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Ceramic Materials
Composites Materials
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(Inorganic Materials)
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(Traditional Ceramics)
(Clay), (Silica),

(Feldspar- )
(Engineering Ceramics/ 

Advance Ceramics)
Al2O3, SiC, Si3N4
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Table of Electronegativities

CaF 2:  large
SiC:  small

Adapted from Fig. 2.7, Callister 6e. (Fig. 2.7 is adapted from Linus Pauling, The Nature of the Chemical 
Bond, 3rd edition, Copyright 1939 and 1940, 3rd edition.  Copyright 1960 by
Cornell University.

• Large vs small ionic bond character:

/
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Glasses Clay
products

Refractories Abrasives Cements Advanced
ceramics

-optical
-composite 
  reinforce 
-containers/ 
-household

-whiteware
-bricks

-bricks for 
high T 
(furnaces)

-sandpaper
-cutting 
-polishing

-composites
-structural

engine
-rotors 
-valves 
-bearings

-sensors

(Adapted from Fig. 13.1 and discussion in 
Section 13.2-6, Callister 6e.)

TAXONOMY OF CERAMICS

: (
)

Creep
:
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-

1. fireclay: temp. < 1587 oC
2. Silica or acid refractory.: temp. < 1650 oC
3. Basic refractory: MgO 
4. Special refractory: alumina, silica, magnesia, zirconia

(ZrO2), mullite(3Al2O3-2SiO2), graphite, SiC.
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: 1.bonded to grinding wheel 
(glass ceramic, resin, and metal bond) 
2. coated abrasive 3. loose grains.
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Engineering ceramics 

Alumina (Al2O3): ,
, , ,

Silicon nitride(Si3N4):
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Engineering ceramics 
(2)

Silicon Carbide (SiC):

 ( )

Zirconia (ZrO2) :
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Electronic ceramics

: Electrical porcelain (~ 50%clay, 
25% silica, 25% feldspar), steatite 
(~90% talc, 10% clay), fosterite
(Mg2SiO4), alumina.

: Barium titanate (BaTiO3)
dielectric constant 1200-1500.

: silicon, SiC, GaAs.
Piezoelectrics
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C = q/V
C/V=F (Coulomb/volt = Farad)

l
AC 0

Permittivity 
=8.854 10-12 F/m
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l
AC 0
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---
( --- )

Dielectric Strength 
(

)
V/mil, kV/mm
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(BaTiO3)

( )
(

)
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• Quartz is crystalline
SiO2:

Si4+
Na +

O2-

• Basic Unit: 

Si0 4 tetrahedron
4-

Si4+

O2-

• Glass is amorphous
• Amorphous structure

occurs by adding impurities
(Na+,Mg2+,Ca2+, Al3+)

• Impurities:
interfere with formation of
crystalline structure.

(soda glass)
Adapted from Fig. 12.11, 
Callister, 6e.

GLASS STRUCTURE
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Glass
(amorphous solid)

T

Specific volume

Liquid
(disordered)Supercooled

Liquid

Crystalline
(i.e., ordered) solid

TmTg

• Specific volume (1 ) vs Temperature (T): 

• Glasses:
--do not crystallize
--spec. vol. varies smoothly with T
--Glass transition temp, Tg

• Crystalline materials: 
--crystallize at melting temp, Tm
--have abrupt change in spec.

vol. at Tm

• Viscosity:
--relates shear stress &

velocity gradient:
--has units of (Pa-s)

dv
dy

velocity gradient

dv
dy

glass dv
dy

Adapted from Fig. 13.5, Callister, 6e.

GLASS PROPERTIES
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Various Points in Glasses
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Pressing

Blowing

22
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• Annealing:
--
-- Annealing Point 

• Tempering:
--
--

-- temper -

further cooledbefore cooling surface  cooling

tension
compression

compression
hot hot

cooler

cooler

HEAT TREATING GLASS

24

Tempered Glass

25 26

, (Binder),
(Lubricant)

Sintering (Firing)
Vitrification
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ram billet

container

container
force die holder

die

Ao

Adextrusion

•

•  (slip)

--Hydroplastic forming:
extrude the slip (e.g., into a pipe)

• "green" component

pour slip 
into mold

absorb water 
into mold “green

ceramic”

pour slip 
into mold

drain
mold

“green
ceramic”

• Dry and Fire the component

--Slip casting:

Adapted from 
Fig. 11.7, 
Callister 6e.

Adapted from Fig. 
13.10, Callister 6e.
(Fig. 13.10 is from 
W.D. Kingery, 
Introduction to 
Ceramics, John 
Wiley and Sons, 
Inc., 1960.)

28

•
•

--

--  extrusion
--  slip casting

• Structure of
Kaolinite Clay:

Adapted from Fig. 12.14, Callister 6e.
(Fig. 12.14 is adapted from W.E. Hauth, 
"Crystal Chemistry of Ceramics", American 
Ceramic Society Bulletin, Vol. 30 (4), 1951, 
p. 140.) 

SLIP

weak van 
der Waals 
bonding

charge
neutral

charge
neutral

Si 4+

Al 3+
-OH

O2-

Shear

Shear

29 30
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(Pressing)
Cold Pressing/ Hot Pressing
Isostatic Pressing
Uniaxial Pressing

32

33

Advanced Ceramics/
Engineering Ceramics Traditional Ceramics

34

Si0 2 particle 
(quartz)

glass formed 
around
the particle

micrograph of
porcelain

70 m

wet slip partially dry “green ” ceramic
• Firing:

--T raised to (900-1400 C)
--vitrification:  glass forms from clay and flows between

SiO2 particles.

• Drying:  layer size and spacing decrease.
Adapted from Fig. 
13.11, Callister 6e.
(Fig. 13.11 is from 
W.D. Kingery, 
Introduction to 
Ceramics, John 
Wiley and Sons, 
Inc., 1960.)

Adapted from Fig. 13.12, 
Callister 6e.
(Fig. 13.12 is courtesy H.G. 
Brinkies, Swinburne 
University of Technology, 
Hawthorn Campus, 
Hawthorn, Victoria, 
Australia.)

DRYING AND FIRING



35

• Firing/Sintering: 
 (Pore Size)

 (Solid-state process)

• Aluminium oxide powder:
--sintered at 1700°C

for 6 minutes.

Adapted from Fig. 13.15, Callister 6e.
(Fig. 13.15 is from W.D. Kingery, H.K. 
Bowen, and D.R. Uhlmann, Introduction 
to Ceramics, 2nd ed., John Wiley and 
Sons, Inc., 1976, p. 483.)

15 m
36

37

( )

(Three-point Bending)

38

Three-point Bending
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 (Brittle Materials)
 (Ductile Materials)

40

 (Brittle Materials)
 (Ductile Materials)

41 4216

Cementation

• ( )
• - (Portland cement):

• mix clay and lime bearing materials
• calcinate (heat to 1400°C)
• :

• tri-calcium silicate
• di-calcium silicate

• -
• (Paste)

• hydration (chemical reactions with 
the water)
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SUMMARY
Basic categories of ceramics: 

glasses
clay products
refractories
cements
advanced ceramics

Fabrication Techniques:
glass forming (impurities affect forming temp).
particulate forming (needed if ductility is limited)
cementation (large volume, room T process)

Heat treating in Glasses: Used to
alleviate residual stress from cooling,
produce fracture resistant components by putting surface 
into compression.
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(Matrix)

(Dispersed Phase)

woven
fibers

cross
section
view

0.5 mm

0.5 mm
Reprinted with permission from
D. Hull and T.W. Clyne, An
Introduction to Composite Materials,
2nd ed., Cambridge University Press, 
New York, 1996, Fig. 3.6, p. 47.

46

( )

MMC, CMC, PMC

Metal-matrix Composite

Ceramic-matrix Composite

Polymer-matrix Composite
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/
MMC YS, TS, Creep Resist.
CMC KC
PMC E, YS, TS, Creep Resist.

Particle, Fiber, Structural
, ,
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• Sandwich panels
-- ,
-- : ,


