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Hardness of water is of two types

(a) Temporary Hardness (b) Permanent Hardness

Temporary Hardness :- This is due to presence of bicarbonate of calcium and magnesium. Rain water
dissolves a small quantities of CO2 from the atmospher forming a very dilute solution of carbonic acid.
This water attacks Ca and Mg carbonate in any rock

CaCO3 + H2O + CO2 Ca(HCO3)2

Temporary hardness in water is easily removed by boiling, as the bicarbonates decomposes readily and
the insoluble carbonates are precipitated.

Ca(HCO3)2 CaCO3 + H2O + CO2

(Insoluble)

Mg(HCO3)2 MgCO3 + H2O + CO2

(Insoluble)

Temporary hardness can also be removed by clark’s process which involves the addition of slaked lime
Ca(OH)2.

Ca(HCO3)2 + Ca(OH)2 2CaCO3 + 2H2O

(Insoluble)

Permanent Hardness :- Permanent hardness is due to presence of sulphates and chlorides of both
calcium and magnesium. This type of hardness cannot be removed by boiling or by Ca(OH)2.

Substance used to remove the hardness of water are known as water softener. This various water softeners
are

(i) Washing soda :- It removes both the temporary and permanent hardness by converting soluble Ca
and Mg compounds into insoluble Carbonates.

CaCl2 + Na2CO3 CaCO3 + 2NaCl

C aSO4 + Na2CO3 CaCO3 + Na2SO4

      Ca(HCO3)2 + Na2CO3 CaCO3    +     NaHCO3

(Insoluble)    (Insoluble)

(ii) Permutit :- Permutit is technical name given to certain hydrated silicates of aluminium and sodium.or
sodium alumunium orthosilicate or sodium zeolite.

Example :- Na2 Al2 Si2 O8 xH2O.

Na2 Al2 Si2 O8 xH2O + Ca+2   Ca Al2 Si2 O8 xH2O + 2Na⊕⊕⊕⊕⊕

Na2 Al2 Si2 O8 xH2O + Mg+2   Mg Al2 Si2 O8 xH2O + 2Na⊕⊕⊕⊕⊕

These ions can be re-exchanged by treating it with brine (NaCl) solution.

Ca Al2 Si2 O8 xH2O + 2NaCl      Na2 Al2 Si2 O8 xH2O + CaCl2

This method is useful for the removal of both temporary and permanent hardness of water.
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CALGON :- The complex salt of metaphosphoric acid, sodium hexametaphosphate (Na4(PO3)6 is called
Calgon. It is represented as Na2[Na4(PO3)6].

2CaSO4 + Na2[Na4(PO3)6] Na2[Ca2(PO3)6] + Na2SO4

2MgSO4 + Na2[Na4(PO3)6] Na2[Mg2(PO3)6] + Na2SO4

Ion exchange Resins :- Ion exchange resins are the most popular water softener thease days. This resins are
synthetic substance. The cation exchanger consists of granular insoluble organic acid resins having giant molecules
with –SO3H or –COOH groups while the anion exchanges contains giant organic molecules with basic groups
derived from amine. Ion exchange resins removes all soluble mineral from water.

Hard water                 Pure water

H⊕     ⊕     ⊕     ⊕     ⊕     + OH– H2O

Ca+2 + RH2 R2Ca + 2H⊕⊕⊕⊕⊕

The water coming from cation exchanger is acidic due to H⊕⊕⊕⊕⊕ . This water is then passed through another
bed containing anion exchanger. This exchanger removes anion like Cl–, SO4

–2, NO3
– by exchanging with

OH– ions.

Reaction at Cation exchanger

Ca+2 + RH2 R2Ca + 2H⊕⊕⊕⊕⊕

Mg+2 + RH2 R2Mg + 2H⊕⊕⊕⊕⊕

Reaction at Anion exchanger

R.(OH)2 + Cl–   RCl2 +OH–

R.(OH)2 + SO4
–2        RSO4 + OH–.

NOTE:- The extent of hardness is known as degree of hardness defined as the no. of parts by weight of
  CaCo3 present per million parts by weight of water.
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