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Welcome to ENR116 Engineering Materials Module 2 Material 

Properties
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Imperfections



The intended learning outcomes from this presentation

Identify types of defects in solids

Understand how defect type and density can be manipulated

How defects affect material properties
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Vacancy = vacant lattice site

Occurs in all solids
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Number of vacancies increases with T
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Self-interstitial = an atom in an interstitial void

Highly unlikely
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Pure metals DO NOT exist

Most metals are alloys

Impurities can be used to improve material properties
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Solid solution = addition of impurity atoms to a metal

Solvent = more abundant element

Solute = less abundant element

Crystal structure must be maintained
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Substitutional impurities are where impurity atoms replace host atoms
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Interstitial impurities are where the impurity atoms fill voids 

Must be small diameter atoms
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Two types of Dislocations

Edge dislocation = extra half-plane of atoms inserted into crystal 

structure

Screw dislocation = spiral planar ramp from shear deformation
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Edge dislocation results in localized lattice distortion

Burgers vector, b = a measure of lattice distortion
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Screw dislocation = upper planes shifted relative to lower planes of 

atoms
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3 types of dislocations (Edge, Screw and Mixed)
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Dislocations are visible in electron microscopy (shown as dark lines)
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Imperfections occur during solification

Crystal grow into each other and form grain boundaries
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Grain boundaries are the regions between crystals

Grain boundaries have low density, and the atoms have high mobility, 

diffusivity and reactivity
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Planar Defects

Twin Planes

Stacking Faults (eg ABCABABC)
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4 Types of Microscopy will be covered

Naked eye resolution = 0.1mm approx

Optical microscopy resolution = 300nm

Scanning electron microscopy resoltuion = 1nm

Transmission electron microscopy and scanning probe microscopy 

resolution < 1 Angstrom



Optical microscopy utilises light waves
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Advantages = Cheap, Fast, Non-invasive and Easy

Limitation = max resolution = 300nm
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Can be used to observe scratches, etching of surfaces and large grains
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Grain boundaries are easily etched and show up as dark lines



Confocal microscopy uses an aperture to cut out of focus light

Improved resolution down to 200nm
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Scanning Electron Microscopy uses electrons rather than light

Electrons have very low wavelengths
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Can easily see features below 1 micron

Back scattered electron image can be used to show chemical 

differences
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SEM advantages – High resolution, quantitative, elemental mapping

SEM disadvantages – vacuum, destructive, biological samples need 

special preparation
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Very broad range of applications
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Transmission electron microscopy measures transmitted electrons 

rather than scattered electrons
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3 Modes of operation

Bright field – transmitted electrons

Dark field – electron beam tilted and scattered electrons collected

Diffraction – gives atomic arrangement information
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TEM Bright field images

Solids show up as dark areas, due to no electrons being transmitted
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TEM Dark field

Images changes as angle of electron beam is changed
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TEM advantages – resolution 0.2nm, and info regarding crystal 

structure

TEM disadvantages – require vacuum, very thin sample required
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Scanning Probe Microscopy uses sharp probe to raster over surface.

Movements in probe over topographical features are measured by 

movement of a reflected laser beam.

Can generate 3D images
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Summary

Point, line and area defects in solids

Temperature controls number and type of defects

Defects affect material properties
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