Classification of Engineering materials:
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of cooling and
fabrication?
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C': Synthesis and processing

» How can pure, homogeneous,
and fine powders of well-defined
stoichiometry be made?

= How do we make long
lengths of wires?

B: Microstructure

= What features of the
structure limit the current
carrying capacity?

= What is the texture of
the material?

Figure 1.1 Application of the tetrahedron of materials science and engineering
to ceramic superconductors. Note that the microstructure-synthesis and
processing-composition are all interconnected and affect the performance-to-

cost ratio
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* What is the strength-to-
density ratio?
Performance | « What is the formability?

Cost = How does this relate to the
crashworthiness of the vehicle? &
= What is the cost of fabrication?

A: Compositions

» Iron-based?

* Aluminum-based?

= What alloying elements
should be used?

* What quantities?
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C: Synthesis and processing

= How can the steel making be
controlled so as to provide a high
level of toughness and formability?

*» How can aecrodynamic car chassis

be formed?

B: Microstructure

= What features of the structure . .
limit the strength and formability? | &85 85

= What controls the strength?

Figure 1.2 Application of the tetrahedron of materials science and engineering
to sheet steels for automotive chassis. Note that the microstructure-synthesis and
processing-composition are all interconnected and affect the performance-to-cost
ratio

* What are the electrical
characteristics? 2
Performance | « How robust are the devices? 2
Cost * What is the cost of fabrication? >
*» How does this compare with 5:'
silicon-based devices? )
3
3
L
)
7
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A: Compositions

= What polymers can
be used?

* What dopants can be
used to control the
level of conductivity?

po—

C: Synthesis and processing

= How can thin films be made?

= How can different devices be
connected to each other?

B: Microstructure
= How does the nature of bonding
control the level of semiconductivity?

Figure 1.3 Application of the tetrahedron of materials science and engineering
to_semiconducting polymers for microelectronics.
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General Classification of Engineering Materials

1- Metals and Alloys

2- Ceramics, Glasses,and Glass-ceramics

3- Polymers (plastics), Thermoplastics and Thermosets
4- Semiconductors

5- Composite Materials

Table 1.1 Representative examples, applications, and properties
for each category of materials

material Example of Applications Properties
1-Metals and Alloys
Gray cast iron Automobile engine blocks  Castable, machinable,
vibration dampings

2- Ceramics and
Glasses
Si0,-Na,0-Ca0 Window glass Optically transparent,
thermally insulating

3- Polymers
Polyethylene Food packaging Easily formed into thin,
flexible, airtight film

4- Semiconductors

Silicon Transistors and integrated  Unique electrical
circuits behavior
5- Composites Carbide cutting tools for High hardness,
Tungsten carbide  machinig good shock resistance

-cobalt (WC-Co)
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Figure 1.4 Representative strengths of various categories of
materials

There are three general classification for materials

The one as follows

Materials

l

Struactural
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Functional Classification of Materials
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1- Aerospace

2- Biomedical

3- Electronic Materials

4- Energy Technology and Environmental
Technology

5- Magnetic Materials

6- Photonic or Optical Materials

7- Smart Materials

8- Structural Materials

Aerospace
C-C composites,

Si0,, Amorphous
silicon, Al-alloys,
Superalloys,

Biomedical

Structural

Steels, Zerodur™ Hydroxyapatite,
Aluminum alloys, Titanium alloys,
Concrete, Stainless steels,
Fiberglass, Shape-memory

alloys, Plastics,
PZT

Plastics, Wood

Smart Electronic

Materials Materials
P?T . Si, GaAs, Ge,
Ni-Ti shape- ¢ > BaTiOs, PZT,
memory alloys, ! YBa;Cu307.,., Al
MR fluids, Cu, W, Conducting
Polymer gels polymers

Energy
Technology and
Environmental
UO,, Ni-Cd, Zr0;,

LiCo0,. Amorphous
Si:H

Optical
Materials
Si0,. GaAs,
Glasses, Al,O3,
YAG, ITO

Magnetic
Materials
Fe, Fe-Si, NiZn

and MnZn ferrites,
Co-Pt-Ta-Cr,
7Fex03
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The second as follows

Materials
Metals polymer ceramic composite

Classification of engineering materials

Tool and die teels ~ Titanium
Cast irows Tungsten
Others
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The third as follows
Materials

|
i l

Crystalline amorphous

Single crystal polycryastalline

Almost every substance known to man has found its way into
the engineering workshop at some time or other. The most
convenient way to study the properties and uses of engineering
materials is to classify them

into ‘families’ as shown in figure below ( 1) :

— Ferrous metals
Metals
— Non-ferrous metals
Engineerng
~materials
o — Synthetic material
Non-metallic
material |
Natural materials

FIG (1) classification of engineering materials.
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the physical classificatiom of materials acording to state
of matter as follws

Mat'\ter

! N }
Solid ligiud vapour

|
Inorganic orngic

|
} } } }
Metals glass & ceramic  polymer wood

Physical classification of materials by state.
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1 - Metals

Metal alloys

!

Fermous Nonferrous

topls { I

’ ‘ | ‘

Low alloy Gray Ductle  White  Malleable Compacted
ron  (nodular) iron  lron on  graphite iron

HIgh alloy
Low-carbon Medium-carbon High-Carbon
Plain  High strength,  Plain Heat Plaln Tool  Stalnless
oW alloy reatable

1.1 Ferrous metals

e These are metals and alloys containing a high proportion
of the element iron.

e They are the strongest materials available and are used for
applications where high strength is required at relatively low
cost and where weight is not of primary importance.

As an example of ferrous metals such as : bridge building, the
structure of large buildings, railway lines, locomotives and
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rolling stock and the bodies and highly stressed engine parts of
road vehicles.

e The ferrous metals themselves can also be classified into
“families’, and these are shown in figure (2 ). e
——  arbon steel (low)

+—— Carbon steel (medium)

Carbon steel (hugh)
—  Steel
L—— Alloy steel
| — Grey cast iron
I
[' rem— White cast iron
{ |
Ferrous | :
Cast iron Malleable cast wron
materials
1 l——— High-duty cast iron
4‘ Alloy cast iron
t Wruughl_
ron

Fig( 2 ) Classification of ferrous metals.

1.2 Non — ferrous metals

e These materials refer to the remaining metals known to
mankind. The pure metals are rarely used as structural materials
as they lack mechanical strength.

e They are used where their special properties such as
corrosion resistance, electrical conductivity and thermal
conductivity are required. Copper and aluminum are used
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as electrical conductors and, together with sheet zinc and
sheet lead, are use as roofing materials.

e They are mainly used with other metals to improve their
strength.

Some widely used non-ferrous metals and alloys are classified
as shown in figure ( 3 ).

University of Babylon, College of Engineering , Engineering Materials, Maithem H-Rasheed



— Alurminium
e Chromium
o CODI
—— Copper
e GOII

— Lead

- Magnesium
—— Manganese

Metals

Molybdenum
Nickel

# Platinum

IL_ Sitver
p— Tin

L Tianium
~—— Tungsten
b Vanadium
—2inc

—— Brass {copper and zinc)

~ Phosphor bronze

= Tin bronze
(copper and tin) b Gun metal

——— Alumnium bronze (copper and aluminium)

—— Cupro-mckel alloys {copper and nickel)
e Hp1-treatable (wrought)
e Heat-tréatable (cast)

alloys e NOM-heat-treatable (wrought)

e NON-heat-treatable {cast)
+—— Magnesium alloys
p—— Tinc-based 'die-casting’ alloys

ee S0ft sOIders

—— Tin-lead ‘
doys L—— Bearing metals

Fig ( 3) Classification of non-ferrous metals and alloys.
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2. Non — metallic materials

2.1 Non - metallic (synthetic materials )

These are non — metallic materials that do not exist in nature,
although they are manufactured from natural substances such as

oil, coal and clay. Some typical examples are classified as

showninfig( 4 ).

Synthetic
materials

= ACTyliC
— PTFE
= Thermaoplastic ———+— Polythene
\—— Polyvinyl chloride (PVC)
l.—- Nylon
Plastics L— Polystyrene
r——— Epoxides
!»——— Alkyds
L— Thermosetting ———— Phenol-formaldehyde (Bakelite)
p—— Melamine-formaldehyde
——— Urea-formaldehyde
— Glass
Ceramics Porcelain
Cemented carbides
—— Carbon fibre
Composites Concrete

Glass reinforced plastic (GRP)

fig ( 4 ) classification of synthetic materials.

They combine good corrosion resistance with ease of
manufacture by moulding to shape and relatively low cost.

Synthetic adhesives are also being used for the joining of
metallic components even in highly stressed applications.
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2.2 Non - metallic (Natural materials )

Such materials are so diverse that only a few can be listed here
to give a basic introduction to some typical applications.

Wood:
This is naturally occurring fibrous composite material used for
the manufacture of casting patterns.

Rubber :

This is used for hydraulic and compressed air hoses and oil
seals. Naturally occurring latex is too soft for most engineering
uses but it is used widely for vehicle tyres when it is
compounded with carbon black.

Glass:

This is a hardwearing, abrasion-resistant material with excellent
weathering properties. It is used for electrical insulators,
laboratory equipment, optical components in measuring
instruments, in the form of fibers, is used to reinforce plastics. It
Is made by melting together the naturally occurring materials :
silica (sand), limestone (calcium carbonate ) and soda (sodium
carbonate).

Emery :

This is a widely used abrasive and is a naturally occurring
aluminum oxide. Nowadays it is produced synthetically to
maintain uniform quality and performance

Ceramic:

These are produced by baking naturally occurring clays at high
temperatures after moulding to shape. They are used for high —
voltage insulators and high — temperature — resistant cutting tool
tips.
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Diamonds:

These can be used for cutting tools for operation at high
speeds for metal finishing where surface finish is greater
importance. For example, internal combustion engine pistons
and bearings. They are also used for dressing grinding wheels.

Oils :
Used as bearing lubricants, cutting fluids and fuels.

Silicon :
This is used as an alloying element and also for the manufacture
of semiconductor devices.

These and other natural, non-metallic materials can be classified
as shown in figure ( 6 ).
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e Asbestos

= dyes
= Colourants —
e pIGMENLS
- Coal
== Cotton
== Diamond
| Methane (natural)
e Gatas === Neon ' (o derivatives)
l e Nitrogen
| = Orygen |
Natural | e Melium

materials

res Glues (anmal dervatives)
== (ums (vegetable derwatives)

pee (Granite

l'—'-- Mica

r—OuI

F==Quartz
r== Rubber
— Sapphire
+——Wood
L Wool

Fig (6 ) Classification of natural materials.
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Environmental and Other Effects

Effects of following factors must be accounted for in design to
ensure that components do not fail unexpectedly:

1- Temperature
2- Corrosion
3- Fatigue

4- Strain Rate

N Carbon-carbon
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Figure 1.12 Increasing temperature normally reduces the strength of
a material. Polymers are suitable only at low temperatures. Some
composites, special alloys, and ceramics, have excellent properties at
high temperatures

University of Babylon, College of Engineering , Engineering Materials, Maithem H-Rasheed



