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Today

• Finish up ceramics
• A bit on polymers

• Don’t forget to evaluate the course
– Minerva --- Mercury evaluation
– Win an iPod!
– Feedback will help improve the class
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Ceramics in EE
“Electroceramics”

• Electroceramics by A.J. Moulsen and J.M. 
Herbert

• http://www3.interscience.wiley.com/cgi-
bin/booktoc/104557643
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Ceramics are everywhere…

• High temperature heating elements
• Gas sensors
• Microelectronics
• Fuel cells
• Batteries
• Dielectrics
• Thick and thin film resistors
• Specialized devices

– Piezoelectrics
– Pyroelectrics
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Conductivity Behavior
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Conductivity Behavior



6



7

Ceramic Crystal Structures

Oxide structures
– oxygen anions much larger than metal cations
– close packed oxygen in a lattice (usually FCC)
– cations in the holes of the oxygen lattice
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ABX3 Crystal Structures
• Perovskite

Ex:  complex oxide 
BaTiO3

Adapted from Fig. 
12.6, Callister 7e.
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Classifications

• Ferroelectric – Ability of a crystal to 
exhibit a spontaneous polarization

• Pyroelectric – Temperature dependence of 
the spontaneous polarization. 

• Piezoelectric – Ability of a crystal to 
expand and contract due to an applied 
voltage.
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ABX3 Crystal Structures
• Perovskite

Ex:  complex oxide 
BaTiO3

Adapted from Fig. 
12.6, Callister 7e.
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Atomic Force Micoscope
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Polymers

• Polymers are made up of large numbers of 
similar repeat units linked to each other by 
covalent bonding.

• Repeat units – monomers.
• Polymerisation is the process that links all 

monomers to large macromolecules.
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An Introduction to The 
Classification of Polymeric 

Materials
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Plastic?

plastic = polymer +

dye

fire retardant

filler

etc.
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Polymers

Natural Synthetic

Elastomers ThermosetsThermoplasticsProteins Polysaccharides
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Classification of synthetic polymers

• Thermoplastics
• Thermosets
• Elastomers



29



30

Thermoplastics

General Structure
• Linear polymers with limited branching.
• Chemical chains are chemically separate 

from each other.
• No permanent links between chains, but 

are physically entangled.
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Thermoplastics

General properties
• Can be amorphous and semi-crystalline. 
• Can be dissolved in solvents without 

destroying the chemical bonds.
• Can be heated and cooled to reshape. 

Chains can slide past each other under 
heat and pressure.

• E.g. Extrusion, injection and compression 
moulding.
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Thermosets

General structure
• Also known as crosslinked or network 

polymers. 
• Consist of network interconnected chains 

whose positions are fixed to neighbours.
• Permanently connected either directly or 

through short bridging chains.
• Up to 50% of chains are crosslinked
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Thermosets

General Properties
• Good thermal and dimensional stability. 
• Solvent resistant- does not dissolve, but 

can swell.
• Good stiffness, low strain to failure.
• Non-reversible polymers.
• Heat and pressure resistant.  Crosslinks

prevent large scale reorganisation of the 
chains.

• Polymerisation and shaping occurs at the 
same time.  E.g. Casting.
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Elastomers

General Structure
• Linear polymer chains that are lightly 

cross-linked.
• Large free volume. Atoms have large local 

freedom to vibrate, twist and rotate.
• Above their glass transition temperature.
• Synthetic elastomers modelled on Natural 

Rubber with polydienes with C=C in chain 
to permit vulcanisation.
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Elastomers

General properties
• Amorphous.
• Soft and flexible.
• Chains do not entirely slide past each 

other due to chemical crosslinks.
• Capacity to undergo large rapidly 

recoverable deformation.
• They have high modulus and strength 

under high strain levels.
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http://materials.npl.co.uk/NewIOP/P
olymer.html


