
Book of  

Proceedings

CONFERENCE & 
ANNUAL 

GENERAL MEETING

KADUNA 2016
26th - 29th October, 2016

THEME

Nigerian Metallurgical
Society (NMS) 

NMS

MATERIALS FOR DEFENCE: 
REVITALIZATION OF THE 

METAL INDUSTRY FOR NATIONAL SECURITY

Way (formerly Waff Road) Kaduna, Kaduna State

Command Guest House, No. 1 Muhammadu Buhari 

32ND



Pages Titles and Authors 
1 – 6  Development of Nigerian Metals Industry for Sustainable National Security 

Prof. John Ade Ajayi 
7 – 9  The Indispensable Role of Government in Providing Infrastructure for the Metals 

Industry                                                         Engr. Isah, Joseph Onobere 
10 – 14  Effect of Carburizing and Nitriding on Mechanical Properties of Medium Carbon 

Steel                Adetunji et al 
15 – 20  The Metal Industry: Solution to Unemployment and Economic Crisis                   

Kingsley T. Amatanweze & Goodness U. Okoh 
21 – 34  Viability of Some Nigerian Mineral Ores as Sources of Fuels and Alloying Elements 

for Armaments Production                                         Thomas et al 
35 – 40   Application of Lightweight Metal in the Military Defense System          Bamidele et al 
41 – 43  Effect of Step-Quenching-Aging on the Hardness and Corrosion Resistance of Al-Cu-

Si-Ni Alloy in Simulated Seawater                                        Abdulwahab et al 
44 – 48 Effect of Maize (Zea Mays) Bonded Mould on Mechanical Properties of Aluminum 

Bronze                          Dodo et al 
49 – 53  Experimental Characterization of Fatigue Crack Initiation of AA320 Alloy Under CTC 

& ML during Four Point Rotating and Bending Fatigue Testing Machine                Rana 
Atta-ur-Rahman & Daniel Juhre 

54 – 56 Effect of Heat Treatment on The Mechanical Properties of Al/Sic Particulate 
Composites                             Usman et al 

57 – 64 Inspection and Quality Control of Casting in the Ajaokuta Steel Company's Foundry 
Shop                                      Ocheri et al 

65 – 71  The Effect of Copper Addition and Section Thickness on the Morphology of Graphite 
Flakes and Impact Strength of Gray Cast Iron                             Musa et al 

72 – 79  Homogenisation of Electrical Arc Furnace Dust (EAFD) and Aluminium 2039 Scrap 
Oloruntoba et al 

80 – 83 The Compressive and Flexural Strength of Self Compacting Concrete Using Rice 
Husk Ash and Limestone                              Iroh et al 

84 – 93 Composite Material in Military and Aerospace Applications                                        
Oyelaran Olatude Ajani et al 

94 – 101  Revitalization of Metal Industry for Employment and Revenue Generation      Ocheri 
C 

102 – 110  Inhibitive Effect of Combretum glutinosum Leaves Extract as Corrosion Inhibitor for 
Al-Si-Mg Alloy in 3.5 wt% NaCl Solution                   Adams et al 

111 – 115 The Importance of Salt Bath Heat Treatment to Weapon Production Using 
Indigenous Steel Materials                          Stephen Olanrewaju 

116 – 120 Science of Ballistics in the Ceramic-Metal Mixed Armour                    Sanusi et al 
121 – 126 Potential of Hot Sesame Oil (Sesanum Indicum Oil) Bath as Quenchant for 

Austempering of Ductile Cast Iron                                          Abdulhamid et al 
127 – 130  Effect of Thermal Ageing on Mechanical Properties of Za-27 Alloy/Periwinkle Shell 

Ash Particulate Composite                     Shehu et al 
131 – 136  Effect of Melon Seed Oil Lubricant on Extrusion Load, Hardness and Microstructure 

of Cold Extruded Aluminum Alloy              Tile et al 
137 – 141  Nigeria's Lead Ore Deposits - the Need for Exploration, Exploitation and 

Beneficiation for the Nation's Economic Benefit                Bala et al 
142 - 151 Production of Iron Ore Middling for Oil Pipe Coating        Bwala, Daniel Markus 
152 – 156 Revitalization of the Nigerian Metallurgical Industry: A Desideratum for Self – 

Reliance in Military Technology                John Ade Ajayi et al 
157 - 165 Effect of Concentration of Coconut Shell Charcoal and Periwinkle Shell on the 

Hardness Profile on 0.08% Carburized Mild Steel                      Agbo et al 



1

NMS

Book of Proceeding 
Kaduna 2016 Conference

Theme: 
Materials for Defence: Revitalization of the Metal Industry for National Security

Nigerian Metallurgical Society

ISSN: 2006 - 1919

Development of Nigerian Metals Industry for Sustainable Na�onal Security
Prof. John Ade Ajayi

Department of Metallurgical and Materials Engineering, The Federal University of Technology, Akure
ABSTRACT
History has taught humanity in the field of warfare and defence that the great need of every sovereign nation is to 
establish, train, equip and maintain an ever-ready military force to ward off external aggression and avoid internal 
disintegration. Nigeria cannot depend on other nations for military technology and still feel secured. It has been observed 
that security and technology are two sides of the same coin. The coin is made of metals! No wonder, human civilizations 
almost always are characteristically named after metal and/or metal products. Unfortunately, the contemporary metals 
industry in Nigeria is so much in comatose status that it cannot assure self-reliance in national security. It is imperative, 
therefore, that the Nigerian Metal Industry should be revitalized as a matter of priority. Except the metallurgical sub-sector 
of the economy is first developed, all nations, Nigeria not exempted, labour in vain that build the defence industry for 
sustainable national security. Transformational leadership is required to bring about a turning point to the right direction.

1. INTRODUCTION
“All military problems are political problems
All political problems are economic problems
All economic problems are technological problems” – 
Strategist Von Brivet
History has taught humanity in the field of warfare and 
defence that the great need of every sovereign nation is to 
establish, train, equip and maintain an ever-ready military 
force to ward off external aggression and avoid internal 
disintegration. Adolf Hitler asserted that the need for 
nations to protect their people and resources has been the 
greatest task of political leaders. Even an ignoramus in 
military affairs knows that if you want peace, you must 
prepare for war.
The Need for Self Reliance in Military Technology
The world is inhabited by two types of nations: developed 
and the developing. What distinguishes one from the other 
is the mastery and utilization of science and technology – 
the product of well-articulated research. Unfortunately, the 
most populous black nation in the world, Nigeria, belongs 
to the latter. The productive system in the nation is such 
that it is sustained by foreign raw material, imported 
equipment, spare parts and expatriate skills. A self-reliant 
and strong economy cannot be built on mass importations 
of goods, services and skills. Nigeria cannot depend on 
other nations for military technology and still feel secured. 
An efficient technological development cannot be 
productive unless sustained by a reasonably high level of 
domestic research and development particularly in 
engineering materials especially metals.
Pre-colonial Nigerians endeavor to develop their weapons 
based on the technology prevalent then. The types of 
weapons developed then were based on the tactics, 

strength and nature of the enemy, as well as the 
environment in which the war was to be fought: Long after 
independence (of 1960), Nigeria continued to depend on 
foreign weapons rather than stepping up efforts at being 
self-reliant in military technology. The need for self-
reliance dawned on her during the civil war of 1967.
Let us now examine the Nigerian Metallurgical Society 
2016 conference theme: “Materials for Defence: 
Revitalizing the metals industry and defence – The 
keywords, materials, defence, revitalize, metals industry 
need to be defined. This will enable us to correctly situate 
this paper's title: Development of Nigerian Metal Industry 
for Sustainable National Economy.
Materials: By materials, we mean engineering materials 
which consist essentially of metals, ceramics (including 
glass), polymers and ceramics.

thDefence: According to 1983 edition of Chambers 20  
Century Dictionary, Defence is a means of resisting attack, 
protection, vindication. It is to keep off anything harmful; to 
guard or protect against attack.
Revitalize: The word “revitalize” is to give life to, to 
stimulate activity in; to give vigor to. “Re” implies again. So, 
revitalize is to give life to again or to give vigor to again.
Metals Industry: The word industry means systematic 
economic activity, any branch of manufacturing and trade. 
Thus, metals industry is a systematic economic activity 
that encompasses manufacturing and commercial 
transactions of metals and metal products.
Security: Without care or anxiety, confident, free from 
danger, safe and assured. Defence is a subset of security. 
So the aim of this conference theme is to garner efforts at 
stimulating activity again in the manufacturing and 
commercial transaction of metals such as Iron, steel, 
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aluminium, lead, zinc, tin, copper and their alloys in 
protection of lives and properties.
The title of this paper suggests that except there is 
prioritized attention to first develop robust metals industry, 
any nation that attempts to build its defence industry do so 
in vain. This paper shall be structured into two parts. The 
importance of the military to national security will be 
discussed. This is to be followed by making elucidation on 
the imperative of robust metals industry for sustainable 
national security.

2.  THE IMPORTANCE OF THE MILITARY TO 

NATIONAL SECURITY
The Military is of critical importance to national security. 
The reason for this cannot be farfetched: any nation that 
does not have such machinery to fight and ward off her 
enemies would fall an easy prey to them. Section 14 (2) b 
of the Nigeria 1999 constitution states that the security and 
welfare of the people shall be the primary purpose of 
government. Without security, there cannot be any 
meaningful development. On the other hand, development 
(particularly the metals industry) fosters security.

2.1. Weapons and Military Organization in Pre-
Colonial Nigeria.
The early man produced tools to struggle for existence 
against wild animals or warlike neighbours.  Early 
engineering, therefore, was primarily and/or military. In 
pre-colonial Nigeria, weapon types affected the size and 
sophistication of the military. The infantry which dominated 
the military up to the fifteenth Century, wielded missiles 
and shock weapons. Projectiles such as javelin, spears, 
arrows and lances were used by the infantry. The long 
range weapons used by the militia were most effective in 
the open savanna. 
In the forest area, shock combat weapons were effectively 
put to use while the tactic was ambush. In the riverine area, 
missiles were used, particularly the throwing of spears and 
javelin, and the shooting of arrows on canoes. This was 
done before the introduction of fire arms in the sixteenth 
Century.  This changed the pattern of military organization 
and led to the development of military professionalism with 
a stratified hierarchy of military command whose authority 
hovers the whole state (Achi, 2004). Previous weapons, 
courtesy of National museums are illustrated by Plate 1 – 
6. As can be observed, these weapons amajorly made of 
metals and/or metal products.
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2.2. Contemporary Military TechnologyThe world has 
become a global village and globalization requires that 
individual nations add value to their influence in order to 
fit into advanced level of leadership required in the world 
today. There is increasing professional and academic 
standards made on military institutions in the 
contemporary world. The Air force Institute of 
Technology in Ohio, USA, established in 1919 has been 
providing specialized education to select officers and 
enlisted US military personnel and civilian employees at 
the post graduate level since 1956. In the contemporary 
world, the unmanned aerial vehicle is the in-thing in the 
USA. The longest flight by an unmanned aerial vehicle 
took place on March 21, 2001 by a North rop Gunmen 
Ryan Aeronautical.
It has been reported (on 19, March, 2008), that Dyess Air 
Force Base in Texas, USA undertook a first supersonic 
flight with synthetic fuel blend fuel conservation. Within the 
last five decades, four developments have produced 
profound changes in our way of life: nuclear power, 
electronic computer, interplanetary space navigation and 
micro-electronics. In the most developed nations, the 
military has almost always been in the forefront in 
technological advancement as observed in the 
aforementioned developments (Ajayi, 2010). Nigeria, the 
most populous black nation on earth, cannot afford to be 
an exception.
2.3. The Emergence of 320 Technical Training Group 
(TTG) and its Transformation to Air Force Institute of 
Technology (AFIT), Kaduna
The Nigerian Air Force (NAF) was established in May 1964 
and was thus a young establishment in May 1967, when 
the civil war broke out. The war compelled the Federal 
Government to seek external assistance to prove the air 
power of NAF. After the war, the Federal Government 
further equipped the NAF with diverse aircraft and weapon 
systems to enhance capabilities. NAF also embarked on 
manpower development which emphasized training of air-
crew, logisticians and administrative staff. This eventually 
led to the idea of establishing an institution locally to 
provide basic training to NAF personnel in the fields of 
a i r c ra f t  ma in tenance ,  a rmament  techno logy, 
communications, automobile maintenance and supply 
management. The emerging school initially named 
Technical Training School (TSS) by NAF in 1977 was later 
renamed Technical Training Group (TTG) in the year 2000.
The challenges facing NAF 320 TTG, the cradle of military 
logistician in Nigeria and one of the seven schools under 
the Training Command of NAF, was too heavy for her. This 
necessitated the transformation of NAF 320 TTG to Air 
Force Institute of Technology (AFIT) on 20 April, 2008 
whose motto is “Quest for Excellence”.
2.4. Research Breakthrough in AFIT: A Welcome 
Development and a Challenge to Greater Heights.
In the Strategic Plan for AFIT, it is clearly stated that the 
research and development in AFIT should be need-driven 
and that the research should centre around creativity and 
innovation. It is also documented that attention should be 
accentuated on technological research which is the 
utilization of existing knowledge in inventing processes, 
building appliances in constructing systems which can be 
utilized in production. AFIT is expected to do intensive 
research on the design, material selection, manufacturing, 
operation and maintenance of safe and efficient aircraft to 
be used for military and civil purposes. Even with the best 

designed aircraft, air disasters do occur, the incessance of 
which took place a few years back. They claimed many 
precious lives and forensic engineering should have 
followed. Engineering failure analysis is a key part of 
maintaining aviation safety. Consequently, the following 
Research and Development centres were proposed for 
AFIT in order to realize its mandate to be a world class 
centre of excellence institute of technology.

i. Aircraft Design and Manufacturing Centre

ii. Aerospace Materials Research Laboratory

iii. Centre for Energy Studies

iv. Engineering Failure Analysis

v. Functional Foundry – captive and jobbing.
The engineering materials of these proposed centres 
particularly metals is enormous.
It is a welcome development that since inception, AFIT has 
graduated 4,700 officers including personnel from the 
Nigerian Army, Navy and foreign students from other 
African Countries. Besides, AFIT has developed and 
updated the unmanned Aerial Vehicle (UAV) known as 
Gulma. Research efforts of AFIT have led to the successful 
completion of the design, manufacturing and test flying of 
different versions of the unmanned aerial surveillance 
Trainer as well as the design of AFIT light surveillance 
Trainer Aircraft.
The research efforts also include the design and 
manufacture of improvised explosive device detection and 
disposal unit known as unmanned ground vehicle version 
1 and 2 as well as the aforementioned AMEBO UAV 
project. 
However, judging from where Nigeria ought to be as the 
most populous black nation on earth in military technology, 
it appears she has not started. “Good is not enough where 
better is possible” – Lord Warren. Nigeria needs to move to 
greater heights in Military (Army, Navy and Air force) 
technology. This is going to be a mirage without a robust 
metals industry. 
3.0. DEVELOPMENT OF ROBUST METALS 
INDUSTRY:AN IMPERATIVE FOR NATIONAL 
SECURITY
This section which discusses the development of robust 
metals industry as a basis for national security is structured 
into three parts: the metals industry, applications of metals 
and/or metal products in defence industry, and the 
Nigerian Metals Industry.
3.1. The Metals Industry
Various human developments are characteristically 
named after metals and/or metal products: The Stone Age, 
the Bronze Age, the Iron Age, and even the Nuclear Age. 
We are now in Information Communication Technology 
(ICT) Age which is made possible by metals and metals 
products. The world is now gravitating towards New 
Materials Age. Early in the last Century, two developments 
provided impetus for further technological discoveries – a 
new method for refining by Henry Cort and the invention of 
an efficient steam engine by James Watt. Thus, the world 
got a source of iron for machinery and power plants both of 
which have military and civil applications.
The well-being and standard of living of any nation can be 
accurately gauged by reference to the level of production 
and consumption of minerals and/or metal products. The 
situation with many developing nations has been that there 
are abundant mineral raw materials which have not been 
substantially developed.  The nations then go ahead to 
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import finished products from the developed nations. This 
is where value addition to solid mineral resources by way 
of physical and physico-chemical (mineral processing) 
and chemical processes (extractive metallurgy) is 
imperative. Value addition to solid minerals to produce 
metals and/or metal products have often led to 
international prominence of many nations including 
Canada, Australia and South Africa. It has been observed 
that the gross domestic products (GDP) of the seventeen 
(17) Southern African nations – Angola, Botswana, 
Congo, Democratic Republic of Congo, Gabon, Lesotho, 
Madagascar, Malawi, Mozambique, Namibia, Rwanda, 
South Africa, Kingdom of Swaziland, Tanzania, Zambia 
and Zimbabwe – with understandable exception of Angola 
and Botswana, are directly proportional to the amount of 
processed metals in the constituent nations. 
It is usually convenient to group engineering materials into 
four: metals, ceramics, polymers and composites. Major 
engineering materials groups as presented by Kolesar, Jr 
et al. (2007) is illustrated by Figure 1.

metal ceramic

polymer

composite

Ceramics are compounds that contain metallic and non-
metallic elements: bricks, glass, insulators, refractories 
and abrasives. They are relatively hard and brittle. They 
possess a number of desirable optical, electrical and 
thermal properties. They are products of industrial 
minerals. Polymers include rubber, thermoplastics, 
thermosetting materials and many types of adhesives. 
They are produced by giant molecules from organic 
molecules obtained from petroleum and agricultural 
products by polymerization. Thermoplastics have 
excellent ductility, formability and shock resistance. 
Composites are formed from two or more materials 
producing desired unique properties. With composites, we 
can produce lightweight, strong, ductile, high temperature 
resistant materials. Ceramic-matrix composite and metal-
matrix composites are good examples.
Metals are characterized by high thermal and electrical 
conductivity, high lustre, relatively high strength, ductility 
and shock resistance. Metals are extracted from their 
respective ores. Metals are versatile and indispensable 
materials in all areas of technology – whether military or 

civil and in all ages. A perusal at the Periodic Table shows 
that about two-third of the 110 elements in the Table are 
metals. Imagine for instance that the following metals do not 
exist!

Figure 1: Major Engineering Groupings (Kolesar, Jr. et al (2007)

3.2. Applications of Metals/Metals Products in Defence 
Industry.
First, metals are very useful in the defence industry as 
superalloy – a metallic alloy which can be used at high 
temperature. Creep and oxidation resistance is their prime 
design criteria. Nickel based superalloy have solutes with a 
total concentration which is typically less than 10 atomic 
per cent. The vital test comes in how to further increase the 
strength using other solutes to create a two-phase 
equilibrium (Oluwole et al. 2011). Modern superalloy 
forgings and castings have enabled significant increase in 
turbine engine performance which have historically been 
driven primarily by military requirements (Thomas et al, 
2000). 
Second, metals have applications in Lean concepts in the 
aerospace forging value stream. The value stream for 
forged components is complex, given the different 
materials, billet forms forging methods, size and 
complexity of forgings, machining methods and allowable 
tolerances and inspection methods involved. In 1998, an 
Air Force Man Tech, Forging supplier initiative was 
established. The goal was to achieve a 35 to 40 per cent 
cost reduction for finished machined components (Dan 
Krneger et al, 2000). 
Third, the importance of aluminium, together with their 
alloys and various grades of steels in aircraft manufacture 
and weaponry in military operations respectively cannot be 
over emphasized. Without metals, there cannot be any 
meaningful defence and national security. In 1994, sets of 
aircrafts were introduced into the Nigerian Aviation 
Industry for training of pilots. The nose wheels of some of 
the aircraft collapsed particularly during hard landings. 
Visual examination and fractography revealed chevrons 
which indicate a brittle fracture. This was associated with 
high cycle fatigue failure from the compositional analysis. 
The as-received material was found to be medium carbon 
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3.2. Applications of Metals/Metals Products in 
Defence Industry.
First, metals are very useful in the defence industry as 
superalloy – a metallic alloy which can be used at high 
temperature. Creep and oxidation resistance is their prime 
design criteria. Nickel based superalloy have solutes with 
a total concentration which is typically less than 10 atomic 
per cent. The vital test comes in how to further increase 
the strength using other solutes to create a two-phase 
equilibrium (Oluwole et al. 2011). Modern superalloy 
forgings and castings have enabled significant increase in 
turbine engine performance which have historically been 
driven primarily by military requirements (Thomas et al, 
2000). 
Second, metals have applications in Lean concepts in the 
aerospace forging value stream. The value stream for 
forged components is complex, given the different 
materials, billet forms forging methods, size and 
complexity of forgings, machining methods and allowable 
tolerances and inspection methods involved. In 1998, an 
Air Force Man Tech, Forging supplier initiative was 
established. The goal was to achieve a 35 to 40 per cent 
cost reduction for finished machined components (Dan 
Krneger et al, 2000). 
Third, the importance of aluminium, together with their 
alloys and various grades of steels in aircraft manufacture 
and weaponry in military operations respectively cannot 
be over emphasized. Without metals, there cannot be any 
meaningful defence and national security. In 1994, sets of 
aircrafts were introduced into the Nigerian Aviation 
Industry for training of pilots. The nose wheels of some of 
the aircraft collapsed particularly during hard landings. 
Visual examination and fractography revealed chevrons 
which indicate a brittle fracture. This was associated with 
high cycle fatigue failure from the compositional analysis. 
The as-received material was found to be medium carbon 
steel. It was below the standard requirements for high 
spring steel useful in aircraft applications which is not 
produced in Nigeria.
3.3. Compendium of the Nigerian Metals Industry
With the formation of Associated Iron Ore Mining 
Company at Itakpe, Kogi State where there is occurrence 
of large deposit of iron ore, the development of the steel 
industry in the 1970s and 1980s commenced. It was a 
welcome trend that appeared on the scene with the 
establishment of Ajaokuta Integrated Steel Complex, the 
Aladja Steel Company, the three inland rolling mills at 
Osogbo, Jos and katsina. It was a major expansion of the 
mineral-based metallurgical industrial sector which is a 
precursor to defence industry development. It is in 
realization of the importance of this sector of the economy 
that the Federal Government established, with the support 
of UNIDO, the Nigerian Metallurgical Development Centre 
(NMDC), Jos. This centre was established with a statutory 
mandate to carry out applied research to upgrade the 
locally available raw materials for the use of the nation's 
nascent iron and steel industries. There was a time Aladja 
was producing steel even of international standard, then it 
went into slumber and is now possibly dead (yet to be 
buried). 
In the area of non-ferrous metals, Jos area is famous for its 
cassiterite and columbite deposits. The first tin smelting 
company –Makeri Smelting Company is now moribund. 
Commercial deposits of galena/sphalerite deposits yet to 
be processed metallurgically occur in Abakaliki area of 

Ebonyi state. This is also the case for gold deposits in 
different parts of Nigeria especially Ilesa and Birnin Gwari. 
Nigeria is endowed with nuclear materials which are mainly 
used for nuclear weapon and fuels for reactor. They are yet 
to be processed. Illmenite dumps on the Nigerian Jos-
Plateau. Other non-ferrous minerals such as monazite, 
zircon, barites, tantalum, wolframite, talc, abound in Nigeria 
crying for mining, mineral processing and metallurgical 
operations. An occurrence of nickel, the versatile metal, has 
just been reported in Kaduna state. How about value 
addition to this important alloying element?
It is imperative for Nigeria to develop a robust metallurgical 
industry that will propel the defence industry for sustainable 
national security.
4.0. CONCLUSION 
In this paper, we have discussed the importance of military 
in national security. This was followed by the elucidation on 
the imperative of robust metals industry for sustainable 
national security. The first responsibility of government is 
security of lives and properties. Security enhances 
development on one hand; and development engenders 
security. So development and security are two sides of the 
same coin. Cognizance of the fact that the bedrock of 
national industrial development is the metal industry should 
be taken. Besides, the metals industry is a desideratum to 
the defence industry and Military technology. 
No wonder, human civilizations almost always are 
characteristically named after mineral and/or metal 
products. Unfortunately, the contemporary metal industry in 
Nigeria is so much in comatose status, that it cannot assure 
self-reliance in national security. There is the need, 
therefore, to revitalize the Nigerian Metals Industry. Except 
the metallurgical sub-sector of the economy is first 
developed, all nations, Nigeria not exempted, labour in vain 
that build the defence industry for sustainable national 
security. This is where transformational leaders who are 
selfless, visionary, strategic and honest come in. They will 
heed the advice of well-meaning experts in moving the 
nation forward in the right direction. Fortunately, the hope is 
not altogether lost. We can still re-chart our path. After all, 
“the greatest thing in the world is not so much where we are 
but in what direction we are we moving”. –Oliver Wendell 
Holmes
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Without a properly developed Metals Industry, a country 

settles for confinement on the slow lane of technological 

development and primitive consumption of products from 

other climes.

Within the Metals Industry, steel maintains a prime position, 

due to the flexibility of its usage. The annual ranking of steel 

producing countries largely matches their respective 

standing as economic, military and political powers. Our 

world, being the global village it has become, surreptitiously 

puts a lot of pressure on less developed countries to 

maintain the status quo of being raw material suppliers to 

support the running of factories of the advanced economies 

through the pursuit of economic policies skewed in favour of 

the latter. 

Though it has been roundly established that coordinated 

infrastructural development promotes viable and 

competitive commercial and industrial endeavours, it is 

ridiculously amazing that much noise has been made over 

the years about development of infrastructure for the Metals 

industry in Nigeria with little to show for it. Indeed, the 

Nigerian experience over the past three decades 

demonstrates an unparalleled lack-lustre development of 

the requisite infrastructure for her Metals Industry.

Planners will often remind us that the seven infrastructural 

elements for national development; roads, railways, 

waterways, seaports, airports, power supply and ICT; have 

to be taken up in an integrated manner for best impact on 

the overall development of the national economy. To what 

extent have we complied with this ideal? 

Sustainable Development of the Metals Industry

Given the vast array of benefits derivable from a vibrant 

metals industry, as a strategic industry, the onus of providing a 

favourable environment for sustainable development of the 

industry, from nation to nation, lie squarely on the broad 

shoulders of the National Government.

Emphasis on particular components of the said favourable 

environment vary from nation to nation, depending largely on 

a country's level of technological development, the fiscal, 

manpower and natural resources available, and the 

prioritization of the elements of her National Strategic Goals. 

Thus there is a sharp contrast between running a 

metallurgical plant in an advanced economy where all the 

critical elements of infrastructure have been fully developed 

already and are generally in top form, as against running such 

a plant in our country for instance, where much work on 

infrastructural development remain to be done.

For a working plant, the infrastructure, be they internal (within 

the Plant) or external (outside the Plant and shared with other 

users) must be available round the clock for uninterrupted 

supply of raw materials and evacuation of products. This is in 

line with global best practices for enhancement of operations 

at optimal levels characterized by products at competitive 

pricing.

Development of Infrastructure for Accelerated 

Development of the Metals Industry in Nigeria – Ajaokuta 

Steel Plant as Case Study

For many nations, the first few plants in the Metals Industry, 

especially steel plants, are government owned. These are 

The Indispensable Role of Government in Providing Infrastructure for the Metals Industry

Engr. Isah, Joseph Onobere, FNSE, FNMS, MNIM the Sole Administrator, Ajaokuta Steel Company Limited

Introduction

From earliest times and all through human history, the development of the metals industry has been linked with the 

advancement and emplacement of communities, kingdoms and nationalities on sound socio-economic, political and military 

footing. Contemporaneously, sufficiency in meeting the basic needs of food, shelter and clothing including the complex 

demands of pursuit of pleasure, political and socio-economic power, higher living standards as well as advancement of the 

frontiers of human knowledge for competition in the global market place etc., have been the hallmark of a vibrant metals 

industry. The industry indomitably resonates at the nexus of progressive economic change as prime mover. Thus it cannot be 

overstated that the metals industry remains a veritable tool for achieving National Strategic Goals. The metals industry is 

therefore in itself, arguably a strategic industry.
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usually taken as the base for industrialization to support and 

spur development of the industry. Being of a strategic order, 

government deploys ways and means to facilitate and 

promote the health of the industry through guided 

protectionist policy formulation and implementation. Thus 

for the metals industry, the sing-song that 'government has 

no business being in business' is totally inapplicable, 

irrelevant and misguided. 

The Metals Industry is a logical destination beyond the 

Mining Industry for value addition to solid minerals. It is 

regrettable that the solid mineral rich states of Kogi and 

Nasarawa are not even emplaced yet by way of 

infrastructural endowments to support a vibrant Mining 

Industry, talk less of processing same into saleable metals. 

The National Integrated Infrastructure Master Plan is an 

excellent document yearning for implementation to drive us 

out of this gap. There is serious concern that the document 

should not end like many others before it. As mentioned 

earlier in this piece, Nigerian decision makers have a duty to 

see through the deceptive veil of neo-colonialism and 

realise that most policies governing international trade 

relations and development issues frequently touted and 

propagated by the advanced economies and so-called 

international agencies are usually clandestinely skewed to 

perpetuate the subservience of less developed economies. 

In Nigerian local parlance, I urge us all to “Shine your eyes!”

For Ajaokuta Steel Plant, the internal infrastructure, save for 

minor rehabilitation works, are 100% completed. These 

comprise power and utilities supply installations and 

networks, river port, airstrip, loco transport facilities 

complete with marshalling yard, an elaborate engineering 

works for production of non-standard (specialized or 

purpose made) spare parts, road network, refractories 

production facilities, and more.

In sharp contrast however, the necessary external 

infrastructure, have hardly been accorded requisite 

attention. This is horrendously inexplicable and therefore 

unacceptable! Save for coking coal, Nigeria is endowed with 

all the major raw materials for iron and steel making. These 

major raw materials include iron ore, limestone and 

dolomite. Little attention has been given to the opening up 

and development of mines for supply of raw materials. 

Access to most of the mines, by road and/or rail, are 

generally outstanding. The same is true for power supply. 

Mining equipment, where they exist, are either in short 

supply or in poor state of health. Most significantly, works on 

the rail line for supply of coking coal, billed to link Ajaokuta 

with the deep seaport at Onne, near Port Harcourt has 

remained unattended for more than twenty years! 

The general understanding of the man on the street about 

the Ajaokuta Steel Plant, is that it is at 98% completion 

status. Therefore, the layman's refrain before Government 

on Ajaokuta is “complete Ajaokuta”. However, in the 

absence of the relevant external infrastructure, a 100% 

completed Ajaokuta cannot be commissioned for operation 

as supply of raw materials by road is not feasible, for the 

following reasons:

I. Design limitations: Major raw materials (iron ore and coking 

coal) are planned to be received at the steel plant via rail 

transport. For this purpose, the wagon tippler facility has 

been built. Handling problems will arise at the point of 

discharge if trucks, and not railway wagons, are utilised.

ii.No of trucks required: For coking coal alone, at 1.2million 

tons per annum supply, a fleet of about 7,000 nos. 30-tons 

capacity tipping trucks will be required to be on road on daily 

basis. Apart from the chaotic traffic situation which the 

addition of such a high number of trucks will precipitate on 

our roads, road life span will become considerably 

shortened and road maintenance costs skyrocket. 

Moreover, it is doubtful whether we have up to 1,000 tipping 

trucks in Nigeria today. Thus the well-known economic 

advantage of rail over road transport, where long distance 

haulage is concerned cannot be wished away, in our 

circumstance.

It is refreshing news that the long drawn arbitration case 

between the Federal Government and M/S GINL is inching 

towards a definitive end. This follows the conclusion of 

mediation efforts pending final determination at the London 

Court of Arbitration evidenced by the signing of a Modified 

Concession Agreement on the National Iron Ore Mining 

Company Itakpe in August 2016.

In a related development the Federal Government, via the 

Ministry of Transport signed an Understanding with a Chinese 

firm for railway development in a manner that we have 

yearned for these past years, also in August 2016. The 

intention to rehabilitate and complete the Itakpe-Ajaokuta-

Warri rail line and extend same to Warri Port whilst dredging 

the port and lowering the relevant oil pipelines in the vicinity of 

the port to permit ocean going vessels entry, is a most 

welcome development. Furthermore, the planned linking up of 

the Jakura limestone deposit site with the Itakpe-Ajaokuta line 

as part of the works to be done within the context of the 

Understanding with the Chinese firm is the signal that we are 

perhaps getting close to the end of the tunnel. The further 

extension of the line to link the Abuja-Kaduna line to conclude 

the Nigerian Central Railway Line Development will help ease 

the access to the other solid mineral-rich zones of Kogi and 

Nassarawa States where iron ore, limestone, and coking coal 

deposits have been identified.

Conclusion

Given the strategic nature of the Metals Industry, the point has 

often been made, that any one investor on the Steel Plant 

Project, foreign or local, asking to be allowed to pursue the 

development of the related external national infrastructure 

must be watched as a prospective neo-colonialist. What this 

simply imply is that we must be wary with advances from those 

making expression of interest in our industrial and 

infrastructural installations at their present level of 

development, especially because their economic and security 

connotations.
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It behoves on FGN to pursue these laudable infrastructure 

development programme with all the seriousness it 

deserves, so that we can all begin to reap the myriad of 

benefits in and outside of the industry.

In other words, Government's role in providing infrastructure 

for the Metals Industry cannot be jettisoned. 

The approach currently being adopted is a 'win-win' in which 

Government will get what we need in the Metallurgical Industry 

for us without committing the huge funds required of her as the 

Understanding is on a Build, Operate and Transfer model.

Thank you for your kind attention.
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Effect of Carburizing and Nitriding on Mechanical Properties of Medium Carbon Steel
Olayide R. Adetunji*, Azeez A. Akinbo and Olanrewaju M. Adesusi
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Abstract
This work compared hardening of medium carbon steel by carburizing and nitriding. The comparison was done on samples 
carburized and nitrided for two and three hours respectively. Microstructural analysis of the samples was carried out using 
the optical microscope and the mechanical properties such as tensile strength, hardness and impact strength of the 
samples were tested. A control experiment was also performed on the as-received sample. The carburized samples gave a 
martensitic microstructure while the nitrided samples gave a tempered microstructure and the as-received samples gave a 
pearlite microstructure. The sample nitrided for 3 hours showed very good hardness property very close to the as-received 
sample with a good ductility far above that of as received sample, making it suitable for application such as automobile gear, 
ball bearing shafts, valves, discs and cams where hardness and good ductility of the core is required. The sample 
carburized for 3 hours showed higher hardness with low ductility, making it suitable for application such as tools making 
where surface hardness is the prevailing requirement.

Keywords; Carburizing, Nitriding, Mechanical property, Microscopy, Carbon Steel

INTRODUCTION
Steel and its products have many practical applications in 
every aspect of l ife which include construction, 
manufacturing, appliances, automobile etc. It is very 
versatile material with range of desirable properties which 
can be produced at a very competitive production cost [1]. 
Steel are classified on the basis of their carbon content as 
their major alloying element. Plain carbon steels are widely 
used for many industrial applications and manufacturing on 
account of their low cost and easy fabrication [2]. The plain 
carbon steel is being divided as low carbon steel, medium 
carbon steel and high carbon steel on the basis of carbon 
content.
When there is need for high carbon steel case for special 
purposes, production of high carbon steel cases locally, 
using abundant local materials becomes imperative. This 
reduces the burden on foreign reserves and creates 
employment opportunities [3]. Most of the previous studies 
only focus on the effects on surface hardness at the certain 
duration of the nitriding and carburizing processes,  effect 
on  strength of  coating thickness, corrosion resistance but  
they have not studied the comparable factor of both 
carburizing and nitriding which are processes of carbon 
steel surface hardening. 
The surface hardening of steel has an advantage over 
through hardening or quenching because less expensive 
low-carbon and medium-carbon steels can be surface 
hardened without the problems of distortion and cracking. 
For example, the disadvantage of flame hardening include 

the possibility of part distortion, while induction hardening 
requires very small part-to-coil distances, which must be 
precisely maintained [4]. Diffusion methods modify the 
chemical composition of the surface with hardening 
species such as carbon, nitrogen, or boron [5]. 
Linus et al. [6] studied the variation of effective case depth 
with holding time of mild steel using various carburizing 
compounds. The study was undertaken with pack 
carburization of mild steel using four different carburizing 
compounds. The result showed that the carburizing 
compound with 80% charcoal and 20% cow bone had the 
highest average case depth of 2.2 mm and effective case 
depths increased as the holding time of the samples 
increased in all the carburizing compounds used.  Ihom [7] 
studied case hardening of mild steel using cow bone as 
energizer where various carburizing compounds were 
used to pack carburized mild steel. The result showed that 
60 wt% charcoal / 40 wt% cow bone had the best result with 
an effective case depth of 2.32 mm and the hardness profile 
plot of the 60 wt% charcoal / 40% cow bone carburized mild 
steel was also higher than the other compositions. 
Ohize [8] experimentally studied the effect of carburizing 
mild steel with coal, bone charcoal and wood charcoal on its 
hardness, tensile and impact strengths. Coal, bone 
charcoal and wood charcoal as carburizing materials each 
had considerable increasing effect on hardness and tensile 
strengths but a decreasing effect on impact strengths of 
mild steel. Wood charcoal had the greatest effect while coal 
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had the least effect on hardness and tensile strengths. 
According to Afolalu et al. [9], “Carburizing High Speed 
Steel cutting tool has a significant improvement on the wear 
resistance and wear rate of the samples over the untreated 
samples.”
Akhtar et al. [10] evaluated gas nitriding process with in-
process variation of nitriding potential for AISI H13 tool 
steel, commonly used for hot extrusion dies, where he 
conducted micro-hardness analysis on the nitride samples. 
He found out that the controlled gas nitriding technique 
improve the die performance due to thin effective case 
depth (on the order of 90µm) with thin compound surface 
layer (on the order of 4-10µm) and good surface hardness 
(about 1,160HV).
Akhtar et al. [11] in their work, where they compared single, 
double and triple nitriding, affirmed that single-nitrided 
sample had the highest hardness value at the surface within 
the initial 15µm depth and later decreased towards the core. 
They further stated that beyond the 15µm depth, multiple-
nitrided samples showed very high hardness values which 
reduced monotonically towards the core with higher 
hardness-depth profiles.
The investigation carried out by Kahraman and Karadeniz 
[12] on the characterization and wear behavior of plasma 
nitride nickel based dental alloy revealed that surface 
hardness of the nitride samples increased between 4.7 and 
5.7 times depending on the process parameters and went 
further to state that wear resistance of the plasma nitride 
samples are higher than the untreated samples while the 
weight loss decreased compared to the untreated samples.
The purpose of this work is to compare the effect of using 
charcoal as carbon additive in carburizing and ammonia 
gas in nitriding. It focuses on comparing carburizing and 
nitriding surface treatment of a carbon steel so as to be able 
to incorporate the right method to use for a particular 
application of carbon steel.

MATERIAL AND METHODS

The materials used in this work are medium carbon steel, 
acetone, water, ammonia gas, BaCO  (250g) powdered, 3

charcoal, Nital's Reagent, stainless cup, a large muffle 
electric furnace with a temperature sensitivity of ±5°C, hack 
saw, meter rule, ammonia gas cylinder, grinders and 
polishing disc, and Rockwell Micro hardness testing 
Machine, impact tester, optical microscope, measuring 
cylinder, beaker, petri dish, quenching baths and measuring 
tape.

Carburizing

Carbon Steel was primarily heat-treated to create matrix 
microstructures and associated mechanical properties not 
readily obtained in the as-cast condition. The specimens 
were placed in stainless cup for carburizing. Charcoal and   
barium carbonate in powder form were mix in 10:1 ratio by 
weight in the stainless cup. The charcoal would provide the 
carbon which will diffuse into the sample surface, and 
BaCO  will act as an activator in this reaction. The samples 3

were placed in this cup and are surrounded by charcoal 
mixture from all sides. Space was provided between the 
samples so that the rate of carbon diffusion is uniform 
across the sample. The stainless cup and its contents were 
placed in the crucible inside the furnace and heat-treated to 

a temperature of 950°C above the critical temperature and 
was held at this temperature to soak for 2 hours. This gives 
sufficient time for the samples to absorb the carbon. After 
the elapsed time, the furnace was switched off and the 
stainless cup and its contents were taken out of the 
furnace. The samples were quenched in water. Same 
procedure was repeated for samples soaked for 3 hours. 
The samples were then placed back inside the furnace for 
tempering, they were heated to a temperature of about 
600°C for 1 hour so as to increase ductility and remove 
internal stress incurred during machining. Hardness tests 
were carried out on the samples to see its change in 
surface hardness. Impact test, tensile test, micro-structural 
examination and wear analysis were also performed on 
the samples.
Nitriding
The samples were placed in the crucible in a cleaned 
crucible. The crucible and with the specimen were placed 
inside furnace and the furnace was turned on from an 
electric supply.  The samples were tempered to a 
temperature of about 650°C so as to increase ductility and 
subsequently air cooled. They were placed back inside the 
furnace, with the hose connecting the ammonia cylinder 
with the furnace; the air in the furnace was purged before 
heating with the ammonia for about 15 minutes to prevent 
oxidation of samples.  Heating was started immediately 
after purging was completed until temperature reached 
560°C for 2 hours. At the end of the process, ammonia flow 
was stopped and the samples were removed from the 
furnace and quench into the water. Same procedure was 
repeated for other set of samples held at temperature of 

0560 C for duration of 3 hours. Also, Hardness tests, Impact 
test, tensile test, micro-structural examination and wear 
analysis were carried out on the samples. 

RESULTS AND DISCUSSION
Results
The microstructural investigation of the as-received 
sample, sample carburized for 2 hours at 950°C, sample 
carburized for 3 hours at 950°C, sample nitride for 2hours 
560°C and sample nitride for 3hours 560°C are as given in 
Plates 1-5. Table 1 has the summary results of tensile test 
carried out on the samples. The results of the brinell 
hardness tests conducted are shown on bar chart drawn in 
Figure 1 where the sample carburized for 3 hours had the 
highest hardness value. The impact tests conduct on the 
carburized, nitride and as-received samples are as shown 
in Figure 2.
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Plate 1:  Microstructure of as-received sample obtained
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Plate 2: Microstructure of the carburized carbon steel for 2 hours
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Plate 3: Microstructure of the carburized carbon steel for 3 hours 
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Plate 4  Microstructure of the nitrided samples for 2 hours obtained  
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Plate 5

  

Microstructure of the nitride samples for 3 hours 
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Figure 1 Bar chart of Rockwell hardness Tests for Carburized, 

Nitrided and As-Received Sample 

Mechanical 
Properties 

Carburizing 
For 2h @ 

950o 

Carburizing 
For 3h @ 

950o 

Nitriding 
For 2h @ 

560o 

Nitriding 
For 3h 
@ 560o 

As 
Received 
Sample 

Load at 
Peak (N) 

1152.07 839.99 9642.10 8956.95 8967.65 

Elongation 
at Peak  
(mm) 

0.441 0.867 7.01 6.91 4.83 

Stress at 
Peak 
(N/mm2) 

91.67 66.84 767.29 712.77 713.62 

Strain at 
Peak (%) 

1.635 3.21 25.96 25.59 17.90 

Energy at 
Peak (J) 

0.171 0.256 41.36 40.18 24.36 

Load at 
Break (N) 

20.17 282.41 6471.85 6186.06 5824.11 

Elongation 
at Break 
(mm) 

2.36 1.77 9.24 8.93 7.09 

Stress at 
Break 
(N/mm2) 

1.61 22.47 515.01 492.27 463.47 

Strain at 
Break (%) 

8.73 6.57 34.23 33.06 26.27 

Energy at 
Break (J) 

0.731 0.675 60.96 56.76 42.77 

Load at 
Yield (N) 

1152.07 839.99 2090.02 8956.95 8967.65 

Stress at 
Yield 
(N/mm2) 

91.68 66.84 166.32 712.77 713.62 

Young 
Modulus 
(N/mm2) 

11675.23 4844.81 14660.59 5282.64 17296.30 
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Discussion

Microstructural Analysis

The as-received specimen showed cementite (dark 

arrowed) in ferrite matrix that often form colonies and these 

colonies are oriented in the same direction. This kind of 

microstructure is known as Pearlite (coarse). 

Sample carburized for 2 hours at 950°C consist of fine 

grains of cementite at the surface with a martensitic 

microstructure while the core consist of a pearlitic 

microstructure. On the other hand, samples carburized for 

3 hours at 950°C consist of finer grains of cementite at the 

surface with a pearlitic microstructure at the core.

Samples that were nitrided by heating for 2 hours produced 

a sphere-like cementite in a ferrite matrix referred to as 
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tempered martensite carried out at 560°C. The nitrided 

samples consist of a cementite grains at the surface with a 

tempered martensite structure which is characterized by a 

high value of hardness and also high value of ductility. The 

microstructure of samples that were nitrided by heating for 

3 hours produced a sphere-like cementite in a ferrite matrix 

referred to as tempered martensite carried out at 560°C. 

The nitrided samples consist of a cementite grains at the 

surface with a tempered martensite structure which is 

characterized by a high value of hardness and also high 

value of ductility. The surface consists of a fine grains of 

cementite embedded in a ferrite matrix.

Tensile Test

The steel carburized for 2 hours had values for young's 

modulus, elongation at break, force at yield, stress and 
2strain at break of 11675.23 N/mm , 2.36 mm, 1152.07 N, 

21.61 N/mm  and 0.087 respectively. While the steel 

carburized for 3 hours had values for young's modulus, 

elongation at break, force at yield, stress and strain at 
2 2break of 4844.81 N/mm , 1.77 mm, 839.99 N, 22.47 N/mm  

and 0.066 respectively. The result obtained for the nitriding 

specimens for 2 hours had values for young's modulus, 

elongation at break, force at yield, stress and strain at 
2break as 14660.59 N/mm , 9.24 mm, 2090.02 N, 515.01 

2N/mm  and 0.342 respectively. The nitrided steel for 3 

hours had values for young's modulus, elongation at break, 
2force at yield, stress and strain at break of 5282.64 N/mm , 

28.93 mm, 8956.95 N, 492.27 N/mm  and 0.331 

respectively. The as-received sample had the highest 

tensile stress i.e. it can still withstand the highest tensile 

load when compared to the treated sample. 

Hardness Test

The as-received (control) sample had the least hardness 

value of 29.0 HRC, followed by the nitride sample for 

2hours and the nitrided samples for 3hours with hardness 

value of 32.23 and 33.97 HRC respectively. The carburized 

specimens for 2 hours had hardness value of 43.03 HRC 

and the carburized specimens for 3hours had highest 

hardness value of 44.88 HRC. The sample carburized for 3 

hours had the highest hardness of 44.88 HRC and the 

hardness increased with temperature and the soaking 

time. This hardness value shows that it had greatest case 

depth, surface hardness and wear resistant which are in 

accordance with the work carried out by Sanjib [13].

Impact Test

Sample carburized for 3 hours had the least impact value 

of 37.968J, followed by the sample carburized for 2 hours 

with impact value12sxa1q of 40.68J, sample Nitrided for 

2hours had impact value of 92.208J and sample Nitrided 

for 3hours had impact value of 127.464J. The Control 

sample had highest impact value of 154.584J which make 

it tougher and ductile compared to the carburized and 

nitride samples. 

CONCLUSION

The following conclusions are drawn based on the results 

obtained from the investigations carried out.

· The longer the carburizing and nitriding time the 

finer the microstructures of steel samples obtained 

between two and three hours. The tensile properties 

of the carburized steel in terms of yield, ultimate 

stresses and elongation reduced from two to three 

hours of carburizing and nitriding. The tensile 

properties of nitrided steel samples were higher than 

the carburized ones.

· The carbon steel sample nitrided for 3 hours 
2showed a very close stress at yield of 712.77 N/mm  

2to the as-received sample of 713.62 N/mm  yet with a 

good hardness value of 33.97 HRC far above the as-

received sample. 

· The impact test value of the as received samples 

was highest followed by nitrided samples for 3 hours, 

which had higher value to the one for 2 hour. The 

carburized samples for 3 hours had the least impact 

toughness. Therefore, applications such as in gears, 

ball bearings, shafts, valves, discs and cams where 

more hardness higher than the untreated sample is 

required with good toughness and tensile strength, 

such sample should treated using nitriding for 3 
ohours at 560 C surface hardening method. On the 

other hand, where an application (for example tool 

making) requires that toughness of the core be 

sacrifices for hardness and wear resistance, 

carburizing is the best method of heat treatment of 

such a sample.

· The hardness values of carburized steel was 

highest followed by the nitrided ones while as 

received steel samples had the least. The longer the 

carburizing and nitriding time the harder the steel 

samples became.
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Abstract

The underdevelopment of many nations has been linked to their inability to develop a vibrant iron and steel industry. 

Nigeria's economy is presently suffering due to her over dependency on the oil and gas sector, despite her abundant 

natural and human resources. Her metal and manufacturing industries are near comatose condition contributing 

insignificantly to her GDP, with the oil and gas sector accounting for over 95 percent of her export earnings and 85 percent 

of her government revenue. The unemployment rate in the country is horribly on the rise, currently above 12.0 percent, 

making now the most opportune time to revisit the metal industry with the most proper steps and agenda. This paper 

therefore, reviews briefly the metal industry as a solution to the unemployment problems and economic crisis, using 

Nigeria as a case study, reiterating that the metal industry holds a lot of hope for job creation for the country via backward 

and forward linkage, internal demand and supply, and external demand and supply. The country can replicate the techno-

economic steps, or partner with, the likes of Japan and South Korea for more positive results.

KEYWORDS: Employment, Metal Industry, Manufacturing industry, Oil and gas, Solid Minerals.

1.0 INTRODUCTION

The inability of many underdeveloped countries to achieve 

their industrialization bids has continued to tell terribly on 

their economies. Unemployment and poverty are among 

the major issues bugging these developing economies of 

the world, and these are not very much unconnected with 

the absence of a productive and competitive metal 

industry in these economies. For example, the 

unemployment rate in our case study Nigeria has reached 

very alarming figures. According to the information 

credited to the National Bureau of Statistics, Nigeria's 

unemployment crisis worsened in the first quarter of 2016, 

with unemployment rate rising to 12.1 percent (Udo, 

2016). This has been due to manufacturing industries 

folding up day by day, consequent on the difficulty of 

procurement of metal raw materials by many of the 

industries that depend on metal industries for raw 

materials, owing to the dysfunctional state of the metal 

industry in the country.

It is a well-known fact that the development of the iron and 

steel sector is a key ingredient for the modernization of 

societies (Agbu, 2007), and steel production and 

consumption are indices of national power (Obikwelu and 

Nebo, 2012). The metal industry has remained one of the 

major employers of labour in the developed economies, 

directly and indirectly. According to a statement by the 

World Steel Association, the steel industry employs about 

8million people globally. It is therefore, unfortunate that 

even with the abundant solid minerals, ferrous and non-

ferrous, scattered under the soil of the country at various 

locations; Nigeria has still not gotten it right with her metal 

industries, especially the iron and steel sector. 

No nation achieves anything meaningful in her 

industrialization drive without a very vibrant and 

productive Metal/Steel industry. The metal industry (and 

the steel industry in particular), however, has great 

advantages for Nigeria, it will not only enable her to build a 

strong industrial base, but will also provide employment 

opportunities for thousands of her citizens as well as foster 

the transfer of technology to Nigeria (Agbu, 2007). The 
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non-ferrous metal industry is also very profitable to a 

nation's economy. It incorporates a range of productive 

activities along various stages of the value chain including 

mining, smelting, recycling and refining, upstream and 

second processing and fabrication of intermediaries 

further downstream (Rademaekers, etal, 2011).

The drive to industrialization in Asia has made it the region 

with the world's highest steel production and demand 

(European Union, 2013). China alone accounts for half the 

world's crude steel production and steel use (World Steel 

Association, 2015); little wonder she has become a vibrant 

hub of technological breakthrough of the world in recent 

times, with a very impressive economy. The Ajaokuta 

Steel Company Limited, Delta Steel Company and the 

steel rolling mills in Katsina, Jos and Warri in Nigeria have 

been for a long time in states of comatose or producing far 

below their installed capacities. There is no better time to 

revive these industries than in this era of great 

unemployment explosion and economic crisis in the 

country.

2.0 THE METAL INDUSTRY

The metal industry is composed of the ferrous metal (iron 

and steel) and the non-ferrous metals, like copper, tin, 

zinc, lead, gold, aluminum and nickel, and it involves 

mining, metallurgy, rolling, extrusion and drawing that 

produce intermediate goods that serve as inputs into the 

metal working industry. Then metal working industry could 

also be further classified as metal forming, metal cutting 

and sheet-metal working industries (Agbu, 2007). 

However, in the metal industry, the iron and steel industry 

is most prominent. This is because it determines the 

industrialization and technological advancement of any 

nation. It is equally the biggest of all the industries in the 

metal sector and has numerous applications in life that a 

world without steel becomes unimaginable. Many 

countries are steadily upping their games in crude steel 

production and use, and this has left favorable effects on 

their Gross Domestic Products (GDP) and consequent 

enormous growth on their economies. The world crude 

steel production for the year 2015 stood at 1,663.2million 

tonnes. Out of this, Japan produced 110.7million tonnes, 

and the European Union produced 169.3million tonnes. 

China alone produced 822.7million tonnes, almost 50 per 

cent of the entire world's production capacity. India got 

86.5 million tonnes, with the entire African continent 

struggling with a mere 14.9million tonnes (Egypt and 

South Africa accounted for 6.5million tonnes each. Other 

African countries including Nigeria accounted for the 

remaining insignificant 1.9million tonnes) (World Steel 

Association, 2015). This could explain why Africa has 

remained at the margin of industrialization, with 

South Africa and perhaps Egypt as the only glimpse of 

hope for the continent. The inability of the continent to 

have a productive steel sector has affected her critically. 

For this she is taking giant steps backwards even in 

science and technology. 

2.1 THE METAL INDUSTRY ASTHE BEDROCK OF 

TECHNOLOGICAL DEVELOPMENT

One can't but be thrilled and awed at the quality of life 

which humans can lead today and continue to seek when 

we observe the very many results of the transition of man's 

outlook. Better healthcare, improved agricultural 

practices, transportation systems, automobiles, 

machines, products of industries of different kinds are just 

a few of the many wonderful technologies at our doorsteps 

which have improved every aspect of day-to-day 

existence.

These current and ever-evolving technological advances 

in society, can be linked to an inception which is the first 
thindustrial revolution in Britain towards the end of the 18  

century, the second industrial revolution (1840-1900) 

(England, France and Germany) in Europe, the third 

industrial revolution (1900-1950) in the United States and 

the fourth revolution (1950-2000) in South East Asia 

(Japan, China and HongKong). These revolutions which 

gave the steam engine, textile industry, mechanical 

engineering, electric engine, heavy chemicals, motorcars, 

synthetics, organic chemicals and computers, for the 

generation of new products and processes mostly through 

inventions and innovations had a common factor of 

propulsion, which is that these periods saw the vast 

exploitation of metals via extraction from mineral 

resources, thrusting the metal industry into being the 

backbone of modern society (Herring, 2013). Many of 

these inventions and innovations could not have attained 

commercial value without these metals, especially iron & 

steel as critical inputs. History indicates that the ability of 

societies in Western Europe, Asia and the Americas to 

cope with their environment and provide for the welfare of 

people was to a large extent possible because of the 

progressive development, mastery and use of the metal 

industry and particularly the use of the iron and steel 

products (Agbu, 2007). The pivotal role of metals and 

metal industry in civilization is also lucidly delineated by 

the epochal eponymy for metals such as Bronze Age, Iron 

Age etc. serving as defining periods in man's civilization.

The World Wars which gave precedence to the 

development of ammunition was fuelled by advances in 

the exploitation of metals. Even though it resulted in 

disastrous consequences, gave opportunity for vast 

research and equipped nations of the world with 

outstanding technological development, helping them 

appreciate the role of the metal industry as basis for rapid 

technological development.

Today steel/metals is one of the most common material in 

the world, they surround us everywhere. We rely on 
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steel/metals for housing, transportation, food and water 

supply, energy production, tools, equipment, machineries 

and healthcare, even our jewellery, cutlery and cookware 

are made of metals. Steel/metals has helped lift societies 

out of poverty and spurring economic growth. 

Urbanization is essentially enabled by steel/metals. 

Nearly everything around us is either made of steel or 

manufactured by equipment made of steel , 

categorically, all sectors in the society require 

steel/metals component for their operation.

Steel/metals are so important that its consumption is used 

as a development and economic measurement index. 

Estimates of stocks of steel per person, based on their 

current wealth (GDP per person), suggests that as a 

person's income increases they build up their stock of 

steel. Steel stocks range from 0.1 tonnes per person for 

the poorest nations to over 13 tonnes per person for 

developed societies like Japan (World Steel Association, 

2015). It is believed by most that economic & technical 

progress (such as the drive for a green economy) in the 
st21  century will depend in large part on further advances 

in metal and mineral technology (Agbu, 2007).

3.0 THE NIGERIA'S METAL INDUSTRY PROJECTS

To delve into an exhaustive discourse of the historical 

paths of Nigeria in a bid to harness particularly the metal 

minerals resources so as to sufficiently sustain her huge 

population, embarking in major projects such as Ajaokuta 

Steel Complex, Delta Steel Company, the Jos, Oshogbo, 

and Katsina Rolling Mills and the National Iron Ore Mining 

Company, the Nigerian Metallurgical Development 

Center and the Nigerian Metallurgical Training Institute 

etc. would be rather superfluous as very impressive 

analysis has been carried out by Dr. Osita Agbu in his 

work, “The Iron and Steel industry and Nigeria's 

Industrialization: Exploring cooperation with Japan,”  as 

well as other scholars. However, a little can still be said 

about it.

Nigeria's quest to join the league of other industrialized 

nations via a vibrant iron and steel sector intensified few 

years after the end of her civil war in 1970. The Nigeria 
thgovernment on the 18  of September 1979 promulgated 

the National steel council Decree No.60 dissolving the 

Nigeria Steel Development Authority (NSDA). This new 

decree provided for the formation of the biggest steel 

plant in West Africa, the Ajaokuta Steel Plant, as well as 

five other limited liability companies, such as the Delta 

Steel Company Ltd, Aladja; the Jos Steel Rolling Mill, the 

Oshogbo Steel Rolling Mill; the Katsina Steel Rolling Mill 

and the then Associated Ores and Mining Company Ltd, 

now known as the National Iron Ore Mining Company 

(NIOMCO) at Itakpe (Agbu, 2007). However, the poor 

capacity utilization of the Delta Steel Company and the 

very long gestation period of the Ajaokuta project 

consequently caused the failure of the rolling mill, via 

inadequate supply or lack of billets to produce optimally. 

And by extension, the poor performance of the Nigerian 

steel sector (Agbu, 2007).According to a report by Midrex 

Corporation, the company that constructed the DR Module 

for the Delta Steel Company, Aladja, other countries (India, 

Brazil, South Africa and Egypt) that  similar module were 

constructed for had hit and surpassed their installed 

capacity within their first decade of commissioning. This is 

not so with our own Delta Steel Company that could not 

produce beyond 25 per cent of its installed capacity even 

after 25 years of its operation (Obikwelu and Nebo, 2012).  

However, the privately owned mini steel companies 

engaged in the re-rolling of billets have been the only active 

steel rolling industry in the country. Unfortunately, they 

have not been able to up the production capacity of the 

country mainly due to operational inefficiency or lack of 

working capital or sufficient electric power (Mohammed, 

2002; as cited in Chete, etal, 2013).

The Raw Materials Research and development council 

(RMRDC) which was ideally meant for the developing of 

raw materials for the steel is now rather more into 

agriculture and gemstones (Obikwelu and Nebo, 2012). 

And so it is with many of the other research institutes.

3.1 A REVIEW OF THE SOLID MINERAL DEPOSITS IN 

NIGERIA

If Nigeria could look beyond the oil and gas sector and 

explore the abundant solid minerals in her soil with its 

inherent multiplier effect on job creation and technology 

development, she would become very successful and 

powerful like the industrialized economies such as the 

Asian giant, Japan. Ferrous and non-ferrous ores and 

various valuable minerals have been discovered at various 

locations in the country. Nearly 3billion tonnes of iron ores 

have been indicated to be located in six fields in the 

country: Aladja, Itakpe, Ajabanoko, Chokochoko, Agbade-

otuku and Nsude Hills (Ohimain, 2013). According to the 

Nigerian Extractive Industries and Transparency Initiative 

(NEITI), there are about 40 different kinds of solid minerals 

and precious metals waiting to be exploited in Nigeria 

(NIPC, 2016).  Some of these minerals and there available 

exploitable quantities are: Bitumen (45billion tonnes); Coal 

(2.8billion tonnes, with over 700billion tones of proven 

reserve); Talc (100million tonnes); Lead (10 million 

tonnes); Kaolin (billion tonnes) (Damola and Abba, 2013). 

Others include Gold, Aluminum, Gemstones, Diatomite, 

Barites, Columbites, Limestone etc. Unfortunately, a report 

by the National Bureau of Statistics on solid minerals 

sector, as of 2014, had it that the sector contributed only 1 

per cent to the nation's economy. But the bureau went 

ahead to state that the sector has the potential to increase 

to at least 5 per cent by the year 2017 and 10 per cent by 

the year 2020. The sector is also projected to be capable of 
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creating 3 million jobs, direct and indirect, by the year 2017 

(NIPC, 2016). Then, the begging question becomes, 

how? It can only be possible if the metal industry is 

reassessed and given due attention via adequate 

development and honest investment.

3.2 IRON AND STEEL INDUSTRY AS SOURCE OF 

EMPLOYMENT

Industrialization may be defined as the progressive ability 

of a people to harness human material resources for the 

production of goods and services. (Agbu, 2007). In an 

industrial society, the industry employs a major part of the 

population. To partly grasp the potential possibilities which 

abound in the steel industry in terms of employment, we 

will consider three areas:

Backward and Forward Linkages: Steel is no more the 

labour-intensive industry it used to be. It was often 

associated with image of huge workforce living in a captive 

township. All that has changed dramatically. During this 

period, 1974 to 1999, the steel industry has drastically 

reduced employment all around the world due to increase 

in automation of steel making processes. In UK, it went 

down from 320,000 in 1971 to 24,000 in 2014 (Rhode, 

2016), same with the USA, Brazil, South Africa, and 

Japan. Having gone through these figures one may 

conclude that in comparison to the population, the steel 

sector employs a very small part of the population. 

However, if we truly consider the multiplier effect of this 

industry in generating upstream and downstream facilities 

(coal and iron-ore exploration and processing, 

automotive, metal products, mechanical machinery, 

electrical equipment, construction, domestic appliances, 

other transport), we can say that the steel industry 

presents itself as a necessary and seed source of human 

capital exploration and therefore total employment 

generation will be substantial. In general the steel industry 

employs more than 2million people directly around the 

world, with a further 2 million contractors and 4 million in 

supporting industries. (World Steel Association, 2015)

Internal Demand and Supply: The steel/metal industry 

in Nigeria possesses a huge potential for unemployment 

reduction in terms of internal demand for steel products. 

As at 2005, statistical figures available indicated that 

Nigeria's two integrated steel plants had a total capacity of 

about 1.85 million tonnes. Local demand alone is 

estimated to be about 2 million tonnes, whereas actual 

production is about 500,000 tonnes (Agbu, 2007). Africa 

Iron and Steel Association (AISA) put iron and steel 

consumption in Nigeria at about 4.5 million tonnes (Agbu, 

2007). Current report places demand at 20million tonnes. 

According to the Economic Commission of Europe, in 

comparism to other leading steel user countries in Africa 

like Morocco, Algeria, South Africa, Kenya and Tunisia, 

Nigeria in 1997 led in the use of wire rods (I million tonnes 

of 39million tonnes of Africa's total) (Agbu, 2007). The 

estimated annual per capital consumption of steel in 

Nigeria is increasing astronomically, from 5Kg in 1968 to 

130Kg in 2012 (Adedeji and Sale, 1968; Uzondu, 2012, as 

cited in Ohimain, 2013). The automobile industry is also 

springing up in the country, with the Innoson Vehicle 

Manufacturing Company (IVM), Nnewi taking the lead. 

These industries would be needing a lot of steel/metal 

supplies for their production. And a favourable supply of 

steel/metals to these industries means their expansion 

and more job creations. This indicates the ability of the 

steel/metal industry to generate substantial employment 

if we are to meet internal demand which will definitely 

increase with development.

External Demand and Supply: Globalization which is 

characterized by globalization of trade, politics and raw 

materials acquisition lends developing countries an 

opportunity to compete in the global market. The global 
thsteel production in the 20  century grew enormously from 

28 million tonnes to 781 million tonnes at the end which is 

an average annual increase of 3.3%. By 2015, it had 

almost doubled to 1,663.2 million tonnes. China 

accounted for almost 50 per cent of the world production, 

with the entire African continent producing just a marginal 

14.9million tonnes (World Steel Association, 2015). 

Nigeria therefore has a great opportunity to increase 

employment level if she decides to meet demands in 

regional, continental or global market. The country can 

export steel to other countries for foreign exchange 

earnings, and this will improve her GDP, with more people 

lucratively engaged.

3.3THE METAL INDUSTRY AND NIGERIA'S 

INDUSTRIALIZATION

The ability of a nation to transform her natural resources 

to useful forms which improve standard of living, ensuring 

sustenance and satisfaction of her citizenry gives great 

independence and power to such a nation. Bhagavan 

(1990) argued that Africa's crisis of development could be 

significantly traced to its incapacity technologically to 

cater for the welfare of its peoples (Agbu, 2007).The US 

emerged industrially just upon the founding of heavy iron 

and steel industries in the North America. Same was with 

Russia between 1860 and 1900 when she constructed a 

35,000 miles rail road; Germany and Japan also owe their 

world and technological powers to the iron and steel 

sector. Japan has therefore, become unbeatable in 

modern technologies with unparalleled breakthrough in 

computer and automobiles (Agbu, 2007) as a result of the 

sound industrial base ensured by her very successful iron 

and steel sector.

Apart from natural resources, Nigeria boasts not just of 

human resources in term of population but also in terms of 

intellectual capacity as a lot Nigerians the world over have 
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inputted in technological advances of other societies. 

Since the discovery of oil in the country in 1956 and the oil 

boom witnessed in the 1970s, the nation's economy has 

been left at the mercy of the oil and gas sector. For the 

economy has been unstable, resonating with every shift in 

the price of oil in the world market. The oil and gas industry 

accounted for over 95 per cent of the export earnings and 

about 85 per cent of government revenue between 2011 

and 2012; and 14.8 and 13.8 per cent to GDP in 2011 and 

2012 respectively. But in contrast, the industrial sector in 

Nigeria (comprising manufacturing, mining and utilities) 

accounts for a mere 6 per cent to the economic activities, 

with the manufacturing industry contributing just  4 per 

cent to the GDP in 2011 (Chete, etal, 2013).

Nigeria's continual over-dependence on the oil industry 

which employs only 3% of the labour workforce left the 

agricultural, mining, metal and manufacturing industries 

in Nigeria largely underdeveloped, still with the oil sector 

underdeveloped. This however does not mean the 

government never invested in these areas, but the much 

focus on oil boom of the 1970s relegated these industries 

in terms of priority. Also other asphyxiating factor was the 

political economy of the Nigerian environment which 

severely constrained the ability of the country to gain from 

envisioned economic liberalization i.e. the politics, policy 

choices and policy implementation were largely personal 

and specific interests bereft of technical and economic 

rationalities.

The giant steps taken by the federal government of 

Nigeria by embarking in these major projects such as 

Ajaokuta Steel Complex, Delta Steel Company, the Jos, 

Oshogbo, and Katsina Rolling Mills and others are really 

commendable given the huge financial investments made 

notwithstanding the many socio-political, economic and 

technological challenges faced by the country during 

these periods, but we the authors will not relent in pointing 

out the fact that we however have not gotten anywhere 

close to what was envisaged at the commencement of 

these projects as current steel/metal production falls short 

of the demands for sustenance. 

As it is common knowledge that the development of the 

iron and steel industry is the key to industrialization and 

development in all sectors as well as the stimulation and 

innovation of diverse technologies, we proffer that the 

government understands the following if it must fulfill its 

techno-economic obligation to the citizenry:

·No one sector can develop an economy. There exists a 

sort of complex interlinking of the sectors in an economy. 

The oil industry (neither can the agricultural sector) alone 

cannot develop her economy; it can't alone enable her 

attain her industrialization, however certain industries are 

basic, for example the iron & steel industry, and should be 

attended to first, hence the pressing need for the nation to 

go back and develop her other industries particularly the 

metal industry for the multiplier effect capacity it has on job 

creation, development and economic growth.

·Studies have shown government neglect of the metal 

industry. Active and persistent inputs by the government is 

very indispensable if we are to achieve national sufficiency 

in the metal industry as it take some time for this industry to 

breakeven. Private investors' participation is also very 

invaluable.

·Studies have shown also that the stalling in the steel 

sector has very much been due to cold war politics, 

bureaucratic politics, undue pressure and political 

interference. This calls for favourable foresighted policy 

directives for economic development which are void of 

partisan undertones.

·Rigorous education and establishment of a highly 

motivated and educated populace is largely responsible for 

spurring a country's high technology boom and rapid 

economic development.

·The need for technological cooperation is invaluable. 

Standard Growth theory predicts that low-income countries 

will grow faster than high-income countries, because they 

can borrow technologies from the rest of the world and 

increase the marginal productivity of capital more rapidly 

than advanced countries. However, this is predicated on 

the ability of the low-income countries to take advantage of 

the technology knowledge and experiences of other 

countries (Agbu, 2007). Partnering with countries like 

Japan, South Korea becomes necessary.

CONCLUSION

The steel/metal industry is pivotal for industrialization and 

has the potential to solve unemployment problems and 

engender economic growth and technology development 

in Nigeria. We can't, as a nation, afford to relegate this 

important sector because the very existence of our nation is 

threatened by unemployment and poverty. Future 

decisions in this sector must be courted with economic 

rationality by the experts as technology choices, plant size, 

raw materials sources, markets and management style are 

all important factors to ensure successful operations. We 

as a nation have lost considerably judging from the 

perspective of opportunity cost. The many benefits we 

would have obtained if we had attained early progress in 

this sector should have catapulted us to the ranks of 

developed nations, achieving the progress now counts but 

not as much as if it had been earlier. Therefore, no time 

should be spared any longer. We must do it now.
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Viability of Some Nigerian Mineral Ores as Sources of Fuels and Alloying Elements for 
Armaments Production

Thomas, D. G., Asuke, F. and Yaro, S. A.
Department of Metallurgical and Materials Engineering, Faculty of Engineering, Ahmadu Bello 

University, Zaria
Email: dungkathomas@yahoo.com 

Abstract
The viability of some Nigerian mineral ores as sources of fuels and alloying elements for armaments 
production has been reviewed. The paper articulates some of the locations, reserve estimates, area of 
applications and some results of the works done on chemical analyses of some Nigerian minerals ores 
by some individuals' researchers and institutions. The works of some of these researchers revealed 
that most of the minerals ores deposits found in the country contained different elements of low and 
high grades that can be used directly or indirectly as raw materials and some as sources of alloying 
elements in the nation's iron and steel companies, DICON, Automobile and other metallurgical allied 
industries like pharmaceutical, paint, cement and fertilizer companies. Furthermore, the estimated 
reserves of these minerals are enormous and their exploration and exploitation will ensure the security 
of supply of the minerals as alloying elements to the metallurgical industries for technological 
advancement, create job opportunities, conserve the nation foreign reserve and earn the nation 
foreign exchange.    

1.0.  Introduction
The utilization of minerals ores deposits are the 
basic foundat ion for  the technological 
development of any country. A country that 
neglects its minerals deposits endowments will 
ever remain undeveloped and technologically 
backwardness in its national development plan. 
As a result of the government realization of the 
importance of minerals in technological 
development and industrialization and also, its 
intention to lay a formidable foundation for 
technological take-off of the country, the 
Government of the Federation in 1971 
established the Aladja and Ajaokuta iron and 
steel projects to utilize the vast minerals that will 

be sourced locally for the technological 
advancement of the nation. Although, the 
establishment of these projects was laudable, 
inadequate attention was given to the 
development of the raw materials to feed the 
plants even though Nigeria is endowed with 
large reserves of proven and unproven mineral 
resources that includes iron-ore, coal and other 
inputs raw materials deposits that are scattered 
all over the country required for the production of 
i ron and steel  (Uwadia le,  1989).  The 
government essence of establishing these 
projects was to achieve its objectives that were 
enshrined in the 1962 to1969 First National 
Development Plan (FNDP). The plan was 
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designed to transform the nation in all spheres of 
technological advancement in agriculture, 
telecommunication, defense, automotive, space, 
medicine, pharmaceutical, transportations, 
housing etc. by establishing the right industry that 
will utilize the mineral deposits or its bye products 
as a feed or tool for the growth of the nation. The 
industrial development component of the plan 
was designed to enable Ajaokuta and Aladja iron 
and steel plants received iron concentrates from 
Nigerian Iron Ore Mining Company(NIOMCO) 
Itakpe, alloying elements like lead, zinc, nickel, 
titanium, niobium, tin, tantalum, zircon, copper, 
manganese etc.  f rom Maker i  Smelt ing 
Company(MSC), Jos that was established in 
1961 as a joint venture between the Nigerian 
Gove rnmen t  and  Ama lgamated  Me ta l 
Corporation(AMC) with company's main sphere 
to smelt the vast deposits of tin ore which before 
then was exported overseas for smelting and 
refining. The purview of the company was later 
changed after the indigenization policy of the 
Government to reflect its nation industrialization 
plan which gave the MSC the power to smelt and 
refined non-ferrous metals for onward use as 
alloying elements in the nation's iron and steel 
plants and other metallurgical outfits that may 
spring-up during the course of the nation 
industrialization. Furthermore, in the government 
attempt to strengthen and defend the integrity of 
the nation against external aggression the 
Defence Industry Corporation of Nigeria 
(DICON) was established 1964 to meet the 
requirements of the Nigerian Armed forces 
armaments production of light and heavy 
weapons. To actualize this plan, the FNDP 
synergies the nation iron and steel plants which 
will utilize the nation vast mineral deposits as 
impetus to produce strategic steels that can be 
utilized by DIC to achieve its set target. Despite 
this development Adewuyi(2014) reported that 
for 35years, the deed-of-duty (DoD) required by 
law to purchase military steel that is 100% 
domestically produced cannot be attaint. This 
was as a result of general concerns that foreign-
made steel might lack the integrity necessary for 
military applications. He further stated that, the 
DIC cannot boast of 100% homemade military 
wares because crude steel production is not yet 
domesticated. If one may ask a question, what 
are military steels? That there production cannot 
be domesticated, despite the vast mineral 
deposits that abound in all the 36 states of the 
nation. Military steels are not other than steels 

that are produced with some alloying elements 
that are mentioned above and can be sourced 
locally from the vast mineral potentials of the 
nation. Research has revealed that most of the 
alloying elements used in production of alloyed 
steels for military hard-wares in countries like 
China, Russia, France and United State are 
sourced from developing countries of which 
Nigeria is amongst (Kudrin, 1985; Oyawoye, 
2004).

Nigeria's  minerals industry big/small have the 
capacity to provide all the important launching 
pad for the development of other sectors of the 
economy as well as give sense and meaning to 
the oneness of the Nigerian state as minerals are 
found in all states of the Federation and this will 
douse the agitation for resource control. 
It is therefore vital that the nation Defence 
Indus t ry  Corpora t ion  and  o ther  loca l 
metallurgical outfits exploit this latent potential 
subsector of the economy which has slumbered 
over the years for either lack of collaboration or 
awareness or patronage of the nation local 
minerals industries as enshrined in the FNDP of 
t h e  n a t i o n .  I t ' s  o n  t h e  b a s i s  o f  t h e 
aforementioned statements that prompt this 
work “Viability of Some Nigerian Mineral Ore 
Deposits as sources of alloying Elements for 
Armaments Production”.

2.0. Nigerian Minerals Deposits and their 
Classification 

The material of the earth is composed of 
elements. Each element is formed by special 
combination of three sub particles electron, 
proton and neutron. Ninety-two elements have 
been found in nature. Few others had been 
made artificially in laboratories. Some minerals 
like gold and diamond form minerals by 
themselves. Others combine with one or more 
other elements to form minerals. There are 
several minerals in nature of which the following 
groups are common examples of the most 
important ones (Yaro and Thomas, 2014).
The first groups of minerals are the most 
abundant ones. These are the rock forming 
minerals they consist of silicates of calcium, 
sodium, potassium and aluminum. Silicon the 
most abundant element forms silicate by itself: 
the mineral Quartz. They together form the bulk 
of the earth through geological processes they 
form soil, which is most important in production 
of food and other renewable resources and 
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medium of storage. While sedimentary rocks like 
sandstone, gravel beds, limestone and clays are 
form through weathering and deposition (Yaro 
and Thomas, 2014).
Clays are important industrial raw material in 
foundry, pottery, and pharmaceutical industry. 
Sand gravels and rock chips and aggregates are 
important bulk resource in engineering 
constructions. Limestone, gypsum and clay are 
the main ingredients of cement. As such they are 
of strategic importance. There are other groups 
of minerals like precious minerals e.g. gold, 
silver and platinum, the gem stones, like 
diamond, topaz, emerald, opal, sapphire garnet, 
tourmaline etc. these minerals are famous and 
are regarded as cash equivalent. There are 
several other economic minerals which are 
important. For the purpose of this paper the two 
most important minerals groups in the world are 
those of iron and steel group and Energy. Both 
are industrially and strategically important. They 
are many types of iron minerals of which the 
most important ones are the two oxides of iron, 
hematite and magnetite. Steel is produced from 
iron as alloy with other metals. The most 
important minerals for production of steel are the 
minerals of molybdenum, tungsten, nickel, 
chromium, manganese, titanium, niobium and 
tantalum, to some extent copper, silicon, lead, 
aluminum, zircon, tin and zinc these minerals are 
also minerals of fertilizer, paints, cosmetics and 
pharmaceutical. Iron and steel are important for 
the production of weapons, automobiles, 
engines, machinery, pipes, cables and ropes, 
heavy transport vehicles, earth movers, 
cutters/sharers and drillers. They are also 
needed for heavy engineering constructions like 
bridges, dams, buildings, and military wares and 
structures. A country is regarded as industrially 
developed when it has substantial iron and steel 
production capacity (Oyawoye, 2005; Yaro and 
Thomas, 2014).
The second most important minerals groups are 
the Energy minerals groups. The importance of 
Energy minerals and its utilization in any nation 
cannot be over emphasized. Energy drives 
everything in the world including the universes 
and makes them productive. The most important 
energy minerals are coal, natural gas, 
petroleum, bitumen and other hydrocarbon like 
gin and other like oils. The non-hydrocarbon 
energy minerals are radioactive minerals of 
which Uranium and Thorium are the best known 

and used. Another energy mineral that is 
common is water in motion which is a major 
source of energy (hydro-electrical power). These 
minerals are finite and are unevenly distributed 
on earth. Some nations have important deposits 
of one or more of the important minerals and 
some do not have. Many countries like Nigeria 
with virtually all the most important minerals 
deposits have been unable to grow economically 
because they lack the correct people to 
implement the policies, planning and discipline 
required to industrialize. On the other hand some 
countries like Japan as an example possess 
hardly any important minerals within their 
borders but through planning, education and 
appropriate strategy are wealthy and have 
achieved industrial and economic development. 
Exploitation of mineral resources to create 
wealth and economic power requires correct 
people with the know-how to implement the 
correct policies and strategies.  Furthermore and 
quite often, the government, as a controller and 
regulator may wish to separate some minerals 
from the general classifications for special 
reasons, such as protection of:
(i) 	 National interest: within this category are 
fuels like coal, lignite, bitumen/Tar sand and 
water-in-	 motion.
(ii) 	 Security interest: Such minerals include 
uranium, thorium and fissionable materials.
(iii) 	 Strategic industrial interest: In this group 
are iron ore, gypsum, limestone, zinc, lead, gold, 
barite  	 etc (MMSD, 2007; Yaro and 
Thomas, 2014).
However, it is time to look inward and harness 
the vast minerals potentials of the country for 
technological development and advancement.
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S/N Mineral Location 

1 Iron-Ore  

Plateau, Sokoto, Kaduna, 
Oyo, Osun, Bauchi, 
Borno, Nasarawa, Benue 
and Kogi States 

2 Chromite  
Sokoto and Katsina 
States 

3 Columbite  
Kaduna, Plateau, Kano, 
Ondo, K wara and Bauchi 
States and Abuja 

4 Tantalite  
Plateau, Bauchi, Niger, 
and Sokoto States. 

5 
Tin-Ore 
(Cassiterite)  

Plateau, Kwara, Benue, 
Niger, Nasarawa and 
Sokoto States. 

6 Zinc-Lead  

Enugu, Cross River, Abia, 
Adamawa, Kaduna, 
Kano, Ebonyi, Bauchi and 
Plateau States. 

7 
Manganese 
Ore 

Cross River state, 
Zamfara, Kaduna States 

8 Bismuth ore Plateau state 

9 Bauxite 
Plateau, Ondo, Ekiti and 
Adamawa States. 

10 Molybdenum 
Kogi, Kwara, Ondo, 
Nasarawa and Niger 
States  

11 Wolframite 
Bauchi and Plateau 
States 

 

S/N Mineral Location 

1 Gold 
Osun, Kwara, Niger, 
Kaduna, Sokoto, Edo, 
Zamfara and Kano states 

2 Copper 
Nasarawa and Plateau 
States 

3 Gamet  Plateau State  

4 Tourmaline  
Niger, Plateau and Ekiti 
States.  

5 Emerald  Plateau, Nasarawa States  
6 Topaz  Plateau State  

7 Aquamarine  
Kaduna, Nasaraw and 
Oyo States  

8 Ruby  Kaduna State  

9 Sapphire  Kaduna State  

10 Amethyst Katsina and Bauchi States 
 

S/N Mineral Location 
1 

Limestone  

Ogun, Sokoto, Cross River, Kwara, 
Benue, Niger, Bauchi, Adamawa, 
Enugu, Kogi, Abia and Edo States 
and Abuja 

2 Marble  Kogi, Oyo States 
3 

Dolomite  
Abuja, Kwara, Niger, Benue, Oyo, 
Plateau, Edo, Delta, Kaduna and 
Ondo States 

4 Quartz  Plateau and Borno States. 
5 

Talc  
Osun, Oyo, Ekiti, Kwara and Niger 
States. 

6 
Barites  

Benue, Plateau; Sokoto, Adamawa, 
Enugu, Cross Rivers, and Taraba 
states 

7 
Bentonite  

Borno, Delta, Edo, lmo, Yobe and 
Abia States. 

8 
Gypsum  

Sokoto, Imo, Anambra, Ogun, Edo, 
Delta and Yobe States. 

9 Phosphate  Ogun, Imo and Sokoto States. 
10 

Feldspar  
Plateau, Kaduna, Niger, Kogi, Benue, 
Osun, Ekiti, and Sokoto States and 
Abuja 

11 

Kaolin 

Enugu, Anambra, Imo, Kano, Plateau, 
Kaduna, Katsina, Ogun, Sokoto, Abia, 
Akwa-Iborn, Bauchi and Cross River 
States. 

12 Diatomite  Borno State 

13 
Monazite  

Plateau, Kaduna, Kano and Bauchi 
States. 

14 Trona (Soda 
ash)  

Borno, Adamawa, Taraba and 
Katsina States. 

15 
Silica sand  

Enugu, Niger, Sokoto, Edo, Delta, 
Lagos, Ondo, Benue, Imo, Plateau, 
and Katsina States. 

16 
Graphite  

Kaduna, Bauchi, Plateau and Katsina 
States. 

17 
Salt  

 Nasarawa, Abia, Benue, Anambra, 
Enugu, Cross River and Taraba 
States. 

18 Asbestos  Kaduna State 
19 

Mica  
Niger, Benue, Kwara, Kogi, Plateau, 
Bauchi, Cross River and Katsina 
states. 

20 
Fluorspar  

Imo, Kano, Niger and Plateau States 
and Abuja 

21 Sulphur  lmo, Delta and Ondo States. 

 

Sources: Thomas, (2009); Yaro and Thomas, (2014).

Sources: Thomas, (2009); Yaro and Thomas, (2014)

 Table 3: Loca�ons o ndustr al Minerals in Nigeria f Some I i

3.0.  Some Nigerian Minerals Ores Deposits 
Table 1: Locations of Some Metallic Minerals in Nigeria 

Sources: Oloche and Hirse, (1995); Thomas, (2009); Yaro and Thomas, (2014).
    Table 2: oca�ons of Some Precious Metals and L

Gemstones in Nigeria 
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S/N Mineral Principal Uses 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

Kaolin 
Talc  
Phosphate  
Limestone 
Lime 
Gypsun 
Feldspar 
Bentonite 
Barytes 
Soda ash  
Uranium 

Paper, rubber, pottery, ceramics and pharmaceuticals 
Ceramics, paint and cosmetics 
Fertilizers, incandescence weapons 
Cement, fertilizer 
Water treatment and steel making 
Cement 
Glass, pottery and ceramics 
Water and oil well drilling 
Oil well drilling and white paint pigment 
Detergent and glass 
Electricity, nuclear weapons 

Table 5: Principal Uses of Some of Nigeria's Processed Minerals

S/N Mineral Location 

1 Coal Enugu, Benue, Plateau, Bauchi, Kogi, Kwara, Adamawa, 
Abia, Delta, Nasarawa, Anambra, Ebonyi, Edo, Imo and Ondo 
states 

2 Bitumen Ogun, Ondo and Edo States. 
3 Petroleum Abia, Akwa-Ibom, Bayelsa, Cross River, Delta,Edo, Imo, 

Ondo and Rivers states 

4 
Uranium 
Ores 

Cross River, Bauchi, Adamawa, Taraba, Plateau, and Kano 
States. 

5 Phosphorus Sokoto State 
6 Sulphur Ebonyi State 
7 Thorium Plateau State 

 

       
Table 4: Mineral Fuels and their Loca�ons in Nigeria

 

 

{�b  Mineral Reserves 
 (metric tonnes) 

S/N Mineral Reserves 
 (metric tonnes) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

Kaolin ore 
Talc ore 
Phosphate ore 
Limestone 
Gypsun 
Feldspar 
Bentonite 
Barytes 
Soda ash ore 
Marble 
Chalcopyrite 
Manganese 

1,031.2million 
0.2 million 
n.d. 
8,367.82 million 
156.5 million 
n.d. 
700 million plus 
n.d. 
n.d. 
80.2 million 
n.d. 
n.d. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

Clay 
Coal 
Lead-Zinc ore 
Iron ore 
Columbite 
Tantalite 
Dolomite 
Gemstone 
Uranium/Thorium 
Cassiterite 
Galena 

166.9 million 
2,128.6 million 
4.63 million 
3,000 million 
n.d. 
n.d. 
35.6 million 
n.d. 
n.d. 
>2.0 million  
20,000 million 

Table 6: Known Reserves of Nigeria's Solid Minerals

Sources: Thomas, (2009); Yaro and Thomas, (2014).
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1.8 Gemstones Deposits/Locations
 Table 7.0: Gemstones types than are found in Kaduna State alone.

  

S/No  

Gem-Name Location Industrial Application 

1 Emerald (red) Ikara, Godogodo, Kafanchan, 

Sanga 

Room deco, Jewelry 

2  Amethyst Para(Ikara) Kakangi, Giwa NW, 

Zaria, Hanga Hills, Kachia, 

Kagoma, Gidan Waya, Kaura 

Ornament, room deco 

etc. 

3 Aquamarine(blue) Ikara, Godogodo, Kafanchan, 

Atakar 

Abrasive and Jewelry 

4 Beryl, Kakangi, Giwa, Agarnet-Jamaa, 

Sabon Birnin Gwari, Kamaru, 

Kagoma, Rijina in Bishimi 

district, Kachia, Kauru, Chikun, 

Kagargo. 

Gem varieties used as 
ornament, but as 
beryllium metal used in 
aircraft industry and 
pharmaceuticals 

5  Tourmaline, Sabon Gida, Fadan Ayuba, Kajuru, 

Kagoro, Kagoma,Bakin Kogi, 

Antang, Bakama, Gidan Waya 

Ornaments and also used 

radio transmitters 

6 Sapphires, Bakama, Antang, Gidan Waya, 

Ankung, Agarnet 

Ornaments 

7 Corundum 

(Ruby) 

Jagindi, Bakin Kogi, Jama’a 

Bokana 

Ornaments, abrasive, 

etc. 

8  Zircon, Ankung, Kachia, Jama’a, Jaba  Ornament, nuclear 

reactor, production of 

flash lamp 

9  Diamond  Jama’a, Zangon Kataf, Atakar Used in Plasma tech, 

cutters/drillers, 

ornaments 

10 Topaz Nigishi Hills, Nok, Rishua, 

Atakar, Kwoi 

Ornaments, abravises 

11 

 

Garnet(red, green 

or yellow 

Jama’a Ornaments, Abrasives 

12  Quartz Kallangai and many other areas Ornaments, clocks and 

watches, room deco. 

    Sources: Thomas, (2009); Yaro and Thomas, (2014); GSN, (1987); Mallo, (2007); “n.d.” means “no 	 	       
data”.

Source: Thomas, (2009)
Note: Pelletization, sintering and metallization characteristics of some Nigerian metallic minerals have 
been carried out using some Nigerian coal deposits samples and the findings published in some books of 
proceedings, local and international journals by some individual researchers and institutions.
For a particular type of coal to be used for metallurgical purpose it must possess some properties 
summarized in the Table 8.0.
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Table 8.0: specifications for blast furnace coke 
Volatile matter 0.75 – 2% by weight 
Ash 7.0 – 9.0% by weight 
Sulphur 0.65 – 1% by weight 
Shatter test (on 5cm) 70 – 78% by weight 
Drop number 4 
Drop resistance 4 
Porosity 7-10%   
Size 7 – 12cm 
Fixed carbon 48.91 – 90% 
Moisture content Below 5% 
Calorific value kcal/kg 7,652 
Phosphorus 0.007 
Total Reactive 97.6% 

        Source: Weiss, (1985). 
At the moment the most industrialized nations are 
consuming disproportionate amount of mineral 
resources when compared to the developing nations 
and U.S. for example is known to have a policy of 
maintaining a high level of strategic reserve for all 
minerals whether known to be present in their country 
or not. Furthermore, it is on record that the per capita 
consumption of steel or energy is generally accepted 
as good indices of the level of development in any 
nation. The 1975 per capita consumption of steel in 
Europe is quoted to be about 600 kg and the energy 
consumption 6 tonnes of coal equivalents per capita. 
The figures for U.S.A. are much higher. The 
corresponding figures for Africa at that time were 20 
kg of steel and 0.3 tonnes of coal per capita (Oyawaye, 
2005). For most of the African nations like Nigeria, 
there has been generally a decline in metal and energy 
per capita consumption. Thus the gap 3:1 and 20:1 
respectively, has widened greatly. Adewuyi (2014) 
reported that world average steel use per capita has 
steadily increased from 150kg in 2001 to 215 kg in 
2011. He also stated that there was a 78% increase in 
steel use worldwide between 2001 to 2011 and 
country like India, Brazil, South Korea and Turkey 
have all entered the top ten steel producers list for the 
past 40years. In his report he stated that 45.5% of the 
world steel that is produced is used in China, 
therefore, it is a common sense that steels of whatever 
types cannot be produced without the addition of 
some elements to give the desired physical, 
mechanical and chemical properties.  Hence, it is 
evidence that most of the minerals mined locally in the 
country today of which their quantum cannot be 
ascertained whether processed or not, extracted or not, 
find their ways i l legally to China without 
corresponding exchanged values for them for national 
development. The above assertion can be justified by 
the presence of Chinese companies in the country 
searching everywhere for minerals occurrence.   This, 

practices hampered the industrialization of the nation 
as it can be seen in the moribund state of Makeri 
smelting, Ajaokuta and Aladja steel companies and 
other Nigerian metallurgical related industries.     

1.0.  Alloying Elements
The term alloying elements can be defined as metals 
that are deliberately introduced as additions or 
naturally presence in high proportions in a solid 
solution of a melt. The alloying elements are usually 
minerals of inorganic nature that occurred as mineral 
deposits. The minerals can be classified as oxides, 
carbonates, sulphides, hydroxides, chlorites and 
fluorites. They can be used directly or beneficiated and 
extracted as pure metals or Ferro-alloys. Their 
additions into metal melts and subsequent 
solidification strengthen the properties of the parent 
metal. These alloying elements are as follows: Cr, Al, 
Mn, Ni, V, Cu, Co, Si, Ti, Ta, Be, Sb, Ca, K, Ce, Mo, W, 
Mg, Na, Sn, Zr, Pb, Bi, Li, Hg, Ag, Zn, Au, S, P, As, Se, 
B,C Nb, etc. For all these elements mentioned above 
non could be added more than 20% in steel as an 
alloying element, but rather only small fraction of the 
alloying elements can be added in steel to give the 
desired properties that is needed in engineering 
services. However, virtually all these elements 
mentioned above can be sourced locally from the vast 
mineral deposits and potentials that cut across the 36 
states of the nation. E.g. Nb, Ta and Ti can be sourced 
from columbite deposits, Zr, Sn, and Si from 
cassiterite deposits, Fe, P, S, from iron ores deposits, 
Zn, Pb, Cu, from chalcopyrite or sphalerite  deposits, 
uranium from monazite or pyrochlore-coltan ores 
deposits  etc. furthermore, the aforementioned 
minerals can be mined regardless of their grades 
because there are technologies that can be used to 
beneficiate and extract their metal contents from their 
ores and utilize them as alloying elements or wrought 
metals for the production of machine components for 
civil or military purpose (Kudrin ,1985; Yaro and 
Thomas, 2014).   
 
2.0. Work done on the Characterization of 

Some Nigerian Mineral Deposits 
Today some research institutions and individuals are 
working hard to bring to bear the enamor qualities, 
quantities and areas of application of locally sourced 
and characterized mineral ores as an alternative to the 
nation dependence on the importation of alloying 
elements and other mineral related materials for the 
local nation's iron and steel plants. It is a known fact 
that metals like tin, tantalum, titanium, niobium, 
manganese, lead, zinc, copper, chromium, vanadium, 
manganese, cupper, titanium etc. which are rare and 
expensive to import can be sourced locally from some 
of the vast mineral ore deposits found within the 
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country (Yaro and Thomas, 2014; MSMD, 2010). 
Wills (2006); Klima(2011); Thomas and Yaro(2007) 
reported that iron ores with 27%Fe can be 
economically mined and beneficiated. Alabi et al, 
(2016); Masok et al, (2015); Oyeladun et al, (2015); 
Binta (2011), Abdulrazaq(2014),  Abubakar (2014) 
and Pam (2015) stated that non-ferrous mineral ores 
like chalcopyrite, columbite, cassiterite, sphalerite, 

galena, pyrolusite, pyrochlore, etc. with 3% or more 
of the mineral of interest can be mined, beneficiated 
and extracted for their metals contents and used as 
alloying elements or in other forms for the nation 
industrialization and economic growth. Tables 5.1 to 
6.3 below present the chemical compositions of work 
done on characterization of some Nigerian mineral 
ores deposits.

Deposits K2O CaO TiO2 MnO FeT MgO Al2O3 SiO2 P2O5 S Na2O V2O5 CuO Nb2O5 BaO BrO2 ZrO2 PbO ZnO 

Itakpe 

Chokochoko 

Ajabanoko 

Agbaja 

Koton Karfi 

Bassa Nge 

Birnin Gwari 

Toto Muro 

Gujeni 

0.42 

0.53 

0.26 

0.04 

0.02 

0.02 

2.7 

0.10 

- 

0.3 

0.15 

0.21 

0.72 

0.45 

0.17 

1.56 

2.39 

- 

0.10 

0.61 

Trace 

0.37 

0.25 

0.17 

0.37 

0.10 

20.02 

0.05 

0.08 

0.01 

0.14 

0.56 

0.13 

10.64 

0.10 

0.4 

36.88 

34.45 

37.22 

47.80 

48.18 

46.90 

34.76 

33.06 

48.6 

0.20 

0.18 

0.15 

0.38 

0.07 

0.46 

0.44 

0.00 

0.4 

1.00 

9.67 

3.39 

9.60 

6.70 

10.87 

6.98 

0.12 

8.10 

44.80 

51.07 

46.50 

10.89 

5.13 

8.28 

28.50 

54.14 

12.00 

0.18 

0.02 

0.01 

2.08 

2.14 

1.45 

1.19 

0.10 

4.71 

Trace 

Trace 

0.03 

0.12 

0.04 

 0.05 

0.04 

0.20 

0.2 

- 

- 

- 

- 

- 

- 

0.31 

- 

0.28 

- 

- 

- 

- 

- 

- 

2.70 

- 

0.60 

- 

- 

- 

- 

- 

- 

0.06 

- 

- 

- 

- 

- 

- 

- 

- 

0.078 

- 

- 

- 

- 

- 

- 

- 

- 

0.41 

- 

24.20 

- 

- 

- 

- 

- 

- 

- 

- 

22.60 

- 

- 

- 

- 

- 

- 

- 

- 

1.40 

- 

- 

- 

- 

- 

- 

- 

- 

1.20 

- 

- 

- 

- 

- 

- 

- 

- 

0.20 

 

Table 5.1: Chemical Analysis of Head Sample of Some Nigerian Iron Ores Deposits

Sources: Uwadiale (1989); Thomas and Yaro, (2007); Thomas et al, (2009); Salawu, et al, (2015). 
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The Tables reveals the various chemical compounds 
and their percent compositions contained in the 
various mineral ore deposits sourced locally. The 
chemical compounds contained in the ores deposits 
are vital sources of elements that are required for 
metallurgical applications. The utilization of these 
elements of the mineral deposits will enhance the 
security of supply of the required metal to local 
metallurgical industries, earn foreign exchange for 
the nation, conserve the nation foreign reserve and 
create job opportunities for the teaming youth's 
population of the nation. Nigeria has been confirmed 
as having a wide range of minerals with some large 
deposits as seen from some of the reports and 
activities of the Nigerian Geological Survey Agency 
(NGSA), National Steel Raw Material Exploration 
Agency (NSRMEA), Raw Materials Research and 
Development Council (RMRDC), Individual 
researchers and some other private sector exploration 
and mining companies with relevant mandates. 
However, despite the activities of these institutions 
the development of the nation mineral industries is 
still very low. Hence, the need for synergy between 
the mineral/metal consuming companies and the 
mineral development subsector of the nation 
economy. Furthermore, in view of the current focus 
on mining and agriculture by the government of day it 
has become imperative that the nation metallurgical 
industries like DIC, Machine Tools, Nigerian 
Foundry, Ajaokuta Steel, Delta steel, Kaduna Super 
phosphate Fertilizer and other metallurgical auxiliary 
companies that utilizes metals and minerals as their 
raw materials start looking inward in order to salvage 
the monolithic economy of the nation that depends on 
oil by encouraging the utilization of the nation vast 
mineral deposits. This is because most of the 
p re l iminar ies  and  de ta i l ed  works  on  the 
characterization and development of the process 
routes of some of these mineral deposits have be done 
by individual researchers and Institutions. 
Furthermore, the technologies to extract these 
minerals into metals are very much available locally. 
Therefore, the era of been in doubt is over and that is 
why the Tables above are made known to 
metallurgical and other related companies for their 
own consumption. Today, there are policies 
mandating the Bank of Industries and other 
Commercial Banks in the Country to assist any 
private company or registered organization to acquire 
loan after presenting a feasible bankable documents 
that can showcase the profitability of that company in 
promoting the nation mineral industry.  

Conclusion
Nigeria is a large country with a surface are of about 
925,000 square km and exploration activities have 
shown that is very well endowed with a wide variety 
of minerals that match the rock types. Nearly 500 
occurrences and deposits of over 30 different minerals 
are known so far with relatively limited exploration 
and exploitation. Fifty six years after independence 
there is need for the nation's metallurgical industries 
like DICON, Machine Tools, Ajaokuta Steel, Nigerian 
Foundry, Cement,  Construction, Ferti l izer, 
Automobile and other related metallurgical 
auxiliaries companies to take the lead and set the pace 
in the utilization of the nation's vast mineral deposits 
potential  for sustainable industrial ization, 
t e chno log i ca l  advancemen t  and  na t i ona l 
development. Therefore, the utilization of mineral 
deposits by any nation that is endowed with it is of no 
doubt the hidden vertebrate of modern development, 
future sustainability and a vital strategic component 
for national security. 
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Abstract

The history of metal is as old as the secret of defence. The metal industry which make use of the resources 

produced by the mining and metallurgical industries play a critical role in the development of the defence sector. 

Ores metals such as Aluminium, Iron (and Steel), Zinc among others are abundantly available in Nigeria but the 

potential solution they are capable of offering remains a mirage as these resources have not been processed.  

However, with the swift upgrade in the competency of the various sects and other security challenges across the 

world, this paper considers a probable solution to some of these challenges making use of lightweight materials. 

The demand for lightweight materials has increased at a drastic rate over the years across diverse industries. 

Hence, the need for rapid response, flexibility, easily transportable military equipment especially at a time when 

Nigeria is going through security challenges therefore calls for the production of military equipment locally 

making use of lightweight materials. This however will require a well tailored synergy between the Nigeria Metal 

Industry and the Military.
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1.0. INTRODUCTION

Throughout history, a country's ability to harvest the 

periodic table has translated directly to the success 

of its military, providing as much advantage in battle 

as do tactical decisions (Izatt, 2016). The role played 

by metals such as copper, iron, lead, nickel in the 

making of different military wares such as bullets, 

gears, weapon systems and other defense 

technologies is getting broader by the day (Quinn, 

2015).

However, the need for the use of lightweight 

materials have increased at a drastic rate over the 

years across diverse industries such as automobile, 

commercial aerospace, consumer packaging, oil 

and gas among others.  The need for lighter 

materials application is due to the demand of more 

efficient systems that reduces energy consumption 

while delivering on the intended mission (Eric 

2015).

The challenges been faced by Nigeria in the 

security sector calls for a better equipped military. 

Various security threats have been poised by 

activities such as terrorism, militancy, thugery, 

among many others. These various groups have 

exploited the evolution of technology leading the 

invention of new weapons of mass destruction 

increasing their destructive capability invariably 

increasing the threat to human life and properties. 

These challenges have over the years been 

detrimental to the development of the nation.  They 

have threatened the viability of the nation state. 

They have brought about economic crisis, 

instability, issuing threat to tourism, energy-sector, 

civil-aviation, maritime, transportation, religion and 

foreign investment (Oviasogie, 2013).
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For close to two decades, the threat issued by the 

various security challenges Nigeria have been 

facing seems not to be close to the end. This threat 

has robbed the country of sizeable number of her 

citizens, properties and also affected the supposed 

investors in the country. It has kept the people in 

perpetual fear, thereby robbing them of their 

freedom and security (Nimma, 2007).

The necessity of fighting conflicts and projecting 

Nigeria's military strength at a great extent has only 

accentuated the need for a force than the one we 

have historically fielded. But it is hence imperative to 

ask questions: What are the essential elements of 

this different force? and also What is important in the 

future of the Nigeria military system? These 

questions demands urgent attention if we hope to 

build a military system that will be competent and 

efficient enough to gain decisive advantage in local 

and international warfare; with equipments that can 

be easily deployable to any combat zone and paying 

attention to short and long term sustainability with 

constant modification to address new threats and 

accept new technologies. 

The light metals/materials considered in this paper 

include: Aluminium and Metal Matrix Composites 

(MMC).

2.0. THE NIGERIA METAL INDUSTRY

A dynamic industrial infrastructure usually 

comprises several strategic industries in a national 

economy, and includes basic metals, chemicals, 

metal-working and engineering. (Mudenda, 1995).  

The basic metals are usually composed of the 

ferrous (iron and steel) and the non-ferrous metals 

like copper, aluminium, zinc, lead, tin, nickel among 

others and it involves mining, metallurgy, rolling, 

extrusion, and drawing that produces immediate 

goods. These goods serve as raw materials in the 

metal working industry (metal forming, metal cutting 

and sheet-metal working).

The metal industry has always been important in a 

nation's economy, competitiveness and industrial 

development. The metal industry which comprises 

steel and non-ferrous materials  supply a number of 

downstream industries such as construction, 

automotive, mechanical, electrical, aerospace, and 

even medical devices. The industry also provides a 

critical source of employment and production 

adding value. The ability of metals to be recycled 

endlessly without quality loss leads to significant 

savings of raw materials and energy, and reduction 

in CO2 emission. (European Commission, 2016).

Nigeria is a potentially strong and important player 

with the capacity to serve as a growth pole in the 

West African sub-region. The economic growth of 

Nigeria is liable to improving the standard of living of 

the sub-region (Osita, 2006). This potential is not 

far from her abundant endowment with mineral 

resources. Nigeria is blessed with 44 mineral 

resources in over 500 locations spread across all 

the regions of the country (Foraminifera, 2016). 

Minerals ferrous and non Ferrous metals are well 

represented among the 44 minerals present in the 

country.

The unkept attitude of the government towards the 

solid mineral sector had over the years brought 

about an obvious setback in the Nigeria metal 

industry, the constraining factors as indicated by 

Agbu (1992)  include inadequate financing, 

misappropriation, poor planning, vagaries of 

politics, lack of rational economic consideration in 

decision making . The Iron and Steel, aluminium 

and the zinc industries in the nation will be 

considered below:

a. Nigeria Iron and Steel Sector 

The Iron and steel industry and its associated 

linkages play critical roles in the economic 

development of any society, and therefore the 

society's ability to cater for the welfare of her 

nation. Osita (2006) identified the Iron and Steel 

industry as a key industry stating the crucial role 

o f  i t  affi l i a ted  uses  i n  t he  g rowth  o f 

industrialization and sustainable development of 

a nation. 

Planning for the Nigerian Steel Industry started 

around 1958. The starting point was the search 

for appropriate local inputs, the characteristics of 

which determined the particular technologies 

that would be adopted. Iron ore was located at 

Agbaja, Itakpe and Udi; suitable limestone at 

Jakura, Mfamosin and other parts of the country. 

Coal deposits were always there at Enugu while 

potential coke-able coal was struck at Lafia. 

(Sanusi 2002). The Ajaokuta Steel Company 

Limited (ASCL) was formed on the 18th of 

September 1979. The project at inception was 

envisaged to produce 1.3 million tonnes at its 

first stage, 2.6 million tonnes at its second stage  

and 5.2 million tonnes per annum at the 

completion of the third stage. The principal units 

of the Ajaokuta Plant include the iron making 

plant, steel making plant, the rolling mills, the 

repair facilities, auxiliary facilities and the electric 

power supply system. Personnel training was 

considered also as about 1500 Nigerian 

Engineers, Technicians and operational staffs 

were trained around this period.  Meanwhile, 
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problem of poor renumeration in the industry and 

poor planning affected the proper completion and 

taking off of activities in the ASCL. Trainees 

retunerd to the country to discover that most of 

the units where they were meant to operate were 

yet to reach completion stage. (Agbu, 2006). The 

subsequent government since 1983 when the 

project was abandoned have done little or 

nothing to improve the situation of things in the 

steel sector. Other projects that requires attention 

in this sector include the Delta Steel Company 

Limited, Ovwian-Aladja, the Four inland rolling 

mi l ls ,  NIOMCO, Nat ional  Metal lurg ical 

Development Centre, Jos among others.

The development of this sector will have a great 

effect on the Nigeria Metal Industry as the basic 

quality raw materials needed in the various metal 

cutting, metal working and sheet working 

industries will made available without having to 

exchange our currency.

b. Zinc Production Status in Nigeria.

It is estimated that Nigeria deposit of Zinc ore is 

10, 000 tons scattered in different parts of the 

country. Zinc is the 24th most abundant element 

in the earth's crust and is a metallic chemical 

element with symbol Zn and atomic number 30 

(Foraminifera, 2016). The zinc ingot produced by 

processing the zinc ore (mining and metallurgical 

industries) is a major galvanizing agent. The 

major uses of inc are anti-corrosion coating on 

steel (Galvanizing), precision components (die 

cast ing),  construct ion mater ia ls,  brass 

production, pharmaceuticals and cosmetics. 

c. Nigeria Aluminium Sector

The role of Aluminium in the Metal Industry today 

has made it a major index in the industrialization 

of any nation. This is not farfetched from the 

quantity of Aluminium been utilized, produced 

and consumed. 

Aluminium is the third most abundant element on 

the earth crust with an average production of 23 

million tonnes per annum globally (Mohammed, 

2003). The mining and metallurgy industry 

produces the Aluminium as ingots and billets 

before conversion into the final products by the 

manufacturing industry.

Bauxite is abundant in commercially exploitable 

reserves in Nigeria. The Aluminium Smelter 

Company of Nigeria which was established to 

mine bauxite and also have an alumina refinery 

stopped working in 1999. It was designed to 

produce aluminium ingots and billets of 99.97% 

purity as raw material in the metal industries. The 

average consumption of aluminium in Nigeria 

have been recognized as 35 000 tonnes per 

annum. ALSON has the capacity to produce 

193, 000 tonnes per annum if proper attention is 

given to it, with the possibility of further 

expansion. Before it was shut down, ALSON 

was producing over 4, 000 metric tonnes of 

aluminium ingots per day. Full operation of 

ALSON is also capable of providing 1800 jobs 

for highly skilled Nigerians and over 20, 000 of 

secondary smelters nationwide. (Mbendi, 

2016).

3.0. DEFENSE AND METAL INDUSTRY

The role of the metal industry in the defense 

sector cannot be underestimated. The criticality 

of metal was identified in one President George 

Bush's speech in 2001; 

"Steel is an important jobs issue; it is also an 

important national security issue. I am here to 

trumpet one of the great values of America. 

That's the enterprise of the American workers; 

the hardworking American citizens who make 

this economy go. And those are the steelworkers 

of America. I appreciate what you do for our 

country."-

President George W. Bush, August 26, 2001

The early man produced tool to struggle for the 

existence against wild animal or warlike 

neighbours. Without security, there cannot be 

meaningful development. On the other hand, 

development fosters security. But then, even an 

ignoramus in military affairs knows if you want 

peace, you must prepare for war (Bamidele, 

2014).

Domestic and specialty metals are found in 

virtually every military platform. Whether it is 

missiles, jet aircraft, submarines, helicopters, 

Humvees or munitions, steels and specialty 

metals are crucial components of any nations's 

military strength.

The role of the metals considered for production 

in Nigeria will be enumerated with respect to the 

military viz:

i. Steel and Military Applications

The role of Iron and Steel in the manufacture 

of military equipment cannot be under 

emphasized. Domestic and Specialty metals 

containing steel can be found in virtually all 

military platforms. Some examples are listed 

thus:

a. The Joint Strike fighter F135 engine, 

the gears, bearings, and the body itself, 

will use high performance specialty 
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steels and super alloys produced by 

specialty steel companies.

b. Land based vehicles such as the 

Bradley Fighting Vehicle, Abrams Tank, 

and the family of Light Armored Vehicles 

use significant tonnage of steel plate per 

vehicle.

c. Steel plate is used in the bodies and 

propulsion systems of the naval fleet.

d. The control cables on virtually all 

military aircraft, including fighter jets and 

military transport planes, are produced 

from steel wire rope.

e. Cold finished steel  bars finds 

application in the production of Hydra 70 

missile & Zuni nozzle body and Medium 

caliber ammunition.

f. Ho t  ro l l ed  ca rbon  ba rs  finds 

application in 150mm M107 projectile 

and 120 mm mortar; among many other 

applications of different types of steel 

(Bamidele, 2014).

The Nigeria military needs to consider a 

revolution in the production of steel and the 

usage of these steel in the manufacturing of 

defense equipment from a level we can start 

from and setting the strategy and plans 

through which the industry will develop over 

years.

ii. Zinc and Military Applications

The major essence of zinc in the manufacture 

of military equipment is galvanizing and 

coating of equipment. Equipment like racks, 

barrels among others are coated with zinc to 

prevent rust and corrosion. 

The Nigeria zinc industry can be explored for 

the production of zinc ingots which can then 

be used in the process of coating the military 

wares.

4.0. LIGHTWEIGHT METALS AND THEIR USE 

IN MILITARY

4.1. Aluminium

The challenges been faced by the defense sector 

today has experienced a big change both in terms of 

approach and lethality. This requires rapid response 

from the military by protecting the lives and 

properties of the citizens without neglecting the 

protection of the war-fighters and the equipment 

been utilized. The role of speed and maneuvering 

cannot be underplayed as well in facing these 

challenges. In all of these cases, the use of 

aluminium in the production of military equipment 

becomes a necessity. Aluminium provides an 

opportunity to think about these solutions in unique 

ways through lightweight, high strength and blast-

resistant structures that both enhance avoidance 

while maintaining shielding (Eric, 2015).

The need for flexible and agile military equipment 

which can be easily transported to any part where 

they are needed further explained the need for the 

use of aluminium in the manufacturing of military 

equipment. The Nigerian military should create a 

wide possible space for innovation solution to 

emerge along this reasoning. There is nothing 

wrong with considering a parallel solution to the 

other available solutions if it will be cost effective 

and also prove to be efficient in the required 

services.

In the consideration of this topic, I will cite an 

example used by Eric (2015) on the use of 

aluminium in various innovations. The reasoning 

that will bring about the aluminium innovations in 

the military sector will pay proper attention to 

previous use of aluminium in the production of other 

equipment and structures. An instance is the airbus 

with the higher strength thick plate and/or forged 

product used in wing application. Aluminium alloy 

7085 was an innovation in the early 21st century 

that is now well suited for the production of airbus 

wing with higher strength and light weight 

component of A380 airbus wing. Fighter jets took 

advantage of this aluminium solution especially the 

F35 Joint Strike Fighter with Aluminium 7085 been 

the main bulkhead (Eric, 2014).

The example above shows an hint through which 

Nigeria military sector can also explore the usage of 

aluminium alloy application in other sectors such as 

automotive, Aviation, Telecommunications. These 

applications can be considered in terms of their 

strength, toughness, lightness, ductility etc with 

respect to the purpose they are required to serve in 

the fabrication of military equipment with better 

applications than the existing solution in an 

economically friendly manner.

4.2. Metal Matrix Composites

In military vehicles, weight reduction in structural 

components translates to great operational 

flexibility – the ability to carry more payloads, drive 

more easily over unimproved roads and/or support 

more protective armor. The MMCs are important 

composite material in the manufacturing of military 

equipment to suite the required purpose. In order to 

acquire the desired light weight, metals like 

Aluminium and Titanium are considered as the 
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matrix. An instance in the production of the drum 

brake using squeeze casting as the major technique 

with aluminium serving as the metal matrix instead 

of the heavy cast iron and steel previously utilized 

(Sara, 2010).

Miracle (2005) noted the role of fibre-reinforced in 

adding st iffness and specific strengths 

significantly higher than those of aerospace 

metal alloys. Nigeria can learn from countries like 

United States of America that trained over 250 

personnel on composites repair, processes and 

other composites fundamentals through the PIF 

in about two and a half years. One of their 

products using advanced composites saved the 

nation $40 million for the utility Helicopters project 

management office alone in 2014. The US also 

spent $750 000 dollars in 2014 on research 

looking into the use of advance composites as 

replacement for titanium and also leveraging 

over $1.5 million dollars from partnering 

industries to fund the research. The role of 

composite in the manufacturing of military 

equipment in Nigeria will be immensely needful 

as it will save more cost and reduce complexity.

5.0. CONCLUSION

The need of lightweight materials has increased 

at a drastic rate over the years across diverse 

industries. Hence, the need for rapid response, 

flexibility, easily transportable military equipment 

especially at a time when Nigeria is going through 

security challenges therefore calls for the need of 

paying proper attention to the role of a well 

tailored synergy between the Nigeria Metal 

Industry and the Military. This paper also 

identified the part needed to be played by the 

government in resuscitating the various 

industries required to produce the raw materials 

needed such as Aluminium, Zinc, Iron and Steel. 

The prompt and swift reaction of the military 

towards defending lives and property of citizens 

in her territories and beyond without endangering 

unnecessarily the lives of the war fighters and 

properly protecting the equipment thereby 

require paying proper attention to innovations 

and ideas that comes out of research on 

lightweight materials such as aluminiums and 

MMCs.
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Abstract
Studies have been made on the effect of step-quenching-aging on the hardness and corrosion resistance of Al-
Cu-Si-Ni alloy in simulated seawater condition. The alloy was subjected to heat treatment process following the 
step-quench-aging route using the heat treatment furnace. Subsequently, the hardness and corrosion 
resistance of the thermally treated alloy was carried out using Indentee hardness testing machine and weight 
loss respectively. From the results, the hardness value decreased with step-quenching time, while the 
corrosion resistance of the alloy increased with the thermal treatment.

Keyword: Aluminium alloy, Step quenching, Age hardening, Corrosion  

1.0 Introduction
The application of metals for a particular condition 
depends to a large extent on their mechanical, 
chemical, physical properties. Aluminium alloys are 
broadly used in products and applications ranging 
from use in aluminium foil for food packaging and easy 
open Aluminium cans for beverages to structural 
member of automobiles and aircraft [1-2]. The wide 
application of Aluminium alloys are dictated by a very 
desirable combination of properties and the ease with 
which they are produced in great variety and forms [3]. 
Another important property of Aluminium is their light 
weight and corrosion resistance. Majority of work 
have been done towards improving the properties of 
Aluminium alloys so that they could replace steels 
where light weight and corrosion resistance are of 
importance. Heat treatment processes are commonly 
used to enhance these properties [4].
Heat treatment is the controlled heating and cooling of 

metals to alter their physical and mechanical 
properties without changing the product shape. Heat 
treating is a group of industrial and metal working 
processes used to alter the physical and sometimes 
chemical properties of a material [4-5]. The most 
common application is metal lurgical. Heat 
treatments are used in the manufacture of many 
other materials such as glass. It involves the use of 
heating, normally to extreme temperatures to 
achieve a desired result such as hardening or 
softening of a material. Heat treatment techniques 
include annealing, case hardening, precipitation 
strengthening, tempering and quenching [6]. It is 
noteworthy that while the term heat treatment applies 
only to processes where the heating and cooling are 
done intentionally for the specific purpose of altering 
properties, heating and cooling often occur 
incidentally during other manufacturing processes 
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such as forming and welding. Heat treatment 
provides an efficient way to manipulate the properties 
of metals by controlling the rate of diffusion and the 
rate of cooling within the microstructure [7]. The 
major concern of this research work is quenching and 
aging treatment processes. Quenching is the rapid 
cooling of a work piece to obtain certain properties. It 
prevents low-temperature processes such as phase 
transformation from occurring only by providing a 
narrow window of time in which the reaction is both 
thermodynamical ly favored and kinet ical ly 
accessible. It reduces crystallinity and thereby 

increasing toughness of alloys [7].

2.0 Materials and method
The aluminum alloy used in this research work was 
obtained in the as-received form, while some of the 
equipments used for the experiments include: Lathe 
machine, Indentec Universal Hardness Testing 
Machine of Model no.8187.5LKV (B), Digital Weighing 
balance, Electrical resistance heat treatment furnace 
and boiling ring.

Table 1 Composition of the as-received alloy

Element Copper(Cu) Silicon(Si) Nickel(Ni) Aluminium(Al) 

Weight (%) 4.00 2.00 2.9 91.10 

 

2.1 Machining of the as-received samples
The cast bars were machined at the workshop of 
Metallurgical and Materials Engineering Department, 
Ahmadu Bello University, Zaria. The bar was 
machined to standard hardness test specimen (10mm 
x10mm) using a lathe machine. The corrosion 
coupons were also sectioned to specified dimensions.

2.2    Heat Treatment
A total of 30 samples which was grouped into A, B and 
C was used. Initially, all samples were heated to a 

otemperature of 510 C, soaked for 3hours and then 
o

step-quenched at 200 C. Group A samples were 
o

quenched in warm water (65 C) followed by group B 
samples and lastly group C samples. The quenching 
was done after every 10seconds of interval. After 

0
quenching, all the samples were aged at 170 C for 
5hours and allowed to cool in air.

2.3    Hardness Test
The hardness tests of four (4) samples were 
measured using the Indentec Universal Hardness 
Testing Machine. A sample of thickness 10mm was 
placed on the machine. A minor load of 10kg was first 
applied followed by major load of 60kg. For each of the 
sample, three readings were taken and the average 
was recorded. The hardness values were taken 
directly from the digital dial gauge and recorded.

2.4 Corrosion Test
The weight loss method for corrosion determination 
was used. The initial weight (W ) of the samples was 1

first measured using a digital weighing balance.  The 

simulated seawater was then prepared, by providing a 
solution containing 3.5g of NaCl in 100ml of distilled 
water. The weighed samples were then immersed in 
the simulated seawater and the weight (W ) was 2

determined after 2days interval for a period of 18days.
The weight loss (W) was calculated as below:
i.e. W = W - W --------------------------------------------------1 2 

----------- (2.1)
The corrosion rate (mils per year) was then calculated 
using the equation below:

i.e.  CPR (mm/yr) = 
ÄÄÄÄ

??????
  ------ (2.2), (Callister, 2001). 

Where,
4

K is a constant = 87.6 x 10 mm/yr; W is the weight loss 
(i.e. w - w ), g1 2

3P is the density of the alloy g/cm ; A is the area of the 
2

test coupons in cm

3.0 Result
From the hardness values obtained, we observed 
that the hardness of Al-Cu-Si-Ni alloy decreases with 
increase in step-quenching aging time but increased 
with age-hardening heat treatment.

Table 2 shows the variation in hardness values of 

Al-Cu-Si-Ni alloy with time of step-quenching 

Conditions As-

cast 

Age-

Hardened 

10 

seconds 

20 

seconds 

30 

seconds 

Hardness  

(HRF) 

8.8 9.2 6.1 5.8 5.6 
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Figure 2 below shows that the heat treatment (step-
quenching aging) given to Al-Cu-Si-Ni alloy has effect 
on its corrosion properties as the corrosion resistance 
keeps increasing with aging time.
The corrosion rate of 30 seconds step quenched 
aging time is greater than that of 10 seconds due to the 
fact that the material underwent solution heat 
treatment.

Figure 3.1: Variation in the corrosion rate of step-
quenched Al-Cu-Si-Ni alloy in simulated seawater 
with exposure time in hours.

Summary

From the results obtained, the following conclusions 
are drawn:
1 .The hardness of Al-Cu-Si-Ni alloy decreases as time 
of step-quenching increases
2. The corrosion resistance of the alloy increases with 
increase in exposure time
3. The corrosion resistance of Al-Cu-Si-Ni alloy 
increases with increase in step-quenching time.
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Abstract
A comparative study on the effect of maize without husk, maize with husk and bentonite clay as binders in sand 
casting of aluminium bronze has been carried out. Effect of maize without husk bonded  sand  mould, maize with 
husk bonded  sand  mould  and  clay bonded  sand  mould on the hardness, impact and tensile strengths of as-cast 
aluminium bronze is  presented.  Corn (maize) without and with husk were ground into powder. Three sand 
moulds were prepared; maize without husk bonded sand mould, maize with husk bonded sand mould and clay 
bonded sand mould. The aluminium bronze was cast using the three prepared moulds. Cast sample obtained from 
maize without husk bonded mould proved superior in terms of tensile and hardness values as compared to that of 

2
maize with husk and bentonite clay bonded moulds. However, highest impact strength of 2941.63 kJ/m  was 
absorbed by the cast sample from bentonite clay bonded mould. In all the micrographs observed, fine eutectoid 
structure which consists of needle-shaped α-Al and γ  phases with varying grain size and shape were obtained. 2

 Keywords: Maize, Bentonite clay, Foundry, Binder, Aluminium bronze, Mould

Introduction
	 Sand casting, also known as sand moulded 
casting, is a metal casting process characterized by 
using sand as the mould material. The term "sand 
casting" can also refer to an object produced via the 
sand casting process. Sand castings are produced in 
specialized factories called foundries. Over 70% of all 
metal castings are produced via a sand casting process. 
Sand casting is relatively cheap and sufficiently 
refractory even for steel foundry use. In addition to the 
sand, a suitable bonding agent (usually clay) is mixed 
or occurs with the sand. The mixture is moistened, 
typically with water, but sometimes with other 
substances, to develop strength and plasticity of the 
clay and to make the aggregate suitable for moulding 
[1]. Binders are added to a base sand to bond the sand 
particles together [1]. Bentonite clay is used to mould 
foundry sand as colloidal clay binding agent [2]. It is 

one of the best sand binders due its good properties. It 
has particle size diameter of less than one micron and 
is mainly composed of montmorillonite with 
refractoriness of 1,300˚C [3]. However, it is important 
not to forget that there are other types of binders in 
use, which include among others, oils and resins. Oils 
have limitation due to their increasing cost. On the 
other hand, resins (especially synthetic ones) are 
expensive and have low ductility, possible 
subcutaneous blowholes and during casting give out 
very foul and pungent odours and waste streams that 
are hazardous to health of users [4].

	 The quest for better and cheaper binders with 
excellent mould properties has led many scholars to 
search for new binders.  Atanda et al [5] studied the 
effect of bentonite and cassava starch addition on the 
moulding properties of silica sand. It was revealed 
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that bentonite had better binding characteristics than 
cassava starch but a mixture of both in equal 
proportions gave a range of excellent mould 
properties that could be exploited in making moulds 
for different weights of castings. Ademoh and 
Abdullahi [6] studied grade 1 Nigerian acacia species 
exudates as foundry sand binders and found out that 
the material in powdered form with 2-3% moisture is 
suitable for non-ferrous metals, malleable cast iron 
and grey iron, but unsuitable for steel castings. 

	 This paper reports a comparative study of 
influence of different mould binders on the 
mechanical properties of aluminium bronze castings. 
The binders considered are corn with husk, corn 
without husk and betonite clay.
 

Materials and Methods
Materials and Equipment

The materials used for the production of 
Alumnium bronze consist of fine drawn wires of pure 
copper and pure aluminium, both with 99.9% purity, 
obtained from NOCACO Nigeria Limited, Kaduna. 
The equipment used include: graphite crucible 
furnace, mould, metallurgical microscope, lathe 
machine, Hounsfield tensometer, rockwell hardness 
testing machine, metal tong, files,  hacksaw, 
thermocouple.

Preparation of Corn Flour
	 Two kilograms of locally produced corn was 
purchased, tramps iron and other impurities were 
removed. The corn was thereafter washed and dried. 
Corn flour was prepared from the dried corn 
following two different procedures.
Corn without Husk (Type A)
	 Part of the properly dried corn was taken for 
milling where the husk was removed completely and 
separated from corn grains. The corn grains were then 
ground into fine flour. 
Corn with Husk (Type B)
	 The remaining half of the washed and properly 
dried corn with husk also ground into fine flour of the 
same fineness as corn without husk (type A).
Preparation of Sand
	 The sand that was used for the production of the 
mould was gotten from Metallurgical and Materials 
Engineering laboratory, Ahmadu Bello University 
Zaria,Nigeria. The sand was mixed with water in 
appropriate proportion; precisely 4% water was 
added with different binders (type A corn flour, type B 
corn flour and bentonite clay) separately. These 
combinations were mixed thoroughly until the 

required plasticity was obtained.
Rubber pipes were used as patterns. The 

prepared sand was then rammed round the patterns 
of appropriate diameter and length with due 
considerations of allowance for shrinkage. The 
cavity took the shape of the patterns.

The green sand was sufficiently rammed for 
sufficient permeability of the sand to allow the gases 
produced during pouring to escape. Patterns of about 
20mm and 320mm diameter and length respectively 
were used as the cavity for the different binders.

Material and Charge Make-Up
	 The copper and aluminum wires were cut into 
small pieces that can be conveniently put into the 
crucible. 
	 The charge composition and weight per heat of 
materials charged into the crucible were determined 
as follows:

i. Volume of mould.
The volume of the fabricated moulds was calculated 
using the relationship given below:
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Charge Preparation
	 	 The copper used was pre-heated to a 

o
temperature of about 300 C, this was necessary to 
burn off the coating and other volatile matter that was 
in contact with the copper wire. The aluminium wire 

owas pre-heated to a temperature of about 150 C, to 
free any moisture and other volatile matter in contact 
with the aluminium, and this was used to prepare the 
ligand that was added during the melting process.
Melting and Casting
	  	 The aluminium bronze that was used in this 
study was produced at Metallurgical and Materials 
Engineering foundry workshop, Ahmadu Bello 
University Zaria, under typical production 
conditions. The melting of the alloy was carried out in 
an open hearth blower furnace. The furnace was 
cleaned to avoid blockage of the air pipes. The 
furnace was charged with a first layer of charcoal that 
covered the bottom of the hearth. The charcoal was 
ignited using a liquid fuel (kerosene) and matches. 
The fuel burnt for some time to produce incandescent 
charcoal. The incandescent charcoal was then blown 
for some time by turning the wheel, to propagate the 
heat and flame. The crucible was thereafter placed on 
the hot charcoal in the center of the furnace and 
packed round with a second layer of charcoal.
	 	 Blowing was then continued for some time to 
enable the crucible pre-heat before weighed copper 
was charged into the crucible and intensive blowing 
commenced. The surface of the copper was covered 
with charcoal which served as both flux and 
deoxidant.
	 	 After melting of the copper, alminium was 
added. The introduction of aluminium was delayed 
because of the oxidizing nature of aluminium as 
temperature increases. 
But before the addition of aluminium, the molten 
copper was skimmed off so that charcoal used to 
cover the copper is totally removed. The aluminium 
was also pre-heated before adding by holding against 
the flame. This prevents the splashing of molten metal 
(copper) due to large differences in temperature. The 
mixture was again covered at the surface with 
charcoal and superheated at a temperature of about 

o1127 C measured by thermocouple.
Pouring of Molten Metal
	 	 The preheated moulds were removed from the 
hearth with the help of metal torque and positioned 
vertically. The crucible was then tilted and again 
skimmed off of dirt and charcoal. Pouring is done by 
lifting the crucible with the help of a metal torque and 
pouring the molten metal into the prepared sand 
moulds, and then allowed to cool before they were 
shaken out from the mould.

Machining
	 	 The cast samples were machined at the machine 
shop of Mechanical Engineering, Ahmadu Bello 
University Zaria. Firstly, small pieces were cut for 
hardness and metallographic test, using a hack saw 
blade and a bench vice. Secondly, the sample for 
tensile and impact test were cut and machined to 
standard dimensions as specified by the American 
society for testing and materials (ASTM standard).

Procedure for Mechanical Testing
Determination of the Tensile Strength
	 	 The tensile strengths of the machined specimens 
were determined using a Hounsfield tensometer. The 
test samples were machined to the standard 
dimensions according to ASTM  standard, with B557
diameter of 6.5mm and gauge length of 38mm. The 
test was carried on full sized standard test pieces by 
first making the specimen gauge length with prick 
punch marks, then measuring the cross-sectional areas 
of the reduced part. The test sample was then mounted 
by its ends into the holding grips of the testing 
apparatus. The maximum loads were recorded directly 
from the Hounsfield tensometer. Following the 
fracture, the two broken end of the specimens were 
fitted together and the final diameter was measured. 
The same was repeated for other test pieces. The data 
obtained used in the calculation of tensile strength.
Hardness Values Determination 
	 	 The values for the hardness were determined 
using the Rockwell's hardness tester on “F” scale with 
1/16 inch steel ball indenter and hardness value of 
101.2HRF was used as the standard block. The mating 
surface of the indenter, plunger rod and test sample 
were thoroughly cleaned by removing dirt, scratches 
and oil. The samples were placed on anvils, which act 
as a support for the test sample. A minor load of 10kg 
was first applied to the sample in a controlled manner 
without inducing impact or vibration and the major 
load of 16kg was then applied, the reading was taken 
when the large pointer comes to rest or had slowed 
appreciably and dwelled for up to 2 seconds. The load 
was then removed by returning the crank handle to 
latched position and the hardness value was read 
directly from the semi-automatic digital scale. Three 
reading were taken for each sample with the average 
value taken as the hardness value for a sample.
Impact Strength Determination
	 Impact test was conducted using the Hounsfield 
balance impact testing machine having two pendulums 
with impact energies of 65 J. The mass of each 
pendulum was 26.4 kg. The mass of the hammer and 
the striking velocity of the machine was 22.7 kg and 
3.5m/sec respectively. The test was conducted on 
notched specimens. Standard cylindrical impact test 
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sample of dimension 8 x 44 mm with v-notch depth of 
o

2mm with an angle of 45  was used. Before the testing 
specimen was clamped in one of the pendulums with 
the notch level of the specimen, the pendulum was 
released to zero scale. These two pendulums were 
move in opposite direction, concise at the test 
specimen, then it breaks. The value of the angle 
through which the pendulums swung before the testing 
specimen was broken, corresponded with the value of 
the energy absorbed in breaking the specimen and this 
was read from the calibrated scale on the machine. The 
same was repeated for other test pieces.

Microstructural Examination
All the three cast specimens were prepared for 

optical microscopic examination. The specimens were 
ground on a water lubricated silicon carbide abrasive 
papers of 180, 240, 320, 400 and 600 grit sizes. 
Polishing was carried out on 15cm rotating discs of a 
METASERV universal polishing machine with 
synthetic velvet polishing clothes impregnated with 1 
μm Alumina paste. Final polishing to mirror surface 
was done using 0.5 μm alumina paste. The specimens 
were then etched with Keller's regent using the 
swabbing method with cotton wool soaked in the 
etchant.	 	 The microscopic examinations 
were carried out on M100 optical metallurgical 
microscope and the microstructures obtained were 
captured with in-built camera.

Results and Discussions

Tensile Test

Figure 1: Tensile Strength of the Al-bronze cast 
produced using three different binders.

Figure 1 depicts the tensile properties of cast 
samples obtained from maize with husk, maize without 
husk and bentonite clay bonded sand moulds. In maize 
without husk bonded mould, the rate of heat extraction 
was considerably higher than in maize with husk and 
bentonite clay bonded moulds. As a result, cast samples 
from maize without husk bonded sand mould showed 

higher strength than samples obtained from maize 
with husk and bentonite clay bonded sand moulds. 
The high cooling rate might be linked to the high 
permeability exhibited by the maize without husk 
bonded moulds. The high level of permeability arises 
from the low binding ability of the maize without 
husk, because the more gummy the binder the more 
intimate will be the contact (between the sand grains) 
and the lower the permeability. This observation is in 
line with that of Ayoola et al. [9]. 

Hardness Test

Figure 2: Hardness profile of the Al-bronze cast 
produced using three different binders.

Figure 2 illustrates the result of the hardness 
test on the samples that were produced by casting 
using different binders. Highest hardness value of 
104.63 HRF was obtained from sample cast in maize 
without husk bonded mould. However, bentonite clay 
bonded mould produced cast sample with least 
hardness value. The reason for this probably could be 
due to the high proportion of ductile α-Al phase in 
sample cast in bentonite clay bonded mould. This is 
similar to what was reported by Cenoz [7].

 Impact Test

Figure 3: of the Al-bronze cast Impact Strength 
produced using three different binders.

	 Figure 3 shows the result of the impact strength 
(energy absorbed per unit area under the notch) of the 
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samples that were produced by casting using different 
binders. The least impact energy absorbed before 

2fracture (2200 kJ/m ) was obtained from sample cast in 
maize with husk bonded mould. Also, impact strength 

2of 2425 kJ/m  was obtained from cast sample obtained 
from maize without husk bonded mould while the 
highest impact energy absorbed was obtained from 
sample cast in bentonite clay bonded mould. This could 
be as a result of the fact that cast sample from bentonite 
clay bonded mould has mild volume fraction of brittle 
γ  phase compared to cast samples obtained from the 2

other two moulds (see plate 1). This agrees with the 
findings of Donatus et al. [8]

Microstructures
Plate 1(a-c) shows the microstructures of the 

samples cast from maize without husk, maize with 
husk and bentonite clay bonded sand moulds.  The 
micrographs revealed fine eutectoid structure which 
consists of needle-shaped α-Al and γ  phases. 2

However, the average grain size and shape differ within 
each of the matrices.  In  the cast sample obtained from 
maize without husk bonded  mould,  the  grains of  α-
Al and γ  phases are  averagely  fine  and well  2

dispersed  in  the matrix (plate 1a). In addition, few γ2 

grains are found in cluster form and this could lead to 
the hindrance of the motion of dislocations with 
tendencies for the formation of dislocation pile up. This 
is the more reason why the cast sample has highest 
strength and hardness value. In plate 1(b-c), it is 
observed that the needle-shaped α-Al enlarged with a 
significant reduction in volume fraction of γ in the 2 

matrix. This negatively affects the strength and 
hardness value obtained from the sample cast with 
maize with husk and bentonite clay bonded sand 
moulds.  This results is in agreement with the report of 
Ayoola et al [9].

Conclusions
This research work has revealed that aluminium 

bronze cast produced from maize without husks 
bonded mould possesses higher strength and hardness 
compared to the cast from the two other moulds. 
However, clay bonded mould produced cast with 
highest toughness. Thus, maize without husks is 
recommended for foundry applications for aluminium 
bronze castings. Maize without husks will serve as a 
very effective and cheaper binder alternative.
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Abstract

Fatigue crack initiation behaviors of casting alloys are viewed mainly on the basis of experimental results. 
Fatigue strength and crack initiation of the representative AA320 (UNS#03200) are also summarized with 
respect to surface temperature effects. Load sequence effect is successfully applied to notify initiation phase 
life. Crack initiation at notch root and fatigue life is calculated under single step mechanical loading (ML) in 
phase I experiments and multistep ML and combined thermal cycling (CTC) is applied respectively in phase II & 
III experiments. An Experimental setup is proposed to create the working temperature as per different 
applications of above mentioned alloy. From comprehensive experimental details of each phase, the S-N 
curves are plotted and a comparison is made between crack initiation leading to failure under different ML with & 
without thermal loading (TL)
Keywords:  Fatigue, Initiation, SN Curve, Alloy

Introduction
Alloy used in this research is an emerging 
material with light weight and widely used in 
Automobile & Aerospace applications. Fatigue  [1] 
failure is divided into initiation and propagation of 
a crack up to a critical stage.  Once rupture  [2]
started, the edge behave as stress concentrated 
area and assist in crack propagation until the 
reduced section bear no imposed load anymore. 
[3] In engineering applications; different  
components & structures have notches and holes 
etc. Crack initiation starts in such type of 
components & structures because they 
experience cyclic loading. [4] Existence of 
notches (Geometrical Discontinuities) in the field 
of engineering component designs cannot be 
avoided. Detailed knowledge of fatigue failure of 
notched specimens under mechanical and 
thermal loading is required while designing. [5] 
Experimental results show that initiation of crack 

is significantly influenced by welds during pure 
cyclic thermal loading. After that, cracks are 
quickly propagated. During experimentation  [6] 
of thermal mechanical fatigue (TMF) of high 
temperature materials; heating  is provided by 
indirect induction using susceptor. It was found 
that failure is mainly due to crack nucleation. [7] 
Heating exists in working environment of 
engineering materials. Therefore, a detailed 
knowledge is required about what happens to 
fatigue crack behavior under mechanical as well 
as thermal loading. [8] Higher thermal fluctuation 
r eg ions  we re  ma in l y  affec ted  du r i ng 
understanding the mechanisms of initiation and 
propagation of cracking in pipes. Fatigue  [9] 
characterization has key role for designing the 
present and future applications of mechanical as 
well as thermal shape memory alloys. [10] 
Special emphasis is given to the following three 
factors while incorporating the effects of wear, 
fatigue and climate during development of 
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Rolling Contact Fatigue (RCF) Model of rail & 
wheel.

· Surface Initiated Fatigue
· Subsurface initiated fatigue
· Fatigue initiated at deep material defects 

[11]
In this paper specimens were subjected to 

combined thermal cycling (CTC) and mechanical 
loading (ML), and its effect has been seen on 
crack initiation. This research also reveals the 
varying ML during experimentation, the ML is 
shifted from low to high; if reciprocal sequence is 
performed then the strain hardening disturbs the 
results. The TL during the step ML has an 
accelerating effect on crack initiation and 
resultantly shrinking the total fatigue life of the 
specimens. It is clear that there is a relatively 
strong dependence of the temperature on the 
crack initiation. In this research work the TL is 
provided by an electric rod of 1000W fixed exactly 
on the loaded work pieces and 2mm GI sheets are 
installed on both side of the rod to protect the 
bearings. A Multi-Meter having a built-in 
temperature sensor is used to measure the 
temperature range. No work has been reported in 
the literature that attempts to ascertain the 
damage accumulation in terms of fatigue life 
prediction of first two stages with respect to total 
fatigue life under different types of stresses. This 
paper attempts to understand and quantify the 
accumulation of damage in the initiation and stage 
I propagation phase.

Experimental Work
Chemical Composition of casting alloy AA320 
used for this research is given in Table.1. 

Element  Percentage % 

Al 89.5 

Cu 1.5 
Si 5.5 
Fe 1.3 

Mn 0.32 

Mg 0.36 

Zn 1.28 
Ni 0.056 

Cr 0.064 

Pb 0.080 

Sn 0.02 

Ti 0.05 

 

The dimensions of the specimens are set as per 
fatigue testing machine limitations. Lath is used 
to prepare the specimen, centers are punched on 
both sides of pieces, and appropriate coolant and 
tool speed is maintained to avoid the excessive 
residual stresses [12]. In Fig.1 at the center of the 
dog bone a notch of 0.45 radius is made by using 
CNC. The fatigue testing machine of model PQ-6 
shown in Fig.2 having a motor power of 0.75 kW 
rotates the test specimen at 3000r/min. The work 

Table: 1. Chemical composition

pieces are installed in collets of machine having 
maximum internal temperature greater than 
30ᵒC in case of CTC. The bending load of ML is 
directly applied on the load bearing of the 
machine ranging from 160N to 250N sequenced 
with a difference of 10N. In phase I experiments 
the load applied in the hanger remain constant 
during the crack initiation, propagation and 
failure of the specimen. Then thermal loading is 
applied in single step ML and results are taken. 
The temperature of upper notch root is measured 
90-100 ˚C while the lower notch root is at 60-70 
˚C. The cross sectional temperature after the 
failure of specimens is measured nearly 55-60 
˚C. In phase II experiments the load applied on 
specimen is changed before the failure and 
increased it and view the results of crack initiation 
at low load and its propagation at high load. Low 
load level is started from 160N and increasing 
with a difference of 10 N in successive 
experiments but the high load level of 220N is 
kept  constant  in  a l l  mul t is tep loading 
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experiments.  In phase III the set up keep same as 
in phase II additionally applying the TL. The notch 
root temperatures remain constants in all phases.

Results & Discussion
The experiments are conducted to investigate 
crack initiation phase in fatigue life of aluminum 
alloy under fully reversed stress at constant 
ampli tude loading. The load applied on 
specimens is converted into stresses by using 
Eq.1 and resultantly multiplied by K  to attain t

alternating stresses used while plotting S-N 
curves.

3
509.3

Q

d
s =

 
  As all tested specimens are notched, stress 

concentration factor K  has to be applied to t

calculate stress at the notch root [13] According to 
specimens dimensions K  is taken 2.45. In phase I t

experiments during the CTC & ML the number of 
cycles that a specimen can endure before the 
crack starts are drastically decreases than the 
case of only ML supports the fact of early crack 
lips segregation in CTC assistance along with ML 
resulting a short fatigue life depicting from S-N 
curve shown in Fig.3. [14] 

(1)

In phase II & III the constant amplitude loading 
conditions are no more as in phase I and there is 
an effort to make a distinction between initiation 
phase and propagation phase of total fatigue life 

because once fatigue crack has been initiated 
successfully; it is very difficult to stop the growth 
of crack. As low load is applied for more than 
half of total fatigue life, Crack in specimen was 
in propagation when load was changed from 
low to high. The number of cycles to the end of 
initiation phase can be determined by analysis 
of experimentation in which the fraction of the 
lifetime remaining at the termination of initial 
low level stress cycles compared with the cycle 
fraction that remains at high level. The 
cumulative damage data obtained under 
mechanical and combined (mechanical + 
thermal) loadings is illustrated in Table.2 and 
Table.3 respectively.

The crack is generated from the very first cycle at 
notch position of the specimen. The strain 
distribution in cracked specimens are described 
in terms of slip bands, more applied stress more 
bands are created and resultantly failure of 
specimen takes place at some drastic band. 
Once the crack generated then all other defects 
are considered to be stopped because all strain 
is functioning at the crack tip plastic zone. In the 
case of low stress the numbers of slip bands are 
reduced due to which the crack length at the 
termination of the initiation phase is also 
minimized with respect to higher stress. Such a 

Book of Proceeding of Kaduna 2016 AGM & Conference



52

variable crack behavior in two different regimes, 
initiation and propagation, is need to measure 
quantitatively for a safe design of a metallic 
structure under a cyclic load. As to avoid from 
strain hardening, initially low stress is applied and 
the number of cycle up to altering the stress level is 
90% of the total cycles required for the failure of 
specimens as shown in fig. 4 where the vertical 
axis shows the situation of the crack while 
horizontal shows the number of cycles. The crack 
length produced in these 90% cycles of low stress 
level is equalized by only a few cycles of high 
stress cycle due to slip bands concentrations [15]. 
If the applying sequence of stresses level is altered 
then the whole initiation phase terminates in the 
same high level along with the starting of the next 
phase, shooting the aim of cumulative damage 
accumulation. 

As it shown in Fig 4 the life of initiation phase is 
negligible so the number of cycles required to 
end up the initiation phase is obtained from 
experimental results in which the fraction of life 
remaining after the stress altering point “(1-x) N ”f2  

is compared with cycles that remains at high 
stress level “yN ” .So the life of propagation at low f1

stress level is compared with “1-y”. If the value of 
'x' is such that the initiation period at higher load is 
increased   [15] then it is concluded as;  

The crack initiation and stage I propagation life is 
reduces during the CTC & ML with respect to ML 
as illustrated in Fig.5 

Conclusion
Ø It is concluded that for aluminum casting 

alloy AA320 the fatigue life is adversely 
affected by TL.

Ø A double exponential equation is created 
for damage accumulation during each 
phase named as initiation and stage I 
propagation. 

Ø During the single step loading if the 
temperature of the specimen is enhanced 
from room temperature to 70 ˚C the total 
fatigue life of the specimen is reduced up to 
17% with minimum errors.

Ø  In the presence of TL along with multistep 
ML the crack initiation phase (initiation+ 
stage I) life shrinks 21% of total life of 
specimen.
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ABSTRACT

Effect of heat treatment on the mechanical properties of Al/SiC particulate (Al/SiC  composite with reinforcement content p)

ranging from 0 to 15 percent by weight at 5% intervals has been studied. The composite was fabricated using the stir casting 

method and three sets of samples for mechanical tests (hardness, impact and tensile) were machined from the cast to 

specifications. Two sets of the samples were separately annealed and normalized at 350°C. The as-cast, annealed and 

normalized samples were tested for tensile strength, impact strength and hardness. Results from the tests show a general 

improvement in mechanical properties of the composite after heat treatment. Normalized samples however had better 
2mechanical properties; values of 74.5N/mm , 46.78 J/m and 9HRF for tensile strength, impact strength and hardness 

respectively at 15%SiC  were achieved with the heat treatment.   p

Keywords: Heat treatment, Mechanical properties, Aluminium, Silicon carbide, Stir casting

1.0 INTRODUCTION

Aluminium matrix composites (AMCs) have emerged as 

important engineering materials, having applications in the 

military, aerospace and automotive sectors. This class of 

metal matrix composites which are usually reinforced with 

non-metallic materials and commonly ceramics such as 

SiC, Al O , B C are characterized by good abrasion and 2 3 4

wear resistance, high strength and stiffness, good high 

temperature properties, improved corrosion resistance, 

reduced weight, etc. (Surrapa, 2003; Garg et al., 2016). A 

number of studies have been carried out on AMCs to 

achieve improved mechanical properties. The mechanical 

behavior of particle-reinforced AMCs is usually a function 

of many variables such as the matrix alloy, the reinforcing 

material, the volume fraction, the size and shape of the 

particulates and the heat treatment of the composite 

material (Ahmed et al., 2007). Surjan et al. (2012) studied 

the effect of Al O  and SiC on the physico-mechanical 2 3

properties of A356 aluminium alloy. Their study revealed 

that up to 23.68% increase in strength is achievable with 

addition of 15%SiC, and strength to weight ratio of 1.74 

against 1.54 and 0.765 for Al and cast iron respectively. 

Wettability and distribution of reinforcement in the matrix, 

among other variables, play a major role in controlling the 

mechanical properties of AMCs. The distribution of 

reinforcement in the matrix is affected at three stages of the 

fabrication process, namely (i) during mixing, (ii) after 

mixing, but before solidification and (iii) during 

solidification. Hashim et al. (1999) suggested the use of 

stir casting in the fabrication of AMCs as it does not only 

help in transfer of particles to the melt, but also retains 

them in the suspension. The rate of cooling, according to 
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Suryanarayanan et al. (2013) also affects, to a large extent, 

the distribution of particles in the matrix. The present study 

investigates the effect of heat treatment on mechanical 

properties of Al/SiCp composites with 5 to 15wt% 

reinforcement at 5% interval. 

2.0 MATERIALS AND METHODS 

2.1 Materials

Silicon carbide particulate (SiC ) used in this work was p

obtained from a chemical store at Jos, Plateau State of 

Nigeria. High purity aluminium wires were obtained from 

Northern Cable Company (NOCACO) Kaduna, Kaduna 

State of Nigeria. 

2.2 Equipment

Equipment used in this study include; wire cutters, crucible 

furnace, calipers, file, Lathe machine, digital weighing 

balance, polishing machine, balanced impact machine, 

Hounsfield tensometer, Indentec universal hardness testing 

machine, heat treatment furnace.

2.3 Methods

2.3.1 Sample preparation

Production of the aluminium matrix composite was carried 

out using the stir casting method at the Department of 

Metallurgical and Materials Engineering workshop, 

Ahmadu Bello University, Zaria. High purity aluminium 

wires were cut into bits and charged into a graphite crucible 

on a charcoal furnace.  After the aluminium had melted 

completely, the temperature of the furnace was raised to 

750°C to superheat the molten aluminium. Silicon carbide 

particulates of average size fraction of 63µm were 

preheated to 200°C and added to the melt. The composite 

melt was thoroughly stirred manually for 5 minutes before 

pouring into a prepared sand mould of diameter 15mm and 

length 350mm. Pouring temperature was maintained at 

680°C. Aluminium composites containing various SiC  p

contents, namely 5%, 10% and 15% by weight were 

fabricated and tested, and their properties were compared 

with those of the unreinforced matrix. The cast samples 

were machined to standard dimensions of hardness, tensile, 

impact tests and microstructural analysis. Three sets of 

machined samples were produced; one labelled as-cast and 

the other two were for heat treatment (annealing and 

normalizing).

2.3.2 Heat treatment

The two sets of samples for heat treatment were placed in a 

heat treatment furnace located at Department of 

Metallurgical and Materials Engineering workshop, 

Ahmadu Bello University, Zaria and heated to a 

temperature of 350°C. The samples were soaked for 

30minutes and then a set was removed and allowed to cool 

in air (normalize), while the other set was left to cool in the 

furnace (anneal).

2.3.3 Mechanical tests

All the mechanical tests were conducted according to 

ASTM standards. Tensile tests of the as-cast, normalized 

and annealed samples were performed at room temperature 

using a Hounsfield tensometer (Model: W3179) on 

samples of dimensions as specified in ASTM A370. The 

specimen gauge length was marked with prick punch 

marks and cross-sectional area of reduced part was 

measured. The specimens were then locked securely in the 

grips of the upper and lower cross beams of the testing 

machine. A small load was initially applied to seat the 

sample in the grip and then the load was increased until 

failure occurred. The readings were taken from a graph 

plotted by the Tensometer.

The impact test of the as-cast, normalized and annealed 

samples was conducted using Hounsfield balanced impact 

testing machine (Model: S/No 3203). The test specimen 

dimensions were; v-notch depth 0.5mm, length 45mm and 

diameter 10mm. Before mounting the test sample on the 

machine, the pendulum was released to calibrate the 

machine. The test sample was then clamped horizontally in 

a vice. The pendulum is swung at the specimen and the 

energy absorbed by the specimen was recorded as its 

impact energy. The value was read from a calibrated scale 

on the machine.

The hardness values of as-cast, normalized and annealed 

samples were determined using an Identec universal 

hardness testing machine (model: 8187.5LKV(B)) with 

steel ball indenter of size1/16 inch, minor load of 10kg and 

major load of 60kg. The Rockwell hardness measurement 

of the samples (sample thickness = 10mm) was done on the 

F scale. The Rockwell test determines the hardness by 

measuring the depth of penetration of an indenter under a 

large load compared to the penetration made by a preload. 

The hardness values were taken from the digital dial gauge 

for three points on the material and the average values were 

recorded.  

3.0 RESULTS AND DISCUSSION

3.1 Tensile strength 

Figure 3.1: Variation of tensile strength of Al/SiC  with p

weight percent of silicon carbide
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Figure 3.1 represents the results of tensile strength for as-

cast, annealed and normalized Al/SiC  samples. From the p

Figure, it can be observed that the tensile strength of the 

composite increased with increase in weight percent of 

silicon carbide particulates for all the samples (i.e. as-cast, 

annealed and normalized) and the highest strength value 

was recorded for normalized samples at 15%SiC  (74.5 p
2 2

N/mm ) followed by 15%SiC  annealed (68.7N/mm ) and p
2

15%SiC  as-cast (66.57 N/mm ). The higher tensile p

strength value recorded for normalized samples was due to 

relatively finer microstructures as compared to the 

annealed and as-cast samples. The fine grain sizes act as 

obstacles to dislocation, thereby delaying deformation. 

Sujan et al. (2012) also reported an increase in tensile 

strength of as-cast Al/SiC  composite with SiC  addition up p p

to 15%SiC. 

3.2 Impact strength

Figure 3.2: Variation of impact strength of Al/SiC  with p

weight percent of silicon carbide

Figure 3.2 represents the results of impact strength for as-

cast, annealed and normalized Al/SiC  samples. The p

impact strength value was greater at 15% SiC  normalized p

(46.78J/m) compared to15%SiC  annealed (41.35 J/m) p

and 15%SiC as-cast (37.28 J/m). This implies that increase 

in silicon carbide particulate and the formation of fine 

grain during normalizing makes the composite tougher to 

absorb the highest impact energy before fracture. The 

impact strength for the annealed samples was higher than 

that for the as-cast because the residual stresses induced 

during solidification and machining is being relieved 

during annealing.  The annealed samples however are 

softer and more ductile than the normalized because of the 

formation of coarse grains after annealing. The increasing 

trend of impact strength agrees with the findings of Singla 

et al. (2009).

3.3 Hardness value

Figure 3.3 represents the results of hardness test for as-
cast, annealed and normalized Al/SiC  samples. The p

hardness values increased as the weight percent of silicon 
carbide in the matrix increases. This may be due to the 
presence of hard ceramic phase in the ductile aluminium 
matix. It is thought that the higher the amount of ceramic 
particles in the matrix, the higher the density of 
dislocations, and as a result, the higher the hardness of a 
composite (Aigbodion et al., 2010). At all the weight 
percent of SiC , normalized samples have highest p

hardness values. The highest hardness value obtained 
was at 15%SiC  normalized (9HRF) followed by p

15%SiC  as-cast (8.7HRF) and then 15%SiCp annealed p

(8HRF). Similar trend was reported by Singla et al. 
(2009) and Sujan et al. (2012).

4.0 CONCLUSION

Based on the study conducted on the effect of heat 

treatment on mechanical properties of Al/SiC  and the p

results obtained, the following conclusions can be drawn;

1. Improvement in mechanical properties can be 

achieved by reinforcing aluminium alloys with 

silicon carbide particulates.

2. Heat treatment of Al/SiC  generally improves its p

mechanical properties.

3.  Normalizing heat treatment is recommended for 

best mechanical properties; and values of up to 
274.5N/mm , 46.78 J/m and 9HRF for tensile 

s trength,  impact  s trength and hardness 

respectively at 15%SiC are realizable with the 

treatment.  
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ABSTRACT
	  The inspection of casting has dual purpose of ensuring that the product confirms to design requirements and of 
providing information needed for quality control in Foundry. A modern quality control organization is concerned with a 
great deal more than the routine sorting of properties in relation to specified limits. Much data is obtained by the use of highly  
sophisticated  equipment and techniques and more detailed treatment than simple go  or no –go test is required in 
interpreting the results. In the production process in engineering , foundry practice has become one of the highly specialized 
branches of engineering which comprises many skills including that of the Pattern Makers, the Moulders, the Core makers, 
the smelter and caster, the foundry men , the metallurgists and metallurgical engineers. In the production process, Foundry is 
known as one of the intermediary basic industries complementing forging and machining processes through which metallic 
raw materials like pig iron, crop ends, (steel scraps). Ferroalloys could be processed, refined and shaped into new products in 
the form of machine components and spares. This paper therefore clearly looked into the two components with a view to 
understanding important of inspection and quality control of production processes with a view to achieving quality castings 
which adherence to quality control principles. The study further discuss the  importance of  using computer for inspection 
and quality control analysis which has become necessary particularly as regarding the prediction of solidification patterns of 
casting and several alternative casting methods  that can be simulated before the final method is chosen. These make it 
possible for castings to be done right the first time. 

Keywords: Inspection, Quality Control, Casting Foundry Shop and Ajaokuta 

1.0 The Ajaokuta Steel Company Limited's Foundry 
Shop

	 The Ajaokuta Foundry is nominally a 7, 000-
Tonnes capacity jobbing Foundry envisaged to be a captive 
unit to the Ajaokuta Steel Company Limited for the 
production of both ferrous and Non-ferrous spare parts for 
the steel plant and to external customers.  The steel company 
is designed to source 78% of its spare parts requirement in-
house in the form of machine components and spare of 
medium to large unit weights which was occasioned by its 
peculiar geographical location far from urban areas.  Most 
integrated steel plants the world over especially in the third 
world countries are from conception designed to be self-
sustaining in meeting their primary spare parts needs to 
minimize costly down-times and loss of production hours, 

in the same vein, the Ajaokuta Foundry is part of an 
integrated net-work of ancillary service shops – Forge and 
Fabrication, Machine and Tools Shop, the Power 
Equipment Repair Shops, etc. meant primarily to be 
captive units to the plant.

Being a Jobbing outfit, the Ajaokuta Foundry is 
not capable of mass production of items or replicates such 
items in large numbers as would be the case for a precision 
Die – Cast foundry.  As the vessels and furnaces and other 
handling facilities are large varying from 1-tonnes to 10 
–tonnes capacities, only single unit items could be 
produced in an intermittent manner. This pressurizes a 
batch type melting cycle of 2 to 2½ hours each closely 
followed by another 30 to 45 minutes casting schedule, 
knocking-out and fettling operation of 1-hour to 2 hours 

mailto:cyrilocheric@gmail.com%20


58

depending on size of casting and another period of 2 to 18 
hours for heat – treatment depending on the composition of 
each product-mix. Generally speaking, the foundry 
encompasses 16-21 process steps for each category of 
castings produced from Casting Design to Pattern Making 
to Materials/Alloy Selection to Sand Preparation to 
Moulding to Melting to Casting to Fettling and finally to 
Heat-treatment and Quality control and Quality assurance 
processes that involves all the production line in Foundry 
operations.   

Each of these process steps requires the skill and 
dexterity of the supervisors and is energy sapping 
independent operations.  The intrinsic nature of the 
operations, therefore, requires round-the-clock quality 
control and preparation of charge calculations to meet the 
challenging quality demand of production and to finally use 
the SPECTRO Analytical Instrument to determine the 
chemical compositions of ferrous metals (cast products) as 
a confirmation of charge calculations prepared prior to 
melting and casting operations. The Shop with a roofed area 

2 is
of approximate 19,200 m  equipped with machines, tools 
and installations necessary to perform the production of 
Ferrous and Non- Ferrous castings, in order to do these, a 
Pattern Making shop of 460cm³ capacity is attached   to it. 
Sections include, a Sand preparation plant, moulding and 

Core making, casting   and fettling different moulding 
equipment, casting equipment and a Fettling Shop. The 
core equipment of the Shop are as specified below:-
Two Electric Arc Furnaces- 6,000 Kg capacity
One Induction Mixer Furnace-10,000 Kg capacity
 One Induction Melting Furnace- 1,000   Kg capacity
 One Fuel Fired Crucible Furnace-100    Kg capacity

1.1 Basic Capabilities
 The Foundry shop has a melting capacity of 36,000 Tonnes 
of Ferrous and 3,000 Tons of Non-Ferrous metal per 
annum.   Foundry Shop is designed to produce about 7000 
Tons of castings per annum including 3550 Tons of Cast 
Iron, 3260 Tonnes of Steel and 190 Tons of Non-Ferrous 
metal castings. The maximum weight of Steel and Cast Iron 
castings can be 5 Tons and that of Non-ferrous castings 800 
Kg.( Per DPR) .Foundry Shop is equipped with a spectrolab 
for determining the chemical compositions of ferrous 
materials. The Pattern making Shop is designed to 
manufacture patterns for the Foundry. It can produce up to 
460 cu. meters of wooden items. The Foundry is well 
stocked with raw materials for melting like Steel scrap, cast 
iron pigs, assorted Ferro-alloys, etc. Some of the castings 
produced on regular basis for both internal and external 
customers are Jaw Crushers, Grinding media of various 
sizes, Roller Shells, Gear and pulley castings, Non-ferrous 
bushes, etc.
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3.0 Quality Control and Inspection procedure in the 
Foundry Shop
Quality control involves two steps, they inspection and 
process control. The inspection procedure involves 
inspection at different stages and process steps. The 
following inspection procedures are considered 
importantly.   
(a) Raw materials inspection (chemical composition 

of pig iron, crop -ends, foundry returns, blanks of 
various sizes and shapes of sand grains)

(b)Inspection of pattern equipment, core boxes, for 
dimension. Condition of edges, fitting of different parts 
(c)Sand properties –moisture content, gas permeability 
strength etc measured periodically, every four (4) hours 
(d)Mould inspection for dimension, hardness, periodically 
(e)Inspection of cores for hardness, collapsibility and 
dimension
(f)Melt composition and gas content melt if required 
(g)Pouring temperature measured by immersion of 
pyrometer or optical pyrometer 
(h)Testing of metal sample cut from casting or from testing 
casting (for tensile / compressive strength, hardness, impact 
or bend test etc)
(i)Inspection of finished casting for surface finished 
dimension etc.
It is clear from the list that quality control in foundry 
operation involves several  inspection , procedure and 
would require considerable manpower and cost.
The castings dressed are then inspected for acceptance by 
the quality control section. The inspector makes check on 

the products, the sizes of pressure –tightness castings, the 
pressure on internal and external objective (shrinkage 
blow holes, cracks 

Inspection is the application of tests and 
measuring devices to compare products and performance  
, with specified standard ,specified limit of variability and, 
therefore, is acceptable or unacceptable (defective)  
(Ihom, 2003) According to Parker and Trucken miller 
(1979)foundry  inspection and tests are done both as 
controls on the process and as check on the product. 
Inspection always involves evaluating the quality f some 
characteristic in relation to a standard. The inspection of 
casting has the dual purpose of ensuring that the product 
conforms to design rearrangement s and providing 
information needed for quality control in the foundry.

Charge calculations are prepared to determine the 
likely chemical compositions in order to confirm the target 
compositions and the chemical compositions of unknown 
ferrous metals could also be determined. The SPECTRO 
analytical Instrument is used for the determination of 
ferrous metals in the Foundry Shop of the Ajaokuta Steel 
Company Limited The samples of liquid metals are taken 
with a chilled mould sample cup and are allowed to cold. 
Thereafter the samples are prepared for analysis with the 
SPECTRO-Analytical Instrument.   Determination of 
physical and Mechanical Properties of Moulding and 
Core Making mixture in the sand Laboratory of the 
Foundry Shop 
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4.0 Standard and their Commercial Implication
The initial requirement for inspection is the establishment 
of standards reflecting the intentions of the designer, design 
in the broadest sense requires definitions of the product in 
term of physical shape and dimensions, composition and 
properties, and general quality. Inspection is based on 
permissible composition and mechanic properties are 
capable of precise quantitative definition so that numerical 
tolerance limits can be prescribed. In other cases subjective 
judgments are needed.

Many explicit design requirements can be 
conceded in drawings and specifications casting may for 
example, be manufactured to a widely recognized 
specification such as a British standard in conjunction  with 
drawings or pattern provided by the purchaser ,many formal 
specifications are, however, confined  the definition of 
chemical compositions and/or mechanical properties 
,whereas castings require further qualities implicit in the 
capabilities  of the process the maintenance of these 
qualities, for example soundness and surface finish is 
frequently dependent on internal standards instituted by the 
manufacturer. These standards are closely associated with 
commercial policy and may be set at a higher level than 
strictly necessary to meet the formal specification 
.standards must not on the other land beset at an unrealistic 

level in relation to the basic. Capacity  of the particular 
casting process; the economic implication of high standard 
must also be appreciated .unnecessary  tight compositional 
tolerance for example ,may entail additional raw material 
costs or higher rejection rates ,whilst the cost of more 
rigorous inspection procedure must  it set be reflected in the 
selling price o f the casting.
5.0 Principle and Operation of SPECTRO Analytical 
Instrument (Spectrometer).

The SPECTRO analytical instrument is constructed 
in a modular manner. All components are easily accessible, 
making the instrument very easy to maintain and service. 
The side and back panels of the spectrometer are fastened 
with quick-connectors. The spark stand and sample clamp 
are located at the front of the instrument. The rear of the 
instrument includes the main power switch, the power and 
argon connections, switches for instrument accessories, and 
air exhaust vents. The SPECTRO analytical instrument can 
be outfitted with a maximum of 128 analytical channels. The 
actual number of existing channels depends on the optic (s) 
installed in each particular instrument. With side panels off, 
the (ultra violet) UV optic can be seen located in the upper 
part of the instrument and the Air optic are at the bottom. The 
instrument can contain up to three air optics. Each optic has a 
profile adjustment dial for re-profiling.           

The instrument has the following component modules 
which are of primary importance for the instrument 
operation.

(a) The Air optics.
(b) The UV optic (Ultra Violet optics)
(c) The spark stand
(d) The sample source

5.1 Air Optics
The air optics is located in the bottom part of the instrument. 
They are visible when the side wave is opened. The air 
optics is built up according to the paschen-Runge Design. 
Due to the particular SPECTRO manufacturing method no 
further temperature stabilization is necessary between -10 
and+ 30°c. All components of the optics are secured by 

means of special screws, which are not susceptible to 
shocks up to 20g. The diameter of the Rowland circle is 
750mm and permits an efficient and compact build-up. The 
holographic grating can have 1800 to 3600 lines per mm, 
depending on the wavelength range. By means of this an 
average dispersion of 0.37 by 0.78 mm/mm is achieved in 
first order. The usable wavelength range lies between 2120 
and 800mm, provided that an optical quartz fiber is used. 
Short wavelengths are not transmitted through the optical 
fiber, because quartz absorbs short wavelengths. The 
optical system according to the Paschen Runge-Design 
consists of an A-frame, where the entrance slit, the 
granting, exit slit, photomultiplier are positioned. The light 
is transmitted by the optical fiber from the spark stand to the 
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entrance slit. The entrance slit focuses the light onto the 
grating, which retracts the light into its single wavelengths. 
The exit slits on the Rowland circle are positioned in such a 
way that exclusively light of a definite wavelength may pass 
the slit. Behind each exit a photomultiplier is positioned 
which transforms the incoming light into a current. This 
current is proportional to the intensity of the incoming light.
5.2 Ultra Violet Optic
The UV optic is located in the upper part of the instrument 
housing and is connected directly to the spark stand. Its 
construction is similar to that of the air optics. However, in 
order to measure wavelengths below 200mm, for example 
C, P, S, or B, an air-free environment is necessary for this 
reason the UV optic is filled with nitrogen gas. The nitrogen 
is circulated through the optic enclosure and gas filler by a 
membrane pump. This pump is located on the right side of 
the instrument. The gas filler system removes oxygen and 
water vapour from the nitrogen. This contamination may 
have penetrated the system through a leakage or during 
filling the UV-tank. The nitrogen cleaning uses cartridges 
filled with “OXISORB” to remove oxygen and 
“Hydrosorb” to remove water vapour mainly. The closed 
gas system provides a maintenance free atmosphere which 
transmits wavelength down to 120mm, depending on the 
atmosphere used.
5.3 Sample Clamp
The sample clamp is located above the spark stand. It is used 
to position the sample on the spark stand properly and to 
hold down the sample, closing a safety circuit. This circuit 
makes sure that the sample is only sparked provided that it is 
positioned on the spark stand correctly. The sample clamp 
may be adjusted to the height of the sample by means of a 
screw. Loosen the big screw on the sample clamp for that 
and adjust the height. Then fastens the screw again. When 
you start a measurement and the sample clamp is not closed, 
you will receive a corresponding error message. Close the 
sample clamp and conform the message; now start the 
measurement again. The message will also be displayed if 
your sample is coated with a nonconductive layer; e.g. an 
enamel. To carry out the measurement, remove the non-
conductive layer and start the measurement once again. In 
case the circuit is closed for more than 30minutes, the 
control computer starts a check-up routine. This routine 
prevents a further sparking and prompts you to move the 
sample clamp. Confirm this message and actuate the sample 
clamps. Then you may continue to carry out measurements.
5.4 Spark Source
Exciting single atom is necessary to generate the optical 
emission; the analysis of the element contents is based on. 
The energy supplied to the material is high enough to 
vaporize the material and to excite the vapour. The ignition 
of the spark is effected by means of a high voltage, which 
ionizes under low current the distance between sample and 
electrode making it electrically conductive. That's why a 
spark shaped direct current are discharged occurs which 
heats up the sample to generate light emitting metal vapour. 
There are 25 to 600DC-arc discharges per second (25to 
600Hz). The process is described as spark or is shaped, 
depending on the selected current amplitude and discharge 
time. High amplitude and short discharge time characterize 

the spark discharge, small amplitudes and long discharge 
times characterize the arc-shape discharge. The source 
parameters are filled by SPECTRO during manufacture of 
the equipment according to the demands of the customer.  
Spark discharges generally provide a better analytic 
precision on high concentrations; arc-shaped discharges 
improve the detection limits and provide more precise 
results in the trace range. The spectral lines to be measured 
are selected depending on the kind of discharge. Spectral 
lines emitted by ionized atoms are used spark discharges.  
Spectral lines emitted by atoms on normal energy level are 
used for arc-shaped discharges. Contamination of the spark 
stand or argon supply by air, water vapour, or solvents 
affects the electrical spark and can lead to indirect 
–analytical result. The instrument is used as quality control 
measure for the determination of chemical compositions of 
ferrous metal.
6.0 Radiographic and other special techniques 
 Radiographic and other special techniques are particularly 
expensive and should not be formally specified unless 
absolutely necessary .it is important that the   significance 
and cost of these technique be fully appreciated by the 
purchaser whilst of great value to the founder for methods 
develop and for sample chucks on quality during 
productions they should where stipulated for routine 
inspection, be separately quoted and invoiced where ever 
possible.
7.0 Materials and product testing procedures
Routine casting inspection normally involves geometric 
checking shape and dimensions, representative chemical 
analysis and mechanical properties are also often available. 
These measures are increasingly supplemented to various 
form of non-destructive testing hydraulic   testing and 
proof trading .since all such measures add to the cost of the 
product the first consideration must be to determine the 
amount of inspection needed to maintain adequate control 
over quality. In some case thus may require full 
examination of each individual casting but in other cases 
sampling procedures may suffice.
Whilst it is customary to perform at least a limited usual 
inspection on all casting ,detailed inspection maybe 
confined to critical points at which variation are likely to 
occur .it is in this respect that a full understanding of the 
foundry method on the part of the inspector can eliminate 
unnecessary routine. Certain cast dimensions are liable to 
vary only within narrow limits. Similarly detailed 
understanding of the service function of a casting clarified 
the relative importance of its dimensions and the 
significance of defects in different zones. The inspection 
procedure must therefore be adjusted to suit the particular 
circumstance surrounding each type of casting. if sampling 
is used it must be appreciated  that there can be no absolute 
assurance  freedom from defects in an individual case, so 
that complete coverage is needed in critical applications 
where no further sorting  will occur. In these cases where 
inspection is to be limited to certain features or to a 
proportion of total production ,full inspection maybe 
carried out on preliminary samples and during the early 
stages of production during  and may be resumed if trouble 
is en during later production runs
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An important element in inspection and quality control 
concerns the identity of the casting examined .whilst may 
casting are manufactured with no attempt at prolonged 
identification a distinguishing mark of origin on each 
casting is a valuable aid to the maintenance of quality 
records. Abbreviated cast and serial numbers can be 
stamped at early stages on all save the smallest casting; the 
marking can often be retained throughout the life of the 
casting to provide permanent reference to its production 
and inspection, history metal stamping must be applied 
with desertion in view of the frequent incidence of factitive 
failure initiated at such stamps. It is essential to position 
then away from highly stressed region (Beeley 1982).
8.0 Shape and dimension

Visual inspection of each casting ensures that 
name of its features has been omitted or malformed by 
invaliding errors, short running or mistakes in fettling 
serious surface defect and roughness can be observed at 
these stages. Dimensional examination is then carried out 
against the drawings aided by jigs and template; tolerances 
on the cast dimension are normally invaded on the drawing. 
in some cases this operation can be combined with making 
out particular care is in respect of dimensions  
incorporating datum surfaces. Errors involving these 
surfaces can produce consequential errors or inadequate 
machining cuts elsewhere on the casting .in cases where the 
weight of the components is critical a specific weight check 
may be this may also be required for casting purpose 
(Beeley 1982).

Where dimensional errors are detected in relation 
to general drawing tolerance  their true significance must 
be determined .a particular dimension may be of vital 
importance but may on the other hand have been 
fortuitously  included in blanket tolerance needed 
primarily elsewhere. A recommendation of the 
international organization for standardization stresses the 
desirability of stating functional dimensions on drawing so 
that tolerances are not restricted unnecessary.
9.0 Inspection 
This include x-ray examination, pressure testing and visual 
inspection, other  are magnetic particles inspection and 
ultrasonic examination x-ray examination may be used to 
reveal below holes sand sport and inclusion  internal 
shrinkage  hot tears cracks and internal chills. Any 
discontinuities  within the metal affects the intensity of the 
radiation reaching the x-ray film and produce variation in 
the density of the photographic image (AMS,1964) for 
example are registered as darker areas on the film while  
heavy inclusion show up as light (peter B 2001)..
10.0 Pressure testing 
Pressure testing is required of all casting which must be 
leak proof or pressure tight. The cost is usually made by 
sealing the internal part is special fixture after which air or 
liquid pressure is applied. Leaks are revealed by either in 
the entire assembly into a water tank or by applying a water 
soap solution to the exterior .in either case tank will be 
revealed by bubbles appreciating on the surface of the 
casting.
11.0 Visual examination
 Visual examination is simple inspection of the external 
surface of the casting by eye. The more obvious surface 

imperfection  are revealed by this inspection dimensional 
inspection using measuring instrument and inspection 
fixture may be part of the visual inspection. Taking a close 
look at the casting in plate a) and (b) below if by error, one 
interchanges the use of rise to that of boss surface 
imperfection will be seen on both casting .this is just one in 
thousand of daily imperfection generated in metallurgical 
plant industries.
12.0 Magnetic particles inspection

The dry power technique of magnetic particle inspection 
is more widely used in the steel foundry that the wet 
technique although the wet technique is sometimes preferred 
for castings that require inspection relating to the casting 
surface (AMS1964)
13.0 Ultra sonic testing

 Ultrasonic testing is useful because of its ability to 
reveal the location of a discontinuity once its presence has 
been indicated. This method of testing is a valuable adjunct 
to radiography because the depth of a discontinuity in a thick 
section usually cannot be determined by radiography. It is 
useful for ensuring  casting  wall thickness and for 
inspecting casting that are two thick for inspection by 
radiography techniques (kurdumov AV pikunovmv and 
chursir V.M1986).
14.0 Surface quality and finish
Quantitative standard are seldom adopted for the surface 
finish f castings which are normally judged from visual 
examination alone. Numerical standards only however, be 
specified if required .the simplest evaluation is by visual 
comparison with a series of standard surface; these may be 
arbitrarily ground or may themselves have been 
quantitatively assessed by other means. Alternatives, a stylus 
measuring instrument may be useful to obtain representation 
of surface profiles. Such instruments are usually only 
suitable, however for distinguishing between relatively 
smooth surfaces such as these obtained in precision casting 
processes. They produce graphical representation of the 
profile or an integrated numerical value deprival from the 
total vertical movement of the stylus relative to a datum 
during a fixed length of traverse
Conclusion

In order to carry out all the necessary operation on post 
casting product care needs to be exercised that material are 
properly chemical before charging them into the furnace .the 
importance of inspection of castings cannot be over 
emphasized in the casting process in foundry operation 
.castings are inspection thoroughly to fine the presence of 
internal flaws is well as external details .Various method of 
inspecting casting have been discussed. The paper has 
clearly posited that inspection of casting has the dual 
purpose of ensuring that the product conforms to design 
requirement and providing information needed for quality 
control in the foundry. The inspection process is made up of 
visual inspection and instrumental inspection.

Castings may, for convenience, be grouped into three 
classes of quality:

“Perfect” Castings such as those required for highly 
stressed structural parts for military and civilian aircraft or 
for high pressure or high temperature service. These castings 
require 100% X-ray examinations. . Moderately stressed 
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castings subject to low pressure service or to normal fatigue 
or impart stresses where failure would not involve loss of 
life or serious work stoppage. These castings would be 
initially produced under X-ray inspection control but after 
standards had been established and production begun 
would require only periodic X-ray inspection checking.  
Normal commercial castings for low – stress, non-
structural applications. These castings do not require X-ray 
inspection, but are satisfactory if they meet visual 
inspection standards and are adequate for subsequent 
machining or processing operations. Some general 
methods of casting inspection in common use are: (a) X-ray 
examination (b) Pressure testing. (c ) Visual examination . 
The best treatment, however, for reducing defects, is good 
casting design, proper metal selection, melting and 
handling and well applied foundry practices.
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Abstract
Four classes of gray cast iron containing various amount of copper (0%-1.1%) were developed and 

investigated. The section thickness varied from 10-75mm. Sand mould casting was equally adopted. The 

chemical composition, mechanical properties, graphite flake measurements and microstructural 

characterisation of each section of the casting were carried out with the aids of optical emission spectrometer, 

mechanical testing equipment and scanning electron microscope. The results of microstructural examination 

revealed that the morphology of the graphite flakes changes from fine and small flakes to coarse and long as the 

section thickness increases. The 0.8% Cu alloyed gray cast iron with section thickness of 10mm produced the 
2

lowest impact strength of 76.96 kJ/m . It was also discovered from microstructural characterisation that the 

smallest graphite flake size of 64.32µm tallied with this section thickness. However, the 1.1% Cu alloyed gray 
2iron with 75mm section thickness had the highest impact strength of 107.13 kJ/m . This also supported the 

largest graphite flake size of 105.68µm. The research showed that the developed Fe-1.1% Cu alloy with 75mm 

section thickness is an excellent material which can be used in vibration damping applications.

Keywords: Cast Iron, Graphite Flakes, Pearlite, Toughness, Section Thickness

1. Introduction

Gray cast iron (GCI) is part of a group of materials that 

can be produced for having a wide-range of properties 

through controlled microstructure. The as-cast matrix 

microstructure of gray cast irons is often entirely 

pearlitic, with graphite lamellas finely distributed in the 

matrix (Pevec et al., 2014).

Graphite flakes, which are formed during the 

sol idification process, basical ly control the 

mechanical properties of the gray cast iron. The 

amount of graphite and size, morphology and 

distribution of graphite lamellas are critical in 

determining the mechanical behaviour (Collini et al., 

2008).

Davis (1996) reported that alloying elements can be 

added in common cast iron to enhance some 

mechanical properties. They influence both the 

graphitization potential and the structure and 

properties of the matrix. Al, C, Si and Ti increase the 

graphit ization potential during the eutectic 

transformation while Ni and Cu decrease it during the 

eutectoid transformation, thus raising the pearlite-

ferrite ratio. Increasing the amount of pearlite raises 

the strength and hardness of the cast iron. 

Many attempts were made to understand and predict 

the behaviours of cast irons that include the study of 

graphite morphology and solidification behaviour, the 

response of matrix structure to heat treatment, the 
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correlation between the structure and mechanical 

properties, the methods of inoculation and possible 

areas of application.

Pluphrach (2010) studied the effect of solidification on 

graphite flakes microstructure and mechanical 

properties of an ASTM A-48 gray cast iron. He 

concluded that the mechanical properties of structural 

ASTM A-48 gray cast iron materials strongly depend 

on their microstructure; reduced graphite content 

increases the tensile strength. Uchimoto et al. (2010) 

investigated the feasibility of characterizing the shape 

and size of graphite in flake graphite cast iron based 

on electromagnetic non-destructive methods. Both 

the conductivity and the relative permeability were 

found to mainly depend on the shape and size of 

graphite. Moonesan et al. (2012) investigated the 

effect of some alloying elements on the thermal shock 

resistance of low alloyed gray cast iron. The results 

showed that the thermal shock resistance of the gray 

cast iron, containing 0.8% Mo, 0.2% Cr and 0.08% Sn 

of alloying elements was enormously increased in 

comparison with unalloyed gray cast irons. Adedayo 

(2013) investigated the characteristic effects of 

graphite flake sizes on some mechanical properties of 

gray cast iron. Six mould materials with heat storage 
-2 -1 -1/2capacities ranging from 1.52 kJ.m .K .s  to 2.16 

-2 -1 -1/2kJ.m .K .s  were prepared and used to cast some 

gray cast iron samples. The results showed that the 

properties increased with the heat storage capacity of 

the mould. Sahu et al. (2014) examined the effect of 

section thickness on microstructure of gray cast iron. It 

was found in this study that size of the graphite flake 

changes with the change in cooling rate. Agunsoye et 

al. (2014) investigated the effect of copper addition on 

the mechanical and wear properties of gray cast iron. 

The results revealed that the presence of copper in the 

melt of gray cast iron inhibited the formation of 

cementite and increased the impact strength of the 

gray cast iron.

Gray cast iron has become a popular cast metal 

material which is widely applied in modern industrial 

manufacturing because of its good castability, wear 

resistance, machinability, low melting point, high 

damping capacity, and low cost. Industrial castings 

practice can influence nucleation and growth of 

graphite flakes, so that type and size increase the 

desired properties. Thus, it is important to control the 

flake graphite morphology that has a direct influence 

on the properties of gray cast iron (Pluphrach, 2010).

Since the shape and size of the graphite flakes in gray 

cast iron are responsible for its mechanical properties, 

it was the purpose of this study to investigate the best 

composition of alloying element such as copper that 

will enhance the toughness of the gray cast iron, 

hence, improving its vibration damping capacity.

2. Materials and Methods

2.1 Materials

The materials used in this research work include; Low 

carbon steel scraps, graphite electrode, ferro-silicon 

alloy, copper wires, silicon sand, water, bentonite, 

grinding and polishing papers. The chemical 

composition of the low carbon steel is shown in table 

1. 

The equipment used include; Lathe machine, power 

saw, electric induction furnace, polishing machine, 

optical microscope, impact testing machine, 

scanning electron microscope and an optical 

emission spectrometer.

Table 1: Chemical composition of low carbon 

steel

Element C Mn Si P S Mo Fe 

Content% 0.20 0.40 0.15 0.035 0.040 0.02 99.15 

 

2.2 Methods

Four sand moulds were prepared from a mixture of 

dried fresh silica sand, bentonite and water using the 

wooden pattern made with varying section thickness 

of 10mm, 25mm and 75mm. The moulds were labelled 

A, B, C, and D. The melt charge consisting of low 

carbon steel scraps and graphite electrode was 

melted in a 600kg commercial electro-induction 

foundry furnace. The molten metal was tapped at a 

temperature of 1300ºC into a 60kg ladle. The inoculant 

(ferro-silicon) was then added directly in the stream 

while pouring the melt into the ladle to ensure proper 

mixing.

The formula in equation 2.1 was used to determine the 

amount of alloying element to be added in line with the 

work done by Ziółkowskia et al. (2007) and Soiński et 

al. (2009).

                                                             ....2.1

The first batch of the melt that corresponds to gray 

cast iron without the addition of copper (control 

sample) was poured into the step sand mould with 

varying section thickness of 10mm, 25mm and 75mm 

labelled A. Then 0.5% copper was added to the molten 

gray cast iron in the ladle and thoroughly stirred with 

steel rod. The alloy mixture was then poured into the 

step sand mould labelled B. This procedure was 

repeated twice in order to produce the copper alloyed 
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Figure 1: Impact test specimen

gray cast iron varied at 0.8% Cu and 1.1% Cu labelled C 

and D respectively. 

All the melts were allowed to cool to room temperature 

while in the mould, after which the castings were 

removed and prepared for machining. The chemical 

analysis of the gray cast iron produced with and 

without the addition of copper as obtained by using the 

optical emission spectrometer (OES) is presented in 

table 2.

Elements C Si Mn P S Cr Cu Ti Co V Fe C.E 

Heat 1% 3.69 1.06 0.20 0.04 0.02 0.08 0.02 0.01 0.01 0.01 94.86 4.04 

Heat 2% 3.83 1.46 0.22 0.03 0.02 0.07 0.55 0.01 0.01 0.01 93.79 4.32 

Heat 3% 3.88 1.37 0.22 0.04 0.02 0.08 0.70 0.01 0.01 0.01 93.65 4.34 

Heat 4% 3.56 1.53 0.22 0.03 0.02 0.07 1.15 0.01 0.02 0.01 93.68 4.07 

 
The carbon equivalent (C.E) was calculated using the 

relationship in equation 2.2 to determine how close 

the gray cast irons are to the eutectic composition of 

4.3%.

C.E= %C + 1/3%Si                                      2.2                                      

Heat 1 and Heat 4 having C.E of 4.04% and 4.07% 

respectively are hypoeutectic gray cast iron alloys. 

Whereas, Heat 2 and Heat 3 having C.E of 4.32% and 

4.34% respectively are hypereutectic alloys.

2.2.1 Microstructural examinations and graphite 

flake measurement

Specimens (unalloyed and copper alloyed) from each 

of the section thickness were prepared for 

microscopic examination and graphite flake 

measurement. The specimens were ground on a 

water lubricated silicon carbide abrasive papers of 

180, 240, 320, 400 and 600 grit sizes. Polishing was 

carried out on 15cm rotating discs of a METASERV 

universal polishing machine with synthetic velvet 

polishing clothes impregnated with 1 µm Alumina 

paste. The specimens were then etched with 2% Nital 

solution using the swabbing method with cotton wool 

soaked in the etchant and then rinsed with water.

A Phenom Pro X model scanning electron microscope 

with an accelerating voltage of 10KV and BSD full 

mapping was used to analyse and calculate the 

graphite flake length of each specimen. An average of 

the longest flakes was recorded as the maximum flake 

length while an average of the shortest flakes was 

recorded as the minimum flake length in all the gray 

cast iron specimens. The graphite morphology was 

rated for the graphite size class and graphite type in 

accordance with the ASTM A247 standard. 

2.2.2 Impact test

The impact test samples were machined to standard 

dimensions as specified in ASTM A370. The test 

method adopted was ASTM E23. The samples were 

machined to 8 mm diameter and 45 mm length with a 1 

mm deep V-notch (Figure 1). The test specimen was 

gripped vertically in a vice, then the trigger was 

released and the registering pointer of the quadrant 

scale indicated the energy absorbed in Joules to 

break the specimen. The energy absorbed in breaking 

the sample was recorded and the same was repeated 

for all the test pieces.

3. Results and Discussion

Plate 1 shows the as-cast unalloyed (labelled A) and 

copper alloyed gray cast iron (labelled B, C and D) 

castings with varied section thickness of 10mm, 

25mm and 75mm. It was observed that the castings 

are in good condition.

Figure 2: Variation of graphite flake length with percentage 

addition of copper in the gray cast iron with varying section thickness

3.1 Graphite Flake Length

Table 2: Chemical composition of unalloyed and copper alloyed gray cast iron
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The effect of copper content on the length of graphite 

flakes in the gray cast iron with varying section 

thickness is shown in Figure 2. In the specimens 

without copper addition; the smaller the section 

thickness, the shorter the graphite flakes due to the 

fast cooling rate. As the section thickness increases, 

longer graphite flakes tend to form due to longer 

solidification time. This is in agreement with the 

findings of earlier researches carried out by Kumar 

and Kumar (2013), and Sahu et al. (2014). Average 

graphite flake lengths of 81.35µm, 92.7µm and 

103.51µm were determined in the 10mm, 25mm and 

75mm sections respectively.

When 0.5% copper was added to the melt, graphite 

flake lengths of 64.86µm, 87.57µm and 94.05µm 

were recorded for the 10mm, 25mm and 75mm 

sections respectively. The gray cast iron containing 

0.8% copper has graphite flake lengths of 64.32µm, 

78.65µm, and 84.32µm for the 10mm, 25mm and 

75mm section thickness respectively. On further 

addition of copper to 1.1%, graphite flake lengths 

recorded for the 10mm, 25mm and 75mm are 

85.95µm, 95.14µm and 105.68µm respectively. The 

trend suggests that addition of copper up to 0.8% 

impedes the growth of the graphite flakes as a result 

of strengthening of the hard pearlite structure in the 

matrix. However, when the copper content was 

increased to 1.1%, the formation of softer ferrite 

structure is favoured, resulting in the development of 

longer graphite flakes.

3.2 Impact Strength

Figure 3: Variation of impact strength with percentage 

copper addition in the gray cast iron with varying section 

thickness.

Figure 3 shows the variation of impact strength with 

percentage copper addition in the gray cast iron with 

varying section thickness. The results reveal that the 

impact strength increases as the section thickness 

increases. This is attributed to the fact that the 

average graphite flake length increases from 

74.12µm in the 10mm specimens to 88.52µm in the 

25mm specimens and to 96.89µm in the 75mm 

specimens. The highest impact strength (107.13 
2kJ/m ) absorbed before fracture was obtained from 

the 1.1% Cu alloyed gray cast iron with 75mm section 

thickness, while the least impact strength of 76.96 
2 kJ/m was obtained from the 0.8% Cu alloyed gray 

iron with 10mm section thickness. It is clear from the 

trend, that long and coarse graphite flakes absorb 

more energy than fine and short flakes, thereby 

having higher vibration damping capacity. This 

agrees with the findings established by Agunsoye et 

al. (2014).

The addition of copper up to 0.8% decreases the 

impact strength in all the specimens, beyond which it 

starts to increase up to 1.1% addition of copper. In the 

10mm specimens, the impact strength decreased 
2

from 85.90 kJ/m  (the unalloyed gray iron with 
2

81.35µm graphite flake length) to 80.79 kJ/m  (the 

0.5% Cu gray cast iron with 64.86µm graphite flake 

length). When the copper content was increased to 

0.8%, the impact strength and graphite flake length 
2decreased to 76.96 KJ/m  and 64.32µm respectively. 

However, with further addition of copper to 1.1%, the 

impact strength and graphite flake length increased 
2to 89.65 KJ/m  and 85.95µm respectively. The same 

behaviour was observed in the 25mm and 75mm 

gray cast iron specimens. This trend showing the 

gradual decrease of impact strength as the copper 

content increases to 0.8% is as a result of formation 

of a refined pearlite structure. However, the 

enhancement of the impact strength when 1.1% Cu is 

added is due to higher proportion of the tougher, 

more ductile and soft ferrite structure. This is in line 

with the work done by Agunsoye et al. (2014). In their 

study, the impact strength of gray cast iron was 

improved by the addition of copper within 1% to 4% 

range.

3.3 Microstructures

The micrographs obtained with the aid of scanning 

electron microscope (SEM) were used to explain the 

microstructural properties of the gray cast iron 

specimens instead of the optical micrographs 

because the SEM micrographs are sharper, clearer 

and more accurate dimensions of the measurements 

of graphite flake lengths were obtained. Plates 2 to 4 

show the micrographs of the as-cast and copper 

alloyed gray cast iron with varying section thickness 

of 10mm, 25mm, and 75mm.
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Plate 2.: SEM micrographs of the gray cast iron with 10mm 

section thickness. (a) 0% Cu; structure shows fine and long 

type A graphite flakes in a ferrite matrix. (b) 0.5% Cu; fine 

and short hypereutectic type C (kish graphite) flakes in 

ferrite-pearlite matrix. (c) 0.8% Cu; structure shows long 

graphite flakes in the ferrite-pearlite matrix. (d) 1.1% Cu; 

structure reveals type B (rosette graphite) flakes in the 

ferrite matrix.  2% Nital etched (x1000).

Plate 2 shows the SEM microstructure of the 10mm 

section thickness gray cast irons with varied copper 

content. Plate 2(a) shows that the graphite flakes are 

fine and long, which are uniformly distributed with 

random orientation in the ferrite matrix, thus they are 

categorised as type A flakes. Plate 2(b) shows the 

structure of gray cast iron with 0.5% Cu addition; the 

hypereutectic type C graphite flakes are observed to 

be fine and short in a ferrite-pearlite matrix. Plate 2(c) 

shows the microstructure of gray iron with 0.8% Cu. 

The structure shows a uniform distribution of thicker 

graphite flakes in the ferrite-pearlite matrix. Plate 2(d) 

shows the microstructure of gray iron with 1.1% Cu. 

This structure reveals few large graphite flakes 

enveloped in uniformly distributed rosette graphite 

flakes (type B). The observed structures are 

consistent with the previous works of Taslicukur et al. 

(2012) and Sahu et al. (2014).

It was observed that the presence of copper 

decreases the growth and nucleation rate of the 

graphite flakes when added up to 0.8% but increases 

their growth and nucleation rate when increased to 

1.1%. It was also observed that the addition of copper 

at 0.5% and 0.8% promotes the formation of pearlite 

(which accounts for the low toughness obtained in the 

samples) while ferrite formation is favoured when 

copper is added up to 1.1% (which accounts for the 

high toughness obtained in the samples). This 

ferritizing effect of copper, observed in the present 

research is in agreement with the work done by Zou 

and Nakea (2014).

Plate 3.: SEM micrographs of 25mm thick gray cast iron 

specimens. (a) 0% Cu; structure shows large and coarse 

flakes with branches in the ferrite matrix (b) 0.5% Cu; 

structure shows coarse worm-like flakesin the ferrite-

pearlite matrix. (c) 0.8% Cu; structure reveals hypereutectic 

coarse flakes in the matrix. (d) 1.1% Cu; structure shows 

hypoeutectic longer flakes in the ferrite matrix.  2% Nital 

etched (x1000).

The microstructural formation of the 25mm section 

thickness gray cast iron castings in Plate 3 revealed 

larger graphite flakes in all the specimens as a result of 

a decrease in the solidification rate. This strongly 

agrees with was reported by Sahu et al. (2014), that 

slow cooling (a function of large section thickness) 

results in the formation of large/coarse graphite flakes. 

In the samples with copper, the flake length and 

thickness decreased with increasing copper content to 

0.5% Plate 3(b) and from 0.5% to 0.8% Plate 3(c) as a 

result of pearlite phase enhancement and refinement 

by copper, which in turn increases the ferrite-pearlite 

ratio. However, as copper content increases from 

0.8% to 1.1% Plate 3(d), the graphite flake length and 

thickness increase. This is attributed to the formation 

of more ferrite phases in the matrix. These results, as 

in the thinner sections (10mm) show that the graphite 

flake size in the structural matrix clearly explains the 

trend in the mechanical behaviour of the specimens.
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Plate 4: SEM micrographs of 75mm thick gray cast iron 
specimens. (a) 0% Cu; structure shows non-uniform 
coarse flakes in the matrix structure. (b) 0.5% Cu; 
structure shows coarse worm-like flakes in the matrix. (a) 
0.8% Cu; structure shows hypereutectic type C graphite 
structure with random orientation in the ferrite-pearlite 
matrix. (b) 1.1% Cu; the structure reveals unique features 
of coarse graphite flakes uniformly distributed in the 
matrix.2% Nital etched (x1000).

While examining the 75mm section thickness gray 

cast iron specimens in Plates 4, it was observed that 

the graphite flakes in these specimens are much larger 

and have a greater variation in size than those of the 

specimens observed in the previous microstructures 

from the thinner samples due to longer solidification 

period. This is similar to the established findings of 

Sahu et al. (2014). 

Plate 4(a) shows the microstructure of the specimen 

without copper. It was observed to have non-uniform 

coarse graphite flakes and fewer graphite flakes. Plate 

4(b) shows the structure of the specimen with 0.5% Cu 

having coarse worm-like graphite flakes. When 0.8% 

Cu was added, the graphite flake morphology changed 

to a hypereutectic type C graphite structure with 

random orientation in the ferrite-pearlite matrix as 

shown in Plate 4(c).  Plate 4(d) shows the 

microstructure of 1.1% Cu alloyed gray cast iron. The 

structure reveals unique features of coarse graphite 

flakes uniformly distributed in the matrix. The different 

morphologies of the flakes in each specimen account 

for the different impact strength exhibited by the 

specimens. 

4. Conclusions

The effect of copper and section thickness on the 

morphology of graphite flakes in gray cast iron has 

been investigated using microstructural analysis and 

impact strength tests. Based on the results 

obtained, the following conclusions were drawn;

Ø The addition of copper up to 0.8% led to a 

decrease in the graphite flake length but 

increased the graphite flake length when 

added up to 1.1% in all the section 

thickness.

Ø The addition of copper up to 0.8% 

enhanced the pearlite phase thereby 

decreasing the toughness of the gray cast 

iron.

Ø The addition of copper up to 1.1% in the 

gray cast iron increased the ferrite fraction 

in the matrix, thereby improving the 

toughness of the gray cast iron.

Ø Fine and short graphite flakes were 

observed in the gray cast iron with 10mm 

section thickness while the gray cast iron 

with 25mm and 75mm sectionthickness 

contain large and extra-large graphite 

flakes respectively.

Ø Fine and short graphite flakes decrease the 

toughness while coarse and long graphite 

flakes improve it.

Ø Base on the mechanical properties 

obtained, the developed Fe-1.1% Cu alloy 

with 75mm section thickness is an 

excellent material which can be used in 

vibration damping applications.
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Abstract
Metallic aluminium with lightweight, strong, nonmagnetic, and nontoxic properties make it useful in a 
wide range of applications. Re-utilisation of EAFD as a strengthening material in the aluminium matrix 
will solve the environmental problem of waste disposal and increase the applicability of aluminium 
2039 scrap for fabrication of engineering components. Study on the corrosion and mechanical 
properties of aluminium 2039 scraps reinforced with electrical arc furnace dust (EAFD) particles was 
carried out. EAFD particle was sieved using the 400µ mesh from which 5-30wt% was added to 
aluminium 2039 scrap melt in a sand mould. The cast samples were homogenised and aged cooled in 
the still air. Tensile strength, hardness, and fracture toughness tests were determined on the entire 
samples done. The anodic behaviour (corrosion) of the produced composites was investigated in 
NaCl environment with the use of potentiostat. Potentiodynamic polarisation measurements were 
taken and compared the result with a ferrous metal in the same environment. Further metallurgical 
analyses to examine the structure of the composites were done. Maximum ultimate tensile strength 
value 86MPa was obtained at 25wt% of EAFD addition and maximum elongation of 49 mm at 30 wt. % 
EAFD.  It is observed that the corrosion current density was intense for the aluminium reinforced  
composite at 20wt. % EAFD addition that indicates that the reinforced composite is more anodic in 
NaCl solution. Results showed that microstructure and mechanical properties for 10wt % of EAFD 
particle addition have fairly distributed reinforcement particles. The addition of EAFD restricts passive 
film formation of aluminium. Aluminium 2039 scraps could be used along with EAFD for the fabrication 
of engineering components where more anodic behaviour is desirable without impairing the 
mechanical properties.
Keywords: Furnace dust, aluminium, anodic, potentiodynamic, tensile strength.

1. Introduction

The disposal of solid wastes material has 
required the responsibility of the concerned body 
to provide a solution to the problem of 
environmental degradation. Electrical Arc 
Furnace (EAF) dust has being listed as 
hazardous waste and constitutes one of the 
major problems of electric steel plant producing 
steel (De-Arajo & Schalch, 2014; Ruiz et al., 

2007; Bakkar 2014). Conservation and protection 
of our environment in a changing world are very 
important. In a bid to conserve and protect the 
environment many important metals have been 
recovered; steel, aluminium, copper, and brass 
(Kirschen et al., 2011; Bacinschi et al., 2011; 
Vieira et al., 2013; Havlík et al., 2006). Recycling 
due to exhausting the ore of the metals has to be 
the order of the day.
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Metallic aluminium has properties that make it 
useful in a wide range of applications; lightweight, 
durable, non-magnetic, and nontoxic (Polmear, 
2006; Ajibola et al., 2014). It conducts heat and 
electricity and reflects heat and light. It is strong 
but easily workable, and it retains its strength 
under extreme cold without becoming brittle. The 
surface of aluminium quickly oxidises to form an 
invisible barrier to corrosion, although this limits 
its functions as anode material (Dan et al., 2010; 
Otunniyi & Oloruntoba, 2012). 
Furthermore, aluminium can easi ly and 
economically be recycled into new products from 
aluminium scrap. Aluminium 2039 series alloys 
are commonly used as structural materials in 
engineering applications due to its specific high 
strength and low density. 
These alloys are used in applications requiring 
lightweight materials, such as aerospace and 
automobiles. Aluminium alloys are preferred 
engineering materials in automobile and aviation 
industr ies for various high-performance 
components. That is due to lower strength to 
weight ratio and excellent thermal conductivity of 
these alloys. Aluminium alloys reinforced with 
ceramic particles exhibit superior mechanical 
properties over unreinforced aluminium alloys 
(Barsoum, 2003; Callister, 2009; Mittemeijer, 
2011; Moran and Shapiro, 2006; Morkoç and 
Özgür, 2009).  The EAFD is generated during 
melting of scrap in an electric arc furnace. It is 
col lected by bag fil ters or electrostat ic 
precipitators, and adequately characterize by 
some researchers using various techniques in 
combination to determine the phases present, 
and in particular ZnFe O  and ZnO (Shawabkeh, 2 4

2010; Nikolić et al., 2013; Sofilić et al., 2004; 
Vieira et al., 2013). Through diffraction of X-rays, 
techniques and samples to various EAF dust 
show that the primary constituent is franklinite 
(zinc ferrite spinel ZnFe O ), followed by calcium 2 4

ferrite (spinel CaFe O ) and magnetite (Fe O ), 2 4 3 4

which is, the strong presence of iron oxides and 
zinc (Adeosun et al., 2012; Ayoola et al., 2012). 
The particle size distribution investigated as 
reinforcement for the mechanical properties of 
6063 aluminium alloy is 60% of a heterogeneous 
mixture of 0.90μm and 4.30μm and mean 
diameter of 1.88μm furnace dust (Adeosun et al., 
2012; Ayoola et al., 2012) The 2xxx series .  
containing Cu, Mn, and Mg as main alloying 
elements was used for this work, in which the 
additive particulate of EAFD is embedded as 

reinforcement.
The purpose of this research, therefore, is to 
experimentally investigate the effect of the 
addition of the EAFD on the anodic and 
mechanical properties of aluminium 2039 scrap. 
Also for the reutilisation of aluminium 2039 scraps 
product as well as a way to dispose of furnace 
dust waste to conserve metallic materials as 
resources. Therefore, the functional processes 
carried out by this project involve the addition of  
EAFD into the matrix of melt aluminium scrap for 
anodic  and mechanica l  advantages of 
engineering materials, production of new 
competitive composite materials, and ensuring 
environmental compliance in the disposal of 
EAFD. The research aimed at enhancing good 
option of re-melting of aluminium 2039 scraps 
with the addition of EAFD to make a contribution 
to the knowledge of composite material 
production.
2.  MATERIALS AND METHOD 
2.1 Materials 
The materials that were used to carry out the 
project include scraps of Aluminium 2039 series 
and electric arc furnace dust shown in plate 1 and 
2 respectively. The EAFD was air dried for ten 
days and pulverised. The aluminium was melted 

o
in a diesel fired furnace at 800 C. 
2.2 Mould and sample preparation
A cylindrical metal pattern of 15 mm by 120 mm 
was used to form a cavity in the sand mould. 
Sieve number 400µ was used to aggregate EAFD 
after pulverisation. The weight calculations were 
done for the various addition of 0 wt% to 30 wt % 
at 5 wt% addition to the previous weight of EAFD 
mixed with aluminium 2039 matrix to cast the rod 
as the composite.
The melted aluminium is mixed with EAFD dust in 
proportions of 0, 5, 10, 15, 20, 25, 30 wt. % and 
obtains the batches of the composite cast 
samples.  The mixing was done when the molten 
metal in the crucible is removed from the furnace 
and manual stirring using an iron bar was 
adopted. The molten composite was discharged 
into the sand mould cavity, allowed to solidify and 
then removed it for fettling.  The cast was aged at 
room temperature for twenty days.  
2.3 Mechanical Testing of the cast composite
The cast samples produced were machined to 
ASTM specification for tensile strength. The 
specimen for tensile strength was a machine to 
the diameter of 5 mm and 30 mm length, while 
the fracture toughness specimen was notched, 
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and the hardness specimen was also prepared. 
Seven samples were also prepared for 
microstructural examination. 
Mechanical tests such as tensile, and hardness 
were conducted according to ASTM standards. In 
the present study, the tensile test was conducted 
using a standard 40-ton capacity Introns universal 

testing machine of model UTES-40. The test was 
carried out in accordance with ASTM A370 
standards at ambient temperature.  Hardness 
test specimen was prepared from a 12 cm X 12 
cm cylindrical test piece. The sample specimen 
was indented with 5 mm diameter hardened 
diamond cone of INDENTEC machine subjected 
to a load of 100N applied for 10 seconds. 

2.4 Metallographic examination of EAFD-

Aluminium matrix composites

Metallographic examination was carried out on each 

sample specimen after the surfaces were ground 

using grinding machine, polished using a mixture of 

alumina, and etched in a solution containing 1 gram of 

sodium hydroxide in 100 mL of water for 30 seconds. 

The prepared sample specimen surfaces was dried in 

still air and the morphology of the samples specimen 

were then examined with a digital metallurgical 

microscope at 200X magnification.

2.5 Corrosion test of the EAFD-aluminium matrix 

composites

Corrosion test was conducted using potentiodynamic 

polarization electrochemical methods in accordance 

with ASTM G5-94standard. Specimen for corrosion 

tests was fabricated with dimensions 1.5 cm × 1.5 cm 

× 0.2 cm in line with the ASTM specifications. The 

prepared sample of area 1.5 cm × 1.5 cm was fixed in 

a holder with the addition of epoxy and hardener. The 

reference electrode was set about 1 mm apart from 

the surface of the specimen to be tested. The 
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reference electrode used for this investigation was 

Ag/Ag Cl. The auxiliary electrode utilised in the 

electrochemical cell was the platinum type. The 

sample holder together with the reference and 

auxiliary electrode were suspended in their respective 

positions in the electrochemical cell. The cell used 

was made of glass. Constant potentials anodic or 

catholic are imposed on the specimen using the 

potentiostat (Mlab200 of Bank Eleck .Germany). This 

potentiostat is capable of inducing constant potentials 

ranging from (–1 to + 1V) the potentials of the standard 

reference electrode. The potential difference between 

the working and reference electrodes and current in 

the working electrode circuit is automatically 

recorded. The results were recorded and plotted using 

Windows plotter.  The corrosive environment is 3.5% 

NaCl solution, assuming the seawater concentration.

2.6 SEM/EDS and XRD analyses of the EAFD-

aluminium matrix composites

The samples were prepared for microstructural, 

SEM/EDS and XRD analyses by grinding and 

polishing with abrasive papers of different grades to 

make the surface smooth and mirror like. 

 The prepared composite specimens were examined 

using optical metallurgical microscope under 50X, 

100X, and 200 X magnifications. 

3. Results and discussion

3.1 Hardness test result

 Figure 1 shows the Rockwell hardness values of the 

aluminium-EAFD composites. Rockwell hardness 

number is plotted against the percentage addition of 

EAF steel dust to the aluminium 2039 series.

Figure 1: Rockwell hardness value against varying 

EAFD wt. % addition to aluminium 2039 matrix

The cast sample of 0 wt% EAFD addition (the control 

sample) shows maximum hardness value of 49.18 

HRC. The cast sample of 20 wt% EAFD show 

minimum hardness value of 32.08HRC. Increase in the 

percentage addition of EAFD was accompanied with 

corresponding decrease in the hardness values and it 

reached a minimum value of 32.08 HRC at 20% EAF 

dust, there after increased at 25 wt% EAFD and 30 

wt% EAFD. This trend is also seen in the work of  

(Ayoola et al., 2012). The composite cast of aluminium 

alloy 6063 reinforced with 10 wt% of electrical arc 

furnace dust of lower mesh size show hardness value 

40.28 HRC. Whereas, hardness value of 49.18 HRC 

was obtained at the 10%wt EAF dust of 40 micron 

mesh gauge addition to aluminium matrix. That is 

higher than the value from the datasheet for 2000 

series aluminium alloy (appendix) and was obtained 

without any further heat treatment as previously 

carried out in the work of Adeosun et al., 2012 and 

Ayoola et al., 2012.  

3.2 Tensile strength result for the aluminium-

EAFD cast composites

Fig. 2 shows the relation between weight percentage 

of EAFD particulates and ultimate tensile strength of 

the fabricated composites of aluminium and EAFD. It 

is observed that the composite cast of 10 wt% has 

ultimate tensile strength of about 25 MPa and 

elongation of 0.09714 mm/mm (Fig. 3). Ultimate 

tensile strength increases by the addition of the 

reinforcement particles. 25 wt% of EAFD recorded 

tensile strength of 86.72 MPa and has 0.3219 

mm/mm extension, while 30 wt% of EAFD particles 

addition has tensile strength of 97.79 MPa.

Figure 2:  Tensile strength values of the aluminium – 

EAFD composite at varying wt. % of EAFD addition.

Increase in tensile strength is attributed to the volume 

distribution of EAFD particle phase which is stronger in 

the aluminium 2039 matrix.

The control sample specimen has lower load bearing 

capacity due to the dark phase volume fraction that 

dominated other precipitates in the aluminium matrix. 

30 wt% of EAFD addition shows the highest load 

bearing capacity of composite cast, and this is as a 

result of increase in the particle per cent distribution 

and it's homogenous distribution in the aluminium 

matrix. 

Figure 3 represents the percentage elongation at the 

maximum tensile strength for the wt. % of EAFD 

addition in aluminium 2039 matrix at the maximum 

tensile strength. Observed from Figure 3, the 30 wt% 

of EAFD shows the maximum extension of the sample 
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cast. It is observed that there is an increase in ductility 

of the composite cast material at 30 wt% of EAFD 

addition. 

3.3 Microstructural results for the aluminium-

EAFD cast composites

The photomicrographs of the produced composite 

sample morphologies are shown in Figures 4-9. 

Figure 4 shows microstructure of 0 wt% EAFD as the 

control sample.  The grain alignment and perhaps 

absence of multiple voids inform of blowholes in the 

aluminium matrix result in high hardness value of 

55.56HRC. 

Figure 3: The percentage elongation against wt. % of 

EAFD addition in aluminium 2039 matrix

Figure 4: Optical micrographs of as cast of 0 % EAF 

dust admixture in aluminium 2039 matrix

Figure 5 shows the microstructure of 5 wt% EAFD 

with the dark phase volume fraction due to the 

addition of particles in the aluminium matrix. The 

microstructure shows that the EAFD particles are 

randomly distributed throughout in the aluminium 

matrix, with dark phases. The result is evident in the 

relative high hardness value of 48.08HRC. The 

hardness obtained may be due to the solid solution 

effect of the EAFD in the aluminium matrix.

 

Figure 6 presents the optical micrographs of as cast 

of 10% EAF dust admixture in aluminium 2039 

matrix. The microstructure reveals the volume 

distribution of EAFD particle phase in the 

aluminium matrix and shown a miss matched 

orientation. A cluster of particle segregation is seen 

which could be as a result of uneven distribution of 

the EAFD in the matrix.  This shows an effective 

result on the hardness value of 49.18 HRC of 

composite cast sample of 10 wt% EAFD addition. 

The 10 wt% EAFD recorded the highest hardness 

value obtained among 5-30 wt% in the aluminium 

2039 series.

Figure 5: Sample Optical micrographs of as cast of 5% 

EAF dust admixture in aluminium 2039 matrix

Figure 6: Optical micrographs of as cast of 10% EAF 

dust admixture in aluminium 2039 matrix

Figure 7 displayed the optical micrographs of as cast 

of 15% EAF dust admixture in aluminium 2039 matrix. 

Observed from the metallographic structures for the 

composite cast of 15%wt EAF dust, is a slightly 

decrease of the particle per cent phase distribution 

occurrence as well as the phase morphology change. 

Some blow holes were seen in Figure 7 which may 

arise from cold shortening as a result of large amount 

of EAFD addition to the aluminium matrix.   The 

consequence of this is the drop of the hardness value 

as shown in Figure 1. A further drop in the hardness is 

also observed with the addition of 20 wt% EAF dust; 

there occurs also a more voids shown as black spots 

in Figure 8. The EAFD particles are randomly 

distributed in Figure 8. More refinement of matrix 

phase could be achieved by stir casting to produce 

homogeneous mixture of the composite
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Figure 8: Optical micrographs of as cast 20% EAF 

dust admixture in aluminium 2039 matrix

Although one may be expecting higher values for the 

cast composites, the mechanism for the density of 

dislocations increases with amount of volume faction 

and decreases with size of strengthening particles. 

The lower hardness value of aluminium of composites 

may be ascribed to the negative effect of micro cracks 

formed either along the matrix-particle interface or 

micro-cracks situated at the boundaries between 

aluminium matrix and reinforcement.

Figure 9 reveals the morphology of the composite 

samples at 25 wt.% EAF dust. The particles are 

sparsely distributed and are formed unidirectional 

orientation in the matrix of the aluminium phase. The 

result of the hardness value for this composite cast 25 

wt% of EAFD was found to increase above that of 20 

wt% recording hardness value of 43.6HRC. This may 

be due to improved homogenisation of the EAFD in 

the aluminium matrix and less of blow holes as shown 

in Figure 9.

Figure 9: Optical micrographs of as cast 25wt% EAF 

dust admixture in aluminium 2039 matrix

Thermal mismatch between the aluminium matrix 

and the EAFD reinforcements is a major mechanism 

for increasing in dislocation density of the aluminium 

matrix. However, the reinforced aluminium 

composite cast exhibited higher elongation than the 

control specimens and the one from the datasheet 

for 2000 series aluminium alloy as shown in the 

appendix. Therefore, the reinforced aluminium 

composite cast has high ductility than that of 

unreinforced cast composite.

3.4 Anodic behaviour (corrosion test) EAF dust 

admixture in aluminium 2039 matrix in chloride 

environment 

Figure 10 presents the potent iodynamic 

polarization curves for aluminium 2039 composite 

reinforced with particles variation from 0 wt. % to 

30wt.% EAFD  in 3.5% NaCl solution. The figure 

shows corrosion potentials (E  mV Ag/AgCl) and the corr

current density (Icorr µA).

The corrosion potentials indicated the anodic 

behaviours of the composite produced in the chloride 

environment.
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Figure 10: Potentiodynamic polarization curves for 

aluminium 2039 composite reinforced with particles 

variation from 0 wt. % to 30 wt.% EAFD  in 3.5% NaCl 

solution.

It is observed that the cast composites exhibited 

similar polarization and passivity characteristics. 

However, the corrosion current densities (Icorr) and 

corrosion potentials (Ecorr) show clear distinct 

corrosion behaviour between the reinforced 

aluminium composite and the control sample. It is 

observed in Figure 10 that as electropotentials 

become more negative, corrosion rates increases 

and corrosion density also increases for sample 

composites with 5, 15, 10, 25 and 30 wt % EAFD 

addition.  The 25 wt % EAFD addition has corrosion 

potentials above the control sample. The corrosion 

potentials were more pronounced for the reinforced 

aluminium composite at 10 wt. % and 20 wt.% EAFD. 

It is observed from Figure 10 that the corrosion current  

densities were less intense for the aluminium 

reinforced composite at 25wt.% EAFD addition, this 

indicates that the reinforced composite is more 

resistant to corrosion in NaCl solution. The 

successive addition of EAFD to aluminium 2039 

se r i es  excep t  a t  25  w t  % inc reases  the 

electronegativity of the composite in NaCl solution. 

This is a clear indication that the passive behaviour of 

aluminium in chloride environment is overcome with 

the addition of EAFD. The results of the potentiostatic 

behaviour is more negative compare with the 

potential of mild steel which is -0.548 mV Ag/AgCl in 

the same environment (Osundare, 2016).  The 

composite produced could therefore applicable for 
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anodic and or cathodic protection of mild steel in 

chloride environment. It was seen that aluminium 

composite with 20 wt% EAFD has maximum corrosion 

current density and more negative potential than the 

other composites. That may be due to the 

reinforcement content in aluminium 2039 matrix which 

reduces the cathodic beta to localized regions such as 

impurities in the matrix. It may as well as due to the 

imperfection in the matrix. 

                                                          

4. Conclusion. 

Tests have been conducted to evaluate the suitability 

of the electrical arc furnace dust and its effect on the 

mechanical and corrosion properties of aluminium 

2039 series scrap. The following conclusions are 

drawn from the analysis of the results:

i. The aluminium composites cast containing 5 

to 30 wt% of EAFD particulates were 

successfully carry out  by melt in sand cast 

mould. 

ii. The tensile result shows that there was 

considerable effect on the mechanical 

properties of the reinforced aluminium 

composite cast with the EAFD addition. The 

maximum UTS of 97.97MPa at 30 wt. % EAFD 

addition, compared with the UTS of control 

sample of 54MPa.

iii. The maximum hardness value of 49 HRC at 

10wt. % EAFD addition was achieved, 

compared with the hardness value of control 

sample of 55 HRC and the standard hardness 

value for 2000 aluminium alloy of 46 HRC.

iv. The corrosion susceptibility in 3.5% NaCl 

solution were more intense for the reinforced 

aluminium composite having 25 and 30 wt.% 

EAFD addition. But the corrosion resistance of 

25wt.% EAFD addi t ion in a luminium 

composite produced was superior to the 

unreinforced (control sample) aluminium 2039 

series scrap.

v. Further investigation is recommended to carry 

out heat treatments process on the reinforced 

aluminium composites to justify further the 

effect of electrical arc furnace dust on the 

mechanical and anodic behaviour properties 

of aluminium 2039 scraps.
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Table showing datasheet for 2000 Series Aluminium Alloy. The table is generated from 

(MatWeb, LLC). 

Hardness, Rockwell A 46.8 46.8 

I Ăŉŕ ■śℓℓ  w◘ľ ╫Ŏś▄▄ . ی  ی ي  ي

I Ăŉŕ ■śℓℓ  ë╜ľ ╫śŉℓ 137 137 

Ultimate Tensile

Strength 

469 MPa 68000 psi 

Tensile Yield Strength 324 MPa 47000 psi 

Elongation at Break 19 % 19 %,  AA; Typical; 1/2 in. (12.7 mm) Diameter 

Elongation at Break 20 % 20 %,  AA; Typical; 1/16 in. (1.6 mm) Thickness 

Modulus of Elasticity 73.1 GPa 10600 ksi 

Fracture Toughness 26 MPa-

m½ 

23.7 ksi-in½ 

Fracture Toughness 32 MPa-

m½ 

29.1 ksi-in½ 

Fracture Toughness 37 MPa-

m½ 

33.7 ksi-in½ 
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Abstract

The Compressive and Flexural Strengths of Self Compacting Concrete SCC produced by the replacement of 

100% Ordinary Portland Cement (OPC) with the Mix of Rice Husk Ash (RHA), Limestone (LS) and Ordinary 

Portland Cement (OPC) is the subject of this investigation. Concrete Specimens were produced with 0%RHA, 

5%RHA, 10%RHA, 15%RHA, 20%RHA, 5%RHA1%LS, 10%RHA2%LS, 15%RHA5%LS, 20%RHA7%LS with 

the remaining percentage as Ordinary Portland cement (OPC), added with fine aggregates, coarse aggregates 

and water were cured for a period of 28 days. The cured specimens were subjected to compressive and flexural 
2 2tests to determine their strengths. Optimum compressive and flexural strengths of 20.62N/mm  and 6.43N/mm  

respectively were obtained for a Mix of 10%RHA2%LS88%OPC which was higher than the compressive 
2 strength of 19.56N/mm for 100% OPC.

Keywords: Rice husk, Concrete, Portland cement, Compressive, Flexural Strength

1.0 Introduction  

Concrete is the single most used construction material 

in the world due to its several unique properties and its 

wide range of use in various types of works. It is made 

from cement, aggregate and water with the occasional 
1addition of an admixture . Some of the desirable 

properties of concrete include strength and durability, 

low cost of maintenance, affordability, fire resistance, 

thermal mass, versatility, minimal waste etc. The 

strength of concrete is affected by some factors such 

as quality of raw material, water/cement ratio, coarse/ 

fine aggregate ratio, and age of concrete, compaction 

of concrete, temperature, relative humidity and curing 

of concrete. Because of its universal usage and wide 

application, it becomes absolutely necessary to 

reduce the cost of producing this concrete and at the 

same time improve on its properties.

1.1 Survey

The earliest use of cement dates back to when 

civilization first started. Although the history of 

Portland cement is comparatively short, but the use of 

the structural binding agent dates back thousands of 

years.  One of the earliest examples is that of the 

water tanks at Aden which were constructed 6000BC 

and is still in use today.

 Analysis of the mortar used by the Egyptian in the 

construction of the pyramid of Cheops at about 

3600BC show that they possessed a good practical 

knowledge of this subject at that time. The Greeks at a 

very early period of their civi l ization, used 

compositions of lime as a base to cover wall. In Italy, 

the first people to employ mortar in their building were 

the Etruscans.

During the first part of the Eighteenth century, very 

little progress was made with the evolution of cement. 

In 1756, an Engineer John Smeaton gave a serious 

attention to the principle of setting lime under water 

and found that by mixing lime and pozzolana, a 

substance was produced which became hard and 

solid with the addition of water. Although this was not 

Portland cement but it was a vast improvement over 

lime mortars. The French Vicat went a step further by 

burning pulverized chalk and clay together in the form 
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of a paste. He discarded and burnt the very portion 

which would have given them Portland cement. 

Smeaton's discovery led to a rapid improvement in 
2cement and masonry constructio .

 In 1824 an English man Joseph Aspdin found that by 

mixing finely pulverized clay in specified proportion, 

burning them to a high temperature and then grinding 

the resultant clinker, it was possible to produce a 

hydraulic binding material far superior to any products 

known at that time. It was Aspdin who named it 

Portland cement because when set, it looked like 
3Portland stone .

1.2 Portland Cement and Rice Husk Analysis 

1.2.1 Cement is and has remained one of the most 

important raw material in the production of structural 

parts in the construction industry. It is an extremely 

fine ground product obtained by burning together at 

high temperature specially proportioned amounts of 

calcareous and argillaceous raw materials adding 

nothing else to the burnt product except gypsum in a 
4

small percentage . In general, it is an adhesive 

substance which has binding capabilities used in 

building and civil engineering construction. 

Ordinary Portland cement is the most common type of 

cement and is classified into three grades: namely 33 

grades, 43 grades and 53 grades depending on the 

strength of the cement after 28days when tested 

based on IS4031-1988. If the 28-day strength is less 
2than 43N/mm , it is called 43 Grade cement, and if the 

2strength is not less than 53N/mm . It is called 53 Grade 

cement. But the actual strength obtained by these 

cements at the factory is much higher than the BIS 
5

specification . 

The principal raw materials used in the manufacture of 

cement are 

a) Argillaceous or silicates of alumina in the form 

of clays and shale

b) Calcareous or calcium carbonate in the form of 

limestone, chalk and marl which is a mixture of 

clay and calcium carbonate

Table 1.0 Normal Composition of the Ordinary 
6Portland Cement 

Oxide Percentage % 

Lime (CaO) 60-67 

Silica (SiO2) 17-25 

Alumina(Al2O3) 3-8 

Iron oxide(Fe2O3) 0.5-6 

Magnesia(MgO) 0.1-4 

Sulphur Trioxide (SO3) 1-3 

Soda and or

potash(Na2+K2O) 

0.5-1.3 

 

1.2.2 Rice Husk: These are finely fragmented or 

divided particles of grain waste product measuring 

less than about 1/9mm in diameter and which is 

obtained from removal of rice grain from its shell 

called husk. It is one of the most widely available 

agricultural wastes in many rice producing countries 

around the world. On average 20% of the estimated 

600million tons of rice produced annually is husk. 

Rice husk contains 75-90% organic matter such as 

cellulose; lignin etc and the rest are mineral 

components such as silica. The content of each 

depends on rice variety, soil chemistry, climatic 

condition and even the geographic location.  Rice 

husk application depends on its physical and 

chemical properties such as ash and silica content. It 

has been directly used as fuel in power plants and 

also as source of raw material for synthesis and 

development of new phases and compounds.

1.3 Flexural and Compressive Strength

Flexural strength is a measure of the tensile strength 

of concrete. It is a measure of the ability of an 

unreinforced concrete beam or slab to withstand 

failure in bending. It is measured by loading 

150x150mm concrete beams with a span length at 

least three times the length. The flexural strength is 

measured in Modulus of Rupture (MR), Psi or MPa 

and is determined by standard test methods ASTM 

C78 (third point loading) or ASTM C 293(centre point 

loading).

Compressive strength is the capacity of a material or 

structure to withstand loads tending to reduction size. 

It can be measured by plotting applied force against 

deformation in a testing machine. It is often 

measured on a universal testing machine and these 

range from small table top system to ones with over 

53MN capacity.  

1.4 Objective of the Study

 a)  To improve the compressive and flexural 

strengths of concrete by partial replacement of 

Portland cement with RHA and Limestone

b) To develop means of utilizing Rice Husk Ash in 

order to mitigate the attendant environmental 

pollution resulting from its disposal

c) To reduce the cost of concrete production by 

reducing the cost of its raw materials.  

2 Experimental

 2.1 Material Preparation

Ordinary Portland Cement of type 1 ASTM C-150 

manufactured by Ibeto Company Nigeria Plc was 

used in this work along with Rice Husk Ash (RHA), 

Limestone(LS), fine and coarse aggregates and 
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water. 

The rice husk obtained from Anambra state was burnt 

in a muffle furnace at a temperature range of 650-
o850 C for about 30mins. This furnace product was 

reduced to finer form and used for concrete cube 

production. The limestone obtained from Nkalagu 

Ebonyi State Nigeria was air- dried, milled and 

grounded. The coarse aggregate used was crushed 

gravel of 12.5mm size obtained from Otamiri River in 

Owerri. Pure water from borehole was used and 

concrete bars were cast and tested for compressive 

and flexural strength.

2.2 Compressive/Flexural Strength

Compressive strength was calculated using the 

relation, σ F/Ac =

Where σ compressive strengthc= 

F= load at failure

A = cross sectional area of concrete cube.

2Flexural Strength, σ 3pa/bd  B= 

Where P= Failure Load N

a=distance between loading pins(150mm)

b=Breadth of the specimen (150mm)

d=Height of the specimen(150mm)

3.0 Results

Table 2 Results of Chemical Analysis of Rice 

Husk Ash, Ordinary Portland Cement and 

Limestone

% %OPC %RHA %LS 

SiO2 28.03 63.45 5.9 

Al2O3 4.88 2.12 1.3 

Fe2O3 3.98 2.18 0.77 

CaO 64.67 1.21 49.74 

MgO 2.34 1.35 0.99 

SiO3 2.75 0.12 - 

Na2O 0.17 1.59 - 

K2O 0.58 0.96 - 

PbO 0.07 - - 

TiO2 0.35 - - 

LOI(100o

C) 

- 5.25 40.12 

 

3.0 Discussion of Results

4.1 Chemical Analysis of RHA, OPC and LP

The chemical analysis of the RHA, OPC and LS 

results, shown in Table 2 shows that the silica content 

of the RHA was 63.45% which is higher than that of 

OPC and LS. This value is closer to the required 70% 
7minimum for Pozzolans  and is slightly less than the 

8.   
value of 67.30% as reported

Alumina content was higher in OPC than in RHA. 

Although the hydrated aluminates C Al do not 3

contribute to the strength of the concrete. The 

percentage of Ferric Oxide Fe O  was low in RHA 2 3

higher in OPC. The CaO in the RHA is less than that in 

the OPC and it is one of the most important oxide 

responsible for the formation of alite and belite which 

contribute to the early and later strength of concrete. 

High magnesia as seen in OPC contribute to poor 

cast quality of concrete.

TABLE 3: Compressive Strength of Self Compact 
Concrete at Different Percentages of Rice Husk 
Ash Replacement

Percentage replacement Compressive 

strength (N/mm2) 

0(CTL) 19.56 

5% RHA 95%OPC 18.58 

10% RHA 90%OPC 19.33 

15% RHA 85%OPC 16.09 

20% RHA 80%OPC 12.09 

5% RHA 1%LS 88%OPC 20.09 

10% RHA 2%LS 88%OPC 20.62 

15% RHA 5%LS 80%OPC 11.56 

20% RHA 7%LS 73%OPC 2.98 

 

Percentage Replacement Flexural 

Strength(N/mm2)  

0(CTL) 7.47 

5% RHA 95%OPC 6.10 

10% RHA 90%OPC 6.37 

15% RHA 85%OPC 5.20 

20% RHA 80%OPC 5.00 

5% RHA 1%LS 88%OPC 5.83 

10% RHA 2%LS 88%OPC 6.43 

15% RHA 5%LS 80%OPC 5.33 

20% RHA 7%LS 73%OPC 4.73 

 

TABLE 4: Results of Flexural Strength of Self 

Compact Concrete with Different Percentages of 

Rice Husk Ash Replacement and Limestone

4.2 Compressive Strength

From the results in Table 3 above, it is evident that the 

percentage of RHA increases with decrease in 

Compressive Strength, which may be attributed to the 

reduction in the cementitios properties of the concrete 

paste. The higher volume of the RHA in the concrete 

matrix results to less by-product of hydration which 

would have acted as a binder. This reduced by-product 

Book of Proceeding of Kaduna 2016 AGM & Conference



83

0

5

10

15

20

25

0 2 4 6

C
O
M
P
R
ES
SI
V
E

 

ST
R
EN
G
TH 

(N
/m
m
2
)

% REPLACEMENT

Figure 1: Compressive Strength against %Replacement

Replacement with
RHA and LS

Replacement with
RHA only

0

1

2

3

4

5

6

7

8

0 2 4 6

F
le
xu
ra
l

 

S
tr
en
g
th
 

(N
/m
m
2
)

% Replacement

Figure 2: Flexural Strength against % Replacement

Replacement with
RHA and LS

Replacement with
RHA only

increases the porosity of the concrete with resultant 

decrease in strength. The compressive strength of 

the samples was observed to increase with the 

addition of limestone powder. The addition of LS 

powder which improved the compressive strength is 

as a result of filler effect on the microvoids within the 

cement matrix by increasing the compactness of the 

mixture, improving the microstructure of the bulk 

paste matrix and transition zone which results to 

increase in compressive strength   

4.3 Flexural Strength

From the Table, it is evident that the flexural strength 

of the concrete dropped with increase in the quantity 

of RHA. But this strength improved with the addition 

of 1-5% LS. The highest value of flexural strength 
2was found to be 6.43N/mm . The flexural strengths of 

samples with 15%RHA5%LS and 20%RHA7%LS 

were far less than that of the 10%RHA20%LS. It is 

therefore recommended that  the opt imum 

replacement of RHA should not exceed 10% with 

about 2%LS.

5 Conclusion

The 28 day curing Period of different samples of 

concrete cubes produced by adding varying 

percentages of RHA, LS and OPC gave a lowest 
2

compressive strength of 2.98N/mm  for sample with 

20%RHA7%LS73%OPC and maximum compressive 
2  

strength of  20.62 N/mm  for  sample wi th 

10%RHA2%LS88%OPC. Furthermore the flexural 

strength was at minimum for the sample with 

20%RHA7%LS73%OPC which gave a value of 4.73 
2 2  

N/mm   and highest for 0(CTL) at 7.47 N/mm though 
 

followed by 10%RHA2%LS88%OPC sample which 
2.

gave a value of 6.43 N/mm .
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Abstract

The importance of materials in modern world can be realized from the fact that much of the research is 
being done to apply new materials to different components. However it is natural for a design engineer 
to rely on trusted and tested materials, but now the world is changing .Today composite materials have 
changed all the material engineering. The evolution of composite materials has given an opportunity to 
various designers to use new and better materials resulting in cost reduction, increase in efficiency and 
better utilization of available resources. Composite materials are finding their applications in 
aerospace industry, automobile sector, manufacturing industries etc. Fiber-reinforced polymer 
composite materials are fast gaining ground as preferred materials for construction of aircrafts, 
spacecrafts and military applications. In particular, their use as primary structural materials in recent 
years in several technology-demonstrator front-line aerospace projects world-wide has provided 
confidence leading to their acceptance as prime materials for aerospace vehicles. This paper gives a 
review of some of these developments with a discussion of the problems with the present generation 
composites and prospects for further developments. Although several applications in the aerospace 
vector are mentioned, the emphasis of the review is on applications of composites as structural 
materials where they have seen a significant growth in usage. A brief review of composites usage in 
aerospace sector is first given. The nature of composite materials behaviour and special problems in 
designing and working with them are then highlighted. The issues discussed relate to the impact 
damage and damage tolerance in general, environmental degradation and long-term durability. 
Keywords: Composite materials; aerospace applications, spacecraft, military

INTRODUCTION

It is often said that those who fail to heed the 
lessons of history are condemned to repeat them, 
and this is no truer than in politics and technology. 
It therefore behooves us to examine the role of 

materials in the past and current military and 
aerospace applications, with the goal of 
identifying the roles played by advanced 
materials in the development of military and 
aerospace systems. In particular, we seek to 
identify reasons why certain materials were 
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introduced into military and aerospace systems, 
to identify the factors that controlled their rate of 
introduction, and to ascertain the impact of these 
materials on military and aerospace operation 
from an historical perspective. For example, we 
often hear that a new material was introduced to 
i m p r o v e  p e r f o r m a n c e ,  b u t  i m p r o v e d 
performance means different things to different 
people. Thus, we all accept that new materials 
have allowed for greater airspeeds (e.g., 
titanium in the SR-71), but have they improved 
payload? The range of materials can be 
classified into the categories: Metals, Polymers, 
Ceramics  and  ino rgan ic  g lasses  and 
composites. Metals lose their strength at 
elevated temperatures. High-Polymeric 
materials in general can withstand still lower 
temperatures. Ceramics outstrip metals and 
polymers in their favorable melting points, ability 
to withstand high temperatures, strength and 
thermal expansion properties, but due to their 
brittleness they are often unsatisfactory as 
structural materials. This leads to the exploration 
of composites. One may define a composite as a 
materials system which consists of a mixture or 
combination of two or more micro constituents 
mutually insoluble and differing in form and/or 
material composition. Examples of composites 
are steel reinforced concrete (metals + 
ceramics), vinyl-coated steel (metals + 
polymers), fiber reinforced plastics (ceramics + 
polymers). Emergence of strong and stiff 
reinforcements like carbon fibre along with 
advances in polymer research to produce high 
performance resins as matrix materials have 
helped meet the challenges posed by the 
complex designs of modern aircraft. Nowadays, 
composite materials are used in large volume in 
various engineering structures including 
automobiles, boats, sports' equipments, bridges 
and buildings. Widespread use of composite 
materials in industry is due to the good 
characteristics of its strength to density and 
hardness to density. The possibility of increase in 
these characteristics using the latest technology 
and various manufacturing methods has raised 
application range of these materials. Meanwhile, 
the automotive industry considered as a mother 
one in each country, has benefited from abilities 
and characteristics of these advanced materials. 
Along with progress in technology, metallic 
automotive parts are replaced by composite 
ones. The first aircraft to fly, the Wright Flyer in 

1903, was fabricated largely from composite 
materials. The choice of this material was 
dictated by various factors, including weight, 
strength, cost, and, of course, availability. Over 
the two decades that followed this historic event, 
wood and fabric reigned supreme with only a few 
excursions by designers into the use of metals for 
systems other than engines, bracing, controls, 
and landing gear (Table 1). From an historical 
perspective, it is important to note that wood is a 
biological composite material containing 
cellulosic fibers embedded in a natural resin. 
Likewise, fabric, principally linen as used in the 
early days of aviation, is a refined material in 
which natural fibers have been woven into a 
cloth. After being stretched over frames, the cloth 
is impregnated with resin to make the composite 
taut  and imperv ious to a i r  and water. 
Interestingly, this process has a lot in common 
with modern day composite manufacturing, but, 
of course, today the fibers and resins are high-
performance synthetic materials. Nevertheless, 
the comparison is striking, and it illustrates that 
the real change over the past 90 years has been 
in the materials.
As the performance of aircraft improved, new 
materials were required to support greater 
aerodynamic stresses. These materials were 
high-strength steels and aluminum alloys. 
However, penetration of these materials into the 
aircraft industry was not rapid (table 2). Indeed, 
as late as the Second World War, some high-
performance military aircraft still made extensive 
use of wood (e.g., the deHavilland Mosquito, 
troop-carrying gliders, and later the Spruce 
Goose of Howard Hughes' fame). The first use of 
structural metals in the aircraft industry had to 
await a crucial materials development: a 
corrosion-resistant aluminum alloy in the form of 
Duralium. Metals then became extensively used 
in high-performance military aircraft, but their 
penetration was not complete until the end of 
WW II. Subsequent alloy development produced 
materials of higher strength and better fatigue 
resistance that allowed aircraft to fly faster and 
higher and carry heavier loads. Surprisingly, 
when one considers the multitude of possible 
alloy systems, only a handful of aluminum alloys 
penetrated the industry, including “pure” 
aluminum (Alloy 1100), Duralium, Alcoa 17S, 
Alclad (Al clad 17S sheet), Alloy 2024, Alloy 
7075-T6, and Alloy 7075-T76, which exhibits 
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improved resistance to stress corrosion cracking 
compared to the T6 heat of the same alloy. Part of 
the explanation for the slow transition of new 
materials into aircraft prior to WW II is that the 
airplane industry is very conservative, particularly 
when it comes to the introduction of new materials 
into man-rated systems. Thus, designers insist 
on having extensive property databases before 
specifying new materials in airframes and 
engines. This conservatism was largely justified, 
as evidenced by the historical lack of involvement 
of new materials in aircraft accidents, but it did 
result in a lack of flexibility in developing new 
airplane systems.

Table 1 Airframe Structure Definitions: 1915-

Type Element 
Composite Structure *Wood, steel, aluminum framing 

*Steel bracing wires (internal and 
external) 
*Fabric or aluminum non-
stressed skins 

Stressed Skin Construction *Wood, metal or composite load-
carrying skins supported by 
wood, metal or composite 
internal structure (spars, ribs, 
bulkheads, or frames) 

Transition from composite to 
alcalde stressed skin 
construction accomplished 
by major companies 

*Germany             1918 - 1930 
*United States      1930 - 1936 
*France                 1932 - 1938 
*United Kingdom   1930 – 1939 
*Japan                   1934 - 1938 
*USSR                   1922 - 1944 

 

The large-scale use of advanced composites in 
current programmes of development of military 
fighter aircraft, small and big civil transport 
aircraft, helicopters, satellites, launch vehicles 
and missiles all around the world is perhaps the 
most glowing example of the utilization of potential 
of such composite materials. 

Performance benefits
v In terms of strength and stiffness for weight 

they outperform any other engineering 
material.

v Strength greater than the strongest metal, 
stiffness similar to steel

v Density, light weight- half aluminum, fifth to 
steel. Even in conservative designs, 30% 
weight saving is easily achievable.

v Excellent fatigue and corrosion resistance
v Manufacture of complex shapes, reduced 

parts, easier assembly and reduced 
machining.

v Modified radar response compared to 

metallics
v Dimensional stabi l i ty eg. Spaces 

structures
v Potential for embedded functionality 

(damage sensing, health monitoring)
v BUT – Materials typically five times cost 

of light alloys, but with major savings in 
fabrications. They compete on cost at the 
component level.

THE AEROSPACE STRUCTURES AND 
FEATURES 

Important requirements of an aerospace 
structure and their effect on the design of the 
structure are presented in table 2.
Table 2 Features of aircraft structures
Further, the structure has to meet the 
requirements of fuel sealing and provide access 
for easy maintenance of equipment. Passenger 
carriage requires safety standards to be 
followed and these put special demands of fire-
retardance and crash-worthiness on the 
materials and design used. For spacecraft, the 
space environment–vacuum, radiation and 
thermal cycling-has to be considered and 
specially developed materials are required for 
durability. 
Two  key  deve lopmen ts  i n  sc i en t i fic -
technological world have had a tremendous 
influence on the generation and satisfaction of 
the demands raised by the aerospace 
community:  one,  the advances in the 
computational power and the other, composites 
technology using fiber reinforced polymeric 
materials
U T I L I Z AT I O N  O F  C O M P O S I T E S  I N 
AEROSPACE STRUCTURE 
It should be noted that in order to meet the 
demands in table 2, it is necessary to have 
materials with a peculiar property-set. Figures 
1(a and b) and 2 shows the Military and Civil 
Aerospace material usage.  The use of 
composites has been motivated basically by 
such considerations. 
The composites offer several of these features 
as given below: 

v Light-weight due to high specific strength 
and stiffness 

v Fatigue-resistance and corrosion 
resistance 

v Capability of high degree of optimization: 
tailoring the directional strength and 

Book of Proceeding of Kaduna 2016 AGM & Conference



87

 

Requirement Applicability Effect 

Light weight All aerospace programmes -Semi-monocoque construction 

*Thin –walled-box or stiffness structures 

-Use of low density materials *wood *Al-

alloys *composites 

-High strength/weight, High stiffness/weight 

High reliability All space programmes -Strict quality control 

-Extensive testing reliable data 

-Certification: Proof of design 

Passenger safety Passenger vehicles -Use of fire retardant materials 

-Extensive testing:   Crashworthiness 

Durability, Fatique and 

Corrosion 

Degradation: Vacuum radiation 

Thermal 

Aircraft 

 

Spacecraft 

-Extensive fatique   analysis/test 

*Al-alloys do not have a fatique limit. 

-Corrosion prevention schemes 

-Issues of damage and safe-life extension 

-Extensive testing for required environment 

-Thin materials with high integrity 

 

Aerodynamics performance Aircraft 

 

Reuseable Spacecraft 

-Highly complex loading 

-Thin flexible wings and control surfaces 

*Deformed shape-Aero elasticity 

* Dynamics 

-Complex contoured shapes 

*Manufacturability N/C  Machining,  

Moulding 

 

Multi-role or functionality All aerospace programmes -Efficient design 

-Use: composites with functional 

  properties 

Fly-by-wire Aircrafts, mostly for fighters but 

also some in passenger a/c 

-Structure-control interactions 

*Aero-servo-elasticity 

-Extensive use of computers and 

electronics. *EMI shielding 

Stealth Specific aerospace applications -Specific surface and shape of aircraft 

*Stealth coatings 

All weather operation Aircraft Lighting protection, erosion resistance 

stiffness
v  Capability to mould large complex shapes 

in small cycle time reducing part count and 
assembly times: Good for thin-walled or 
generously curved construction 

v Capability to maintain dimensional and 
alignment stability in space environment

v Possibility of low dielectric loss in radar 
transparency

v Possibility of achieving low radar cross-
section 

These composites also have some inherent 
weaknesses:

v Laminated structure with weak interfaces: 

poor resistance to out-of-plane tensile 
loads

v Susceptibility to impact-damage and 
strong possibility of internal damage 
going unnoticed 

v Moisture absorption and consequent 
degradat ion of  h igh temperature 
performance

v Multiplicity of possible manufacturing 
defects and variabil ity in material 
properties.

Even after accepting these weaknesses, the 
projected benefits are significant and almost all 
aerospace programmes use significant amount 
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of composites as highlighted in the figures below.
All this is, of course, not without its share of 
hassles. Challenges of using composites on 
such a large scale are many. The composites are 
not only new but also non-conventional: they are 
anisotropic, inhomogeneous, have different 
fabrication and working methods and also 
different controls for quality assurance. They 
have a complex material behavior under load 
requiring new and complicated analysis tools. 
Moreover, the behaviour is not always 
predictable by analysis and this makes reliance 
on several expensive and time consuming tests 
unavoidable. 
The routes to meet these challenges have 
evolved around use of the advances in computer 
technology and analysis methods to implement 
schemes based on computer aided design, 

computer aided engineering, finite element 
methods of analysis and building computer 
interfaces amongst all aspects of development, 
namely, design, analysis and manufacturing. 
These should provide fast transfer of information 
including graphics and accurate analysis 
methods for a reasonable prediction of complex 
behavioural patterns of composites. It is only by 
harnessing the vast computational power for 
various purposes that the aircraft structural 
design of today can meet the challenges posed 
by the required performance. 

PROPULSION SYSTEMS
The second major system in an aircraft is the 
propulsion system. Prior to the mid-1940s, 
propulsion was due exclusively to the internal 
combustion engine (ICE). ICEs developed 

Figure 1 (a and b) Military Aerospace Composite Usage (Curtis, 2007)
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dramatically in the period from 1935 to 1945, but 
by the end of WW II, ICEs had achieved a 
maximum power-to-weight ratio at a great cost in 
increased complexity. At that point (1938- 1940), a 
revolution occurred with the development of the 
turbojet more or less simultaneously in England 
and Germany. Not only was the turbojet a much 
s impler  dev ice,  but  i t  offered dramat ic 
improvements in the power-to-weight ratio 
(commonly expressed as thrust-to-weight ratio). 
Since these early times, the performance of the 
turbojet and its derivatives, turbofans and 
turboprops, has improved dramatically, and much 
of this improvement can be attributed to better 
materials. The driver for advanced materials in 
p r o p u l s i o n  s y s t e m s  h a s  b e e n  h i g h e r 
thermodynamic efficiency, which translates into 
higher combustion temperatures, lower specific 
fuel consumption, and reduced weight. 
Of particular importance has been the evolution in 
the turbine blade alloy temperature capability. 
However, the development of better alloys, 
particularly nickel-based superalloys, is only part 
of the story because the most dramatic 

improvements can be attributed to materials 
processing and component design. In the case of 
turbine blades, it was the introduction of monolithic 
single-crystal structures with internal air cooling 
that led to the great increases in efficiency. 
Reductions in weight have been achieved by using 
lightweight/high stiffness materials for compressor 
blades. The introduction of graphite/polymer 
composites into the RB-211 is perhaps a lesson in 
the dangers of introducing a new material into an 
engine when sufficient flexibility in cost and 
delivery schedules is not available. Nevertheless, 
new materials will continue to be introduced into 
engine systems with lightweight/high-stiffness 
materials, such as the intermetallics and metal-
matrix composites, leading the way. The 
introduction of these materials, together with 
evolution in design (e.g., in the use of a single fluid 
for lubrication and propulsion), offers continued 
and  d ramat i c  improvements  in  eng ine 
performance.

MATERIALS FOR AEROSPACE COMPOSITES 
The materials systems which have been 
considered useful in aerospace sector are based 

Figure 2 Civil Aircraft (Nikhil, 2014)
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on reinforcing fibers and matrix resins given in 
table 3 and 4, respectively. Most aerospace 
composites use prepregs as raw materials with 
autoclave moulding as a popular fabrication 
process. Filament winding is popular with shell 
like components such as rocket motor casings for 
launch vehicles and missiles. Oven curing or 
room temperature curing is used mostly with 
glass fibre composites used in low speed small 
aircraft. It is common to use composite tooling 
where production rates are small or moderate; 
however, where large number of components is 
required, metallic conventional tooling is 
preferred. Resin injection moulding also finds 
use in special components such as radomes. 
Some of the popular systems are given in table 4 
along with the types of components where they 
are used in a typical high-performance aircraft. 

A D V A N C E S  I N  M A T E R I A L S  F O R 
COMPOSITES 
Reinforcements 
The carbon fiber technology continues to 
improve harnessing the versatility of carbon fibre 
and new varieties in terms of better combinations 
of modulus and strength are becoming available. 

The developments seem to be in two directions: 
one, for aircraft applications, is aimed basically at 
higher strength (>5 GPa) with concurrent 
improvements in modulus to a moderate level 
(>300 GPa) and the other, for space applications, 
is aimed at high modulus (>500 GPa) with 
moderate strength (3.5 GPa). The higher failure 
strain for the fiber is expected to result in 
composites with better damage tolerance. The 
developments in aramid fibers also aim at higher 
modulus with concurrent increase in strength. 
However, the major thrust in improving 
reinforcements for composites comes from the 
requirements of multidirectional weaving. 
Several processes (weaving, knitting, braiding) 
have been developed for this purpose and 
performs with multidirectional woven fibers have 
now been made. Simplification and cost 
reductions appear to be the major motives for 
further developments. 
The higher properties of basic fibers (such as 
carbon) cannot, however, be fully exploited in the 
composite without concurrent developments in 
the matrix materials and the intermediate 
products such as prepregs or performs. It is to be 
noted here that the carbon fiber composites 
which use a carbon fiber with a strength of 3 GPa 

Table  3 Reinforcing fibers commonly use in aerospace applications.

Fibre Density 
(g/cc) 

Modulus 
(GPa) 

Strength 
(GPa) 

Application areas 

E-glass 
 
 
 
S-glass 

2.55 
 
 
 
2.47 

65 -75 
 
 
 
85 - 95 

2.2–2.6 
 
 
 
4.4–4.8 

Small passenger a/c parts, aircraft 
interiors, secondary parts; Radomes; 
rocket motor casting 
 
Highly loaded parts in small passenger 
a/c 

Aramid 
  Low modulus 
  Intermediate 
   
High modulus 

 
1.44 
1.44 
 
1.48 

 
80 – 85 
120 -128 
 
160 -170 

 
2.7-2.8 
2.7-2.8 
 
2.3-2.4 

 
Fairing; non-load bearing parts 
Radomes, some structural parts; rocket 
motor casting 
Highly loaded parts 

Carbon 
  Standard 
modulus 
    (high 
strength) 
  
 Intermediate 
   
High modulus 
 
Ultra-high 
strength 
 

 
1.77-1.80 
 
 
1.77-1.81 
 
1.77-1.80 
 
1.80-1.82 

 
220-240 
 
 
270-300 
 
390-450 
 
290-310 

 
3.0-3.5 
 
 
5.4-5.7 
 
2.8-3.0 
4.0-4.5 
7.0-7.5 

 
Widely used for almost all types of parts 
in a/c, satellites, antenna dishes, 
missiles etc 
Primary structural parts in high 
performance fighters 
Space structures, control surfaces in a/c 
 
Primary structural parts in high 
performance fighters, spacecraft 
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Thermosets Thermoplastic 

Fors cross-linked networks in polymerization curing by heating No chemical

change 

Epoxies Phenolics Polyester Polyimides PPS, PEEK 

-Most popular 

-80% of total 

composite 

usage 

-Moderately high 

temp. 

-Comparatively 

expensive 

-Cheaper 

-lower 

viscosity 

-Easy to use 

-High temp  

usage 

-Difficult to 

get good 

quality 

composites 

-Cheap 

-Easy to use 

-popular for 

general 

applications at 

room temp 

-High temp

application 

3000C 

-Difficult to

process 

-Brittle 

Good damage 

tolerance 

Difficult to

process as high 

temp 300-4000C 

is required 

-Low shrinkage 

(2-3%) 

-No release of 

volatile during 

curing 

-More 

shrinkage 

-Release of 

volatile 

during curing 

-High 

shrinkage (7-

8%) 

  

-Can be

polymerized in 

several ways 

giving varieties 

of structures, 

morphology and 

wide range of 

properties 

-Inherent 

stability for 

oxidation 

-Good fire 

and flame 

retardance 

-Brittle than 

epoxies 

-Good 

chemical 

resistance 

-Wide range of 

properties but 

lower than 

epoxies 

-Brittle 

-Low Tg 

  

-Good storage 

stability to make 

prepregs 

-Less storage 

stability-

difficult to 

prepreg 

-Difficult to 

prepreg 

 Infinite storage 

life but difficult to 

prepreg 

-Absolute 

moisture (5-6%) 

causing 

swelling and 

degradation of 

high temp

properties 

-Also ultra violet 

degradation in 

long term 

-Absorbs 

moisture but 

no significant 

effect of 

moisture in 

working 

service 

range 

-Less sensitive 

to moisture 

than epoxies 

 No moisture

absorption 

 

Table 4 Polymeric matrices commonly used in aerospace sector.
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as reinforcement result in an allowable stress of 
only 0.3 GPa in a composite. Significant scope 
thus exists for translating high fiber properties into 
high performance of composites.
Environmental degradation 
The presently used epoxy resins absorb about 5-
6% moisture by weight when fully saturated. This 
leads to about 1.5-1.8% moisture weight gain in 
carbon-epoxy composites with the usual 60% 
fiber volume fraction. In practice, under the normal 
operating conditions, the maximum equilibrium 
moisture gain in an aircraft component can be 
about 1.0-1.4%. This moisture gain can cause (a) 
swelling and dimensional changes, (b) lowering of 
the gas transition temperature (Tg) of the resin 
matrix, and (c) degradation of matrix dominated 
properties of composites such as shear and 
compression strengths. The dimensional 
changes and weight gain by itself are generally 
not significant in many aircraft structures but may 
be of considerable significance where extreme 
precision is required such as in antennae panels 
and in aircraft structures is the degradation of the 
shear and compressive strength properties-
particularly at high temperatures close to Tg which 
in itself is now reduced due to moisture 
absorption. The design of a structural component, 
therefore, generally proceeds by reducing 
allowables for moisture degradation. 
This single issue of environmental degradation 
due to  mo is tu re  absorp t ion  has  made 
development of composite components for 
aerospace quite expensive and tedious. 
Moreover, associated with the already complex 
behaviour of composites particularly in the long 
run.  Apart from the moisture absorption, the other 
significant aspects relate to the UV degradation 
and radiation effects in the long term. These are 
particularly important in space structures. The 
current studies on the subject have provided 
some solutions to these problems even though 
the concern about long term behaviour exists.

Matrix Resins 
A significant effort in improving composites is 
focused on improving matrix materials. The two 
major concerns mentioned earlier viz. impact 
damage  t o l e rance  and  hyg ro  t he rma l 
degradation, provide the main motivation for 
improvement. A major direction of improvement 
appears to be an improvement in the toughness, 
which should result in higher resistance in to 
delamination and against impact. High failure 

strain of matrix resin would help in translating the 
higher performance of the improved fiber to the 
composite. Higher resin shear modulus would 
help in achieving better transfer of load from fiber 
to resin and again to fiber and should therefore 
improve compression strength. For polymeric 
materials, a possible figure of 5 GPa should be 
achievable as against the current resins with 
shear modulus of about 2 GPa. As far as hygro 
thermal degradation is considered, newer 
systems based on cynate ester look very 
promising and some of these have already found 
some appl icat ion.  Another route being 
investigated is the use of thermoplastic resins 
and their blends. Poly-ether-ether-ketone 
(PEEK) has been considered very promising, but 
the industry needs to resolve the problems 
associated with high temperature (> 350 0C) 
processing of a material. Current approaches to 
new resins appear to be directed towards 
producing polymeric systems which can be 
processed in the way composites industry is 
used to (such as autoclave curing up to 180 0C). 

CONCLUSIONS 
Composite materials properties are outstanding 
but are still face with some challenges yet to be 
met, especially in fabrication and design. Usage 
of composite is growing at a rapid rate in Military 
Aerospace. Composite materials are becoming 
the first choice materials. New material, however, 
bring new problems and challenges, for the 
materials engineer, designer and operators. 
Reducing cost at all stages remains a major 
challenge. Hence we can finally conclude that: 

v Composite materials offer high fatigue 
and corrosion resistance.

v Composite materials have high strength 
to weight ratio. 

v So they are best suited for various military 
and aerospace applications.

v Offers ability to build in smart and stealthy 
functionality.

v N o v a l  s t r u c t u r a l  d e s i g n s  a n d 
configurations and promising.
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Table 5 Typical composite material systems in aerospace.

Material system Application 

*1750C curing high strength-carbon-epoxy 

  -Zero-bleed (neat resin content) UD 

prepreg 

  -5 HS or 8 HS bi-directional fabric prepreg 

  -toughness, good out-life and shelf-life 

Structural components of fighter 

aircraft and helicopters e.g. wing 

skins, spars fin, rudder, elevons, 

doors, etc  

*1750C curing intermediate modulus carbon 

with epoxy +BMI/ cynate-ester 

  -Zero-bleed (neat resin content) UD 

prepreg 

  -5 HS or 8 HS bi-directional fabric prepreg 

  -toughness, good out-life and shelf-life 

  -low environmental degradation 

Frames, stiffeners, rotor blades 

*1200C curing HS-carbon-epoxy 

  - Zero-bleed (neat resin content) UD 

prepreg 

  -5 HS or 8 HS bi-directional fabric prepreg 

  -toughness, good out-life and shelf-life 

Structural components of fighter 

aircraft and helicopters e.g. wing 

skins, spars fin, rudder, elevons, 

doors, etc Frames, stiffeners, 

*Aramid fibre in low=loss polyester/ cynate 

esters 

Radome 
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Abstract
The National Steel Council was established subsequent to the promulgation of Decree 60 of 1979 to regulate and 
coordinate the activities of two integrated steel projects, three inland rolling mills and an iron ore mining 
company. Consequent upon this, the Ajaokuta Steel Company, Delta Steel Company, Oshogbo Steel Rolling 
Company, Jos Steel Rolling Company, Katsina Steel Rolling Company, and the National Iron Ore Mining 
Company, Itakpe were established. Several other agencies were also set up to support and complete the activities 
of the steel companies. Construction work was completed in all of these projects including Ajaokuta which was 
98% completed as at 1994. Operations commenced in all these projects while in Ajaokuta, operations were 
partial in some sub-components of the complex that were 100% completed. The primary objective for the 
establishment of the Ajaokuta steel project is for the production of steel, which will serve as the pivot of Nigeria's 
industrial take-off. The project is to utilize the basic Oxygen furnace (BOF) and Blast Furnace (BF) technologies 
for steel production. The plant is designed to produce 1.3 million tones of saleable steel products per annum at the 
first phase of the plant. Unfortunately, however, more than thirteen years after, with only 2% short of completion 
of the Ajaokuta project, Nigeria has been denied the numerous benefits of this unique projects. Several reasons 
can be attributed for the inability of the project to take-off fully. While the Delta Steel Company Ltd (DSC), 
incorporated in 1979 and commissioned in January 1982, was designed to produce 1 million tonnes of liquid steel 
per annum. Program to increase steelmaking capacity from 1.1 million tons per annum to 2.4 million TPA by 
realizing the DRI capacity through rehabilitation, scrap charging, revamping the entire Steel Melt Shop for 
operational processes has met brick walls , while the other inland Rolling mills have also been moribund .  It is 
unfortunate that the National Iron Ore Mining Company Limited was set up to meet Iron Ore requirement of 
Ajaokuta Steel Company Limited, the Delta Steel Company Limited and other local needs has also been cut up in 
the same web.  As all the projects and inland rolling mills across the country have remained shadows of 
themselves as structures and equipment continue to degenerate at very fast speeds.  

Key Words:  Revitalization, Metal, Industry, Employment and Revenue Generation

1.0 INTRODUCTION
The federal government of Nigeria in pursuance of its 
policy in the steel sector on April 14, 1971 
promulgated decree No 19 setting up the Nigeria steel 
development Authority (NSDA) charged with the 
responsibility for the planning, construction and 
operation of steel plants in the country. It was in 
addition tasked with carrying out investigations 
related to geological surveys, market studies and 
metallurgical research. The NSDA also embarked on 
short and long-term training of staff in overseas 

countries such as India and the Soviet Union on the 
operation and management of an iron and steel plant. 
In 1973, Tiajpromexport (TPE) of the USSR was 
commissioned to prepare a preliminary project Report 
(PPR) on the iron and steel industry in Nigeria. The 
report submitted in 1974, studied alternative 
production schemes based on both local and imported 
raw materials and was accepted in 1975.
    A contract preparation of the Detail Project Report 
(DPR) signed in 1975 with the USSR was submitted to 
the Nigerian government in October of 1977. With the 
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assistance of Sofresid of France as consultants, a 
variant of the steel plant was accepted in June 1978. 
The DPR specified broadly the general layout, 
composition and requirements as well as a tentative 
master schedule of the Ajaokuta steel plant. It was on 
the basis of this Detailed Project Report that the global 

thContract was signed on the 13  of July 1979 between 
Nigeria and Tiajpromexport of the Soviet Union for the 
construction of the Ajaokuta steel plant. The signing of 
this contract signified major commitments on the part 
of the Nigerian government and the USSR to the 
development of an iron and steel industry in Nigeria.

th     The Nigerian government on 18  of September 1979 
promulgated the National Steel Council Decree No. 60 
dissolving the NSDA. The new decree provided for the 
formation of the Ajaokuta steel plant as well as five 
other limited liability companies. These are the Delta 
steel company Ltd., Aladja; the Jos Steel Rolling Mill, 
the Oshogbo steel rolling mill, the Katsina steel rolling 
mill and the then associated ores and mining company 
ltd., now, National iron ore mining company 
(NIOMCO) at Itakpe. Today however, the country's 
steel infrastructure include these in addition to the 
Nigerian metallurgical Development center in Jos, the 
National Steel raw material exploration Agency in 
Kaduna, and the Nigerian metallurgical Training 
institute at Onitsha (Agbu, 2004: 374). It was in 1979 
that contracts were signed for the three rolling mills at 
Katsina, Jos and Oshogbo. While Kobe steel of Japan 
served as Technical partners during the erection of the 
Katsina plant, the Oshogbo and Jos plants were 
constructed by German companies. Each of the plants 
were signed to produce bars and wires rods at a capacity 

5 of 2.1X 10 tonnes/year. The rolling mills were to be fed 
with billets produced at the delta steel company, Aladja. 
The Katsina steel rolling mill for instance, was 
designed to also produce long products covering the 
product range from 6mm to 40mm (plain and ribbed). It 
was established primarily to introduce reinforcing   and 
general- purpose steel from billets for construction and 
wire associated industries. However, the poor capacity 
utilization of delta steel company and the very long 
gestation period of the Ajaokuta steel project meant that 
the rolling mills had problems of adequate supply or 
lack of billets to operate optimally. This contributed 
significantly to the poor performance of the Nigerian 
steel sector. The steel companies, rolling mills and the 
mining company have all now been incorporated as 
limited liability companies and are expected to be self-
funding while the research and training centers are still 
being funded by the government (BPE, 2005). 
However, the government of Nigeria wishes to fully 
divest its equity holding in the rolling mills. It seek 
prospective core/strategic investors with an initial sale 
plan of acquisition of 80 per cent shares of the rolling 

mills, while the remaining shares will be offered to the 
staff of the company as well as the local community 
(Bureau of public enterprises, 2003).
          Apart from the public sector steel concerns, 
there are also other privately owned companies, 
mainly mini steel companies engaged in the re-rolling 
of billets. These are mini-mills, some of 50,000 and 
100,000 tonnes capacities or less. However, the 
combined efforts of all these mills, over ten of them, 
have never really added more than 300,000 tonnes 
annually to the overall production capacity in the 
country mainly due to either operational inefficiency 
or the lack of working capital or sufficient electric 
power (Mohammed, 2002).

2.0 PROBLEMS OF METAL INDUSTRIES IN 

NIGERIA 

1.	 LACK OF POLITICAL WILL

It is worthy of note that the military regime of the 

former President, Chief Olusegun Obasanjo signed 

the decree that gave life to the establishment of some 

metal industries in 1979. This underscores the 

foresight and commitment of his regime. The 

administration of Alhaji Shehu Shagari,  in 

concretizing this laudable objective, injected a 

colossal amount of fund into the metal industries 

which are spread all over the country.

Unfortunately, subsequent regimes did not maintain 

the tempo of the Shagari regime. As a matter of fact, 

work had stopped on all the metal industries, the 

subsequent regimes for unpatriotic reasons and the 

lack of political decisions abandoned the metal 

industries and formulated policies that led to the 

industries either being abandoned or nonfunctional. 

Some of the reasons given for such actions are 

untenable, unjustifiable, economic or otherwise.

2.	 CONSPIRACY OF THE WESTERN 

COUNTRIES. 

One of the major factors for the abandonment of the 

metal industries are the overt and covert intervention 

of the western world. It is obvious that the western 

world and the International Financial Institutions such 

as the IMF and World Bank have never hidden their 

resentment and opposition to the metal industries 

since the conception of these metal industries. 

The reason for their oppositions are not far-fetched, 

since the realization of the metal industries will 

deprive the western countries of revenue from export 

of Steel to Nigeria and other African countries. 

Unfortunately, these western countries and 
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institutions have been able to recruit local 

collaborators to truncate these metal industries to 

ensure that we are perpetually dependent on them for 

our steel and steel-related requirements.

It is worthy of note that the western world has always 

opposed attempts by developing counties to establish 

their metal industries. For instance, the West was 

vehemently opposed to the establishment of steel 

industries in the Republic of Korea, which was 

conceived at about the same time with that of Nigeria. 

It is interesting to note that Korea successfully 

rebuffed the western nations and has today emerged as 

one of the major steel producing and exporting 

countries in the world.

It is instructive to note that only the USSR an Eastern 

bloc country agreed to assist us in the establishment of 

our steel complex. The West, particularly Britain was 

aware that we had iron ore deposits but did not want us 

to know and did not show us where they were, because 

we must remain suppliers of raw materials and 

importers of the steel products from them. However 

the USSR was forthcoming and revealed to us that 

there were indeed enough iron ore to warrant the 

building of an Integrated Steel Plant at Ajaokuta  

3 . I N A D E Q U A T E  F U N D I N G  A N D 

INDEBTEDNESS TO CONTRACTORS

Since the mid-80s, funding of the metal industries has 

been very irregular and inadequate. Similarly, 

contractors are being owed a lot of money thereby 

forcing work on these industries to stop. Infact, the 

major contractors withdrew from the metal industries 

sites and in some cases abandoned the industries mid-

way and left most of them nonfunctional. It is pertinent 

to note that, the inadequate funding is a direct 

consequence of the lack of political commitment, itself 

being a result of the lack of foresight and vision of the 

governments in the recent past. 

4.	 ADMINISTRATIVE FACTORS.   

The administrative machinery that have always been 

put in place is typical of the “Nigerian factor” in the 

management of our resources. For instance, the 

appointment of some chief executives as well as some 

management staff of the metal industries are without 

due regard to merits and other considerations. Security 

arrangement at the metal industries are very poor and 

unprofessional. This led to the vandalization of 

equipment and incessant looting of vital properties of 

the metal industries the stores and sites.

3 . 0  J U S T I F I C A T I O N  F O R  T H E 

REVITALIZATION OF METAL INDUSTRIES.

3.1.	 AS STRATEGIC INDUSTRIES. 

The metal industries are the cornerstone of the 

industrial growth of any nation. It is so vital to the 

development of any nation that every country attempts 

to acquire and take control of the sector even in cases 

where the raw materials are not available locally. For 

instance, Japan and South Korea who are among the 

largest producers of steel in the world today, do not 

have the raw materials for steel production locally. The 

giant technological stride that they have experienced 

over the years is attributable to the development of 

their steel industries.

Today, over 90% of the world's industrial goods and 

infrastructure are steel based. Furthermore, 

components of the factories that produce these goods 

are sustained by products of integrated Steel Plants and 

other industries. Such factories will provide the base 

for Nigeria's industrial take-off. To abandon the metal 

industries will be at our own peril.  In most cases, the 

products from these industries could be used in all 

aspects of our lives like Steel in National Economy, 

Steel as an Index of Power, Steel as Economic Nerve 

Trigger, Steel and Industrialization, Foreign Exchange 

Earner

3.2.	 FOREIGN EXCHANGE EARNER.   

The amount of foreign exchange being expended on 

the importation of steel today runs into billions of 

dollars. This colossal amount of money is an 

unacceptable waste of our meager resources and could 

have been diverted to other vital sectors of the 

economy. On the other hand, it is expected that the 

metals industries when completed and functional will 

generate enormous foreign exchange through export. 

It is also envisaged that the products of these metal 

industries be exported to the West Africa sub-region 

and other African countries. 

D u r i n g  t h e  s h o r t  p e r i o d  o f  G l o b a l 

Infrastructure Holding Limited (GIHL) a statement 

was credited to the then Management (Ajasteel 

2006:6) that Ajaokuta steel company limited generated 

$74m in foreign exchange for the sales of 128,000 

metric tonnes of rolled products. According to the 

report, ribbed bars were exported to four West African 
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countries as follows: 3,800 metric tonnes to 

Mauritania, 3,400 metric tonnes to Cote d'Voire, 1,050 

metric tonnes to Benin Republic and 600 metric 

tonnes to Mail. In the same vain The Ajaokuta steel 

company limited supplied Power Holding Company 

of Nigeria (PHCN) with 65MW of Electricity. Other 

beneficiaries of the company's 85MW of electricity 

generated from the Independent Thermal Power Plant 

(TPP) include, Lokoja, Okene as well as Benin city 

and its environs. 

In another report ( Ajasteel 2006:7), 50,000 

megawatts have been exported from the Ajaokuta 

Steel Company Catchment Power Company to Power 

Holding Company of Nigeria (PHCN) to service 

electrical strength in Okene, Lokoja, Itakpe and 

Ajaokuta Villages since 2005 to 2007. Further a 

concessionary agreement process had commenced 

between Ajaokuta  Stee l  Company l imi ted 

Management and the Management of Obajana 

Cement Factory to export 147,000 megawatts of 

electricity to the cement industry to enable it go into 

p r o d u c t i o n  w h e n  c o m p l e t e d .    3 . 3 .	

AVAILABILITY OF RAW MATERIALS 

Unlike some countries that are major 

producers of Steel in the world, Nigeria is blessed with 

virtually all the raw materials that are necessary for the 

production of steel. For instance, we possess a large 

reservoir of iron ore deposits in Itakpe and Agbaja 

both in Kogi State, which is the primary source of raw 

material to Ajaokuta Steel Company Limited and 

other metal industries. There are iron ore deposits in 

several other locations within Kogi state and other 

parts of the country. The country is also blessed in 

abundance with other relevant raw materials such as 

Dolomite, Clay, Limestone and other raw materials 

required for Steel production. Even the coking coal 

that is to be imported has been discovered in some 

locations like Lafia/Obi in Nasarawa State, which 

reduce our dependence on imported coking coal.  
The availability of raw materials is a key 

consideration in the establishment of an iron and steel 
plant since it usually takes some time for steel 
companies to break even. In this case, the Nigerian 
authority started early to look for sources of raw 
materials within the country in other to be able to 
select the appropriate technologies that could be used 
and ensure that the industry is viable. The Soviet 
specialist and NSDA exploration division worked 

extensively over a large area of the country exploring 
for deposit of iron ore, cooking coal, limestone, and 
dolomite and refectory clays. Areas of the country 
explored in detail included Birni Gwari and Ayangba 
in Kaduna state, Ejigbo anomaly in Oyo state and 
Agbado-Okudu in Kwara state for iron ore deposits. In 
addition, Afuze in Edo state, Danduya and Gombe 
deposits in Bauchi state were also explored for 
cooking coal.
        However, it was the discovery of the Itakpe iron 
ore deposit in 1973 by the soviet aero magnetic survey 
team that catalysed the development of the steel 
industry in Nigeria. Fairly good iron ore deposits were 
discovered at Itakpe, Agbaja, Ajabanoko and 
Chokochoko all in the region around Okene, Kabba 
and Lokoja in the Kogi state of the country. British 
surveyors, who were earlier appointed by the federal 
government of Nigeria to carry out initial feasibility 
studies, also found that there were large iron ore 
deposits at Agbaja near Lokoja and Udi near Enugu. 
Coal was also discovered in large quantities at Enugu 
and limestone at Jakura near Lokoja (Tarbunde, 
1983:3). Coal deposits from Lafia/Obi were also 
investigated, but the quality of the coal was impaired 
by high ash and sulphur contents with the deposits 
occurring in seams that are difficult to mine. Overall 
however, Nigerian coal is said to be one of the most 
bituminous in the world owing to its low sulphur and 
ash content and therefore the most environmentally-
friendly. 

There are nearly 3 billion tonnes of proven 
coal reserve in the country presently (BPE, 2005). In a 
study carried out by a business consultant, SKOUP 
and company involving extensive chemical testing  of 
various samples of coal from deposits from the South 
and North locations, It was found that some Nigerian 
coal were suitable for cooking using the direct 
reduction method in steel-making (SKOUP and 
company Ltd, 2004). The study recommended 
increasing Nigeria's import substitution in steel 
manufacturing beyond the planning of projects by 
establishing a sponge iron mill fired by Nigerian coke. 
The study further showed that tar and coke could be 
produced at competitive prices in the country.
     Other raw materials required in the industry that 
were discovered and found suitable included Jakura 
limestone, Ubo barble, Mfamosing limestone, Burum 
dolomite, Osara dolomite and Onibode/Oshiele 
refactory clay (Chukwumerije et. Al 1982). The 
picture emanating from the successful explorations, 
especially the Soviet-Nigerian joint efforts, which 
arose from the Moscow protocol of 1970 proved 
contrary to the then prevailing view than Nigeria had 
no iron or ore nor coking coal suitable for steel 
production.
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      It is fairly common knowledge that the nature, 
quality and availability of raw materials dictate the 
technology type that should be used in the 
development of a particular steel industry. Nigeria 
has fairly large deposit of iron ore but closer scrutiny 
indicates a paucity of good coking coal. The available 
coal has significant percentages of ash and Sulphur 
content. The iron ore could be improved upon to meet 
the requirements of Ajaokuta plant, even as the Delta 
direct-reduction plant demands high quality iron ore 
of about 66 per cent ferrous content (Ogbu et. Al 
1995:9). 

The Delta plant uses natural gas for fuel. This 
resource is so abundant in Nigeria, which is a major 
oil producing country that the iron and steel industry 
will hardly lack for gas as fuel. For the main coal 
deposits in Nigeria, these are found at the Enugu and 
Lafia-Obi coal fields. The Lafia-Obi coal has coking 
properties but is high in ash and sulphur, and the 
deposits has structural problems. On the other hands, 
the Enugu deposit is reasonably free of impurities but 
is non-coking. 3.4 AVAILABILITY OF SKILLED 
LABOUR.

Nigeria possesses the skilled manpower and 

technical know-how to run the metal industries 

efficiently. Also, thousands of professionals have 

been trained both locally and internationally in 

anticipation of the take-off of the metal industries. In 

addition, the federal government has set up 

institutions such as the metallurgical Training 

Institutes in Onitsha, Ajaokuta and several other 

locations for training the future manpower needs of 

metal industries. 3.5 MULTIPLIER EFFECTS ON 

THE ECONOMY. 

The metal industries were envisaged to have 

multiplier effects that will permeate all sectors of the 

Nigeria economy such as the industrial, agricultural, 

transport and construction sectors. For instance, 

when the metal industries are made functional, 

Nigeria would become a major producer in industrial 

machiner ies ,  au to-e lec t r i ca l  spare -par t s , 

shipbuilding, railways and carriages. Ajaokuta alone 

is expected to attract over a hundred downstream 

industries. Thus the gains of having the functional 

meta l  indus t r ies  fa r  outweighs  whatever 

considerations being used as neglect, delayed of their 

functionality or abandonment.                  

3.6.	 TECHNOLOGY TRANSFER     

There is no doubt that actualization of the metal 

industries will bring about technology transfer to the 

country. This will open a new vista for our 

technological take-off. It is expected that when these 

industries become functional, foreign investors would 

be attracted to participate in the Steel associated 

industries. Indeed, nothing can expedite and actualize 

the much talked about technology transfer to 

developing countries especially Nigeria like the 

revitalization of the industries.

3.7.	 EMPLOYMENT.    

The metal industries have the prospects of employing 

large number of the nation's labour force. The 

industries are expected to employ more than One 

hundred thousand workers directly while employment 

will be created for millions of Nigerians indirectly 

through the downstream and metal related industries. 

This will definitely assist to alleviate the ridiculous 

unemployment problem of the nation. 

 3.8 DEFENCE (ARMAMENTS)
Defending a country's territorial integrity 

against external aggression is one of the most 
important functions of the present day nation state.  
Modern military armaments and ammunitions are all 
based on steel.  Military armaments may be imported 
from other countries willing to sell.  However, two very 
important observations must be made:
(i)No country will supply armaments that are 
sufficiently advanced to another country.  Only second 
or third-rate armaments, which the supplier country is 
phasing out, are supplied to the buying country.
(ii)At the first sign of problems, the advanced and 
supplying countries get together and “impose an arms 
embargo” on the target country or countries.  The 
European Union imposed an arms embargo on Nigeria 
from 1996 till 1999.

It is very clear that in order to be truly 
independent, Nigeria must acquire the capability to 
manufacture her own military hardware and this 
translates directly to a compulsory development of the 
metal industries because of the benefits that could be 
derived in terms of manufacturing her own armaments, 
nuclear weapons and other war equipment. Today 
India, Pakistan and North Korea have nuclear 
capabilities which they her being using to develop 
build various capacities missiles and war head which 
most cases serve as threats to international 
communities and India successfully tested a long-
range ballistic missile and today North Korea is 
threatening the whole world with their advancement in 
technology through the use of metal and steel from 
their industries breakthrough in armaments creations.  
All these would not have been possible without virile 
metal industries. 
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In his paper titled “Steel in Defence” Major 

S.K. Oni, of the National Institute of Policy and 

Strategic Studies, stated, among others, that “At 

present, Nigeria relies on overseas purchases to equip 

her armed forces and other security forces.  The 

disadvantages of these are many. It is obvious that any 

further delay in the completion  and operationalization 

of these metal industries will  not be in the overall 

interest of our defence policy in view of the strategic 

role of steel in defence” (Oni, 1988).

  	 Let us draw from this lesson on the invasion of 

Iraq by the Americans and the British Governments 

and their inability to cope with the challenges of the 

North Korea, or even to easily run over Iraq, that unless 

a country produces and uses the armaments needed to 

defend its people, territory, resources and sovereignty, 

it shall be subjugated and enslaved. 

The core of this modern technological base is 

on metal industries which were to serve the purpose for 

which they were  established, ownership and control 

must remain in the hands of the Government and 

people of our Nation (Nigeria) and not foreigners who 

whenever it suits them, manipulates the metals 

industries , imposes and effects sanctions. 

 	 A lot of money has been sunk into these metals 

industries. Almost all the past leaders of the country 

lack the long term vision and patriotic will to revitalize 

these industries and make them operational. Some of 

them have been further be  confused by the major steel 

powers and their international collaborators like the 

International Monetary Funds, the World Bank and 

World Trade Organization  hence there lack-cluster 

approach to revitalization of the metal industries .

  	 For some of them, it is pure unmitigated greed. 

They simply abandoned the industries without any 

recourse and these industries are the necessary 

backbone for any form of sustainable national 

development for the country in the immediate and 

distant future. According to a pioneering Nigerian 

Economist, the late Dr. Pius Okigbo, in a lecture 

delivered at Institute Management and Technology , 

Enugu in 1980,warned that  “ No country can claim to 

be industrialized if it does not develop metalworking 

industries: it must have its own steelmaking as the 

basis of the ferrous metal industry. 

    The steel fabricating industries multiply beyond 

count .The key lies in the establishment of iron and 

steel industry as the basic unit of any serious 

industrial development”.

4.0	 THE FALLACY OF THE ARGUMENTS 

AGAINST THE REVITALIZATION OF 

THE METAL INDUSTRIES.

We have observed with keen interest, the arguments 

of some misguided and misinformed Nigerians and in 

some cases their mischievous foreign collaborators or 

even sponsors who have been canvassing ceaselessly 

for the sidelining or those who have argued that these 

industries are unviable, and that BOF technology at 

the Ajaokuta Steel Company Limited is obsolete and 

that the project should therefore be privatized.  

One wonders which rational investor will like to buy 

unviable industries. The truth is that those clamoring 

for the privatization of these industries are western 

acolytes who are scheming to dispose these industries 

to their sponsors. The lessons learnt from the 

privatized metal industries like Jos Rolling Mill, 

Machine and Tool Shop, Oshogbo, Kastina Rolling 

Mill, Delta Steel Company are enough food for 

thought, as these industries are now shadow of 

themselves.   It must also be known that the 

concession arraignment from the led Obasanjo 

Government threw the metal industries deeper into 

the state of confusion and stress. Those people who 

participated in the processes plunger the industries to 

the state of dilemma. The policies further 

compounded the problem in these industries as some 

litigation matter arose from such processes      

Furthermore, Government should intensify enough to 

retrieve the other metal industries privatized and 

consider the best method of revitalizing them.  Those 

who are advocating for selling these industries as they 

are now will only be for a paltry sum and a colossal 

loss to the nation - as the industries are not yet 

functional.  Common sense dictates that these 

industries should be made operational first, to 

enhance that their value before any move to privatize 

them.  Government should revitalize the industries 

by, making them operational and then commercialize 

them in the interim just like the case of any strategic 

sector.

The argument that the technology of Ajaokuta Steel 

Project is obsolete is completely false and untenable, 

and represents a deliberate attempt to distort facts. It is 

an incontrovertible fact that most Steel plants in 
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Eastern Europe, Asia and indeed Western Europe still 

use the blast furnace (BF) technology today. As a 

matter of fact, 75% of the world production of Steel is 

through this BF-BOF technology. Moreover, Steel-

making technology does not change quickly and as 

such will still be relevant for a very long time. In 

addition, the BF-BOF technology is best for Nigeria, 

as it is appropriate, durable, serviceable, and easily 

adaptable and will enable our teeming youths to be 

employed and work to earn a living instead of 

engaging in crime and criminality. 

It is quite obvious that the issue of non-

viability is untenable, frivolous and insincere. Metal 

industries have been adjudged to be viable all over the 

world, even for countries that do not have the raw 

materials. Nigeria can therefore, not be an exception. 

We have no option than to revitalize all the metal 

industries and take another and in depth analysis on 

those metal industries privatized and seek the best 

means of making them functional again for revenue 

generation, wealth creation, technology transfer and 

employment generation as the Nation is presently 

facing economy down time. For us to be major players 

in the international community we must do the 

n e e d f u l .  .  5 . 0	

SUBMISSION/RECOMMENDATIONS   

(a) President Muhammadu Buhari should revitalize 
the metal industries which include Ajaokuta Steel 
Company Limited, Delta, Steel Company Jos and 
Oshogbo steel rolling companies, the revitalization of 
the industries would promote industrialisation and 
employment generation in the country   . 

(b)The government should complete the Ajaokuta 
Steel Company as it was primarily conceived as a 
strategic steel plant aimed at spurring economic 
development in the country and revive the other metal 
industries, if these industries commenced production, 
they would form the nucleus of efforts to produce 
made-in-Nigeria vehicles, while stimulating the onset 
of the country's industrial revolution.

(c)It is obvious to know that Nigeria had abundant 
steel raw material deposits from which the country 
could mass produce automobile items and other 
equipment if well-harnessed.  

(d)The government should fully take charge of the 
industries after their revitalization and consider the 
possibility of running them via public-private 
partnership arrangement by involving competent 
experts like the foundation builders of the industries. 

(e)Government should also engage parent companies 
or industries with technical and financial capabilities 
to manage the industries for effective optimization for 
the purpose of realizing its set goal and objectives. 

(f)The recently modified concessional agreements 
with the India should be properly be reviewed as the 
Ajaokuta Steel and Delta Steel companies  will need 
the National Iron Ore Mining Company, Itakpe, to 
remain relevant with a view to fulfilling primarily 
established policies to feed both industries  with iron 
ore.

(g) The Delta Steel Company, Jos Rolling and 
Oshogbo Steel Rolling Mill which were established 
to produce steel and other rolled products. The 
industries were privatised and some sold by the 
Federal Government in 2005 it may be worrisome to 
note that since that policies took they had not 
produced any kilogramme of either iron or steel. It 
should be wise for the Government therefore, to 
retrieve such industries and fashion a better and 
acceptable means of revitalizing them for 
employment generation, wealth    creation and 
revenue generation.   

(h)The Government should reappraise the Delta Steel 
Company, rehabilitate it and revitalize it before 
privatising it, government should engage experts with 
proven track-records to do the job. It should be noted 
the company had been cannibalised by the Indian 
company which bought it for 30 million dollars. 
(Sanusi: 2016).

(i) It is also worrisome that the Oshogbo Steel 
Company, which was sold in 2005 under a liquidation 
exercise, was still under lock and key since then. The 
Government therefore, should take urgent step to 
retrieve and revive the industry. The Federal 
Government should therefore put in place necessary 
measures to reposition the three in land rolling mills 
for productivity with a view to contributing to this 
economy.

6.0	 CONCLUSION   

Finally, the government on its part must muster enough 

political will and courage to revitalize the metal 

industries which have suffered undue set back over the 

years. It will be a disservice to the nation if these 

industries abandoned across this nation are not revived 

and revitalized for operational purposes. 

 It should be noted that billions of dollars have gone 

down the line in all these industries. It would also be a 

huge political gain for this administration and a unique 

opportunity for the leader to revive and revitalized the 

industries.  Furthermore, the government is urged to 
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discountenance the arguments of some unpatriotic 

Nigerians and their foreign sponsors to jettison these 
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Abstract
The inhibi�ve effect of methanolic extrac�on of CG leaves in 3.5%NaCl solu�on in controlling the corrosion of Al-Si-Mg 
alloy using gravimetric mass-based loss and electrochemical techniques was evaluated. The alloy was produced by sand 
cas�ng method. Phytochemical screening of the plant extract was carried out while FT-IR and GC-MS were used to 
characterize the extract. It was found that the plant extract act as a good corrosion inhibitor for the alloy in the studied 
condi�on. The inhibi�on efficiency increased with increase in concentra�on of the inhibitor and decreased with an 
increase in temperature. The inhibi�on ac�on of the plant extract is described in view of Freundlich/El-Awady adsorp�on 
isotherms. The phenomenon of physical adsorp�on is prepared based on the thermodynamic parameters that govern 
the inhibi�on process. Poten�odynamic polariza�on carried out show that the values of the anodic and cathodic Tafel 
constants are markedly changed in the presence of the extracts. This result reflects the effect of the extract on both 
anodic and cathodic reac�ons. Therefore, it could be concluded that CG extract acts as a mixed inhibitor.
Keywords: Aluminium corrosion, ecofriendly inhibitors, sodium chloride solu�on, 
                    combretum glu�nosum, adsorp�on mechanism, plant extract

1.0 INTRODUCTION
Aluminium and its alloys are widely used as 

engineering materials in the automotive, aviation and 
aerospace industries, in the making of household 
appliances, in ship building and military hardware 
(Lebe et al., 2011).They provide excellent physical and 
mechanical properties such as high strength-to-weight 
ratio, recyclability, castability, good machining 
properties, and as well as outstanding resistance to 
corrosion.

 Corrosion of materials is known to lower 
performance efficiency and lead to reduced service life, 
in severe cases it could serve as a precursor to 
catastrophic failures which result in great losses 
(Alaneme, 2011). The corrosion resistance of 

aluminium and some of its alloys is attributable to the 
formation of a stable protective thin film of aluminium 
oxide when exposed to the atmosphere The protective 
oxide films are characterized to be amphoteric and 
easily dissolved in strong acidic and alkaline media 
leading to corrosion attack (Oguzie  et al., 2007). 

Aluminium alloys consisting of Al-Si have 
being used in wide range of engineering application. 
They are characterized by a wide temperature range in 
the semi-solid region. Magnesium, when added to Al-
Si, is the main solid solution strengthener to aluminium 
alloys and responsible to precipitation hardening to 
yield higher strength  (Abdulwahab et al., 2011). When 
exposed to the atmosphere and other aggressive media, 
the thin film that protects this alloy gives way. 
Additionally, the alloy is also susceptible to pitting and 
intergranular corrosion in seawater. 
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             Over the years, various methods have been 
used for corrosion prevention. A lot of efforts have 
been put in developing strategies of mitigating 
corrosion through materials selection, changes in 
design philosophies and the adoption of varied 
prevention techniques. The use of inhibitors has been 
well documented as an effective method of protecting 
metallic materials from corrosion in aqueous 
environments (Tosun and Ergun, 2006; Benali et al., 
2013; Awe  et al., 2015 and Asuke  et al., 2015). A 
corrosion inhibitor is any chemical substances which, 
when added to a corrosive system in optimum 
concentration, decreases the corrosion rate.

Corrosion inhibitors modify electrochemical 
reactions by their action from the solution side of the 
metal/solution interface; and the increase in corrosion 
resistance can be measured by various parameters 
(Eddy, 2009).  To be effective, an inhibitor must be 
able to interact with anodic and cathodic reaction sites 
to respectively retard the oxidation and reduction 
corrosion reactions, and prevent transportation of 
water and active corrosion species on the metal surface 
(Maqsood  et al., 2011). 

Synthetic inorganic compounds used as 
inhibitors for corrosion prevention and control have 
been reported to have an excellent performance. 
However, their toxic effects do not only affect living 
organisms but also poison the environment, hence the 
need for green/eco-friendly corrosion inhibitors (Al-
Sehaibani, 2000). Therefore, effort towards 
identifying any potential eco-friendly and less 
expensive inhibitors remains the subject of focus in 
current research efforts of corrosion science and 
engineering.  Over the years, several inhibitors have 
been synthesized or chosen from different compounds 
and it has been found that the best inhibitors are those 
that have centre for  π electron donation usually 
enhanced by the presence of hetero atoms in aromatic 
compound (Eddy, 2008).
          Natural products of plant origin containing 
different organic compounds (e.g alkaloids, tannins, 
saponins, steroids, terpenoids, flavonoids, phenols, 
oxalates, glycosides, pigments, organic, and amino 
acids) are known to have inhibitive action (Ebenso and 
Ekpe, 1994).They are generally eco-friendly, cheap, 
and easily available and have heteroatoms in their 
aromatic or long carbon chain (Abiola et al., 2007). 
Research by Obot et al. (2009) reported successful 
uses of extrudate gum extract from natural plants as 
corrosion inhibitors of aluminium in alkaline media.
            Avwiri and Igho (2003) reported that organic 
compounds having heteroatom O, N and S are found to 
have basicity and electron density thus assist in 
corrosion inhibitor. O, N and S are the active centers 
for the adsorption on the metal surface. When an H 

atom attached to the C in the hydrocarbon ring is 
replaced by a substituent group (-NH2, -NO2, -CHO, 
or COOH) it improves inhibition. The electron density 
in the metal at the point of attachment changes, thereby 
resulting in the retardation of the anodic and cathodic 
reactions . Electrons are consumed at the cathode and 
furnished at the anode, thus, corrosion is retarded 
(Amitha and Bharathi, 2011).
Several authors have used different extracts of leaves, 
stems, roots, fruits, flowers, and seeds as inhibitors for 
aluminium and its alloys in different media (Babatunde 
et al., 2012; Wan et al., 2012; Ihebrodike et al., 2010; 
Ajanaku et al., 2012; Rajkiran et al., 2010; Rajendran 
et al., 2009; and Benali et al., 2012). Due to economic 
importance of aluminium and its alloys, its protection 
against corrosion has attracted much attention 
(Yingchao et al., 2011; Zhenhua et al., 2011). 
2.0 EXPERIMENTAL PROCEDURE 
2.1 Preparation of extract 
Fresh leaves of CG were obtained from Malunfashi 
LGA of Katsina state, Nigeria. The leaves were shade-
dried and milled. Cold extraction of the leaves was 
carried out using methanol as a solvent over a period of 
five days in a separating funnel followed by recovering 
the solvent from the solution using rotary evaporator. 
Standard solution of 0.2, 0.4, 0.6, 0.8 and 1.0v/v 
concentrations were prepared and used for the study.
2.2 Phytochemical screening of the plant extract
Phytochemical screening of the methanol extract of the 
sample was carried out according to the method 
reported elsewhere (Danmalam et al., 2012). Wanger's 
test was used for the identification of alkaloid, 
Frothing's test for saponin, ferric chloride test for 
tannin and flavonoid respectively. 
2.3 Fourier Transform-Infrared Spectroscopy
FT-IR spectrometer, model FT-IR 8400S Shimadzu 
spectrophotometer was used for the characterization of 
CG. The analysis conditions were wave number range 

-1
of 3402-406cm  using KBr pellets. Few drop of CG 
extract was mixed with KBr. A solid mass made into 
pellets.
2.4 Gas Chromatography-Mass Spectroscopy
The GC-MS spectroscopy model QP 2010 plus 
shimadzu was used for the characterization of the 
extract. 1g of the plant extract (solute) was shaked 
vigorously for about 30minuites and filtered. 1.5ml of 
the extract (filtrate) was placed in a sample vial and 
inserted in to the GC-MS machine to run the analysis 
for about 28minuites. 
2.5 Casting of Al-Si-Mg alloy
 Pure Al & Cu wires were obtained from Northern cable 
company (NOCACO) company, in Kaduna state. 
Silicon powder and Magnesium chips were purchased 
over shelf from chemical vendor in Zaria. A356.0 type 
Al-Si-Mg alloy was produced through sand casting 
technique. The composition of the alloy shown in Table 
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1 was charged in to the crucible furnace for melting. 
The pure aluminium wire were first melted which was 

o
allowed to heat to a temperature of 750 C before the 
crucible was removed. Silicon powder and copper 
ligand and zinc were added, which was stirred and then 
returned back. Thereafter, the temperature of the melt 

o
was allowed to reach 800 C for super heat to occur. The 
melt was removed and magnesium chips and strontium 
were equally added to the ladle and stirred thoroughly 
before pouring in to the mold cavity. The alloy was 
sand cast in to cylindrical bars of dimension 22 mm x 
300 mm and machined to standard specification for 
weight loss and electrochemical corrosion test samples 
respectively.	
Table 1: Composition of A356.0 type Al-Si-Mg alloy 
used

Element Al Si Mg Cu Zn 
Weight 
% 

92.35 7.0 0.35  0.20 0.10 

    *The composition of the alloy was confirmed 
after casting using Optical Emission 
Spectrometer (OES)                                  

2.6 Gravimetric mass-based test 
The gravimetric mass-based test was carried out using 
clean weighed samples of 10x10mm and maintained at 

0 0 0
30 C, 50 C, and 70 C in a thermostated water bath. 
Before exposure, the samples were polished manually 
using 600, 800 and 1200 grit of emery papers and 
lubricated using distilled water. The samples were then 
cleaned by acetone and distilled water. The initial 
weight of the samples was determined and coupons 
were hung by thread in test solution for 1-5 hours in 
250 ml of 3.5wt% NaCl solution without and with the 
addition of CG. After the exposure time, the samples 
were retrieved from the solution, scrubbed with brittle 
brush in distilled water to remove the corrosion 
product, dried in acetone and weighed again. The 
differences in the final and initial weights gave the 
weight loss which was used to calculate the corrosion 
rates using equation (Callister, 1987).

2.7 Electrochemical measurements 
An Al-Si-Mg alloy coupon for the experiment was 
immersed in 250ml test solution. The electro-
chemical measurements were obtained using 
Metrohm Autolab  B.V.  AUT 50280.   For 
Potentiodynamic polarization, the coupons were 

2
embedded in solution with an exposed area 1.0cm . 
the Potentiodynamic current and potential curves 
were recorded by changing the electrode potential 
from -1500mV to +1500mV with a scan rate of 
0.012V/s. corrosion current densities (I ), corrosion corr

potential (E ), polarization resistance anodic and corr

cathodic Tafel slopes, and corrosion rate were 
recorded. 
3.0 RESULTS AND DISCUSSION 
 3.1   Phytochemical constituent
Table 2 shows the phytochemical constituent of 
methanol extract of CG. The qualitative screening 
result indicate that saponin, tannin, alkaloid and 
flavonoid were present in the extract, hence the 
inhibition efficiency of methanol extract of CG may 
be attributed to the presence of these compounds.
Table 2: Phytochemical screening (Qualitative 
amd Quantitative) results of the plant extract 

Plant 
extract 

Tannins Saponin  Flavonoids Alkaloids  

  CG    +    ++     ++       + 
  CG    1.30%    8.90%     13.46%       2.10% 

Where (+) means the presence of the chemical constituent and 
(++) means the presence of more chemical constituent. 

 3.2 Gas chromatography-mass spectroscopy (GC-
MS)
 Gas chromatography-mass spectroscopy spectra of 
CG plant extract is shown in Figure 1. The GC- MS 
analysis detected all organic species quantitatively. 
Each peak area in the chromatogram was proportional 
to the amount of the organic compounds forming that 
peak. Structural assignment of CG retention data of 
compounds is based on spectra matching with 
National Institute of Standards and Technology 
(NIST). It can be observed that CG extract consist of 
eleven major compounds. Since the retention time of 
majority of the compounds is close to each other and it 
is very difficult to separate them, the extract of CG 
was used as corrosion inhibitor for this study. 

3.3 Fourier Transform-InfraRed Spectroscopy 
(FT-IR)
 The FT-IR Spectrum of CG has the following 
frequencies with band assignments as shown in 
Figure 2. The frequency bands around 3402-

-1
406cm  indicate the presence of C-I, C-Br, = C-H, 
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C=C-CH -OH, C=C and C=0. These shows the 2

functional groups, aromatic rings present in the 
extract of CG.

Figure 1: Chromatogram  and  Corresponding  Mass  
Spectra  of  CG  Extract  Showing  the Peaks  of  the  Compounds.

3.4 Effect of inhibitor concentration on the 
corrosion rates of the alloy in 3.5% NaCl solution
Figures 3-5 show the variations of the corrosion rate 
against inhibitor concentration of Al-Si-Mg alloy in 
3.5wt.% NaCl solution in the absence and presence of 
CG. The results obtained from these Figures show that 
the corrosion rate is higher in the blank than in the 
presence of the extract and the rate decreased with 
increases in inhibitor concentrations. The decrease in 
weight loss with increase in concentration of the 
extract depicts inhibitive property of the extract in the 
medium. However, the corrosion rate increased with 
increase in temperature (Adejo et al., 2013). The 
decrease in corrosion rates could be due to the 
formation of protective thin films by the inhibitor 
molecules on the aluminum surface and signifying 
inhibitive action of the extract it and it was also found 
that generally the corrosion rate decreases with 
increase in exposure time. 
3.5 Effect of Exposure time 
Effect of exposure time was investigated in order to 
assess the stability of adsorption inhibitor film at the 
surface of the alloy in 3.5wt% NaCl solution with time 
in the absence and presence of CG at various time at 

    

Figure 5: Varia�on of Corrosion Rates against Inhibitor 
0Concentra�on of CG at 70 C

Figure 3: Varia�on of Corrosion Rates against Inhibitor 
0Concentra�on of CG at 30 C

Figure 4: Varia�on of Corrosion Rates against Inhibitor 
0

Concentra�on of CG at 50 C

0 0 0
30 C, 50 C and 70 C respectively. It was found that as 

0the exposure time increases from 1hr to 5hrs at 30 C, 
0.2v/v concentration, the IE% also increased from 
19.88% to 75.00%. This might be explained due to 
increase of adsorbed of inhibitor molecules onto the 
metal surface with time. (Leelavathi and Rajalakshi, 
2013).
3.6 Effect of inhibition efficiency

The inhibition efficiency of the extract increases 
with increase in concentration of the inhibitor but 
decreases with increase in temperature as shown in 
Figures 6-8. This indicate that CG is an adsorption 

Figure 2: FT-IR absorption spectrum of CG extract
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inhibitor for the corrosion of Al-Si-Mg alloy in the 
medium and that the adsorption of CG favour the 
mechanism of physical adsorption (Chetounani et 
al., 2004). 

3.7 Effect of Temperature
Arrhenius state equation shown in equation (3) and (4) 
(Lebrini et al., 2010) was used in calculating the effect 
of temperature
Log CR = Log A- E /2.303RT                      (3)a

Log (CR/T) = {Log (R/N h) + ΔS /2.303R} - A a

ΔH /2.303RT                                 (4)a

Where CR is the corrosion rate of the metal, A is the 
Arrhenius or pre-exponential factor, E  is the activation a

energy, R is universal gas constant and T is the 
temperature of the system, N  is the Avogadro's A

constant, ΔS  is the entropy of activation and ΔH  is the a a

enthalpy of activation. From equation (3), plot of Log 
CR versus 1/T as shown in Figure 9 gives a straight line 
with slope equal to –E /2.303R, from which the a

activation energy for the corrosion process can be 
calculated. From equation (4), plot of Log CR/T versus 
1/T as shown in Figure 10 gives a straight line with 
slope equal to -ΔH /2.303R and intercept of                                          a

{Log(R/N h) + ΔS /2.303R}, from which the enthalpy A a

and entropy of activation for the corrosion process can 
be calculated. Values of E , ΔS , and ΔH are presented a a  a 

in Table 3. Figures 9 and 10 also show a linear 
relationship between the corrosion rate and the 
temperature of the environment. Values of the 
extrapolated activation energy were found to be higher 
where corrosion rates were inhibited than those 
obtained where there were no inhibition indicating that 
the methanol extract of CG retarded the corrosion of 
the alloy. It is also found that the activation energy was 
lowered than the value 80kj/mol. required for chemical 
adsorption to take place, confirming that the adsorption 
of the methanol extract of CG occur through the 
mechanism of physical adsorption (Sethuran and Raja, 
2005). Table 2 shows the enthalpies, entropies and 
activation energy of the corrosion process to be 
positive which reflect endothermic nature of 
dissolution process. The entropy of activation in the 
absence and presence of the inhibitor also has a 
negative value which indicates that the activated 
complex in the rate determining step represents an 
association rather than dissociation, implying that a 
decrease in disordering took place on going from the 
reactant to the activated complex (Lebrini et al., 2011).
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Figure 6: Varia�on of Inhibi�on Efficiency against Inhibitor 
0Concentra�on of CG at 30 C

Figure 7: Variation of Inhibition Efficiency against Inhibitor 
0Concentration of CG at 50 C

Figure 8: Variation of Inhibition Efficiency against
0 Inhibitor Concentration of CG at70 C

Figure 9: Variation of log CR against 1/T for CG 
in 3.5wt% NaCl of Al-Si-Mg alloy
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Inhibitor 
concentrations 

ΔEa 
(KJ/Mol) 

ΔHads 

(KJ/mol) 
ΔSads 

(KJ/mol.K) 
Blank  4.72 1.94 -0.2536 
0.2 5.89 0.90 -0.2579 
0.4 6.84 4.05 -0.2503 
0.6 6.30 3.53 -0.2510 
0.8 5.75 2.99 -0.2519 
1.0 4.74 2.03 -0.2541 

 

3.8 Adsorption consideration 
Surface coverage data play an important role in 
assessment of inhibitor characteristics and are useful 
for fitting experimental data into adsorption isotherms 
which give an insight into the mechanism of inhibition. 
Addition of inhibitor molecules adsorb onto metal 
surface and interaction between them can be described 
by adsorption isotherm. CG obeys Freundlich and El-
Awady adsorption isotherms by giving a straight line 
for a plot of log Ɵ versus log C and log (Ɵ/1-Ɵ) versus 
log C. The straight lines obtained reveal that the main 
process of inhibition is adsorption. It can be explained 
that the increase in inhibition efficiency with increase 
in time and concentration of the inhibitor is an 
indication of an increase in the number of components 
of the extract adsorbed onto the surface of the metal 
thereby blocking the active sites, hence protecting the 
metal from corrosion. The decrease in IE with rise in 

Table 4: Freundlich and El-Awady Adsorption Isotherm 
Parameters for CG extracts at 300C, 500C and 700C.  

Temperature  Slope  R2 
300C 0.7496 0.9698 
500C      Freundlich 0.9608 0.8803 
700C 0.9764 0.8579 
300C 2.3118 0.9453 
500C       El-Awady 1.4332 0.8116 
700C 0.9237 0.6748 

 

y = 0.7496x - 0.0791
R² = 0.9698 y = 0.9608x - 0.3294

R² = 0.8803

y = 0.9764x - 0.4064
R² = 0.8579
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temperature is suggestive of physical adsorption of the 
phytochemical constituents of the extract in Al-Si-Mg 
alloy surface forming a protective layer and welding 
the metal against corrosion (Leelavathi and 
Rajalakshmi, 2013). 
A typical polarization curve for Al-Si-Mg alloy in 
3.5wt% NaCl solution in the presence of CG is shown 
in Figure 12, and also the parameters derived from the 
curves were also presented in Table 5. It can be 
observed that both cathodic and anodic reactions were 
suppressed with the addition of various concentration 
of CG which indicate that the inhibitor affected the 
cathodic and as well as the anodic partial reactions, 
shifting the corrosion potential slightly towards more 
positive values, thus reducing the anodic and cathodic 
current densities and the corresponding corrosion 
current densities. This indicates that the plant extract 
functioned as a mixed-type inhibitor in the medium. 

y = 2.3118x + 0.7147
R² = 0.9453

y = 1.4332x - 0.1316
R² = 0.8116

y = 0.9237x - 0.2672
R² = 0.6748
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Figure 10 : Freundlich Isotherm of  CG, 1hr. of exposure time, at 30 C0

.

Figure 11: El-Awady Isotherm of CG, 1hr

Table 5: Polarization parameters for Al-Si-Mg alloy in 
3.5wt% NaCl solution in the absence and presence of CG 

System  Ecorr  Icorr (A) Corrosio
n rate  
(mm/yr) 

IE% PR 

Blank  -1.7818 0.0040 13.02 - 31.53 
0.2 -1.6577 0.00013 0.43 96.70 53.54 
0.4 -1.5092 0.00012 0.41 96.83 400.23 
0.6 -1.5181 0.00017 0.56 95.65 356.70 
0.8 -1.5334 0.00020 0.66 94.93 293.26 
1.0 -1.5449 0.00018 0.58 95.50 350.75 
 

Figure 10: Variation of Log CR/T against 1/T of CG 
in 3.5wt% NaCl of Al-Si-Mg alloy.

Table 3: Calculated values of activation energy 
parameters for the dissolution of Al-Si-Mg alloy
 in 3.5wt% NaCl solution
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From the value of the corrosion current densities in the 
absence and presence of the inhibitor, the inhibition 
efficiencies were calculated using the equation given 
below:
IE% = 1- I /I  x 100                                        (3)inh corr

CONCLUSION
From the study, it was found that methanol extract of 
CG is an adsorption inhibitor for the corrosion of Al-
Si-Mg in 3.5wt% NaCl solution. The adsorption 
characteristics of the inhibitor favours the mechanism 
of charge transfer from the charged inhibitor's 
molecule to the charged metal surface (Physical 
adsorption) and supported Freundlich and El-Awady 
model. Linear polarization results, indicate that the 
inhibitor that the inhibitor is a mixed type inhibitor 
onto the surface of the metal.
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The Importance of Salt Bath Heat Treatment to Weapon Production Using Indigenous Steel Materials
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Abstract
The effective quality production of military hardware (weapon parts majorly) using locally accessible raw materials has 
been a major concern towards materials characterization for defence Industry in Nigeria. It is of note that hardening of 
assorted steels and its alloys hold important keys to the quality of engineering including weapons parts and some other 
military hardware.
This paper shed more light on the basic operational principles required in the salt bath heat treatment of steel-based military 
hardware. Research relevance and different types of salt bath heat treatment were also considered. 
The relevance and advantages of the salt bath heat treatment as it relates to steel based military hardware were discussed. It 
also noted the necessity for Government to fund research works on available local raw materials, as a way of establishing 
national security by indigenizing our military hardware.

Keywords: Quality, Security, Defence Industry, Salt Bath, military Hardware, Weapon parts, Indigenization
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INTRODUCTION
The qualitative production of industrial and engineering 
parts, tools and machineries from available raw 
materials/steel alloys has been a major concern in our 
industries today. Lack of originality in the products of our 
metal industries is majorly responsible for importation of 
essential spare parts and materials (1). The defence industry 
also faces this challenge where steel alloys and parts are 
being imported to produce weapon. This is a threat to 
national security, particularly in the area of production of 
sensitive military hardware.
Steel as the world's most 'advanced' material (2) is still 
relevant in the production of parts, tools and spare parts in a 
defence industry. It can only be standardized effectively 
through salt bath heat treatment. Even if the raw material(s) 
being used to process a product is/are having the specific 
chemical composition, it is very rare to meet all the required 
physical and mechanical properties of any weapon 
component without passing through some stages of heat 
treatment for strength, durability, safety and cost 
effectiveness.
The main goal/objective of weapon parts production is to 
produce not only to precision in dimension but also to 
produce to meet expected chemical, mechanical and 
physical properties that will make the products 

(components/parts produced) meet the engineering set 
standards for durability and longtime cost savings.
Successful materials treatment in adequate controlled 
atmosphere that establishes quality production of metal-
base-military-hardware parts will establish national self-
reliance and also go a long way in saving hard currency on 
metal parts and chemicals' importation. This however, will 
require the Federal government and the Universities' 
Commission's commitment and deep interest in sponsoring 
research activities in this direction.
One major problem facing this sector is the insufficient 
proactive collaboration between industrial operators 
(direct & indirect) to develop the required research tools 
and industrial equipment to meet all the excepted scientific 
and engineering standards, using our locally sourced 
materials (3). This paper therefore is aimed at reflecting the 
use of our local ferrous materials to achieve durability in 
our metal industries and exposing the importance of salt 
bath heat treatment in metal industries (weapon production 
inclusive) thereby leading to positive reform of our 
economy.

N A T I O N A L  S E C U R I T Y  O N  W E A P O N 
PRODUCTION
A defence industry can only be a successful, effective, true 
and vital link to revitalization of the metal industry for 
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national security if it is having a functional, organized and 
productive heat treatment section majorly among others. 
We cannot be talking about national security on the 
production of military hardware (weapon inclusive), if the 
secrets of our production (the sensitive ones like weapon 
parts, armoured tank parts, Howitzer parts, machine parts, 
etc.) are with the western world in terms of materials 
selections and quality assurance operations like heat 
treatment.
The industrial sector in this country (by now) is expected to 
major in raw material selection, analysis and effective 
utilization towards qualitative fabrication of components, 
parts, and steel products even for our defence Industry in a 
bid to substitute the imported parts and still maintain 
quality.

RESEARCH RELEVANCE
Currently, over 50% of African GDP and foreign exchange 
are expended on importation of scientific and industrial 
equipment/parts (4) including military hardware, 
laboratory/industrial chemicals and other engineering 
parts/equipment, which otherwise, could have been 
designed and manufactured locally.
Nigeria as a country is known to be naturally blessed in high 
graded minerals and quality raw materials that requires 
intensive study to be able to derive high standard output 
through dedicated researches. The salt bath furnace is an 
open secret of achieving essential mechanical properties out 
of our metal based products. This is one of the reasons why 
the technology of salt bath operations is hidden from the 
Nigerian metal industries by the western world. It is 
effective operation of a functional salt bath heat treatment 
that guarantees qualitative products.
Currently, all salt bath furnaces in the federal government 
owed industries and corporations are not working 
effectively (5) as at today (including that of defence 
industry) (see Table 1). The way forward is for the 
engineering family to monitor and encourage industrial 
stake holders into resuscitating and upgrading our salt bath 
furnaces in the production sector of the country.
The Defence Industries Corporation of Nigeria (DICON) as 
the manufacturing body of arms and ammunition that has an 
established Research and Development Centre (R&DC), 
should also be adequately empowered and equipped to 
produce sensitive military hardware from locally sourced 
materials that are being researched upon.
It is sad to note that our Government owned defence 
industry could not be self-reliant in the area of tools and 
toolings for machines and machineries related to military 
hardware to exportation level. 
The type and quality of machines used in weapon 
production should by now, under research collaboration 
with related higher institutions, be given birth to 
independent metal processing/production institution of 
outstanding importance.
Such developed institution could have been servicing 
bodies like textiles, breweries, flour mills, technical and 
industrial institutions, training centres that are producing 
components, spare parts, tools, toolings etc. 

WHAT IS SALT BATH HEAT TREATMENT?
Heat treatment is the process of subjecting steel and its 
alloys (in this case) to thermal variables to achieve or 
change some physical and chemical properties of the 
workpiece (steel and its alloys) to meet 'field' requirement. 
Heat treatment can also be used to refine and/or improve 
metal qualities. Heat treatment can be in form of soaking for 
compositional change, hardening, tempering, annealing 
and toughening or combination of two or more of these, 
depending on the demand on the workpiece to meet the 
expected target and the type of base metal available (6).

Salt bath heat treatment is a soaking type of heat treatment, 
that give uniform temperature atmosphere and a medium 
that can permit exchange of elements e.g. Carbon and 
Nitrogen (7). There can also be a neutral medium that does 
not allow removal or introduction of additives or elements.
Salt bath heat treatment has to do with the subjection of 
produced components to different elevated temperatures in 
different media and cooled under different conditions 
depending on:
a) The state, in terms of composition of the steel alloy. 
b) The size of the component (workpiece).
c) The processed system (i.e. either cast, extruded or 
machined) and
d) The required standard expected of the component.
This is why different industrial operations may have 
peculiar significant heat-treatment operations attached.
However, salt bath heat treatment enhances the following 
mechanical and metallurgical properties (6,7):
         hardness – the ability of the steel to resist indentation
         hardenability – the ease or speed with which the steel 
hardens
         machinability – the ease with which the steel can be 
cut or be machined
         wear resistance – the ability to resist abrasion
         corrosion resistance – the ability to withstand 
chemical attack
         shear resistance – the ability to withstand failure along 
a lattice plane
         shock resistance – the ability to withstand impact
         high temperature stability – the ability to retain its 
essential properties at high temperatures

 
         strength – having a high yield point.

EXPECTED SALT BATH HEAT TREATMENT FOR 
WEAPON PRODUCTION
For a metal based weapon production in defence industry 
like ours, the following sets of salt bath furnaces will be 
expected to be used at different stages, for different metal 
composition and with different timing:
1. Salt bath furnace with attached pre-heater (Plate 
1&2): This type of salt bath furnace can only be fuel fired 
and it has two chambers heated up simultaneously. The 
main chamber is heated by fuel firing while the excess heat 
is made to heat the second chamber to serve as pre-heating 
chamber. The main chamber is the controlled chamber for 
austenization which can be either neutral or carbonitriding, 
depending on the type of steel/steel alloy being treated. This 
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pre-heating chamber is heat by excess heat from the main 
ochamber. The main chamber can be heated up to 1200 C 

maximum (8).
2. Single chamber salt bath furnace (Plate 3): This is a 
one-chamber furnace that has no pre-heater attached and it 
is heated by means of heating element indirectly. The 
chamber is for austenization which can be either neutral or 
carbonitriding, depending on the type of steel/steel alloy 

obeing treated. This type is usually heated up to 1000 C.
3. High Speed Steel (HSS) salt bath furnace (Plate 4, 6 
&7): It can either be fuel fired or electrically heated furnace. 
The main difference between fuel fired and the electrically 
heated salt bath furnace is that the electrical heating system 
of the austenizing chamber is by direct current heating by 

oimmersion. This type of furnace can be heated up to 1350 C 
conveniently.
4. Tempering/Quenching salt bath furnace (Plate 5): 
This can be either diesel fired or electrically heated but the 
heating or cooling is indirectly controlled with neutral salt 
as the heating medium. It is use to relieve stress on the 
treated material without reduction in strength.

A D VA N T A G E S  O F  S A L T  B A T H  H E A T 
TREATMENT
Major advantages of salt bath furnace over other heat 
treatment furnaces are:
i) The medium in which the workpiece is being heated up 
is a controlled atmosphere that can either be made neutral or 
carbonitriding.
ii)  There is temperature homogeneity around the 
workpiece per time. This allows uniformity of mechanical 
properties at equidistance from the core of the workpiece.

The enormous potential market opportunities which exist 
for indigenous machine shops to produce genuine metallic 
parts could not be realized due to competition from 
imported components (1). However, with adequate salt bath 
heat treatment operation, the so called 'fake' parts will be 
turned to genuine parts due to its durability attained from 
modified mechanical properties. Table 2 shows table of 
Government owed organizations that has specific needs for 
salt bath furnaces to boost their production.
These improved mechanical properties due to influential 
targeted heat-treatment, will in turn lead to the following 
benefits (7):
a) Drastical reduction of machines' breakdown caused by 
the use of inferior parts, mainly in the manufacturing 
industries.
b) Reduced 'maintenance'/repair rate
c) Increased man-hour output
d) Long time improved economy
e) Increased productivity
f) Enhanced training, research and development for 
industrial growth and new innovations.
g) Meeting demands that will lead to reduced cost of 
products, thereby bringing about economic growth.
h) It will create employment and training the trainer.
i) More down-stream industries will emanate and be 
stable due to qualitatively reliable, cheap and readily 

available spare parts and components.
j) The social-economic standard of the industrial sector 
will also be raised to the benefit of the nation as a whole.
k) At the peak of qualitative, competitive production in 
our military hardware production sector, there will be 
reduced importation of semi-finished products and spare-
parts. Exportation of parts, toolings, jigs, fixtures, fittings 
and components to generate foreign exchange that will 
raise Naira value and bring general cost of living down will 
automatically set in.

T H E  R E L E VA N C E  S A LT  B A T H  H E A T 
TREATMENT
In developed countries, the conceptual framework in 
frontier research is the constant evolution and adaptation of 
new tools for high impact research and innovative 
development (9). This can only be visible through targeted 
salt bath heat treatment. In fact, salt bath heat treatment can 
be said to be the root of quality of both production line-
parts and products. Heat-treatment is the major 
determinant of the life span of machines and machineries in 
our metallic industries.
Heat treatment signifies the pace of maintenance. It 
determines the quality of overhauling, repairs and 
maintenance through both the spare parts to be used and the 
sustenance of the machine components and parts produced.
However, what is militating against the break through is not 
that locally fabricated parts are not to dimensions but that 
they could not last (5,6). So almost every sector now blame 
this on the non-availability of genuine material in terms of 
material composition. This is not true because the latest 
improvement in heat treatment has permitted the induction 
of Carbon and Nitrogen (among other useful elements) into 
our ferro-alloys to a favourable depth. This made it 
possible to attain the required composition, strength and 
other major physical and mechanical properties for some 
engineering parts and components under proper, adequate 
and precision salt bath heat treatment.

CONCLUSION 
Weapon production will be “completely incomplete” 
without salt bath heat-treatment. Our weapon production in 
the defence industry can only be surviving and growing 
even economically, if it is having functional, effective and 
productive relevant salt bath heat treatment.
It is high time for Government to start funding research 
activities on available local raw materials (10) and their 
heat treatment modes and principles. This will not only 
enhance effective and qualitative heat treatment for our 
materials but also help rebrand Nigeria in self-reliance and 
also establish national security on indigenized military 
hardware.
If foundry was referred to as the mother of all industries 
(11), it can then be convenient to conclude that salt bath 
heat treatment (which serve as disciplinary/corrective 
system) is the father of all industries and any other 
metallurgical industrial sector without relevant salt bath 
heat treatment is like a man without functional backbone.
This paper has examined the role of ferrous metals as 
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commonly available material for tools and spare parts 
production. It also reflects the use of available 
research/study works on ground, to come up with good 
ideal for effective results from these ferrous metals, when 
handled with care. The importance of salt bath heat 
treatment in enhancing the mechanical properties of tools 
and spare parts production is also reflected.
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TABLE 1: SOME INDUSTRIES WITH SALT BATH HEAT TREATMENT CAPABILITY. 

S/N N  A  M  E EXPECTED 
CAPACITY 

C O N D I T I O N  TREATABLE 
TOOL/PART  

1. Defence Ind. Corp., 
Kaduna 

 
22Tons/annum 

Underutilized & not fully 
functional 

All small arms, 
Tools & alloy steel 
spare parts 

2. Air Force Base 
(TTG), Kaduna 

 
10Tons/annum 

         Faulty     All Aircraft alloy 
steel spare parts 

3. DSC, Warri 15Tons/annum Not fully Functional    Engineering 
metallic parts 

4. Oshogbo Machine 
Tools, Oshogbo 

 
31Tons/annum 

    
      ,,         ,,     ,,  

All Agricultural 
Tools & alloy steel 
spare parts 

Source (12) 
 
TABLE 2: SOME HEAT TREATMENT ORGANIZATIONS WITH SPECIFICS 

Source (7) 

S/NO INDUSTRY TYPE OF OPERATIONS 
1 Universities of Technology Medium fabrication, Cast annealing, caburising, 

Normalising and Spherodisation Operations. 
2 Ajaokuta Steel Company Limited 

(ASCL) 
Medium & Large Size Castings and Fabrication, 
Carborising, Carbonitriding Operations. 

3 Airforce Base TTG Small & Highly Precision Fabrications, 
caburising, Carbonitriding and Tools Treatment. 

4 Defence Industries Corporation 
(DICON) 

Small & Medium Size Castings, Weapon 
production, Spherodization, General Annealing, 
Tools Treatment, Case Hardening and 
Carbonitriding Operations. 
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Abstracts

Armour materials have progressed through improvements in the commonest metallic systems. Recently, the 

development of advanced and lightweight mixed materials is given much attention for weight and ballistic 

performance benefits. Analysis of penetration mechanics of kinetic energy projectiles into ceramic-metal panels 

is a challenging assignment. It can be studied either by analytical models or by experiments. This paper 

summarizes the use of a new analytical model as well as the description of a model of mechanical behaviour of 

projectiles, ceramics and metallic backing. It considers different configurations of projectiles that mostly affect 

the terminal ballistics of the armour systems.

Keywords: Armour, ballistics, ceramic, projectile, perforation

1.0 Introduction

Conventionally, vehicular ballistic protection are 

primarily made of high hardness steel (Rojek, 2013; 

Staggs, 2009; Fawaz et al., 2004; Guild et al., 2007) 

due to its maintenance of structural rigidity and 

strength (Atapek and Karagoz, 2011; Atapek, 2012). In 

addition, availability of equipment and technical-know-

how (personnel) makes steel armour components 

popular in the fabrication of both commercial and 

military operational vehicles (Dwight, 2008; Unaler, 

2005). However, its main disadvantage lies in weight 

(Zaera and Sanchez-Galvez, 1997) and it is quite 

simple to design weapons to defeat even the strongest 

steels (Denzel, 2010). A typical armoured personnel 

vehicle (APC) made from monolithic steel has an 

average wholesome weight of 70+ tonnes (Guild et al., 

2007; Bruce, 2000); this is a major hindrance in terms 

of transportability and manoeuvrability required for 

quick response in security and defence management 

system.

Mixed armours, made of ceramic tile and a metallic 

backup plate, form a very efficient shield against 

projectiles since they combine the lightweight and 

high resistance of ceramic with the ductility of metallic 

materials. There has been substantial interest 

recently in studies of ceramic materials backed by a 

ductile metal plate against projectiles. The 

complexity of the systems analysis lies in the fact that 

different deformation and failure mechanisms 

contributing to target perforation occur at different 

stages of the penetration process. Hence, the design 

of composite armour system based on the 

understanding of real impact events is really a 

challenging subject and deserves a sophisticated 

research work (Zhang et al, 2006).

Although experimental approach, according to 

Zhang (2006), offers most accurate results, it is 

expensive and sometimes does not provide detail 

information of the impact event. Another approach is 

the development of simple analytical models by 

assuming some hypotheses which simplify the actual 
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mechanisms of the penetration process. Up to now 

there have existed several analytical models aiming 

at the problem of ceramic/metal armours impacted by 

projectile (Walker, 1996; Zaera, 1998).

This work presents the developed Woodward model 

of Liaghat (2013) by considering different phases of 

pro ject i le  dur ing per forat ion,  i .e .  erosion, 

mushrooming, rigidity, and applying interface force F , I

modifying the shape of projectile nose, changing the 

semi-angle ceramic conoid and considering reduced 

compressive strength during penetration into target. 

2.1 Different Phases of Projectile during 

Perforation 

The projectile behaviour during impact, (Liaghat 

2013; Zhang, 2006), is divided into three phases: a 

mass erosion phase, a mushrooming phase and a 

rigid phase (Fig. 1) dependent on the projectile 

velocity and the material strengths. Initially during 

high-velocity impact, the pressure at the interface 

between the projectile and ceramic will exceed the 

erosion strength of the projectile, and the projectile 

will erode. If the impact velocity is high enough, the 

erosion strength of the ceramic will be exceeded, and 

the ceramic will also erode. At high impact velocities 

the projectiles are eroded at ceramic/projectile 

interface. Therefore,
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4.0 Conclusion

In summary, projectile erodes then forms mushroom 

shape before becoming rigid on its course of 

penetrating ceramic-faced-metallic-backed armour 

system. Also, even if a full perforation of the ceramic tile 

or the metal plate is not achieved, failure criterion is that 

the armour is defeated when projectile speed is 

approaching metal speed; v = w.
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Abstract
 Potential of sesame oil (sesanum indicum oil) as quenching medium for austempering heat treatment of ductile 

cast iron has been studied. Samples of ductile iron were machined and then normalized prior to austempering heat 
otreatment. Samples were austenitized at 900 C. They were then soaked for 1 hour and then austempered in hot sesame oil 

o
bath held at 300 C for periods of 1,2,3,4 and 5 hours. Mechanical properties (tensile strength, percent elongation, and 
impact strength) of the test samples were evaluated. The test results obtained showed that the highest value of tensile 

2
strength (1029 N/mm ) and percentage elongation (14.6%) were obtained from sample austempered for 3 hours. Maximum  

2impact strength (163 kJ/m ) was also obtained from sample austempered for 4 hours.  Microstructures of the samples were 
analyzed using optical microscopy (OM) and scanning electron microscopy (SEM). The microstructure, which consist of 
graphite nodules embedded in a matrix of ausferrite (acicular ferrite and carbon enriched austenite) was observed. The 
research showed that sesame oil was able to cause the formation of ausferrite structure, hence could be recommended to be 
used as an austempering quenching medium for ductile cast iron. 

Keywords: austempering, Quenching medium, ausferrite, ductile cast iron, sesame oil

Introduction
Since the discovery of ductile (nodular) cast iron in 

1948, no other new type of cast iron has been discovered, 
hence austempered ductile cast iron (ADI) is a relatively 
new engineering material with exceptional combination of 
mechanical properties and marked potential for numerous 
applications [1-5]. The attractive properties of ADI return to 
its distinct and unique microstructure, which consist of fine 
acicular ferrite with carbon enriched stabilized austenite 
(ausferrite) [5]. ADI offers the design engineer the best 
combinations of low cost, design flexibility, good 
machinability, high toughness, wear resistance and fatigue 
strength [6].The isothermal heat treatment of ductile iron 
produces the ADI with outstanding mechanical properties 
that can be varied over a wide range by changing the heat 
treatment parameters. Isothermal heat treatment is most 
typically carried out in nitrate/nitrite salt bath, due to the 
advantages they offer compared to others, although a lot of 

attention is given today to vegetable oils, minerals oils and 
polymer solutions [7]. Many researchers reported on the 
suitability of polymer solution, hot bitumen, mineral and 
vegetable oils as quenching medium for austempering of 
ductile cast iron.  These findings minimized the need for a 
molten salt and lead baths. However, the substantial 
deficiencies with respect to environmental friendliness, 
high cost, non-availability and toxicity of molten salt and 
lead baths justify the search for alternative replacement 
media. Therefore, the present study focus on using hot 
sesame oil bath as an austempering quenching medium for 
ductile cast iron. 

Materials and Methods
Materials and Equipment

The materials used in this research work include: 
ductile cast iron samples, Sesame oil (Sesanum indicum 
oil), polishing powder, water, grinding papers, polishing 
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cloth, cotton wool, copper piece, nitric acid and ethanol. 
The equipment used include: Thermocouple, Optical 
Pyrometer, oil bath, electrically heated muffle furnace, 
optical Metallurgical Microscope (OM), Scanning Electron 
Microscope (SEM), lathe machine, polishing machine, 
Hounsfield tensometer, Hounsfield balance impact testing 
machine. 

Methods
            The machined samples were initially normalized by 

o
heating to a temperature of 900 C and soaked for one hour 
and then air-cooled. Then the normalized samples were 
loaded into the furnace, heated to 900°C, soaked for one 
hour, and thereafter removed and quenched in hot Sesame 
oil bath held at 300°C. After one hour, the first set of samples 
(two tensile, two impact and one for metallography) was 
removed from the hot Sesame oil bath and then cooled in air. 
Another set of samples was removed after 2, 3, 4 and 5 hours 
respectively.
 
Tensile test measurement
           Hounsfield tensometer was used for tensile test 
measurement. The tensile test samples were machined to 
standard dimension as specified in ASTM A37O [8].The 
test method adopted was ASTM E8. The test sample was 
mounted by its ends onto the holding grips of the testing 
apparatus. The maximum loads were recorded directly from 
the Hounsfield tensometer. The readings obtained were 
used to calculate the tensile strength and percentage 
elongation.

Impact test measurement
              Hounsfield balance impact testing machine was 
used for impact test measurement. The impact test sample 
were machined to standard dimensions as specified in 
ASTM A370 [8].The test method adopted was ASTM 
E23.The samples were machined to 8mm diameter and 
45mm length with a 1mm deep V-notch. Before the test, the 
pendulum was set to a potential energy position of 162.75J. 
The test specimen was griped vertically in a vice, the trigger 
was released and the registering pointer of the quadrant 
scale indicated the energy absorbed in Joules to break the 
specimen. The energy absorbed in breaking the sample was 
recorded and the same was repeated for other test samples.

Microstructural examinations 
              All the specimens (both untreated and heat-treated) 
were prepared for optical microscopic examination. The 

specimens were ground on a water lubricated silicon 
carbide abrasive papers of 180, 240, 320, 400 and 600 grit 
sizes. Polishing was carried out on 15cm rotating discs of a 
Metaserv universal polishing machine with synthetic velvet 
polishing clothes impregnated with 1μm Alumina paste. 
The specimens were then etched with 2% Nital solution 
using the swabbing method with cotton wool soaked in the 
etchant. The microscopic examinations were carried out on 
M100 optical metallurgical microscope and the 
microstructures obtained were captured with in-built 
camera. SEM was carried out as well for the quenched 
samples. 

Results and Discussion
             The chemical composition of the ductile cast iron 
used is given in Table 1.The Physico-chemical properties 
of the Sesame oil used is shown in Table 2
Tensile Strength
       Figure 1 shows the results obtained from tensile tests of 

oductile cast iron samples austenitized at 900 C and 
o

austempered in hot Sesame oil bath (300 C) for the period 
of 1-5hrs. 

Table1: Chemical composition of the as-received ductile cast iron 
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      Figure 1 shows the effect of austempering time on the 
tensile strength of ductile cast iron samples austempered in 

ohot Sesame oil bath at 300 C from the austenitizing 
o

temperature of 900 C. It was observed that as the 
austempering time increased the tensile strength increased, 
reached a maximum at 3 hours then decreased. This 
increase may be due to formation of stage 1 austempering 
reaction which might have caused considerable quantity of 
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austenite to transform to ausferrite structure. At the 
austempering times of 4 and 5 hours, slight decreased of 
tensile strength was observed. This decrease could be 
attributed to the setting in of stage II austempering reaction. 
In the stage II reaction, austenite transformed to ferrite plus 
cementite, the ausferrite structure (which is responsible for 
high tensile strength values in ADI) breaks down into 
bainitic structure containing cementite. The cementite 
formed in this stage was responsible for the decreased of the 
tensile strength at higher austempering times. This is in 
agreement with the earlier researches carried out by Sandeep 
and Sani [9-10].

Percentage Elongation
           Figure 2 shows the results of percent elongation 

oobtained for ductile cast iron samples austenitized at 900 C 
o

and austempered in hot Sesame oil bath (300 C) for the 
period of 1-5hrs.

      Figure 2 shows the effect of austempering time on the 
percent elongation of ductile cast iron samples austempered 

oin hot Sesame oil bath at 300 C from the austenitizing 
o

temperature of 900 C. The percentage elongation increased 
as the austempering time increases, reached a maximum at 3 
hours then decreased. This increase may be due to 
progression of stage 1 austempering reaction which might 
have caused considerable quantity of austenite to transform 
to ausferrite structure. At the austempering times of 4 and 5 
hours, the percent elongation decreased. This decrease could 
be attributed to the setting in of stage II austempering 
reaction. This is in agreement with what was established by 
Bisht [11].
 
Impact Strength
          Figure 3 shows the results obtained from impact tests 

oof ductile cast iron samples austenitized at 900 C and 
o

austempered in hot Sesame oil bath (300 C) for the period 0f 
1-5hrs

        Figure 3 shows the effect of austempering time on the 
impact strength of ductile cast iron samples austempered in 

o
hot Sesame oil bath at 300 C from the austenitizing 

otemperature of 900 C. The impact strength increased as the 
austempering time increases, reached a maximum at 4 hours 
then decreased. This increase may be due to progression of 
stage 1 austempering reaction which might have caused 

considerable quantity of austenite to transform to ausferrite 
structure. At the austempering times of 5 hours, the impact 
energy decreased. This decrease could be attributed to the 
setting in of stage II austempering reaction. In the stage II 
reaction, austenite transformed to ferrite plus cementite

The microstructures of the as-received, normalized and 
austempered samples are shown in Plate 1-6. The as-
received structure of the test sample is shown in Plate 1(a); 
the graphite nodules are present in ferrite and pearlite 
matrix. The normalized structure of ductile cast iron used is 
shown in Plate 1(b); the structure consists of graphite 
nodules in pearlite matrix. The optical micrographs (Plate 2 
and 3) show structures of ductile cast iron austempered at 

o
300 C for 1, 2, 3, 4 and 5 hours respectively. At the initial 
period of austempering, a mixture of ausferrite and retained 
austenite was observed. However, as austempering time was 
increased progressively, ausferrite structure (Bainite) 
formed and more quantity of retained austenite. In which at 
the austempering time of 3 hours, the microstructure 
composed of more ausferrite and retained austenite as 
compared to those at 1 and 2 hours. At 4 and 5 hours 
austempering time there was decrease in the amount of 
retained austenite and fine precipitates of cementite was 
observed. The austempering time has impact on the amount 
of ausferrite (bainite) and austenite produced during the 
transformation. These observations are in line with what 
Laurence [13] reported.
       The SEM images (Plate 4, 5 and 6) showed that the 
ausferrite (bainite lath) got finer and increased with increase 
in austempering time. The reason could be attributed to the 
fact that, the progression of stage 1 austempering reaction 
which might have caused considerable quantity of austenite 
to transform to ausferrite structure [Plate 4(a, b), 5(a, b), 6]. 
This trend clearly explained the high tensile strength, impact 
strength and percentage elongation obtained for samples 
austempered in hot Sesame oil bath for 3 and 4 hrs. This 
observations are in agreement with what was established by 
Amar et al [11].
           
Conclusions
 Based on the results of this study, the following 
conclusions may be drawn:

Ø Hot Sesame oil bath at 300˚C was able to 
cause the formation of “ausferrite structure” in 
the samples, thus could be used as an 
austempering quenching medium.
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Ø  As the holding time for austempering 
increases, the tensile strength, impact strength 
and percentage elongation initially increases 
and then slightly decreases. 

Ø At 3- 4 hours of austempering time, a full 
austempered microstructure (a mixture of fine 
acicular ferrite and high carbon stabilized 
austenite, in which at 4hours there is some 
precipitates of cementite)  were found 
adequate to develop the necessary 
enhanced mechanical properties in 
ductile cast iron samples in hot Sesame oil bath.

Ø Sesame oil is cheaper and environmentally 
friendly compared to molten salt and lead bath, 
therefore should be added to the list of existing 
austempering quenching media.
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Microstructures           
 

 
Plate 1: Optical micrograph of ductile cast iron. (a) as-received; the structure consists of graphite nodules with 

ferrite grain boundary in pearlite matrix; (b) after normalizing; the structure consists of graphite nodules in pearlite 
matrix. . 2% Nital etch. (x100)   
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t ▄ĂĊś و: Optical micrograph of ductile cast iron austenitized at 900oC, austempered at 300oC in Sesame 
oil and for (a) 1 hour; (b) 2 hours; (c) 3 hours: (d) 4 hours. The structure consists of graphite nodules 
(dark balls) and retained austenite (white) in ausferrite. Etchant 2% Nital (x100).  

 
Plate 3: Optical micrograph of ductile cast iron austenitized at 900oC, austempered at 300oC in Sesame 
oil for 5 hours: The structure shows ausferrite with fine precipitates of cementite. Etchant 2% Nital 
(x100). 
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Plate 4: SEM micrograph of ductile cast iron austenitized at 900oC, austempered at 300oC in Sesame 
oil for (a) 1 hour: (b) 2 hours. The structure consists of graphite nodules (dark balls) and retained 
austenite (white) in lath of ausferrite. Etchant 2% Nital. 

 

 

Plate 5: SEM micrograph of ductile cast iron austenitized at 900oC, austempered at 300oC in Sesame 

oil for (a) 3 hours: (b) 4 hours. The structure shows nodules in plate of ausferrite. Etchant 2% Nital 

 

Plate 6: SEM micrograph of ductile cast iron austenitized at 900oC, austempered at 300oC in Sesame 

oil and etched in 2% Nital for 5 hours. The structure shows ausferrite lath and nodules of graphite.  
Etchant 2% Nital 
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Abstract
Effect of thermal ageing on mechanical properties of ZA-27 alloy/periwinkle shell ash particulate composite has been 
investigated. ZA-27 alloy/periwinkle shell ash particulate composites were produced with varying amount of particulate 
additions. Mechanical properties (tensile strength, hardness and impact strength) as well as density of the test samples were 
evaluated. The test results obtained showed that at some reinforcement additions, mechanical properties increased 
significantly. Similarly, density measurement revealed progressive increase as the periwinkle shell ash content increased.
Keywords:  ZA-27 alloy, periwinkle shell, ash, composites, thermal ageing

Introduction
The speedy advancement in industrial activities, in 

recent times, has resulted in the need for new 
multifunctional materials that possess characteristics not 
obtainable from any individual material [1]. Composites 
have been reported by many scholars to possess such 
characteristics. Metal matrix composites with particulate 
reinforcement can result in an increase in strength at much 
lower additional cost than those of continuous 
reinforcement [2].  In applications where isotropic 
properties are required, these composites can perform better 
than continuous fiber-reinforced composites [2].  Among 
the zinc-based alloys used as matrix materials for the 
production of metal matrix composites (MMCs), the ZA 
(Zinc- Aluminium) family of alloys have been increasingly 
popular over the past few years [1-2]. The attractive 
properties of the ZA-27 alloy have inspired researchers to 
reinforce them with ceramic dispersions in order to obtain 
much more enhanced mechanical properties [3]. However, 
it is important to note that the inclusion of reinforcing 
particles or fibres usually changes the aging response of the 
matrix due to the presence of high dislocation densities and 
residual stresses generated close to the interfaces from the 
thermal mismatch between the reinforcement and the 
matrix [4-5]. In addition, there are a number of factors 
which affect the age hardening characteristics of the 
composites and these factors depend largely on the 

characteristics of the reinforcement used [4]. It is in this 
light, that there is a need to explore the aging hardening 
response of ZA-27 alloy reinforced with periwinkle shell 
ash. 

Periwinkle shell is a sea snail waste that can be 
obtained in a very large quantity throughout the world. The 
disposal methods for waste periwinkle shells are 26.6% as 
fertilizer, 21.1% as feed ingredients, 26.3% discarded in 
municipal dumps and 15.8% used in other ways. 
Periwinkle shell ash developed good strength in concrete 
and could be used as partial replacement for cement in 
concrete. This has triggered the efforts into finding 
additional value to these wastes by using them as 
secondary resource materials.

This paper is aimed at studying the effect of age 
hardening on the mechanical properties of ZA-27 
alloy/periwinkle shell ash composites.

Materials and Methods
Materials/ Equipment	

Aluminum wire, Zinc powder, periwinkle shell, 
silica sand, bentonite binder, moulding box, crucible 
furnace, Charpy impact testing machine, ball milling 
machine, Hounsfield tensometer, resistance  heat treatment 
furnace, hardness testing machine, vernier caliper, hack 
saw and lathe machine.
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Methods 
Periwinkles shells were thoroughly washed, dried 

and ground to powder and then ball milled for about 6 hours 
at the Chemical Engineering laboratory, ABU Zaria. The 
periwinkle shell powder was sieved with sieve aperture 
105µm.  The particulate was packed in a steel container and 

oheated in a furnace at 850 C until it became ashed. 
Production of samples

As-cast samples of ZA-27 alloy were produced at 
the foundry workshop of Metallurgical and Materials 
Engineering, Ahmadu Bello University, Zaria, using 
crucible furnace with charcoal as the source of heat.  The 
composite was produced by melting the as-cast ZA-27 
alloy sample and then the pre-heated particulate ash was 
introduced into the melt at the required quantity by 
weight at 2, 5, 8, 10 and 13 %wt. The resultant mixture 
was stirred thoroughly for complete homogenization after 
which it was poured into the mould and allowed to 
solidify. Samples were then machined to the standard 
dimension for mechanical properties tests.

Age-hardening heat treatment
	 The machined samples were normalized to relieve 
stresses developed during machining. The samples were 

othen heated to 300 C, soaked for 60 minutes, quenched in 
o owarm water (50 C). Then they were heated again at 100 C, 

soaked for 60 minutes and cooled in air (ageing).

Determination of physical and mechanical properties                                                                                      
Density	                                                                                                                                               

The basic method of determining the density of a 
sample is by measuring the mass and volume of the sample 
used. The sample was weighed in air and the mass was 
recorded. Then it was suspended in water and the volume of 
the water displaced was recorded. The density was 
calculated using the expression below.

3
D e n s i t y  = m a s s / v o l u m e  ( g / c m )                                                                                  

(1)
 Tensile strength
	 Tensile test was conducted using a computerized 
Hounsfield tensometer. Standard tensile test sample 
requires a dumbbell shape, thus, samples were machined to 
the required dimension with a total length of 38mm, inner 
diameter of 6mm and outer diameter of 9.5mm. A load of 10 
kN was applied on each sample during the test, this load was 
increased until the sample fractured. The result was 
recorded and tabulated. The same was repeated for other 
test samples.

Hardness Test
	 The hardness values of the samples were 
determined using the Indentec universal hardness machine 
with a 1/16” indenter made of steel ball. Sample of 9.5mm 
diameter was cut off using hacksaw, thereafter smoothened 
to obtain a flat and smooth surface. A Rockwell scale B, an 
indenter of a minor load of 10 kgf (fixed) was applied and a 
major load of 100 kgf was used, the average hardness values 
were taken and recorded from three readings. The same was 

repeated for other test samples.

Impact Strength
	 Impact test was carried out using charpy impact 
testing machine. The samples were machined to 9.5 mm 
diameter and 45 mm length with a 0.5 mm deep V-notch. 
The machine pendulum was released to calibrate the 
machine before the samples were placed on it. The test 
sample was then griped horizontally in a vice and the freely 
swinging pendulum provided the force required to break 
the sample. The value of the angle through which the 
pendulum swung before the sample got broken 
corresponded with the value of energy absorbed in breaking 
the sample which was read from the calibrated scale of the 
machine. The same procedure was repeated for other test 
samples.

Results and Discussion

Figure 1 shows the effect of periwinkle shell ash 
particulate addition on the density of the produced 
composites. It is observed from the Figure there was 
progressive increase in density with increase in the ash 
particle. Despite the increment in density with particulate 
ash addition, it is still lower than the density of Zinc metal 

3
which is 7.13g/cm . The increase in density is attributed to 
the high density of the periwinkle shell ash. This is in 
agreement with the findings of Michael [11].

Tensile strength
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Figure 2 represents tensile strength of as-cast and 
aged hardened ZA-27/Periwinkle shell ash particulate 
composites. The results obtained revealed that the tensile 
strength of the composite improved on addition of the 
reinforcement. Similar results were reported for ZA-
27/graphite particulate composites by Seah et al. [2]. The 
result further shows that the age-hardened composite 
exhibited higher tensile strength than the as-cast. The 

2
highest and lowest tensile strength were 271 N/mm  and 

284.2 N/mm  at 10% and 13% Periwinkle shell ash addition 
respectively for the age-hardened, in contrast, the highest 

2
and lowest value for the as-cast were 102.6 N/mm  and 41.7 

2N/mm  at 8% and 13% Periwinkle shell ash addition 
respectively. The high strength shown by the age-hardened 
samples might have been due to the formation of fine 
precipitate particles after aging. This is in par agreement 
with the results obtained by Vogelsang et al. [7].

Hardness

Figure 3 illustrates the result of the hardness test on 
the as-cast and age-hardened ZA-27/Periwinkle shell ash 
particulate composites. The hardness value increases as the 
%wt. of periwinkle shell ash increases.  The increase might 
be due to the hard nature of the periwinkle shell ash. Similar 
findings were reported by Prasad and Krishna [8]. However, 
at 8% addition, the hardness of the as-cast begins to 
decreases. Similarly, at 10% addition, the same trend was 
observed for age-hardened samples. The reason for this 
may be attributed to the non-uniform distribution of the 
reinforcement within the matrix.  Highest hardness value 
obtained for the age-hardened and as-cast samples were 
100.9 HRF and 100.1 HRF respectively. 

Impact strength

Figure 4 depicts the impact energy of as-cast and age-
hardened ZA-27/periwinkle shell ash composites. For the 
age-hardened samples, as the reinforcement increases, 
impact energy increases as well. However, there is a huge 
jump at 10 %wt addition after experiencing a slight 
decrease at 8 %wt. The same trend is shown by the as-
cast composite samples. The gradual increase in impact 

energy values with the increased addition of 
reinforcement addition is in line with what was 
established by Sayuti et al. [10]. At low percent addition 
of the reinforcement, as-cast samples proved to have 
superior impact energy than age- hardened samples. This 
could be connected to the much finer precipitates 
obtained in age- hardened samples than as-cast samples 
at low reinforcement addition.

Conclusions
The results showed that mechanical properties of 

the ZA-27 alloy/periwinkle shell ash composites have 
been considerably improved by the varying amount of 
reinforcement and precipitation hardening treatment. 
However, it is evident that at some reinforcement 
additions, tensile strength, hardness and impact energy 
were significantly improved for both the as-cast and aged 
hardened ZA-27 alloy/ periwinkle shell ash composites. 
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Abstract

In this study, the possibility of using melon seed oil as a lubricant in the cold extrusion of aluminum alloy was 
investigated. Aluminum alloy 6061 was extruded using the ELE compactor at three extrusion ratios of 1.18, 1.29 
and 1.42 in the dry state, graphite dispersed in oil and melon seed oil as lubricants. In each case, the punch 
travel was measured against the load. Hardness test was carried out on the extruded samples using the Vickers 
hardness tester. The results show that, the work piece extruded using melon seed oil as lubricant required less 
load compared with that extruded in the dry state and graphite dispersed in oil as standard lubricant and this 
load reduced further as the extrusion ratio increased. Also, the work piece extruded using melon seed oil as 
lubricant yielded higher hardness of 128.7 HVN at 1.42 extrusion ratio compared with that extruded in the dry 
state and graphite dispersed in oil as standard lubricant. Also the photomicrographs show finer grain sizes at 
higher reductions.    

Keywords: Aluminum 6061 alloy, melon seed oil, extrusion load, hardness, microstructure 

1. Introduction 
Extrusion is a metal forming process, wherein a billet 
or slug of material is forced by compression to flow 
through a suitably shaped aperture in a die to give a 
product of smaller, but of uniform cross-section 
(Onawola and Adeyemi, 2002). The extrusion process 
can either be hot or cold. Cold extrusion is the plastic 
deformation of metals below the recrystallization 
temperature. The deformation is usually performed at 
an elevated temperature in order to provide increased 
ductility and reduced strength (Black and Kohser, 
2008). 
In cold extrusion, materials are made to flow by the 
application of high pressures. Thus friction forces are 
developed by the reaction of the billet with the 
container wall and die with consequential increase in 
deformation load leading to energy wastage and 
damage to the die (Ibhadode, 2001 and Bowden and 
Tabor, 2001).

Lubrication is the process, or technique employed to 
reduce wear of one or both surfaces in close proximity, 
and moving relative to each other, by interposing a 
substance called lubricant between the surfaces to 
carry or to help carry the load (pressure generated) 
between the opposing surfaces. The interposed 
lubricant film can be a solid, (e.g. graphite, MoS ) a 2

solid/liquid dispersion, a liquid, a liquid-liquid 
dispersion (a grease) or, exceptionally, a gas. 
Lubrication can also describe the phenomenon where 
such reduction of wear occurs without human 
intervention (hydroplaning on a road). As the load 
increases on the contacting surfaces three distinct 
situations can be observed with respect to the mode of 
lubrication, which are called regimes of lubrication. 
The science of friction, lubrication and wear is called 
tribology. 
The application of appropriate lubricants to die and 
work piece will minimize these effects, thereby 
producing a product with good surface finish. 
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Lubrication plays an important role in cold extrusion 
since efficient lubrication prevents direct metallic 
contact, with the reduction of extrusion loads and 
wear, and the improvement of products quality and 
tools life (Caminaga et al, 2006). Lubricants are vital in 
aluminium extrusion as they do not only improve the 
surface finish of the product but could also act as a 
heat insulant between the billet and the die, both 
effects tending to lengthen die life. Thus, a good 
lubrication is necessary to reduce detrimental effect of 
the high temperature and pressure on the die life as 
well as on other components (Obi and Oyinlola, 1995).
Today, vegetable oils are much desired for their 
application as lubricant in metal forming processes, 
because they are renewable resources and do not 
cause harm to the environment compared to mineral 
oils (Syahrullail et al, 2011 and Lazzarotto et al, 1998). 
Although the biodegradability level of vegetable oils 
are slow they are, nonetheless, better compared to 
petroleum based lubricants. In a related work, Abere 
and Adeyemi (2008) reported that vegetable oils offer 
excellent lubricating properties, they are non-toxic, 
biodegradable, relatively inexpensive compared to 
synthetic fluids, and are made from natural renewable 
resources. 
Graphite is known to be a chemically stable dry 
lubricant with good heat resistance. It is an inert 
compound which is  abundant in nature and its 
powder is lubricious (Lange, 1985). In this work, 
melon seed  oil was used as lubricant in the extrusion 
of aluminum alloy. The effect of the melon seed  oil  
lubricant on the extrusion  load and hardness was 
assessed to determine the efficacy of its use. 
Comparison of the performance of the melon seed oil 
lubricant with standard lubricant (graphite dispersed 
in oil) was carried out. 
2. Materials and Methods
2.1 Materials and Equipment
The materials used for this work include; melon seed 
oil, aluminum billets of Ø 25 mm X 25 mm length, 
distilled water, mortar and pestle, grinding stone and 
extrusion rig.
2.2 Experimental Procedure 
2.2.1 Melon seed oil extraction 
Ripe melon seed was removed from the fleshy and 
juicy fruits, washed and dried in the hot sun for ten 
days. Thereafter, the yellow husk was removed by 
hand to expose the edible white seed. The edible 
seeds were then dried again in the hot sun for five 
days to remove any water content that might have 
been left in it. During these processes, enough care 
was taken to avoid contact with any dirt in the form of 
sand, dust and any foreign bodies as such clean 
drying plate was used and the seeds dried high above 
the ground under glass casing.
The dried seeds were then pounded mechanically in a 
mortar with a pestle. The product was then further 
crushed using a grinding stone to release oil. 
Periodically, boiled water was added in an appropriate 

quantity (60 ml of the water was added to about 100 g 
of melon seed oil paste). The paste was worked on 
until oil began to flow out. High purity oil was obtained.
2.2.2 Extrusion process
A die was coupled in the holder and a dry billet was 
placed to align with the die cavity after which a dummy 
was inserted and the punch head followed to complete 
the assembly.  The assembly was placed on the platen 
of the Manual ELE Compactor Testing Machine and 
the punch was held in position at an initial load of zero. 
Load was then applied and its corresponding values 
after punch travel at intervals of 2 mm were recorded 
until extrusion process was completed.
After extruding the billet, the assembly was 
dismantled. The die was then lubricated together with 
the container with Melon oil using a brush. The billet 
and the punch head were lubricated by immersion. 
The components were reassembled as previously 
described and the procedure of extrusion repeated as 
above.
The melon seed oil lubricated assembly was 
dismantled and properly cleaned. Graphite dispersed 
in oil was used through the same process as that in 
melon seed oil and the extrusion procedure repeated 
as above and values of the load taken at 2 mm 
intervals of punch travel recorded in each case.

Extrusion Dies
The extrusion dies of reduction ratios R = 1.18, R = 1 2

1.29,  R = 1.42 corresponding to extrude diameters 3 

Ø23mm, Ø22mm and Ø21mm  respectively were 
used for the extrusion process (Gundu,2009).

2.2.3 Microstructural examination 
The specimens for microstructural examination were 
cut to dimension of 15 mm length by 10 mm diameter. 
The  SBT Mode l  900  and  Me tase rv  2000 
grinder/polisher were used with emery paper of grits 
220, 320, 400, 600, 800 and 1200 to produce the test 
samples for metallographic examination. The samples 
were etched in Keller's solution   for 30 seconds. 
ZEISS Observer A1m opt ical  metal lurg ical 
microscope of X1000 maximum magnification was 
used to carry out the microstructural examination of 
the aluminum alloy extrudates and the microstructures 
obtained were observed and uploaded as shown in 
plates 1-10.
3. Results and Discussion	 	
3.1 Results
 

Si  Fe     Cu     Mn     Mg  

0.4-0.8 0.7max 0.15-0.40 0.15max 0.8-1.2 

   Cr     Zn     Ti    Al   

0.04-0.035 0.25max 0.15max balance  

 

TABLE 1: Chemical composition of the 
aluminium 6061alloy used in cold extrusion 
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3.2 Discussion
3.2.1 Effect of lubrication on extrusion load
The results of the cold extrusion process carried out 
on the aluminium alloy in the dry form, using melon 
seed oil and graphite as lubricants are shown in 
Figures 4-6. It can be observed from the results that 
the load required for extrusion increases with 
increment in the extrusion ratio under any lubrication 
condition. At the initial stage there is a rapid rise in 
pressure during the initial punch travel due to the initial 
compression of the billet to fill the die. At a certain point 
half way through extrusion, the flow of metal through 
the die reaches the maximum value of pressure and 
then begins to decline as the billet extrudes through 
the die. The pressure required to maintain the flow 
progressively decreases as the frictional forces 
decreases with decreasing length of the billets (Dieter, 
1988).  In the extrusion process using melon seed oil,  
the cohesive force is high so that the thick filmed 
lubrication could reside along the extrusion process. 
The mixed lubrication condition with thick lubricant 
layer was expected at this condition (Serrato et al, 
2007). This creates low frictional constraint hence the 
extrusion load for the billet extruded with melon seed 
oil is lower com pared to those extruded without 
lubrication  and the standard lubricant (Dick and 
Lenard, 2005). This occurs progressively as extrusion 
ratio increases. The performance of melon seed oil as 
lubricant can be attributed to its high iodine value of 

-1 
110 mgiodineg (Oluba et al, 2008) thus having very 
good lubrication properties under the boundary 
lubr icat ion condi t ion s ince the lubr icat ing 
performance of the oil is based on its ability to react 
with the work metal (Nyior, 1994). 
3.2.2 Effect of lubrication on hardness
The hardness measurements taken at three indented 
sections of the extrudates under various lubrication 
conditions are presented in Figures 7-9. It can be 
deduced that the hardness values increases as the 
extrusion ratio increases. This may be due to increase 
in deformation and hence the rate of work hardening 
with increased extrusion ratio. It can also be observed 
from the aforementioned Figures that lubrication 
improves the hardness values of the extrudates with 
the highest value of 128.7 HVN obtained at extrusion 
ratio of 1.42 with melon seed oil lubricant as compared 
with the standard lubricant and the dry condition, 
124.3 and 95.7 HVN respectively. The presence of 
AlFeSi and Mg Si phases in 6061 alloy microstructure 2

have been proven to influence the qualities and 
characteristics of its extruded products (Rivas et al, 
1999). However, the relatively higher hardness 
exhibited by extrudates can be attributed to the 
hardening effect of AlFeSi intermerallic such that the 
ease in dislocation motion reduces gradually as the 
extrusion ratio increases.
3.2.3 Effect of lubrication on microstructure of 
extrudates
The photomicrographs of the billets extruded under 
various lubrication conditions at various extrusion 

ratios are shown in Plates 1-10. It can be observed 
from the plates that under same lubrication conditions, 
the grains are coarser at the lower reductions 
compared to those at higher reductions. According to 
Pearson and Parkins (1961), areas having coarse 
grains in an extruded billet are those subjected to less 
amount of working. The coarse grains at the lower 
reductions may be attributed to non uniform 
temperature rise and the possibility of the centre of the 
billets being left at a higher temperature after 
extrusion due to faster rate of cooling on the outside. 
Extrudates obtained using melon seed oil as lubricant 
and at higher reductions show finer grain sizes hence 
higher hardness values compared with the other 
lubricating conditions.

4. Conclusion 
The hardness and microstructural analysis of cold 
extruded aluminum alloy using melon seed oil as 
lubricant has been carried out and the following 
conclusions are drawn.
i. Hardness of the extrudates increase with extrusion 
ratio
ii. Extrusion of aluminum billets using melon seed oil 
causes a reduction in load compared with other 
lubrication conditions 
iii. The extrudates using melon seed oil as lubricant 
gave better hardness values compared with standard 
graphite lubricant.
iv. The microstructures of the extruded samples using 
melon seed oil as lubricant show more finer grains at 
higher extrusion ratios leading to improved hardness. 
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Abstract

Nigeria is endowed with an enormous deposit of Lead in the lower and middle Benue troughs. The production 

and refining of this metal will contribute significantly in the development of the Nigerian economy which is facing 

an increasing threat on it's over dependence on oil as the major source of revenue. The Federal Government has 

indicated interest in diversifying the economy of Nigeria, with the development of the solid minerals sector being 

one of its priorities. Lead production will serve as an important aspect of the solid minerals sectors development, 

considering the enormous reserves in the country, Lead can bring about significant improvement in the nation`s 

gross domestic product (GDP).
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INTRODUCTION

In the midst of a dwindling economy triggered by the 

fall in prices of crude oil, of which Nigeria is heavily 

dependent on, the potentials that lie in the solid 

minerals sector are enormous. The Nigeria 

government has indicated interest in diversification of 

the nation's economy through renewed commitment to 

venture into the solid minerals sector, and hence, this 

calls for an urgent campaign, to serve as an exposition 

to this rich but seriously under exploited sector.

As a result of government policies on privatization of 

the solid mineral industry and the reforms in the solid 

mineral sub-sector in order to diversify the Nigerian 

economy, the nation will require the beneficiation of 

lead-zinc ore deposits for use as ornamental objects, 

solders, X-ray shielding, storage batteries, cable 

coverings, ammunition, bearings, collapsible tubes, an 

alloy addition to steel, aluminium, bronze and other 

metals to improve machinability and for other 

beneficial uses (Dell, 1979). The exploitation of the 

mineral endowments spread across the nation for the 

creation of wealth for all Nigerians, and generating 

employment, reducing poverty, promoting rural 

economy and significant contribution to our Gross 

Domestic Product (GDP) partly necessitated the 

consideration of this work.

Lead is a chemical element in the carbon group with 

symbol Pb (from the Latin word Plumbum) and atomic 

number 82.  Lead is a soft, malleable and heavy post 

transition metal. Metallic lead has a bluish-white colour 

after being freshly cut, but tarnishes to a dull greyish 

colour when exposed to air. Lead has a specific gravity 

of 11.35 and a melting point of 327˚C. Its boiling point is 

1749˚C.  If ingested, Lead is poisonous to animals and 

humans, and so must be handled with care 

(http://www.wikkipedia.org/Lead)

 Geology of Lead-Zinc Mineralization in Nigeria

A brief look at the geology of Nigeria is important to 

give an idea of the geological composition of the 

country in terms of the ore bearing rock groupings, 
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while the review of Pb-Zn mineralization is intended to 

give credence to findings in previous studies that the 

Benue Trough houses some of the general geology of 

lower Benue Trough, Abakaliki area is made up of thick 

sequences (500m) of slightly deformed cretaceous 

sedimentary rocks made up of essentially albian 

shales, subordinate siltstones of the Asu River Group. 

There is also the presence of volcanic and pyroclastic 

materials forming elongated conical hills in the cores of 

the anti - clinical structures. The lower Benue Trough 

houses the Ebonyi State Pb-Zn mineralization made 

up of primarily for lodes namely, Ishiagu, Enyigba, 

Ameri, and Ameka all in present day Ebonyi State 

(Nwachukwu, 1974).

In the middle Benue troughs, veins are located mainly 

in Akwana and Arufu in Nasarawa State, while the 

upper Benue Trough composed of the Zurak, Isimiya, 

Digi, Biu locations etc in Taraba and Borno States 

(Maurin and Lancelot, 1990).

The Ebonyi State Lead-Zinc deposits are localized in 

the Enyingba area along the North-Southwest 

trending belt of slightly deformed volcanic and 

sedimentary cretaceous sequence which is about 

500m thick and they occur in the form of veins and 

veinlets associated with the host rock.The Lead-Zinc 

is often associated with other gangue minerals such as 

marcasite, pyrite, quartz, barites etc.

Morphology of Lead-Zinc Minerals

More than 2,800 mineral species were identified; only 

about 100 are considered ore minerals. There are 

more than 60 known lead bearing minerals but the 

most important primary ore of the metal is lead 

sulphide-galena. Galena (PbS) often contains Ag, Zn, 

Cu, Au, Cd, Bi, As, and Sb. Other commercially 

significant lead–containing minerals are cerussite 

(PbCO ) and anglesite (PbSO ). These are known as 3 4

secondary minerals because they are derived from 

galena through natural actions (Enclyclopaedia 

Britannica, 2010).

Galena is very widely distributed and has up to 86.6% 

Pb, with a specific gravity of 7.4 – 7.6. it occurs in veins, 

often with sphalerite, pyrite, chalcopyrite and gangue 

minerals such as quarts, calcite, dolomite, barite, and 

fluoride. Galena often contains up to 0.5% silver, and is 

an important source of the metal (Wills, 2006). Figure 1 

shows a lead/zinc ore in its crude form before 

processing from Zurak in Plateau State.

Nigerian Lead-Zinc Mineral Deposits

Lead-Zinc ore deposits abound in Nigeria in 

commercial quantity . It is estimated that there are at 

least 30 lodes with an aggregate length of about 

6000m (MSMD, 2006). The lodes cover over 560km in 

a narrow belt from Adun in Cross River State through 

Isiagu in Imo State and Abakaliki in Ebonyi State, to 

Arufu in Taraba State to Wase and Zurak in Plateau 

State and Gwona in Bauchi State (RMRDC, 2004). 

Other deposiots are located in Abia, Adamawa, 

Bauchi, Benue, Enugu and Nasarawa. |Total estimate 

reserve of Lead-Zinc ore is approximately 20, 000 

million tons (RMRDC, 2004). Figure 2 below shows a 

Pb/Zn pilot plant at NMDC Jos, thus providing an 

enabling environment for Lead-Zinc ore smelting 

towards value addition.

Table 1: Some lead-zinc ore deposits in Nigeria 

S/

No 

State Location LGA Estimated 

reserve in 

tonage 

1. Ebonyi Ishiagu 

Abakaliki 

Ameri Ameka 

Ivo Abakaliki 1, 040, 

000 

2. Enugu Enyigba Nyeba Umulopa 450,000 

3. Plateau Wase 

Dengi 

Zurak 

Wase 

Wase 

Wase 

NA 

NA 

NA 

4. Nasarawa Akwanga Akwanga NA 

5. Cross 

River 

Adua Oban Akamkpa 150, 000 

6. Bauchi Gwona Nahuta Alkaleri NA 

7. Adamawa Numan Numan NA 

Source: RMRDC, 2004 in Technical Brief on minerals in Nigeria-

Lead/Zinc. No. 16 (NEITI, 2010). 

The aim of this paper is to point out the importance of 

exploring, exploiting and beneficiation of Lead ore to 

revitalisation of the Nigerian dangling economy. Lead 

metal production in Nigeria will serve the following 

objectives: 
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1. It will generate employment opportunities to the 

Nigerian youth 

2. It will increase the GDP of Nigeria.

3. It will attract foreign investors. 

4. It will diversify the Nigerian economy 

5. It will improve the Mining sector of the country. 

6. It will serve domestic industries

Literature review of some past established works 

on Nigerian Lead-Zinc ores

Damisa (2008) worked on the process design for the 

beneficiation of Nahuta lead deposit in Bauchi State. 

His research highlighted the fact that the major 

economic mineral present in Nahuta deposit is lead 

and concluded that flotation followed by differential 

flotation is best to achieve high recovery in the 

beneficiation of the ore. Ajayi (2005) worked on 

Abakaliki lead-zinc sulphide ore deposit and 

suggested froth flotation to concentrate the ore. 

Masok (2015) worked on the characterisation of Zurak 

Lead/Zinc ore and found that the ore contains majorly 

7.11% Galena (PbS) and 7.51% Sphalerite (ZnS) and 

that froth flotation was best for the beneficiation of the 

ore. (Obassi et al, 2015) worked on liberation size and 

beneficiation of Enyigba lead ore, Ebonyi state.

Modern Uses of Lead	

Prior to the early 1900s, lead was used in the United 

States primarily in ammunition, burial vault liners, 

ceramic glazes, leaded glass and crystal, paints or 

other protective coatings, pewter, and water lines and 

pipes. Following World War I, the demand for lead 

increased because of growth in the production of 

motorized vehicles, many of which use lead-acid 

batteries to start their engines. The use of lead as 

radiation shielding in medical analysis and video 

display equipment and as an additive in gasoline also 

contributed to an increase in the demand for lead.

By the mid-1980s, a significant shift in the uses of 

lead had taken place in the United States as a result 

of compliance with environmental regulations and 

the substitution of other materials for lead in non-

battery products, such as gasoline, paints, solders, 

and water systems. By the early 2000s, 88 percent of 

apparent U.S. lead consumption was in lead acid 

batteries, which was a substantial increase from 

1960 when only 30 percent of global lead 

consumption was in lead-acid batteries. Today, the 

other significant uses of lead are in ammunition, 

oxides in glass and ceramics, casting metals, and 

sheet lead.

Table 2: Lead Production and Reserves 

Country Production Reserves 

(Tonnes) 

USA 400 7,000 

Australia 620 27,000 

Bolivia 90 1,600 

Canada 65 650 

China 1,600 13,000 

India 95 2,600 

Ireland 45 600 

Mexico 185 5,600 

Peru 280 6,000 

Poland 35 1,500 

Russia 90 9,200 

S/Africa 50 300 

Sweden 65 1,100 

Other 330 4,000 

Total 4,100 8,0000 

Source: USGS Mineral Commodity Summary, 2011.  

Worldwide Supply and demand for Lead

Currently, approximately 240 mines in more than 40 

countries produce lead. World mine production was 

estimated to be 4.1 million metric tons in 2010, and the 

leading producers (from Table 2) were China, 

Australia, the United States, and Peru, in descending 

order of output. In recent years, lead was mined 

domestically in Alaska, Idaho, Missouri, Montana, and 

Washington. In addition, secondary (recycled) lead is 

a significant portion of the global lead supply (USGS, 

Mineral commodity Summary, 2011).

World consumption of refined lead was 9.35 million 

metric tons in 2010.The leading refined lead 

consuming countries were China, the United States, 

and Australia. Demand for lead worldwide is expected 

to grow largely because of increased consumption in 

China, which is being driven by growth in the 
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automobile and electric bicycle markets (USGS, 

Mineral commodity Summary, 2011).

LEAD METAL IN THE WORLD MARKET

With an increased need to diversify economies due to 

the dwindling price of oil in the world market, Mineral 

resources such as Lead, Zinc, Copper etc. which have 

been under exploited over the years, now seem very 

potent to economies which are looking for ways to 

diversify.

 Figures 3 and 4 indicate the graphs of price trend for 

Lead metal in the world market.

Production of Lead in Africa

Compared to lead and zinc giant's China, USA and 

Australia, Africa is a small player, producing 

approximately 4% - 6% of global production 

respectively. Out of a total of 266 operating lead/zinc 

operations in the world, Africa only has 12. Morocco 

emerges as Africa's largest producer, followed by 

South Africa, Namibia, Algeria and Tunisia. The focus 

on gold exploration and development in Africa seems 

to have left the base metals scene out of the picture – a 

trend that will probably change over the next few 

years. Major mines coming on line are the world class 

Skorpion Zinc project in Namibia and the Bougrine 

mine in Tunisia .(Mbendi information services, 1995)

Countries in Africa with Lead and Zinc Mining 

Profiles (13): , , , Algeria Burkina Faso Congo Democratic 

Republic of The Congo Egypt Kenya Morocco Namibia, , , , , 

Nigeria South Africa Togo Tunisia Zambia, , , ,  (Mbendi 

information services, 1995)

Conclusion

The potentials that lie in the solid minerals sector 

cannot be over emphasized, as can be shown with 

countries of the world that despite their abundant 

crude oil reserves, still venture into mining of solid 

minerals, processing and use for their local 

industries respectively.

The increased use for lead in military applications, 

nuclear plants, automobile components and other 

areas is likely to cause a sharp rise in the price of this 

metal product in the nearest future. Hence in order 

not to be left out of this profitable but highly under 

exploited sector and the corresponding change that 

may occur in it in no distant future, it is necessary for 

the Federal Government of Nigeria to look into this 

sector with a sincere purpose of tapping from the 

enormous advantages that lie therein. Finally, if lead 

is being smelted in other countries of the world 

successfully, then why not in Nigeria? But all hands 

must be on deck, and all players must play their roles 

to actualize this vision.
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PRODUCTION OF IRON ORE MIDDLING FOR OIL PIPE COATING

Bwala, Daniel Markus

Nigerian Institute of Mining and Geosciences, Jos, Plateau State

recca_dan@yahoo.com 

ABSTRACT

This Paper aims at outline the sequence of producing Iron Ore Middling of >1.6 – 80mm size range, percentage 

Iron of 64% and specific Gravity of 4.8g/ml as used by the oil Industry for off shore and onshore transportation 

of oil, gas and other products. Coating of oil pipes with mixture of Iron Ore Middling, cement, sand and water 

prevents them from floating at offshore and protects them from mechanical impacts both at offshore and 

onshore when the pipes are put to use. Production of Iron Ore middling also diversifies the use of Iron Ore 

deposits not only for the production of concentrate.

Keywords: Production, Middling, Oil-Pipe, Mechanical Impact, Cutting.

1.0 INTRODUCTION

The National Iron Ore Mining Company, NIOMCO 

Itakpe is a Federal Parastatal established by Decree 
thNo. 60 of 19  September, 1979 and saddle with the 

responsibility to explore, exploit and process Iron Ore 

for the purpose of upgrading its relatively low Iron Ore 

content of average 36%Fe to concentrate of 64%Fe 

and super Concentrate of 67% Fe.

The Company is to produce and supply 100% Iron Ore 

Concentrate of 64% Fe as required by the Ajaokuta 

Steel Plant (ASP) which amount to 2, 150,000 metric 

tons per annum. NIOMCO is equally to produce and 

supply 40% material requirement of Delta Steel 

Company Ltd. (DSC) Aladja with Super Concentrate of 

grade between 67 and 68%Fe which amounts to 

550,000 metric tons per annum and to export Iron Ore 

Concentrate haven satisfied the domestic need of the 

Nations steel plants.

In 1994 during the government of General Sani Abacha 

an embargo was placed on importation of Iron Ore 

Products, and mandated NIOMCO to produce Iron Ore 

middling required by the oil industry for pipe coating, 

amounting to 150,000 tons per annum.

This is to expand the exploitation of the Nations vast 

Iron Ore Deposit since Ajaokuta had not taken off. It is 

equally to provide jobs to the teaming youth with view 

to reduce crime and anti-social vices.

The middling produced is mixed with shaft sand, 

cement and water before coating the oil pipes.

2.0 PRODUCTION OF MIDDLING

Production of middling starts with drilling blasting 

and haulage of Run-off –Mines (ROM) in the mine 

phase to the platform of the crushing plant, where 

boulders larger than 200mm are reduced to various 

sizes. The stages include the following:

I. Crushing: - Run-off –Mines (ROM) are 

crushed to between 0- 200mm by the primary 

crusher which is an Allis' Gyratory crusher. The 

ROM is transferred to a secondary crusher that 

is a Jaw crusher for further reduction of fish-like 

materials that are more than 200mm.  The mode 

of transportation at this stage is belt conveyer.

ii. Homogenization: This is also referred to as 

blending. To achieve the average 36% Fe due to 

variation of the Iron ore deposit at the Mines, 

blending becomes necessary. The operation at 

this stage is carried out with the aid  of two (2) 

machines:
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a. Stacker

b. Re-claimer

a. STACKER: Piles up the Rom in rows to 

achieve blending

b. RE-CLAIMER: As the name implies, reclaims 

ROM in columns from the blending yard to the 

storage bins (Repartition Bins) for further delivery   

to the grinding mills. There are 3 bins with capacity 

of 2500 tons each.

iii. GRINDING: ROM from the reparation Bin of 

capacity 2500 tons are fed to the grinding mill. 

The existing plant have three (3) autogenous 

mills with production capacity of 292 T/H each 

and a re- circulating load of 73T/H at 0-200mm 

grain size feed. At mill discharge, there is a 

control sieve (Trommel) that have cut equivalent 

to square mesh of maximum 6mm according to 

the initial design which feeds the wet screen. For 

the purpose of producing middling, 6mm 

trommel was replaced with 7mm size trommel.

iv. Screening: Ground ore from autogenous 

mills fill a slurry tank from where the slurry 

material is pumped to wet screens that 

separates >1.6 -7mm oversize (middling) and 0-

1.6mm undersize. The oversize ore (middling) 

which supposed to be re-circulated back into the 

mill is now discharged to the ground and the 

undersize is pumped in to Beneficiation plant for 

the production of concentrate. 

3.0 TEST CARRIED OUT ON NIOMCO ITAKPE

MIDDLING (oversize) AND CONCENTRATE FOR 

SUITABILITY OF USE IN OIL PIPE COATING.

The materials uses for Pipe coating in the oil industry 

were usually imported from Australia, Brazil and or 

Liberia. With the task placed before NIOMCO, Itakpe 

for the production of middling locally, suitability test 

have to be carried out on the following parameters.

i. Chemical Analysis

ii. Specific gravity

iii. Grain size distribution and

iv. Curves of the grain size distribution.

For the purpose of this determination, the 

following parameters were obtained from coating 

company (WILBROSS Port Harcourt) for ease of 

comparison.
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REFERENCE SAMPLES 

(IMPORTED MIDDLING) ASTM 

Table 1: Grain Size Distribution as Required 

for Pipe Coating 

Mesh (Sieve) Size 

(mm) 

Percentage 

Retained (%) 

+800  

-8.00 + 4.75 10.1 

-4.75 + 3.35 20.4 

-3.35 + 2.00 25.9 

-2.00 + 1.00 24.2 

-1.00 + 0.50 10.1 

-0.50 + 0.30 3.3 

-0.30 + 0.15 2.8 

-0.15 3.2 

 

Table 2: Chemical Analysis as required for 

pipe coating. 

Elements Percentage (%) 

Fe 64.00%Min. 

SiO2 5.00Max 

Al2O3 2.00 Max 

CaO 0.025 

MgO 0.030 

S 0.050 

P 0.060 

H2O 2.500 Max 

Specific Gravity=4.8G/Ml 

    

Table 3: Typical graduation on Pipe Coating 

Sand ASTM. 

Mesh (Sieve) 

(mm) 

Percentage weight 

passed (%) 

9.51 100.00 

4.96 80-90 

3.38 60-80 

1.19 40-70 

0.515 25-50 

0.217 10.30 

0.141 0-10 

Specific gravity (SG) = 2.6g/ml 

 

4.0	 CLASSIFICATION OF DIFFERENT BLENDS 

OF MIDDLING AND CONCENTRATE

This entails sampling of middling and blending it with 

concentrate of either 63% or 56% Fe, after which 

sieving process starts. Bulk concentrate was 

classified on deck screen at Bergeaud plant where 

middling was classified on laboratory sieves.

After extensive blending and sieving was carried out, 

the following results and curves were obtained.

Table 4: Size Distribution of blend 35% middling 

and 65% concentrate. S.G.=4.408g/m 

 

Size (mm) 
Weig

ht (g) 

Weig

ht % 

Cumulative 

Weight 

Retain

ed % 

Passe

d % 

+ 5.0 254 5.15 5.15 94.85 

-5.0+2.5 1132 22.39 27.54 72.92 

-2.5+1.6 317 6.42 33.96 66.04 

1.6+1.0 173 3.51 37.47 62.53 

1.0+0.630 754 15.28 52.75 47.25 

0.630+0.3

15 

1771 35.88 88.63 11.37 

0.315+0.1

6 

366 7.42 96.05 3.95 

-0.16+0.1 113 2.29 98.34 1.66 

<0.1 56 1.14 1000 0 

 4936 100   
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Table 5: Bulk Middling (Oversize) Result 

Size mm Weight 
Weight 

% 

Cumulative 

Weight (%) 

Specific 

Gravity 

(g/ml) 

Asoma 

Analysis 

Fe %  Si02 % 

+ 5.0   294 8.99 8.99 3.15 35.39  44.13 

- 5.0+2.5 2005 61.37 70.36 3.35 34.57  47.59 

-2.5+ 1.6 903 27.64 98.0 3.68 41.10  34.29 

-1.6+1.00 65 1.99 100.00  47.43  22.89 

Total  3267 100     

 

Table 6: Bulk Concentrate, 63% Fe 

Size mm Weight 
Weight 

% 

Cumulative 

Weight (%) 

Specific 

Gravity 

(g/ml) 

Asoma 

Analysis 

Fe % Si02 % 

+ 1.6 9 0.64 0.64 

4
.5

5

63.05 
5.87 

 

-1.6+1.0 59 14.19 4.83 65.80 4.16 

-1.0 + 0.630 129 9.17 14.00 63.14 4.23 

-0.630+ 0.315 360 25.59 39.59 60.08 5.02 

- 0.315 +0.16 469 33.33 72.92 55.68 14.00 

- 0.16 + 0.1 254 18.05 90.97 56.96 12.83 

- 0.1 127 9.03 100 63.22 7.51 

 1407 100     

 

Table 7: Sieved Concentrate, 63% Fe > O.5mm Further Classified 

Size Mm 
Weight 

(G) 

Weight 

% 

Cumulative Weight 

Retained 

% 
Passed % 

+ 1.6  52 2.22 2.22  97.78 

-1.6+1.0  339 14.49 16. 71 83.29 

1.0 + 0.630  763 32.61 49.32 50.68 

- 0.6.30 + 

0.315  

923 39.44 88.76 11.24 

- 315 + 0.16   212 9.06 97.82  2.18 

-0.16 + 0.1   36 1.54 99.36  0.64 

<0.1   15 0.64  100 0 

Total 2340    

 

Table 8: Bulk Concentrate, 65% Fe 

Size Mm 
Weight 

(G) 

Weight 

% 

Cum. Weight 
Specific 

Gravity 

G/Ml 

Asoma 

Analysis 

RETAINED PASSED Fe % Si02 % 

-1- 1.6  49 1.28 1.28 98.72  66.00 3.59 

- 1.6 + 1.0  229 5.99 7.27 92.73  67.04 2.97 

- 1.0 + 0.630  445 11.65 18.92 81.08  66.18 3.17 

- 0.630 + 

0.315 

111 3 29.14 48.06 51.94  67.45 3.01 

- 0.315 + 0.16  1243 32.55 80.61 19.39  64.62 5.99 

0.16 + 0.1  543  14.22 94.83   5.17  65.83 5.06 

<0.1 197 5.16 100 0  67.30 3.64 

 3819 100      
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Table 9: Sieved Concentrate, 65% Fe > O.5mm Further Classified 

 

SIZE MM 
WEIGHT 

(g) 
WEIGHT % 

CUM. WEIGHT 

RETAINE

D 
PASSED 

+ 1.6 98 3.58  3.58 65.05 96.2 

- 1.6+1.0 460 16.79  20.37 65.80 79.63 

- 1.0 + 0.630 887 32.38 52.75 63.14 47.25 

- 0.630 + 0.315 939 34.28  87.03 60.08 12.97 

-0.315 +0.16  250 9.13 96.16 55.68 3.84 

- 0.16 + 0.1  73 2.67 98.83 56.96 1.74 

- 0.1 32 1.17 100 63.22 0 

 2739 100    

 

 

 

TABLE 10: Comparism between 35% Middling and 65% Concentrate of Itakpe Ore and Australian Ore by Sieve Analysis. 

 

ITAKPE 1ST SAMPLE ITAKPE 2ND SAMPLE AUSTRALIAN ORE 

SIZE MM 
WEIGHT 

(g) 
WEIGHT 

% 

CUM. WEIGHT 
WEIGHT 

(g) 
WEIGHT 

% 

CUM. WEIGHT 
WEIGHT 

(g) 
WEIGHT 

% 

CUM. WEIGHT 

RETAINED 
PASSE

D 
RETAINED 

PASSE
D 

RETAINED PASSED 

+9.5 0 0 0 100 0 0 0 100 0 0 0 100 
-9.5+4.75 54 10.8 10.8 89.2 24 4.8 4.8 95.2 44 8.8 8.8 91.2 
-4.75+2.36 106 21.2 32.0 68.0 86 17.2 22.0 78.0 168 33.6 42.4 57.6 
-2.36+1.18 34 6.8 38.8 61.2 30 6.0 28.0 72.0 130 26.0 68.4 31.6 
-1.18+.06. 92 18.4 57.2 42.8 95 19.0 47.0 53.0 84 16.8 85.2 16.8 
-0.60+0.30 172 34.4 91.6 8.4 198 39.6 86.6 13.4 35 7.0 92.2 7.8 
-0.30+0.15 40 8.0 99.6 0.4 53 10.6 97.2 2.8 22 4.4 96.6 31.4 
<0.15 2 0.4 100 0 14 2.8 100 0 17 3.4 100 0 
             

500 500 500 
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Table 11: Comparism between 40% Middling and 60% Concentrate of Itakpe Ore and Australian Ore. 

 

ITAKPE 1ST SAMPLE ITAKPE 2ND SAMPLE AUSTRALIAN ORE 

SIZE MM 
WEIGHT 

(g) 

WEIGH

T % 

CUM. WEIGHT 
WEIGHT 

(g) 

WEIGH

T % 

CUM. WEIGHT 
WEIGH

T (g) 

WEIGH

T % 

CUM. WEIGHT 

RETAINE

D 

PASSE

D 
RETAINED 

PASSE

D 
RETAINED 

PASSE

D 

+9.5 0 0 0 100 0 0 0 100 0 0 0 100 

-9.5+4.75 39 7.8 7.8 92.2 32 6.4 6.4 93.6 44 8.8 8.8 91.2 

4.75+2.36 132 26.4 34.2 65.8 107 21.4 27.8 72.2 168 33.6 42.4 57.6 

2.36+1.18 39 7.8 42.0 58.0 36 7.2 35.0 65.0 130 26.0 68.4 31.6 

-1.18+0.60 100 20.0 62.0 38.0 95 19.0 54.0 46.0 84 16.8 85.2 16.8 

0.60+0.30 169 33.8 95.8 4.2 196 39.2 93.2 39.2 35 7.0 92.2 7.8 

0.30+0.15 20 4.0 99.8 0.2 30 6 99.2 0.8 22 4.4 96.6 3.4 

<0.15 1 0.2 100 0 4 0.8 100 0 17 3.4 100 0 

             

500 500 500 
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Table 12: Size Distribution of Blend 35 Middling and 65% Concentrate S.G = 4.408g/Ml 

SIZE MM WEIGHT (g) WEIGHT % CUM. WEIGHT 

   RETAINED PASSED 

+5.0  254 5.146 5.146 94.854 

-5.0 + 2.5  1132 22.394 28.08 71.92 

-2.5+1.6  317 6.422 34.502 65.498 

1.6+1.0  173 3.505 38.007 61.993 

1.0 + 0.630  754 15.276 53.283 46.717 

0.630 + 

0.315  

1771 35.879 89.162 10.838 

0.315+0.16  366 7.415 96.577 3.423 

-0.16 + 0.1  113 2.289 98.866 1.134 

<0.1  56 1.134 100 0 

TOTAL 4936 100   

 

5.0 GRAPH PLOTING 

For the purpose of plotting graphs, bigger samples of 

35% middling blended with 65% concentrate and 40% 

middling blended with 60% concentrate were 

classified by sieve analysis. 

Book of Proceeding of Kaduna 2016 AGM & Conference



149

Table 13: Size Distribution of Blend 40% Middling and 60% Concentrate S.G = 4.123 

9/011. 

SIZE MM WEIGHT (g) WEIGHT % CUM. WEIGHT 

   RETAINED PASSED 

+5.0  334 6.593 6.593 93.407 

-5.0 + 2.5  1338 26.411 33.004 66.996 

-2.5+1.6  319 6.297 39.301 60.699 

1.6+1.0  178 3.514 42.815 57.185 

1.0 + 0.630  856 16.897 59.712 40.288 

0.630 + 0.315  1739 34.327 94.039 5.961 

0.315+0.16  250 4.935 98.972 1.026 

-0.16 + 0.1  33 0.651 99.625 0.375 

<0.1  19 0.375 100 0 

TOTAL 5066 100   
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6.0 CONCLUSION

This report itemized the stages involved during an 

experiment carried out with the aim of satisfying the 

demand of pipe coating material sourced locally. With 

the changing of the trommel sieve to 7.0mm; the 

company commenced supply of 100% middling which 

suit the pipe coating purposes.
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ABSTRACT
Technology, the product of well–articulated research, divides the nations of the world into two: developed and 
developing/underdeveloped nations. Nigeria belongs to the latter group and her Metallurgical Industry is in 
comatose status. The nation is yet to produce liquid steel and has not been able to add value to numerous non-
ferrous ores within her boarder. The weapons that the Military uses are majorly made of engineering 
materials–metals, plastics, ceramics and composites which are essentially products of the Metallurgical 
Industry. Thus, the Nigerian Metallurgical Industry needs to be revitalized in order to meet up with its expected 
contribution to the technological (Military or civil) development of Nigeria. Without security, there can be no 
meaningful development; on the other hand, development fosters security. This is the thrust for this paper 
whose aim is to serve as wake–up call for the revitalization of the comatose Nigerian Metallurgical Industry 
which is a precursor for self-reliance in Military technology. What is recommended as the way forward is the 
application of triplex helix model to the revitalization agenda of the Nigerian Metallurgical Industry and 
innovative technological research for the Military. 

Key words: Revitalization, Nigerian Metallurgical Industry, Self-reliance, Military, Technology

1.0      INTRODUCTION
“On earth, the greatest things is man; in man, the 
greatest thing is the mind”- Sir William Hamilton
Technology- the product of well-articulated research 
of which engineering is the mainstay, divides the 
nations of the world into two: developed and 
developing/underdeveloped. Many Africa nations 
including Nigeria belong to the latter group. Self-
reliance in science and technology is feasible if and 
only if the basic engineering facilities, raw materials 
and expertise are available locally. Unfortunately, 
most universities and research institutes in Nigeria 
cannot justify their existence in terms of research 
output because they are underperforming. This 

disconcerting scenario has untold effect on the 
national industrial development. This is particularly 
so for the Nigerian Metallurgical industry.
One does not need to be a prophet before he/she 
realizes the comatose status of the Nigerian 
Metallurgical industry – both the ferrous and non-
ferrous sub-sectors. Thus, the Nigerian Metallurgical 
Industry need to be revitalized in order to meet up 
with its expected contribution to the technological 
development of Nigerian. Technological innovation is 
determined by investment in scientific and 
technological research while labour productivity 
increases depending on investment in manpower 
development and continuous retraining. The 
objective of this paper, therefore, is to serve as 
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wake–up call for the revitalization of the comatose 
Nigerian Metallurgical industry which is a precursor for 
self-reliance in military technology.
The scope of this paper encompasses the centrality of 
the Military and Military technology, and the comatose 
status of the Nigerian Metallurgical Industry. This is to 
be followed by the application of triplex helix model to 
the revitalization of the Nigerian Metallurgical Industry; 
and the nexus between revitalized Nigerian 
Metallurgical Industry and self-reliance in Military 
technology in Nigeria.

2.0 	 THE CENTRALITY OF MILITARY AND 
MILITARY TECHNOLOGY 
According to Cicero, “The welfare of the people is the 
ultimate law.” The primary responsibility of every 
sovereign state is the preservation of life and property. 
This fact is enshrined in the Nigerian Constitution. 
Fundamental Objectives and Directive Principles of 
the Policy of the Nigerian Constitution.   Section II, 
14(1) (b) states: “The security and welfare of the 
people shall be the primary purpose of Government”
The early man produced tool to struggle for his 
existence against wild animal or warlike neighbors. 
Early engineering, therefore, was principally Civil or 
Military (Ajayi, 2010). History has taught humanity in 
the field of warfare and defence that the great need of 
sovereign nation is to establish, train, and maintain an 
ever–ready military force toward off external 
aggression and to avoid internal disintegration. Even 
an ignoramus in military affairs knows that if you want 
peace, you must prepare for war. With what types of 
tools are our military men preparing for war? This is not 
an issue of day- gone gun type, but to build an 
engineering establishment that will stand the test of 
time in researching into weapon production. This will 
provide self–reliance to Nigerian Military technology 
using metals extracted from numerous minerals found 
in Nigeria mines (Pwajok, 1989).
It can be recalled that pre- colonial Nigeria endeavor to 
develop their weapon based on the technology 
prevalent then. After independence, Nigeria 
depended on foreign weapons. Later on, the need for 
self –reliance in the Military dawned on the nation. 
Within the last four decades four principal 
developments have produced profound changes in 
our way of life: nuclear power, electronic computer, 
i n t e r p l a n e t a r y  s p a c e  n a v i g a t i o n  a n d 
micro–electronics. In most developed nations, the 
Military has almost always been in the forefront in 
technological advancement. (Ajayi, 1994). Nigeria, 
the most populous black nation on earth, cannot afford 
to be an exception.

The world is becoming global village and there were 
some lessons to learn from other nations like United 
State of America, USSR, Israel and Singapore that 
made their male children acquire skills early in life 
before they settle to their various professions or 
before they are sent aboard to study in developed 
countries on a scholarship from the Government. This 
boosted their technological know-how (Ajayi, 2010). 
This is lacking in Nigeria and result of this is 
backwardness in terms of technology. Imperatively, 
our military technology suffers a setback for lack of 
research into and training for making use of available 
resources in fabricating needed military ammunition. 
Rather Nigeria over the years has been importing 
most of her military weapons. Developing nations like 
Nigeria have a lot to learn from developed nations. 
Technical innovation is determined by investment in 
science and technological research. Nigeria should 
make the Air Force Institute of Technology (AFIT), 
Kaduna and other military training and research 
centres in Nigeria to attain world class status in 
Military technology.

3.0 THE COMMATOSE STATUS OF THE NIGERIAN 
METALLURGICAL INDUSTRY
With the formation of Iron Ore Mining Company, 
Itakpe, Kogi State, Nigeria, where there is occurrence 
of large deposit of iron ore, the development of the 
steel industry in the 1970's and 1980's was a welcome 
trend that appeared on the scene. The Ajaokuta 
Integrated Steel complex, the Aladja Steel Company, 
the rolling mills at Oshogbo, Jos and Katsina 
constituted a major expansion of the mineral-based 
Metallurgical Industry. In realization of the importance 
of the industry to the national economy, the Federal 
Government established what is now known as the 
National Metallurgical Development Centre (NMDC), 
Jos to carry out applied research to upgrade the 
locally available raw materials for use of the nation's 
nascent iron and steel industry. The Nigerian Mining 
Corporation (NMC), Jos was also set up by the 
Federal Government for mineral exploration and 
exploitation. There was a time when iron and steel 
industry was alive in Nigeria, then it went to slumber 
and it is now dead but not yet buried. Is this a hopeless 
case? The Nigeria iron and steel industry can 
resurrect, it should resurrect and it will resurrect.
The country endowed with a lot of non-ferrous 
m inera ls  such  as  cass i te r i te ,  co lumb i te , 
galena/sphalerite, gold ore, azurite/malachite, 
monazite, zircon, barytes, tantalum, wolframite, 
molybdenite and nickel ores. These minerals are 
seeking mining, mineral processing and metallurgical 
operations and utilization. For instance, Ilmenite 
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dumps abound on the Nigeria Plateau which nobody 
seems to be interested in processing for the paint 
industry. The physical, physico-chemical and 
chemical processing of the Nigeria's solid minerals is 
practicable when the Nigerian Metallurgical industry is 
developed. The disconcerting scenario is that Nigeria 
exports tonnage of these minerals in their raw forms 
abroad at giveaway prices; values are added abroad 
and the nation now imports the finished products at 
exorbitant prices. There cannot be any self-reliance in 
technology that way.
The need for industrial revolution to revive industries 
and set factories working (including weapons and 
armament production factories) present great 
challenge to the Nigerian metallurgical engineers/ 
professionals. The nation's industrialization process 
based on import substitution needs to be carefully 
studied and prudently reversed. Any industrial system 
that is structured such that it is sustained by foreign 
raw materials, imported component, spare parts and 
expatriate skills cannot be sustained under the 
p r e s e n t  d e p r e s s e d  e c o n o m y  a n d  g l o b a l 
competitiveness (Ruhle,1996). The worrisome status 
of the Nigerian Metallurgical Industry – Ferrous and 
non- ferrous- constitute serious challenges to the 
Nigeria Metallurgical Society. Research and 
development should be given priority in the industry. 
The Nigerian Metallurgical Industry need to be turned 
around towards self-reliance in Military and 
engineering technology and the time to act is now. 
Today's neglect of research and development, is 
tomorrow's regret in technological backwardness.

4.0 THE APPLICATION OF TRIPLEX HELIX MODEL 
TO THE REVITALIZATION OF THE NIGERIAN 
METALLURGICAL INDUSTRY 
In revitalizing, the Nigerian Metallurgical Society there 
is the need to apply the Triple Helix Model. The 
concept of the triple helix of the University-Industry-
Government relationship of the 1990s interprets the 
shift from a dominating industry-government diad in 
the industrial society triadic industry relationship 
among University-Industry-Government in the 
knowledge society (Etzkowitz and Leydesdorff (1995). 
The vision encompasses not only the creative 
development that appears as a natural innovation 
dynamics, but also the creative renewal dynamics, but 
also the creative renewal that arises within each of the 
three institution spheres of university, industry and 
government as wel l  as their  intercessions 
(Mohammed, 2014). The triplex helix model as 
presented in Figure 1 denotes the university-industry-
government relationship as one of the relativity equal 
yet interdependent institutional spheres which 
overlaps.

 
 
 
                                                                                   
                                                                     
  

 
 

 
 

Figure 1: Triplet Helix Model 
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The three members of the helix must show faith, 
sincerity and commitment that would lead to genuine 
relationship, interaction and growth. First, increase 
interaction must be fostered among industries that 
are within industrial consortium. Second, increased 
relationship aimed at problem solving through 
knowledge backed evolutionary innovative creations 
must be promoted. Third, the industry and academia 
must work together to advise the government on 
important directions and policies which it shall 
enforce for the realization of the common goal of 
industrialization and continuous economic growth. 
The government shall seek to understand and 
cooperate with industry and academia as if they are 
one organ with each other for the realization of the 
desired results. This is the dream depicted by the 
central intercession of the helix. This is the goal. Once 
this goal is attained, Nigeria Metallurgical Industry will 
be revitalized and lead to engendering self-reliance in 
National Military Technology.

5 . 0  R E V I T A L I Z I N G  T H E  N I G E R I A N 
M E T A L L U R G I C A L  I N D U S T R Y  A N D 
ENGENDERING SELF-RELIANCE IN MILITARY 
TECHNOLOGY 
“The greatest thing in the world is not so much where 
we are but in what direction we are moving.” – Oliver 
Wendell Holmen.
Touch the cause and you will touch the effect. Once 
the Metallurgical Industry is revived in Nigeria, self-
reliance in Military technology will not be a big issue. 
The new direction for Nigeria should be the 
production of liquid iron/steel on sustainable basis 
and adding value to non-ferrous minerals to produce 
non-ferrous metals and/or their alloys. Premium 
should also be put on local content development and 
the transparent operation of articulate metal policy.
Let us reflect on and possibly debate this postulation:

“If there are no minerals, there would be no 
metals,

If there were no metals, there would be no 
technology,

If there be no technology, our environment 
would not be what it is,
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There may not even be future on earth.”

Imagine that these metals do not exist!
Iron and Steel: 	 	 The most important 
industrial metal/alloy
Aluminum:	 	 	 The light and 
industrial metal
Copper:	 	 	 The conductivity metal
Zinc:	 	 	 	 The galvanizing metal	
Tin:	 	 	 	 The metal that tins the 
can
Lead:	 	 	 	 The plumber's metal
Nickel:		 	 	 The versatile metal
Extraction of the metal from their ores takes a lot of 
research and development effort. The Nigerian 
Military needs to do more in research and 
development. Research is the basis for knowledge. It 
is the touch that illuminates the world. The same 
should go for the Air Force Institute of Technology 
(AFIT), Kaduna whose moto is “Quest for excellence”. 
Need-driven and innovative research should be 
heavily supported in AFIT until it attains and maintain 
world-class status. The research focus should centre 
on creativity and innovation. Attention should be 
accentuated on technological research which is the 
utilization of existing knowledge in inventing 
processes, building appliances in constructing 
system which can be utilized in production. Intensive 
research should be done on the design, material 
selection, manufacture, operation and maintenance 
of safe and efficient aircraft used for military and civil 
purposes. The following research and development 
centres should be carefully established to enhance 
military technology in Nigeria: 

i. Aircraft Design and Manufacturing Centre
ii. Aerospace Materials Research Laboratory
iii. Engineering Failure Analysis Centre
iv. Standard functional Foundry- captive and 

Jobbing.

6.0 CONCLUSION
The early man produced tool to struggle for his 
existence against wild animals and warlike 
neighbours. History has taught humanity in the field of 
warfare and defence that the great need of sovereign 
nation is to establish, train, and maintain an ever-
ready military force towards off external aggression 
and to avoid internal disintegration. In any warfare, 
there are three important elements: The Military, their 
weapons and the enemies. 
Most weapons the Military use against their enemies 
are made of engineering materials – metals, 
ceramics, plastics and composites. Metals are 
products of the Metallurgical Industry. Unfortunately, 

the Nigerian Metallurgical Industry, both ferrous and 
non–ferrous, is in a state of comatose and this has 
adverse effect on Military technology. Nigeria cannot 
be said to be self–reliance in Military technology. Is 
this not a security risk? This is the thrust for this paper 
which is aimed at serving as wake–up call for the 
revitalization of the comatose Nigerian Metallurgical 
Industry which is a precursor for self-reliance in 
Military technology. The paper addresses the 
centrality of the Military and Military technology and 
the comatose status of the Nigerian Metallurgical 
Industry. The application of the Triplex Helix Model 
leading to growing triadic relationship among 
University–Industry-Government relationship in the 
knowledge society to achieve technological growth 
has been discussed. This is followed by the nexus 
between the revitalized Metallurgical Industry and 
self–reliance in Military technology. Touch the cause 
and you will touch the effect. It is postulated that 
Research and Development in the Military using the 
products of the revitalized Nigerian Metallurgical 
Industry will engender self–reliance in Military 
technology in Nigeria.
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Abstract
The effect of concentration of coconut shell charcoal and periwinkle shell on the hardness profile on 
0.08% carburized mild steel was investigated in order to optimize the carburizing parameters in the 
pack carburizing surface hardening process. The carburizing parameters evaluated are carburizing 
time, carburizing compound (ratio pulverized coconut shell charcoal to pulverized periwinkle shell) 

o ocarburizing temperature and tempering temperature at 850 C and 200 C respectively. The results 
obtained shown that effective case depth and hardness values increased exponentially by increasing 
carburization temperature and time. The samples having greater case depth and surface hardness are 

omore wear resistant. Optimum values of hardness were obtained at carburizing temperature of 850 C, 
carburizing time 3 hours, carbon potential of ratio 75wt% pulverized coconut shell charcoal to 25wt% 

o
pulverized periwinkle shell, and tempering temperature of 200 C. From the pack carburization, the 
carburizing compound with 75wt% pulverized coconut shell charcoal to 25wt% pulverized periwinkle 
shell gave the highest average effective case depth of 1.80 mm and hardness values of 460Hv. Hence, 
pulverized coconut shell charcoal and pulverized periwinkle shell can be effective used in improving 
the hardness profile of 0.08% mild steel and as carburizing materials in the ratio of 75wt% pulverized 
coconut shell charcoal to 25wt% pulverized periwinkle shell.
Keywords: periwinkle shell, coconut shell charcoal, carburization, case depth, pulverized  

1.0 Introduction
The service conditions of many moving steel 
components such as gears, cams, valves etc, 
make it necessary for them to possess both hard 
and wear resistant surfaces, but tough and 
shock resistant cores. A low carbon steel of 
approximately 0.1% carbon is naturally tough 
while a high carbon steel of about 0.9% or more 
possesses adequate hardness (and inherently 
low toughness) when suitably heat-treated. The 
combination of hard and wear resistant surface 
with tough core required in the aforementioned 

components involve the treatment of a shock- 
resistant steel in order to alter the nature of the 
surface to increase the hardness while the core 
remains more or less unaltered (Akinluwade et 
al, 2012).
There are two major processes through which 
such an alteration of the surface layers of steel 
components may be carried out, namely, (i) 
processes in which impart surface hardness by 
changing the microstructure of the surface skin 
without changing the chemical composition of 
the surface. Such steel must not have a carbon 
content of less than 0.4% for them to be 
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amenable to hardening (by any of flame, 
induction, laser, and electron beam hardening) (ii) 
processes which impact surface hardness by 
changing the surface chemistry of the steel by 
diffusing carbon, nitrogen or both carbon and 
nitrogen into its surface (Asuquo and Ihom, 
2013). Steels for this process may have a carbon 
content of about 0.1%. Examples of this latter 
process include carburizing, nitriding, cyaniding, 
diffusion coating, and hard surfacing.
However, carburization is the addition of carbon 
to the surface of  low-carbon steels at 

0temperatures generally between 850 and 950 C, 
at which austenite, with its high solubility for 
carbon. The inward diffusion of the carbon 
depends on the chemical composition of the 
steel, the carburizing temperature and the 
chemical composition of the carburizing mixture 
(Atanda et al, 2012). The concentration gradient 
is established with respect to carbon from the skin 
to the core of the steel. With increase in the 
carburizing activity of the carburizing compound, 
the concentration is made steeper; the depth of 
penetration is not however increased to the same 
extent. The carburization provides a gradual 
change in carbon content and carbide volume 
from the surface to the bulk, resulting in a gradual 
alteration of mechanical and wear properties. The 
heat treatment and carburization increases the 
mechanical and wear resistance (Atanda et al, 
2012).
Hardening is accomplished when the high-
carbon surface layer is quenched to form 
martensite so that a high-carbon martensitic case 
with good wear and fatigue resistance is 
superimposed on a tough, low-carbon steel core 
(Aramide et al, 2010a). Carburizing steels for 
case hardening usually have base-carbon 
contents of about 0.2%, with the carbon content 
of the carburized layer generally being controlled 
at between 0.8 and 1% C. However, surface 
carbon is often limited to0.9% because too high a 
carbon content can result in retained austenite 
and martensite. Carburizing is one of the most 
widely used surface hardening processes. The 
process involves diffusing carbon into a low 
carbon steel alloy to form a high carbon steel 
surface. Carburized steels are widely used as 
materials for parts in automobiles, farm 
implements, machines, gears, springs and high 
strength wires and so on. These parts require 
excellent mechanical properties and wear 
resistant such as strength toughness, hardness 

and wear resistance because they are generally 
subjected to high alternating loads (Asuquo and 
Ihom, 2013a). The required mechanical 
properties and wear resistance can be obtained 
from the carburization andheat treatment. The 
manufacturing process of these parts can be 
characterized by the key points such as:it is 
applied to low carbon workpieces, workpieces 
are in contact with high carbon gas, liquid orsolid, 
it produces hard workpiece surface, workpiece 
cores remain soft (Asuquo and Ihom, 2013b).
Low carbon steel is the most common form of 
steel as its provides material properties that are 
acceptable for many applications. It is ductile and 
malleable due to its lower carbon content and has 
lower tensile strength than other classes of steel. 
Steel with low carbon content has properties 
similar to iron. As the carbon content increases, 
the metal becomes harder and stronger but less 
ductile and more difficult to weld.
All classes of steels can go through a heat 
treatment process either to soften the metal 
which is hard, change the grain size, modify the 
structure or to relieve internal stresses as a result 
of mechanical working and quenching effect. The 
various heat treatment processes are annealing, 
normal iz ing,  hardening,  austemper ing, 
mar temper ing,  temper ing and sur face 
hardening. Case hardening is the process of 
hardening the surface of metal, often used in low 
carbon steel by infusing elements into the metal 
surface producing a hard and wear resistance 
skin yet preserving a tough and ductile core 
required in gears, ball bearings, railway wheels. 
The study of process parameters in metals 
during heat treatment has been of considerable 
interest for some years (Aramide et al, 2009a) but 
there has been relatively little work on process 
variables during the surface hardening process 
(Aramide et al,2009b) since control l ing 
parameters in carburization is a complex 
problem. The major influencing parameters in 
carburization are the carburization temperature, 
holding time, carbon content and the quench time 
in oil. 

In many engineering applications, it is desirable 
that steel being used should have a hardened 
surface to resist wear and tear. It should have soft 
and tough interior or core so that it can absorb 
any shocks. Case hardening is the process of 
hardening the surface of metal, often a low 
carbon steel by infusing elements into the metal 
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surface forming a hard, wear resistance skin but 
preserving a tough and ductile interior (Metals 
Handbook, 1981). This type of treatment is 
applied to gears, ball bearings, railway wheels. 
The various case hardening processes are:

Ø Carburizing, 
Ø Cyaniding, 
Ø Nitriding, 
Ø Carbonitriding and 
Ø Flame/Induction Hardening.

2.0 MATERIALS AND METHODS
Materials 
The materials that were used for the work 
included, RST 37 grade steel rods of 14 mm 
diameter obtained from Universal Steel Ikeja, 
Lagos State. The composition of the steel is 
shown in Table 1.
Table 1: Chemical Composition of the mild 
steel

Element C Si P S Mn Cr Mo Ni Cu V Fe 

% 0.08 0.17 0.041 0.005 1.2 0.01 0.02 0.01 0.03 0.004 balance 

 

 Periwinkle shell obtained from Port Harcourt, 
Rivers State. The coconut shell was collected 
from coconut sellers in Kaduna State. Other 
materials such as acetone, water and clay was 
used.

 

Fig. 1 Photograph of Coconut Shell 

 
Fig. 2 Photograph of Pulverized 

Coconut Shell Charcoal  

 

 
Fig. 3.3 Photograph of Periwinkle Shell 

 
Fig. 3.4 Photograph of Pulverized 

Periwinkle Shell 
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Method
The coconut shell charcoal powder and the 
periwinkle shell powder were investigated to 
identify and quantify the reaction products using 
X-ray diffraction technique.  Bruker D8 θ-θ X-ray 
d i ff r a c t o m e t e r  e q u i p p e d  w i t h  C o K α 

monochromating multilayered mirrors was used 
for the analysis. A Rietveld refinement software, 

TM
TOPAS , was used for quantitative analysis.  The 
microstructure and the chemical compositions of 
the phases present in coconut shell charcoal and 
periwinkle shell powder were studied using a 
JOEL JSM  5900LV Scanning Electron 

TM Microscope equipped with an Oxford INCA
Energy Dispersive Spectroscopy (EDS) system. 
The polished sample was firmly held on the 
sample holder using a double-sided carbon tape 
before putting them inside the sample chamber. 
The SEM was operated at an accelerating voltage 
of 5 to 20 kV. 
The rods from Universal Steel were cut into 15 
pieces of dimension 14mm diameter and 55mm 
long. The 15 test samples made were subjected 
to carburization treatment. The samples were 
placed on the thick bed of carburizer containing 
the various wt% of coconut shell powder and 
periwinkle shell powder in a stainless steel 
container and fully covered from all sides, the top 
of the container covered with a steel plate. The 
container was then being placed into the muffle 
furnace and maintained at the different 
carburization temperatures and times. After 
which the container was removed and cooled in 
air on the floor.
The carburized samples were removed from the 
container after cooling, placed back into the 

ofurnace and reheated to 900 C, removed and 
allowed to soak for one hour. There after the 
samples were removed and quenched in water 

o
and then be tempered at 200 C for one hour.
The carburized steel rods were prepared and 
polished for hardness measurements on a 
Rockwe l l  Ha rdness  Tes te r.  Ha rdness 
measurements on all the specimens were carried 
out on Rockwell hardness Testing Machine Model 
MHT-1 No: 8331 made by Matsuzawa Seiki Co. 
Ltd., of Japan.

 
1.0 RESULTS AND DISCUSSION
3.1 Chemical Compositions of as – Received 
Steel using Optical Emission Spectrometer
Chemical compositions of the steel using Optical 

Emission Spectrometer (OES) is given in Table 2
Table 2: Chemical compositions of As-
received steel

Composition C Fe Mn P S Ni Cr Mo Cu 

Weight % 0.08 99.31 0.37 0.01 0.01 0.03 0.03 0.01 0.05 

Composition Si Al W Ti V Sn  Co Pb  

Weight % 0.09 0.01 0.00 0.00 0.00 0.00 0.00 0.00  

 

3.2 XRD Analysis and SEM of Coconut Shell 
Charcoal 
The XRD pattern of the coconut shell charcoal 
particles reveal that, the major diffraction major 

o o
peaks are:   24.39°, 50.06°, 27.63  and 44.18  and 
phases  a t  these  peaks  as  Fu l l e r i t e (C ) 

Clinoenstatite, syn (MgSiO ), Stishovite(SiO ), 3 2

Sil icon oxide(SiO ) and Moissanite(SiC) 2

respectively (Figure 1 and Table 3). Table 4.2 
showed that carbon has the highest percentage of 
all the compound and element present as 
revealed by the XRD analysis
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 Table 3: Identified Patterns of the Coconut shell particles

   Fig. 1: XRD pattern of the Coconut shell charcoal

Ref. Code Score 
Compound 

Name 

Displacemen

t [°2Th.] 

Scale 

Factor 

Chemical 

Formula 

49-1719 65 fullerite 0.000 0.018 C60 

19-0769 12 
Clinoenstatite, 

syn 
0.000 0.232 MgSiO3 

47-1300 18 Silicon Oxide 0.000 0.054 SiO2 

82-1646 14 Stishovite 0.000 0.024 SiO2 

19-1138 27 
Moissanite-

2\ITH\RG, syn 
0.000 0.032 SiC 

49-1430 20 Silicon Carbide 0.000 0.044 SiC 
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3.3 XRD and SEM Analysis of the Periwinkles 
Shell
The XRD pattern of the periwinkles shell(PS) 
powder obtained has major diffraction peaks were:  

o26.96, 34.06 and 9.01  and phases at these peaks 
are: Calcite (Ca (C O ), Quartz, syn (SiO ) and 3 2

Tilleyite (Ca  Si  O  (CO ) ), while each of these 5 2 7 3 2

phases have a score of 94, 25 and 13 (Figure 3 
and Table 4).  Complete analysis confirmed that 
the PS powder contain at least one of elements (C, 
O, Si, Ca) which means that with the presence of 

all this elements PS powder did not contain any 
harmful element. With Calcite (Ca (CO ) having 3

higher score of 94 confirmed that PS powder is a 
calcium carbonate based materials. 
The microstructure of the PS powder reveals that 
the size and shape of the powder consist of 
porous irregular shape powder.  The EDS of the 
PS particles reveals that the particles contain 
Ca, Si, O (see Figure 4.4). These elements 
confirm that, the PS powder consists of calcium 
carbonate in the form of calcite (CaCO ). Tilleyite 3

(Ca  Si  O  ( C O  ) )  etc.  5 2 7 3 2

Fig. 2: SEM/EDS pattern of the coconut shell charcoal powder
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Table 4: Identified Patterns List of the Periwinkle shell powder 
Ref. 

Code 

Score Compound Name Displaceme

nt [°2Th.] 

Scale 

Factor 

Chemical 

Formula 

70-0095 36 Calcium 

Carbonate 

0.000 0.322 CaCO3 

03-1067 40 Aragonite 0.000 0.206 CaCO3 

81-0065 20 Silicon Oxide 0.000 0.248 SiO2 

75-0449 15 Magnetite 0.000 0.025 Fe3O4 

86-2334 21 Calcite 0.000 0.077 Ca(CO3) 

79-2175 17 W\PIstite, syn 0.000 0.093 Fe.928O 

 

 

 

Figure 4: SEM/EDS pattern of the periwinkles shell powder 

3.4 XRF Analysis of the Periwinkles shell

 The XRF chemical composition of the periwinkle shell particle 
is represented in Table 5 

Table 5: XRF analysis of periwinkle shell particles

Element Al2O3 CaO Fe2O3 TiO2 MgO Na2O SiO2 

% 4.1 82.88 1.78 0.21 1.54 0.10 6.45 
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XRF analysis confirmed that SiO , CaO and Fe O were found to be major constituents of the 2 , MgO, Al2O3 2 3 

periwinkles shell.  With the present of high percentage of CaO mean that periwinkles shell can be used 
for carburizing and energizer. This result of XRF is in agreement with the result of XRD obtained.

3.5 Carburizing Parameters of the Mild Sample 
Tables 6 to 8 showed the hardness profile and effect of energizer on the coconut shell charcoal during 

the diffusion of carbon into the various matrixes of the steel rods. In order to calculate the case depth of 
the sample, Grossman hardness method of testing was employed.

Table 6: Case depths for carburized steel rods (using different composition of pulverized 
periwinkle shell and coconut shell charcoal) at 850

Control 

Variables 

Exp. No 

Pulverized 

Periwinkle 

shell (%) 

Pulverized 

coconut 

shell 

charcoal 

(%) 

Carbon 

content after 

carburization 

(%C) 

Case 

hardness 

values  

(HV 

0.3kgf) 

Core 

hardness 

values  

(HV 

0.3kgf) 

Case 

depth 

(mm) 

Case 

depth 

hardness 

values 

Control 0 100 0.45 429 241 0.5 340 

A1 5 95 0.47 457 257 0.6 350 

A2 10 90 0.52 457 258 0.8 400 

A3 15 85 0.56 520 260 1.0 410 

A4 20 80 0.76 545 254 1.1 400 

A5 25 75 1.03 561 290 1.2 415 

 
Table 7: Case depths for carburized steel rods (using different composition of pulverized 

periwinkle shell and coconut shell charcoal) at 850Ä  for 2 hours  

Control 

Variables 

Exp. No 

Pulverized 

Periwinkle 

shell (%) 

Pulverized 

coconut 

shell 

charcoal 

(%) 

Carbon 

content after 

carburization 

(%C) 

Case 

hardness 

values  

(HV 

0.3kgf) 

Core 

hardness 

values  

(HV 

0.3kgf) 

Case 

depth 

(mm) 

Case 

depth 

hardne

ss 

values 

Control 0 100 0.60 432 251 1.1 350 

A1 5 95 0.67 404 236 1.2 380 

A2 10 90 0.87 465 238 1.3 400 

A3 15 85 0.88 487 239 1.5 420 

A4 20 80 1.01 537 223 1.6 440 

A5 25 75 1.28 568 289 1.6 450 

 

Table 8: Case depths for carburized steel rods (using different composition of pulverized 

periwinkle shell and coconut shell charcoal) at 850Ä  for 3 hours  

Control 

Variables 

Exp. No 

Pulverized 

Periwinkle 

shell (%) 

Pulverized 

coconut 

shell 

charcoal 

(%) 

Carbon 

content 

after 

carburizatio

n (%C) 

Case 

hardness 

values  

(HV 

0.3kgf) 

Core 

hardness 

values  

(HV 

0.3kgf) 

Case 

depth 

(mm) 

Case 

depth 

hardness 

values 

(HV0.3kgf) 

Control 0 100 0.70 444 310 1.0 400 

A1 5 95 0.72 467 261 1.1 410 

A2 10 90 0.89 490 274 1.2 420 

A3 15 85 1.01 572 280 1.5 440 

A4 20 80 1.02 575 333 1.6 450 

A5 25 75 1.70 598 373 1.8 460 
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Fig. 5: Hardness Profile at the Temperature 
850°C

Figure 5 and Tables 6 – 8 showed that with 
increase in percentage of the energizer i.e. 
pulverized periwinkle shell, there is an increase in 
hardness value from 350Hv to 460Hv and 
effective case depth from 0.5mm to 1.8mm. This 
result obtained compare favorably with the 
result by Rashmi et al (2012) and Asuquo et-al 
(2013a).  The hardness values of carburized 
sample with 100% coconut shell charcoal 
increases from 340Hv to 400Hv.

3.6 Effect of Time and Temperature on Effective 
Depth of Pack Carburization

Figure 6 showed that with increase in carburizing 
time, the effective case depth increase from 
0.5mm to 1.8mm at 850°C. This is also 
influenced by the increase in the percentage of 
pulverized periwinkle shell which serves as 
energizer in the matrix of the carburizer. This 
was in line with other work of Ohize (2009).

164
	 Fig. 6: Graph of Time and 
Temperature (850°C) on Effective Depth for 
Various Composition of Coconut Shell 
Charcoal and Periwinkle Shell
CONCLUSIONS AND RECOMMENDATION
4.1 Conclusions
This study the suitability of using pulverized 
coconut shell charcoal and periwinkle shell for 
carburizing 0.08% C mild steel and following 
conclusion were drawn:

1. Case depth and hardness values can be 
increased exponentially by increasing 
carburization temperature and time.

2. Optimum values of hardness were 
obtained at carburizing temperature of 

o
850 C, carburizing time 3 hours, carbon 
potential of ratio 75wt% pulverized 
coconut shell  charcoal to 25wt% 
pulverized periwinkle shell, quenched 

o
and tempering temperature of 200 C.  

3. The carburizing compound with ratio 
75wt% pulverized coconut shell charcoal 
to 25wt% pulverized periwinkle shell 
gave the highest average effective case 
depth of 1.80 mm and hardness values of 

o460Hv at 850 C for 3 hours.
4.2 Recommendation
After carrying out the suitability of using 
pulverized coconut shel l  charcoal and 
periwinkle shell for carburizing 0.08% c mild 
steel. The following recommendations are made 
as a result of the findings and implications of this 
study:

1. Pulverized coconut shell charcoal and 
pulverized periwinkle shell powder can 
be effect ive used as carburiz ing 
materials in the ratio of 75wt% pulverized 
coconut shell  charcoal to 25wt% 

opulverized periwinkle shell at 850 C for 3 
hours carburizing conditions.

2. Workshops  on  p rocess  o f  pack 
carburizing with pulverized coconut shell 
charcoal and pulverized periwinkle shell 
should be organized for machinists, 
f a b r i c a t o r s ,  b l a c k s m i t h s  a n d 
manufacturers engaged in the production 
and re-conditioning of steel PART.

3. The similar studies can be performed by 
changing the carburization temperature, 
the soak time and tempering temperature
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