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ENT145/3 Materials Engineering 
QUIZ 4 

18 December 2015 : 1 hour 

1. Write a typical chemical reaction to: 
i. produce pig iron from iron oxides ore (Fe2O3) and coke. 
ii. convert oxidized pig iron into steel. 
 

2. Briefly explain cast irons and their basic range of 
composition. Give their applications and three basic types 
of cast irons. 
 

3. Briefly cite the differences between pearlite, bainite,  
spheroidite and martensite relative to microstructure and 
mechanical properties. 
 
 

(10 Marks) 

ANSWERS 

1.  
i. Fe2O3 + 3CO  2 Fe + 3CO2 

ii. FeO + C  Fe + CO 
 

2. 
 No. Type Properties Application 

1 Low carbon nonresponsive to heat 
treatments; relatively soft 
and weak; machinable and 
weldable 

automobile bodies, structural 
shapes, pipelines, buildings, 
bridges, and tin cans 

2 Medium 
Carbon 

heat treatable, relatively large 
combinations of mechanical 
characteristics 

railway wheels and tracks, 
gears, crankshafts, and 
machine parts 

3 High Carbon  hard, strong, and relatively 
brittle 

chisels, hammers, knives, and 
hacksaw blades 

4 High Alloy 
Steels 
(Stainless and 
Tool) 

hard and wear resistant; 
resistant to corrosion in a 
large variety of environments 

cutting tools, drills, cutlery, 
food processing, and surgical 
tools. 
 

ANSWERS 

2. 
• Cast irons are a family of ferrous alloys intended to be cast into a desired shape 

rather than worked in the solid state. 
 

• These alloys typically contain 2 - 4 % C and 1 – 3 % Si. Additional alloying elements 
may also be present to control or vary specific properties. 

 
• Cast irons are easily melted and highly fluid and do not form undesirable surface 

films or shrink excessively; consequently, they make excellent casting irons. They 
also possess a wide range of strength and hardness values and can be alloyed to 
produce superior wear, abrasion, and wear resistance. In general, they are easy to 
machine. 
 

• Their applications: engine cylinder blocks, gear boxes, connecting rods, valve and 
pump casings, gears, rollers, and pinions. 
 

• The 4 basic types: white, gray, ductile and malleable. 
 

ANSWERS 

3.  
The microstructures of pearlite, bainite, and spheroidite all consist of α-ferrite and 
cementite phases.  
 
For pearlite, the two phases exist as layers which alternate with one another.  
 
For bainite consists of very fine and parallel needle-shaped particles of cementite that 
are surrounded an α-ferrite matrix. 
 
For spheroidite, the matrix is α-ferrite, and the cementite phase is in the shape of 
sphere-shaped particles. 
 
For martensite, martensite has a body-centered tetragonal (BCT) crystal structure.  
The needle-like microstructure of martensite leads to brittle behavior of the material 
 
Hardness & strength: 
Martensite > Bainite > Pearlite > Spheroidite 
 

http://en.wikipedia.org/wiki/Tetragonal

