
CHAPTER I I I

EXPERIMENTATION

3 .1  The A p p a ra tu s
The e x p e r im e n ta l  a p p a r a tu s  a s  shown i n  f i g u r e  3 .1  

c o n s i s t s  o f  a  d i s k  a n d  r i n g  colum n m ounted  o n  a  s u p p o r t  e q u ip p e d  
w i th  a  p u l s in g  d e v ic e .  A c o n d u c t im e te r  a n d  a  r e c o r d e r  a r e  u s e d  t o  
r e c o r d  c o n d u c t i v i t y  o f  t h e  s o l u t i o n .

3 .1 .1  The D isk  a n d  R ing  Column System
T he d i s k  a n d  r i n g  c o lu m n s  u s e d  a r e  o f  t h r e e  

d i f f e r e n t  s i z e s  a s  f o l lo w s

M a te r i a l S iz e
l a r g e  colum n P l e x i g l a s s 1 0 .0 0 cm I .D .
l a r g e  d i s k s s t a i n l e s s  s t e e l 8 .7 2 cm O.D.
l a r g e  r i n g s s t a i n l e s s  s t e e l 1 0 .0 0 cm O.D.

4 .9 0 cm I .D .
m id d le  colum n g l a s s 7 .5 0 cm I .D .
m id d le  d i s k s s t a i n l e s s  s t e e l 6 .5 4 cm O.D.
m id d le  r i n g s s t a i n l e s s  s t e e l 7 .5 0 cm O.D.

3 .6 7 cm I .D .
s m a l l  colum n g l a s s 4 .5 0 cm I .D .
s m a l l  d i s k s s t a i n l e s s  s t e e l 3 .9 2 cm O.D.
s m a ll  r i n g s s t a i n l e s s  s t e e l 4 .5 0 cm O.D .

2 .2 0 cm I .D .
The d i s k s  a n d  r i n g s  a r e  s u p p o r te d  b y  s t a i n l e s s  s t e e l  r o d s
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a n d  tu b e s  t o  c o n t r o l  t h e  s p a c in g  b e tw e e n  d i s k  a n d  r i n g  a t  2 .5 0  
cm, 3 .7 5  cm a n d  6 .2 5  cm. B o th  d i s k s  a n d  r i n g s  w ere  d e s ig n e d  t o  
a l lo w  a  24 p e r c e n t  f r e e  a r e a .

The co lum n a s se m b ly  was e q u ip p e d  w i th  a  p u l s i n g  sy s te m  
c o n s i s t i n g  o f  a  p ip e  c o n n e c t in g  t h e  colum n s u p p o r t  w i th  a  sy s te m  
o f  s o le n o id  v a lv e s  i n  s e r i e s  c o n n e c te d  t o  a n  a i r  c o m p re s s o r .  The 
f r e q u e n c y  o f  t h e  p u l s e  c a n  th e n  b e  r e g u l a t e d  b y  a  t im e r  t h a t  
c o n t r o l s  t h e  e l e c t r o m a g n e t i c  v a lv e s  a n d  t h e  a m p li tu d e  o f  t h e  
p u l s e  c a n  b e  r e g u l a t e d  b y  v a r y in g  a i r  p r e s s u r e  a t  t h e  c o m p re s so r  
o u t l e t .  U sin g  t h a t  sy s te m  a l lo w e d  t h e  v e l o c i t y  o f  p u l s a t i o n  (A xf) 
t o  v a r y  b e tw e e n  0 .4 7 c m /s  t o  2 . 9 2 c m / s .  F o r  t h e  l a r g e  c o lu m n  
b e tw e e n  0 .4 7 c m /s  t o  0 .5 9 c m /s ,  f o r  t h e  medium s i z e d  co lum n b e tw e e n  
0 .8 7 c m /s  t o  1 .0 5 cm /s  a n d  f o r  t h e  s m a l l  co lum n b e tw e e n  2 . 42cm /s t o  
2 . 9 l c m /s .

On f i g u r e s  3 .2 - 3 .4  a r e  p i c t u r e s  o f  t h e  a p p a r a tu s .
3 .1 .2  A u x i l i a r y  E qu ipm ent

C o n d u c t im e te r  ะ a  S w is s  m ade METROHM HERISAU 
c o n d u c t im e te r  ty p e  E518 was u s e d  t o  m ea su re  s o l u t i o n  c o n d u c t i v i t y  
u s in g  a  s t a i n l e s s  s t e e l  e l e c t r o d e  made up  o f  tw o s h o r t  p i e c e s  o f  
s t a i n l e s s  t u b e s  p r o t e c t e d  w i t h  DELTA, a n  e t h o x y l e n e  w e l d i n g  
p r o c e s s  m a t e r i a l ,  b u t  w i th  a  p r o t r u d in g  e n d  o f  1 mm i n  l e n g th  a n d
3 .2  mm i n  d ia m e te r  a n d  s e p a r a t e d  b y  1 cm f o r  t h e  tw o l a r g e s t  
co lum ns a n d  0 .5  cm f o r  t h e  s m a l l e s t  co lum n.

R e c o r d e r  ะ t h e  r e c o r d e r  u s e d  w as  a  US m ade 
Q uan tachrom e r e c o r d e r  o f  m odel No. SR -4 , e q u ip p e d  w i th  r e c o r d in g
p a p e r .
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A ir  c o m p re s s o r  ะ a  s i n g l e  s t a g e  a i r  c o m p re s s o r  

w i th  a n  a u to m a t ic  u n lo a d e r  t h a t  c o u ld  s u p p ly  c o m p re sse d  a i r  a t  a  
maximum p r e s s u r e  o f  150 p s i g  w as u s e d .  T h e  n e c e s s a r y  4 p s i g  
p r e s s u r e  was s e t  w i th  a n  a t t a c h e d  p r e s s u r e  r e g u l a t o r .

3 .1 .3  M a te r i a l s  U sed
The t r a c e r  u s e d  was a n a l y t i c a l  g ra d e  n i t r i c  a c i d  

d i l u t e d  t o  1 p e r c e n t  b y  v o lum e. The w a te r  u s e d  w as d e - i o n i z e d  
w a te r .  F o r  e x p e r im e n ts  in v o lv in g  th e  p r e s e n c e  o f  s o l i d  p a r t i c l e s  
0 .9 - 1 .4  mm p o ly s ty r e n e  b e a d s  o f  t h e  e x p a n d a b le  ty p e  w ere  u s e d .  
The b e a d s  w ere  h e a te d  t o  a l lo w  f o r  a  s l i g h t  e x p a n s io n  i n  t h e  b e a d  
v o lu m e  t o  a t t a i n  a  p r o p e r  d e n s i t y  i n  o r d e r  t o  h a v e  g o o d  
s u s p e n s io n  o f  t h e  s o l i d  p a r t i c l e s  i n  w a te r .

3 .2  The P ro c e d u re  U sed
The o b j e c t  o f  t h e  e x p e r im e n ts  c o n d u c te d  w as t o  o b t a i n  

t r a c e r  r e s p o n s e  c u r v e s  a t  t h e  b o tto m  o f  t h e  co lum n s e c t i o n s  a n d  
t h e n  c o m p a r e  e x p e r i m e n t a l  t r a c e r  r e s p o n s e s  w i t h  d e r i v e d  
t h e o r e t i c a l  r e s p o n s e  c u r v e s .

The p ro c e d u re  may b e  sum m arized  a s  f o l lo w s .  The co lum n 
i s  f i x e d  on t o  t h e  s u p p o r t  a n d  f i l l e d  w i th  d e - i o n i z e d  w a te r  t o  a  
h e i g h t  o f  4 5 -5 0  cm ab o v e  t h e  e l e c t r o d e s  w h ich  a r e  l o c a t e d  a t  t h e  
b o tto m  o f  t h e  co lum n . The p u l s e  t im e r  i s  a d j u s t e d  a n d  t h e  a i r  
c o m p re s so r  o u t l e t  i s  s e t  a t  4 p s ig  a n d  t h e  p u i s e r  s y s te m  a l lo w e d  
t o  o p e r a t e  a t  t h e  d e s i r e d  a m p li tu d e  a n d  f r e q u e n c y .  50 ml o f  0.1%  
b y  volum e o f  HNOg u s e d  a s  t r a c e r  i s  p r e p a r e d  i n  a  v o lu m e t r ic  
c y l i n d e r .  The c o n d u c t im e te r  a n d  r e c o r d e r  a r e  b o th  tu r n e d  o n . When 
a  s t e a d y  b a s e  l i n e  r e c o r d in g  i s  o b ta in e d  th e  t r a c e r  i s  p o u re d
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i n t o  t h e  colum n from  t h e  to p  a n d  a  t im e  z e ro  m ark i s  n o te d  on  th e  
r e c o r d in g  p a p e r .  The t im e  d e p e n d e n c e  o f  th e  t r a c e r  r e s p o n s e  c u rv e  
i s  th e n  o b ta in e d .

I n  o r d e r  t o  t e s t  t h e  in f lu e n c e  o f  t h e  p r e s e n c e  o f  s o l i d  
p a r t i c l e s  p o ly s ty r e n e  b e a d s  w ere  ad d e d  t o  t h e  w a te r  a n d  t h e i r  
d e n s i t i e s  a d j u s t e d  s o  t h a t  th e  b e a d s  re m a in  i n  s u s p e n s io n .  T h is  
i s  d one  b y  s e l e c t i n g  p o ly s ty r e n e  w h ich  c o n ta in s  p e n ta n e  a n d  w h ich  
a r e  u s e d  t o  make p o ly s ty r e n e  fo am s. The b e a d s  a r e  th e n  p la c e d  i n  
h o t  w a te r  t o  a l lo w  them  t o  ex p an d  j u s t  s l i g h t l y  s o  t h a t  th e y  
r e a c h  a  d e n s i t y  o f  one a n d  re m a in  su sp e n d e d  i n  w a te r .

E ach  t r a c e r  r e s p o n s e  c u rv e  o b ta in e d  i s  th e n  n o rm a l iz e d  
p r i o r  t o  f u r t h e r  c o m p u t a t i o n s .  N o r m a l i z a t i o n  i n v o l v e s  t h e  
d e t e r m i n a t i o n  o f  t h e  h i g h e s t  a v e r a g e  c o n c e n t r a t i o n  o f  t h e  
r e s p o n s e  c u rv e  a n d  t h e  d i v i s i o n  o f  a l l  t h e  d a t a  p o i n t s  b y  t h a t  
v a lu e  so  t h a t  t h e  t r a c e r  r e s p o n s e  c u rv e  v a r i e s  from  z e r o  t o  one  
an d  c a n  b e  com pared  m e a n in g f u l ly  w i th  t h e o r e t i c a l  r e s p o n s e  c u r v e .  
I t  i s  t o  b e  n o te d  t h a t  i f  t h e  r e c o r d in g  i s  a l lo w e d  t o  c o n t in u e  
f o r  a  v e r y  lo n g  t im e  th e  t r a c e r  r e s p o n s e  maximum c o n c e n t r a t i o n  
w i l l  d e c r e a s e  s l i g h t l y  d u e  t o  volum e e f f e c t  o f  t h e  s u p p o r t  z o n e .
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F i g u r e  3 . 2  T h e  a p p a r a t u s



F i g u r e  3 . 3  L a r g e  c o lu m n  w i t h  d i s k s  a n d  r i n g s F i g u r e  3 , 4  C o lu m n  w i t h  p l a s t i c  b e a d s  
( 2 . 5  % h o l d u p )
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