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WATER AND ITS TREATMENT (PART |) 61

(i) Bicarbonate alkalinity
(1) Carbonate alkalinity
(iii) Hydroxide alkalinity

3.3.1. Determination of Alkalinity
The type and extent of alkalinity of a sample of water can be determined easﬂy by titrimetric
method. The procedure is as follows.

An aliquot of the sample is titrated against a standard acid using phenolphthalein and methyl
orange as indicators. The reactions involved are as follows.

@) OH +H'—— H,0 _]P
(i) co% +H" —— HCO;
(i) HCOj + HY —— Hy0 + CO, .
The volume of the standard acid used upto phenolphthalein end point P marks the
completion of reactions (i) and (ii), whereas the total volume of the standard acid used from the
beginning upto the methyl orange end point M corresponds to the completion of reactions (i), (ii)
and (iii).
From the above, following conclusions may be drawn :

1. When P =0, both OH and COE_ are absent. In such a case, the alkalinity is due to the
presence of bicarbonates only. Thus, alkalinity due to HCO3 =

2. When P=M, the sample consists of only OH ions. Thus, alkalinity due to
OH =P=M.

3. When P = %M, the sample consists of only CO? ions. This is because, the reaction

M

will take place as follows.
CO% +H*—— HCO3] P
HCO3 + HY — Hy0 + COy
Thus, alkalinjty due to CO%™ = 2P = M. *

M)

b=

4. When P > M the sample c?natgg %H’ ions in addition to CO% ions. Obviously
in this case, 0 esa
Aikahmt{éw & @B@ (nt§6
ARISNy due ‘%%91 M 2(M-P)=2P-

5. When P <3 M the sample consists of HCOj3 in addition to Gﬂg ions. Obviously,

Alkalinity due to CO3™ = 2P

Alkalinity due to HCO3=M - 2F.
These conclusions have been summarised in Table 3.2,
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3
5—03"{4

1000
=8x107° gram equivalents of CaCO4

=8x% 107° x 50 x 10° = 4 mg of CaCOj

4 x 1000
100
= 40 ppm Ans,
Hence, total alkalinity of the sample = 320 + 40 = 360 ppm.

0 3.4. WATER FOR INDUSTRIAL USE

Water is a very important engineering material and finds a variety of applications in almost
all the industries. Each industry requires water of a definite specification. In the forthcoming
discussion, we shall study some important aspects related to the industrial use of water.

3.4.1. Quality Criteria of Water for Various Industries

The specifications of water required for some important industries are as follows.

1. Sugar industry : The water used in the manufacture of sugar should be free from dissolved
salts and completely devoid of suspended solids. Hard water causes difficulties in the
crystallisation of sugar from molasses. It also causes the formation of precipitates which
accumulate in the refined sugar. Hence, water containing dissolved salts and suspended solids is
of no use for sugar industry. Moreover, water should be free from pathogenic and saprophytic
INICro-Organisims.

2. Paper and pulp industries : The water used in paper and pulp industries should be free
from iron and manganese salts and suspended matter as they decrease the brightness, affect
colours and interfere with texture and uniformity. Water should also be free from dissolved calcium
and magnesium salts as they increase the ash content of the paper. Suspended silica particles in
water produce cracks in paper. Turbidity, colour, presence of organic matter and dissolved gases
are also not desirable.

3. Textile and dyeing industries : The water used in textile and dyeing industries should
be free from suspended matter, turbidity, colour, iron and manganese salts, dissolved calcium and
magnesium salts and organic matter. Iron and manganese salts produce coloured spots on fabrics,
whereas hard water precipitates basic dyes and decreases the solubility of acidic dyes.

4. Starch industry : The wa ,&ﬁ\iired for starch industry should be as soft and mineral

=8x 107 gram equivalents of HySOy

- Alkalinity due to HCOj per litre of the sample = =40 mg of CaCO3

free as possible. Hard W-'El"} precipitatiun of salts which accumulate in the starch. Iron and
manganese sa]ts colouration to the starch which is not desirable.
5. Al Q’ld ibre industries : Water should be free from turbidity, colour,

, ir0 a@%anganese salts, alkalinity and silica.

6. Alummlum industry : Water used for washing the hydrate in aluminium industry should
be of high quality. Any impurity introduced in the hydrate wash tends to accumulate in NaOH
solution and impair 1ts function.

7. Laundries : The water used in laundries should be as much soft as possible. The dissolved

calcium and magnesium salts in hard water increase the consumption of soap. Water should also
be free from iron and manganese salts which cause stains on the materials being washed. Water

should also not contain high bicarbonate alkalinity.
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(b) Internal treatment : This method involves the addition of chemicals directly to the water
in bojlers to remove the scale forming substances which were not completely removed during
external treatment. Thus, it 1s a corrective treatment to remove the slight residual hardness in

boiler feed water and 1s usually used in power stations.

Some important conditioning methods are as follows :

(i) Carbonate conditioning : In this method, sodium carbonate is added to boiler water which
converts CaSQy into calcium carbonate.

C&S{ll + NﬂzCD‘g — CaCOg + NﬂgSO;;

This prevents the deposition of CaSO4 in the form of scales. Calcium is precipitated as
CaCOj3 which can be removed by blow down operation. However, the technique is useful only for
low pressure boilers because in high pressure boilers, excess of NagCOg may get hydrolysed to
form NaOH which causes caustic embrittlement.

(ii) Phosphate conditioning : Phosphate conditioning is suitable for preventing scale
formation in high pressure boilers. In this technique, sodium phosphate is added to boiler water.

It reacts with the hardness producing substances to form a soft sludge of calcium and magnesium
phosphates. This sludge can easily be removed by blow-down operation.

3CaClg + 2NagP0O,4 — Cas(POy)q + 6NaCl

Instead of sodium phosphate (Na3PO,), disodium hydrogen phosphate (NasHPO4) and sodium
dihydrogen phosphate (NaHgoPO4) may also be used. However, the choice depends upon the
alkalinity of the boiler feed water.

(iii) Calgon conditioning : In this technique, the scale forming salts are converted into soluble
complexes by the addition of calgon (sodium hexametaphosphate).

Sod. hexametaphosphate
(calagon)

2Ca’" + [Nay(PO3)g)?™ — 4Na' + [Cag(PO3)g)*
Soluble complex

The complexes thus formed do not precipitate under boiler conditions. Thus, scale formation
18 prevented.

(iv) Colloidal conditioning : In low pressure boilers, scale formation can be minimised by
adding suitable colloidal conditioning agents such as glue, agaragar, tannin, starch etc. These
substances act as protective colloids and prevent precipitation of scale forming substances. Even
if they settle out, they form non—stit\]g‘@ﬁ- ose deposits which can easily be removed.

(v) Conditioning wit Eﬁaln this technique, the scale forming substances are complexed
with EDTA or i salb{l*@@ EDTA). The addition of EDTA to boiler water provides a

Eca]eér?%q'\ﬂiﬂﬂtﬁpgg&eez;eraﬁnn of boiler units.

3.4.4. Boiler Corrosion
The decay of boiler material by its environment is termed as boiler corrosion.
Factors causing boiler corrosion : The main factors responsible for boiler corrosion are

as follows.

(i) Presence of dissolved oxygen : The presence of dissolved oxygen in water is the main
cause of boiler corrosion. When water containing dissolved oxygen is heated in the boiler, the
dissolved oxygen gets liberated and attacks the boiler material as follows.
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WATER AND ITS TREATMENT (PART I} 69

(iii) By the addition of alkali : Corrosion by acids can be prevented by adding alkalies from
outside.

3.4.5. Priming and Foaming
1. Priming

When water is boiled rapidly in a boiler, the steam formed may sometimes be associated with
small droplets of water. The steam associated with small water droplets is called wet steam. The
process of formation of wet steam is called priming,

Causes of priming : Priming is caused by the presence of large amounts of dissolved solids
such as alkali sulphates and chlorides. It may also be caused by very high water level, high steam
velocity and sudden steam demand which leads to sudden boiling. The improper designing of boiler
is also responsible for priming.

Prevention of priming : Priming can be prevented by

(i) using mechanical steam purifiers;

(i) keeping the water level lower.

(1ii) aveiding rapid changes in steam rate;

(iv) efficient softening and filtration of boiler feed water; and

(v) using a proper boiler design.

2. Foaming

The formation of persistent foam or bubbles in the boiler is called foaming.

Causes of foaming : Foaming is caused by the presence of oil and grease in water. These
substances greatly reduce the surface tension of water in boiler and cause foaming. The presence
of finely divided sludge particles may also cause foaming.

Prevention of foaming : Foaming can be prevented by

(1) removing oil, grease and finely divided sludge particles from the boiler feed water by the
addition of coagulants such as ferrous sulphate, sodium aluminate etc; and

(i) adding antifoaming chemicals such as castor oil.

3.4.6. Caustic Embrittlement

Caustic embrittlement is a particular type of boiler corrosion caused by the use of highly
alkaline water in the boiler. It may be defined as follows.

The formation of irregular intergranular cracks on the boiler metal particularly at points of
high local stress by the use of highly ﬂikaline ter in the boiler is called caustic embrittlement.

Cause of caustic embnttla stic embrittlement is more common when boilers
operate at high pressuresw eed water contains dissolved NagCO4 as impurity. At high

pressures sodl &&s hydrolysis to form sodium hydroxide as shown below.
P(e\, \e ﬁg - HEG ——— 2NaOH + COq

The fnrm&tiun of NaOH makes the boiler water caustic. The caustic water (i.e. water
containing NaOH) flows into the minute hair cracks usually present on the boiler material by
capillary action, Here, water evaporates and the concentration of dissolved NaOH increases
progressively. This highly concentrated NaOH solution attacks the surrounding area by dissolving
the iron of boiler as sodium ferroate. This causes the formation of irregular intergranular cracks
on the boiler metal particularly at places of high local stress such as bends, joints, rivets etc.
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76 ENGINEERING CHEMISTRY

=1.44x 107 gram equivalent of HCI
=144 x 10 gram equivalent of CaCOj

= 1.44 x 107 x 50 grams of CaCO4
(.- Eq. wt. of CaCO45 = 50)
=1.44 x 10™ x 50 x 10° mg of CaCOj

= 72 mg of CaCOj3

72 % 1000
100

720 mg of CaCOg
720 ppm of CaCOj4 Ans.]

*. Hardness (alkalinity) due to HCOj per litre of the sample =

L Ed
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4.3.1. Lime-Soda Process
Lime-Soda process is a very important method used for the softening of water.

[A] Principle

The lime-soda process involves the chemical conversion of all the soluble hardness-causing
salts by the addition of soda and lime into insoluble precipitates which could easily be removed by
settling and filtration.

In this process, water to be softened is treated with calculated amounts of lime [Ca(OH)5) and
soda (NagCOg). For quick completion of reactions, the reagents may be used in 10% excess. The
functions of lime and soda are as follows.

Functions of lime : Lime removes temporary hardness, permanent magnesium hardness.
dissolved iron and aluminium salts, dissolved CO9 and HgS gases and free mineral acids present

in water, The reactions involved are as follows.

(a) Removal of temporary calcium and magnesium hardness :
CE(HCOB)E * CE(OH)E ——-&20&003 l+ 2H20

Mg(HCOg)s + 2Ca(0OH) ——2CaCOy4 L+ Mg(OH)q 4+ 2H-,0
(b) Removal of permanent magnesium hardness :
MgCly + Ca(OH), ——Mg(OH)s L+ CaCly
MgS04 + Ca(OH); ——Mg(OH), | + CaS0,
(¢) Removal of dissolved iron and magnesium salts :
FeSQ4 + Ca(OH); ———Fe(OH), | + CaS0O4

9Fe(OH)s + HoO + % 0y —>2Fe(OH)3 4

| Al,(SQy)3 + 3Ca(OH); ——2A1(0OH); L + 3CaS0y,
(d) Removal of dissolved COy and HsS :
CO4 + Ca(OH)g ——CaCO;3 4 + HyO
HsS + Ca(OH)s ——CaS Sk 2H,0
(e) Removal of free mineral acid :
2HCI1 + Ca(OH); ——CaCls + 2H,0

HoS0y4 + Ca{OH)%L—HEaSO‘; + 2H-50

Functions of soda Dudﬁg@}ﬁ%\%ﬂuval of Mg2+? Feﬂ+, A13+, HCl and HySO, by lime,
S

permanent calcium }E{Qﬁﬁgq L'ﬁ%rnduced in the water due to formation of calcium salts. The
permanent, calcidiihar s(plg introduced on account of the treatment of water with lime and

the W@ t %‘g@hardness already present in water before lime treatment are removed by
soda. The reactions involved are as follows.

CaCly + NagCOgq —— 0&003 4 +2NaCl
CaSO4 + NHECO;_:; St C&CDS 4+ Nﬂ2504
The chemical reactions involved in the lime-soda process are quite slow. Moreover, the
precipitates formed [particularly of CaCO3 and Mg(OH);] are fine and have a tendency to form
supersaturated solutions. This results in after deposition of these precipitates later in the pipes
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Laumontite V7 7
& . 5 Hard — «— Na(Cl

(ii) Synthetic zeolites : These are ... \ Solution
porous and possess a gel structure. They are
usually prepared by heating together china
clay, feldspar and soda ash. Synthetic zeolites
possess higher exchange capacity as compared
to natural zeolites. B g i it I Rl

Sodium zeolites, (Nag0.Al50;3 . —Z-T-I-I-I-T] :::::::::::IE%
x35109 . yH90, where x=2 - 10 and y =2 - 6) e e T, L ) S W Stﬁ
are important synthetic zeolites and are water

commonly known as permutits. They are
widely used for the softening of hard water.
They exchange the hardness producing ions
{Cam, Mg2+ ete.) with Na* ions which do not
cause hardness. Sodium zeolites may
simplistically be represented as NagZ, where
Z stands for the insoluble zeolite radical frame

A—1—50d. zeolite

work. . PR R R R K AR K

The process : The zeolite (permutit) is (- BXRXRXXS FXXXAARA oo
loosely packed over a layer of coarse sand in ¥ SR ATGK KR KR X SD ;,: ;c
a tank as shown in Fig. 4.8. Hard water is Waste %:ﬁizizﬁ:#zﬁzi:ﬁziztzﬁ':ﬁ:** f
allowed to percolate through it. , Lf ///%?/;’E: /

As the hard water percolates through the ‘ F}g. 4.8, :

permutit, the Ca®" and Mg2+ present in hard
water get replaced by the action of sodium zeolite. The various reactions that take place are as
follows.

Ca(HCOj3)q + NagZ ———CaZ + 2NaHCOg

Mg(HCO43)s + NagZ — MgZ + 2NaHCO;
CaSOy + NagZ ——CaZ + NagSO,
MgS0, + NagsZ ——MegZ + NasS0,4

CaCly + Naghc——CaZ + 2NaCl
MabE $NagZ —MgZ + 2NaCl

The sodi sv}ocl)}le?:l@@the above reactions remain dissolved 1n the softened water and

do not y gcﬂ}%Q
P(%egEneﬂﬁ&l of the zeolite : As the process continues, sodium zeolite gets exhausted due
to its econversion into calcium and magnesium zeolites. It takes about 12 hours for the zeolites to
get completely exhausted. Therefore, after a continuous use of 12 hours, it must be regenerated.

The regeneration of the zeolite is done by percolating a 10% brine solution (NaCl solution)
through the exhausted zeolite. This operation converts calcium and magnesium zeolites back into
sodium zeolite as shown below.

CaZ + 2NaCl ——NaZ + CaCly
MgZ + 2NaCl——— NagZ + MgClg
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7.

= = W

11.

12,

Explain the following terms :
(a) Chlorination (b) Super chlorination
(c) Dechlorination (d) Break-point chlorination.

What is break-point chlorination and what are its advantages ?

What do you understand by desalination and how is it carried out ?

What is the principle involved in reverse osmosis process of desalination of water ? Describe
the process and discuss its advantages.

What is electrodialysis and how is it carried out ? Discuss the process, ils advantages and
limitations.

What is mixed bed demineralisation ? Explain the process.

[C] Numerical Problems

1.

3.

4.

3.

6.

or

Srivastava, H.C.. Engin

Calculate the amount of lime and soda required for softening of 15,000 litres of water, which
analysed as follows : Temporary hardness =20 ppm, permanent hardness =15 ppm,
permanent Mg hardness = 10 ppm. [Ans. 330g, 238.5 g]

A water sample on analysis gives the following data : Ca®" = 20 ppm, Mg?" = 25 ppm, CO; =

30 ppm, HCO3 = 150 ppm, K" = 10 ppm. Calculate the lime (87% pure) and soda (91% purec)
required to soften 1 million litres of water sample. [Ans. 218.9 kg, 33.6 kg]
Calculate the quantity of lime and soda required for softening 60,000 litres of water containing :
CO3 =20 mg/L, Ca(HCO3)9 =20 mg/L, Mg(HCO3)o = 25 mg/L, HCI = 8.4 mg/L, Alo(SO4)3 =
40 mg/L: and MgCls = 12 mg/L. [Ans. 6.716 kg, 4.007 kgl
Calculate the cost of softening 100,000 cubic metres of water, with the following analysis :

Total hardness = 20° Clarke

Carbonate hardness = 10° Clarke

Magnesium hardness = 5° Clarke

Rate of 90% pure lime is Rs. 54 per tonne, and that of 90% pure soda is Rs. 190 per tonne.
: [Ans. Rs. 4152.04]

Yamuna canal water on analysis gave the following results : COg =22 ppm, HCOj3

= 305 ppm, Ca®" =80 ppm, Mg2+ = 48 ppm, total solids =500 ppm. Calculate carbonate and
non-carbonate hardness of the water sample. Also calculate the amount of lime and soda that
would be required for softening the above water, if 417 ppm of FeSO4.7TH30 is used as

coagulant. [K.U. Kurukshetra, B.E.L Dec. 1997|
[Ans. 250 ppm, 150 ppm; 629 mg/L, 318 mg/L]

An exhausted zeolite softener was 1\.&¥ated by passing 150 litres of NaCl solution having
a strength of 150 g‘L of @ﬁﬁm ardness of water is 600 ppm, calculate the total volume

of water that 18 E 16suf‘tener [Ans. 3.219 x 10* L)

@g&l@&ﬁ&' g of NaCl = 1.932 x 10’ mg CaCOg eq. If the volume of water
sa{e%ed is Vi we have

1.932 x 107
X 29 =600
T
y=1982x10 591910t

600
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