2. MOULDING PATTERN: 

1. Measure and mark out the moulding plate of 62 x 10cm with 

measuring tape, steel rule and scriber. 

2. Mark out for the moulding block of 6cm x 10cm which is the shaded 

block on the moulding plate. 

3. Mark out the positions for drilling holes to march the holes on fig 1 

number ii with measuring tool and scriber. 

4. Punch on the intersection lines for the drilling of holes with centre 

punch and hammer. 

5. Cut out the shaded block 6cm x 10cm with hand/angle grinding 

machine with the help of cutting stone fixed on it. 

10 cm 

 62cm 
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  10 cm 1.5 cm 

10 cm 

12 cm  2 cm 

 6 cm 

 2 cm 

 2 cm 

  62 cm 

6cm 

6. Use 6mm drill bit to drill the holes after centre punching. 

 

 

 

 

Fig. 3.12 Mould pattern 

3. MOULDING COVER PLATE: 

1. 0.8mm sheet of metal 62cm x 10cm is measured and marked for the 

base plate with the help of steel rule or measuring tape and scriber. 

2. Mark out the position for drilling holes for bolting with a measuring 

tool and scriber. 

3. Punch on the intersection lines for drilling of holes with the use of 

centre punch and hammer. 

4. Use 6mm drill bit to drill the holes after punching with the help of 

drilling machine. 

 

 

 

 

 

Moulding 
chamber 

10 cm 

 62cm 
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    Fig. 3.13 Mould top/cover plate 

4. MOULDING ASSEMBLY 

1. Firstly, place the base plate on a flat working bench or table. 

2. Place the moulding pattern directly on top of the base plate and 

ensure that the intersection lines are in an accurate form including 

the drilled holes. 

3. Place the moulding cover plate. 

4. Finally screw the bolt and ensure air tight to avoid wax flow. 

 

 

 

     Fig. 3.14 moulding assembly. 

 

3.6. METHOD OF DATA COLLECTION 

The main data for this research work were obtained from the experiments 

conducted using product assessment forms which were distributed alongside the 

product to practicing dental technologist in Owerri, Imo State and also few final 

year students of dental technology department, federal university of technology 

Owerri, Imo state. They access its functionality and efficiency and observations 

were noted. 

3.7. DATA ANALYSIS METHOD 

Base Plate  

Moulding plate 

Cover plate 

Bolts/ nuts 
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The data collected were presented and analyzed using frequency tables, 

percentages and histogram chart. Furthermore, hypothesis postulated for the study 

was tested using Statistical package for the social sciences (SPSS V.21.0) and chi-

square statistical analysis method using equation (3.1) 

Chi square (X ) = ε
( ) =    (3.1)   

Where;  X2 cal. = chi square calculated 

∑ = summation 

F o = observed frequency 

F e= expected frequency 

  

 

Note decision used in chi square analysis 

1. Alternative hypothesis (HA) is accepted if X2calculated is greater than 

X2 Tabulated. 

2. Null hypothesis (HO) is accepted if X2tabulated is greater than X2 

calculated. 
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   CHAPTER FOUR  

DATA PRESENTATION, RESULTS AND DISCUSSION. 

4.1. PREAMBLE 

 MOULD PRESENTATION AND TESTING  

This chapter deals with the presentation of the fabricated mould, data collection 

and analysis. These data were collected using product assessment form. What we 
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have produced is a prototype and will be subjected to use to check if it will actually 

carry out the purpose in which it was fabricated, to prove its reliability. 

 MOULD PRESENTATION 

The data obtained from the mould are presented below. 

4.1.1 Case study 1 

Use of Aluminum 

Aluminum alloys are alloys in which aluminum is the predominant 

metal. Aluminum, if improperly heat treated, it can cause internal 

element separation and the metal then corrodes from the inside out. This 

material was sourced from the workshop of Material and Metallurgical 

Department. This material was tested after fabrication and the result gotten from 

the testing were very unsatisfactory as the material was unable to produce expected 

objective.  

Observation 

During the process of testing, the wax was melted at 55oc in 10 minutes and 

poured in the mould, as it solidifies; there was a core adhesiveness of the wax to 

the mould giving it a rough surface after production. This shows that the mould 

has poor formability/workability, poor corrosion resistance and poor 

weldability. This made the researchers seek for an alternative material for the 

research work. 
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Fig. 4.1. Aluminum material (Alloy 7075). 

 

4.1.2. Case study 2 

Use of carbon steel 

This is a material that is widely used in the steel industries for various type of 

metal work. Low carbon was used mainly in this case study because of its 

properties. 

This material was obtained by the research from the market for use in the 

workshop. Most characteristics required were made attainable by the material. This 

material becomes the choice of material of the researcher because it was able to 

give the satisfied objective of the study. 

 

 

4.2. MOULD TESTING 

Based on choice of material, the material was subjected to a specific laboratory 

testing by using it to recycle wax. The wax was melted at a point of 55oc in 

10 minutes repeatedly.  
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4.3. RESULTS 

The data were presented in frequency, percentage tables and histogram chart. The 

processing of these data was done by evaluating the numerical values obtained. 

The six questions raised in the product assessment form were presented in tabular 

form for analysis and percentage used. 

 

DATA PRESENTATION AND INTERPRETATION ACCORDING TO THE 

SPECIFIC PROPERTIES OF THE LOCALLY FABRICATED WAX MOULDS.  

Table 4.1 Reliability 

VARIABLE RESPONSE PERCENTAGE 

Very good 10 50 

Good 10 50 

Poor 0 0 

Total 20 100 

 

Table 4.1 shows the respondents observation on the reliability of the wax mould as 

a property. 10 respondent representing 50% indicates that the reliability of the wax 

mould was very good, 10 respondent representing 50% indicated that the reliability 

of the moulds is good, 0 respondent representing 0% indicated that the product’s 

reliability is poor. 

 

Statistics 

Reliability   

N Valid 3 
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Missing 0 

Mean 6.6667 

Median 10.0000 

Mode 10.00 

Std. Deviation 5.77350 

Variance 33.333 

Sum 20.00 

 

 

Reliability 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

.00 1 33.3 33.3 33.3 

10.00 2 66.7 66.7 100.0 

Total 3 100.0 100.0  
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 Chart 1. Reliability frequency 

 

Table 4.2. Consistency 

VARIABLE RESPONSE PERCENTAGE 

Very good 0 0 

Good 15 75 

Poor 5 25 

Total 20 100 

 

Table 4.2 shows the respondents opinion on the consistency of the wax mould. 0 

respondent representing 0% indicates that the consistency of the wax mould was 

very good, 15 respondent representing 75% indicated that the consistency of the 
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moulds is good, 5 respondent representing 25% indicated that the product’s 

consistency is poor. 

Statistics 

Consistency   

N 

Valid 3 

Missing 0 

Mean 6.6667 

Median 5.0000 

Mode .00a 

Std. Deviation 7.63763 

Variance 58.333 

Sum 20.00 

 

a. Multiple modes exist. The 

smallest value is shown 

 

Consistency 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

.00 1 33.3 33.3 33.3 

5.00 1 33.3 33.3 66.7 

15.00 1 33.3 33.3 100.0 

Total 3 100.0 100.0  
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  Chart 2. Consistency frequency 

 

Table 4.3. Smoothness 

VARIABLE RESPONSE PERCENTAGE 

Very good 20 100 

Good 0 0 

Poor 0 0 

Total 20 100 

 



DOWNLOAD MORE EBOOKS FROM BOOKTREE.NG 
 

  BOOKTREE.NG 
 

Table 4.3 shows the respondent’s opinion on the smoothness of the wax mould as a 

property. 20 respondent representing 100% indicates that the smoothness of the 

wax mould was very good, 0 respondent representing 0% indicated that the 

smoothness of the moulds is good, 0 respondent representing 0% indicated that the 

smoothness of the product is poor. 

Statistics 

Smoothness   

N 

Valid 3 

Missing 0 

Mean 6.6667 

Median .0000 

Mode .00 

Std. Deviation 11.54701 

Variance 133.333 

Sum 20.00 

 

Smoothness 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

.00 2 66.7 66.7 66.7 

20.00 1 33.3 33.3 100.0 

Total 3 100.0 100.0  
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 Chart 3. Smoothness Frequency 

 

Table 4.4. Wax adhesiveness 

VARIABLE RESPONSE PERCENTAGE 

Very good 0 0 

Good 0 0 

Poor 20 100 

Total 20 100 
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Table 4.4 shows the respondent’s observation on the wax adhesiveness on the wax 

mould. 0 respondent representing 0% indicated that the wax adhesiveness on the 

wax mould was very good, 0 respondent representing 0% indicated that the wax 

adhesiveness on the moulds is good, 20 respondent representing 100% indicated 

that the product’s wax adhesiveness is poor. 

Statistics 

Wax Adhesiveness   

N 

Valid 3 

Missing 0 

Mean 6.6667 

Median .0000 

Mode .00 

Std. Deviation 11.54701 

Variance 133.333 

Sum 20.00 

 

 

Wax Adhesiveness 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

.00 2 66.7 66.7 66.7 

20.00 1 33.3 33.3 100.0 

Total 3 100.0 100.0  
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  Chart.4. Wax adhesiveness frequency  

 

Table 4.5. Removability 

VARIABLE RESPONSE PERCENTAGE 

Very good 10 50 

Good 10 50 

Poor 0 0 

Total 20 100 
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Table 4.5 shows the respondent’s observation on the removability of the wax 

mould. 10 respondent representing 50% indicates that the removability of the wax 

mould was very good, 10 respondent representing 50% indicated that the 

removability of the wax mould is good, 0 respondent representing 0% indicated 

that the removability of the wax mould is poor. 

Statistics 

Removability   

N 

Valid 3 

Missing 0 

Mean 6.6667 

Median 10.0000 

Mode 10.00 

Std. Deviation 5.77350 

Variance 33.333 

Sum 20.00 

 

 

Removability 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

.00 1 33.3 33.3 33.3 

10.00 2 66.7 66.7 100.0 

Total 3 100.0 100.0  
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  Chart. 5. Removability frequency  

 

Table 4.6. Accuracy of usage 

VARIABLE RESPONSE PERCENTAGE 

Very good 9 45 

Good 9 45 

Poor 2 10 

Total 20 100 
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Table 4.5 shows the respondent’s opinion on accuracy of usage of the wax mould. 

9 respondent representing 45% indicates that the accuracy of usage of the wax 

mould was very good, 9 respondent representing 45% indicated that the accuracy 

of usage of the wax mould is good, 2 respondent representing 10% indicated that 

the accuracy of usage of the wax mould is poor. 

 

Statistics 

Accuracy of usage   

N 

Valid 3 

Missing 0 

Mean 6.6667 

Median 9.0000 

Mode 9.00 

Std. Deviation 4.04145 

Variance 16.333 

Sum 20.00 

 

 

Accuracy of usage 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

2.00 1 33.3 33.3 33.3 

9.00 2 66.7 66.7 100.0 

Total 3 100.0 100.0  
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   Chart. 6. Accuracy of usage frequency 

Table 4.7.  Satisfactory impression of locally fabricated wax moulds. 

OPTION FREQUENCY PERCENTAGE % 

YES 20 100 

NO 0 0 

TOTAL 20 100 

 

Table 4.7.shows that 20 respondents representing 100% indicates that they are 

satisfied with the locally fabricated wax mould, while none of the respondent 
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indicated that they are not satisfied. This means that the locally fabricated wax 

mould is satisfactory to all respondent. 

4.4. RESULTS OF HYPOTHESIS 

To test for hypothesis statement, a sum of the questions presented in the product 

assessment form used with respect to responses of the respondents were all 

tabulated and tested using Chi-square  data analysis method of testing hypothesis. 

Level of significance (α) is 5% = 0.05 

Right tail probability = 0.025 

The degree of freedom (d f) = n-1 

Where 3 represents the number of variables (n) 

Therefore, d f = 3-1= 2 

Hence d f – level of significance = 2-0.05 = 1.95 

From the Chi-square statistical table for degree of freedom (2) against the 0.05 

level of significance, the result is 7.378 approximately.  

To find the Chi-square (x2) calculated, the following statistical manipulation was 

made using the formula: 

Chi square (X ) = ε
(𝐹 − 𝐹 )

𝐹
 

Where: 

∑ = summation 

F o = observed frequency 
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F e= expected frequency 

Fe =    =  = 10 

Table 4.8: Result of cumulative table  

variables Reliability Consistency Smoothness Wax 

adhesiveness 

Removability Accuracy 

of usage 

total 

Very 

good 
10 0 20 0 10 9 49 

Good 10 15 0 0 10 9 44 

poor 0 5 0 20 0 2 27 

 

Table 4.9: Frequency Distribution Table 

Variables Fo Fe Fo – Fe (Fo – Fe)2 (Fo – Fe)2 

/Fe 

Very 

good 
49 10 39 1521 152.1 

Good 44 10 34 1156 115.6 

poor 27 10 17 289 28.9 

total 20     

         ∑= 296.6 

 

From the result, Chi square (X2) calculated = 296.6 while X2 tabulated = 7.378 

Conclusion: X2 calculated (296.6) > X2 tabulated (7.378)  
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Therefore, the alternative hypothesis which states that wax formulation of mould 

using locally sourced materials is accepted. 

4.5.  DECISION RULE 

Since the x2 calculated =296.6 and greater than x2 tabulated = 7.378. 

The alternative hypothesis in chapter one which states that wax mould can be 

locally fabricated using carbon steel material is accepted, while the null hypothesis 

that states that wax mould cannot be fabricated using carbon steel is rejected. 

4.6. DISCUSSION 

The research has confirmed the possibility of producing moulds for waxes using 

locally sourced and available materials and instruments. 

From the research work and various experiment carried out, it shows that the 

mould is effective on wax recycling and production. This research work has clearly 

showed the techniques involved, instrumentations and materials used for 

fabrication of the mould. 

It will be of great benefit to the society if the local production of wax mould can be 

produced in large quantity. Wax will be affordable and readily available, it will 

help promote dental technology practice in Nigeria and as well as help reduce the 

level at which natural resources gets depleted due to extensive usage of metallic 

and non metallic materials used in various fields of science, which may be due to 

increase in the world population, new inventions and technologies.  
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After the fabrication of the moulds, the dimension, properties, smooth surface and 

non adhesion of the wax was achieved. This shows that the locally fabricated wax 

moulds is effective and efficient when compared with foreign moulds. 

CHAPTER FIVE 

LIMITATION, CONCLUSION AND RECOMMENDATION 

5.1 LIMITATIONS OF STUDY 

Below were some of the limitations encountered in the course of this research: 

 Time constraint: a detailed research into the implementation of mould 

quality in the construction laboratory requires a lot of time and efforts. This 

was difficult to attain due to other academic engagements of the researcher. 

 Financial constraint: due to inadequate funding of the study, a lot of books 

and journals and other publications on carbon/mild steel, engineering 

materials could not be purchased. 

 Poor facilities: Good facilities should be made available in other to acquire 

good results during fabrication and production. Poor electricity supply did 

not help the speed of the researcher process. 

5.2 CONCLUSION 

The results from this study have been able to prove the possibility at which moulds 

can be fabricated and made available for wax production and recycling using 

locally sourced material. 

From the development of this quasi-experiment design, it is confirmed that out of 

the two mould materials presented, one was able to actualize the objective of the 

research work at the end of the experiment using the necessary materials, 
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instruments, technical knowhow, available principles and methodology. The result 

also indicate that dental technology practice does not only deal with the design and 

construction of prostheses alone, but goes down to using various skills to fabricate 

equipments used in the practice of dental technology therefore enhancing the 

profession.  

Conclusively, the result from this research work have ascertained that there will be 

a high reduction rate at which students purchase wax in their academic pursuit, 

help reduce the cost of treatment for patients and correct the imbalance taking 

place in nature.  

5.3 RECOMMENDATIONS 

Based on the findings on this study, the researchers wish to recommend the 

following: 

(i) The department should engage in encouraging students to carry out local 

fabrication project work, to enhance the skills and technical knowhow of the 

students and reduce the cost of materials. 

(ii) The university and government should initiate financial scheme to encourage 

students in carrying out more fabrication project work due to the high 

financial demand required in sourcing materials for fabrication. 

(iii) The federal Government should promote experimental research project in all 

institutions of learning to promote national growth and development. 
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(iv) Research in Dental Technology should be encouraged by the regulatory 

body of the profession. 

 

 

5.3 AREAS OF FURTHER RESEARCH 

(i) More research should be carried out on the use of non-metallic materials 

such as the silicon rubber material to fabricate wax mould.  
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APPENDIX I   

PRODUCT ASSESSMENT FORM 

PROJECT ON DESIGN AND FABRICATION OF WAX MOULD USING 

CABORN STEEL MATERIAL. 

DENTAL TECHNOLOGY DEPARTMENT 
FEDERAL UNIVERSITY OF TECHNOLOGY 
PMB 1526, OWERRI, IMO STATE.  
 

The under listed are 2017 final year students of the above mentioned department 

and institution. 

NWOKOCHA CHIJIOKE P.    20121799597 

CHUKWUEZI CHIDIEBERE P.    20121822987 

CHINWUBA EVARISTUS C.    20121806977 

We are presently carrying out a research on the “design and fabrication of wax 

mould using carbon steel material”. 

This product assessment form is intended to find out the effectiveness and 

reliability of the locally fabricated wax mould.  
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We therefore solicit for your candid responses to the questions below so as to 

enable us actualize our research. 

 

 

 

 

     INSTRUCTION 

Dear Respondent, you are required to tick in boxes that answers the questions 

correctly to the best of your knowledge and to provide us with comments as may 

be required.. 

SECTION A 

1. Sex: Male   female 

2. Place of work …………… 

3. Number of years in practice……………./ Year of study (students)……. 

4. Qualification (for professionals)…………………… 

 

SECTION B 

YOUR OBSERVATION ON OUR PRODUCT 

1. Reliability: very good   good  poor 

2. Consistency: very good   good  poor 

3. Smoothness:  very good   good  poor 

4. Wax adhesiveness:  very good  good   poor 
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5. Removability: very good   good  poor 

6. Accuracy of usage: very good   good  poor 

7. Are you satisfied with the product? Yes   no  

8. If no, why? …………………….. 

9. Any other comment in form of advice or suggestion…………………… 

…………………………………………………………………………… 

 

Thanks for your candid response.  

APPENDIX II 
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i. Marking out of carbon steel material. 

 

 

    

ii. Cutting of the sheet metals using Cutting stone    iii. Electrode power supplier 

 

                                                                                                                                                                          

 

 

 

    APPENDIX III 
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iv.  modelling wax mould during construction. v. Top plate of the mould     

  

vi. First mould after fabrication  vii. Nuts and bolts 

 
 
 

APPENDIX IV 
 



DOWNLOAD MORE EBOOKS FROM BOOKTREE.NG 
 

  BOOKTREE.NG 
 

 
 
 
 
    
 
 
 

 

 

viii. Casting wax mould          ix. Modified casting wax mould. 

 

 

 

 

 

x. Cover plate of the wax mould. 


