
Today’s objectives-Composites III
1. What are the possible strengthening mechanisms for particle 

reinforced composites (there are 3)?

2. Be able to calculate upper and lower bounds for the Young’s 
modulus of a large particle composite.

3. Know the strengthening mechanism for transformation toughened 
ceramic composites (Yttria stabilized, small volume, tetrahedral 
zirconia particles).



Types of composites

(MMC, PMC, CMC)

Wood (cellulose fibers with stiffer lignin matrix)

Bone (soft collagen and brittle apatite)

Clay (particles and glass naturally form when fired) 

We will focus on artificial 
composites. 

Natural composites include:
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Particle Reinforced Composites
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Large particle composites

• Large particle composites
– Involves large particles that are harder or stiffer than matrix.
– The matrix transfers applied stress to the particles, 

which thus bear a fraction of the load.
– Bonding at the interface is necessarily important.

• Particles should be:
– Equiaxed
– Uniformly distributed
– Properties determined simply according to volume fractions:

p
c

p
m

c

m
upperc E

V

V
E

V
V

E +=,Upper bound:

mppm

pmc
lowerc

pc

p

mc

m

lowerc

EVEV

EEV
E

EV

V

EV
V

E

+
=

+=

,

,

1
Lower bound:



�������������
������� ����������������'�� � �
		 ���������6��
��������������������

���6������

�%

�����	���
�����
 ������������������	���
�����


��3���
� � �

������������
� = - � + - � � �

7����������������8

2�����
����������
6 ��
$���
�
���������

" 9" ," !" :" &""

&."
9""
9."
�""
�."

/��0���
$���


��3���

��6���������
&

� �
=

- �
� �

+
- �

� �

���� ��� #
����
��������$%�&!%�'�
����������!� %�����$%�&!%��
��������5%;%�<���='�
#�4>����� '�-��%�!�'�
&*!�%�



Large Particle Composite Examples
• Cermets (not cements) are ceramic-metal composites

– Cermented Carbide—cutting tools
• WC or TiC particles (incredibly hard).
• Metal matrix (Co or Ni).

– Up to 90 volume percent of particles.
– Matrix does something too: particles will crack under the high stresses in cutting 

applications, so matrix prevents crack propagation between particles by 
separating them.

• Tires (Polymer/Carbon composites)
– Elastomer matrix with carbon black particles (15-30 vol%).– Elastomer matrix with carbon black particles (15-30 vol%).
– Improved tensile strength, tear and abrasion resistance, and toughness.
– Small particles are optimal, <50 nm.

• Concrete (ceramic-ceramic composites)
– ~70 vol% sand and gravel particles (different sizes promotes better packing).
– Cement is the binder once water is added.
– Improved tensile, compressive, and shear response by reinforcing with steel 

rods, bars (rebar), wires, or wire mesh (now ceramic-ceramic-metal composite).
• Steel is selected for thermal expansion coefficient.
• Strong composite/matrix bond is possible, especially if the steel surface is contoured.

– Pre stressing (pre-tension: compression=good. ALSO: forget the jacks example).



Types of composites

(MMC, PMC, CMC)



Dispersion strengthened (higher tech…)
• Dispersion strengthened composites

– Small particles (10 to 100 nm)
– Few particles
– Matrix bears most of the applied load
– Particles hinder or impede motion of dislocations
– Plastic deformation is restricted
– Improves yield and tensile strength.

• Examples• Examples
– Thoria dispersed nickel (Ni with up to 3 vol% ThO2 particles)
– Sintered aluminum powder (Al matrix with Al2O3 coated Al flakes)

• Similar to precipitation hardening
– Strengthening is not as good as for precipitation hardening at low 

temperatures
– At higher temperatures the properties are generally better.

• Particles are selected to be unreactive (no precipitate growth or 
dissolution of the precipitate).



Ceramic composites: Transformation Toughening
• Stress promotes transformation 

from one phase to another with a 
higher volume, causing a 
compressive stress. 
– Partially stabilized zirconia 

particles or fibers used 
• small volume tetragonal phase 

stabilized at ambient temp

– An approaching crack causes 
transformation to the larger 
monoclinic phasemonoclinic phase

– Puts area around crack into 
compression

– Essentially pinches cracks shut.



Midterm

• 25% of grade

• 2 pages of notes allowed (not 1 page)
• Must be in your own handwriting—no copies, printouts, etc.

• Exam:
– Multiple choice
– Short answer
– Longer answer

• Covers everything so far



• Intro, Structures
• Ceramic Structures, planes
• Defects in Ceramics
• Mechanical Properties of Ceramics
• Ceramics Phase Diagrams
• Glass and glass processing 
• Clay and powder processing, refractories
• Other ceramic processing
• Polymers I
• Polymers II
• Composite Materials I
• Composite Materials II
• Composites Materials III



SUMMARY

1. What are the possible strengthening mechanisms for particle 
reinforced composites (there are 3)?

2. Be able to calculate upper and lower bounds for the Young’s 
modulus of a large particle composite.

3. Know the strengthening mechanism for transformation toughened 
ceramic composites (Yttria stabilized, small volume, tetrahedral 
zirconia particles).


