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Portland cement 

Portland cement is one of the most important building materials. It was first discovered in 

England in the last century. As on setting it hardened to a stone-like mass, it was likened to the 

famous Portland rock of England and named as Portland cement. It is essentially a mixture of 

calcium silicates and calcium aluminates with small amounts of added gypsum.  

The approximate composition of Portland cement is: 

 Calcium oxide (CaO)  = 50-60% 

  Silica (SiO2)   = 20-25% 

 Alumina (Al2O3)  = 5-10% 

 Magnesium oxide (MgO) = 2-1% 

 Ferric oxide (Fe2O3)  = 1-2% 

 Sulphur trioxide (SO3) = 1-2% 

 

The essential raw materials used are lime stone and clay. Lime stone provides calcium 

oxide and clay provides silica as well as alumina and ferric oxide. The ratio of silica to alumina 

lies between 4 and 2.5, while that of calcium oxide to silica + alumina + ferric oxide, should be 

close to 2 as possible. 

Manufacture of Portland cement 

The manufacture procedures of Portland cement is described below. 

1. Mixing of raw material 

2. Burning 

3. Grinding 

4. Storage and packaging 

1. Mixing of raw material: The mixing of raw materials is done in two ways. These are: 

a. Dry process: The raw materials are firstly crushed in the gyratory crushers to get 

2-5cm size pieces separately. The crushed materials are again grinded to get fine 

particles. The powdered materials are mixed in required proportion to get dry raw 

mix which is then stored and kept ready to be sent into rotary kiln.  

b. Wet process: The raw materials are firstly crushed and made into powdered form 

and stored. The clay is then washed in washing mills to remove adhering organic 

matters found in clay. The powdered limestone and water washed clay are sent to 



flow in the channels and transfer to grinding mills where they are completely 

mixed and the paste is formed, i.e., known as slurry. 

 

 

 

 

 

 

 

 

 

Fig: Mixing of raw materials through Dry and Wet process 

2. Burning of Raw Materials: The burning process is carried out in the rotary 

kiln while the raw materials are rotated at 1-2rpm at its longitudinal axis. The rotary kiln 

is made up of steel tubes having the diameter of 2.5-3.0 meter and the length differs from 

90-120meter. The inner side of the kiln is lined with refractory bricks. The raw mix of 

dry process of corrected slurry of wet process is injected into the kiln from the upper end. 

The kiln is heated with the help of powdered coal or oil or hot gases from the lower end 

of the kiln so that the long hot flames is produced.As the kiln position is inclined and it 

rotates slowly, the material charged from upper end moves towards lower end at the 

speed of 15m/hr.  

In the upper part, water or moisture in the material is evaporated at 400
o
C temp, 

so this process is known as Drying Zone. The central part i.e. calcination zone, the 

temperature is around 1000
o
C, where decomposition of lime stone takes place. The 

remaining material is in the form of small lumps known as nodules after the CO2 is 

released. 

CaCO3         CaO + CO2 

The lower part (clinkering zone) have temperature in between 1500-1700
o
C 

where lime and clay are reacts to yielding calcium aluminates and calcium silicates. This 

aluminates and silicates of calcium fuse to gather to form small and hard stones are 

known as clinkers.  



The lower part i.e. clinkering zone has the temperature around 1500-1700
o
C. In 

this region, lime and clay reacts to yield calcium aluminates and calcium silicates.These 

products of aluminates and silicates of calcium fuses together to form hard and small 

stones, known as clinkers.  

2CaO + SiO2              Ca2SiO4 (declaim silicate (C2S)) 

3CaO + SiO2         Ca3SiO5 (tricalcium silicate (C3S)) 

3CaO + Al2O3          Ca3Al2O6 (dicalcium aluminate (C2A)) 

4CaO + Al2O3 + Fe2O3         Ca4Al2Fe2O10 (tetracalcium    

aluminoferrite(C4AF)) 

 

3. Grinding of Clinkers: The cooled clinkers are received from the cooling pans and sent 

into mills. The clinkers are grinded finely into powder in ball mill or tube mill. Powdered 

gypsum is added around 2-3% as retarding agent during final grinding. The gypsum 

retards the dissolution of tri-calcium aluminates by forming tricalcium sulfoaluminate 

which is insoluble and prevents too early further reactions of setting and hardening. 

3CaO.Al2O3 + xCaSO4.7H2O         3CaO.Al2O3.xCaSO4.7H2O 

 

4. Storage and Packaging 

 

Setting and hardening of Cement 

The term ‘Setting’ is used to describe the stiffening of the cement paste on mixing with 

water. Setting of cement refers to changes of cement paste from a fluid to rigid state. The term 

‘Hardening’ refers to the gain of strength of a set cement paste; although during setting the 

cement paste acquires some strength. 

Various reactions are involved in the setting and hardening process of cement. The 

reactions involved are as follows: 

1. Hydration of tricalcium aluminate to give hydrated colloidal gel. 

 

3CaO.Al2O3 + 6H2O     3CaO.Al2O3.6H2O 

2. Hydrolysis of tricalcium silicate to liberate free lime. 

3CaO.SiO2 + H2O  Ca(OH)2 + 2CaO.SiO2 

3. Hydration of dicalcium silicate to give a hydrated colloidal gel  



2CaO.SiO2 + xH2O  2CaO.SiO2.xH2O 

4. Partial hydrolysis of tricalcium aluminate to liberate free aluminium hydroxide. 

3CaO.Al2O3 + 6H2O   3Ca(OH)2 + 2Al(OH)3 

5. Hydration of tetracalcium aluminoferrite to give hydrated tricalcium aluminate. 

4CaO.Al2O3.Fe2O3 + 6H2O  3CaO.Al2O3.6H2O + CaO.Fe2O3 

 

Some special types of cements 

 Some special types of cements are as follows: 

1. Ordinary Portland Cement(OPC): It is used for general construction 

purposes. 

2. Portland Pozzolana Cement (PPC): PPC is usually used in hydraulic 

structures, marine structures, construction near the seashore, dam 

construction etc. 

3. Rapid Hardening Cement: Rapid hardening cement is mostly used where 

rapid construction is needed like the construction of pavement. 

4. High Alumina Cement: It is used where concrete structures are subjected 

to high temperatures like workshop, refractory, foundries etc 

5. White Cement: It is usually used in decorative work. 

6. Colored Cement: Colored cement is used for different decorative work. 

7. Hydrophobic Cement: Usually, it is used in the construction of water 

structures such as dams, spillways, or other submerged structures. 

 

 

      

 

 

Glass 

https://civiltoday.com/civil-engineering-materials/cement/250-types-of-cement#opc
https://civiltoday.com/civil-engineering-materials/cement/250-types-of-cement#ppc
https://civiltoday.com/civil-engineering-materials/cement/250-types-of-cement#rhc
https://civiltoday.com/civil-engineering-materials/cement/250-types-of-cement#hac
https://civiltoday.com/civil-engineering-materials/cement/250-types-of-cement#wc
https://civiltoday.com/civil-engineering-materials/cement/250-types-of-cement#cc
https://civiltoday.com/civil-engineering-materials/cement/250-types-of-cement#hc


Definition: The name glass is given to any amorphous and crystalline solid which is produced on 

the solidification of a liquid. It is a mixture of a number of silicates. On heating it gradually 

softens and can be moulded into any desired shape.  

Raw materials: The raw materials required for the preparation of glass are: 

1. Silica 

2. Compounds of alkali metals such as Na2CO3, Na2SO4, NaNO3,K2CO3, KNO3 

3. Compounds of alkaline earth metals such as CaCO3, CaO, BaCO3 

4. Oxides of heavy metals such as PbO, Pb3O4 

5. Calcium phosphate, Ca3(PO4)2 

6. Different colouring materials. 

Manufacture of glass: The approximate composition of ordinary glass is Na2O.CaO.6SiO2. It is 

obtained by fusing sodium carbonate, calcium carbonate and silica together in proper 

proportions. Each constituent is finely powered and then mixed with one another. A small 

amount of ‘scrap glass’ is also added to the mixture. The mixture is then fused by heating in a 

furnace where following reactions take place: 

   Na2CO3 + SiO2 → Na2SiO3 + CO2 

   CaCO3 + SiO2 → CaSiO3 + CO2 

 On continuous heating, the entire amount of carbon dioxide is driven out and clear 

viscous fused mass is obtained which can be moulded to give different shapes of glass.  

 

Bricks 

Classification: Based on the method of manufacturing bricks can be classified into following 

two types: 

1. Unburnt bricks or sun-dried bricks: These are dried with the help of heat received from 

sun after the process of moulding. These bricks can only be used in the construction of 

temporary and cheap structures. Such bricks should not be used at places exposed to 

heavy rains. 

2. Burnt Bricks: These are burnt with the help of fire or in furnace. They are commonly 

used for construction purposes.  

 

 

Preparation of Bricks: The bricks can be prepared using following four steps: 



1. Preparation of brick clay: In this step, the soil is made impurity free and exposed to 

weather for few months. After then, the soil is thoroughly broken up and mixed with 

water. 

2. Moulding of bricks: The raw soil is now moulded into the required shape either through 

hand or machine. 

3. Drying of bricks: The moulded bricks are allowed to air dry for about 10-14 days so as to 

minimize the moisture contents. 

4. Burning of bricks: The bricks are then burnt either under sunlight or under fire/furnace to 

get hard bricks that are used in construction processes. 


