
Unit-V 
Chemistry of Engineering Materials 

 
Basic terms and definition 

Cement 
 

A material possesses adhesive and cohesive properties and capable of bonding 
materials like bricks, stones, building blocks, etc. 

Calcareous material  
 

Calcareous materials are rich in lime such as lime stone, chalk and marble. 

Argillaceous 
materials 
 

Argillaceous materials are rich in silica and alumina such as clay, shale, slate, 
etc. 

Portland cement 
 

Portland cement is defined as a finally powdered mixture of calcium silicates 
and calcium aluminates of varying compositions. 

Slurry 
 

Addition of water in argillaceous material is called slurry. 

Setting 
 

Stiffening of original plastic mass due to internal gel formation is called setting. 

Hardening 
 

Development of strength due to crystallization is called hardening. 

Refractories 
 

An inorganic material that can withstand very high temperature without 
softening and deforming in shape is called Refractories.   

Acidic Refractories 
 

These Refractories are made of acidic materials like alumina, silica, etc. They 
can withstand acidic materials but are easily attacked by basic materials. 
e.g. Silica, alumina and fire clay Refractories. 
   

Basic Refractories These Refractories are made of basic materials like lime, magnesia, etc. They 
can withstand basic materials but are easily attacked by acidic materials. 
e.g. Magnisite, dolomite and chrome Magnisite. 

Neutral Refractories These Refractories are made of weekly acidic/basic materials like carbon, 
chromite and zirconia. They are not attacked by either acidic or basic materials. 
e.g. Carborandum, Graphite and Chromite. 

Lubricants Any substance used between two sliding surfaces to reduce frictional resistance 
between them is known as lubricant. 
 

Lubrication 
 

The process of reducing frictional resistance between moving or sliding surfaces 
by the introduction of lubricant in between them is called lubrication. 
 

Viscosity Viscosity is the property of the fluid by virtue of which it offers resistance to 
own flow. 
 

Viscosity index Viscosity index is defined as the average decrease in viscosity of an oil per 
degree rise in temperature between 1000F and 2100F. 
 

Extreme pressure 
additive  

They react with metal surface forming surface film of lower shear strength and 
high melting point. 
e.g. Organic  chlorine, Phosphorous compound, Sulphur. 
 

Fire point It is the lowest temperature at which the vapour of the oil burns continuously 
for at least 5 seconds when a small flame is brought near it.  



Flash point It is the lowest temperature at which the vapour of the oil gives off enough 
vapour that ignites for a moment, when a small flame is brought near it. 

Cloud point When an oil is cooled slowly the temperature at which the oil becomes cloudy 
in appearance is called its cloud point. 

Pour point When an oil is cooled at which the oil ceases to flow or pour is called pour point 

Aniline point Aniline point of oil is the lowest temperature at which the oil is completely 
miscible with an equal volume of aniline. 
 

Neutralization 
number 

The number of mgs of KOH required to neutralize free acids in I gm of oil is 
called neutralization number or acid number.  

Fullerene Fullerene is an allotrope of carbon appears in the form of a hollow sphere, 
ellipsoid or tube. The structure of fullerene is similar to graphite. It consists of 
hexagonal rings and alternate pentagonal rings of carbon closed in different 
forms. 
  

Bucky balls Bucky balls are spherical fullerenes. 

Buckminster 
fullerene 

First fullerenes with 60 carbon atoms arranged as 12 pentagons and 20 
hexagons in the form of sphere is called Buckminster fullerene (C60). 

Carbon nano tubes Carbon nano tube is a tubular form of carbon with 1-3 nm diameter and length 
of few nm to microns. 

 
Concepts: 
  
 
Introduction:- The essential bonding material which binds sand and rock when mixed with water in 

concrete is cement. Concrete is most widely used non-metallic material in construction of buildings, 

dams, bridges and high ways etc. 

CEMENT:-  “ A material which possess adhesive and cohesive properties to bind rigid masses like stones, 

bricks, building blocks etc. 

                                                 The essential constituents of cement used for constructional purpose are 

compounds of calcium (Calcareous) and argillaceous (alumina+ Si) materials.  

→ Based on different chemical compositions cement is classified in to four types. They are; 

     1. Natural cement. 

     2. Puzzolana cement. 

     3. Slag cement. 

     4. Portland cement. 

     5. Portland Cement:- 

Composition of Portland Cement:-A good sample of Portland cement has the composition of ; 

i) Calcium oxide or lime (Cao)→60-70/. 

ii)Silica(Sio2)→20-24/. 

iii)Alumina(Al2O3)→5-7.5/. 



iv)Magnesia (Mgo)→2-3/. 

v) Ferric oxide (Fe2O3)→1-2.5/. 

vi)Potassium oxide(K2O)→1/. 

vii)Sodium oxide(Na2O)→1/. 

viii)Sulphur trioxide(So3)→1-1.5/. 

Manufacturing process:- The raw materials used for the manufacturing of Portland cement are; 

a) Calcareous materials:- Those which supply lime. 

Eg;-Lime stone, cement rack, chalk. 

b) Argillaceous materials:- Those which supply silica, alumina, iron oxide. 

Eg:- clay, shale and cement rock. 

c) Gypsum:- This is added during the final grinding and it controls the ratio of setting and hardening. 

Methods of manufacturing:- The manufacturing of cement involves three steps; 

1. Mixing the raw materials: 

A mixture of finely ground lime stone and clay (3:1) is made by any one of the following methods. 

a) Dry process:- The dry process produces a fine ground powder. This process is employed when the 

lime and clay are hard. 

b)Wet process:- The wet process takes place in the presence of water and usually results in a slurry 

formation. This process is employed when the lime and clay are soft. 

 
 

2. Burning the mixture in a rotary kiln:-The rotary kiln is an inclined steel cylinder 150-200 ft long inside 

with fire bricks. The kiln can be rotated at a desired speed (usually 0.5-2 rotations/min) 

 As the kiln rotates the mixture of raw materials stored from the above two process, possess 

slowly from the upper to the lower end. 

 As the mixture or slurry gradually descends the temp, rises and infect this creates different 

zones in the rotary kiln with increasing temperature i.e., 

a)The drying zone:-This is present in the upper part of the kiln when the temp, around 400°c. In this 

most of the water in the slurry is evaporated because of the hot gases. The clay is broken as Al2O3, Sio2 

and Fe2O3. 

              Sio2.Al2O3.Fe2O3.2H2o -----------> Sio2 + Al2O3 + Fe2O3 + 2H2O. 



 

  b) De-carbonating zone:- This zone is located in the middle portion of the kiln where the temp, is of the 

order of 1000°c . In this zone lime stone is completely decomposed into Cao9quick lime) and Co2. 

                                CaCo3 ------------>Cao + Co2. 

c) Clinkering zone:- This zone is at the bottom and is considered to be the hardest portion of kiln. The 

temp, over here are around 1400-1500°c . in this zone the mixture melts and forms little rounded pasty 

masses which are called as clinkers. In the clinkering zone lime and clay reacts with each other forming 

aluminates and silicates. 

                    2 Cao + Sio2 -------------> 2 Cao.Sio2 [C2s]. 

 

                       3Cao + Sio2 ------------> 3 Cao.Sio2 [C3s]. 

 

                      3Cao + Al2O3 ----------> 3Cao. Al2O3 [C3A]. 

 

4Cao +Al2O3 +Fe2O3 -----------> 4 Cao .Al2O3.Fe2O3 [C4AF]. 

 

             These compounds then combine to form grayish pellets called clinkers. 

3. Grinding or mixing of cement clinkers with Gypsum:-The clinkers are cooled and then ground to 

fineness. The finely ground clinkers set quite rapidly by adsorption of moisture from the atmosphere. 

Therefore in order to reduce the rate of the setting it is mixed with 2-3/. Gypsum (CaSo4.2H2O). 

4. Packing:- The ground cement is stored in silos, from which it is fed into automatic packing machine. 

 
 

 



 

Setting and Hardening of cement:-  

 Portland cement on mixing with water is converted into a plastic mass called cement paste which sets 

to a hard mass. The process of solidification consists setting and hardening. 

Setting: Stiffening of original plastic mass due to internal gel formation is called setting. 

Hardening: Development of strength due to crystallization is called hardening. 

a) The initial setting reaction is 

                     3 Cao.Al2O3 + 6.H2O ------->3 Cao.Al2O3.6 CaSo4  + 880 kj/kg. 

                     4 Cao.Al2O3.Fe2O3 + 7 H2O ------->3 Cao.Al2O3.6H2O + Cao.Fe2O3.H2O.+ 420 kj/kg 

b) The initial setting and hardening of cement paste is also duo to the formation of tobermonite 

gel. 

2 (2Cao.Sio2 )+4.H2O --------->3 Cao.2Sio2.3H2O.  + Ca(OH)2 +250 kj/kg 

 

c) The final setting and hardening of cement paste is due to the formation of tobermonite gel, 

crystallization of calcium hydroxide. 

2 (3Cao.Sio2 )+6H2O --------->3 Cao.2Sio2.3H2O.  + 3Ca(OH)2 +500 kj/kg 

Refractories:- 

Definition:- Refractories are inorganic materials and are used as construction materials. It is resistant to 

melting or fusion. “An inorganic material that can withstand very high temps with out softening or 

deformation in shape is called refractory”. 

Characteristics of A Good Refractory Material:- A good refractory material should; 

 Be infusible at the temp to which it is to be exposed. 

 Be chemically inert by actions of corrosive gases, molten metals, slages, etc., produced in 

furnaces. 

 Be resistant to the abrasion action of flue gases, flames, etc,. 

 Not crack and suffer loss in size at operating temperatures. 

 Be able to withstand the overlying load at operating conditions. 

Classification of Refractories:- Based on the chemical properties, Refractories are classified into three 

categories. 

i) Acidic Refractories:-These Refractories are made of acidic materials like alumina(Al2O3), Silica (Sio2) , 

etc,. They can withstand acidic materials but are easily attacked by basic materials. 

Eg:-Silica, alumina and fire clay Refractories. 

ii) Basic Refractories:- These Refractories consist of basic materials like lime(Cao), magnesia(Mgo), etc,. 

They are resistance to basic materials but easily attacked by acidic materials. 

Eg:- Magnisite, dolomite and chrome-Magnisite Refractories. 

iii) Neutral Refractories:- These Refractories are made of weakly acidic /basic materials like carbon, 

chromite and zirconia. They are not attacked by either acidic or basic materials. 

Eg:- Carborandum, graphite and chromite. 

CRITERIA PF REFRACTORIES OR PROPERTIES OF REFRACTORIES:- 

i) Refractoriness:- It is the ability of the refractory to withstand high temp with out appreciable 

deformation or softening under service conditions. It is generally measured by the softening temp of the 

refractory material. They are usually determined by the seger cones test. 

ii) Refractoriness under load (RUL) or strength:-Refractoriness should have high mechanical strength to 

withstand the load applied under operating temp. Thus a good refractory should have high load bearing 

capacity which can be measure by RUL test. 



iii) Chemical inertness:- The refractory selected for a specific purpose should be chemically inert and not 

react with the slages, furnace gases etc,. 

iv)Dimensional stability:- The resistance of material to any volume changes, which may occur on it’s 

exposure to high temp. Over a prolonged period is called dimensional stability. A good refractory should 

a high dimensional stability. 

v) Thermal spelling:- It is a property of breaking, cracking or fracturing of a refractory under high temp. 

so,a good refractory should show a high resistance to thermal spelling. 

vi) Porosity:- Refractories generally contain pores either due to manufacturing defects or incorporation 

of saw dust, etc,. During manufacture. Porosity is defined as the ratio of its porous volume to the bulk 

volume. 

                               P = W-D/W-A * 100. 

vii) Thermal expansion:- The refractory tends to expand when temp increases and contract when temp 

decreases. So a good refractory should have less thermal expansion. 

viii) Thermal conductivity:- It depends up on the chemical composition and degree of porosity of 

refractory. 

ix) Abrasion resistance:- A good refractory should resist the abrasion action of flue gases, flames, slages, 

etc,. 

x) Electrical conductivity:-Generally Refractories are poor conductors of electricity. So Refractories 

should have low electrical conductivity. 

CAUSES FOR THE FAILURE OF REFRACTORIES:-  The efficiency of the refractory product mainly depends 

on its constituents, processing and final curing. 

 The most common cause for failure of refractory is chemical reaction with the environment in 

which it is operating. 

 The porosity of refractory plays an important role in the chemical reaction. The more porous it 

is, the greater will be the depth to which the slag will penetrate and destroy the refractory. 

 The deposition of carbon monoxide in fire clay Refractories in a blast furnace is an important 

cause of its failure. 

 As the temp increases the rate of chemical reaction gradually increases. 

 The other important cause is spelling. It may be thermal, mechanical or structural. 

Lubricant: Definition: Any substance introduced between the two moving and sliding surfaces with a 

view to reduce frictional resistance to know as lubricant. 

Lubrication mechanism:  
Three mechanisms have been proposed to explain the action of lubricants they are 
 

a) Thin film (or) Boundary Lubrication: In this type of lubrication a thin film of lubricant is absorbed 
on the surface and held by vandarwaals forces. When the lubricant is not viscous enough to generate a 
film of sufficient thickness for the separation of surfaces under heavy loads, friction is reduced by thin 
film lubrication. Thin film lubrication is applied when the speed is very low, the loading heavy, the oil has 
low viscosity. Some peaks may have higher thickness than the film of lubricant which results in wearing 
and tearing. Hence the chemical or physical forces on some metal surfaces would avoid the direct 
contact of metals and absorb a thin layer of lubricating oil. The co-efficient of friction is reduced due to 
oiling. 
         

b)  Fluid Film (or) Hydrodynamic Lubrication: This type of lubrication is also known as thick film 
lubrication. It is carried out with the help of liquid lubricants. In fluid film lubrication the two sliding 
surfaces are separated by a thick film of about 1000A° which is applied to prevent direct surface to 



surface contact. Wearing and tearing of metals is minimized. In a ball bearing the irregularities of the 
shaft and bearing surfaces are covered by a thick film of lubricants and don’t not allow. The content of 
metallic surfaces with each other as shown in the figure. The resistance to moment is only due to 
resistance of the lubricant. Fluid film lubrication is useful in delicate and light machines like watches, 
clocks, guns, scientific equipments. 

c) Extreme Pressure Lubrication: It involves chemical action on the part of lubricant. Under heavy 
load and high speed conditions, high local temperature is generated. The liquid film may not stick, it may 
decompose and vaporizes. Hence special additives called extreme pressure additive are blended with 
lubricating oil to form more durable film to with stand high temperature and pressure. Chlorinated 
esters, sulpharised oils and tricrysyl phosphates are used as extreme pressure additives. These additives 
combined with the metallic surfaces with high temperature to form metallic chlorides. 

 Properties of lubricants:- 
1. Viscosity. 
2. Flash and fire point. 
3. Cloud and pour point. 
4. Aniline point. 
5. Mechanical strength. 
6. Neutralization number. 
Fullerene: Fullerene is an allotrope of carbon appears in the form of a hollow sphere, ellipsoid or tube. 
The structure of fullerene is similar to graphite. It consists of hexagonal rings and alternate pentagonal 
rings of carbon closed in different forms. 
Bucky balls: Bucky balls are spherical fullerenes. 
Buckminster fullerene: First fullerenes with 60 carbon atoms arranged as 12 pentagons and 20 
hexagons in the form of sphere is called Buckminster fullerene (C60). 
Carbon nano tubes: Carbon nano tube is a tubular form of carbon with 1-3 nm diameter and length of 
few nm to microns. 
 Properties and applications 

  
Important Questions: 
 
1. Explain the process of setting and hardening of cement. 
2. Describe the wet process of Portland cement manufacturing with help of a diagram.  
3. With appropriate examples, describe various types of lubricants. 
4. Explain various lubrication mechanisms. (Thick film, thin film & Extreme pressure lubrication 
mechanism) 

(OR) 
5. Explain different theories of lubricants with neat sketch. 
6. Explain properties of lubricants. 
8. Define Refractories. Explain the properties or characteristics of a good refractory? 
9. How are the refractory materials classified? Explain and give suitable examples. 
10. Brief account on fullerenes and carbon nano tubes. 
11. What are fullerenes? Mention their important characteristics and useful applications. 

12. What are carbon nano tubes? Mention their important characteristics and useful applications.  
 
 


