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Abstract  

Our ecosystem depends on each other for survival and as the world is 
becoming more industrialized in terms of technology and product of 
engineering materials and the demand for it products is on the increase 
worldwide, there is a greater demand for created objects from inorganic 
and non-metallic material fashioned by heat treatment to satisfy this 
great need. The paper examines the interrelationship between ceramic, 
and engineering as well as the divergent use to which contemporary 
ceramics is applied in order to fulfill this needs of mankind and 
suggested probable remedies from Ceramics that will meet certain 
needs in Engineering. 

 
Introduction 

The word ceramics is derived from the Greek word (Keramos) meaning 
(burnt stuff) the Greek word for pottery, which originally meant articles, formed 
from clay which were burn in fire to render them permanent. Therefore, to many 
people ceramics are merely burnt clay that later had colour and glazes added to 
improve the properties of the fired wares. However, modern pottery ware contain 
large proportions of clays which are complex alumino silicates, so that its 
technology is based on the ways in which high temperature alters the clay 
composition by causing them to react with other minerals present in the clay 
which may include silica feldspar and alkalis, Sharma, (2006). 

As man quest for a better world continues, the last 100 years or more 
have seen continuously development in ceramic technology in both 
manufacturing techniques and in the chemistry of the materials used. This has 
resulted in the usage of materials, which contain little or no clay but are 
undoubtedly ceramic materials in term of their origins and continuity of 
development. Hence we must now define Ceramics according to Igbinedion 
(1995) as inorganic non-metallic materials, which are subjected to high 
temperature processes during their manufacture. Oaikhinan (2000) described 
Ceramics “as a special branch of Material Engineering which comprises all solid 
man-made products that are chemically rendered serviceable through high 
temperature processing” he further explain that the ceramist uses four primary 
element earth, water, air and heat to unlock the wonders of the universe and to 
transcend the fear of the unknown and so has the keys that will unlock many 
doors which must be opened if we are to build a nation that will be competitive in 
a rapidly globalizing world. 

According to Manning and Spance, (1969) “if we do not insist that high 
temperature processes is the final stage of manufacturing or that it always 
The Nigerian Journal of Research and Production Volume 17 No 1, November, 2010 



2 
 

irreversible then such products as hydraulic cements, glasses, vitreous enamels 
and synthetic graphite may be considered as ceramic materials.” And Ceramic 
materials form one of the three major classes of man-made materials, the others 
being metals and organic chemicals. 

The field of ceramics is so extremely broad and the properties so diverse 
that it is impossible to describe briefly except in most general terms. These 
special characters of ceramics materials give rise to many engineering 
application. Ceramics have attracted the attention of Engineers in Electrical, 
Material, Chemical, Mechanical as well as Civil Engineering. As Ceramics are 
heat resistance they can be use for many tasks those materials like metals and 
polymer are unsuitable for. Therefore, Ceramics materials are use in a wide range 
of industries including Mining Aerospace, Medicine, Refinery, the Food 
Industry, and the Chemical Industry Packaging Science, Electronic Industry, 
Transmission Electricity and Guided Light Wave Transmission. 
 
Classification of Ceramics 

As a result of the diverse nature of ceramics materials, it is practically 
impossible to classify all ceramics materials in a way, which is both simple and 
unambiguous. Because several different ceramic materials can be use for 
production, using several different methods, many of the final or finish products 
have more than one application. This is particularly true of the more advanced 
materials, for example Silicon Carbide, which is a Ceramic material although 
does not occur naturally, was originally developed as an abrasive. Later, it was 
used to manufacture high temperature electrical resistance heating element. 
Silicon carbide is also widely used as a wear resistance material in chemical 
resistant application in electronic devices and in nuclear power engineering. 
Obviously, materials with such diverse properties and application cannot easily 
be categorized. For this reason, ceramic are grouped according to their use 
though some of them seem to overlap. Spance & Manning (1969)    
 
Whiteware / Pottery 

This group include the Earthenware, Bone China, Stoneware in 
everybody use as table wares and ornaments in homes, hotels restaurant, canteen 
including Wall Tiles, Floor Tiles, Sanitary Wares, and Electrical Porcelain 
(Jackson, 1969). The similarities that exist between product in term of the 
materials essential raw materials for it production this include Clay, Quartz or 
Flint and Feldspar, justify the grouping of these different products under one 
group Oaikhinan, (1990). Again, our definition of Ceramics allows us to consider 
oven to table glassware in this group, an important newcomer in vitrified 
glassware. This material is made as a glass but finishes up more like porcelain. 
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Refractory 

These are ceramics products that are use to withstand the effect of heat 
(thermal chemicals and physical effect that are met with in furnace procedure, 
Sharma (2006) when ever high temperatures are involve for example in furnace, 
kiln electrical heating apparatus, including the resistance, the refractory provides 
the linings, support and other filaments. Therefore, refractory are those materials, 
which are use for the construction of furnace kilns ovens crucible etc. Insulators 
including insulating refractory of different kinds are also included in this group, 
Kern (2003). 
 
Advance, Technical / Special Ceramics 

These are known as advance ceramics or at electronic and engineering 
material, Oiakhinan, (2000). He further explain that technical ceramics belong to 
what we call the strategic technology, generic, enabling technologist that are 
advancing quickly, are knowledge intensive, under pin the performance of a wide 
range of industries and are changing the way companies and nation do business 
through out the world. 
Some of these special ceramics do not readily fit into any other grouping 
categories above but are valuable industrially. Often they have been specially 
developed to combat an industrial problem or to exploit a particular property and 
in many cases their manufacturer involve processes, which are unorthodox, 
compared with the traditional method. 
 
Ceramics Application  

Although Engineers and Designers have traditionally been concerned 
about the application of Ceramic Technology into engineering applications 
dynamic-Ceramics now has hundreds of case histories which show how advance 
ceramics can provide a robust and cost effective solution in many engineering 
application. The abrasive Silicon Carbide, Fused Alumina, Boron Carbide and 
Synthetic Diamond are all ceramics materials and there are few engineering 
products, which do not require the use of, one or other of these materials during 
manufacturing. It is true to say that precision engineering usually means abrasive 
engineering as grinding, homing; lapping and polishing i.e. the use of abrasives. 
Ceramics are frequently viewed as a direct replacement material for top of the 
rang metals such as steels satellite and tungsten carbides. And a list of application 
includes bearings, bushes; wear plates, drive shafts gears weld pin and valves. 
 
Electrical and Electronic Application   

“Consider the light bulb an invention that changed our society. Glass 
makes the incandescent light bulb possible because no material is transparent, 
resistance to heat and able to hold a vacuum inside all at the same time. Without 
glass Edison would not have invented the electric light bulb.” Oaikhinan, (2000) 
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Many ceramics are electrical insulators, some are semiconductors and some are 
conductors. These are explored in the products of the electrical ceramic industry. 
Insulators range in size from small domestic lamp holders to the very large high 
voltage power transmission insulators. Like those we see in transformers, step 
down transformers, high transmission poles, even in turbans. Dielectric loss 
ceramic insulators are used in high frequency electronic apparatus. Dielectric 
properties of certain ceramics are use in large varieties of Capacitors. Also, 
Capacitors have been use in the construction of domestic television and radio 
receivers including computers while Insulators are used for transistors and 
integrated circuits. Many people call these devices ‘chips’. These ‘chips’ are 
electrical components of microcomputer, calculator, watches, televisions, stereos, 
and communication satellites. 

After suitable treatment and other combine high magnetic permeability 
with good insulating properties, semiconductor properties are use for example in 
thermostats, electrical equipment protection devices (positive temperature 
coefficient resistors) and in low voltage igniters for jet engines. Other products of 
ceramics include spark plugs for car engines, support for electrical heating 
elements, Oaikhinan (1988). Conducting ceramics are used to manufacture high 
temperature electrical heating elements, which will operate continually above the 
limit of base-metal heaters. 
 
Telecommunication Engineering  

Ceramic components are increasingly been used in a wide range of 
application in this industry. The properties of the material, which significantly 
affect the performance of the system, are dielectric constant (Er); electrical loss; 
and temperature stability. Dielectric ceramics materials are formulated to 
optimize these three parameters for a given range (Dc) to microwave frequencies 
and low to high power applications. These include AM/FM commercial radio 
transmitters; frequency filters use in wireless cellular/ radio systems, antenna 
products, dielectric resonator oscillators and microwave radar system. 
The main use of zirconium is for ferrules and sleeves for connecting fibre optic 
cables. 
 
Chemical Engineering  

In the never-ending quest for increased pumping efficiencies longer 
lifetimes and ability to deal with more hazardous liquids and solids. Advanced 
ceramics are playing an increasing role. Advanced ceramics are now used as 
pump shafts, seats, bearing surface, gears and even complete pump bodies, 
(Dynamic Ceramics, 2009). Many of these components are found in leading 
edges applications such as chemical industry valves sets or oil field flow control 
devices. 
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Mining /Civil Engineering 
Range of ceramic material provides excellent corrosion, erosion, 

abrasion, and thermal shock resistance, for a wide range of milling related 
application in the mining industries. These materials offers significant 
performance improvements over steels, metallic alloys and weld overlays in a 
wide range of application where particle sizes reduction is the primary function 
of the process. 

Among this milling media are porcelain pebbles, alumina, soda glass and 
most resent zirconia with high density, toughness, super hard with significantly 
better milling efficiencies compare to others. Because of it high warning wearing 
resistance prevents ground materials from being contaminated, and increases the 
life of the media, with fine brain size for ultra high strength, (Dynamic Ceramics, 
2009). In Civil Engineering, Structural Ceramics are products consisting wholly 
of clay, or are mainly of clay with only small amount of additional materials. 
They include the common bricks, facing bricks, engineering bricks, hollow, 
building bricks, roofing tiles, drain tiles, sewer pipes, and conduit and chimney 
drain pipes. Oaikhinan, (2000) 

They also include cements floor and tiles, wall tile, water closet, bath 
tube including glasses on our window etc. are all ceramic products. 
 
Grinding Cutting and Slitting 

With steel like strength, high hardness and ultra fine grain size ceramics. 
Ceramic materials are excellent for this since they are extremely hard and durable 
for oil companies’ use. Today, “ceramic tipped bits drill through rocks in search 
of oil and natural gas.” Oiakhinan, (2000) 
 
Bio-Ceramics        

Ceramics materials are constantly being formulated to meet the demands 
for new materials in the medical sector. Bio-Ceramics are Ceramics that are used 
in bio-medical applications; ranging from medical implants to biomedical pump 
for example, over the last twenty years there has been a considerable increase in 
the use of Ceramic materials for implant devices. 
Other applications, which could benefit from zirconia’s implant, include knee 
joints, shoulders, phalange joints, spinal implants and dental implants, (Bergeron, 
1987, Oiakhinan, 2000.) 
 
Conclusion  

 Many factors should be put into consideration when determining the 
materials from which components are manufactured. According to Thomas 
(2009) “It is most important to consider the application and the performance 
requirement based on thermal, mechanical, electrical and chemical properties.” 
Ceramics materials extreme heat resistance, chemical inertness, hardness, 
physical stability, biocompatibility, superior electrical properties and their 
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stability for use in mass produced products, make them one of the most versatile 
groups of materials in the world. As applications make greater demands on any 
one or combination of these properties Ceramics not only become the materials 
of choice, but in many cases, the only viable option in terms of materials that can 
survive in the extreme conditions of the application. 
 
Recommendations 

All ceramics materials are bristle and week in tension compared with 
metals and it is usually to design the component so that the ceramics material is 
stressed in compression, point loading is avoided and allowance is made for 
thermal expansion. 
 When a particular engineering problem is examined and the use of a ceramic 
material is suggested as a possible remedy, it is a frequent mistake to attempt to 
replace the offending metal component by an identical ceramic article. It is often 
forgotten that the design of most metal articles has been determined by the 
properties of the metal and the way, which it can be fabricated. For convenience 
and design by turning casting milling etc. 

When a ceramic material is to be used in an engineering application, it is 
essential to consider the properties of the ceramic itself and the way in which it 
can be fabricated. In most cases a re-design or at least a re-think of the 
application to ensure reasonable chance of success.  
There is need to consult a reputable ceramics manufacturer with experience in the 
relevant field. The sooner this is done the better as he will usually offer advice on 
all stages of the exercise and a little experience is worth a great deal of theory. 
And when ceramic component is finally tried, do not expect it to work perfectly 
first time, particularly if the material has never been tried before. 
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