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INTRODUCTION TO MATERIAL AND METALLURGICAL
ENGINEERING DISCIPLINE

8.1

! DEFINITION : el ]
%hze breadth of training afforded to engineers specializing in matery

ical and materials engineering permits entry into many exciting t¢
?eel?sl.l lzlﬁ\r%llcﬁa;lds of engineerin§ involve the use of metallic, ceyamlc,dpom
composite materials. Virtually every component of any el}glqeereThs
limited by the properties of the materials chosen for its fabrication. The s
methods of production, heat treatment, finishing and maintenance of the r
involved in all aspects of systems of transportation, power gel
communication, food preparation, entertainment and housing depend on in

trained in materials.

The study of materials and metallurgy as a discipline has undergone tre
transformation since the ancient times. There are different areas of spec

which are:

1. Chemical metallurgy

2. Extractive or process metallurgy

3 Physical metallurgy

4, Mechanical metallurgy, and of recent

5 Forensic metallurgy.

I Chemical metallurgy deals with
orenhance the properties of that

‘ 4 Extractive metallurgy deals wi
metal
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materials,

N -
Today's Ingineers have a vast range comprising of s
available to them, Some of these (Fimbers, Stone and Clay p
and Copper Alloys) have been in use as construetional
other end of the seale, many polymers, high rature sup
ceramics and fibre reinforced composite materials have come int
decades, while other materials of great potential interest, including
compositions, new polymers, metallic glasses and metal-matrix com
currently in the development stage. Running parallel to the invention
improved materials there have been equally important developm s in
processing including vacuum melting and casting, new moulding techniques
polymers, ceramics and composites and new joining technologies. ;. i

The complete range of materials can be classified as METALS, POLm
CERAMICS and COMPOSITES.

Composite materials have been developed to overcome some of the deficiencies
members of a particular class of materials and there are examples of ceramics/me!
polymer/ceramics and metal/polymer composites in current use. Ceramics thou
strong in compression, generally are weak in tension, but metals tend to have eq

strengths in both tension and compression.

Reinforced and pre-stressed concretes are composites designed to improve
tensile characteristics of concrete structural members. Polymers have low dens

but also have low strength and stiffness without adding and excessive weight pen
The load bearing characteristics of metals and the low friction characteristics

polymer such as Polytetra Fluoroethylene are combined to give good effect in n
particle PTFE composites developed as bearing materials.

7,



 The specialization is basicall ,
 essentially iron, steel and alloys whic

ferrous metals and Alloys are those that conta

constituents, such as brass, aluminium, copper,

among others.

ontain elements ¢

-

8.3.2 Materials Engineering : ] .
Ceramics engineering and polymer engineering these are other r - e
exception of metals and are majorly ceramics and polymeric materials
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8.3.3 Wearand Corrosion Engineering _ : -
This involves tribology and including degradation of materials due to the effect of t!
I8

environment and how to mitigate the effect. .

8.3.4 Mineral Processing Engineering and Extractive Metallurgies
Engineering %
This entails beneficiation, sintering, coking and calcinations of different minera
prior to refining which is addressed by extractive metallurgy. 14

8.3..5. Advanced Materials Engineering |
This is the study of Nano materials, Smart materials, Composite materials, Semi
conductors and Bio-materials. These are sets of non ~traditional materials that 2

employed because of their unique properties. RC

*d Materials Production Engineering
oundry, welding, forging rolling, extrusio . L
: e ’ nand other mechan ng

materials through various processing routes are undertaken oy fomm '
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Operations in

Optical Microscope

S/No. Name of Equlpt A

Universal Testing
Machine
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materials s2

magniﬁev_ |
times.

A universal testing machine
(UTM), also known as a ‘
universal tester, materials
testing machine or materials
test frame, is used to test the
tensile strength and
compressive strength of
materials. An earlier name fo
a tensile testing machin is a
tensometer. The "universal”
part of the name reflects tha
can perform many standard
tensile and compression tes
on materials, components, ¢
structures




Scanning Electron
Microscope

Vickers Hardness
Testing Machine

materials in the micro hardness
‘test load range.

range of waveleng1hs -

A scanning electron micro:
(SEM) is a type of electron -
microscope that produces xmages s
of a sample by scanning the
surface with a focused beam of
electrons. The electrons interact
with atoms in the sample,
producing various signals that
contain information about the
surface topography and
composition of the sample. The
electron beam is scanned in a
raster scan pattern, and the
position of the beam is combined
with the detected signal to produce
an image.

At 1s used to determine hardness in
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fr viewiing and focusing the

e i @ digital camera for
pormanent reeords, addition,

WV ACUIE Ry, Conuinting of
pumps and their anovtated

auges and valves, and power

supplies are required.

These are machines that work
with brushes, and are dosigned
o perform operations of
brashing, butling, polishing,
and for the finishing of any
pietal matenial,
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12

Defectoscope

It is an ultrasonic or ultrasoun

o

contact transducer (two

for the purpose of measurng
the thickness of materials, and
identifying the faults and
defects that are present in it
such as discontinuity in welds,
other non-destructive testing
(NDT) and inspection
purposes. It has wide
applimﬁons in metallurgical,
oil and gas, quality control,
metal working, machining,
product design and
development, construction, €tc.
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Mﬂomwm-ﬁcuﬂﬁgﬂsm
equally be made by direct casting of molien metal or alloys m a
femporary or permanent mould that is replica of the acinal shape o
pmnhcml'hshmnﬁlﬂﬂsz@asofmachnnngmdhmm

guite significantly. Joining operations like welding, soldering. and rivetimg m
MhmmkmwmsmmMam choice of processing
weighed based on the cost effectiveness. Theﬁmlstmctmeofm*
corresponding properfies and performances in services may require the ps —_
be subjecied 1o beat treatment by heating in indusirial fornace and subsequent
cooling appropriately at 2 pre-determined rate to avoid distortion of shape and
corrosson or other degradation. Figure 8.1 1sa display of world stecl and overview el
sieel making process Oﬂzernﬂbhmopamm mclukelecm:h
pmm"":n:sewﬁ:sjﬂgndpfommecompmanﬁomemmm
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Quality Control Engineers in Manufacturing Ind
The Engineers carry out control of quality of pr
materials and metallurgical industries but also in
machine building industries. '

Procurement Engineers .
Materials and metallurgical professional are the most sort-out exp
procurement of materials both in private and publie establishment. '

When there are sensitive tasks that may or may not have legal implication like

.

collapse of structures, materials engineers are called upon to give their
submission.

Forensic Engineers .

]

Research Institution .
This helps in the development of new materials and improving the performances of

existing ones and finding new areas of application for them. Higher institution of
learning offers advancement of knowledge in materials for their application.

Employer of Labour . : :
He could practice as welding Engineer, foundry engineer and consultant in corrosion

and renovation for pipeline and Oil and Gas, storage tanks and the lie.

86 RELEVANT PROFESSIONAL BODIES IN MATERIALS AND
METALLURGICAL ENGINEERING

Council for the regulation of engineering in Nigeria (COREN)

l.

2. Nieerian Society of Engineers (NSE) =N :

3. Mgtallurgical, glliining and Materials Division of the Nigerian society of
Engineers ’ .

4, Nigerian Metallurgical Society (NMS)' e

. 3 Materials Science and Technglogy Society of Nigeria (MSN)

6. Nigerian Corrosion Association

e 93 F D INTRODUCTION TO ENGINEERING DISCIPLINES
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| Liaomiting dides (LEDw) g fowing. dechoms
wavelength (color) of the light is determined by the band

bawmmgym)ddwmmm%rmm :
only be manufactured with small band gaps, producing onby wave
(red, yellow or green).

Figure 8.2: Light Emitting Diodes (Leds): A Long-Live Lightening Deviee

What material discovery changed this?
In 1993 the development of gallium nitride materials enabled bl

finally completing the LED colour Spectrum. Today, LED lights are longer-lived and
more energy efficiency than most

other types of lightning | EDs 2z found m waffic
lights, video screens. and everything in between.

& Many blood tests require 2 vial of blood and severs] hours of laboratory work
Soon, doctors will be able to perform the same tests ; i
single drop and a lab-on-a-chip’. These devi
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Figure 8.3 Mediesl mam-m -
W hat materlals dineovery enabiles such a small device?

Milerafhulda: Lab-on-s-chi y
“hip techinalogy harmesses
b pulate and "’”'””7“"“!“nmlgcu,ﬁ}; fikce ﬂlﬁ%
(s could improve healtheare, espec ‘ globim and DNA. Cheap medica
altheare, especially in the world's poorest .
' : II“ g ¥
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Nl batteries store energy in chemicil bonds and release energy by allowing
fons from those bonds 1o flow from a high energy state to 4 low energy state.
(ellphones, luptops, and electric cars all require light-weight and powerful

batteries that can recharge many times (Figure “a)

Figure KA Cellphone Batteries: An Energy Storage Device
cchargeable battery?

nergy-to-weight catio and can hold a charge fora long
[y superion performance of these batteries 18 due to the crystalline structure of
y ure made o, which allow lithium tons to bind loosely between
¢ elements, When the battery is charged, the lithium ions

(o other higher energy bonds.

Wt materials discovery enabled suchar

[ e Hithiamefon boasts whighe

e
(he materinly (hat the

lwyvers of oxypen and othe
can move eastly oul of the crystalline structure
i in computer hard drives is stored i memory bits, like tiny
{(ched between pointing north and pointing
and data capacity of computer memory;
(he bits smaller and more tightly packed

| e informatio
COMpPAns needles hat can be 8w

qouth, To nmerease (he speed
computer engineers qeck to make
(Figure 8.5)

e RING m.\‘(‘lPl.lNliS
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materials discovery Tﬂ lt‘ﬂtﬂ' of elections can he set

| ; slectrons (i the top layer ¢
m“l’l matm‘l;l'temﬂ:gpthe apin of f:‘cblock electrical cu

| ws, by conduct ot bt +to |mprovesl
iml'e ﬂho 0 l'ial \Ysl(l);;::}:;“.ws LUNCH elebtl‘()h Sp“ pf
¢

felean water. 1% of the world population lacks
Production ol €I¢

water (Figure 8.0).

Figure 8.6: Clean Water: A Polymeric Filter

What materials discovery will easily remove salt, bacteria, ané.:
chemicals from drinking water? bt
Membranes are used to separate
water filtration. However, mos
frequently cleaned or replaced. R

that allow water throy gh while re

water from its contaminants in many
t membranes are casily clogged a

escarchers are designing new pol mer

pelling contaminants, The diagram show

zmlg ath?l mOIe“ﬁ‘_lar level (10" meters). The dark purple polymers 2
while repellj ami e (1t it
Provideabackbrzmeg%scu(gg;:?nam molecules (orange). The light 1k
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