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Chapter 14: Properties and 

Applications of Ceramics
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Mechanical Properties
• Ceramic materials are more brittle than metals.  

Why is this so?
Bond type

• The atoms in ceramic materials are most commonly held together by the two

covalent and ionic primary bonds (or) mix of them. Covalent and ionic bonds

are much stronger than metallic bonds.

Consider mechanism of deformation

– In crystalline, by dislocation motion

– In highly ionic solids, dislocation motion is difficult

• few slip systems

Slip systems: Both these bond types have a very few/limited

slip systems (crystallographic planes and directions within

those planes) as a consequence dislocations are limited and

results in a negligible or no plastic deformation at room

temperature

• resistance to motion of ions of like charge (e.g., anions) past one 

another 
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•  3-point bend test to measure room-T flexural strength.

Adapted from Fig. 14.9, 

Callister & Rethwisch 9e.

Flexural Tests – Measurement of Flexural Strength
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•  Flexural strength: •  Typical values:

Data from Table 14.1, Callister & Rethwisch 9e.

Si nitride
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250-1000

100-820

275-700

69

304

345

393

69

Material      σfs (MPa)  E(GPa)

(rect. cross section)

(circ. cross section)





9

•  Room T behavior is usually elastic, with brittle failure.

•  3-Point Bend Testing often used.
-- tensile tests are difficult for brittle materials.

Adapted from Fig. 14.9, 

Callister & Rethwisch 9e.

Flexural Tests – Measurement of Elastic Modulus

F
L/2 L/2

δ = midpoint 

deflection

cross section

R

b

d

rect. circ.

•  Determine elastic modulus according to:
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EXAMPLES OF QUESTION
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Ceramic Phase Diagrams

Al2O3 -Cr2O3 diagram:
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Ceramic Phase Diagrams
MgO-Al2O3 diagram:

Fig. 14.2, Callister & 

Rethwisch 9e. 
[Adapted from B. Hallstedt,

“Thermodynamic Assessment of 

the System MgO–Al2O3,” J. Am. 

Ceram. Soc., 75[6], 1502 (1992). 

Reprinted by permission of the 

American Ceramic Society.]
















