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W a te r  T e c h n o lo g y , 

'

12
.  
1 IN TR O D U CT IO N

W a te r is  th e  m o s t im p o r ta n t c o m p o u n d fo r th e  e x is te n c e  o f h u m a n  b e in g s
, 

a n im a ls a n d

p la n ts A b o u t 80 %  o f th e  e a r th
'

s  s u rfa c e  is o c c u p ie d b y w a te r T h e  m a in  s o u rc e s  o f w a te r

a re

(i) r a in
,

O i) riv e r s a n d la k e s (s u rfa c e  w a te r),

(iii) w e lls a n d  sp rin g s  (u n d e rg r o u n d  w a te r),

(iv ) s e a  w a te r

A m o n g  th e  a b o v e  s o u r c e s o f w a te r
, 

r a in  w a te r is th e  p u r e s t fo r m  o f w a te r  b u t it is

v e ry  d iffic u lt to  c o lle c t w h e r e a s s e a  w a te r is th e  m o s t im p u r e  fo rm S o
, 

s u rfa c e  a n d

u n d e r g r o u n d  w a te r  a r e  n o rm a lly  u s e d fo r  d o m e s tic  a n d  in d u s tria l p u rp o s e s S u c h  w a te r  m u s t

b e  fr e e  fr o m  u n d e s ir a b le  im p u ritie s T h e  p r o c e s s  o f r e m o v in g a ll ty p e s  o f im p u r itie s  fr o m

w a te r  a n d  m a k in g  it fit fo r  d o m e s tic  o r  in d u s tr ia l p u r p o s e s  is  c a lıe d  w a te r  te c h n o ıo g y

(o r ) w a te r  tr e a tm e n t  B e fo r e  tre a tin g  th e  w a te r
, 

w e  sh o u ld  k n o w  th e  n a tu r e  a s  w e ll a s  th e

o u n t o f im p u ritie s

1 2 .  2  H A R D  W A T ER  A N D  SO ¢T W A TER  1
1 $ř ł ( Y  ţ ş

1
.  

H a rd w ıııe r

W a te r
,  

w fıic h  d o e s  n o t p r o d u c e  ta ille r  w illl s o a p  s o lu tio n
,  

b u t p r o d u c e s  w fzite

p r e c ip ita te  (s c u m ) is c a lıe d  h a r d  w a te r

T h is  is  d ū e  to  th e  p r e s e n c e  o f d issáJv e d C a  a n d M g  s a lts

Ľr

2 So ir w o te ť  ł
'

1

W a te f]  
w h ic h  p r o d ıłc e s  \ 蓼 r ¢a d iĮy w ith  s o a p  s o ılłtio łı is " ııe d  s o fit w a te r

LT .

T h is  d u e   QĽó e  a b s e n c e  o f c a  a n d  M g  s a lts
ıy

: 
\ ııA ĖıIIıEss o r w I T ER

Ţ w f\ic h  d o e s  n o t p r u d u c ė la u te r

2 C r7
H

3 5
C 0 0 N a  +  C a  

+  +
(C r7H 3 5

C 0 0 ) 2  C a  +  2 N a  
+
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(i) W h e n  th e  w a te r  is  tre a te d  w ith  s o a p s o lu tio n
, 

if it p r e v e n ts  la th e rin g a n d  fo r m s

w h ite  s c u m
, 

th e  w a te r  c o n ta in s h a rd n e s s

2 C
r7
H

3 5
C 0 0 N a  +  C a c 1

2 (C 17
liļ35C 0 0 ) 2 C a  +  2 N a C 1

s o a p  h a rd n e s s  h a rd s o a p

c a u s in g

ł 
s u b sta n c e

Ĺ (ii) W a te r  c o n ta in in g h a rd n e s s
, giv e s w in e  re d c o lo u r  w ith  E rio c h ro m e  B la c k T

: F  in dic a to r  a t p H  9 10

1 12 3 1 T y p e s  o f h a rd n e s s

D e p e n d in g u p o n  th e  ty p e s  o f d is s o lv e d s a lts p r e s e n t in  w a te r
, 
h a rd n e s s  o f w a te r  c a n

b e  c la s s ifie d  in to  tw o  ty p e s

1 T e m p o r a r y h a rd n e s s

2 P e rm a n e n t h a rd n e s s

1 Te m po ro ry ho rdn e s s «o r» (g rbo n o te  ho rdn e s s « (H ) «dr) Aıkoıin e  hū rdn e s s

T h is  is  d u e  to  th e  p r e s e n c e  o f b ic a rb o n a te s  o f c a lc iu m  a n d  m a g n e siu m It c a n  b e j

rema.Ve b y (i) b o ilin g th e wter gi) a d din g lim e  to  th e  w a te r

T h e  a b o v e  tw o  p ro c e s s e s c o n v e rt th e  b ic a rb o n a te s  in to  in s o lu b le  c a rb o n a te s  a n d

h y d r o x id e s
, 

w h ic h  c a n  b e  r e m o v e d b y filte rin g

C a  (H C 0
3) 2 » C a C 0  

3 
ł +  H 2

0  +  C 0
2

M g  (H C 0
3) 2  +  2 C a  (O H ) 2 » M g (O H ) 2l +  2 C a C 0

3 
ł +  2H 2 0

(lim e)

2 P e rm a n e n t ho rdııe s s «o r) N o n co rboııołe  ho rdn e s s «N  (H) (o r» N o n a lka lin e  ho rdn e ss

T h is is d u e  to  th e  p re s e n c e  o f c h lo ń d e s a n d su lph a te s  o f c a lc iu m  a n d  m a g n e siu m It c a n n o t

b e  re m o v e d by b o ilin g  th e  w a te r B u t
, 
it c a n  b e  re m o v e d  b y (i) L im æ s o d a  p r o c e s s  Oi) Z e o lite

p ro c e s s

C a c 1
2 +  N a z

c 0
3 » C a c 0 3 

ł +  2 N a C 1

(s o d a) +
¢

C a s 0 4  +  N a z
z e  C a z e  +  N a 2

S 0  
4

(s o d z e o lite ) 犹 ン
'

刀
T a la t fıa rd n e s s  v

T h e  s u m  o f te m p o r a ry  h a rd n e s s  a n d p e rm a n e n t h a rd n e s s

12 3 }2  E x p re s s io n  o f h a rd n e s s  in te rm s  o f e q u iv a le n ts  o f C a C O a

t h e  c o n c e n tr a tio n  o f h a rd n e s s  p ro d u c in g s a lts  a r e  u s u a lly  e x p r e s śe d  in te r m s o f a n

e q u iv a le n t a m o u n t o f C a c 0
3 C a C 0  

3 
is  c h o s e n  a s a  s ta n d ar d  b e c a u s e

,

劈
罾
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(i) lts  m o le c u lm  w e ig h t (10 0) a n d e q u iv a le n t w e ig h t (5 0) is  a  w h o le  n u m b e r
,  

s o

th e  c a lc u la tio n s  in  w a te r  a n a ly s is c a n  b e  sim p lifie d

(li) It is th e  m o s t in s o lu b le  s a lt
,  

th a t c a n  b e  p r e c ip ita te d  in  w a te r  tr e a tm e n t

If th e  c o n c e n tr a tio n  o f h a rd n e s s p ro d u c in g s a lt is  x  m g s/lit
, 
th e n

X  X  100
A m o u n t e q u iv a le n t to  C a c 0 3 °

M o le c u la r  w e ig h t o f h a rd n e s s  p ro d u c in g s a lt

ţ  
A m o u n t o f h a rd n e s s  p r o d u c in g s a lt

,

x  M o le c u la r  w e igh t o f C a c 0 3
i e

, 
A ın o u n t e q u iv a le n t to  C a c 0 3 -

ioıecular w e ig h t o f h a rd n e s s  p r o d u c in g s a lt

(o r)
A m o u n t o f h a rd n e s s p r o d u c in g  s a lt

x  E q u iv a le n t w e ig h t o f C a c 0 3

A m o u n t e q u iv a le n t to  C a c 0 3 -

E q u iv a le n t w e igh t o f h a rd n e s s p r o d u c in g  s a lt

E x a m p ıe

?  tite  c o łıc e n tr a tio n  (o r ) w e ig h t o î  C a S O .  
is  43  m g s/ıit, 

tııe n  w e ig h t e q u iv a le n t

4 3  × 10 0
C a c 0 3

-

0 6
m g s ltit

12 3 3  U n its  o f H a rd n e s s

1 P a r ts  p e r  m illio n  (p p m )

It is  d e fin e d  a s th e  n u m b e r  o f p a rts o f c a c o
3 e q u iv a le n t h a r d n e s s  p e r  10

6 
p a r ts  o f

w a te r

2 M illig r a m s  p e r  litr e  (m g llit)

It is  d e fin e d  a s  th e  n u m b e r  o f m illig r a m s o f C a c ó
3 e q u iv a le n t h a rd n e s s p e r  1 litr e  o f

w a te r

3 C ıa r k e
'
s  d e g r e e  (° C l)

It is  d e fın e d a s  th e  n u m b e r o f p a rts

Ţ
o f w a te r

4 F r e n c h  d e g r e e  (° F r )

It is  d e fin e d  a s  th e  n u m b e r  o f p a r ts

ı w a te r

t vąri w its

i ĥ  @ it =  o 10  f r =  o o 7 0  c l

o f C a c 0
3 E q u iv a le n t 

: 

h a rd n e s s p e r  7 0
,  
0 00  p a rts



Scanned by CamScanner

5Ę

E n g in e e rin g Chıesirļry
12 4

1 2 .  
4  C H A R A CT ER ıSTıCS o r W A T ER

c . . .  
£s e

.  
Xgx. h g X Ï

, 
th e  fo llo w in g s a r e  th e  im p o r ta n t c h a fa c te ristic s o f

p o ta b le  w a te r

1 It sh o u ld  b e  c le a r
, 

c o lo u rle s s a n d o d o u rle s s

2 It sh o u ld b e  c o o l a n d  p le a s a n t to  ta s te

3 It sh o u ld b e  fr e e  fr o m  h a im fu l b a c te ria  a n d s u sp e n d e d im p u ritie s

4 It sh o u ld  b e  fre e  fro m  d is s o lv e d g a s e s lik e  C 0 2 , 
H 2

S
, 
N H 3 e tc

, 
a n d p o is o n o u s

m in e r a ls lik e  le a d
, 

a r s e n ic
, 

m a n g a n e s e
, 

e tc
,

5 H a rd n e s s sh o u ld b e  le s s th a n  500 §P m

6  

7  

8  

9  

W  B O ıU R  TEED  W A T ER

T h e  w a te r fe d  in to  th e  b o ile r fo r  th e  m E d u c tio n  o f s te a m  is  c a lle d  fe e d w a te r

B o ile r  fe e d  w a te r  sh o u ld  b e  ffe e  fr o m  turbidi 9 1
, 

dis s o lv e d  g a s e s a n d  h a rd n e s s

c a u sing sstances If ħärd  w a te r  o b ta iN  fr o m  n a tu r a i s o u rc e s is d  d ir e c tly  in to  th e  b o ile r s
,

W i n g  tr o u b le s m a y a n s e

Boiler ï ro ubıe s «o r) diso dv o n ï oge s o f u sin g ho rdw o ter in  boile rs

1 S c a le  a n d slu d g e  fo rm

2 p ń m in ť a n d  f o a m i  (c a iT y o v e rY

3 Ça u sū c  e m bń ttle m e n t
, 

À  c o rr o sio n /
\ 0 °

参

12 5 1 S c a le  a n d  S ıu d g e  F o rm a tio n  in  b o ile rs

w h e n  w a te r  is c o n tin u o u sly  c o n v e rte d in to  s te a m  in  b o ile r s
, 

th e  c o iıc e n tr a tio n  o f

dis s o lv e d  s a lts  in  w a te r in c re a s e s  p ro g re s s iv e ly W h e n  th e  c o n c e n tr a tio n  o f th e  s alts re a c h e s

th e ir  s a tu ra tio n  p o in t
, 

th e y  a r e  th r o w n  o u t in  th e  fo rm  o f p r e c ip ita te s  o n  th e  in n e r  w a lls o f

th e  b o ile r s T h e  le a s t s o lu b le  o n e  g e ts  p r e c ip itate d  fir s t

1 Sıu dge

If th e  p re c ip ita te  is lo o s e  a n d  slim y it is  c a lle d  sıu d g e S  加以 g e s a r e  fo n n e d  b y s u b sta n c es

lik e  M gc 1
2 ,  

M g c 0
3 , 

M g s 0
4  a n d  C a c 1

2 T h e y h a v e  g r e áte r s o lu b iıitie s  in  h o t ater ' ?
c o ıd  w a te r

T k

C h lo rid e  c o n te n t sh o u ld b e  le s s th a n  2 5 0  pp m

F lu o rid e  c o n te n t sh o u ld  b e  le s s  th a n  1 5 pp m

T o ta l D is s o lv e d  S o lid s (T D S) c o n te n t sh o u ld  b e  le s s  th a n  5 0 0 p p m

p H  o f th e  p o ta ble  w a te r sh o u ld  b e  6 5 8 5
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W a te r T e c h n o ıtiJ$pı 
H EIA

b o u c r  (b ) S c a ıc  ın  b o ııe ı  

2 Scoıe

o n  th e  o th e r  h a n d
, 

if th e  p re c ip ita te  lb n n s h a rd a n d łrdherent c o a tin g o n  th e  in n e r

w a lls  o f th e  b o ile r
, 

It is c a lle d s c a le S c a le s a】  e  fo rm e d b y s u bśta n c e s lik e  C a  (H C 0 3) 2 ,

C a s 0 4  a n d M g  (O H ) 2  

T a b le  12 1 C o m l

s c a ıe

ı  S lu d g e

lo o s e
, 

siim y a n d n o n a d'" ĦW  '" h a rd
, 
' " ' " n t  c o a tin g

m a in  s lu d g e  fo r m in g s u b s ta n c e s a ı e  t h e  m a in  s c a le  fo rm in g s u b sta n c e s a re

M g c 0 3 , 
M g c 12 , 

M g s 0 4 a n d C a c 1
2  c

tc
, C a  (H C 0 3) 2 , 

C a S 0  4  
M g (O H ) 2

.  i ' 1
b o ile r

p r e v e n tio n  
P r e v e n tio tz

(i) S lu d g e  fo rm a tio n  c a n  b e  p re v e n te d  b y (i)  i c a i e  ıo r m u u u ıı w ł  u ų  v ı' ' " " "

.  u sin g s o fte n e d  w a te r
D is so lv in g u sin g a c id s lik e  H C 1

,

ţ t

。

、： 。 一―― 。 忆 ， ：
：，

，

"

.
三

'，
.

(ı)

F lg  12 1 (Iı) S lu d g e  ın

ta r is o n  o f S c a le s  n n d  S lu d g e s



Scanned by CamScanner

@ E in e e M Ħ C h e m is try

12 6

12 5 2 p rim in g  a n d  F o a m in g  fc a rry  o v e r )

D u rin g th e  p ro d u c tio n  o f ste a m  in  th e  b o ile r
, 
d u e   to  r a p id b o iıin g , 

s o m e  d r o p le ts  o f

liq u id w a te r a r e  c a rrie d a lo n g  w ith  s te a m S te a m  c o n ta in in g d r o p le ts  o f liq u id w a te r  is  c a lle d

w e t s te a m T h e s e  d ro p le ts  o f liq u id w a te r  c a iT y w ith  th e m  s o m e  d is s o lv e d  s a lts  a n d s u sp e n d e d

im p u ritie s T h is p h e n o m e n o n  is c a lle d c a rry  o v e r It o c c u r s  d u e  to  p r im in g a n d  fo a m in g

ı R n m ın g

p rim in g is  th e  p r o c e ss  o f p r o d u c tio n  o f w e t ste a m P rim in g is  c a u se d b y

H igh  ste a m  v e lo c ity

V e ry h igh  w a te r  le v e ı in  th e  b o ile r

S u d d e n  b o ilin g  o f w a te r

V e ry  p o o r  b o ile r  d e sig n

U ııj u u u u  u " " " 6   

(iv ) U s in g tr e a te d  w a te r

2 Fo a m in g

T h e  fo r m a tio n  o f s ta b le  b u b b le s a b o v e  th e  s u rfa c e  o f w a te r  is  c a lle d

b u b b le s  a r e c a iT ie d o v e r  b y s te a m  le a d in g to  e x c e s s iv e  p rim in g

: P  J ļ Łi

fo a m in g
矗

：

.
专

醮
篷
殲
叫
吶

系

口

F o a m in g is  c a u s e d  b y th e

(i) p r e s e n c e  o f o il
, 

a n d g r e a s e
,

(ii) p r e s e n c e  o f fin e ıy  d iv id e d  p a r tic le s

p r e v e n tio n

F o a m in g c a n  b e  p r e v e n te d b y

(i) a d din g c o a g u la n ts lik e  s o diu m  a lu m in a te
, 

a lu m in iu m  h y d r o x id e
,

a d d in g  a l) ti fo a m in g  a g e n ts lik e  sy n th e tic  p o ly a m id e s

T h e s e

r  r12
'8.3 c a u s tic  E m b rittıe m e n t (ln te rc ry s ta ııin e  c ra c k in g )

尹

C a Ţ stic  e m b rittlp m e n t m e a n s  in te r c ry stąllin e  c r a c k in g  o f b o ile r m e ta l

B o ile r  w a te r  u s u a lly  c o n ta in s a  s m a ll p r o p o r tio n  o f N a 2
C 0

3 In  h igh  p r e s s u re  b o ile r s

ttijs N a 2
E 0

3 u n d e rg o e s d e c o m p o sitio n  to  g iv e  N a O H

a 2 C0 3
 + H O 2N a O H  + CO ,

�

T h is  N a O H  flo w s  in to  th e  m in u te  h a ir  c r a c k s a n d c r e v ic e s
, 

u s u a lly  p r e s e n t o n  th e  b o iıe r

m a te riM
, 
b y c a p illa ry  a c tio n  a n d  d is s o lv e s th e  s u r r o u n d in g  a r e a  o f ir o n  a s  s o d iitm  fe r r o a te

p r e v e n tio n

P rim in g c a n  b e  c o n tr o lle d  b y

(i) C o n tr o llin g th e  v e lo c ity o f ste a m

(ii) K e e p in g th e  w a te r  le v e l lo w e r
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TĦM  T e c h n o ıBĦlg

12 1

F e  +  2 N a o H  N a 2 F e 0 2  +  H 2
t

is  c a u s e s  b rittle m e n t o f b o ile r  p a rts
,  p a r tic u la r ly 

ī
s tr e s s e d  p a r ts  lik e  b e n d s

,  jo irtts , 
riv e ts ,

ċ tÝ ,  
c a u s in g E v e n  fa ilu re  o f th e  b o iıe r

\

p r e v e n tio n

C a ttó tic  e m b rittle m e n t c a n  b e  p re v e n te d b y

(i) u s in g s o d iu m  p h o sp h a te  a s  s o fte n in g  a g e n t in ste a d  o f s o d iu m  c a rb o n a te

(ii) b y a d d in g  ta n n in
, 
lig n in  to  th e  b o iıe r  w a te r

,  
w h ic h  b lo c k s  th e  h a ir c fa c k s

安 了

12 5 4 B o  ile p  c o r ro s io n

C o rr o s io n  in  b o ile r s is d u e  to  th e  p re s e n c e

1 D is s o lv e d  o x y g e n

2 D ıs s o lv e d  c a r b o n  d io x id e

3 D is s o lv e d '
s a lts

ı) $j !łił

席 は
) 9 9 3l

P

1 D is s o lv e d  o x y g e n

D is s o lv e d  o x y g e n  in  w a te r  is  m a in ly  r e sp o n sib le  fo r  th e  c o tT o sio n  o f b o ile r T h e

d is s o lv e d o x y g e n  in  w a te r  a tta c k s th e  b o ile r  m a te ū aı a t h igh e r  te m p e r a tu re

4 F e  +  6H z
O  +  3 0 2  

4 F e  (O H ) 3 ł

R e m o v a l o f d is s o lv e d  o x y g e n

D is s o lv e d  o x y g e n  c a n  b e  r e m o v e d  b y  c h e m ic a ı o r  m e c h a n ic a ı m e th o d s

(a ) C h e m ic a l m e th o d

S o d iu m  s u lp h ite , 
h yd r? in   · are  so m e  o f th e  c h e m ic als  u s e d fo r rţ m o v in g o x y g e n

2N a z
s 0 3 +  0 2  2 N a z s 0 4

N ゴロ4 + 0
2

シN 2 + 2H 2
0

H yd ra z in e  is fo u n d to  b e  a n  id e a l c o m p o u n d  fo r r e m o v in g  d is s o ıv e d o x y ge tı in  th e

w a te f ,
sin c e  th e  p ro d u c ts  a r e  w a te r  a n d  in e rt N 2  g a s

D is s o lv e d o x y g e n  c a n  a ls o  b e  re m o v e d fr o m  w a te r b y  echanical d e a e ra tio n  (Ħg 12 2 )
iia

ln  th is  p ro c e s s ,  
w a te r  is a llo w e d  to  faıl slo w ly  : o n  th e  p e rfo r a te d pıa te s  fitte d in si?

� . Ş
.

e  to w e f T h e  sid e s  o f th e  to w e r  a r e  h e a te d
, 

a n d  a  v a c u u m  p u m p is a ls o  a tta c h e d to  it

įŕĺĺ
. 
\  o f th e  w a te r

h  te m p e r a tú re  a rıd lo w  p re s s u re  p fo d u c e d in sid e th To w e r re d u c e  the  dis s o lv e d o x ygm

鱸巍巍羹佷：；

į $ j Į 
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2 D is s o lv e d

D is s o lv e d  c a rb o n  d io x id e  in  w a te r  p r o d u c e s c a rb o n ic  a c id
, 

w h ic h is  a c id ic  a n d  c o rr o s iv e

in  nture

C 0
2  +  H 2

0  H 2  C 0  
3

C a rb o n  d io x id e  g a s  is  a ls o  p r o d u c e d fr o m  th e  d e c o m p o s itio n  o f b ic a rb o n a te s a lts  p r e s e n t

in  w a te r

C a  (H C 0
3) 2 C a c q  į  +  H 2

0  +  C 0
2  
个

R e m o v a l o f d is s o ıv e d  C a r b o n  d io x id e

(a ) C a rb o n  d io x id e  c a n  b e  r e m o v e d fr o m  w a te r  b y a d d in g a  c a lc u la te d  a m o u n t o f 

N H 4 0 H  in to  w a te r

2 N H  
4
0 H  +  C C b (N H

4) 2 C 0
3 +  H  

2 
0

(b) C a rb o n  d io x id e  a lo n g w ith o x y g e n  c a n  a ıs o  b e  r e m o v e d  m e c h a n ic a lly b y
d e a e r a tio n  m e th o d

3
,  

D is s o lv e d  M g c l 2 戸

A c id s
,  p r o d u c e d  fr o m  s a lts  dis s o lv e d  in  w a te r

, 
a r e  a ls o  m a in ly  r e sp o n sib le  fo r  th e

c o tr o sio n  o f b o ile r s S  a lts lik e  M g c 1
2 ,  

C a c 1
z , 

e tc
, 

u n d e rg o  h y d r o ly sis  a t M g h e r  te m p e r a tu r e

to  giv e  H C I
, 

w h ic h  c o rT o d e s  th e  b o ile r

W « m
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R e m o v a l o F a c itls

C o rr o s io n  b y A c id s  c a n  b e  a v o id e d  b y  th e  a d d itio n  o r a lk a li to  th e  b o iıe r  w a te r

H C I + N a O H ンN a C I + H  
2 
0

1 2
.  9¢ R EQ U IR EM E N TS  O F B O ıLER  fEED  W A TER

S p e c ifıc a tio n s  D is a d v a n ta g e s

1 IE 区国  fe e d  w a te r  s h o u ld  h a v e  z e ro  s c a le s  a n d sıu d g e s  w ill b e  p ro d u c e d
,

h a rá n e s s w h ic h p re v e n ts  e ffic ie n t h e a t tra n sfe r

3 Ilt s h o u ld  b e  fr e e  fr o m  s u sp e n d e d P r o d u c e s  w e t s te a rn  

im p u ń tie s

4 It s h o u ld  b e  fr e e  fr o m  d is s o lv e d  s a lts  �i p r o d u c e s  c a u s tic  e m b ń ttle m e n t
,  

w h ic h

a lk a lin ity  0 1" " e s  b ń ttle m e n t o f b o ile r  p a rts

1 2 .  
歹 $O FT EN ıN G  o R  C O N D \Ï ıO N ııLÌG  M ETııo D S

w a te r  u s e d  fo r  indal p u rp o s e ą sh o u ld  b e  fre e  fr o m  h a rd n e s s  p ro d u c in g s u b s ta n c e s
,

s u s p e n d e d im p u ritie s  a n d d iss o lv e d  g a s e s  e tc T h e  p r o c e s s  o f re m o v in g h a rd n e s s  p ro d u c in g

s a lts  fr o m  w a te r  is  k n o w n  a s  ś o fie n in g  (o r) c o n d itio n in g o f w a te r

S o fte n in g  o f w a te r  c a n
'
b e  don in

1 External onditioning 

2 Internal  c o n d itio n in g

IW X T ER N A \ C O N D PTıO N ıN G

It in v o lv e s th e  r e m o v a l o f h a rd n e s s  p r o d u c in g s alts  fr o m  th e  w a te r  b e fo re  fe e d in g in to

th e  b o ile r T h e  external tre a tm e n t c a n  b e  d o n e  b y th e  D e m in e r a lis a tio n  o r lo n e x c h a n g e

12 8 1 ıo n  E x c h a n g e  (o r) D e m in e ra lis a tio n  p ro c e s s

T h is  p r o c e s s re m o v e s  a lm o s t a ll th e  io n s (b o th  a n io n s a n d c a tio n s) p re s e n t in  th e  h a rd

ıï  ◆ t p rw a te i 

T h e  s o ft w a te r
, p r o d u c e d b y lim e s o d a  a n d z e o lite  p r o c e s s e s

, 
d o e s n o l c o n ta in  h a rd n e s s

p r o d u c in g C a
2 +  

a n d  M g  
2 +  io n s

, 
b u t it w ill c o n ta in  o th e r io n s ıik e  N a

+

,  
K  

+

, 
S

,  
C l e tc , 

O n

th e  o th e r  h a n d  D M (D e m in e r a lis e d ) w a tėr  d o e s n o t c o n ta in  b o itır a n io n s a n d c a tio rıË

T h u s  a  s o ft w a te r is  n o t d e m in e ra lis e d

ľ ģŕi

tw o  rn e th o d s

ģî, 
¢ 

* ł 
ł $

w  te f v  h i e a  w  a t e

. 

Is s o ft



Scanned by CamScanner

E n g in e e rin g  C h e m is try

12 ı10

T h is  p r o c e s s  is  c a iT ie d o u t b y u s in g io n  e x c h a n g e  r e s in s
,  

w h ic h  a re  lo n g  c h a in ,  
c r o s s

lin k e d
, 

in s o lu b le  o rg a n ic  p o ly m e r s  w ith  a  m ic ro p o ro u s s tr u c tu re T h e  fu n c tio n a ı g r o u p s

a tta c h e d to  th e  c h a in s  a re  r e sp o n s ib le  fo r th e  io n  e x c h a n g in g  p r o p e r tie s

1 C a tio n  e x c h a n g e r

R e s in s  c o n ta in in g  a c id ic  fu n c tio n a l g r o u p s  ( C Q o H
,

5 0 3 
H ) a re  c a p a b le  o f e x c h a n gin g

th e ir }r  io n s w ith o th e r  c a tio n s o f h a rd w a te r c a tio n  e x c h a n g e  r e sin  is  re p re s e n te d a s

R H
2 

t ¢ 1

E x a m p le s

ľ
(i) S U į p h o n a te d c o a ts

Ļ

(ii) S u Įp h o n a te d p o ly s ty r e n e

R S 0  
3 
H  ; R C O O  H - R H

2

2 A n io n  E x c h a n g e r

R e s in s  c o n ta in in g  b a s ic  fu n c tio n a l g r o u p s  ( N H
2 ,

O H ) a r e  c a p a b le  o f e x c h a n g in g  th e ir

a n io n s  w ith o th e r  a n io n s  o f h a r d  w a te r A n io n  e x c h a n g e  re s in  is  r e p re s e n te d  a s  R  (O H ) 2  

E x a m p le s

(i) C r o s s ıin k e d q tła te m a ry a i7tm o n iu m  s a lts

(ii) U  r e a f° r m a ıd e hy d e  r e s in

R N R  
3 
0 H  ; R O H  ; R N H

2  
=  R  (O H ) 2

p r o c e s s

T h e  h a rd  w a te r  fir s t p a s s e d  th r o u g h  a  c a tio n  e x c h a n g e  c o lu m n
,  
(F ig 12 3 ) w h ic h  a b s o rb s

a ll th e  c a tio n s  lik e  C a
2 +

, 
M g 

2  +
,  
N a  

+

, 
K  

+

, 
e tc p re s e n t in  th e  h a r d  w a te r

m  
D c io n is e d w a te r

F ig ı2 3  D e m in e r a ıis a tio n  p r o c e s s
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12 11

R lla 1  C nC la » ı(C n  4  2H C I

R ııa  l M ĮĻS O ł > R M g łlı2S 0 4

R H  1 N n C l R N n  +  H C ı

T h e  c z \ li«m  fre e  w t\lo r ls th e n  pa s se d th ro u gıı ı\ ıtn lo n  e x c h u n E e  c o lu m n
,  

w h ic h a b s o rb s

a ll ih c  łın io n s like  C l
, 
S O£, 

H C CĹ, e to . . pn s e n t in  th e  w a te r ,

R '(0 11)2 ı2 H C I R t  C Ļ +  2 0 20

R '(O H ) ıï 1 2 50 4
R '5 0 4 +  2 11 2 0

T h e  w a te r c o m in g o u l o l? th c  u n io n e x c h n n 8 e r is c o m p le te ly fre e  rro m  c a tio n s  a n d

a n io n s T h is w a te r is k n o w r n s tlc m in c rıılis e d w a te ı  o r d c io n ise d w a te r

' R e g e n e r a tio n

W h e n  th e  c ııtio n  e x c h a n g e  re s in  is e x lıłlu s te d , 
it c 1  b e  rc g e n e ra te d b y p a s s in g a  s o lu tio n

o f d il H C 1 o r d il F1a 5 0 4

R C łı+ 2 11C l 如R H 2 + C łıc 1 
2

R N u  +  HC I » R H  +  N a c l

S im ila rly , 
w h e n  th e  u n io n  e x c lm n g e  tų sln  is e x h t \ u s te d

, 
it c a n  b c  rc g e n e r a te d b y p a s s in g

a  s o lu tio n  o f d il N a o ıl

R 'C 12 +  2 N n O H R '(O H ) 2 +  2 N a C L

h ly trc id ic  o r a lk iııin e  w a te r c n n  b e  tre a te d b y th is p ro c e s s

w a te r o b ta in e d b y th is p ro c e s s w ill hłw e  v e ry lo w  h a rd n e s s (n e a rly  2

pp m )  

D is a d v a n ta g e s o ıio n e x c h a n g e  p r o c e s s

(i) W a te r  c o n ta in in g tu rbid ity , 
F e  ıın d  M n  c lın n o t b e  tr e a te d

, 
b e c a u s e  tu rb id ity

re d c e s th e  o u tp u t a n d F c , 
M n  fo rm  s ta b le  c o m p o u n d w ith th e  r e sin

(il) T h e  e q u ip m e n t is c o s tly a n d m o re  e x p e n siv e  c h e m ic a ls a r e  n e e d e d

1p ıN TER  N M  co N DıTIO N ıN G o R ıN TER N M  TR EA TNıEN T o R  B O ıIER  c o m p o u N ıls

'
It in v o lv e s th e  re m o v a l o f s c a le  fo rm in g s u b s ta n c e

, 
w h ic h w e r e  n o t c o n ip le te ly re m o v e d

in  th e  e x te rn a l tre a tm e n t
, 
b y a ddin g c h e ir tic a ls d ire c tly in to  th e  b o ile r T h is c h e m ic a ls  a r e

a ls o  c a lle d b o ııe r  c o m p o u n d s ,

1.  
(o rbo n o te  to n dıtıo nıng

S c a le  fo rţn a tio n
'

c a n  bęi a v o ide d by pddin g N ą C 0 3 to  th F b o ile r w a te r It is u s e d o n ly

'

ī 1i'

ıo w  p re s su re  b o iıe rs ,  
T h e  sc a le  fo rm in g s aıt like  C a s 0 4  iis c o n v e rte d  in to  C a c 0 3 , 

w h ic h

c a n  b e  re m o v e d e a s ily

§ Ë
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C a s  0 4  +  N a z
c 0

3 
C a C 0  

3 
ł +  N a z

S 0  4

2 Ph o
3X'

f 
H X "

. .  B e  a v o id e d  b y a d d in g s o diu m  p h o sp h a te t  is  u s e d in  h ig h p r e s su r e

b o ile r s T h e  p h o sp h a te  r e a c ts  w ith  C a
2 +  

a n d M g 
2  +  

s a lts to  g iv e  s o ftí s lu d g e s  o f c a lc iu m  a n d

m a g n e siu m  p h o sp h a te s

°

3 C a s 0
4  +  2  N a 3

P 0  
4  T  C3(P04)2 +  3 N a 2

s o  4

G e n e ra lly 3 ty p e s  o f p h o sp h a te s  a r e  d t ã

(tı) T r is o d iu m  p tio s p lıa te , N a 3P 0 4  (T o o  a lk a lin e ) u s e d  fo r   to o  a c id ic

(b) D is o d iu ın  fqdogen p h o sp h a te N a 2 H P 0 4  (w e a kly  a lk a lin e ) u s e d  fo r  w e a k ly  a c id ic

w a te r

S o d iu n ı d illy a   o g e n  p tlo s p lia te N a H 2 P 0 4  (a c id ic ) u s e d fo r  a lk a lin e  w a te r

3 (nıgo n  co n diłio n in g

C a lg o n  is  s o d iu m  h e x a  m e ta  p h o sp h a te  N a 2 [N a 4  (P 0
3) 6] T h is  s u b s ta n c e  in te r a c ts  w ith

c a lc iu m  io n s  fo rm in g  a  h ig h ly  s o lu b le  c o m p le x A n d th u s  p r e v e n ts  th e  p r e c ip ita tio n  o f s c a le

fo r m in g  s a lt

R iv e r s  a n d  la k e s a r e  th e  m o s t c o m m o n  s o u rc e s  o f w a te r u s e d  b y m p n ic ip a litie s T h e s e

w a te r  s h o u ld b e  fr e e  fr o m  c o llo id a ] im p u ritie s
, 

d o m e s tic  s ėw a g e s
,  

in d u s tr ia l e Æ u e n ts  a n d

d isėa s e  p ro d u c in g b a c te ria s H e n c e  d o m e s tic  s u p p ly o f w a te r  in v o ıv e s  th e  fo llo w in g  s ta g e s

n T e V  t'Ť , 

'

l X ?
'

=

;  & i

輔 홴只辩 \

w a te r



Scanned by CamScanner

i
W tĮ a ,

T h e  p ro c e s s o f nıix ln g w a te r w ith a lr is k n o w n  n s a e rn tio n T he  m a in  p u rp o s e  o f a e ra tio n

(n  to  re n  \  g a s e s ilk e  C O ż, 
H ?S a n d o th e ı  V O l a t i l ļ  c a u s in g b a d ta ste

/ \ .

to  W n te r

ı In so lu ble  rric a n d mu ı) Lu  ıc LLıu v c  fe r ro u s a n d m n n g a n o u s salts a  a n g a n ic  s a lts

3 Sedim e nıoılo n

It is a  p ro c e s s o f re m o v in g su sp e n dpd im p u rttıe s by allo w in g the  w a te r to  s ta n d

U n d i m i m l  fo r  2 6 h m r s in  ta n k m o st d * iim u spm  �  p a r tie w w w tle  d o w n  a t the

t) o T【O M
, 
d u e  to  fo rc e s  o f g ra v M l a n d İfie y ą】e  re m o y ed , 

S e d iw '� W " " e s o in ly 7 5 %

ś u  puńties

4 (o o gūlo ïlo n

F in e ly d iv id e d c la y , 
s ilic a

, 
e tc D o  n o t se ttle  d o w n  e a sily a n d h e n c e  c a n n o t b e  re m o v e d

b y s e dim e n ta ū o n S u c h im p u ritie s a re  re m o v e d by c o a g u latio n  m e th o d

In  th is  m e th o d  c e r ta in  c h e m ic a ls
,  

c alle d c o a g u la n ts
, 
lik e  a lu m

, 
A 12 (5 0 4) 3 e tc

, 
a re  a d d e d

to  w a te r W h e n  th e  A 1
2 (5 0 4) 3 is a dd e d to  w a te r , 

it g e ts h yd ro ly s e d to  fo rm  a  g e lp tin o ū s

p r e c ip ita te  o f A 1 (O H ) 3  T h e  g e la tin o u s p re c ip ita te  o f A l (O H ) 3 e n tr a ps thç  fin e ly d iv id e d ąn d

c o llo id a l im p u ritie s
, 

s e ttle s to  th e  b o tto m  a n d c a q  b e  re m o v e d e a sily

5 Fiılro ıio n

th e  p ro c e s s o f re m o v in g b a c te ria , ç o lo w , t  o d o u r a n d s u  æ  = tc
,

b y p a s sin g  th e  w a te r  th« o u B ı l  b e d s c o n ta in in g fin e  E  c o a r s e  s a n d  a n d g ra v e l A

typ ic a l s a n d  filte r  is s h o w n  in  th e  fig u re  12 4

T h e  s a n d filte r  c o n s is ts o f a  ta n k  c o n ta in in g a  tM c k  to p la y e r o f fin e  s a n d fo llo w e d

b y  c o a rs e  s a n d
, 
fin e  g ra v e l a n d  c o a rs e  g r a v e l W n e n  thė w a te r  p a s s e s th ro u g h th e  filte rin g

m e d iu m
,  
it flo w s  th ro u gh th e  v a ń o u s b e d s sloly T h e  ra te  o f filtr a tio n  d e c re a s e s slo w ly

W 妞 = = = = ニニニ= ご二= = = = = "

F in e  ıın d

C o u a e  ıın d

\ 獺鬒 8 零零 8 8 8 8 8 8 8 9 8 8
o Q o o o o o o o q o  

C o u s e gm v « l0  0  0  0  0  0  0  0  0  0  0  0
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d u e  to  th e  c lo g g in g  o f im p u ritie s  in  th e  p o r e s  o f th e  s a n d  b e d W h e n  th e  r a te  o f filtŕatio n

b e c o m e s v e ry  s lo w
, 

th e  filtr a tio n  is  s to p p e d  a n d  th e  th ic k  to p  la y e r o f fin e  s a n d  is  s c r a p p e d

o ff a n d  r e p la c e d  w ith  c le a n  s a n d B a c te ria s  a r e  a ls o  p a r tly  r e m o v e d  b y  th is p r o c e s s

6 Sï e riıiso \io n  (o r) D isin fe d io n

ア
/ /  t h e  p r o cT h e  p r o c e s s  o f d e s tr o y in g th e  h a r m fu l b a c te lia s i  k n o w n  a s s te rilis a tio n  o r  d is in fe c tio n

¢ T h e c h e m ic a ls  u s e d  fo r  th is  p u rp o s e  a r e  c a lle d  diśinfetants

M e tho ds o f s ï e riıis o tio n

S te rilis a tio n  ċ a ń : b e  atTied o u t by_th e fo llo iu in g m e th o d s

1 B y  b o ilin g

W h e n  w a te r  is b o ile d fo r  10 15 m in u te s
, 

a ll th e  h a r m fu l b a c te ria s a r e  k ille d  d  w a tėr

b e c o m e s  s a fe  fo r  u s e

D is a d v a n ta g e s

(i) B o ilin g a lte r s th e  ta s te  o f d rin k in g w a te r

(ii) It is im p o s s ib le  to  e m p lo y it in  m u n ic ip a l w a te r w o rk s

2 ļ Į B y  o z o n a tio ıl (u s in g  o z o n e )

O z o n e  is  a  p o w e rfu l d is in fe c ta ń t a n d is  r e a d ily  a b s o rb e d b y  w a te r O z o n e  is h ig h ly

u n s ta b le  a n d  b r e a k s  d o w n  to  g iv e  n a s c e n t o x y g e n

0
3 0 2  +  10 ]

T h e  n a s c e n t o x y g e n  is  a  p o w e rfu l o x id is in g  a g e n t a n d k ills  th e  b a c te ria s

D is a d v a n ta g e s

(a) T h is p r o c e s s  is  c o s tly  a n d  c a n n o t b e  u s e d in  la r g e  s c a le

(b ) O z o n e  is  u n s ta b le  a n d c a n n o t b e  s to r e d  fo r  lo n g  tim e

3 B y  u s in g  u ıtr a v io le t r a d ia tio n s

W  r a y s A r e  p r o d u c e d b y  p a s s in g  e le c tric  c u r r e n t th r o u g h  m e r c u ry  v a p o u r  la m p T h is

is  p a r tic u la r ly  u s e fu l fo r  s te riliz in g w a te r  in  s w im m in g  p o o l

D is a d v a n ta g e s  
�iÞr$ T :ll

ゴ じ ·

4 B y c h ıo r in a tio n

T h e  p ro c e s s  o f <d dĹ, g c hlo ń n e  to  w a te r  is  c alle d  cłū o rin a tio n C h lo rin a tio n  c a n  b e  d o n e

1 e  fo llo w in g  m e th o d s

b u b b le d  in  th e  w a te r a s  a  v e ry  g o o d  d is in fe c ta n t

. .
"

Į  ; 1
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C h lo r a m in e  c o m p o u n d s  d e c o m p o s e  slo w ly to Giv e  c h lo rin e It is  a  b e tte r  d isin fe c ta n t

th a n  c h lo rin e c h lo ra m in e  g iv e s g o o d ta s te  to  th e  tre a te d  w a te r

(c ) a d d in g  bıe a c h in g  p o w d e r

W h e n  b le a c h in g  p o w d e r  is a d d e d to  w a te r
, 
it p ro d u c e s  h y p o c h lo r o u s a c id  (H O C I) H O C I

is ia  Þo w iam l g e rm ic id e

C a O C 12 十 晝20 弘C a(O H )2 + C 1
2

B ıe a c h in g p o w d e r

C 1
2 +  H  

2 
0 H C I  +  H O C I

H ypo c hlo ro p  a c id

H O C L +  B a c te ria s B a c t e ń a s  a r e  kille d

Łr Êi

t

£ ąĺ Èłê'.

F ıg  1 1 5  B ' "  p ' " t ' " . .  I.  a . .

C M o ń qe  m a y b e  a dd e d to w a te r M re c tly  a s  a  g a s  o r in  th e  fo rm  o f b ļe a c h įn g p o w d e r

W e n  c hlo īih e  i6 alicd ti w ate r , 
th e  re su lrs  o b m in e d c a n  b e  depicd g ra ph ic a lly in  th e

W e a k  p o in t C h lo r in a tio n

/  
w a te r  c o n ta in s  th e  fo llo w in g im p u ń tie s

(i) B a c te ria s
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F ig 12 5 T h e  g ra p h s h o w s th e  r e la tio n sh ip  b e tw e e n  th e  a m o u n t o f c h lo rin e  a d d e d  to  w a te r

a n d th e  re sid u a l c h lo rin e

It is  s e e n  fro m  th e  g r a p h th a t in itia lly  th e  a p p lie d c h lo rin e  is u s e d  to  k ill th e  b a c te ń a s

a n d o x id is e s  a ll th e  r e d u c in g s u b s ta n c e s  p r e s e n t in  th e  w a te r  a n d  th e r e  is  n o  fr e e  re sid u a l

c h lo rin e

A s th e  a m o u n t o f a p p lie d c h lo rin e  in c r e a s e s
, 

th e  a n fio u n t o f c o m b in e d  r e s id u a l c hıo rin e

a ls o  in c r e a s e s T h is  is d u e  to  th e  fo rm a tio n  o f c h lo r a m in e  a n d  o th e r  c h lo r o  c o m p o u n d s

A t o n e  p o in t
,

o n  fu r th e r  c h lo rin a tio n
, 

th e  o x id a tio n  o f c h lo r a m in e s a n d  o th e r  im p u ritie s

sta rts  a n d th e re  is  a  fa ll in  th e  c o m b in e d  c h lo rin e  c o n te n t T h u s th e  c o m b in e d r e sid u a l c h lo rin e

d e c re a s e s to  a  m in im u m  p o in t a t w h ic h  o x id a tio n  o f c h lo r a m in e s a n d o th e r  im p u ritie s coplete

a n d  fre e  re s id u a l c h lo rin e  b e g in s  to  a p p e a r  th is m in im u m  p o in t is k n o w n  a s
,

" b rg a k  Ëent

c hlo rin a tio n
"

a  £ £X X
c a lle d b r a c k is h  w a te rt

D e p e n d in g u p o n  th e  q u a n tity  o f d is s o lv e d s o lid s
, 

w a te r  is g r a d e d  a s

(i) F r e s h  w a te r C o n ta in s <  1 m  o f d is s o lv e d  s o lid s

(ii) B r a c k is h  w a te r C o n ta in s >  10 0 0 tm  <  3 5 0 0 0  p p m  o f d is s o lv e d  s o lid s

(iii) S e a  w a te r C o n ta in s >  3 5
, 
0 0 0 p p m  o f d is s o lv e d  s o lid s

S e a  w a te r  a n d  b r a c k ish  w a te r  c a n  b e  m a d e  a v a ila b le  a s  d rin k in g w a te r  th r o u gh

d e s a lin a tio n  p ro c e s s D e s a lin a tio n  is  c a r rie d o u t e ith e r  b y r e v e r s e  o s m o s is o r  e le c tr o dia ly s is

12 1 1 1 R e v e rs e  O ś m o s is  (R O )

W h e n  tw o  s o lu tio n s  o f d iffe r e n t c o n c e n tr a tio n s a r e  s e p a r a te d  b y a e p e r m e a b le

m e m b r a n e
, 

s o lv e n t (w a te r) flo w s  fr o m ţ  m  lo w e r  c o n c e n tr a tio n  to  h ig h ę r ç o n c e n tr a tio n

a te rr

o sm o s is

S U b s t  o rg äin ic
节

F ig 1 2 6  R e v e r s e  o s m o s is
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s s  is c a lle d  o s m o s is T h e  d riv in g fo rc e  in  th is p h e n o m e n o n  jL  c a lle d o s m o tic

If a  h y d r o s ta tic  p re s s u r e  in  e x c e s s o f o s m o tic  p r e s s u re  is  a p p lie d  o n  th e  h ig h e r

c o n c e n tra tio n  ș id e
,  

tħē s o lv e n t flo w  is re v e rs e d  1 e  sm v e n t n o w s  fr o m  h ig h e r c o n c e n tr a tıo n

to  lo w e r  çonceņtraQ Ţ h is  » o c e s s  is c a lle d  r e v e r s e  o s m o s is  (F ig M S , 
in  th e  p ro c e s s

O r  r e v e rs e  o s m o s is  p u re  w a te r  is  s e p a r a te d  fr o m  s a lt w a te r T h is  p ro c e s s  is  a ls o  k n o w n  a s

s u p e r filtr a tio n T h e  m e m b r a n e s u s e d  a re  c e llu lo s e  a c e ta te
, 

c e llu lo s e  b u ty r a te
, 

e tc

A d v a n ta g e s

(i) T h e  life  tim e  o f th e  m e m b r a n e  is  h igh ,  
a n d  it c a n  b e  r e p la c e d w ith in  fe w

m in u te s

.  

S  

s  

e

th r o u g h  io n s e le c tiv e  m e m b r a n e s  b y  p a s s in g  d ir e c t c u r re n t

D e s c r ip tio n  : A n  e le c tr o d ia ly s is  c e ll c o n s is ts o f alternate c a tio n  (C ) a n d a n io n  (A ) s e le c tiv e

m e m b r a n e A n  io n  s e le c tiv e  m e m b r a n e  h a s  p e rm e a b ility  fo r  o n ly  o n e  k in d o f io n s w ith

sp e c ific  c h a rg e T h e r e fo r e  c a tio n  s e le c tiv e  m e m b r a n ė is p e rm e a b le  to  c a tio n s  o n ly  b u t n o t

to  a n io n s w h ile  a n io n  s e le c tiv e  m e m b r a n e  is p e rm e a b le  to  a n io n s  o n ly b u t n o t to  c a tio n s

T h e  c a th o d e  is  p la c e d  n e a r  th e  c a tio n  s e le c tiv e  m e m b r a n e  a n d th e  a n o d e  is  p la c e d n e a r  th e

a n io n  s e le c tiv e  m e m b r a n e (F ig 12 7 )

S o -

诮自旨
。
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p r o c e s s

S a lin e  w a te r  is fe d in to  th e  e le c tro d ia ly sis  c e ll a n d  d ir e c t c u rr e n t is  a p p lie d th ro u gh

th e  e le c tro d e s p e rp e n d ic u la r  to  th e  d ire c ū o n  o f w a te r  flo w A s  th e  c u rre n t p a s s e s  th r o u gh

th e  e le c tr o d e s
, 
fro m  th e c o m p a r tm e n t 2

, 
4 a n d  6

, 
e a tio n s (N a  

+
) m o v e  to w a rd s  th e  c a th o d e

th ro u g h  c a tio n  s e le c tiv e  m e m b ra n e  (C ) a n d  a n io n s  (C lı m o v e  to w a rd s  th e  a n o d e  th ro u gh

a n io n  s e le c tiv e  m e m b ra n e  (A ) T h e  n e t re s u lt is  th e  d e c r e a se  o f io n s  (s a lt) fr o m  2
, 

4  a n d  6

c o m p a Jrbm te n ts w h ile  th e  c o n c e n tra tio n  o f io n s (s a lt) in  th e  a ąja c e n t c o m p a rtm e n t 1
,  
3

, 
5 a n d  7

is in c re a se d N o w  th e  c o m pa r tm e n ts  2
, 
4  a n d 6 a r e  fille d  w ith  p u re  w a te r  p n d  th e  c o m p a r tm e n ts

1
, 
3

, 
5 a n d  7 a re  fille d  w ith  c o n c e n tr a ted  bń n e  s o lu tio n ıh u s

, 
th e  s a lin ity is  re m o v e d  fro m  s alt

w a te r

E x a m p le s

C a tio n  s e le c tiv e  m e m b r a n e p o ly  s tyr e n e  c o n ta in in g  s u lp h o n ic  a c id  g r o u p

A n io n  s e le c tiv e  n ıe m b r a n e p o ly s ty re n e  c o n ta in in g  te tr a  a m m o n iu m  c hlo rid e

1 2
.  
12  Q U ESTıO N S

1 W h a t is  m e a n t b y  c a rb o n a te  a n d  n o n c a rb o n a te  h a rd n e s s o f w a te r ? E x p la in  w ith  e x a m p le s

2 W h a t is  b re a k p o in t c h lo ń n a tio n ? S ta te  its  sig n ific a n c e

3 D e fin e  th e  te rm  d e s a lin a tio n  w ith a  n e a t d ia g ra m
, 

d e s c rib e  d e s a lin a tio n  b y  r e v e r s e

o s m o sis
'

m e th o d

4 W n a t a r e  b o ile r  tro u b le s ? H o w  a r e  th e y  c a u s e d ? S u g g e s t s te p s  to  m in im iz e  th e  b o ile r

tro łıb le s

5 D e s c rib e  b rie fly  th e  d iffe r e n t s te p s in  th e  p u rific a tio n  o f w a te r  fo r  d ń n k in g  p u rp o s e s

W h a t is  th e  u s a g e  o f b re a k p o in t c h lo rin a tio n ? (o r) O u t lin e  th e  v a ū o u s  s ta g e s  o f d o m e stic

w a te r  tr e a tm e n t in  s e q u e n c e

6 W h a t is  m e a n t b y  s te riliz a tio n  o f w a te r? W h a t a re  th e  c h e m ic a ls  th a t a r e  n o rm a lly  u s e d

fo r  th is  p u rp o s e ? E x p la in  b r e a k p o in t c h lo rin a tio n

7 E x p la in  h o w  s te rilis a tio n  o f w a te r  c a iŊie d o u t u sin g  c h lo rin e ? G iv e  th e  m e c h a n is m

8 E x p la in  w ith  a  n e a t sk e tc h th e  v a rio u s  s te p s  in  th e  tr e a tm e n t o f w a te r  fo r  m u n ic ip a l

s u p p ly

9 D e s c rib e  d e m in e r a lis a tio n  p ro c e s s  o f w a te r  s o fte n in g E x p la in  th e  r e a c tio n s  in v o lv e d

10 G iv e  th e  p rin c ip le  o f b r e a k  p o in t c h lo ń n a tio n

1 1 H o w  is in te rn a l tre a tm e n t o f b o ile r  w a te r  c a iT ieð o u t u sin g p h o s p h a te  a n d  c a lg o n

12 D is c u s s th e  c a u s e s  a n d  p r e v e n tio n  o f p rim in g a n d fo a m in g

13 W h a t is th e  p u rp o s e  o f s o fte n in g w a te r? W n a t a re th e  d iffe re n t c h e m ic a ls  u s e d  fo r  th is

p u rp o s e E x p la in  c h lo ń n a tio n

14 W n a t is c a u s tic  e m b ń ttle m e n t H o w  c a n  it b e  p re v e n te d

15 W h a t a r e  s c a le s  a n d s lu d g e s D e s c rib e  th e  d is a d v a n ta g e s  o f s c a le  a n d slu d g e  fo rm a tio n

16 W n a t a r e  th e  v a rio u s  m e th o d s  b y  w h ic h  d isin fe c tio n  o f d o m e s tic  w a te r  S  c a rrie d  o u t

xplain
17 W h a t a r e  th e  p r o b le m s  o n e  w o u ld  fa c e  w h e n  h a rd  w a te r  is  u s  n  b o iıe r  in d u s tfie s


