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Temporary hardness is caused by calcium and/or magnesium hydrogen

carbonate. These are formed as carbonated rain water passes over rocks

containing carbonate ions, for example

H2O(l) + CO2(g) + CaCO3(s) Ca(HCO3)2(aq)

H2O(l) + CO2(g) + MgCO3(s) Mg(HCO3)2(aq)

Temporary hardness can be removed simply by boiling the water.

Permanent hardness is caused by calcium and/or magnesium sulphate.

These are formed as water passes over rocks containing sulphate ions, for

example

aq. + CaSO4(s) Ca2+(aq) + SO42-(aq)

aq. + MgSO4(s) Mg2+(aq) + SO42-(aq)

Permanent hardness cannot be removed by boiling but can often be

removed by chemical treatment (see later).

Water and its impurities
Waters are classified according to hardness grades as follows.

(mg/L) CaCO3 Degree of Hardness

0-75 Soft

75-150 Middle

150-300 Hard

300 and over Very hard



The aim of softening:

Hard water can cause various problems. The problems created by hard waters are as follows;

- They cause excessive soap consumption.

- They cause to skin irritation.

- They cause lime accumulation in boilers, hot water pipes and heaters.

- They cause discoloration in porcelain. Especially in homes, the white color of the sinks and

bathtubs are discolored.

- They reduce the life of fabrics and cause them to wear out.

- They cause problems in canned food industry.



Specifications of process water

Minimum standard Permissible standard

Color Colorless

Smell Odorless

pH value 7-8

Water hardness <5OdH

Dissolved solids <1mg/L

Solid deposits < 50 mg/L

Inorganic salt < 500 mg/L

Organic substance <20 mg/L

Iron (Fe) <0.1 mg/L

Copper (Cu) <0.005 mg/L

Mn < 0.05mg/L

Nitrate < 50 mg/L

Nitrite <5mg/L



Quality of water used in industrial boiler

Properties Acceptable limits

Appearance Clear, without residue.

Residual hardness <0.050 dh

Oxygen <0.02 mg/L

Temporary CO2 0 mg/L

Permanent CO2  <25 mg/L

Iron (Fe) <0.05 mg/L

Copper(Cu) <0.01 mg/L

Phosphate(PO4) 4-5 mg/L

PH(at 25OC) 9 (generally 8-9)

Conductivity 2500us/cm

Temp of boiler feed water  

900C

90OC



Method to soften hard water

Soda lime process: In this process, hydrated lime & Sodium Carbonate are added to 

precipitate calcium & Magnesium ions as compounds of low solubility.

Hardness removal (chemical softening) is a process that removes all or part of the hardness by

adding various chemical substances into the water. The processes used for water softening are

chemical sedimentation and ion exchange methods. Chemical sedimentation can be carried out

in 3 ways.

1-Lime-soda process

2-Caustic-soda process

3-Sodium phosphate process

Permanent Hardness



Lime soda process: In lime-soda process, hard water is treated with lime (CaO or Ca 

(OH)2) firstly, after that with soda. In this process, the hardness is removed by 

sedimentation as calcium carbonate or magnesium hydroxide. Lime is added either as 

calcium hydroxide or calcium oxide, and soda is added as sodium carbonate. The 

substances form hardness in water and the reactions of lime and soda can be written as 

follows.



Coagulation and Flocculation:
In water treatment, coagulation flocculation involves the addition of compounds that

promote the clumping of fines into larger floc so that they can be more easily

separated from the water. Coagulation is a chemical process that involves

neutralization of charge whereas flocculation is a physical process and does not

involve neutralization of charge. The coagulation-flocculation process can be used as

a preliminary or intermediary step between other water or wastewater

treatment processes like filtration and sedimentation. Iron and aluminium salts are the

most widely used coagulants but salts of other metals such

as titanium and zirconium have been found to be highly effective as well.

https://en.wikipedia.org/wiki/Flocculation
https://en.wikipedia.org/wiki/Flocculation
https://en.wikipedia.org/wiki/Wastewater_treatment
https://en.wikipedia.org/wiki/Filtration
https://en.wikipedia.org/wiki/Sedimentation
https://en.wikipedia.org/wiki/Flocculation
https://en.wikipedia.org/wiki/Titanium
https://en.wikipedia.org/wiki/Zirconium
























Drinking Water Purification Process in Filter
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