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Chapter Description

« Aims
To understand the properties of different types ceramic materials.

 Expected Outcomes
— Student able to classify the types of ceramic materials.

— Student able to describe the different properties of traditional and
advanced ceramic materials.

* References

1. William D. Callister and David G. Rethwisch. Materials science
and enginnering: An Introduction, 9t Ed. Wiley, 2014.
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Introduction of ceramic

Definition: Inorganic,
nonmetallic materials that
consist of metallic and
nonmetallic elements
bonded together primarily
by ionic and/ or covalent
bonds.

Common abrasives

Properties and
characteristic:

Oxide based

Ceramics

O Hard and brittle with low
toughness and ductility.
O Usually good electrical
and thermal insulators
O High melting

Carbides

Glasses
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Traditional ceramic

= Feldspar (Fluxing agent)

AV e Bond the refractory component

Silica e Makes a glass when the ceramic mix was
fired

s Clay

Feldspar e Constitute the major body material

e provides workability of the material
before firing hardens it

== Silica/Filler

e Refractory component

Ceramic
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Traditional Ceramic

Ceramic product
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New / Advanced Ceramic

Develop synthetically

Based on compound other than variations of traditional
ceramic materials

Ceramic materials employed in the generation
Nuclear ceramic of nuclear power and in the disposal of radioactive
nuclear wastes

Ceramic products employed in medical and dental

Bio ceramic L
applications

Type of advance ceramic:

‘Advance ceramic

Ceramic materials that are resistant to friction and
wear

Tribological ceramic

Advanced ceramic materials that are made into
components for automobiles

Automotive ceramic
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@ oxygen

. silicon

IBasic structure of SiO,

Amorphous of SiO,
(Glass)

Glass is noncrystalline (amorphous)

 Fused silica is SiO, to which no
impurities have been added

» Other common glasses contain
impurity ions such as Na*, Ca?*,
ARt and B3

Communitising Technology


https://upload.wikimedia.org/wikipedia/commons/4/42/Glass_tetrahedon.svg
https://www.nde-ed.org/EducationResources/CommunityCollege/Materials/Graphics/QuartzGlass.jpg
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Transparent/
Translucent

Amorphous

Properties of Glass

Resistant again
air , water,
chemical

except HF plll

compressive
strength

Can absorb,
transmit and
reflect light

Good electrical
insulator
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Type of glasses

Type of Glass

Composition

Advantages and disadvantages

Fused silica glass,
vitreous silica glass

Soda-lime-silica, window
glass

Sodium borosilicate glass
(Pyrex)

Lead-oxide glass, crystal
glass

Aluminosilicate

Oxide glass

100% Silica

silica 72% + sodium oxide (Na,0) 14.2% +
magnesia (Mg0) 2.5% + lime (Ca0) 10.0%
+ alumina (Al,0;) 0.6%.

silica 81% + boric oxide (B,0;) 12% + soda
(Na,0) 4.5% + alumina (Al,O;) 2.0%.

silica 59% + soda (Na,0) 2.0% + lead oxide
(PbO) 25% + potassium oxide (K,0) 12% +
alumina 0.4% + zinc oxide (Zn0) 1.5%.

20% aluminium oxide (alumina-Al,0,)

alumina 90% + germanium oxide (GeO,)
10%.

low thermal expansion, hard and resist
high temperature
resist against weathering

transparent, easily formed
has a high thermal expansion and poor
resistance to heat

Stands heat expansion much better than
window glass.
low coefficients of thermal expansion

high refractive index.
cannot stand heating very well

able to withstand high temperatures and
thermal shock

Extremely clear glass
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Ceramic Fabrication Methods

Glass forming

e Pressing
e Blowing
e Drawing
e Fiber forming

Particulate forming

e Powder pressing: Hot; Uniaxial; Isostatic
e Hydro plastic forming

e Slip casting

e Tape casting

) I ) I

Cementation
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Glass forming: Blow and blow method

transferred Final shape Finished
to blow blown bottle
mould

dropped in
blank mold

P)\
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https://upload.wikimedia.org/wikipedia/commons/d/df/BlowblowAllSteps.png
https://upload.wikimedia.org/wikipedia/commons/d/df/BlowblowAllSteps.png

Particulate forming (Slip casting)

Preparing
slurry

*Mix clay and
dispersing

agent into Formation Partial Final
water of cast drying drying
Fill in Mold Draining Plugging
and
separating
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