
REMOVAL OF

TEMPORARY HARDNESS

l It can be achieved by
following methods

1. By boiling : The soluble
bicarbonates are converted
into insoluble carbonates.

2. By Clark’s process : By add
ing lime water or milk of lime

REMOVAL OF

PERMANENT HARDNESS

1. By adding washing soda :

The calcium or magnesium
salts are precipitated as
carbonates

2 By adding Caustic Soda :

The temporary and perma-
nent hardness can be remo -
ved by adding caustic soda

3. By adding Sodium phos-

phate (Na3PO4): The
phosphates of calcium and
magnesium are precipitated

4. Calgon process : Calgon is
sodium hexa metaphosphate.
The water is passed through
the bed of calgon the Ca2+

and Mg2+ form soluble
complex

5. Permutit process : Permutit
is hydrated Sodium alum-
inium silicate Na2 Al2 Si2
O8.xH2O. It exchanges its
sodium ions for divalent ions

such as  Ca2+ and Mg2+.

It is most efficient method to get
water with zero degree
hardness.

6.By synthetic resins : They are
of two types :

a. Cation exchange resins : 

These are giant molecules
containing sulphonic acid
group (–SO3H). It is first
changed into sodium salt and
has the general formula R-na+

The hard water is passed
through it when Ca2+ and
Mg2+ are exchanged and
removed.

b. Anion exchange resins:

These are also giant
molecules and can exchange
anions. They contain an
amino group.

l Anion exchange resin       Exh
-austed anion exchange resin.

l The water is first passed
through cation resins and
then through anion resins and
pure distilled water is
obtained.

DEGREE OF HARDNESS

l The hardness of water is
expressed in terms of ppm of
calcium carbonates.

l 1CaCO3 ≡ 1MgCl2 ≡
1MgSO4 ≡ 1CaCl2 ≡

1CaSO4
l 100 ppm 95 ppm    120 ppm

111ppm    136 ppm
HYDRATES

l The substances (salts)
containing water molecules
are called hydrates. These are
of three types:

1. Cationic hydrates : When
water molecules are held by
cations by coordinate bonds,
the hydrates are known as
Cationic hydrates. 
eg. : MgCl2.6H2O, 
CaCl2.6H2O, etc.

2. Anionic hydrates : In this
case the water molecules are
held by anions as well as
cations by coordinate bonds.
eg. : MgSO4.7H2O, CuSO4.
5H2O.

3. Lattice hydrates : The water
molecules occupy the lattice
sites e.g. : Na2CO3.10H2O,
K2SO4. Al2(SO4)3. 24H2O.
On heating the water mole-
cules are lost and substances
change to powder form.

HEAVY

WATER/DEUTERIUM

OXIDE (D2O)

l It was discovered by Urey,
who showed that ordinary
water contains one part of hea
-vy water in 6,000 parts of it.

PREPARATION

l It is prepared by exhaustive
electrolysis of water conta-
ining alkali with nickel
electrodes. About 20 litres of
ordinary water gives 0.5 ml
of heavy water.

PROPERTIES

l Heavy water is a colourless,
odourless, tasteless mobile
liquid. Its physical properties
in comparison to ordinary
water are as follows: 

Physical constants : D2O H2O

l Melting point  276.8K 273K
l Boiling point  374.4K 373K
l Sp. gravity at 20ºC 1.106

0.998
l Temperature of max. density

284.6K 277K
l Specific heat at 20ºC 1.018

1.000
l Viscosity at 293 K  

14.2  10.87
l Surface tension  67.8  72.8
l Latent heat of vaporisation

2330 kJkg–1 2255 kJkg–1

l Dielectric Constant  82  80.5
l Solubility of NaCl at 20ºC

30.5% 35.9%

l Refractive index  1.328 1.33
CHEMICAL PROPERTIES

BIOLOGICAL AND

PHYSIOLOGICAL

EFFECTS

l It does not support life, and is
injurious to living organism.
It checks the growth of plants
and animals.

USES

l As a tracer compound
l For production of heavy

hydrogen.
l As moderator in nuclear

reactors.
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