
MCG2361 – Engineering Materials II 
 

Mid-term Exam 1 
 
Solutions 
 

1. List the two main characteristics of the component ions that determine the crystal 
structure of ceramics (1 mark) 

 
i) Charge neutrality 
ii) Coordination number (ratio of atomic radius of cation and anion) 
 

2. Explain why ceramics are more brittle than metals. How can the toughness of 
ceramics be improved? (4 marks) 

 
Ceramics have strong ionic/ covalent bonding compared with metallic bonding for 
metals. Ionic/ covalent bonds are stronger. 
Toughness of ceramics can be improved by several methods including: 
Transformation toughening (example of partially stabilized zirconia), inducing mi-
cracks, crack deflection and crack bridging (in ceramic composites) 

 
3.  

a) Explain why the mechanical properties of ceramics are strongly affected by the       
presence of pores and cracks (2 marks) 
 
Because pores and cracks act as stress concentration, reducing the strength of 
ceramics 
 

b) How can porosity or cracks be reduced in order to produce ceramics with 
improved properties? (2 marks) 

  
Through close control of ceramic processing: control of powder purity, 
composition and microstructure formation of ceramics 

 
 

4. Sintering is one of the most important steps in processing of ceramics by powder 
metallurgy route. 

a) List some of the factors that may affect the sintering process (2 marks) 
 

Composition of powders, Green density, powder size, shape and distribution, pore 
content (size, shape and distribution), extent of mixing (multi-component 
ceramics), sintering temperature and time.  

 
b) What is the purpose of sintering? (2 mark) 

 
To densify the ceramic (increase its density and reduce porosity content) 
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c) Using sketches, describe the main stages of sintering ceramic powders. (4 marks)  
 
 
 
 
 
 
 
 
 
 
 
 
5. A three-point transverse bending test is conducted on a cylindrical specimen of 

aluminum oxide having a reported flexural strength of 390 MPa. If the specimen 
radius is 3 mm and the support point separation distance is 30 mm, predict whether 
you would expect the specimen to fracture when a load of 620 N is applied. Justify 
your prediction. (3 marks).  
 
Given:           𝐹! = 4(𝐼 𝑌!)

!!"#
!

  and !
!!
= !!!

!
  

 
 
 Solution  

𝜎!"# =
(620𝑁)(30×10!!𝑚)
(𝜋)(3×10!!𝑚)! = 219×10!𝑁 𝑚! = 219  𝑀𝑃𝑎 

 
Since this value is lower than 390 MPa, fracture does not occur 
 
 

6. Distinguish between thermoplastic and thermosetting polymers on the basis of: 
 
a) Mechanical characteristics upon heating (2 mark) 

 
Thermoplastics: soften (or melt) upon heating and become solid upon cooling. 
They can be reheated and remelted without degradation – recyclable 
 
Thermosets: harden upon heating (during curing) and degrade if reheated – non-
recyclable 
 

b) According to possible molecular structure (2 mark) 
 
      Thermoplastics: Linear and branched polymers  
      Thermosets: cross-linked polymers  
 
 

7. There are two methods by which polymers are made.  
 

a) List the two methods (1 mark) 
Addition (chain) polymerization, step (condensation polymerization) 
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b) Provide a comparison between these two methods (4 marks) 
Addition polymerization: mostly for homopolymers, a C double bond is required 
in the monomer, a catalyst is required for the reaction to start, no by-product 
 
Condensation polymerization: mostly for copolymers, no catalyst is required and a 
by-product is produced from the process 
 

c) Using vinyl chloride (C2H3Cl) as an example, show how polyvinyl chloride 
(PVC) polymer is formed. (2 marks) 
 
PVC is polymerized by addition polymerization.  
 
 
 
 
 

 
 

8. How do the properties of thermosetting polymers differ from those of thermoplastics? 
Why? (3 marks)  
Thermoplastics are linear/ branched polymers so they have weak bonds (secondary 
bonds) between the chains (in addition to covalent bonds between the atoms) making 
them ductile and with lower strength and low melting point. 
Thermosets are cross-linked polymers with strong covalent bonds between the chains 
(in addition to covalent bonds between the atoms) making them strong, hard and 
brittle and with high melting point. 
 
 

9. How would you expect the properties (strength, hardness, melting point) of a polymer 
material to be affected by the following: Justify your answer 
  
a) Increasing the molecular chain length of the polymer (2 marks) 

 
Increasing the length of the polymer chain would increase its molecular weight, 
which would increase the polymer’s rigidity, strength, and Tm.  
 

b) Increasing the degree of branching in the polymer chain (2 marks) 
 
The structure would be less crystalline, more tangled. This would reduce the 
polymer’s rigidity, strength and also decrease Tm.  

 
c) Aligning the polymer chains with one another (2 marks) 

 
Aligning polyethylene chains with one another means that the structure is more 
crystalline. This would increase density, rigidity, and strength. Tm would also 
increase.  

 
 

discussion, depiction of polymer molecules is frequently simplified using the linear
chain model shown in Figure 14.1a.

Of course, polymer structures having other chemistries are possible. For exam-
ple, the tetrafluoroethylene monomer, CF2 CF2 can polymerize to form polyte-
trafluoroethylene (PTFE) as follows:

(14.3)

Polytetrafluoroethylene (having the trade name Teflon) belongs to a family of poly-
mers called the fluorocarbons.

The vinyl chloride monomer (CH2 CHCl) is a slight variant of that for eth-
ylene, in which one of the four H atoms is replaced with a Cl atom. Its polymer-
ization is represented as

(14.4)

and leads to poly(vinyl chloride) (PVC), another common polymer.
Some polymers may be represented using the following generalized form:

where the R depicts either an atom [i.e., H or Cl, for polyethylene or poly(vinyl
chloride), respectively], or an organic group such as CH3, C2H5, and C6H5 (methyl,
ethyl, and phenyl). For example, when R represents a CH3 group, the polymer is
polypropylene (PP). Poly(vinyl chloride) and polypropylene chain structures are
also represented in Figure 14.2. Table 14.3 lists repeat units for some of the more
common polymers; as may be noted, some of them—for example, nylon, polyester,
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Figure 14.1 For
polyethylene, (a) a

schematic
representation of

repeat unit and
chain structures, and
(b) a perspective of

the molecule,
indicating the zigzag
backbone structure.
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14.4 THE CHEMISTRY OF POLYMER MOLECULES
Consider again the hydrocarbon ethylene (C2H4), which is a gas at ambient tem-
perature and pressure and has the following molecular structure:

If the ethylene gas is reacted under appropriate conditions, it will transform to
polyethylene (PE), which is a solid polymeric material. This process begins when
an active center is formed by the reaction between an initiator or catalyst species
(R.) and the ethylene monomer, as follows:

(14.1)

The polymer chain then forms by the sequential addition of monomer units to this
active growing chain molecule. The active site, or unpaired electron (denoted by .),
is transferred to each successive end monomer as it is linked to the chain. This may
be represented schematically as follows:

(14.2)

The final result, after the addition of many ethylene monomer units, is the polyeth-
ylene molecule;2 a portion of one such molecule and the polyethylene repeat unit are
shown in Figure 14.1a. This polyethylene chain structure can also be represented as

or alternatively as

Here the repeat units are enclosed in parentheses, and the subscript n indicates the
number of times it repeats.3

The representation in Figure 14.1a is not strictly correct in that the angle be-
tween the singly bonded carbon atoms is not 180! as shown, but rather close to 109!.
A more accurate three-dimensional model is one in which the carbon atoms form
a zigzag pattern (Figure 14.1b), the C C bond length being 0.154 nm. In this¬
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2 A more detailed discussion of polymerization reactions, including both addition and
condensation mechanisms, is given in Section 15.20.
3 Chain ends/end groups (i.e., the Rs in Equation 14.2) are not normally represented in
chain structures.
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