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Ca®" + Na,C0O; — CaCO, +2Na*

]'-ﬂg_.z" + Ca(OH)y — Mg (OH), + Ca*

PHCOS + Ca(OH); — CaCOj + H,O + CO5

Ca** + Na,C0,; —— CaCO,+ 2Na’

Ca(HCOy); + Ca(OH), —— 2CaC0; +2H,0
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Motes ¢ (1) If Ca(FRC Oy, and MWE(HC05), are considered as ions [Cﬁ:-' + 2HCO:) and
(Mg + 20O, }respectively, then caleulation resules will be same,

(2] Bquivalent weight of NaalOs is equal to ik molar mass.

[(3) 1 treated water contains OH  and Cﬂf' ioms, then these are formed from exoess o
pach of CalOH)Y, plus Na, OOy and WaUO0y respectively. 5o these excess amounts should De
acdded to the calculations.

(4) When the impurities are piven as CaC0s and for MgCO,, these should be considered
due tn bicarbonates quI calcium and /or magnesnam respechively

(5} Substances like MNaCl, KO, Na.50,, 5iCy, PeO,, ete, do noet impart any hardness and,
therefore, these do not congume any lime or soda. Thess shouald ot be taken inbo consideration
for calculating the lime and soda 1':::11uire:rner1m.

Now 100 parts by mass of CaC(); are equivalent to (i) 74 parts of
CalOH},, and (if} 106 parts of NayCO-,
1.ime reqmremeni for softening
Temp Ca™ + 2 % Temp. Mg~ + Perm. (Mg*" + Fe*' + il“}
+ OO+ H (HCl or H,50,) + HCO, ~ NaAlO,
Lﬂ]l in ferms of Cal’l; eq

74

TiMD

. Soda requirement for softening

_ 106 | Perm. (Ca™ + Mg + AP + Fe') + H' (HCl or H,S0,) - HCO;
100 | all in terms of CaCo, eg



(i) Cold lime-soda process ; In this method, calculaled quantity of chemical
(lime and soda) are mixed with water at room temperature. Al room temperature,
the precipitates formed are finely divided, so they do not settle down easily and
cannot be filtered easily. Consequently, it is essential to add small amounts of
coagulants {like alum, aluminium sulphate, sodium aluminate, etc.), which
hydrolyse to flocculent, gelatinous precipitate of aluminium hydroxide, and en-
traps the fine precipilates. Use of sodium aluminate as coagulant also helps the
removal of silica as well as oil, if present i water. Cold L-5 process provides water,
containing a residual hardness of 5{) to 60 ppm.

NaAld, + 2H.0 — s NaOH + AlOH, |

o, aluminatbe

ALISOL), + 3Ca(HCO;), —— 2ANOH), 4 +3Cas0, - 6C0O, T

Coagru lant] " Calb bicarhonate
(Hartlrss=z: in walerh

Method : Raw water and calculated quantities of chemicals {lime + soda +
coagulant) are fed from the top into the inner vertical circular chamber, fitted with
a vertical rotating shaft carrving a number of paddles. As the raw water and
chemicals flow down, there is a vigorous stirring and continuous mixing, whereby
softening of water takes place. As the softened water comes into the outer co-axial
chamber, it rises upwards, The heavy sludge {or precipitated Hoc) settles down in
the outer chamber by the time the softened water reaches up. The softened water



complete remowval of sludge. Filtered soft water finally flows out continuously
through the outlet at the top (see Fig. ) Sludge settling at the bottom of the outer
chamber is drawn off cccasionally.

Mator Driving
oF e “\.5*"_’! belt
EFTECa Faw waler
(soda + jime + coagulant) e e
taad inlal '—'r'l H““ feed inlet
- Filtared
resd waler
Wood-fibre = iﬁﬂnit 5
Tinesr g B .
e e Datar chamber
Stirver ST
paddias H-H""‘;‘"i_ 7 2 | Inner chambes i
| . Continuous cold lime-soda
Gy g softanar.
, +

2 Sedimented
sledge
[CaCOs Mg{CH:]

{iiy Hot lime-soda precess involves in treating water with softening chem-
icals at a temperature of 80 te 150° C . Since hot process is operated at a tempera-
ture close to the boiling point of the solution, so : (a) the reaction proceeds faster
: (B the softening capacity of hot process is increased to many fold ; () the
precipitate and sludge formed settle down rapidly and hence, no coagulants are
needed : (). much oi the dissolved gases (such as CO; and air) driven out of the
water : () viscosity of softened water is lower, so filtration of water becomes much
easier. This in-turn increases the filtering capacity of filters, and (f} hot lime-soda
process produces water of comparatively lower residual hardness of 15 to 30 ppm.



(i7) Hot lime-soda process involves in treating water with softening chem-
icals at a temperature of 80 fo 150° C . Since hot process is operated at a tempera-
ture close to the beiling point of the solution, so : (#) the reaction proceeds faster
; (b) the softening capacity of hot process is increased to many fold ; (c) the
precipitate and sludge formed settle down rapidly and hence, no coagulants are
needed ; (d) much of the dissolved gases (such as CO; and air) driven out of the

water ; (g) viscosity of softened water is lower, so filtration of water becomes much
easier. This in-turn increases the filtering capacity of filters, and {f} hot lime-soda
process produces water of comparatively lower residual hardness of 15 to 30 ppm.

Hot lime-soda plant consists essentially (see Fig. ) of three parts: (a) a
‘reaction tank’ in which raw water, chemicals and steam are thoroughly mixed ;
(b) a “conical sedimentation vessel” in which sludge settles down, and (¢) a “sand
filter"” which ensures complete removal of sludge from the softened water.

Advantages of L.S. process: (1) It is very economical. (i) If this process is combined
with sedimentation with coagulation, lesser amounts of coagulants shall be needed.
(iii} The process increases the pH value of the treated-water, thereby corrosion of
the distribution pipes is reduced. (it} RBesides the remowal of hardness, the quantity of
minerals in the water are reduced. (r) To certain extent, iron and manganese are also
remoaved from the water. (vf) Due to alkaline nature of treated-water, amount of pathogenic
bacterias in water is considerably reduced. '

Disadvantage of L-5 process : (i) For efficient and economical softening, careful
operation and skilled supervision m vequired. (i} Disposal of large amounts of sludge
(insoluble precipitate) poses a problem. However, the sludge may be disposed offin raising
low-lying areas of the city. (i} This can remove hardness only upto 15 ppm, which is not
goeod for boilers.
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(2) Zeolite or permutit process : Chemical structure of sodium zeolite may
be represented as: Na;0.ALO;. x Si0,. v, H;O where x=2 - 10 and ¥y =2 — 6.. Zeo-
lite is hydrated sodium alumino silicate, capable of exchanging reversibly its
sodium ions for hardness-producing ions in water. Zeolites are also known as
permutits. Zeolites are of two types : (i) Natural zeolites are non-porous. For
example, natrolite, Na,O.ALO,.45i0,.2H,0. (i) Synthetic zeolites are porous and

possess gel structure. They are prepared by heating together china clay, faldspar

and soda ash. Such zeolites possess higher exchange capacity per unit weight than
natural zeolites. aE

Process : For softening of water by zeolite process, hard water is percolated
‘at a specified rate through a bed of zeolite, kept in a cylinder (see Fig. ). The

Hard water in _.P—'_._H__ﬂ

e i

SC aC—ar

__..----.-'-T-_..P-THT

- Zeolite ‘_}-b
"Tf -::'_‘_-1;—_-.;_ E . Zealita softenar.
Gravelsl =5
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hardness-causing ions (Ca™, Mg™, etc.) are retained by the zeolite as CaZe and
MgZe ; while the outgoing water contains sodium salts. Reactions taking place
during the softening process are

NasZe + Ca(HCO,), ——— CaZe + 2NaHCO,
NaZe + Mg(HCO,), ——— MgZe + 2NaHCO,
Na,Ze + CaCl, (or CaS50,) ——— CaZe + 2NaCl {or Na,50,)
NayZe + MgCl, (or MgS0,) —— MgZe + 2NaCl (or Na.503,)
(Lol ite) [Hardness)
Regeneration : After some time, the zeolite is completely converted into
calcium and magnesium zeolites and it ceases to soften water, i.e., it gets ex-
hausted. At this stage, the supply of hard water is stopped and the exhausted

zeolite is reclaimed by treating the bed with a concentrated (10%) brine (NaCl)
solution.

CaZe (or MgZe) + 2NaCl —— Na,Ze + CaCl, (or MgClL,)
(Exhausted zeplite) (Brine) (Reclaimed (Washings)
zeolite)

The washings (containing CaCl2 and MgCl2) are led to drain and the re gen-
erated zeolite bed thus-obtained is used again for softening purpose.



Lintitations of zeolite process : (1) If the supply of water is turbid, the suspended
matter must be removed (by coagulation, filtration, ete.), before the water is admitted to the
zeolite bed | otherwise the turbidity will clog the pores of zeolite bed, thereby making it
inactive.

(2) If water contains large quantities of eoloured ions such as Mn®* and Fe?, they
must be removed first, because these ions produce maganese and iron zeolites, which
cannot be easily regenerated.

(3) Mineral acids, if present in water, destroy the zeolite bed and, therefore, they
must be neatralised with soda, before admitting the water to the zeolite softening plant:

Advantages of zeolite process : (1) It removes the hardness almost completely and
water of about 10 ppm hardness is produced. (2) The equipment used is compact, occupying
2 small space, (3) No impurities are precipitated, so there is no danger of sludge formation
in the treated-water at a later stage. {4) The process automatically adjusts itself for variation
in hardness of incoming water. (3) It is quite ¢lean. (&) It requires less time for softening.
(7} 1t requires less skill for maintenance as well as aperation.

- Disadvantages of zeolite process : (1) The treated-water contains more sodium salts

- 2 + . -

than in lime-soda process. (2) The method only replaces Ca** and Mgz ions by Na™ ions,
but leaves all the acidic ions (like HCO; and €O as such in the softened water. When
such softened water (containing NaHCO,, Na Uy ete.) is used in boilérs for steam
seneration, sodium bicarbonate decomposes producing €O, which causes corrosion :
and sodium carbonate hydrolysies to sodivm hydroxide, which causes caustic embrit-
Hlement. (3} High turbidity water cannat be treated efficiently by this method, because
fine impurities get deposited on the zeolite bed, thereby creating problem for its

1A B b ooy T



- Comparison of pernmdit process with me-soda Process,

- —

|

Permitetit e o i

Lirvie-soda mactlod

.

10k,

11,

Water of 10-15 ppm residual hardness is
abtained.

Treated-water contains larger amount of
sodium salks than in original raw swaker.

Cost of plant and material is higher.
Operation expenses are lower.

It cannot be used for treating acidic
water, boecause the permutit material
undergoes disintegration.

The plant occupies less space.

The raw swvater to be softened must be froe
Frovm suspended matter | othernwise the

Pores of permutit material are blocked
and the bed loses its exchange capacity.

Plant occupies more space.

It can operate under pressure and can be
made fully automatic. |

It involves no problem of settling, co-
agulation, filtration and removal of the
sludges and precipitates.

Control test comprises only in checking

the hardness of treated-water.

Treated-water contains more dissolved
s=0lids.

Water of, generally, 15-50 ppm hard ness
is obtained.

Treated-water contains lesser amount of
sodiurm salks.

Capital cost is lower.
Crperation expenses are higher.

There are no such Hmitations. |

There are no such limitatiors,

It cannot operate under Dressure. [

It involves difficulty in settling, co-
agulation, filteration and remaowval of
precipitates,

| of incoming water, frequent contral and
adjustment of reagents is needed.

Treated-water contains lesser amount of
dissolved solids.

In order to meet the changing hardness |




(3) lon exchange or de-ionization or de-mineralization process : lon-cx-
change resing are insoluble, cross-linked, long chain organic polymiers with a microporos
structure, and the “functional groups” attached to the chains are responsible for Hhe
lal-exchanging — properties,  Resing containing  acidic  functional groups
(-COOH, =50.H, etc.) are capable of exchanging their H' ions with other cations,
which comes in their contact; whereas those containing basic functional groups
(=NH, =NH as hydrochloride) are capable of exchanging their anions with other
amions, which comes in their contact. The jon-exchange resing may be classified
2 :

(1) Cation exchange resins (RH') are mainly styreme-divinyl benzene copoly-
nmers, which on sulphonation or carboxylation, become capable to exchange th
hydrogen ions with the cations in the water,



,..—EI—IE{I—I—CH —CH—CH —~CH—~CH ...

m:]g. H | SO3H

. -CI—II—--{_‘,I—I—-——{“I—IE %

e, —:;::[—I CH—JE_HE
SOa HT SO H+

Acidic or cation aexchangse resin (sulphonate form).

(if) Anion exchange resins (R'OH ") are styrene-divinyl benzenz or amine-formi-
aldehyde copolymers, which contain amino or guaternary mmmonium ot quaternary phos-
phoniunz or tertiary sulphonium groups as an integral part of the resin matrix. These,
after treatment with dil. NaOH solution, become capable to exchange their OH™
anions with anions in water,



e CH—CH ——— CH,
: i |
O O ©

| .
CH MNMe; O ™ ‘ CHINMo, OOH

CH—CH,—CH—CH.—....

CH, CH CH,
] |
e CH —CF CH-—CH,—....
l |
|
CH_ NMe; OH - CHINMe OF

= Basic or anion exchange resin {hydroxide form].

Process : The hard water is passed first through cation exchange column,
which removes all the cations like C ul*.Mng’, etc from it, and equivalent amount
of H ions are released from this column to water. Thus :

2RH' + Ca®t ———3 R,Ca® + JH'
2RH* + Mg™" -~ R Mg* + 21T

After cation exchange column, the hard water is passed through anion
exchange column, which removes all the anions like SO;, Cl17, etc. present in the



water and Equiwﬂcnl: amount of OH ™ ions are released from this column to water,
Thus ;

ROH +Cl° —— RF'Cl1 +OH
JR'OH ™ + 507 —— R,50{ +20H"
ROH ™+ COF —— RHE08 +20H"
H" and OH ions (released from cation exchange and anion exchange col-
umns respectively] gel combi- 4 to produce water molecule.
B OH® 1 D

Thus, the water coming out from the exchanger is free from cations as well
as anions. Ion-free water, is known as delonized or deminerahised water.

Regeneration ; When capacities of cation and anion exchangers to exchange
H' and OH ~ ions respectively are lost, they are then said lo be exhausted.

The exhausted cution exchange column is regenerated by passing a solution of
dil. HC or dil. H2S04, The regeneration can be represented as -

- E -4 - r 1
F..Ca P} & R | ) & i alT) (washing)

The column is washed with deionised water and washing (which contains

Ca®™, Mg®', elc. and €17 or 504 ions) is passed to sink or drain,

The exhausted anien exchunge colummn is regenerated by passing a solution of
dil. WaOH. The regeneration can be represented as

R,502 +20H™ ——— ZR'OH ™ +50; {washing)
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The column is washed with deionised watef and washing {which contains
Nat and 503 or C1° jons) is l_i_':-ﬂi-':.'-‘:&‘.l'_i to sink or drain.
The regenerated ion exchange resins are then used again.
Advantages : (1) The process can be used to soften highly acidic or allaline waters
2) It produces water of very low hardness (say 2 ppm). So it is very good for i'i‘[!'ﬂ.ﬁ]"lj-_‘[ water
fur use in lugh-pressure boilers.

Disadvantages : (1) The equipment is costly and more expensive chemicals are
needed. (2) If water contains turbidity, then the output of the process is reduced. The
turbidity must be below 10 ppm. If it is more, it has to be removed first by coagulation and

filtration.



high, about 2 years. (¢) The membrane can be.replaced within a few minutes, thereby
providing nearly uninterrupted water supply. () Due to low capital cost;, simplicity, losw
operating cost and high reliablility, the reverse osmuosis is gaining ground at present for

converting sea water into drinking water and for obtaining water for very high-pressure
bonlers.

ESTIMATION OF HARDNESS OF WATER

EDTA method : This is a complexometric method. Ethylene diamine tetraacetic
acid (EDTA).

HO.OC.CH, CH,.CO.OH
> N-CH~CH-N
HO.OC.CH, CH,.CO.OH

in the form of its sodium salt yields the anion ;

“0.0OC.CH, CH,.CO.O™

> N.CH, CH, N -
“0.0OC.CH, CH,.CO.O™

which forms complex ions with Ca® and Mg™".

Thus :
Oy = C—) O =0

T i

H,C—IN MN—CH,, or 1% '

| |

OOC . CH, CH,.OC.O




where M = Ca or Mg. It may be pointed the EDTA is employed as its disodium salt,

NaQ.0OCCH, CH,0.ONa
5 H-CHE.CHE.H;': (or Na,H,Y)
HO.OCCH, CH,0.0H
(Mol wt. = 37224 ;.  Eq. wit. = 186.14), ie,, M s0ln. = 2 N so0ln.)

In order to determine the equivalence pﬂir!-.f (i.e., just completion of metal-
EDTA complex formation), indicator eriochrome black-T or EBT (an alcoholic
solution of blue dye) is employed, which form wunstable wine-red complex with

Cu* and Mg”" ions. However, this indicator is effective at a pH of about 10. When
EBT is addea to hard water buffered to a pH of about 10 (by employing
NH,OH-NH,CI buffer), a wine-red unstable complex is formed. Thus :

FH = 10
M* + EBT — [M-EBT] complex
(Ca* or Mg of hard water) Wine-red

So initially a wine-red coloured is obtained. During the course of titration

against EDTA solution, EDTA combines with M>* (or Ca™ or Mz*") ions from stable
complex, M-EDTA and releasing free EBT, which instantaneously combines with

M ions still present in the solution, thereby wine-red colour is retained. Thus :
- Titration

[M—EBT] complex + EDTA — [M-EDTA] complex + EBT
Wine-red (Blue)
M + EBT —s [M—EBT] complex
(Ca’* or I'-.-‘Ig2+ still present) (Blue) Wine-red




However, when nearly all M I:{:E:tE+ or Mgz*] ions have formed [M-EDTA]
complex, then next drop of EDTA added displaces the EBT indicator form [M-EBT]
complex and the wine-red colour changes to biue colour (due to EBT). Thus, at
equivalence point,

[M=EBT] complex + EDTA —— [M-EDTA] complex + EBT (blue)

Thus, change of wine-red colour to distinct blue marks the end-point of titration,

Standardization of EDTA solution : Rinse and fill the burette with EDTA
solution. Pipette out 50 mL of standard hard water in a conical flask. Add 10-15
mL of buffer solution and 4 to 5 drops indicator. Titrate with EDTA solution, till
wine-red colour changes to clear blue. Let volume used by Vy mL.

Titration of unknown hard water : Titrate 50 mL of water sample just in step
(5). Let volume used be V., mlL.

Titration of permanent hardness : Take 250 mL of the water sample in a large
beaker. Boil it, till the volume is reduced to about 50 mL [when all the bicarbonates
are decomposed to insoluble CaCO; + Mg(OH),]. Filter, wash the precipitate with

distilled water, collecting filtrate and washings in a 250 mL measuring flask.
Finally make up the volume to 250 mL with distilled water. Then, titrate 50 mL of
boiled water sample just as in step (5). Let volume used by V; ml.

Calculations : 50 mL of standard hard water
=V, mL of EDTA
50 x 1 mg of CaCO, =V, mL of EDTA
1 mL of EDTA = 50/V,; mg of CaCO, eq -



Now 50 mL of given hard water . = ¥; mL of EDTA
Vv, x50
=S TAE of CaCO; eq
1

1 L {1,000 mL) of given hard water

Total hardness of water = 1,000 V5~ V, mg L
=| 1,000 VoV, ppm «-(£)
Mow 50 mL of boiled water = V. mLof EDTA .
V4= 50
= IR of CaCO, eq
1
1,000 mL (= 1 L) of boiled water = 1,000 V.-V, mg of CaCO; eq
Permanent hardness = 1,000 V-V, ppm ()
and temporary hardness = [Total — Permanent] hardness

1000 Vs v_{J
=1, e M.
v, "V, PP

1,000 (V, = V3)
v P
1

pm (i)

Advantages of EDTA method : This method is definitely preferable to the other
methods, because of the : (i) greater accuracy ; (if) convenience, and, (iii) more rapid
procedure.



