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Engineering Materials 
  

Week Syllabus ( Theoretical Syllabus ) 
  

1st week, (Crystalline and non-crystalline materials).  
2nd week, (The crystal structure of metals: FCC, BCC, CPH).  
3rd week, (Crystalline planes and directions. Atomic packing factor).  
4th week, (Atom binding: Ionic bond, covalent bond, metallic bond, Van der 
Waals forces. 
5th Crystalline defects: dislocations, types of dislocations).  
6-7th week, (Solidification: different crystals form in an ingot, castings defects).  
8th week, (Mechanical properties: hardness (Brinell, Rockwell, Vickers)).  
9th week, (Tensile test, stress-strain diagram).  
10th week, ( Impact test).  
11th Creep test.  



12th week, (Fatigue test).  
13th week, (Cooling curves for metals and alloys).  
14th week, (Construction of thermal equilibrium diagram).  
15th week, (Thermal equilibrium diagram for two metals completely soluble in 
each other in solid state).  
16th week, (Thermal equilibrium diagram for two metals completely insoluble in 
each other in solid state).  
17th week, ( Thermal equilibrium diagram for two metals partially soluble in each 
other in solid state).  
18th week, (Iron-making).  
19th week, (Steel-making).  
20-21st week, ( Thermal equilibrium diagram for Iron-iron carbide).  
22nd week, (Types of steels: carbon steel, alloy steel).  



23-24th week, (Metals utilized in air conditioning and refrigeration equipment’s).  
25-26th week, (Copper and its alloys).  
27-28th week, ( Aluminum and its alloys).  
29-30th week, (Corrosion and its prevention).  

 

Practical experiments  
1- Brinell hardness test.  
2- Rockwell hardness test.  
3- Vickers hardness test.  
4- Tensile test.  
5- Impact test.  
6- Preparation specimen for microstructure test.  
7- Study the microstructure of steel specimen with different carbon content.  
8- Study the microstructure of aluminum specimen.  
9- Study the microstructure of copper specimen.  
10- Study welding defects in air conditioning pipes.  
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1. Crystalline and non crystalline materials  
 

Structure of materials:- materials can be classified into two types of structure : 
   

Crystalline structure:-consists of atoms or ions, arranged according to some 

regular geometrical pattern. This pattern varies from one substance to another. All 

metals are crystalline in nature. 
  

2. Amorphous structure: -is typical of all liquids in that the atoms or molecules 

of which they are composed can be moved easily with respect to each other, since 

they do not conform to any fixed pattern. Some materials, like glasses, plastics, 

amorphous silicon and tar are called amorphous because the atoms exist in a 

random pattern just as in liquid.  



2.The crystal structure of metals 
  

Crystalline structure of metals:-there are several types of pattern or space 

lattice in which metallic atoms can arrange themselves on solidification, but the 

three most common are :- 

1. The body-centered cubic lattice :-has eight atoms at the corners of a cube 

and one atom at the center. Iron (alpha) at room temperature, chromium, 

vanadium and tungsten are a few of the more important metals with this lattice  

structure. 

 

 

 

 

Figure 1.1 Body centered cubic lattice structure    



 

 

 

 

 

 

 









3. Crystalline planes and directions. Atomic packing factor.  





3. Crystalline planes and directions. Atomic packing factor.  
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3. Crystalline planes and directions. Atomic packing factor.  
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3. Crystalline planes and directions. Atomic packing factor.  













4. Atom binding: Ionic bond, covalent bond, metallic bond, Van der Waals forces.  
 

Atom binding:  
1. Ionic bond.  
2. Covalent bond.  
3. Metallic bond.  
4. Van der Waals forces.  
1. Ionic bond :  
The electron structure of atoms is relatively stable when the outer shells contains eight 
(or two in the case of the first shell).  
An element like sodium with one excess electron will readily give it up so that it has a 
completely filled outer shell.  
4. Atom binding: Ionic bond, covalent bond, metallic bond, Van der Waals forces.  
An atom of chlorine, on the other hand, with seven electrons in its outer shell, would 
like to accept one electron.  



When sodium and chlorine atoms are placed together, there is a transfer of electrons from 
the sodium to the chlorine atoms, resulting in a strong electrostatic attraction between the 
positive sodium ions and the negative chlorine ions as shown below:  

 







2. Covalent bond :  
Atom of some elements may attain a stable electron structure by sharing one or more 
electrons with adjacent atoms.  
As shown in figure below, nitrogen has 5 electrons in the outer shell and need 3 more to 
complete that shell. Hydrogen has 1 electron in the outer shell.  
A nitrogen atom shares the electrons of three hydrogen atoms and in turns share three 
of its electrons with the three hydrogen atoms to form the compound ammonia NH3.  





3. Metallic bond :  
Each of the atoms of the metal contributes its valence electrons to the formation of a 
negative electron cloud. These electrons are not associated with a particular ion but are 
free to move among the positive metallic ions.  
The metallic bond may be thought of as an extension of the covalent bond to a large 
number of atoms.  



 
The metallic bond theory of metals explains many of the main characteristics of metallic 
elements :  
1. All metals are good conductors of electricity.  
2. Metals are good conductors of heat.  
3. Most metals are ductile because layers of ions can be made to slide over each other 
by the application of shearing force.  
4. Metals are lustrous in appearance. 

 
 
 
4. Van der Waals forces :  
This type of bond arises in neutral atoms such as the inert gases ( neon, argon and 
helium). When the atoms are brought close together there is a separation of the 
centers of positive and negative charges, and a weak attractive force results.   





3. Crystal defects, different crystals from an ingot. 
  
Crystal imperfections (micro-defects) : 
  
It is apparent from the preceding section that most materials when solidified consist of 
many crystals or grains.  
All these atoms must be laid down in exactly the right sort of order for the crystal to be 
perfect. It is therefore not surprising that few crystals are perfect and that imperfections 
exist.  

 
It is interesting to realize the amount of activity that is occurring on the surface of a crystal 
during growth. A very slow growth rate, such as 1 mm per day, requires the deposition of 
about one hundred layers of atoms per second on the surface.  

 
 



Types of Crystal imperfections:  
The most important types of crystal imperfection are:  
I. Point defects  
1. Vacancies.  
2. Interstitial atoms.  
II. Line defects  
1. Edge dislocation.  
2. Screw dislocation. 

 
I. Point defects  
1. Vacancies:  
are simply empty atom sites. It is possible for a vacancy to move in the lattice 
structure and therefore play an important part in diffusion of atoms through the 
lattice.   





Vacancy – missing atom at a certain crystal lattice position  
Vacancies may be occur as a result of one of the following conditions:  
a. Solidification.  
b. Raising the temperature.  
c. Irradiation. 

 
 
 
 
2. Interstitial atoms.  
It is possible, particularly in lattice structures that are not close-packed and in 
alloys between metals that have atoms widely different in atomic diameter, that 
some atoms may fall into interstitial positions or in the spaces of the lattice 
structure as shown below:   





Interstitial atoms may be produce by:  
a. Solidification.  
b. The severe local distortion during plastic 
deformation. 
c. Irradiation.  



II. Line defects:  
There are two types of line defects:  
1. Edge dislocation.  
2. Screw dislocation. 
  
1. Edge dislocation.  
is an extra half plane of atoms “inserted” into the crystal lattice. Due to the edge 
dislocations metals possess high plasticity characteristics: ductility and malleability  



2. Screw dislocation.  
forms when one part of crystal lattice is shifted (through shear) relative to 
the other crystal part. It is called screw as atomic planes form a spiral 
surface around the dislocation line.  



Solidification: different crystals form in an ingot 
The grain structure in the cast product is determined by the rate of cooling, 
there are three types of crystals may be produced during the solidification of a 
casting:  
1. Chill crystals:  
2. Columnar crystals :  
3. Equiaxed crystals : 

 
 
1. Chill crystals:  
The metal in contact with the mould surfaces cools faster than that in the 
center of the casting. As a result small crystals, termed chill crystals, start to 
form at the surfaces.  
These are small because the metal has cooled too rapidly for them to grow to 
any size.   



2. Columnar crystals:  
The cooling rate nearer the center is, however, much slower and so some of the 
chill crystals have time to grow into large elongated crystals perpendicular to the 
mould wall, these being called columnar crystals.  



Competitive growth of the grains in the chill zone results in only those grains with 
favorable orientations developing into columnar grains  



3. Equiaxed crystals:  
In the center of the mould the cooling rate is the slowest. While growth of the 
columnar crystals is taking place, small crystals can start to grow in the central 
region.  
The final result is a central region of medium-sized almost spherical crystals called 
equiaxed crystals.  
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04. Solidification : castings defects.  
When the temperature of a molten pure metal falls to its freezing point, 
crystallisation will begin. The nucleus of each crystal will be a single unit cell of the 
appropriate crystal lattice.  
For example, in the case of a metal with a body-centered cubic lattice, nine atoms 
will come together to form a single unit, and this will grow as further atoms join the 
lattice structure.  
The tiny crystal will reach visible size, and form what is called a “ dendrite “.  



Casting defects (macro-defects):  
The preceding section discussed defects on an atomic scale that arise from 
solidification.  
Other defects that may result from solidification are large enough to be visible 
to the naked eye. These are known as macrodefects.  
The most common macrodefects are :  



1. Shrinkage.  
a. Shrinkage cavities.  
b. Primary pipe.  
c. Secondary pipe.  
2. Porosity.  
3. Segregation of impurities.  
1. Shrinkage.  
Solid metals occupy less space than they do as liquids and shrinkage takes place during 
solidification as a result of this decrease in volume:  
a. Shrinkage cavities.  

 
If the mould is of a design such that isolated pockets of liquid remain when the outside 
surface of the casting is solid, shrinkage cavities will form.  



b. Primary pipe.  
The metal which is adjacent to the mould surface solidifies almost immediately, 
and as it does so it shrinks. This causes the level of the remaining metal to fall 
slightly.And as further solidification takes place the process is repeated, the level 
of the remaining liquid falling still further.  
This sequence of events continues to be repeated until the metal is completely 
solid and a conical cavity or “primary pipe” remains in the top portion of the ingot.  



c. Secondary pipe.  
Would be formed due to the shrinkage of trapped molten metal when it solidifies. 

 
 
 
 
 
 
 
 
 
The influence of the shape of the mould on the extent of piping in a steel ingot.   



2. Porosity :  
or blowholes occur whenever gases are trapped in the casting. They are 
usually more numerous and smaller than shrinkage cavities and may be 
distinguished by their rounded form.  



3. Segregation of impurities:  
There is a tendency for dissolved impurities to remain in that portion of the metal 
which solidifies last. As the columnar crystals begins to grow inwards,  
they will push in front of them some of the impurities which were dissolved in the  

molten metal. 
  
In this way there is a tendency for much of the impurities in the original melt to 
become concentrated in the central pipe.  
If a vertical section of an ingot is polished and etched, these impurities show as V-
shaped markings in the area of the pipe as shown in figure below:  



The segregation of impurities in the central 'pipe' of an ingot.  









Rockwell hardness HRC = (0.2 –e) ×500  
Where e is the permanent depth of penetration in mm.  
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Impact test 

•In either case, some of the energy of the 
pendulum will be used to rupture the 
specimen, so that the pendulum will rise 
to a height lower than that the initial 
height on the  side of the machine  

88 



Impact test 

•The weight of the pendulum times 
the difference in heights will indicate 
the energy absorbed by the 
specimen 

89 



Impact test 

•Impact strength of the metal can be calculated as follows: 

• R = 
𝐸

𝐴 
 ( Kg.m/cm2) 

•Where: 

•R= Impact strength of the metal ( Kg.m/cm2) 

•E = Energy used to rupture the specimen ( Kg.m)  
•A = Breaking cross sectional area (cm2) 

90 



Impact test 

• E = who – whf 

•E = w ( ho – hf ) 

•E = w (cos α-cos β ) 

91 



Impact test 

•Where: 

•W = pendulum mass ( 25.81 Kg ) 

•l = pendulum length ( 0.75 m ) 

•α= angle of pendulum before impact (141.5°) 

•β = angle of pendulum after impact (degree ) 

92 















































 

 

 

 

 

 

 

 
Fig. 12.10 S-N curve for red brass 
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