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INTRODUCTION

Explore the characteristics and properties of engineering materials

e Material properties:
o Atomic structure of materials and the structure of metals, plastics and composites.
o Mechanical and electromagnetic properties of materials.
e Material failure:
o Destructive and non-destructive testing of materials.
o The effects of gradual and impact loading on a material.
o Degradation of materials and hysteresis.

GUIDANCE

This document is prepared to break the unit material down into i ee the learning
outcomes above treated in their own sections. Therein you will encou

Purpose Explains why you need to study the currepigse aterial. Quite often learners

Conveys new material to you » ashion. To support the treatments

Theory
e given hyperlinks, which may be

be avoided if you are determined to learn. Please do take the
each of the given questions, in the order in which they are presented.

and confidence. As an Online Learner it is important that the answers to

qu ns are immediately available to you. Contact your Unit Tutor if you need help.

You can really cement your new knowledge by undertaking the challenges. A challenge
could be to download software and perform an exercise. An alternative challenge
might involve a practical activity or other form of research.

Challenge

Videos on the web can be very useful supplements to your distance learning efforts.
Wherever an online video(s) will help you then it will be hyperlinked at the appropriate
point.

Video
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3.1 Background
The behaviour of materials is based around Chemistry, they way they bond with each other is how the
structure, strength and properties are determined. Taking these into consideration is how we develop the
practical applications of the material, and the most appropriate method of manufacturing.

3.1.1 The Periodic Table of Elements
Developed by the famous Russian scientist Dmitri Mendeleev in 1869. The periodic table of elements is the
system used to categorise the elements into their atomic weight and their “groups”. Table.3.1 shows the
current periodic table of elements.

Group| 1 2

Period

Table.3.1: Periodic Table of Elements

Lautianless Pm | Sm | Eu | Gd | Tb | Dy |Ho| Er | Tm | Yb | Lu
Actinides 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102 | 103
Np | Pu | Am | Cm | Bk | Cf | Es | Fm | Md | No | Lr
Key
Atomic No. X X
Symbol Synthetic | Liquid Solid Gas
) Transition ) Lanthanides
Alkali Metals Metals Other Metals| Metalloids Noble Gases & Actinides
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As you can see, this is a substantial table with a lot of information in it, but you will find that elements in the
same group will exhibit similar properties.

3.1.2 The Atom
The atom can be split into three distinct parts, the proton, neutron and electron. The protons and neutrons

form the nucleus of the atom, while the electrons fly around the outside of the nucleus. A diagram of a
Helium atom can be seen in Fig.3.1.

Proton: The number of protons is shown by the Atomic number in the periodic table. This number is the
defining characteristic of an element. You cannot have a Hydrogen atom with two protons, that would make
it a Helium atom. Since the protons are positive, they are electronically repellent, and so to keep an atom
stable, neutrons are required.

Neutron: The neutron is a constituent part of the atom that uses the “resid orce” to overcome

the repelling electronic forces and keep the nucleus together.

Electron: Electrons keep the charge of an atom at zero, but they are
chemical reaction and bonding.

hen it comes to

Table.3.2 shows some of the characteristics of the constituen

Electron
9.11 - 1031kg

Proton
Mass 1.673 -107%7k

Relative

charge +1 -1
3.1.3 The Electron
As mentioned, electrons orbit the in a simple or random fashion. In fact, they orbit the
nucleus in distinct groups, knowa'a s. Ea can have a maximum number of electrons within it,

determined by the priagigles of ¢

Table.3.3: d subshells with maximum electron occupancy

Subshell (known | Max.
by a letter) Electrons
1 S 2
2 p 6
3 18 d 10
4 32 f 14
5 50

The electrons are the determining factor between the groups, looking at Fig.3.1, it is clear that there are four
electrons on the outer shell, and they are both in Group 4 in the periodic table, they also show similar
properties (can conduct electricity in certain configurations, high melting points, etc.). The same applies for
the other groups, all the noble gases are unreactive, while the alkali metals are very unstable.
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29: Copper 2.8.18,1 26: Iron 2.8.14,2
14: Silicon 2,4
ig.3 ﬁ ure of some common elements
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