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S U M M A R Y

The o b je c t  o f t h i s  r e s e a r c h  was to  s tu d y  th e  mass t r a n s f e r  

o f  l i q u id s  i n  po rous m edia a t  25'^C* The m ain e x p e rim e n ta l v a r i a b le s  

w ere th e  i n i t i a l  s o lu te  c o n c e n tr a t io n ,  th e  method- o r  d i r e c t i o n  o f  

s o r p t io n ,  th e  r a d iu s  o f  th e  p o ro u s  c y l in d e r s  u se d , th e  p r o p e r t i e s  o f  

th e  p o ro u s  medium, and th e  e x te r n a l  flow  c o n d itio n s#

Two e x p e rim e n ta l m ethods o f  d e te rm in in g  D, th e  m utual 

d i f f u s i v i t y ,  were u sed  to  s tu d y  th e  system  p o tass iu m  o h lo r id e -w a te r#

P re v io u s ly  im p reg n ated  a lu m in a - s i l i c a t e  and T e flo n  p o ro u s 

c y l in d e r s  were im m ersed i n  a l a r g e  volume o f  l i q u i d  and a b s o rp t io n  

o r  d e s o rp t io n  a llo w ed  to  p roceed*  The mass t r a n s f e r  was m easured 

by  two methods ;

(1 ) c o n tin u o u s  m easurem ent o f  th e  a p p a ren t w e ig h t o f  th e  po ro u s 

c y l in d e r  and c o n te n ts  by a r e c o rd in g  b a la n ce

( 2 ) c o n tin u o u s  m easurem ent o f  th e  c o n c e n tr a t io n  o f  s o lu te  i n  

th e  l a r g e  volume o f  l iq u id #

A c a p a c ita n c e  c e l l  was u sed  to  d e te rm in e  th e  c o n c e n tr a t io n  

o f  s o lu te  i n  th e  l a r g e  volume o f  l iq u id #

The e x p e rim e n ta l r e s u l t s  in d ic a te d  v e ry  c lo s e  agreem ent 

betw een th e  e x p e rim e n ta l m ethods#

Work w ith  th e  re c o rd in g  b a la n c e  was c a r r ie d , o u t w ith  

p o ta s s iu m  c h lo r id e - w a te r ,  s u e ro s e -w a te r  and ca rb o n  t e t r a c h l o r i d e -  

m ethano l and th e  p o ro u s m edia HI2 5 , V5j 0G2 ( a l l  g ra d e s  o f  

a lu m in a - s i l i c a t e s )  and p o rous T eflon*

The ran g e  o f  c o n c e n tr a t io n s  in v e s t i g a t e d  w a s :-  p o ta s s iu m  

c h lo r id e  IN -  3N; su c ro se  1 5 - 3 0  w e ig h t carb o n  t e t r a c h l o r i d e  

40 -  60 w e ig h t %m The ran g e  o f  c y l in d e r  r a d iu s  i n v e s t ig a te d  w a s :-  

0*77 cm# -  0*52 cm*
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S ince  th e  p l o t s  o f  a p p a re n t w e ig h t o f  c y l in d e r  vs th e  sq u are  

r o o t  o f  tim e  were s u b s t a n t i a l l y  l i n e a r ,  th e  r e s u l t s  in d ic a te d  t h a t  

th e  mass t r a n s f e r  v/as a p p ro x im a te ly  i n  acco rdance  w ith  Eick* s law*

The p e rc e n ta g e  e x p e rim e n ta l e r r o r  was 0*8 -  1 *4^# The 

c o n s is te n c y  o f  th e  r e s u l t s  was s l i g h t l y  b e t t e r  f o r  th e  r e s u l t s  

o b ta in e d  u s in g  Hi 25 c y l in d e r s  th a n  f o r  th e  r e s u l t s  u s in g  e i t h e r  V5 

o r  CC2 c y lin d e rs »  The c o n s is te n c y  o f  th e  r e s u l t s  u s in g  T e flo n  

c y l in d e r s  was bad» T h is  i s  i n  acco rdance  w ith  th e  r e s u l t s  o f th e  

p o re  s i z e  d i s t r i b u t i o n  t e s t s  which in d ic a te d  t h a t  th e  p o ro u s m edia 

i n  O rder o f  d e c re a s in g  c o n s is te n c y  o r  r e p r o d u c ib i l i ty  a re  Hi 25 , CC2, 

V5, T e f lo n ,

A b so rp tio n  o ccu rs  more q u ic k ly  th a n  d e s o rp t io n  f o r  th e  

aqueous s o lu t io n s  s tu d ie d  b u t d e s o rp t io n  o ccu rs  more q u ic k ly  th a n  

a b s o rp t io n  f o r  c a rb o n  t e t r a c h l o r i d e  i n  m ethanolo

The c o n c e n tr a t io n  dependence o f  th e  d i f f u s i v i t y  a p p ea rs  

to  be s u b s t a n t i a l l y  th e  sam e, f o r  d i f f u s io n  i n  a  po rous medium and 

i n  f r e e  s o l u t io n .  The d i . f f u s iv i ty  was o b se rv ed  to  v a ry  s l i g h t l y  

w ith  th e  r a d iu s  o f  th e  p o ro u s  c y l in d e r  f o r  th e  V5 and CC2 g rad e s  

of* th e  a lu m in a - s i l ic a t e  p o ro u s  media* The d i f f u s i v i t y  d id  n o t 

depend on th e  e x te rn a l  flo w  c o n d it io n s  f o r  v a lu e s  o f  R e y n o ld 's  

Number i n  th e  ran g e  100 -  7000,

A lthough  th e  e x p e r im e n ta l d a ta  i s  n o t s u f f i c i e n t  to  a llo w  

a c c u ra te  p o s t u l a t i o n  o f  an a lg e b ra ic  r e l a t i o n s h i p ,  i t  ap p ea rs  t h a t  

D d e c re a se s  l i n e a r l y  as th e  d ia m e te r  o f  th e  d i f f u s in g  p a r t i c l e  

in c re a s e s o

Two main o b s e rv a t io n s  can  be made re g a rd in g  th e  e f f e c t  o f  

th e  p o ro u s  m edia: The l a r g e r  p a r t i c l e s  a re  h in d e re d  l e s s  th a n

th e  s m a lle r  p a r t i c l e s  by  th e  po ro u s m ed ia , i . e *  su c ro se  i s  h in d e re d  

l e s s  th a n  p o ta ss iu m  c h lo r id e ;  th e  p l iy s io a l  p ro p e r ty  o f  th e  p o rous 

m edia w hich has th e  g r e a t e s t  e f f e c t  on th e  d i f f u s i v i t y  i s  th e



p o r o s i t y  o r  t o t a l  a v a i la b le  p o re  vo lum e. E xperim en ts w i th  HI 25

c y l in d e r s  in d ic a te  t h a t  th e  v a lu e  o f  D i s  a lm ost l i n e a r l y  
p r o p o r t io n a l  to  th e  p o r o s i t y .  T here i s  no e x p e rim e n ta l e v id e n c e  

t h a t  th e  r a t i o  o f  th e  l i n e a r  d im ensions o f  th e  d i f f u s i n g  p a r t i c l e  

and th e  p o re  in f lu e n c e s  th e  r a t e  o f  mass t r a n s f e r .
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A C K N O W L E D & M E N T S

The a u th o r  w ish es to  e x p re s s  h i s  g r a t i tu d e  to  th e  ’'Young’* 

P ro fe s s o r  o f  T e c h n ic a l C h e m is try , P ro fe s s o r  P* D* R i t c h i e ,  F,R#S#E*, 

f o r  th e  p r i v i l e g e  o f  w ork ing  i n  h i s  departm en t^  to  D octo r B* B# MacDonald 

u n d er whose a b le  s u p e rv is io n  th e  r e s e a r c h  was c a r r i e d  o u t ,  and to  

D o c to r D« Sm ith f o r  in v a lu a b le  h e lp  w ith  th e  m a th em a tica l s e c t io n s  

o f  th e  th e s is #

The a u th o r  a ls o  w ish es to  th a n k  th e  B u ild in g  R esea rch  

S t a t i o n ,  W atfo rd , H e r ts # , f o r  th e  f a c i l i t i e s  to  c a r ry  o u t p o re  s iz e  

d i s t r i b u t i o n  t e s t s  u s in g  th e  merouxy p o ro s im e te r#



S U M M A R Y

The o b je c t  o f  t h i s  r e s e a r c h  was to  s tu d y  th e  mass t r a n s f e r  

o f  l i q u i d s  i n  po ro u s m edia a t  25*^0« The m ain e x p e rim e n ta l v a r i a b le s  

w ere th e  i n i t i a l  s o lu te  c o n c e n t r a t io n ,  th e  method- o r  d i r e c t i o n  o f  

s o r p t io n ,  th e  r a d iu s  o f  th e  p o ro u s  c y l in d e r s  u se d , th e  p r o p e r t i e s  o f  

th e  p o ro u s  medium, and th e  e x te r n a l  flow  c o n d itio n s*

Two e x p e r im e n ta l methods o f  d e te rm in in g  D, th e  m utual 

d i f f u s i v i t y ,  were u sed  to  s tu d y  th e  system  p o ta ss iu m  o h lo r id e -w a te r#

P re v io u s ly  im p reg n a ted  a lu m in a - s i l i c a t e  and T e flo n  p a ro u s  

c y l in d e r s  were im m ersed i n  a  l a r g e  volume o f  l i q u i d  and a b s o rp t io n  

o r  d e s o rp t io n  a llo w ed  to  proceed® The mass t r a n s f e r  was m easured 

by  two m ethods:

(1 ) c o n tin u o u s  m easurem ent o f  th e  a p p a re n t w e ig h t o f  th e  p o ro u s  

c y l in d e r  and c o n te n ts  by  a r e c o rd in g  b a la n ce

( 2 ) c o n tin u o u s’ m easurem ent o f  th e  c o n c e n tr a t io n  o f  s o lu te  i n  

th e  l a r g e  volume o f  l iq u id *

A c a p a c i ta n c e  c e l l  was u sed  to  d e te rm in e  th e  c o n c e n tr a t io n  

o f  s o lu te  i n  th e  l a r g e  volume o f  l iq u id #

The e x p e r im e n ta l r e s u l t s  in d ic a te d  v e ry  c lo s e  agreem ent 

betw een th e  e x p e rim e n ta l methods*

Work w ith  th e  re c o rd in g  b a la n c e  was c a r r i e d  o u t w ith  

p o ta s s iu m  c h lo r id e - w a te r , s u e ro s e -w a te r  and c a rb o n  t e t r a c h l o r i d e -  

m ethano l and th e  p o ro u s  m edia HI2 5 , V5, CC2 ( a l l  g ra d e s  o f  

a lu m in a - s i l i c a t e s )  and p o rous T eflo n *

The ran g e  o f  c o n c e n tr a t io n s  i n v e s t i g a t e d  w a s :-  p o ta s s iu m  

c h lo r id e  IN -  5% su c ro se  15 30 w e ig h t ca rb o n  t e t r a c h l o r i d e

40 -  60 w e ig h t %* The ra n g e  o f  c y l in d e r  r a d iu s  i n v e s t ig a te d  w a s :-  

0*77 cm# -  0*52 cm*



S ince  th e  p l o t s  o f  appareia t w e ig h t o f  c y l in d e r  th e  sq u are  

r o o t  o f  tim e  w ere s u b s t a n t i a l l y  l i n e a r ,  th e  r e s u l t s  in d ic a te d  t h a t  

th e  mass t r a n s f e r  v/as a p p ro x im a te ly  i n  acco rdance  w ith  Pick* s law#

The p e rc e n ta g e  e x p e r im e n ta l e r r o r  was 0#8 -  Î #4^o The 

c o n s is te n c y  o f  th e  r e s u l t s  was s l i g h t l y  b e t t e r  f o r  th e  r e s u l t s  

o b ta in e d  u s in g  HI 25 c y l in d e r s  th a n  f o r  th e  r e s u l t s  u s in g  e i t h e r  V5 

o r  CC2 c y lin d e rs *  The c o n s is te n c y  o f  th e  r e s u l t s  u s in g  T e flo n  

c y l in d e r s  was bad# T h is  i s  i n  acco rd an ce  w ith  th e  r e s u l t s  o f th e  

p o re  s i z e  d i s t r i b u t i o n  t e s t s  w hich I n d ic a te d  t h a t  th e  p o ro u s  m edia 

i n  O rder o f  d e c re a s in g  c o n s is te n c y  o r  r e p r o d u c i b i l i ty  a re  HI 2 5 , CC2, 

V5, T eflon*

A b so rp tio n  o ccu rs  more q u ic k ly  th a n  d e s o rp t io n  f o r  th e  

aqueous s o lu t io n s  s tu d ie d  b u t d e s o r p t io n  o ccu rs  more q u ic k ly  th a n  

a b s o rp t io n  f o r  ca rb o n  t e t r a c h l o r i d e  i n  m ethanol*

The c o n c e n tr a t io n  dependence o f  th e  d i f f u s i v i t y  a p p e a rs  

to  be s u b s t a n t i a l l y  th e  sam e, f o r  d i f f u s i o n  i n  a p o ro u s medium and 

i n  f r e e  s o lu t io n #  The d i - f f u s iv i ty  was o b se rv ed  to  v a ry  s l i g h t l y  

w ith  th e  r a d iu s  o f  th e  p o ro u s  c y l in d e r  f o r  th e  V5 and CC2 g ra d e s  

o f  th e  a lu m in a - s i l i c a t e  p o ro u s  media# The d i f f u s i v i t y  d id  n o t  

depend on th e  e x te r n a l  f lo w  c o n d it io n s  f o r  v a lu e s  o f  R e y n o ld ’ s 

Number i n  th e  ran g e  100 -  7000#

A lthough  th e  e x p e r im e n ta l d a ta  i s  n o t  s u f f i c i e n t  to  a llo w  

a c c u ra te  p o s t u l a t i o n  o f  an a lg e b r a ic  r e l a t i o n s h i p ,  i t  a p p ea rs  t h a t  

D d e c re a se s  l i n e a r l y  as th e  d ia m e te r  o f  th e  d i f f u s in g  p a r t i c l e  

in c re a s e s *

Two m ain o b s e rv a t io n s  can  be made r e g a rd in g  th e  e f f e c t  o f  

th e  p o ro u s  m edia; The l a r g e r  p a r t i c l e s  a re  h in d e re d  l e s s  th a n  

th e  s m a lle r  p a r t i c l e s  by  th e  p o rous m ed ia , i*e#  su c ro se  i s  h in d e re d  

l e s s  th a n  p o ta s s iu m  c h lo r id e ;  th e  p l iy s io a l  p r o p e r ty  o f  th e  p o rous 

m edia w hich  h as th e  g r e a t e s t  e f f e c t  on th e  d i f f u s i v i t y  i s  th e



p o r o s i t y  o r  t o t a l  a v a i la b l e  p o re  volume# E xperim en ts w ith  H i25

c y l in d e r s  in d ic a te  t h a t  th e  v a lu e  o f  D i s  a lm ost l i n e a r l y  
p r o p o r t io n a l  to  th e  p o ro s i ty #  T here i s  no e x p e r im e n ta l e v id e n c e  

t h a t  th e  r a t i o  o f  th e  l i n e a r  d im ensions o f  th e  d i f f u s i n g  p a r t i c l e  

and th e  p o re  in f lu e n c e s  th e  r a t e  o f  mass t r a n s f e r #
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U  I N T R O D U C T I O N

When d i f f u s io n  i n  a  p o ro u s s o l i d  d e te rm in e s  th e  r a t e  o f  

a  ch em ica l o r  p h y s ic a l  p r o c e s s ,  a  knowledge o f  th e  r a t e  o f  d i f f u s io n  

o f  th e  f l u i d  co n cern ed  and th e  f a c to r s  which in f lu e n c e  i t  a re  

e s s e n t i a l  f o r  a  com plete  u n d e rs ta n d in g  o f  th e  p ro c e ss*

The m ain i n d u s t r i a l  exam ples o f  such p ro c e s s e s  a re

( i )  s o r p t io n  o p e ra t io n s  such  as le a c h in g  o f  p o ro u s  s o l id s  

o r  a d s o rp t io n  o f  a  component o f  a l i q u i d  m ix tu re  as a 

p u r i f i c a t i o n  s te p ;  and

( i i )  c a t a l y s i s  o f  ch em ica l r e a c t io n s  ©

A k se lru d  (1 )  h as  su g g e s te d  a m ethod f o r  d e te rm in in g  th e  

poru  d i s t r i b u t i o n  f u n c t io n  f o r  volumes o f  i d e a l  p o re s  from  sim p le  

e x p e rim e n ta l e x t r a c t i o n  d a ta  s i m i l a r  to  t h i s  a u th o r ’ s d a ta  and has 

shown how th e  d i s t r i b u t i o n  f u n c t io n  can  be a p p lie d  to  p r a c t i c a l  

prob lem s such  as c o - c u r r e n t  and c o u n te rc u r re n t  e x tra c t io n #

T h ie le  (2 ) s t a t e d  t h a t  th e  s iz e  o f  c a t a l y s t  g r a in s  c o u ld  

n o t be in c re a s e d  i n d e f i n i t e l y  w ith o u t u l t im a te ly  r e a c h in g  a p o in t  

a t  w hich  th e  r e a c t io n  w ould p roduce  p ro d u c ts  i n  th e  g r a in  i n t e r i o r  

f a s t e r  th a n  d i f f u s i o n  c o u ld  c a r r y  them  aw^ay# R e p re s e n tin g  th e  

p o ro u s  s t r u c tu r e  by  a  s im p l i f i e d  m odel and assum ing a  f i r s t  o rd e r  

ch em ica l r e a c t i o n ,  he showed t h a t  th e  r a t i o  o f  th e  r e a c t i o n  r a t e  

w ith  a g iv e n  g r a in  s iz e  to  th e  r a t e  i f  th e  c o m p o s itio n  o f  f l u i d  

th ro u g h o u t th e  g r a in  w ere th e  same as  i n  th e  f l u i d  su rro u n d in g  th e  

g r a in  depended on a  d im e n s io n le s s  m odu lus, i n  w hich th e  e f f e c t iv e  

d i f f u s i o n  c o e f f i c i e n t  was in c lu d ed *

A ris  ( 3 ) and C a rb e rry  (4 )  ex tended  T h ie le ’ s id e a s  and 
showed t h a t  h i s  r e l a t i o n s h i p  was v a l id  f o r  any shape o f  g ra in *

Thus th e r e  a re  p r a c t i c a l  re a so n s  f o r  d e te rm in in g  th e  

e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  o f  a  l i q u i d  i n  a p o ro u s  s o l id *

The scope o f  th e  work a tte m p te d  i s  g iv en  i n  th e  n e x t s e c tio n *
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1,1 O b jec t th e  R esea rch

The o b je c t  o f  th e  r e s e a r c h  was to  i n v e s t i g a t e  th e  f a c t o r s  

w hich in f lu e n c e d  th e  i s o th e rm a l  mass t r a n s f e r  o f  l i q u i d s  i n  p o ro u s  

media* The f a c to r s  s tu d ie d  w e re :-

The s o lu t e - s o lv e n t  sy s te m , th e  p r o p e r t i e s  o f  th e  po ro u s 

m ed ia , th e  d i r e c t i o n  o f  mass t r a n s f e r ,  and th e  flow  regim e*

These fo u r  f a c t o r s  a re  now c o n s id e re d  i n d i v i d u a l l y •

S o lu te -S o lv e n t  System

The most im p o r ta n t  c l a s s i f i c a t i o n  was th e  sy stem  type  -  

o rg a n ic  o r  in o rg a n ic *  Two in o rg a n ic  system s rnd  one o rg a n ic  system  

w ere s tu d ie d *  F o r th e  in o rg a n ic  sy s te m s , i n  w hich w a te r  was th e  

s o l v e n t ,  two s o lu te s  w ere s tu d ie d ,  an e l e c t r o l y t e  and a  n o n - e le c t r o ­

l y t e .  I n  each case  th e  e f f e c t s  o f  s o lu te  c o n c e n tr a t io n ,  d ia m e te r  o f  

th e  d i f f u s in g  p a r t i c l e ,  and m utual d i f f u s i v i t y  i n  f r e e  s o lu t io n  w ere 

i n v e s t i g a t e d .

P r o p e r t i e s  o f  th e  P o rous Media

The p h y s ic a l  c h a r a c t e r i s t i c s  o f  th e  p o ro u s  m edia w hich 

v e re  in v e s t i g a t e d  w ere th e  geom etry  o f  th e  p o ro u s  s a n p le ,  th e  

p e rc e n ta g e  p o r o s i t y ,  th e  t o r t u o s i t y  o f  th e  p o re  sy s te m , and th e  

p o re  s iz e  d i s t r i b u t i o n .

D i r e c t io n  o f  Mass T ra n s fe r

A b so rp tio n  and d e s o r p t io n  e x p erim en ts  were c a r r i e d  o u t 

to  t r y  to  v e r i f y  th e  t h e o r e t i c a l  p r e d i c t i o n  o f  Crank and Henry (5 )*  

T h is  s t a t e d  t h a t  w here th e  d i f f u s i v i t y  i n  f r e e  s o lu t io n  in c r e a s e s  

w ith  in c r e a s in g  s o lu te  c o n c e n t r a t io n ,  th e  p ro c e s s  o f  a b s o rp t io n  

sh o u ld  ta k e  p la c e  more q u ic k ly  th a n  d e s o rp t io n  and c o n v e rs e ly  

where th e  d i f f u s i v i t y  i n  f r e e  s o lu t io n  d e c re a se s  w ith  in c r e a s in g  

s o lu te  c o n c e n tr a t io n  th e  p ro c e s s  o f  d e s o rp t io n  sh o u ld  ta k e  p la c e  

more q u ic k ly  th a n  a b so rp tio n *
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Flow Regime

E xperim en ts w ere c a r r i e d  o u t a t  v a r io u s  flow  c o n d it io n s  

to  a s c e r t a i n  th e  m agnitude o f  th e  r e s i s t a n c e  to  mass t r a n s f e r  a t  

th e  s o l i d - l i q u i d  in te r f a c e *

I t  was hoped t h a t  th e  e f f e c t iv e  d i f f u s i v i t y  o f  a s o lu t e -  

s o lv e n t  sy s tem  i n  a p o ro u s s o l i d  c o u ld  he p r e d ic te d  from  a know ledge 

o f  th e  p h y s ic a l  p r o p e r t i e s  o f  th e  s o lu te - s o lv e n t  system  and th e  

s o l id *  F o r t h i s  re a so n  th e  m ain c o r r e l a t io n s  f o r  p r e d i c t i n g  th e  

d i f f u s i v i t y  i n  f r e e  s o lu t io n  a re  g iv e n  below .

1*2 Summary o f  R esearch  on th e  D i f f u s i v i t i e s  o f  L iq u id s  i n  F ree  

S o lu t io n

S in ce  th e  b e g in n in g  o f  th e  tw e n tie th  cen taury , much 

a t t e n t i o n  has been  fo c u se d  on th e  p rob lem  o f  p r e d i c t i n g  d i f f u s i v i t i e s  

o f  l i q u i d s  from  a know ledge o f  t h e i r  p h y s ic a l  p r o p e r t i e s *  The 

a tte m p ts  to  c o r r e l a t e  d i f f u s i v i t i e s  and fundam en ta l p h y s ic a l  

p r o p e r t i e s  can  be c l a s s i f i e d  a s ; -

(1 ) The t h e o r e t i c a l  ap p ro a ch .

( 2) The s e m i-e m p ir ic a l  a p p ro a c h , and

(3 ) The e m p ir ic a l  approach*

1*2*1o

S e v e ra l  a tte m p ts  have b een  made to  d e s c r ib e  t r a n s p o r t  

p ro c e s s e s  and to  p r e d i c t  th e  c o e f f i c i e n t s  o f  d i f f u s i o n  and v i s c o s i ty .  

The f i r s t  a tte m p t v/as an a d a p ta t io n  o f  th e  k in e t i o  th e o ry  o f  l i q u i d s ,

1 .2 * 1 (a )  K in e tio  Theory o f  L iq u id s

A rnold  ( 6 ) ,  assum ing th e  r a t e  o f  momentum t r a n s f e r  to  be 

th e  p ro d u c t o f  th e  number o f  b in a ry  c o l l i s i o n s  p e r  se c o n d , eq u a ted  

t h i s  r a t e  to  th e  fo rc e  c a u s in g  d i f f u s i o n  aî.d he d e r iv e d ,  f o r  id e a l  

s o l u t i o n s ,

Û -
B I» , * " 2 ) - ^ 2
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where = m utua l d i f f u s i v i t y  o f  s p e c ie s  1 i n  s p e c ie s  2#

M.J , Mg = m o le c u la r  w e ig h ts  o f  sp e o ie s  1 and 2 r e s p e c t iv e ly *

Y 2  = m olar volume o f  sp e o ie s  2 ( s o l v e n t ) .

2S “  sq u a re  o f  th e  sum o f  th e  m o le c u la r  d iam e te rs#

I n  th e  d e r iv a t io n  o f  e q u a t io n  ( l ) ,  t h r e e  a ssum ptions w ere m ade;-

( 1 ) A ll  c o l l i s i o n s  a re  b in a r y ,  in v o lv in g  two m o lecu le s  o n ly .

( 2 ) The c o l l i s i o n  r a t e  i s  u n a f f e c te d  by th e  volume o c cu p ied  

by  th e  m olecu les*

( 3 ) The in te rm o le o u ia r  a t t r a c t i o n s  do n o t  come in to  p la y .

None o f  th e s e  assum ptions i s  v a l i d  f o r  l i q u i d s .  A rnold  

to o k  acco u n t o f  th e  f a i l u r e  o f  th e  th r e e  assu rup tions by means o f  a 

se m i-e m p ir ic a l  f a c t o r  F w hich  was i n s e r t e d  i n  th e  d en o m in a to r o f  

e q u a tio n  ( l ) .  By e m p ir ic a l  e x am in a tio n  o f  d a ta  on th e  d i f f u s i o n  o f  

d i l u t e  n o n - e l e c t r o ly t e s ,  A rno ld  d e te rm in ed  th e  v a lu e  o f  F* The 

com plete  e x p re s s io n  f o r  F i s : -

i- = A, Ag Vg

where Aj , Ag = f a c to r s  to  talce in to  accoun t th e  d eg ree  o f

a s s o c ia t io n  o f  th e  s o lu te  and s o lv e n t  r e s p e c t iv e ly *

Zg = v i s c o s i t y  o f  th e  s o lv e n t .

T h u s, f o r  r e a l  s o lu t io n s ,  th e  e x p re s s io n  f o r  th e  m utual d i f f u s i v i t y  

became

U, ri — ■ • • •  o •«••««»*

Â  Ag Zg^ 8":

S ince  e q u a t io n  (2 )  c o n ta in s  th re e  a d ju s ta b le  p a ra m e te r s ,

A| , Ag, B, i t  i s  n o t  s u r p r i s in g  t h a t  e x p e r im e n ta l r e s u l t s  ag ree  

w ith  i t  and i t  c an n o t t r u l y  be c a l l e d  a  t h e o r e t i c a l  b u t  r a t h e r  a  

se m i-e m u ir io a l c o r r e la t io n *
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The d e r iv a t io n  o f  e q u a tio n s  ( l )  and (2 )  depends rn  th e  

a ssu m p tio n  t h a t  th e  gaseous and l i q u i d  s t a t e s  a re  s im ila r#  

C o n s id e ra t io n  o f  suoh p h y s ic a l  p r o p e r t i e s  as l a t e n t  h e a ts  o f  

e v a p o ra t io n  and f u s io n ,  volume changes d u rin g  e v a p o ra t io n  and 

f u s io n ,  and s p e c i f i c  h e a ts  o f  s o l i d s ,  l i q u id s  and g a se s  l e d  F re n k e l

( 7 ) to  su g g e s t t h a t  th e  l i q u i d  s t a t e  h o re  much more resem b lance  to  th e  

s o l i d  s t a t e  th a n  to  th e  gaseous s t a t e .  T h is would e x p la in  th e  

d is c r e p a n c ie s  be tw een  e x p e rim e n ta l d i f f u s i v i t i e s  and th o se  p r e d i c te d  

by e q u a tio n s  ( l )  and (2)«

1 .2 .1  (b ) V i s e o s i ty - D i f f u s iv i ty  R e la t io n s h ip

E in s te in  (8 ) and S u th e r la n d  (9 ) p ro p o se d  t h a t  th e  b a la n c e  

betw een a  d r iv in g  fo rc e  o f  th e  g r a d ie n t  o f  ch em ica l p o t e n t i a l  and 

a r e s i s t a n c e  to  flow  le a d s  to  a c o n s ta n t  av e rag e  d i f f u s i o n  v e l o c i t y .  

They d e r iv e d  th e  e x p re s s io n ;~

RT B °
® i2 “  i n r ~  .......................  . . . . . ( 4 )

w here ^ = m utua l d i f f u s io n  c o e f f i c i e n t  i n  a  2 component

sy s te m .

R = gas c o n s ta n t .

T “  a b s o lu te  te m p e ra tu re .

R = Avogadro Number.

W = v is c o u s  r e s i s t a n c e  p e r  m olecule*

0 In  fg
Ng) I ,  p] component 2;

th e  a c t i v i t y  c o r r e c t io n  f o r  n o n - I d e a l i t y .

S tokes showed t h a t ;

2"V 1

W = 6 ÿ  1 Tg 1 + § Tg
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w here |3 = th e  c o e f f i c i e n t  o f  s l i d in g  f r i c t i o n  be tw een  th e

d i f f u s in g  m olecu le  and i t s  su rro u n d in g s»

= v i s c o s i t y  o f  component 1 ( s o lv e n t)*  

r ^  = r a d iu s  o f  d i f f u s in g  m olecu le*

The two l im i t i n g  v a lu e s  o f  p a re :

p = 0 W = ■'}, r g .......................................... (6 )

p = 00 w = e-tf .......... ................................(7 )

S u th e r la n d  s t a t e d  t h a t  f o r  a  l a r g e  s p h e r ic a l  m o lecu le  i n  

a  medium o f  low m o le c u la r  w e ig h t,  l i t t l e  "hydrodynam ic s l i p "  w ould 

o ccu r and (7 ) w ould apply#

Thus = RT
6 N' 1*2 f o r  an i d e a l  s o lu t io n  . . . . ( 8 )

S u th e r la n d  a ls o  s t a t e d  t h a t  f o r  a  sm a ll m o lecu le  d i f f u s in g  

t h r o u ^  a  medium o f  com parab le  m o le c u la r  w e ig h t, p =; 0 and

R io = _  RT
N r ^  f o r  an i d e a l  s o lu t io n  * . * , . ( 9 )

E x p e rim e n ta l d a ta  gave re a so n a b le  agreem ent w ith  e q u a tio n

(8 ) f o r  la r g e  s o lu te  m o lecu les  i n  a  medium o f  much s m a lle r  m o lecu le s  

( j O ) .

N e i th e r  o f  th e s e  th e o r i e s  gave a c o m p le te ly  s a t i s f a c t o r y  

m ethod o f  p r e d i c t i n g  d i f f u s i o n  c o e f f i c i e n t s #

The modern app roach  i s  more r a d i c a l  and i s  b a se d  on a 

g e n e r a l i s e d  p i c t u r e  o f  th e  l i q u i d  s t a t e  w hich can  be m a th e m a tic a lly  

t r e a t e d  u s in g  th e  m ethods o f  s t a t i s t i c a l  m echanics and th e  therm o­

dynam ics o f  i r r e v e r s i b l e  p ro c e ss e s *

1*2*1 (c )  S t a t i s t i c a l  M echanical I n t e r p r e t a t i o n

B e fo re  p ro c e e d in g  w ith  th e  a p p l i c a t io n  o f  s t a t i s t i c a l  

m echanics to  d i f f u s i o n  p ro b le m s , th e  meaning o f  th e  d i s t r i b u t i o n  

fu n c t io n  w i l l  be g iv e n . The d i s t r i b u t i o n  f u n c t io n  d e s c r ib e s  th e
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p r o b a b i l i t y  o f  one m o le o u la r  a rran g em en t and a know ledge o f  th e  

v a r i a t i o n  o f  th e  d i s t r i b u t i o n  f u n c t io n  w ith  tim e le a d s  to  an 

u n d e rs ta n d in g  o f  t r a n s p o r t  phenomena* D if fu s io n  i s  t r e a t e d  as 

a  p ro c e s s  c o n t r o l le d  by random w alk  w ith  v e ry  sm a ll s te p s*

S t a t i s t i c a l  M echanics A p p lied  to  B in a ry  L iq u id  D if f u s io n

JCamal and C a n ja r  (11)  c la im  a  c o r r e l a t i o n ,  b a sed  on 

s t a t i s t i c a l  m ec h an ic s , w hich a g re e s  w ith  56 d i f f e r e n t  s o lu t e -  

s o lv e n t  sy stem s to  13^ d e v ia tio n *  T h e ir  argum ent w i l l  be 

sum m arised below*

Kirkw ood’ s th e o ry  o f  t r a n s p o r t  phenomena i n  dense  m edia

( 12) was dev e lo p ed  by R ice  t o  g iv e :

D = T T  ......................................................................... C O )
where D -  s e l f  d i f f u s i v i t y *

F u r th e r  d e r iv a t io n  y ie ld e d

_ 5 k I V ^  r _ _ L _ _ 3
^ m L24L -  15 pV -  15 RT^o

where V = m o lar volume. 
0

= i n t e r a c t i o n  energy  c o n t r ib u t io n  to  s h e a r  v i s c o s i ty ,  
m = mass o f  a m o le c u le .

and f i n a l l y

L = i n t e r n a l  e n e rg y  o f  v a p o r i s a t io n  %( A -  RT)

D = 1*2021 X 10 "  /R T Y  [1*6 V + 2 .5 6  v g"" (cr) ] . ( 1 2 )

V V

ET
24L -  15 pVg -  13 RT

w here g^^^c?) = 1 + 2«5 v^ .f. 4 . 3 8 6 4 . ( I 3 )

V " \ v /
V = t o t a l  volume p e r  m olecu le*  

v^ = o c cu p ied  volume p e r  m olecu le  

VA was found from  th e  e q u a tio n  o f  C o ll in s  and N a v id i b a sed  on th e  

V )  v e lo c i ty  o f  sound a t  low f re q u e n c ie s *
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From e q u a tio n  ( i l )  th e  s e l f  d i f f u s i v i t y  can  be s p l i t  

i n to  two p a r t s ,  v iz  -  ^ k  ^  w hich r e p r e s e n ts  th e  d r iv in g

fo rc e  and th e  n e t  r e s i s t a n c e  in i ie r e n t  i n  th e  d i f f u s i o n  medium

w hich le a d s  to  Brow nian m otion  o f  t h a t  medium; and —, - ■ -
-  Ip p Vq " i p K l

w hich r e p r e s e n ts  th e  r e s i s t a n c e  due to  th e  n a tu re  o f  th e  

d i f f u s in g  s o lu te  and i n t e r a c t io n s  w ith  so lv e n t  m o lecu les*

M utual D if fu s io n

I n  a  b in a ry  s o lu t io n  th e  n e t  r e s i s t a n c e  to  B row nian m otion  

i s  due t c  i n t e r a c t io n s  o f  th e  s o lu te  m o lecu les  w ith  each o th e r  and 

w ith  m o le cu le s  o f  th e  s o lv e n t .  At i n f i n i t e  d i l u t i o n  i t  can  be 

assumed t h a t  Brownian m o tio n  o f  th e  s o lv e n t  i s  n o t a f f e c te d  by s o lu te  

m o le c u le s . So th e  f i r s t  te rm  f o r  s e l f  d i f f u s i v i t y  i s  a ls o  v a l i d  f o r  m utua l 
d i f f u s i v i t y  o t i n f i n i t e  d i l u t i o n .  The i n t e r n a l  energy  ( l ) i s  e s t im a te d  to  be

th e  h e a t  o f  v a p o r i s a t io n  o f  th e  s o lu te  and i t  i s  assum ed th a b  a f t e r  t h i s  en erg y

i s  overcom e, th e  s o lu te  m o lecu le  i s  u n d e r th e  in f lu e n c e  o f  th e  

Brow nian m otion  o f  th e  s 

a t  i n f i n i t e  d i l u t i o n  i s :

B row nian m otion  o f  th e  s o lv e n t .  Thus D ^ ,  th e  m utual d i f f u s i v i t y

D̂ 2 = 1.2021 % 10"̂  [(g )^  4 /^ / 3  -1 . + 2.56 pot N. (<f) ]

3, r RT__________-,
L- Qi, T. „  1 R „  1 R  u r n  J

s o lv e n t

24L "  13 pv -  13 RT ‘’ s o lu te  . . . .  ( 14) 

Kamal and Con j a r  ( 1 1 ) ,  u s in g  D arken’ s e q u a t io n  ( 13) 

o b ta in e d  f o r  th e  v a r i a t i o n  o f  m utual d i f f u s i v i t y  w ith  c o n c e n t r a t io n : -

D ,2 = [N, D®2 + Ng [1 + ]   (15)

w here D^^ = d i f f u s i v i t y  o f  an is o to p e  t r a c e r  o f  i  i n  th e  s o l u t io n .

= mo]e f r a c t i o n  o f  component i  i n  th e  s o lu t io n *

= a c t i v i t y  o f  coup one n t  i  i n  th e  so lu t io n *



E q u a tio n  ( i 4 )  can  be r e w r i t t e n ;
= B f ( A  H) * # . * # . . #  ( 16)

i.
w here B = 1o2021 x  10~® A ..........................................  ( l ? )

A = [ 1 . 6  V + 2 ,5 é /v  f  ' N g (2 ) ((j) ] / v ^ 2 / 3 ............. (18)

V V.vy

f  (A H) =  RT f , q \
24 A H -  39 RT ................... ................................... . . ( 9 }

vap »

A, B and f  (A w ere c a l c u l a t e d  f o r  56 s o lu te - s o lv e n t  system s

and compared w ith  e x p e rim e n ta l v a lu e s .

T here  was an av e rag e  d e v ia t io n  o f  13^ from e x p e r im e n ta l 

v a lu e s  o f  th e  d i f f u s io n  c o e f f i c i e n t  a t  i n f i n i t e  d i lu t io n *  W ilk e ’ s e q u a t io n  

(se e  s e c t i o n  on E m p ir ic a l C o r r e la t io n s )  gave an av erag e  d e v ia t io n  o f  10^.

F or th e  sy s te m , a c e t io  a c id  -  ca rb o n  t e t r a c h l o r i d e ,  th e  

te m p e ra tu re  c o e f f i c i e n t  from  e q u a tio n  ( l 4 )  was lo w er th a n  th e  

e x p e rim e n ta l w hereas W ilk e 's  te m p e ra tu re  c o e f f i c i e n t  was h ig h e r  th a n  

th e  e x p e r im e n ta l .
i.  ̂ /7

The v a r i a b le s  a f f e c te d  by te m p e ra tu re  a re  , AH and A#

As th e  te m p e ra tu re  in c r e a s e s  a l l  th e  v a r i a b le s  in c r e a s e  e x c e p t A w hich 

d e c re a s e s  s lo w ly  w ith  te m p e ra tu re .  The e x c e p tio n  i s  w a te r  where A 

in c r e a s e s  w ith  te m p e ra tu re *  Thus t h i s  th e o ry  e x p la in s  th e  h ig h  

te m p e ra tu re  c o e f f i c i e n t  o f  d i f f u s i v i t y  o f  system s w ith  w a te r  as th e  

so lv e n t*

When com paring  th e  v a r i a t i o n  o f  th e  m u tua l d i f f u s i o n  c o e f f i c i e n t  

w ith  c o n c e n tr a t io n  p r e d ic te d  by e q u a tio n  (15) w ith  ex perim en t th e r e  a re  

two cases*

( i )  F o r i d e a l  s o l u t i o n s ,  th e  a c t i v i t y  f a c t o r ,  ( l  *^2 ) I S

„  „3£u n i ty  and D, 2 = N, D g  + Ng D",    (gg \
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E xperim en ts w ith  i d e a l  s o l u t io n s ,  e .g*  c h lo ro b e n z e n e -  

brom obenzene, to lu e n e -c h lo ro b e n z e n e , and b en zen e -o a rb o n  t e t r a c h l o r i d e  

y ie ld e d  g rap h s  l i n e a r  w ith  mole f r a c t i o n  as p r e d ic te d  by e q u a tio n  

(20).

( i i )  F o r n o n - id e a l  s o l u t i o n s ,  th e  a c t i v i t y  f a c t o r  had to  be

e v a lu a te d .  The sy stem  e th a n o l-w a te r  a g re e d  v e ry  w e l l  

w ith  e q u a t io n  ( I 5 ) and th e  system  m e th a n o l-w a te r  gave 

f a i r l y  good agreem ent*

Both Bearman (14 ) and L a i ty  ( 15) ta k e  as t h e i r  s t a r t i n g  

p o in t  th e  " f r i c t i o n a l  fo rc e  e q u a tio n "*

Bearman g iv e s ;

( 1 , 0 3€where  ̂ = mean f r i c t i o n a l  fo rc e  a c t in g  on a  m o lecu le  o f

s p e c ie s  a  i n  a  system  c o n ta in in g  Y com ponents u n d e rg o in g  one­

d im e n s io n a l , i s o b a r io ,  is o th e rm a l  d i f f u s i o n .

Cp "  c o n c e n tr a t io n  o f  sp e o ie s  p i n  m o le c u le s /u n it  volume 

p = p o t e n t i a l  o f  in te rm o le o u la r  f o r c e  betw een m o lecu le s  

o f  fiC and p ,  assum ed-to  depend o n ly  on th e  m agnitude r  o f  th e  v e c to r

d is ta n c e  "u , w hich s e p a r a te s  th e  m o lecu les  and n o t on bhe o r i e n t a t i o n
( 2 0  ( 2 0  o f  th e  m o l e c u l e s . p ^  '  '  and Gp  ̂  ̂ a re  d i s t r i b u t i o n  fu n c tio n s*

One o f  th e  o b je c t iv e s  o f  th e  s t a t i s t i c a l  m ech an ica l th e o ry  

i s  to  d e te rm in e  Ĝ  ̂ i n  term s o f  G  ̂ th e  r a d i a l

d i s t r i b u t i o n  f u n c t io n  and th u s  e x p re s s  t r a n s p o r t  p r o p e r t i e s  i n  te rm s 

o f  e q u il ib r iu m  f u n c t io n s  o f  s ta te *

L a i ty ’ s s t a r t i n g  p o in t  i s  
N__

P = ^ Rik (J^ . J^)  .........................    (22)

where F -  d i s s i p a t i o n  fu n c t io n  f o r  a system  o f  N com ponents

a t  c o n s ta n t  te m p e ra tu re  and p re s su re *
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fluT .es o f  com ponents i  and k  r e s p e c t iv e ly *  

R i  k  = f r i c t i o n  o o e f f i c ie n te

B oth Bearman and B a ity  s t a t e  t h a t  s h o r t l y  a f t e r  a  concen­

t r a t i o n  g r a d ie n t  i s  e s t a b l i s h e d  i n  a sy s te m , a q u a s i - s t a t io n a r y  

s t a t e  i s  re a c h e d  i n  w hich  th e  d r iv in g  f o r c e  f o r  d i f f u s i o n ,  th e  

n e g a t iv e  o f  th e  ch em ica l p o t e n t i a l  g r a d i e n t ,  becomes s e n s ib ly  eq u a l 

i n  m agnitude b u t o p p o s ite  i n  s ig n  to  th e  f r i c t i o n a l  f o r c e .

So Bearman g iv e s :

l ^ r  = = ~  -  "p ) -•••■>«■> ( 23)

and L a i ty  g iv e s :

\ / p . = *" R ik  Ck ( v . — V,  ̂ (2̂ 4-)
X  ^  X  iC

I t  i s  obv ious t h a t  e q u a t io n s  (23) and (2 4 ) a re  th e  same 

w here d
■ ^  ~ ch em ica l p o t e n t i a l  g ra d ie n t*

Iff Q = R ik  = f r i c t i o n  f a c t o r .w- p

^k = Gp = c o n c e n tr a t io n  o f  component k  and

P r e s p e c t iv e ly .

Up, v ^ i = l o c a l  v e lo c i t y  v e c to rs *

So o n ly  th e  Bearman d e r i v a t i o n  w i l l  be c o n tin u e d  h e r e ,  a lth o u g h  t h a t  

o f  L a i ty  w i l l  be r e f e r r e d  to  below .

F or a  2 com ponent system  e q u a tio n  (23) re d u c e s  t o :  

d

àx = W, Q ( U4 — Ug) * * • • * . 90* .  0 0 . . . 0 .  ( 23)

d Pp
= -G,  (u^ -  u j      ( 25)dr: "12  ̂ 2 i

.0U sing  th e  e x p re s s io n s  (u.  ̂ -  u^) ( 26)

.0 .0
1 1̂ + *̂ 2 ^2V , j °  + v „  0° = 0 ................    ( 27)
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IVhere = th e  f lu x  o f  component i  w ith  r e s p e c t  to  a  volume f ix e d

re f e r e n c e  p lan e *  

v^ = th e  p a r t i a l  m o la r volume o f  component i .

Bearman f i n a l l y  a r r iv e d  a t  th e  e x p re s s io n s  f o r  m utual d i f f u s i o n  

c o e f f i c i e n t

D = Vg k  T ^ I n  f g

( "èkln Cg 4 ,  p  ̂      (28)

=3 Vg, k T ^ I n  f^

W,2 M n  C, p  ̂    (28 )

w here th e  a c t i v i t y  c o e f f i c i e n t s  f^  a re  d e f in e d  by

( ^ ,  p )  + k  T I n

4% = 7s %

R egard ing  th e  v a r i a t i o n  o f  m u tua l d i f f u s io n  c o e f f i c i e n t  

w ith  c o n c e n tr a t io n ,  Bearman showed t h a t  when th e  r a t i o s  o f  f r i c t i o n  

c o e f f j  c i e n t s  (w hich v a ry  w ith  c o m p o s itio n ) a re  c o n s ta n t  

D. Vg
S ;  "        (29)

w here and n re  th e  s e l f  d i f f u s i v i t i e s  o f  s p e c ie s  Î and 2 

r e s p e c t iv e ly *

T hus, u s in g  e q u a tio n  ( iO)  f o r  s e l f  d i f f u s i v x ty  he d e r iv e d  

D = D, r1 +
’ [ ( >111 C , ) ? ,  p^ ..............................................  (3 0 )

I ‘b l n

’ P     (30)

"îiln a, >  In a, x, v , + x„ v„
C&ln o . h .  D “ ( M ÏTxT 4 .  n [ 71  ̂ • • ( 31)

and since^
n  o^^T,  p  ̂ b l n  x^  ' T ,  p v^

th e  f i n a l  e q u a tio n  i s  

D = b  I n  a 

b ï n  X( ' S ï n 'x î '4  „  [Dg %, + D, Xg] ...............................  (32)
I J- ,  p
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S t a t i s t i c a l  m ech an ice l th e o ry  s t a t e s  t h a t  when th e  

e q u il ib r iu m  r a d i a l  d i s t r i b u t i o n  f u n c t io n s  a re  in d ep e n d en t o f  

c o m p o s itio n , i*e*  f o r  r e g u la r  s o l u t io n s ,  i s  in d ep e n d en t o f  

com position*

.00
Mien e q u a tio n  (30 ) i s  m u l t ip l ie d  by ^  and i s  r e p la c e d

b y  d - ^ 2 -

w here = m u tua l d i f f u s i v i t y  a t  i n f i n i t e  d i l u t i o n  ( i* e*

p u re  2 )•

and 2 = v i s c o s i t y  o f  p u re  component 2 *

then D"1 = r 1
' b l n  Oi rn ( 33 )

' -*■ ?P

S im i la r ly ,  e q u a tio n  ^32) becom es

E q u a tio n s  ( 30 ) , ( 3 2 ) ,  (33) and (34) a re  a l l  d i f f e r e n t  ways 

o f  p r e d i c t i n g  th e  dependence on co m p o s itio n  o f th e  m u tua l d i f f u s i v i t y  

a c c o rd in g  to  s t a t i s t i c a l  m echan ica l th eo ry *

I t  i s  obv ious t h a t  e q u a tio n s  ( 15) and (3 2 ) a re  id e n t i c a l*

H orrocks and M cLaughlin ( î 6 )  have shown t h a t  s e l f - d i f f u s i o n  

and v i s c o s i t y  c o e f f i c i e n t s  o f  e tl iy l  io d id e  and n -b u ty l  i o d id e ,  

c a l c u la t e d  by Bearman* 3 e q u a tio n s  ag ree  w ith  experim en t to  w i th in  

2^ and t h a t  th e  m utual d i f f u s i v i t y  o f  th e  system  c arb o n  t e t r a c h l o r i d e  -  

cy c lo h ex an e  a g re e s  w ith  experim en t w i th in  0*5^ over th e  com plete  

c o m p o s itio n  range  p ro v id e d  a llow ance  i s  made f o r  a volume change on 

m ixing*

L a i ty  ( I 3 ) su g g e s te d  th e  r a t h e r  r a d i c a l  s te p  o f  d e s c r ib in g  

th e  d i f f u s io n  p ro c e s s  by th e  v a lu e  o f  th e  f r i c t i o n  c o e f f i c i e n t  r a t h e r  

th a n  th e  d i f f u s i v i t y *  He s t a t e d  t h a t  th a  f r i c t i o n  c o e f f i c i e n t  was 

in d e p e n d e n t o f  th e  m o tion  o f  a  r e f e r e n c e  p lane*  However h i s  s u g g e s t io n  

does n o t seem to  have b een  a c c e p te d , ju d g in g  from  th e  L i te r a tu r e *
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1*2*1 (d )  T heory o f  D if fu s io n  i n  E le c t r o ly te  S o lu tio n s
* / IW IMMII II*I I; ,*||| I I Iiiiif ■*! »

Erom th e  therm odynam ics o f  i r r e v e r s i b l e  p r o c e s s e s ,  i f  

th e  io n s  move in d e p e n d e n tly , th e  H e rn s t-H a r tle y  e q u a tio n  i s  o b ta in e d :

IZ + 1 + 1Z -  1 RT u° + u ° -  > l n  Y+
h 2  = 1 Z - . Z - 1 -  ? " ( 3 3 )

where Z = v a le n c y  o f  io n  

E = E araday

u^ = l im i t i n g  io n  m o b il i ty

Y = a c t i v i t y  c o e f f i c i e n t  on m o la l s c a le

m = m o la l i ty

Most c f  th e  v a r i a t i o n  o f  ^ w ith  c o n c e n tr a t io n  i s  a t t r i b u t e d  

to  th e  a c t i v i t y  f a c t o r ,  th e  r e s i d u a l  v a r i a t i o n  i s  a t t r i b u t e d  to  

ig n o r in g  th e  e f f e c t  o f  e l e c t r i c a l  i n t e r a c t io n s  on th e  m o b i l i t i e s  

o f  th e  ions*

The " e le c t r o p h o r e t i c  e f f e c t "  s t a t e s  t h a t  as any io n  moves i t  

te n d s  to  d rag  o th e r  io n s  w ith  i t ,  th e  fo r c e  b e in g  t r a n s m i t te d  th ro u g h  

th e  s o lv e n t  m o lecu les*  I t  te n d s  to  in c r e a s e  th e  m utual d i f f u s i v i t y  

as  b o th  io n s  a re  moving i n  th e  same d i r e c t io n *

H a l l ,  Wishaw and S tokes (1 8 ) who d i s t in g u is h e d  betw een 

s o lv e n t  m o lecu les  a t ta c h e d  i n  th e  h y d ra t io n  sp h e re  and f r e e  s o lv e n t  

m o le c u le s , d e r iv e d  an e q u a tio n  f o r  c o n c e n tra te d  s o lu t io n s  o f  u n i-  

u n iv a le n t  e l e c t r o l y t e s  which to o k  th e  e le c t r o p h o r e t i c  e f f e c t  in to  a c c o u n t.

Y+ 4 ,
®12 ~ [ 0 ,2  + '̂ 1 + m )T ,p ] [ ’ + ° “®36 m — ^

 w
where -  N e rn s t l im i t i n g  v a lu e  o f  ^12

“  s e l f  d i f f u s i o n  c o e f f i c i e n t  o f  th e  s o lv e n t  w ater*  

n^ = an  e m p ir ic a l  h y d ra t io n  number chosen  to  g iv e  .the  

b e s t  f i t  w ith  e x p e r im e n ta l da ta*
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and Â  = e le c t r o p h o r e t i c  e f f e c t  c o r r e c t io n s *

1o2»2o S am i-E m pirica l A pproach

The m ethod o f  E y rin g  (11 ) and Erenlcel (? )  was c la s s e d  as 

se m i-e m p ir ic a l  b ecau se  c e r t a i n  a ssu m p tio n s abou t th e  l i q u i d  s t a t e  

and th e  n a tu re  o f  th e  d i f f u s i o n  p ro c e s s  w ere made* The fo llo w in g  

th e o ry  t h e r e f o r e , has n o t th e  same g e n e r a l i t y  as th e  s t a t i s t i c a l  

m ech an ica l th e o r ie s o

Eyring^ s model o f  th e  l i q u i d  s t a t e  was a  d is o rd e re d  c r y s t a l  

l a t t i c e  w ith  h o le s  f l o a t i n g  i n  th e  l i q u i d  medium* H ild e b ra n d  (20) 

s t a t e d  t h a t  e x p e r im e n ta l  s tu d ie s  o f  th e  l i q u i d  s t a t e  d is a g re e d  w ith  

th e  above models E renlcel (7 ) s t a t e d  t h a t  th e  i n c r e a s e ,  on m e l t in g ,  

o f  th e  s p e c i f i c  vo lum e, in d ic a te d  m ic ro sc o p ic  c a v i t i e s  and t h a t  th e  

h e a t  m otion  i n  l iq u id s  c o n s i s te d  i n  th e  v ib r a t io n  o f  atoms ab o u t 

e q u il ib r iu m  p o s i t io n s  w hich changed  w ith  tim e* He p o s tu la te d  t h a t  

a f t e r  a  l a r g e  number o f  o s c i l l a t i o n s  each atom jumped to  a  nevf e q u i l i ­

b rium  p o s i t i o n  a t  a d is ta n c e  X,  o f  th e  same o rd e r  o f  m agnitude as th e  

mean d is ta n c e  betw een  a d ja c e n t  atoms*

E y r in g ’ s second  assu m p tio n  was t h a t  d i f f u s io n  o c c u rre d  

th ro u g h  an a c t iv a te d  s t a t e  mechanism* Ey^:'iug’ s th e o ry  h as  b een  

c r i t i c a l l y  rev iew ed  by MacDonald (10 ) and Bearman ( l4 )*

The f i n a l  e q u a tio n s  from  MacDonald’ s summai^y' w e re ;-

® ( # )   . . . . ( 3 7 )
, D<? X i

F t = 5 S T .3    (38 )

where D = d i f f u s i v i t y ;  m u tu a l i n  ( 3 7 ) ,  s e l f - d i f  fu s  i v i t y  i n  (38 )

Vf = th e  p o t e n t i a l  due to  th e  p re s e n c e  o f  n e ig h b o u rin g

m olecu les*

E = an  a c t i v a t i o n  e n erg y  p e r  mole o f  d i f f u s i n g  su b s ta n c e*

X l , X 2 , \ 3  -  d i s ta n c e s  i n  v a r io u s  d i r e c t i o n s  betw een m olecu les*
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MacDonald s t a t e d  t h a t  e q u a t io n  ( 38) was e x a c t o n ly  f o r  s e l f -  

d i f f u s i o n  i n  l i q u i d s  as i t  assumed s im i la r  r a t e  c o n s ta n ts  and a c t iv a ­

t i o n  e n e rg ie s  f o r  th e  p ro c e s s e s  o f  d i f f u s io n  and v i s c o s i ty *  O lander 

( 21) expanded and im proved E yring* s e q u a tio n *  He gave as h i s  s t a r t i n g  

p o in t  th e  e q u a tio n :

a _________ X I__  k
T “ X 2 X5 W ( ET ) . . . . . . .  (39)

where and AE^ a re  th e  f r e e  e n e rg ie s  o f  a c t i v a t io n  o f  v i s c o s i ty

and d i f f u s io n  r e s p e c t iv e ly *

W = av erag e  number o f  n e a r e s t  n e ig h b o u rs  w ith  r e s p e c t  to  

w hich th e  s o lu te  s p e c ie s  moves* An e m p ir ic a l  e v a lu a t io n  from  m utual 

d i f f u s i o n  d a ta  gave W =

E q u a tio n  (39 ) was w r i t t e n  i n  th e  form :

"  ■ (f) 6 ) " ' '  ■ . . .  m
w here V = m olar volume o f  s o lu te *

Nav = A vogadro’ s Number.

(A î^  -  Aji^ ) was e v a lu a te d  as fo l lo w s :

At low s o lu te  c o n c e n tr a t io n s  th e  v isc o u s  mechanism i s  

d e te rm in e d  by th e  s t r e n g th  o f  th e  i n t e r a c t i o n s  betw een  th e  s o lv e n t  

m o lecu les*  The p ro c e s s  can  be p i c t u r e d  as o c c u r r in g  i n  two s ta g e s :

( i )  fo rm a tio n  o f  a  h o le

( i i )  movement o f  a  n e ig h b o u rin g  m o lecu le  in to  th e  r e c e n t ly

v a c a te d  s i t e *

The t o t a l  f r e e  e n erg y  o f  a c t i v a t io n  f o r  v i s c o s i t y  and s e l f ­

d i f f u s i o n  i s :

<  = ..............................................
w here A B ^ = a c t iv a t i o n  en erg y  to  c r e a t e  a h o le

^A A  ~ a c t i v a t i o n  energy  to  b re a k  a bond and overcome th e  
r e p u ls iv e  fo rc e s*
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But f o r  m utual d i f f u s i o n ,  th e  f o r c e s  th e  s o lu te  m o lecu le  

must overcom e depend on th e  i n t e r a c t i o n  betw een  s o lu te  and s o lv e n t  

m o lecu les*

Hence = A + Apjg    (42)

O lander f i n a l l y  showed t h a t  

Y = exp ( f  d)

where d = '  ]     (U )

f  = Af^-    and was c a l c u l a t e d  by Bondi to  be  0*34
A f

and (A #  -  AP*) = RT f  d   ..............      (45)

He co n clu d ed  t h a t

System s where ( Al^ -  AB^) i s  p o s i t i v e  g ive  Y > 1 *

System s where ( AB  ̂ -  Ab̂ )  i s  n e g a t iv e  g iv e  Y < lo

1*2*3* E m p ir ic a l C o r r e la t io n s

The m ain e m p ir ic a l  c o r r e l a t io n s  f o r  d i f f u s io n  c o e f f i c i e n t  

have b een  rev iew ed  by MacDonald (10)*  One c o r r e l a t i o n  n o t co v ered  

i s  t h a t  o f  Gordon* B earm an, how ever, i n  h i s  e x c e l le n t  rev iew  o f  

d i f f u s i o n  t h e o r i e s ,  h as  shown t h a t  G ordon’ s e q u a tio n  i s  e x a c t ly  

e q u a t io n  (33) d e r iv e d  by s t a t i s t i c a l  m ech an ica l argum ents*

The b e s t  known and m ost a c c u ra te  e m p ir ic a l  c o r r e l a t i o n  

i s  t h a t  o f  W ilke ( 2 2 ) ,  who s u g g e s te d  a d i f f u s i o n  f a c t o r  F , d e f in e d  

by  th e  e q u a tio n :

"  "  D% —  ..............................................

W ilke p ro p o sed  a s o lv e n t  f a c t o r  and p re p a re d  a  c h a r t  from  w hich th e  

d i f f u s io n  f a c t o r  F f o r  a  s o lu te  o f  known m ola l volume d if fu s in g  i n  a  

laiown s o lv e n t  c o u ld  be e s tim a te d *  The av erag e  d e v ia t io n  betw een  

p r e d ic te d  and e x p e r im e n ta l v a lu e s  was 10^*
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1 .2 ,4 #  Simimary o f  a l l  C o r r e la t io n s  o f  D i f f u s i v i ty

E q u a tio n  ( î 4 )  o f  Kamal & G an  j a r  and e q u a tio n  (4 ^ )  o f  W ilke

a re  th e  c o r r e l a t io n s  w hich  ag ree  b e s t  w ith  e x p e rim e n t,

W ilk e ’ s e q u a tio n  i s  to  be p r e f e r r e d  on th e  grounds o f  a cc u ra c y

b u t  e q u a tio n  (14 ) h a s  more t h e o r e t i c a l  back g ro u n d .

A lso th e  developm ent o f  Kamal & C a n ja r g iv e s  a p r e d i c t i o n  

o f  th e  v a r i a t i o n  o f  d i f f u s i v i t y  w ith  c o n c e n tr a t io n  f o r  th e  two c a s e s ,  

i d e a l  and n o n - id e a l  s o l u t i o n s .

T h is  e q u a t io n  a g re e s  w ith  t h a t  o f  Bearman and a lso  w ith  

experim en t*

1 *3* Mass T ra n s fe r  i n  Porous M edia 

1*3*1 * T h e o r e t ic a l  S tu d ie s

A lthough  P ra g e r  (23) d is a g re e d  w ith  th e  a ssu m p tio n  o f  

s im p l i f i e d  m odels f o r  a  p o ro u s  body and gave complex m ethods f o r  

c a l c u l a t i n g  th e  e f f e c t iv e  d i f f u s i v i t y  i n  inhom ogeneous m edia w here 

th e  a c tu a l  d i f f u s i v i t y  v a r ie d  from  p o in t  to  p o in t  i n  a  random m anner, 

th e  m ost p o s i t i v e  and e a s i l y  v e r i f i e d  approach  u sed  some m odel p o re  

system * A k se lru d  ( l )  and G o o d k n ig h t, K l ik o f f  & P a t t  (24) and (23) 

b o th  used  model p o re  system s*

G oodknight e t  a l  (24) c la im e d  t h a t  th e  d i f f u s i o n  e q u a tio n  

f o r  t r a n s i e n t  flow  to  o r  from  a p o ro u s  su b s ta n c e  m ust c o n ta in  a te rm  

to  acco u n t f o r  t h a t  amount o f  f l u i d  f lo w in g  in to  o r  o u t o f  th e  "dead­

end p o re  volum e" .  A b r i e f  resum e o f  t h e i r  a ssu m p tio n s , argum ents and 

c o n c lu s io n s  w i l l  be g iv e n  below*

G oodknight assumed t h a t  th e r e  were u n ifo rm ly  d i s t r i b u t e d  

p o re s  w hich had  o n ly  one op en in g  to  th e  main p o re  s t r u c t u r e ,  t h a t  

t h i s  opening  was i n  th e  form  o f  a  neck  o f  c r o s s - s e c t i o n a l  a r e a  A^ 

and le n g th  1 ^ , and t h a t  th e r e  was s t e a d y - s t a t e  flow  i n  th e  neck#

The p o ro u s medium c o n s id e re d  had  p o r o s i ty  , N d ead -en d  

p o re s  o f  volume V^* The sy stem  had a  c r o s s - s e c t i o n a l  a re a  A,
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l e n g th  L and t o r t u o s i t y  Q* D i f f u s io n  i n  an e lem en t o f  le n g th  d x 

was o o n sid e red a

The d i f f e r e n c e  betw een  th e  d i f f u s i o n  flow  i n  and o u t 

e q u a l le d  th e  amount o f  s o lu te  s to r e d  i n  th e  e lem ent p e r  u n i t  tim e 

p lu s  th e  amount o f  s o lu te  l o s t  to  " s in k s "  p e r  u n i t  tim e* Thus:

2-ifl- to = Afc; àc is + m’ ...................  (47)
à x -  ^  |fc

I
w here M = d i f f u s io n  flow  i n  gm ./sec*  to w ard s sinlcs*

C(x,  t )  = c o n c e n tr a t io n  o f  so l u  be.

I f  CgCx, t )  = c o n c e n tr a t io n  o f  s o lu te  i n  sink*

and Vg = N

th e n  = Vg \C g

f  ^ ........... ................. — ........... —  (̂ -8)

and M = D Ad
(C -  G„)~  -  ^2  ̂ ............................................... .. (48A)

W ith th e  c o n d it io n s  t h a t  th e r e  was no c o n c e n tr a t io n  g r a d ie n t  

a t  th e  end o f  th e  p o re  l e n g th  and t h a t  was th e  i n i t i a l  u n ifo rm  

c o n c e n tr a t io n  G oodknight f i n a l l y  d e r iv e d  th e  e q u a tio n :

G? = C -  Go ^ j _ ^   ̂ s i n  ( 2 n - î )  ^  exp (S ^ t)  ^

V  ( } |  )^ - . . ( 4 9 )

Vg f  ^  )
where 8^ = -Y(1 + V")- + {^(,+ V, +  ̂ ^ gy  ^2

2 U- s 2  J  6

P = ( 2 n - l )  : l
21

T = DA ^
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G oodknight e t  a l  c la im e d  t h a t  e q u a t io n  (49) a g re e d  w ith  

e x p e r im e n ta l ev id en ce  b u t  t h i s  a u th o r  c o n s id e r s  i t  r a t h e r  clum sy 

f o r  ch em ica l e n g in e e r in g  use*

B a r re r  (26) had  shown how th e  e f f e c t iv e  d i f f u s i v i t y  o f  a

gas c o u ld  be m easured by a  t im e - la g  method® G oodknight e t  a l  (25)

showed t h a t  th e  d i f f u s i v i t y  o f  l i q u i d s ,  c a lc u la te d  by th e  t im e - la g  

m ethod was a f u n c t io n  o f  th e  sum o f  th e  flow  ch an n e l volume and th e  

d ead -en d  p o re  volum e. The f i n a l  e q u a t io n  was a  c o m p a ra tiv e ly  sim p le  

e x p re s s io n :
Vg p

T^ == t im e - la g  = ( 1 + ) L

— T 5     -  ( 50)

w here Vg ~ t o t a l  volume o f  a l l  d ead -end  p o re s ;

-  p o re  volume o f  flow  c h an n e l;

L = le n g th  o f  p o ro u s  medium;

= e f f e c t i v e  d i f f u s i v i t y  o f  th e  l iq u id #

E rdos and J i r u  (2 ? )  c o n s id e re d  mass t r a n s f e r  i n  p o ro u s  

m edia from  a n o th e r  p o in t  o f  view* They com pared th e  p ro c e s s e s  o f  

d i f f u s i o n  w ith  th e  c o n d u c tio n  o f  e l e c t r i c i t y  and concluded  t h a t ,  

s in c e  th e  e q u a tio n s  o f  th e  p ro c e s s e s  w ere fo rm a lly  s i m i l a r ,  th e  

d i f f u s i o n a l  c h a r a c t e r i s t i c s  o f  a  p o ro u s  m a te r ia l  c o u ld  be d e te rm in e d  

by  m easu ring  th e  r e s i s t a n c e  o f  an e l e c t r o l y t e  i n  i t s  p o res*  T h e ir  

t h e o r i e s  w ere com plem ented by  e x p e r im e n ta l s tu d ie s *

They s t a t e d  t h a t  th e  c l a s s i c a l  law  o f  f r e e  d i f f u s i o n  Q =

-  D g ra d  C was s im i la r  to  J  = -  M g ra d  7

where Q and J  a re  f lu x e s  o f  mass and e l e c t r i c i t y  r e s p e c t iv e ly *

D and M a re  c o e f f i c i e n t s ,

and G and V a re  c o n c e n tr a t io n  and v o l ta g e  r e s p e c t iv e ly #

They a ls o  showed t h a t  f o r  d i f f u s io n

q _ f r e e  flow  ^  ^  a c tu a l  s iz e  o f  c o n tr o l  s u r f a c e
q^ ”  h in d e re d  f lu x  ~ g e o m e tr ic a l  s iz e  o f  c o n t r o l , s u r f a c e  ***** (51 )
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and f o r  e l e o t r i o a l  flow  

I  A
Ï ;  = \       (52)

vfhere I  and I  w ere th e  f r e e  and r e s t r i c t e d  c u r r e n t  f lu x e s  « o
E q u a tio n s  ( 5 0  and (52) w ere v a l id  p ro v id e d  -

( i )  i n t e r a c t i o n s  betw een  f l u i d  and po ro u s m a te r ia l  were 

n e g l ig ib le

( i i )  th e  p o ro u s  m a te r ia l  was e l e c t r i c a l l y  n o n -co n d u c tin g  

and

( i i i )  th e  d im en sio n s o f  th e  p o re s  w ere n e g l ig ib ly  sm a ll c f  

th e  r a d iu s  o f  c u rv a tu re  o f  th e  c o n tr o l  s u r f a c e .

They d e f in e d  Pd -  q+ /q^ = d i f f u s i o n a l  co n d u ctan ce

and P = l / l  = e l e c t r i c a l  c o n d u c tan c e .8 ' o

The c o n c lu s io n s  o f  t h e i r  e x p e rim e n ta l work w ith  0 .0 5  -* 0 .2 0  N 

p o ta s s iu m  c h lo r id e  were as f o l lo w s : -

(a )  ’ I s o t r o p i c ’ p o ro u s sy stem s c o u ld  be c h a r a c te r i s e d  by a s in g le  

c o n s ta n t ,  " th e  c o n d u c ta n c e " , w hich c o u ld  be q u ic k ly  m easured  

by th e  e l e c t r i c a l  r e s i s t a n c e  o f  th e  e le c t r o ly te »

(b ) Pd = P^ Conductance was in d ep e n d en t o f  th e  e l e c t r o l u t e  c o n c e n tr a t io n ,

(o ) In  d i f f u s io n  tlirough  a l a y e r  o f  p o ro u s  m a t e r i a l ,  i t  was n e c e s s a ry

to  ta k e  acco u n t o f  the  e x is te n c e  o f  a  s ta g n a n t  f i lm  whose in f lu e n c e  

was g r e a t e r  f o r  v e ry  t h i n  p o ro u s l a y e r s .

C o n c lu s io n  (o )  i s  th e  most i n t e r e s t i n g  as i t  i s  th e  o n ly  

r e f e r e n c e  to  a boundary  l a y e r  e f f e c t  i n  th e  l i t e r a t u r e .  P^ was alvfays 

g r e a t e r  th an  Pd e x p e r im e n ta l ly .  Only when e q u a tio n s  w ere d e r iv e d  f o r  

th e  s ta g n a n t  f i lm  r e s i s t a n c e ,  d id  Pd become eq u a l to  P ^ .

The "co n d u c tan ce"  h as b een  c o n s id e re d  by many w o rk e rs .

P e te r s e n  (28) rev iew ed  t h e o r e t i c a l  a tte m p ts  to  p r e d i c t  th e  "co n d u c tan ce"  

o r  " d i f f u s i b i l i t y "  from  a know ledge o f  th e  p o ro u s  m a te r i a l .  F o r a 

p o ro u s  system  o f  u n ifo rm  s p h e r e s ,  Maxwell gave: D 2e
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w here D
—  = 0 onduo t  ano e

and e = v o id ag e  o r  p o r o s i t y .

F o r i n f i n i t e  c y l in d e r s  norm al to  th e  d i r e c t i o n  o f  f lo w ,

R a y le ig h  gave;

e
^ 2 -  e       (54 )

U sing  a continuum  m o d el, Brugemann e x te n d ed  th e  ran g e  o f  

v a l i d i t y  o f  th e  Maxwell e x p re s s io n  to  h ig h e r  e v a lu e s  and o b ta in e d ;

% =  ( « )

Be La Rue and T ob ias (29) found  e x c e l l e n t  ag reem en t be tw een  

t h e i r  e x p e r im e n ta l v a lu e s  and e q u a tio n  (55)* The p o r o s i ty  ra n g e  was 

0*5 -  1 .0 .  H oogsohagen’ s e x p e r im e n ta l v a lu e s  (3 0 ) f o r  random ly p ack ed  

g la s s  sp h e re s  i n  th e  p o r o s i t y  ra n g e  0*35 "  0 .4 0  la y  betw een th e  v a lu e s  

p r e d ic te d  by  e q u a tio n s  (53) and (55)*

However P e te r s e n  (28) s t a t e d  t h a t  th e  ab n o rm ally  h ig h  t o r t u o s i t y

v a lu e s  o b ta in e d  from  e x p e r im e n ta l ly  m easured  e f f e c t i v e  d i f f u s i v i t i e s

w i th in  p e l l e t  bed o r  e x tru d e d  p o ro u s s o l i d s  w ere im p o ss ib le  and a tte m p te d

to  e x p la in  them i n  te rm s o f  p e r io d ic  r e s t r i c t i o n s  i n  th e  p o r e s .  He

chose  0 h y p e rb o la  o f  r e v o lu t io n  as h i s  model and showed t h a t  when th e

v a lu e  o f  bhe r a t i o  maximum c ro s s  s e c t io n  a re a  was 2 5 , th e  e f f e c t iv e
minimum c ro s s  s e c t io n  a re a

d i f f u s i v i t y  would be red u c ed  by a f a c t o r  o f  3 com pared w ith  t h a t  f o r

a  r e g u la r  c y l i n d r i c a l  p o re  o f  th e  same volum e.

1#3*2.  E x p erim en ta l S tu d ie s

The e x p e r im e n ta l ,work up to  1957 has b een  rev iew ed  by 

MacDonald (10)  and h i s  main c o n c lu s io n s  o n ly  w i l l  be g iv en  b e lo w .
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O lcrom ohedlidtse (31 ) world.ng on th e  a d s o rp t io n  and 

d e s o rp t io n  o f  t e t r a l i n  and d e c a l in  on s i l i c a  g e ls  o f  d i f f e r e n t  

p o re  s t r u c t u r e s ,  r e p o r te d  t h a t  i n  a l l  o a ses  th e  flow  r a t e  had no 

e f f e c t  on a d s o r p t io n .  The c o n t r o l l i n g  fu n c t io n  was s t a t e d  to  be 

th e  d i f f u s io n  r a t e  w hich depended l i n e a r l y  on th e  p o re  s i z e ,  a t  

l e a s t  f o r  mean p o re  r a d i i  up to  50S.»

The c o n c lu s io n s  o f  th e  w orkers rev iew ed  by MacDonald

( 10) w ere ;

( 1) P ic k ’ s 2nd Law f i t t e d  th e  e x p e rim e n ta l r e s u l t s  q u i te  c lo s e l y .

( 2 ) I n i t i a l  s o lu te  c o n c e n tr a t io n  d id  n o t a f f e c t  th e  r a t e  o f  mass 

t r a n s f e r *

( 3 ) The s o lv e n t  flow  r a t e  had  no e f f e c t ,  i . e .  th e r e  was no 

a p p re c ia b le  boundary  l a y e r  r e s i s t a n c e  to  mass t r a n s f e r .

MacDonald ( l O ) ,  w ork ing  on p o ta s s iu m  c h lo r id e  and s u c ro s e ,

conc luded  t h a t  th e  su c ro se  was h in d e re d  more th a n  th e  s m a lle r

p o ta s s iu m  c h lo r id e  and t h a t  th e  ra tio  d ia m e te r  o f  d i f f u s in g  e n t i t y
mean p o re  d ia m e te r

was im p o r ta n t .  He a ls o  c o n c lu d ed  t h a t  f o r  d e s o rp t io n  th e  r a t e  o f

mass t r a n s f e r  was in d e p e n d e n t o f  th e  i n i t i a l  s o lu te  c o n c e n tr a t io n

b u t  was dependen t f o r  a b s o r p t io n .  H is r e s u l t s  a g re e d  w ith  C rank’ s

p r e d i c t i o n  o f  th e  r e l a t i v e  r a t e s  o f  a b s o rp t io n  and d e s o r p t io n .
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2» E X P E R I M E N T A L  P R O G R A  MJIJE

A programme o f  r e s e a r c h  was p r e p a r e d ,  b e a r in g  i n  mind th e  

fo llo w in g  a s p e c ts  o f  th e  p ro b le m .

2 .1 .  The N a tu re  o f  th e  S o lu te  and S o lv e n t"

The p r o p e r t i e s  o f  th e  s o lu te  w hich w ere i n v e s t i g a t e d  w ere 

th e  s i z e ,  i . e .  th e  d ia m e te r  o f  th e  d i f f u s in g  p a r t i c l e  and th e  e l e c t r i c a l  

p r o p e r t i e s  i . e .  w h e th e r  th e  s o lu te  was an e l e c t r o l y t e  o r  a  n o n - e l e c t r o ly t e <

A c o r r e l a t i o n  betw een  th e  m utual d i f f u s i v i t y  and th e  d ia m e te r  

o f  th e  d i f f u s in g  s p e c i e s ,  in c lu d in g  bound s o lv e n t ,  v/as so u g h t.

The p r o p e r t i e s  o f  th e  s o lv e n t w hich  w ere c o n s id e re d  w ere th e  

s iz e  o f  th e  s o lv e n t  m o lecu le  o f  to  th e  s iz e  of th e  d i f f u s in g  s p e c ie s  

and th e  ch em ica l c l a s s i f i c a t i o n ,  i . e .  w h e th er th e  s o lv e n t  was o rg a n ic  

o r  in o r g a n ic .

Thus th r e e  s o l u t e s , one o f  w hich was an e l e c t r o l y t e , w ith  

d i f f e r e n t  m o le c u la r  d ia m e te r s ,  were s tu d ie d .  W ater was th e  so lv e n t 

f o r  two o f  th e  s o lu te s  and m ethaxiol, an o rg a n ic  compound, was th e  

s o lv e n t  f o r  th e  t h i r d  s o l u t e .

2 .2  T h e I n i t i a l  C o n c e n tra t io n  o f  th e  S o lu te

The dependence o f  th e  m u tua l d i f f u s i v i t y  on c o n c e n tr a t io n  

was so  im p o rta n t t h a t  i t  was c o n s id e re d  s e p a r a te ly .  S e v e ra l w orkers 

have  g iv e n  s o lu t io n s  o f  th e  d i f f u s io n  e q u a tio n  w ith  a  c o n c e n tr a t io n -  

dependen t m utual d i f f u s i v i t y .  T h e ir  work i s  r e f e r r e d  to  i n  th e  

m a th em a tica l s e c t i o n .  The p r e s e n t  e x p e rim e n ta l work d e a l t  w ith  

c o n c e n tr a te d  s o lu t io n s  and th e  e f f e c t  on th e  m utual d i f f u s i v i t y  

o f  l a r g e  changes i n  th e  i n i t i a l  s o lu t e  c o n c e n tr a t io n s .

2.3*» The C h a r a c te r i s t i c s  o f  th e  Porous S o lid

The p r o p e r t i e s  o f  th e  p o ro u s  s o l i d  w hich  a f f e c t  th e  mass 

t r a n s f e r  o f  a  f l u i d  th ro u g h  i t s  p o re s  a re ;
(1 ) The p o r o s i t y  (% f r e e  v o lu m e).

(2 )  The mean p o re  d ia m e te r .
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(3 )  The p o re  s iz e  d i s t r i b u t i o n  f u n c t io n .

(4 )  The shape o f  th e  p o r e s ,  p a y in g  p a r t i c u l a r  a t t e n t i o n  to

th e  freq u e n cy  o f  c o n s t r i c t i o n s  i n  th e  p o r e s ,  and

( 5 ) C hem ical p r o p e r t i e s .

I f  th e r e  w ere a  ch em ica l i n t e r a c t i o n  betw een th e  f l u i d  and th e  p o ro u s  

s o l i d ,  t h i s  i n t e r a c t i o n  would o b v io u s ly  a f f e c t  th e  r a t e  o f  mass 

t r a n s f e r .

The v a lu e s  o f  th e  mean p o re  d ia m e te r ,  quo ted  by  th e  m a n u fa c tu re r  

w ere u s e d ,  th e  p o r o s i ty  and p o re  s iz e  d i s t r i b u t i o n  w ere d e te rm in e d  

e x p e r im e n ta l ly  b u t  th e  l a s t  two f a c t o r s  w ere n o t  i n v e s t i g a t e d .  E m p ir ic a l 

c o r r e l a t io n s  betw een th e  m u tua l d i f f u s i v i t y  and th e s e  f a c t o r s  w ere 

so u g h t.

2 .4* Flow C o n d itio n s  i n  th e  S o lv en t

As r e p o r te d  i n  th e  i n t r o d u c t i o n ,  s e c t io n  1 .3 * 2 . ,  most w orkers 

c o n c lu d ed  t h a t  th e  boundary  -  l a y e r  r e s i s t a n c e  to  m a s s - t r a n s f e r  was 

n e g l i g i b l e .  Only E rdos and J i r u  (28) s t a t e d  t h a t  th e  b o u n d a ry - la y e r  

r e s i s t a n c e  v/as s i g n i f i c a n t  and became more in p o r ta n t  th e  th in n e r  th e  

l a y e r  o f  p o ro u s s o l i d .

I t  was d e c id e d  to  co n d u c t e x p e rim en ts  th ro u g h o u t th e  la m in a r  

and tu r b u le n t  ran g e s  o f  R eyno ld ’ s Number by v a ry in g  th e  s o lv e n t  flow  

r a t e  and th e  r e l e v a n t  l i n e a r  d im en sio n .

2 . 5 * The N atu re  and th e  D ir e c t io n  o f  S o rp tio n

As s t a t e d  i n  th e  i n t r o d u c t i o n ,  s e c t io n  1 . 1 . ,  C rank & H enry (5 ) 
p r e d i c te d  t h a t  w here th e  d i f f u s i v i t y  in c re a s e d  w ith  in c r e a s in g  concen­

t r a t i o n  a b s o rp t io n  sh o u ld  ta k e  p la c e  more r a p id ly  th a n  d e s o r p t io n ,  and 

w here th e  d i f f u s i v i t y  d e c re a se d  w ith  in c r e a s in g  c o n c e n tr a t io n  th e  

o p p o s i te  sh o u ld  app3,y. I t  was d e c id e d  to  c a r r y  o u t  a b s o rp t io n  and 

d e s o rp t io n  e x p e rim e n ts  to  d e te rm in e  th e  e f f e c t  o f  th e  p o ro u s  s o l i d  

i n  b o th  c a s e s .
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2 .6 .  The S iz e  o f  th e  Porous M a te r ia l

I t  had  b een  r e p o r te d  t h a t  th e  le n g th  o f  th e  d i f f u s i o n  p a th  

had  an e f f e c t  on mass t r a n s f e r  r a t e s  ( s e e  2*4# a b o v e ). The p o ro u s  

m a te r i a l s  w ere made in to  c y l in d e r s  o f  v a ry in g  r a d iu s  to  i n v e s t i g a t e  

t h i s  e f f e c t .
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3* T H E  M A T H E M A T I C S  O F  D I F F U S I O N

The s t a r t i n g  p o i n t  o f  th e  th e o ry  was th e  e q u a t io n  o f  th e  

c o n t in u i ty  o f  mass* The m a th em a tica l t r e a tm e n t  w hich i s  g iv e n  "below 

i s  "based on th e  d e r iv a t io n  g iv e n  by B ird  ( 3 2 ) ,

The flo w  o f  a m ulticom ponen t f l u i d  th ro u g h  a  sm a ll e lem en t o f  

volume was c o n s id e re d *

OZ

L et p = d e n s i ty  o f  th e  f l u i d  a t  ( x ,  y ,  z )  a t  tim e  t*

V = v e lo c i ty  o f  th e  f l u i d  a t  ( x ,  y ,  z )  a t  tim e  t*

= d e n s i ty  o f  th e  i  th  component a t  ( x ,  y ,  z )  a t  tim e t*

v^ = v e lo c i ty  o f  th e  i  t h  component a t  ( x ,  y ,  z) a t  tim e  t ,

V . f V . ,  V . = th e  com ponents o f  v . i n  x ,  y  and z d i r e c t i o n .3d y  hL Zm 1
The mass o f  component i  i n  th e  e lem en t o f  volume a t  any tim e  i s

The r a t e  o f  change o f  t h i s  mass = "^ p ^

In  th e  absence  o f  a so u rc e  o r  s in k  (e*g* a chem ica l r e a c t io n )  

t h i s  r a t e  o f  change o f  mass i s  due to  th e  amount o f  th e  i  th  component 

f lo w in g  i n  n o t  b e in g  e q u a l to  th e  amount f lo w in g  o u t i n  th e  same tim e .
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Thus the not r a te  o f  in c r e a se  a cro ss  fa c e s  a and b 

= p^(x)  ) y  ->z -  p^ (x  + i  x )  (x + èx )  i y

= “ [ (P i + '^xi T x  ) c x  6 y  6 2  + o y  6 z 0 ( S x ^ )  ]

= -  1 &  (P i  ■^xi) '"'y

T aking  th e  flow  a c ro s s  th e  o th e r  f a c e s  in to  a cc o u n t and e q u a tin g  to  th e  

r a t e  o f  change o f  mass

= '  [ " A  (^ i ^xi) + - &  (P l  + - &  (^ i \ x )  ] • • • •

o r  i n  v e c to r  n o ta t io n

%  '  -  ?  <-i V  ..............................................................................
L et u^ = th e  v e lo c i ty  o f  component i  w ith  r e s p e c t  to  th e  l o c a l  mass 

v e lo c i t y  v ,

^ i  “  ^ i  ^
o r  v^ = u^ 4. V  .................. - ..........    a * , . . ............. ........................( 3 )

•

= -  7  (P i + v) )       (4 )

= -  r P i  q  -  F P i  ^

~ "* ^ ^ i ^  . *. * . . . .  . .  . ( 3 )

where i s  th e  mass f lu x  v e c to r  and i s  th e  sum o f  fo u r  com ponents: -

( 1) th e  mass f lu x  v e c to r  due to  a c o n c e n tr a t io n  g r a d ie n t  (o rd in a ry
^ d i f f u s io n )

( 2) th e  mass f l u x  v e c to r  due to  a p r e s s u r e  g r a d ie n t  (p re s s u re  d i f f u s io n )
^ f(3 ) j . , th e  mass f l u x  v e c to r  due to  a d i f f e r e n c e  i n  e x te r n a l  fo rc e s  ( f o r c e d

d i f f u s io n )
t(ij-) j . , th e  mass f lu x  v e c to r  due to  a te m p e ra tu re  g r a d ie n t  ( th e rm a l d i f f u s io n )

^ ( th e  S o re t  e f f e c t )
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The fo rc e d  d i f f u s i o n  term  i s  o n ly  im p o rta n t i n  io n ic  system s 

and i f  g r a v i ty  i s  th e  o n ly  e x te r n a l  fo rc e  th e  term  v a n is h e s  i d e n t i c a l l y .

The th e rm a l d i f f u s i o n  te rm  i s  im p o rta n t o n ly  i n  o a se s  w here th e r e  

a re  v e ry  s te e p  te m p e ra tu re  g r a d i e n t s .  Only th e  c o n c e n tr a t io n  term  i s  

im p o r ta n t i n  th e  e x p erim en ts  c a r r i e d  o u t by  t h i s  a u th o r .

The e x p re s s io n  f o r  j?  was d e r iv e d  by means o f  th e  O nsager 

r e l a t i o n s  i n  th e  therm odynam ics o f  i r r e v e r s i b l e  p ro c e s s e s  and th e  

e q u a tio n s  o f  momentum and e n e rg y . The assum ptions u sed  i n  d e r iv in g  

th e  e x p re s s io n  w ere t h a t  th e  system  was a lm ost i n  e q u il ib r iu m  and 

t h a t  th e  f lu x e s  w ere p r o p o r t io n a l  to  th e  f i r s t  pow er o f  th e  g r a d ie n ts  

o f  th e  p h y s ic a l  p r o p e r t ie s o  The e x p re s s io n  f o r  th e  o rd in a ry  d i f f u s i o n  

c o n t r ib u t io n  to  th e  mass f l u x  v e c to r  was

where C = t o t a l  c o n c e n tr a t io n  = > , C.
i= l ^

M. = m o le c u la r  w e ig h t o f  th e  j  th  com ponent.
J

D .. = m utual d i f f u s i v i t y  o f  th e  i - j  sy s te m .

Xj = mole f r a c t i o n  o f  th e  j  t h  com ponent.

= ILA
h

G-. = p a r t i a l  m olar f r e e  en erg y  (ch e m ic a l p o t e n t i a l )  o f

th e  j  t h  com ponent.

The s p e c ia l  c a se  w hich d e a ls  w ith  th e  e x p e rim e n ta l c o n d it io n s  i n  t h i s  

r e s e a r c h  i s :

O rd in a ry  D if fu s io n  i n  a  B in ary  System

F or two com ponents A and B, e q u a t io n  (5 ) becomes
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and e q u a t io n  ( é )  becomes

•̂ A ^  Mg p '^  ^ ........................(G)

U sing th e  Uibhs-Uuhem r e l a t i o n ,  e q u a t io n  ( 9 ) ,  and u s in g  

e q u a tio n  ( 1 O)

^A ^ ^A + ^  ^ ° ....................................................... (9 )

^A “ ^A ■*■ ®'A.................................................   (10 )

w here ~ a c t i v i t y  o f  A; e q u a tio n  (8 )  becom es:

•Îa %  %  ^AB V  —

^ 1 °S  P ^ A  . . . . . .  (11.)

The a c t i v i t y  f a c t o r  i n  e q u a tio n  ( l l )  ta k e s  in to  acc o u n t th e

n o n - id e a l i t y  o f  s o lu t io n s .

P or th e  p u rp o se s  o f  s i m p l i c i t y ,  two a ssu m p tio n s w ere m ade;-

(1 )  The s o lu t io n  was i d e a l ,  i . e .  th e  a c t i v i t y  f a c t o r  was eq u a l

to  u n i ty ,  and

( 2 ) The s o lu t io n  was a  system  o f  c o n s ta n t  mass d e n s i ty ,  i . e .

p V p ^  + p^  = a  c o n s ta n t*

Thus: = mole f r a c t i o n  = p ^ /k ^

“  "  P v “a  + “ a

"  ^A ^  _ ^A %
Pa  ^  + (p -  Pa 5 Ma "  Pa -  V  + p Ma "

= Ü L % _ _ 5 . ^ A  . , p s
Tp̂  Mg .  p -̂  mI F “  .................... ............  ̂ ^

•*•  ^A = - ° " A “ b 7  » A B ^ P a

.............................

^  ........................

“b
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S u b s t i tu t in g  f o r  i n to  e q u a tio n  (? )

¥t    ('«)
I n  a  system  w here th e  n e t  mass f lo w , v ,  i s  a e ro :

%      C7)
F i n a l l y , D._> t s  assum ed to  be c o n s ta n t*AJj

Thus, _ 2
T ~ t  = Pa     (18)

Equation ( l8 )  i s  P ick 's Second Law.

In the derivation  of  equation ( i 8 ) ,  the follow ing assumptions,
w hich were m ade, a re  exam ined as to  t h e i r  v a l i d i t y ,

(1 )  The s o lu t io n  i s  id e a l*

( 2 ) The m utual d i f f u s i v i t y  i s  c o n s ta n t*

( 3 ) The s o lu t io n  h a s  a  c o n s ta n t  mass d e n s ity *

(4 )  T here  a re  no "sin lc" o r  s o u rc e ” fu n c tio n s*

A ssum ptions ( I )  and (2) a re  co n n ec ted  as th e  v a r i a t i o n  i n  

m u tua l d i f f u s i v i t y  w ith  c o n c e n tr a t io n  i s  m ain ly  due to  ig n o r in g  th e  

a c t i v i t y  f a c to r*  The ex p erim en ts  w ere c a r r i e d  o u t w ith  c o n c e n tra te d  

s o lu t io n s  w hich w ere c e r t a i n l y  n o t id e a l*

A ssum ption  (3 ) was app ro x im ate  as th e  e x p e rim e n ta l mass 

d e n s i ty  d id  v a ry  w ith  tim e*

R egard ing  assumpt^.on (A) ,  th e  e q u a tio n s  o f  G oodknight e t  a l  (23 ) 

have b e en  rev iew ed  i n  s e c t io n  1o3«t* I t  i s  p ro b a b ly  i n c o r r e c t  to  ig n o re  

th e  e f f e c t  o f  *’sih lc” o r  " s o u rc e ” fu n c tio n s *

Thus th e  e x am in a tio n  o f  th e  fo u r  above a s su m p tio n s , le a d s  to  

th e  same c o n c lu s io n , v iz*  R ic k 's  Second Law can  o n ly  be a p p ro x im a te ly  

t r u e  f o r  th e  e x p e r im e n ta l c o n d it io n s *
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S e v e ra l w o rk e rs  have su g g e s te d  s o lu t io n s  o f  th e  g e n e ra l  

d i f f u s i o n  e q u a tio n :  ^  ^ (D g ra d  c )       (19)

C lark e  (33 ) gave an app rox im ate  s o lu t io n  to  e q u a tio n  (19)  

i n  te rm s o f  th e  e r r o r  i n t e g r a l  f o r  th e  oase when th e  d i f f u s i v i t y  v a r ie d  

e x p o n e n t ia l ly  w ith  th e  s o lu te  c o n c e n t r a t io n , i a e ,

D = D 0 ^ ^o
YiThere and a a re  th e  i n t e r c e p t  and s lo p e  r e s p e c t iv e ly  o f  th e  g raph  

o f  I n  D a g a in s t  s o lu te  c o n c e n tra tio n ®

From th e  r e s u l t s  o f  E n g lish  and Dole (34) and C o s tin g  and 
M orris (35) C la rk e  s t a t e d  t h a t  th e  d i f f e r e n t i a l  d i f f u s i v i t y  o f  su c ro se  

i n  w a te r  d e c re a se d  e x p o n e n t ia l ly  w ith  su c ro se  c o n c e n tr â t  ion* In  f a c t ,  

t h e i r  r e s u l t s  show t h a t  th e  d i f f e r e n t i a l  d i f f u s i v i t y  d e c re a se d  l i n e a r l y  

w ith  su c ro se  c o n c e n tra tio n *

T sang (3 6 ) gave an approx im ate  m ethod o f  s o lv in g  e q u a tio n  (19)  

i n  th e  oase  when d i f f u s i v i t y  v a r i e s  l i n e a r l y  w ith  s o lu te  c o n c e n tr a t io n  and 

H e l f f e r ic h  (37 ) gave a n u m e ric a l s o lu t io n  to  e q u a tio n  (19) i n  th e  oase  when 

d i f f u s i v i t y  v a r i e s  a c c o rd in g  to  th e  fo llo w in g  e q u a tio n :

D = Do I

■̂ o

The s o lu t io n s  su g g e s te d  w ore e i t h e r  app rox im ate  o r  n u m erica l 

and hence d i f f i c u l t  to  i n t e r p r e t *  T h e re fo re ,  i n  view  o f  th e  m a th em a tica l 

d i f f i c u l t i e s  i t  was d e c id e d  t h a t  th e  s im p le r  Fiok* s Second Law would be 

u s e d , w ith  f u l l  know ledge t h a t ,  a t  b e s t ,  i t  c o u ld  o n ly  be an approx im ation*

The e q u a tio n  f o r  o i f f u s i o n  to  o r  from  a c y l in d e r  w ith  ends c lo s e d  

by  caps so t h a t  d i f f u s io n  o c c u rre d  i n  th e  r a d i a l  d i r e c t i o n  o n ly  w a s ;-

à c  n 1 \
^•b = ® r  ) ............................    (20)

w here r  i s  th e  g e n e ra l  r a d iu s  o f  th e  c y l in d e r  and w ith  th e  c o n d it io n s

( i )  C f in i te  as t  — ^  4. gd

( i i )  G f i n i t e  as r  — ^  0

( i i i )  C = 0 when r  = a  ( 0 < t < + c o )

( iv )  C = when t = 0  (O < r  < a)
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By p u t t i n g  C -  S ( r )  T ( t )  (se e  appendix  l )  th e  s e r i e s  

s o l u t io n ,  e g u a t io n  ( 2 1 ) ,  was d e riv e d *

'  = S s y j y i E ; )  ‘̂ o ( * s f ) e ^ .  -  ( ^  " s ' ) . . . .

w here = i n i t i a l  u n ifo rm  s o lu te  c o n c e n tr a t io n  i n  th e  c y lin d e r*

n  s= a  t y p i c a l  r o o t  o f  th e  e q u a t io n  J  (« ) = 0
O O Ü5

= B e sse l F u n c tio n  o f  Zero O rd e r.

= B e sse l F u n c tio n  o f  F i r s t  O rd e r, 

a  = o u te r  r a d iu s  o f  th e  c y lin d e r*

D = m utual d i f f u s i v i t y *

t  = tim e*

The volum e o f  a  c y l i n d r i c a l  e lem en t o f  u n i t  le n g th  i s  2TTr dr*

L e t M = mass o f  s o lu te  th e  c y l in d e r  a t  tim e t*

M = ^  C. r  d r

i  ^  i ;  j H ô jS • o a00 ^

“  9  S  h  J T T O  ‘̂ " 2  ^ i  (®8 a ) ••
*

*  *

Now

*
•  *

M

(*g  x) X ta

8=1 s i s  a  o

L et th e  i n t e g r a l  he I ;

L e t X = r / a

‘  ■ A-
1 , t

I  («g X) X t a  = -  X. J ,  («g  X) ^ = i _  J ,  («g )

s

M = A t r c ,  e x p . ("  ^  * S  )    ( 25)
8=1 S a  ^
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= th e  o r i g in a l  mass o f  s o lu t e  i n  c y l in d e r  o f  u n i t  l e n g th .

= V  C , .

I -  = A t l  ^ 2  exp . ( -  £ |  ).................................................. . ( 26)
“ o 8=1 8 a  ^

Cranlc (38) showed t h a t ,  f o r  s h o r t  t im e s ,  e q u a t io n  (26) 

c o u ld  be s im p l i f i e d  and w r i t t e n  i n  th e  form

m  ( S , ) #  . i  -  ( S j ,  ,  -  ( Î 5 ) 3 A  .  3 /2  . . .
o n a  a a

w here Mt = mass o f  s o lu te  w hich has d i f f u s e d  i n  tim e t .

E q u a tio n  (27 ) a n d , to  a l e s s e r  d e g re e , e q u a t io n  ( 2 6 ) ,  were 

used  i n  m o d ified  form  to  c a l c u l a t e  D, th e  m utual d i f f u s i v i t y ,  from  th e  

03{perim ental r e s u l t s *

A lthough  th e  d e t a i l e d  c a l c u l a t i o n  o f  th o se  p r o p e r t i e s  

n e c e s s a ry  to  d e te rm in e  th e  e x p e r im e n ta l v a lu e  o f  th e  m utual d i f f u s i v i t y  

a re  g iv e n  i n  th e  c a l c u l a t i o n s  s e c t i o n ,  i t  was th o u g h t w ise  to  exam ine , 

a t  t h i s  s t a g e ,  th e  e f f e c t  o f  th e  s o l i d  s t r u c tu r e  on th e  d i f f u s i o n  p ro c e s s

The so 3 id  s t r u c t u r e  c au se s  th e  d i f f u s in g  p a r t i c l e  to  fo llo w  a
2 2to r tu o u s  and lo n g e r  p a th *  The p o re  shape f a c t o r  K  ̂ where K i s  th e  

r a t i o  o f  th e  a c tu a l  tim e  to  th e  t h e o r e t i c a l  tim e  n e c e s s a ry  to  re a c h  a 

g iv en  p e rc e n ta g e  e x t r a c t i o n  o r  K i s  th e  r a t i o  o f  th e  a c tu a l  to  th e  

g e o m e tr ic a l  d is ta n c e  t r a v e l l e d  by th e  d i f f u s in g  p a r t i c l e ,  was adop ted  

to  empj r i c a l l y  d e te rm in e  th e  t o t a l  e f f e c t  o f  th e  s o l i d ,

2K i s  th e  same as th e  "co n d u c tan ce"  su g g e s te d  by  E rdos and 

J i r u  ( 27) b u t  i s  more c o n s i s t e n t  w ith  th e  f a c t  t h a t  th e  sq u a re  o f  th e  

g e o m e tr ic a l  d im ension  a p p e a rs  i n  th e  e x p o n e n tia l  te rm  o f  th e  s o lu t io n  

to  th e  d i f f u s io n  e q u a tio n *
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4 .  E X P E R I M E N T A L  M E T H O D S

4*0 G en era l D isc u s s io n  o f  t he E x p e rim e n ta l Methods

B efo re  c o n s id e r in g  th e  a p p a ra tu s  o r  th e  e x p e rim e n ta l te c h n iq u e  

i n  d e t a i l ,  a  b r i e f  o u t l i n e  o f  th e  n a tu re  o f  th e  ex p e rim en ts  w i l l  be g iv e n

and th e n  th e  f u n c t io n  o f  each  p ie c e  o f  a p p a ra tu s  w i l l  be d e sc r ib e d *

The two m ethods u se d  to  e x p e r im e n ta l ly  m easure th e  r a t e  o f  mass 

t r a n s f e r  o f  s o lu te  to  o r  from  a c y l in d e r  w ere;

(1 ) to  m easure th e  change o f  w e ig h t o f  th e  c y l in d e r  w ith  tim e  and

( 2 ) to  c o n tin u o u s ly  m easure th e  s o lu te  c o n c e n tr a t io n  a t  a p o in t

dow nstream  o f  th e  c y lin d e r#

I n  method ( 2 ) ,  i f  a c c u ra te  means o f  m easu ring  b o th  th e  s o lu te  

c o n c e n tr a t io n  and th e  s o lv e n t  f lo w ra te  w ere a v a i la b le  th e n  th e  r a t e  o f  change 

o f  mass o f  s o lu te  w ith  t im e ,  w ould be d i r e c t l y  m easu rab le  and s o ,  from  

t h i s  p o in t  o f  v iew , m ethod ( 2 ) vfould be p r e f e r a b l e  to  m ethod ( l )  w hich 

d id  n o t g iv e  a d i r e c t  m easure o f  th e  r a t e  o f  t r a n s f e r  o f  s o l u t e ,  s in c e  

as th e  s o lu te  flow ed in to  o r  o u t o f  th e  c y l in d e r  s o lv e n t  flow ed  i n  th e  

o p p o s ite  d i r e c t io n *

Hence M  < àli

where M  = change o f  w e ig h t o f  th e  c y l in d e r  i n  tim e i n t e r v a l  Afc

à U = mass o f  s o lu te  w hich has e n te re d  o r  l e f t  th e  c y l in d e r  i n  th e  tim e 

i n t e r v a l  At *

By ta k in g  th e  change o f  d e n s i ty  o f  th e  s o lu t io n  in s id e  th e  

c y l in d e r  in to  acco u n t e q u a tio n  ( I )  was d e r iv e d  ( s e e  s e c t io n  3 )*

m  = K. A?   ( 0

where K = a  c o n s ta n t  f o r  a  p a r t i c u l a r  s o lu t e - s o lv e n t  system #

Method ( 2 ) was th e  more a t t r a c t i v e  m ethod from  a t h e o r e t i c a l  

a s p e c t  b u t  e x p e r ie n c e  showed th e  c o m p ara tiv e  in a c c u ra c y  o f  th e  m ethod o f  

d e te rm in in g  th e  s o lu te  c o n c e n tr a t io n  and m ost o f  th e  e x p e r im e n ta l r e s u l t s  

w ere o b ta in e d  u s in g  th e  experim en t a l l y  s im p le r  m ethod ( l ) «
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E x p erim en ta l P ro c e d u re; The e x p e r im e n ta l p ro c e d u re  oan be c o n v e n ie n t ly  

d iv id e d  in to  th r e e  p a r t s  -

(1 ) P r e p a r a t io n  o f  c y l in d e r s  and a n a ly s is  o f  th e  im p re g n a tin g  o r

c i r c u l a t i n g  s o lu tio n *

( 2 ) A b so rp tio n  o r  d e s o rp t io n  o f  th e  s o lu te  under s p e c i f i e d  c o n d it io n s*

( 3 ) T o ta l  e x t r a c t i o n  o f  th e  c y l in d e r s  a t  a h ig h  te m p e ra tu re .

P a r t s  ( i )  and (3 ) a re  th e  same w h ichever m ethod o f  m easu ring  th e  

r a t e  o f  mass t r a n s f e r  i s  ad o p ted  i n  p a r t  ( 2 ) .  P er t h i s  r e a s o n  th e y  w i l l  

be  c o n s id e re d  f i r s t *

The e x p e r im e n ta l p ro c e d u re  i s  d e s c r ib e d  i n  d e t a i l  below*

4*1» A D e ta i le d  D e s c r ip t io n  o f  th e  E x p erim en ta l P ro ced u re  and A ppara tu s 

4*1*1* The Porous C y lin d e rs

The po ro u s c y l in d e r s  u sed  w ere made from p o ro u s  a lum ina  

s i l i c a t e  m a te r ia l s  i n  th r e e  g rades*  These g rad e s  have b een  r e f e r r e d  

to  by th e  m a n u fa c tu re r 's  c a ta lo g u e  numbers th ro u g h o u t th e  te x t*  The 

p h y s ic a l  d im ensions and p r o p e r t i e s  a re  g iv e n  i n  T ab le  4*1 *

The a lum ina  s i l i c a t e  a g g re g a te  made up ab o u t Sbfo o f  th e  m a te r i a l  

and th e  rem a in in g  c o n s i s te d  o f  c la y s  u sed  to  keep th e  a g g re g a te  i n  

s u s p e n s io n  and to  bond i t  d u r in g  f i r in g *

The c y l in d e r  ends w ere s e a le d  by T e f lo n  caps so t h a t  d i f f u s io n  

o c c u rre d  o n ly  i n  a r a d i a l  d ire c tio n ®

T ab le  4*1 * D im ensions and P r o p e r t i e s  o f  th e  P orous C y lin d e rs

M a te r ia l  
( C a ta logue  
Number)

— ---- ------------
Length

( i n s . )  '

D iam ete r

( in s * )

Mean Pore D iam eter 

(m icrons)

Pore Volume 

(?%)

Hoi 23 3 0 *6 ; 0*3;
0 ,4

1*23 48

V*5 3 0*6; 0*3; ; 
0*4

5 4 2 .4

CC2 3 0*3; 0*4 0 ,6 7 32



-  37 -

The d ia m e te rs  o f  th e  c y l in d e r s  a re  nom inal b u t  th e  e x a c t  

d ia m e te r  was m easured  w ith  a  m ic ro m e te r . The mean o f  f i v e  r e a d in g s  

was u sed  i n  th e  d i f f u s i o n  e q u a tio n *  The v a lu e  o f  th e  mean p o re  

d ia m e te r  was t h a t  q u o ted  by  th e  m a n u fa c tu re rs  a s  was th e  v a lu e  o f  th e  

p e rc e n ta g e  p o re  volum e. The p o r o s i t y  o r  p e rc e n ta g e  p o re  volume was 

d e te rm in e d  e x p e r im e n ta l ly  by t h i s  a u th o r .  The a u th o r* s  v a lu e s  w e re , 

i n  g e n e r a l , h ig h e r  th a n  th o se  q u o ted  i n  T ab le  4 * 1 . ,  and th e r e  was a 

v a r i a t i o n  i n  p o r o s i t y  from  one c y l in d e r  to  th e  n e x t i n  th e  same m a te r ia l*

P our p r o p e r t i e s  o f  th e  p o ro u s  m edia were d e te rm in e d  e x p e r im e n ta l ly  

and a re  d e s c r ib e d  i n  d e t a i l  b e lo w .

D e te rm in a tio n  o f  T o ta l  P o re  Volume, B ulk  Volume and p o r o s i ty

The t o t a l  p o re  volume and b u lk  volume w ere d e te rm in e d  by 

vacuum s a t u r a t i o n  o f  th e  p o ro u s c y l in d e r s  w ith  d i s t i l l e d  w a te r .  The

c y l in d e r s  w ere d r ie d  i n  an  oven o v e rn ig h t  a t  80°G) w eighed and p la c e d  i n

a  c r y s t a l l i s i n g  d is h  i n  a  vacuum d e s i c c a t o r .  The d e s i c c a to r  was c o n n e c te d  

to  a vacuum system  and e v ac u a ted  to  0 .2  mm m ercury  f o r  one h o u r . D i s t i l l e d  

w a te r  was th e n  ru n  on to  th e  p o ro u s  c y lin d e rs *  A f te r  f i v e  m inu tes th e  

sy stem  was opened to  a i r  and th e  c y l in d e r s  were re a d y  f o r  m easurem ent. The 

c y l in d e r s  w ere w eighed su spended  i n  w a te r ,  th e n  p la c e d  i n  a d is h  a t  \00fo 

h u m id ity  w here th e  ex cess  w a te r  r o l l e d  o f f*  They w ere th e n  w eighed 

c o n ta in in g  w a te r .  The c a l c u l a t i o n s  to  o b ta in  t o t a l  p o re  vo lum e, b u lk  

volume and p o r o s i t y  a re  g iv e n  i n  s e c t io n  3*4.1* and th e  r e s u l t s  i n  Appendix 3

D e te rm in a tio n  o f  th e  P ore  S is e  D i s t r i b u t io n

The p o re  s i z e  d i s t r i b u t i o n  was d e te rm ined  u s in g  th e  m ercury 

p o ro s im e te r  a t  th e  B u ild in g  R esea rch  S t a t i o n ,  G -arston, H e r ts .  The m ercu ry  

p o ro s im e te r  w i l l  be d e s c r ib e d  i n  some d e t a i l  below  (39)*

P r i n c i p l e ; The o p e ra t iv e  p r i n c i p l e  i s  t h a t  m ercury  i s  fo rc e d  i n to  th e  

v o id s  i n  a  p re v io u s ly  e v a c u a te d  sp ec im en , a g a in s t  th e  r e s i s t a n c e  o f  s u r f a c e  

t e n s io n  f o r c e s .  The p r e s s u r e  r e q u i r e d  to  f i l l  any v o id  i s  a  f u n c t io n  o f

th e  d ia m e te r  o f  th e  l a r g e s t  e n tra n c e  to  t h a t  v o id .  A p l o t  o f  m ercury
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e n te r in g  th e  specim en a g a in s t  a p p lie d  p r e s s u r e  w i l l  th e r e f o r e  g iv e  a  

p i c t u r e  o f  th e  p o re  e n try  d im ensions and (th o u g h  hy in f e r e n c e  on ly ) 

some id e a  o f  th e  d i s t r i b u t i o n  o f  a c tu a l  p o re  s i z e s .

A ppara tus ; The d e te rm in a tio n  i s  done i n  two s t a g e s ,  low p r e s s u r e  and h ig h  

p r e s s u r e ,  r e p r e s e n t in g  r e s p e c t iv e ly  c o a rse  and f in e  p o r e s .  The same 

d i la to m e te r  i s  u sed  th ro u g h o u t.

D ila to m e te r  ? i g .  1 .

T h is  i s  e s s e n t i a l l y  a  c a p i l l a r y  w ith  a specim en cham ber ( c lo s e d  

by a  g la s s  s to p p e r )  a t  one e n d , and a  c o n ic a l  g la s s  j o i n t  a t  th e  o th e r .

A lo o p  o f  p la t in u m /i r id iu m  r e s i s t a n c e  w ire  (A) i s  s t r e tc h e d  in s id e  th e  

c a p i l l a r y ,  and i s  te rm in a te d  as two p la t in u m  c o n ta c ts  fu s e d  i n to  th e  

p e r ip h e r y  o f  th e  ground g la s s  j o i n t .

Low P re s s u re  A ppara tus P ig .  2*

T h is  c o n s i s t s  e s s e n t i a l l y  o f  a  f l e x i b l e  U -tube  o f  g l a s s ,  one arm 

o f  w hich  i s  th e  d i la to m e te r  (a ) c o n n e c te d  v i a  a ^-v;ay g la s s  m an ifo ld  and th e  

m ovable arm (b)  to  a c a l i b r a t e d  c a p i l l a r y  tu b e  ( c ) .  The m o b il i ty  o f  B i s  

o b ta in e d  by u s in g  th r e e  s p h e r i c a l  g la s s  j o i n t s  (D , , D^) h e ld  to g e th e r

by s p r in g  c l i p s  ( i n s e t  P ig .  2)o T h is  e n ab le s  th e  tu b e  C to  be r a i s e d  above 

th e  specim en i n  th e  d i la to m e te r .  A r e s e r v o i r  ( e ) s u p p l ie s  m ercury to  th e  

w hole sy s te m , in c lu d in g  th e  d i l a to m e te r ,  a f t e r  e v a c u a tio n  th ro u g h  ta p  1*

I n  u s e ,  th e  p r e s s u r e  on th e  sam ple i s  a l t e r e d  by v a ry in g  th e  h e ig h t  o f  th e  

c a p i l l a r y  r e l a t i v e  t o  th e  d i la to m e te r .  The volume o f  m ercury  e n te r in g  th e  

sam ple i s  th e n  m easured on th e  c a p i l l a r y *

R ange: 0 .5  cm Hg to  105*5 cm Hg (20  I b . / s q .  i n . )  c o rre sp o n d in g  to  ; 2000

to  10*5^ p o re  e n tr y  d iam ete r*

High P re s s u re  App a ra tu s  P ig* 3

T h is  i s  a  s t a i n l e s s - s t e e l  bomb in to  w hich th e  d i l a to m e te r ,  i n  a 
t u f n o l  c a r r i e r ,  i s  p la c e d .
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A p e rs p e x  s le e v e  ( [2 ] i n  Pig* l )  makes e l e o t r i o a l  c o n ta c t  be tw een  

th e  p la t in u m /i r id iu m  r e s i s t a n c e  w ire  i n  th e  d i la to m e te r  and a th r e e  

p i n  so c k e t i n  th e  bomb h e a d . I n c r e a s in g  p r e s s u re s  a re  th e n  a p p lie d  by 

a llo w in g  su c c e s s iv e  c h a rg es  o f  n i t r o g e n ,  from  a c y l i n d e r ,  in to  th e  bomb.

The amount o f  m ercury  e n te r in g  th e  specim en i s  fo llo w e d  by m easu rin g  th e  

change i n  r e s i s t a n c e  o f  th e  p la t in u m / i r id iu m  w ir e .  Two n i t r o g e n  c y l in d e r s  

a re  u s e d , one f o r  th e  g r e a t e r  p a r t  o f  th e  run  and an a lm ost new c y l in d e r  f o r

o b ta in in g  th e  top  p r e s s u r e  o f  1800 I b . / s q .  i n .

R ange: 20 I b . / s q .  i n .  to  1800 I b . / s q .  i n .  c o rre sp o n d in g  to :  10*5

to  0 . 12[i p o re  e n tr y  d ia m e te r .

The low er p r e s s u r e  i s  t h a t  a t  w hich th e  lov; p r e s s u r e  a p p a ra tu s

l e f t  o f f :  i t  e q u a ls  a tm o sp h e ric  p r e s s u r e  p lu s  th e  p r e s s u r e  due to  th e

column o f  m ercury  i n  th e  d i la to m e te r  c a p i l l a r y .

The c a lc u l a t i o n s  f o r  th e  m ercury  p o ro s im e te r  a re  g iv en  i n  

s e c t io n  5 .4 .2 #  and th e  r e s u l t s  o f  th e  ex p erim en ts  a re  g iv en  i n  A ppendix 3»

4 .1 . 2 .  The S o lu te -S o lv e n t  System s

B r ie f  m en tion  w i l l  be made h e re  o f  th e  a n c i l l a r y  w ork c a r r i e d  

o u t to  d e te rm in e  th e  p r o p e r t i e s  o f  th e  s o lu te - s o lv e n t  sy stem s w hich a f f e c t  

th e  m utual d i f f u s i v i t y  i n  p o ro u s  m ed ia . The p r o p e r t i e s  c o n s id e re d  were th e  

m utual d i f f u s i v i t y  i n  f r e e  s o l u t io n ,  th e  m o le c u la r  d ia m e te r  and th e  v a lu e  

o f  l / k  ( s e e  5 #3 # ) .

The m utual d i f f u s i v i t y  i n  f r e e  s o lu t io n  and th e  v a lu e  o f  1 / k  

were o b ta in e d  from th e  l i t e r a t u r e .  The m o le c u la r  d ia m e te rs  o f  p o ta s s iu m  

c h lo r id e  and c a rb o n  t e t r a c h l o r i d e  w ere a ls o  o b ta in e d  from  th e  l i t e r a t u r e .

The m o le c u la r  d ia m e te r  o f  su c ro se  was o b ta in e d  w ith  th e  h e lp  o f  a s c a le  

m odel. T a b u la te d  v a lu e s  o f  th e s e  th r e e  p r o p e r t i e s  a re  g iv e n  i n  A ppendix 2 .
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4*1*3* P r e p a r a t io n  o f  th e  Porous C y lin d e rs

When n o t i n  u se  th e  c y l in d e r s  w ere imm ersed i n  d i s t i l l e d  w a te r  

to  p r e v e n t  d i r t  e n te r in g  th e  p o re s*  B efo re  u se  th e  c y l in d e r s  w ere 

washed w ith  d i s t i l l e d  w inter and d r ie d  i n  a  vacuum oven a t  80°C* and 

30 in s*  m ercury  vacuum to  c o n s ta n t  w e ig h t.

A fber w eigh ing  i n  t a r e d  alum inium  t i n s  | th e  c y l in d e r s  w ere 

p la c e d  i n  a c r y s t a l l i s i n g  d is h  i n  th e  vacUum d e s ic c a to r  ( s e e  P ig s .  4  and 4 ^ ) 

w hich was th e n  e v a c u a te d  by a  vacuum pump* When a  vacuum o f  a p p ro x im a te ly  

0*03 mm m ercury had  been  h e ld  f o r  t h i r t y  m in u te s , ta p  A was c lo s e d  and th e  

im p re g n a tin g  s o l u t io n  ( e i t h e r  a  s o lu t io n  o f  th e  s o lu te  o r  p u re  s o lv e n t)  

s lo w ly  ru n  on to  th e  c y l in d e r s  u n d e r vacuum* Tap B was opened to  r e l e a s e  

th e  vacuum i n  th e  r e s t  o f  th e  sy s te m . A f te r  f i v e  m in u tes  ta p  A was 

opened to  a i r .

The c y l in d e r s  w ere re a d y  f o r  e x t r a c t io n  p u rp o s e s . The c y l in d e r s  

w ere ta k e n  as  r e q u i r e d .  At th e  tim e when a  c y l in d e r  was removed f o r  

e x t r a c t i o n ,  th e  te m p e ra tu re  and c o n c e n tr a t io n  o f  th e  s o lu t io n  ( f o r  

d e s o rp t io n )  was d e te rm in e d . I n  th e  c a se  o f  a b s o rp t io n  e x p e rim e n ts  th e  

te m p e ra tu re  o f  th e  im p re g n a tin g  p u re  s o lv e n t  was ta k e n  and th e  c o n c e n tr a t io n  

o f  th e  c i r c u l a t i n g  s o lu t io n  was determ ined*

The m ethods o f  d e te rm in in g  th e  s o lu te  c o n c e n tr a t io n  i n  e i t h e r  th e  

im p re g n a tin g  o r  th e  c i r c u l a t i n g  s o lu t io n  a re  d e s c r ib e d  i n  th e  n e x t s e c t i o n .

4*1 .4*  De te rm in a t io n  o f  th e  W eight F r a c t io n  o f  S o lu te  i n  e i t h e r  th e  

Im p reg n a tin g  o r  th e  C i r c u la t in g  S o lu tio n

The i n i t i a l  s o lu te  c o n c e n tr a t io n  i n  th e  p o ro u s c y l in d e r s  

( f o r  d e s o rp t io n  e x p e rim e n ts)  o r  th e  s o lu te  c o n c e n tr a t io n  i n  th e  c i r c u l a t i n g  

s o lu t io n  ( f o r  a b s o rp t io n  e x p e rim e n ts )  must be d e te rm in e d  f o r  two r e a s o n s ; -

( 1) Coup o r i s o n  betw een  ex p e rim e n ts  a t  d i f f e r e n t  c o n c e n t r a t io n s ,  and

( 2 ) D e te rm in a tio n  o f  Mo, th e  mass o f  s o lu te  i n i t i a l l y  i n  th e  

c y l in d e r  ( f o r  d e s o rp t io n  ex p erim e n ts)  o r  o f  Moo , th e  m ass o f  

s o lu te  ab so rb ed  by th e  c y l in d e r  a f t e r  i n f i n i t e  tim e ( f o r  

a b s o ip t io n  e x p e r im e n ts ) .
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T hree  s o lu t e - s o lv e n t  sy stem s v/ere exam ined* As th e  a n a ly s is  

to  d e te rm in e  th e  w e ig h t f r a c t i o n  o f  s o lu te  i n  th e  s o lu t io n  d i f f e r e d  w ith  

each  system ^ th e  m ethods o f  a n a ly s i s  were c o n s id e re d  s e p a ra te ly *

4 • 1 * 4 ( a ) • D e te rm in a tio n  o f  th e  W eight F r a c t io n  o f  P o tass iu m  C h lo r id e  

i n  Aqueous S o lu t io n s

The c o n c e n tr a t io n  (gm w/m l.) o f  p o ta s s iu m  c h lo r id e  was d e te rm in e d  

v o lu m e tr io a l ly  by t i t r a t i o n  w ith  s ta n d a rd  s i l v e r  n i t r a t e  u s in g  p o ta s s iu m  

chrornate s o lu t io n  as in d ic a to r *  The s i l v e r  n i t r a t e  had  b een  p r e v io u s ly  

s ta n d a r d is e d  a g a in s t  a  p o ta s s iu m  c h lo r id e  s o lu t io n ,  c a r e f u l l y  p re p a re d  on 
a  w e ig h t b a s is *

The po tassiuT u c h lo r id e  s o lu t io n  was t i t r a t e d  u n t i l  th e  s o lu t io n  

tu rn e d  f a i n t  salm on p ink*  D e ta i l s  o f  th e  a n a ly s i s  a re  g iv e n  i n  V ogel (40 ) *

The w e ig h t f r a c t i o n  w^s d e te rm in e d  from a g rap h  o f  S a g a in s t  100G*

The v a lu e s  o f  w e ig h t f r a c t i o n ,  d e n s i ty  and c o n c e n tr a t io n  w ere 

ta k e n  from  I n t e r n a t i o n a l  C r i t i c a l  T a b le s #

)

f Ü 0 ir

S , G- and X a re  r e l a t e d  by  th e  e q u a t io n  

X = 100 G -  8

w here X = w e ig h t p e rc e n ta g e

G- -  gmc/inl* (fro m  t i t r a t i o n )  

and (S i s  d e f in e d  by  e q u a tio n  ( 2 )

(2 )
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2 .̂1 *4(b) • D e te rm in a tio n  o f  th e  W eight F r a c t io n  o f  Suc ro s e  i n  

Aqueous S o lu t io n s

The c o n c e n tr a t io n  o f  su c ro se  (g m ./m l.)  was d e te rm in ed  by 

p o la rim e try ®

The s p e c i f i c  r o t a t i o n ,  w ith  sodium  lamp a t  20^C,

was g iv e n  a s  (M ) and (4 2 )*

The su c ro se  c o n c e n tr a t io n  was c a lc u la te d  from  e q u a tio n  (3 )

^     (3 )

w here ^  = o b se rv ed  r o t a t i o n  i n  o i r c u l a r  d e g re e s

1 = le n g th  o f  s o lu t io n  i n  d e c im e tre s

o = c o n c e n tr a t io n  i n  gm* su c ro se /m l#

The p o la r im e te r  tu b e  u sed  was 2 d e c im e tre s  lo n g  and so e q u a t io n  (3 ) 

re d u c e d  to  o = 0 • 00754 .....................................  , * (4 )

From a  g raph  o f  d e n s i ty  o f  su c ro se  s o lu t io n s  a t  20°Cr a g a in s t

c o n c e n tr a t io n  (d e te rm in e d  by p o la r im e t r y ) , th e  w e ig h t f r a c t i o n  o f  su c ro se

was d e te rm in e d  from  e q u a tio n  ( 3 )*

Wt* f r a c t i o n  = c o n e e n tr a t io n  20^C
d e n s i ty  20^ 0 * ( 3 )

4*1 *4 ( 0 )# D e te rm in a tio n  o f  th e  W eight F r a c t io n  o f  Carbon T e tr a c h lo r id e  

i n  S o lu t io n s  o f  M ethanol

The w e ig h t f r a c t i o n  o f  c a rb o n  t e t r a c h l o r i d e  i n  m ethano l 

s o lu t io n  was d e te rm in ed  by th e  r e f r a c t i v e  in d ex  o f  th e  s o lu t io n *  The 

v a lu e  o f  th e  r e f r a c t i v e  in d e x  found  was r e f e r r e d  to  a  c a l i b r a t i o n  

cu rv e  ( f ig *  5 ) o f  r e : f r a c t iv e  in d e x  a g a in s t  w e ig h t f r a c t i o n  end th e  w e ig h t 

f r a c t i o n  v a s  r e a d  o f f  d i r e c t l y *
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4*1*5* T o ta l  E x tr a c t io n  o f  th e  C y lin d e rs

S in ce  no s o lu te  must rem a in  i n  th e  c y l in d e r s  f o r  su b seq u e n t 

r u n s ,  a f t e r  th e  a b s o rp t io n  o r  d e s o r p t io n  ex p erim en ts  th e  c y l in d e r s  w ere 

t o t a l l y  e x t r a c te d  by one o f  two m eth o d s, depend ing  on th e  s o lu te - s o lv e n t  

sy s tem .

I n  th e  c a se  o f  th e  sy s te m , c a rb o n  te t r a c h lo r id e - m e th a n o l , i t  

was s u f f i c i e n t  to  h e a t  th e  c y l in d e r s  i n  th e  vacuum oven f o r  s ix  hours*

A l l  th e  vapou r was d r iv e n  o f f  i n  t h i s  p e r io d -

The e x t r a c t io n  o f  th e  aqueous s o lu t io n s  o f  p o ta s s iu m  c h lo r id e  

and su c ro se  to o k  p la c e  i n  th e  S o x h le t e x t r a c t i o n  a p p a r a tu s ,  shown i n  F ig .  6 *

The p o ro u s  c y l in d e r s  w ere p la c e d  i n  th e  e x t r a c t i o n  cham ber and th e  

f l a s k  h a l f - f i l l e d  w ith  w ater*  The f l a s k  was h e a te d  by an e l e c t r i c  

h e a t in g  m an tle  and th e  steam  p a ..sed  v i a  th e  b y -p a s s  tu b e  to  th e  co n d en se r 

and condensed  i n to  th e  e x t r a c t i o n  chamber* Vdien th e  s o lu t io n  i n  th e  cham ber 

re a c h e d  th e  l e v e l  o f  th e  s ip h o n , th e  s o lu t io n  was s iphoned  o f f  v i a  th e  s id e  

tu b e ,  and th e  c y c le  recommenced*

E x tr a c t io n  f o r  s ix  h o u rs  wa,s s u f f i c i e n t  to  c o m p le te ly  remove 

th e  s o lu te  from  th e  p o ro u s  c y l in d e r s .

4 * 1 * 6 . itopa i'a tu s and E x p e rim e n ta l T echn iques used  to  S tudy  th e  

D if fu s io n  P ro c e ss

Two te c h n iq u e s  w ere u sed  to  s tu d y  th e  d i f f u s io n  p ro c e s s

(1 ) M easurem ents o f  th e  change o f  w e ig h t o f  th e  p o ro u s c y l in d e r

w ith  tim e  u s in g  a  r e c o rd in g  b a la n ce ;

(2 )  M easurem ent o f  th e  s o lu te  c o n c e n tr a t io n  downstream  o f  th e

c y l in d e r  by a  c a p a c i ta n c e  c e l l .

M ethods ( l )  and (2 )  w i l l  be d e s c r ib e d  i n  d e t a i l  be low .

Method (2) v/as u sed  as a check  on method ( l ) .
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4 ^ 1 ,6 ,1 ,  M easurem ents o f  A b so rp tio n  o r  D e so rp tio n  u s in g  th e

R eco rd in g  B a lance

The arran g em en t o f  th e  a p p a ra tu s  u sed  i n  th e  s tu d y  o f  th e  

d i f f u s io n  p ro c e s s  i s  shown i n  F ig s .  ~l, 7q**

The Flow System

N o te ; In  d e s o rp t io n  ex p erim en ts^  th e  " l iq u id "  was p u re  s o lv e n t;  

i n  a b s o rp t io n  ex p e rim e n ts  i t  was a  s o lu t io n  o f  th e  a p p ro p r ia te  

oono e n t r a t i o n .

The l i q u i d  was pumped by  a  p o s i t i v e  d isp la c e m e n t s t a i n l e s s -  

s t e e l  pump from  th e  g la s s  a s p i r a t o r  to  a  g la s s  c o n s t r i c t i o n  w here th e  

f lo w ra te  v^as m easureu by a  m ercury  m anom eter. The l i q u i d  th e n  

flow ed  th ro u g i. two g la s s  h e a t in g  c o i l s  and an a i r - t r a p  ( a l l  im m ersed i n  

th e  c o n s ta n t  te m p e ra tu re  w a te r  o a th  which was c o n t r o l le d  a t  25^ C ), th ro u g h  

th e  d i f f u s io n  tu b e  and back  in to  th e  a s p i r a t o r .

Many o f  th e  e a r l i e r  ex p e rim e n ts  w ere c a r r i e d  o u t  w ith  an  open

flow  c i r c u i t ,  i . e .  th e  s o lv e n t  flow ed  to  w aste  when i t  l e f t  th e  d i f f u s i o n

tu b e .  T h is  method w ou ld , o f  c o u rs e ,  be  m ost w a s te fu l  i f  c a r r i e d  o u t 

f o r  a b s o rp t io n  e x p e r im e n ts . I t  w'as shown t h a t  w ith  th e  c lo s e d  system

a i r  b u b b le s  d is a p p e a re d  a f t e r  a  few m in u te s .

The a i r  b u b b le  e f f e c t  had  b een  a  so u rce  o f  t r o u b le  w ith  th e  open

system  and so a l l  th e  e x p erim en ts  from  t h a t  tim e  w ere c a r r i e d  o u t u s in g

th e  r e c y c le  o r  c lo s e d  sy s tem .

The D if fu s io n  Tube

The d i f f u s i o n  tu b e  i s  shown i n  d e t a i l  i n  F ig ,  8 .

The l i q u i d  flow ed  in to  th e  d i f f u s io n  tu b e  by th e  i n l e t ,

c o n tin u e d  up th e  in n e r  g la s s  tu b e ,  p a s t  th e  p o rous c y l in d e r  v/hich was 

suspended  from  th e  r e c o r d in g  b a la n c e  by  a f in e  w i r e ,  o v e r  th e  w e i r ,  

down th e  o u te r  an n u lu s and back  to  th e  a s p i r a t o r  v i a  th e  o u t l e t .
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The R eco rd in g  B alance
,i i «' lêw i m < ii»M

The a p p a re n t  w e igh t o f  v the p o ro u s  c y l in d e r  was shown by 

th e  c h a r t  above th e  r e c o rd in g  b a la n c e *  (See Fig* 7a)«

The b a la n c e  h as "bjyo pans*  From one p a n  a  f i n e  w ire  i s  

suspended  by  a hook* The o th e r  end  o f  th e  f i n e  w ire  c o n s i s t s  o f  a

6bA th r e a d  w hich screw s in to  th e  u p p e r T e flo n  cap o f  th e  p o ro u s 

c y l i n d e r .  W eights a re  p la c e d  on th e  o th e r  p an  to  g iv e  an " o n -s c a le "  

r e a d in g  on th e  c h a r t*

A deso ip> tion  ru n  w i l l  be  c o n s id e re d  to  d e m o n s tra te  how th e  b a la n c e

works* S ince  a lo s s  o f  w e ig h t i s  knovm to  o c c u r  th e  "Loss-Loss*’ model-

i s  used* When th e  b a la n c e  h as  removed 10 mg* a  "w eig h t change" o c c u r s ,  th e  

f ig u r e  1 a p p ea rs  on th e  b a la n c e  p a n e l  and th e  c h a r t  p en  moves f u l l  s c a l e .

P an e l 1P a n e l 0

10 o o 0 to o

S ince  th e r e  a re  e ig h te e n  "w e ig h t c h a n g e s" , th e  b a la n c e  can  

show a  t o t a l  w e ig h t change o f  180 mg* w ith o u t  chang ing  th e  l a r g e  w e ig h ts  

i n  th e  p a n .

The o p p o s ite  p ro c e d u re  o c c u rs  when a  g a in  o f  w e ig h t occu rs*

The "Grain-Oain" model i s  u sed  and a  g a in  o f  180 mg* c an  be re c o rd e d  w ith o u t 

ch an g in g  th e  l a r g e  w e ig h ts  i n  th e  pan*

The S o lu t io n  T em peratu re

The s tre am  te n p e r a tu r e  o f  th e  l i q u i d  i n  th e  in n e r  tu b e  was 

m easured  by a th e r m is to r  i n s i d e  a  ru b b e r  s to p p e r*  The th e r m is to r ,  

p r e v io u s ly  c a l i b r a t e d  a g a in s t  a  s e n s i t i v e  m ercury  th e rm o m ete r, l e a d  to



■** '

a  W heatstone b r id g e  c i r c u i t  i n  w hich th e  b a la n c in g  r e s i s t a n c e  to  g iv e  

a e ro  ga lvanom eter re a d in g  was a m easure o f  th e  tem p era tu re*

E x p erim en ta l P ro c ed u re

The pump vms sw itc h ed  on and l i q u i d  flow  was m a in ta in e d  u n t i l  

th e  s tre am  te m p e ra tu re  was c o n s ta n t  a t  23^0* A porous c y l i n d e r ,  whose 

w e ig h ts  d ry  and c o n ta in in g  th e  im p re g n a tin g  s o lu t io n  had  been  n o te d , was 

suspended  from  th e  re c o rd in g  b a la n c e  h o o k . The ta p  a t  th e  bo ttom  o f  

th e  d i f f u s io n  tu b e  w hich had  been  opened j u s t  b e fo re  th e  p o ro u s  c y l in d e r  

was re a d y  to  be su sp en d ed , was c lo s e d ,  and th e  c i r c u l a t i n g  l i q u i d  began  to  

flow  up th e  in n e r  tube*  When th e  l i q u i d  re a c h e d  th e  bo ttom  o f  th e  p o ro u s 

c y l in d e r  th e  tim e c h a r t  m echanism was s ta r te d *

The approx im ate  b a la n c in g  w e ig h ts , le a rn e d  by e x p e r ie n c e , w ere 

p la c e d  i n  th e  b a la n c e  p a n ,  th e  b a la n c e  tu rn e d  to  " a c t io n "  and th e  w eig h t 

i n  th e  p an  a d ju s te d  u n t i l  a  re a d in g  was o b ta in e d  on th e  c h a r t .  Im  

"on -so  a le "  re a d in g  was u s u a l ly  o b ta in e d  i n  l e s s  th a n  th r e e  m in u te s . The 

b a la n c e  was th e n  tu rn e d  to  " o p e ra te "  and was c o m p le te ly  a u to m a tic .

A f te r  a c e r t a i n  p e r io d  o f  t im e , ( th e  c a l c u l a t i o n  o f  t h i s  tim e 

i n t e r v a l  i s  g iv e n  i n  s e c t io n  5 ) th e  b a la n c e  was tu rn e d  to  " a r r e s t " ,  th e  

flow  was s to p p e d  and th e  p o ro u s  c y l in d e r  removed and p la c e d  i n  d i s t i l l e d  

w a te r ,  re a d y  f o r  t o t a l  e x tr a c t io n *

The e x p e rim e n ta l te c h n iq u e  u s in g  t h i s  method was r e l a t i v e l y  s im p le  

and th e r e  w ere o n ly  two d i f f i c u l t i e s  o f  any importance®

The f i r s t  a tte m p ts  to  m easure c y l in d e r  w e ig h t changes w ere made 

by  su sp en d in g  th e  c y l in d e r  from  th e  re c o rd in g  b a la n c e  by a s o l i d  r o d ,

1/ 16" d ia m e te r . The re c o rd e r  c h a r t  showed d i s c o n t i n u i t i e s  and i t  was 

d e c id e d  t h a t  th e  s u r fa c e  t e n s io n  f o r c e ,  which a c te d  a g a in s t  th e  w e ig h t 

c h an g e , was p r e v e n t in g  th e  b a la n c e  from  p ic k in g  up v æ ig h t changes i f  th e y  

w ere below  a  c e r t a i n  f i n i t e  v a lu e .  Two m ethods o f  rem edying t h i s  w ere 

p ro p o se d :

(1) Use o f  a v e ry  f in e  w i r e ,  d ia m e te r  Mi- s .w .g*



f

P L O W M E T z R  

H S A vT iN G  C O \ L

ThE^MOME'^E^ WELw

C0NS"^\S47 W^'^E^ 3 \ ^ h

DiP = L5.0N T«3E 
P O R O U S  C \  U N D E R  

P E R = Q R \ T  = o  PlV-^E 

e\:>A,C '^W.CE - CE-w
\ \ E R S O R ' * s 3 ^  CEu^
E \ u ^ S i C  NiOj CEu»»
R u S S E R

1 a 1
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(2) Use o f  a sp ra y  o f  l i s s a p o l  ( a  com m ercial w e t t in g  a g e n t)

n e a r  th e  l i q u i d  s u r f a c e .

The l i s s a p o l  was sp ra y ed  j u s t  u n d er th e  l i q u i d  s u r f a c e  by 

means o f  th e  l i s s a p o l  d i s t r i b u t o r  r i n g ,  (See F ig , 8 ) ,

E xperim ents a t  d i f f e r e n t  l i s s a p o l  f lo w ra te s  w ere c a r r i e d  ou t*

The r e s u l t s  v a r ie d  i n  such  a random and a r b i t r a r y  m anner w ith  l i s s a p o l  

f lo w ra te  t h a t  i t  v/as f e a r e d  t h a t  th e  l i s s a p o l  was i n t e r f e r i n g  w ith  th e  mass 

t r a n s f e r  p ro c e ss  i t s e l f ,  b e s id e s  re d u c in g  th e  s u r fa c e  ten s io n *  I t  was a ls o  

found  t h a t  f o r  l a r g e  c y l in d e r s  a t  d i l u t e  s o lu te  c o n c e n tr a t io n s  and f o r  th e  

s m a lle r  c y l in d e r s  a t  h ig h e r  c o n c e n tr a t io n s  th e  l i s s a p o l  had  no e f f e c t  on th e  

r a t e  o f  mass t r a n s f e r *

Thus i t  was d e c id e d  to  u se  lo n g e r  p o ro u s  c y l in d e r s  and to  

c a r r y  o u t a l l  f u r t h e r  ru n s  w ith o u t l i s s a p o l .

The second d i f f i c u l t y  was o f  e n su r in g  t h a t  changes i n  th e  

a p p a re n t w e ig h t o f  th e  c y l in d e r  were due o n ly  to  th e  o c c u rre n c e  o f  mass 

t r a n s f e r *  The a p p a re n t w e ig h t would change i f  th e  l i q u i d  f lo w ra te  changed 

o r  i f  a i r  b u b b le s  c o l l e c t e d  on th e  c y l in d e r  and th u s  a f f e c te d  th e  u p th r u s t .

The f lo w ra te  changed v e ry  l i t t l e  b u t a i r  b u b b les  d id  ap p ea r 

im m ed ia te ly  when th e  flow  was s t a r te d *  The b u b b les  w ere removed by 

g e n t ly  ta p p in g  th e  c y l in d e r  and when th e  c lo se d  flow  system  was ad o p ted  

th e  p rob lem  become a lm o st n e g l ig ib le  e x c e p t a t  v e ry  h ig h  f lo w ra te s  when a i r  

was in tro d u c e d  in to  th e  s u c t io n  s id e  o f  th e  flow  c i r c u i t *

4*1*6*2* M easurement o f  D e so rp tio n  u s in g  th e  C ap ac itan ce  C e ll

The a rran g em en t o f  th e  a p p a ra tu s  i s  shown i n  Fig*

The d e s o rp t io n  to o k  p la c e  i n  th e  copper d i f f u s io n  tu b e  (& ),

The po rous c y l in d e r  ( h) was suspended  from  a p e r f o r a te d  p l a t e  ( l )  w hich 

a ls o  se rv e d  to  mix th e  s o l u t io n  le a v in g  th e  tube*

The d e -a e r a te d  d i s t i l l e d  w a te r  u sed  to  c a r r y  o u t th e  d e s o rp t io n  

was pumped from  a l a r g e  p o ly th e n e  r e s e r v o i r  v i a  th e  flow m eter (A) to  a
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co p p er te m p e ra tu re  c o i l  (b ) w here th e  w a te r  a t t a i n e d  th e  te m p e ra tu re ,  25^p , 

o f  th e  c o n s ta n t  te m p e ra tu re  w a te r  h a th  (? )#  From th e  c o i l ,  th e  w a te r  

p ro c e e d e d  .v ia  th e  a i r - t r a p  ( c )  and therm om eter (d ) to  th e  d i f f u s io n  

tu b e  (g )  w here d e s o r p t io n  to o k  p la c e *  The s o lu t io n  l e a v in g  th e  

d i f f u s i o n  tu b e  th e n  flow ed  to  th e  d e te c t in g  e lem en t (K) o f  th e  

c a p a c i ta n c e  c e l l  ( j )  which m easured  th e  c o n c e n tr a t io n  o f  th e  s o lu t io n *  The 

s o lu t io n  l e a v in g  th e  c a p a c i ta n c e  c e l l  f i n a l l y  flow ed  to  w aste*

D uring  c a l i b r a t i o n  r u n s ,  th e  c a l i b r a t i n g  s o lu t io n s  o f  p o ta s s iu m  

c h lo r id e  w ere p a s s e d  from th e  therm om eter w e ll  (D) to  th e  d e te c t in g  

e lem en t (K) v i a  a  b y -p a s s  l in e *  The flov /m eter ( a) was a ls o  b y -p assed *

These b y -p a s se s  w ere p r e c a u t io n s  so t h a t  no p o ta s s iu m  c h lo r id e  

rem ained  i n  th e  flow  system  and came o u t su b s e q u e n tly  d u r in g  an a c tu a l  

d i f f u s i o n  experim ent*

One c a l i b r a t i o n  s o lu t io n  was p a s se d  t h r o u ^  th e  system  b e fo re  

each  d i f f u s i o n  ru n  to  make s u re  t h a t  th e  in s tru m e n t  c a l i b r a t i o n  had  n o t 

changed* The system  was th e n  washed w ith  d i s t i l l e d  w a te r  f o r  an hour 

and th e  system  was re a d y  f o r  a  d i f f u s io n  experim en t#

I t  sh o u ld  be n o te d  th a t  t h i s  a p p a ra tu s  c o u ld  be u sed  f o r  

d e s o r p t io n  o n ly  s in c e  th e  c a p a c ita n c e  c e l l  was d e s ig n e d  to  m easure v e ry  

sm a ll c o n c e n tra t io n s *  iU-SO o n ly  th e  system  p o ta s s iu m  c h l o r i d e - d i s t i l l e d  

w a te r  was exam ined u s in g  t h i s  a p p a ra tu s*

The c a p a c i ta n c e  c e l l  c i r c u i t  w i l l  be d e s c r ib e d  i n  d e t a i l  below* 

The C ap ac ita n ce  C e ll  C i r c u i t

The p io n e e r in g  vfork on u s in g  a  c a p a c ita n c e  c e l l  to  m easure 

c o n tin u o u s ly  th e  c o n c e n tr a t io n  o f  an  e l e c t r o l y t e  s o lu t io n  was c a r r i e d  

o u t by  L i t t l e  and MacDonald (43)*

M'ich work w ent in to  th e  developm ent o f  th e  c a p a c ita n c e  c e l l  

c i r c u i t *  T here hgye b een  many m o d if ic a t io n s  co th e  e l e c t r i c a l  c i r c u i t  

and so o n ly  th e  f i n a l  c i r c u i t  u sed  w i l l  be d e s c r ib e d  below*

The p r i n c i p l e  o f  th e  m ethod i s  th a t  when an a l t e r n a t i n g  v o lta g e
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i s  a p p lie d  to  a  co n d en se r c o n s i s t in g  o f  a g la s s  tu b e ,  th ro u g h  w hich l i q u i d  

i s  flo w in g  th e  a l t e r n a t i n g  c u r r e n t  p a s s e d  by th e  co n d en se r i s  a  f u n c t io n  

o f  th e  c o n c e n tr a t io n  o f  th e  f lo w in g  l iq u id *

The a l t e r n a t i n g  c u r r e n t  was r e c t i f i e d ,  a p p lie d  to  a  r e s i s t a n c e  

and th e  v o lta g e  th u s  g e n e ra te d  ap p ea red  as a d e f l e c t i o n  on a re c o rd e r#

Thus th e  r e c o rd e r  d e f l e c t i o n  vras a f u n c t io n  o f  th e  c o n c e n tr a t io n  

o f  th e  e l e c t r o l y t e  s o lu tio n *

G en era l D e s c r ip t io n  and Use o f  th e  C ap ac itan ce  C e ll

The c a p a c i ta n c e  c e l l  u sed  to  m easure th e  p o ta s s iu m  c h lo r id e

c o n c e n tr a t io n  downstream  o f  th e  p o ro u s c y l in d e r  c o n s is te d  e s s e n t i a l l y  

o f  a  g la s s  tu b e  sheached  w ith  two b r a s s  e le c tro d e s #

Two i d e n t i c a l  c e l l s  were in c lu d e d  i n  th e  c a p a c i ta n c e  c e l l

c i r c u i t ,  one o f  w h ich , ( th e  " b a la n c in g "  c e l l ) ,  was p e rm a n en tly  f i l l e d

w ith  d i s t i l l e d  v /a te r , th e  o th e r  b e in g  th e  a c tu a l  d e te c t in g  elem ent 

t h r o u ^  v/hich th e  s o lu t io n  flow ed#

B efo re  b e in g  used  f o r  a c tu a l  c o n c e n tr a t io n  m easu rem en ts , th e  

c i r c u i t  was b a la n c e d  by p a s s in g  d i s t i l l e d  w a te r  th ro u g h  th e  d e te c t in g  

c e l l  and a d ju s t in g  th e  v a lu e  o f  th e  decade r e s i s t a n c e  u n t i l  th e  o u tp u t from  

th e  c i r c u i t  was z e ro  (a s  shown by  th e  r e c o rd e r )#

D uring  d i f f u s i o n  e x p e r im e n ts , w ith  p o ta s s iu m  c h lo r id e  f lo w in g  

th ro u g h  th e  d e te c t in g  e le m e n t, th e  c u r r e n t  p a sse d  by th e  d e te c t in g  c e l l  

was g r e a t e r  th a n  th e  c u r r e n t  p a s s e d  b y  th e  b a la n c in g  c e l l  and hence 

an o u t-o f -b a la n c e  e*m#f# was g e n e ra te d ,  w hich was m easured on th e  re c o rd e r#

The r e c o rd e r  was f i t t e d  w ith  a  number o f  d o u b lin g  s c a le s  and 

a  system  o f  sh u n ts  (d e s c r ib e d  i n  d e t a i l  below ) w hich en ab led  a s u i t a b l e  

f r a c t i o n  o f  th e  e .m .f#  to  be u se d  to  a c t iv a t e  th e  r e c o r d e r ,  so t h a t  a 

r e c o r d e r  d e f l e c t i o n  o f  be tw een  50% and 100^ f u l l  s c a le  d e f l e c t i o n  (F#S#D#) 
c o u ld  alw ays be o b ta in ed #

The r e c o rd e r  a ls o  in c lu d e d  a  n u m erica l i n t e g r a t o r  whose r a t e  

o f  c o u n tin g  was p r o p o r t io n a l  to  th e  re c o rd e r  d e f le c t io n #  To b r in g  a l l
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r e a d in g s  to  a  common b a s i s ,  th e  i n t e g r a t o r  c o u n tin g  r a t e  ( i n  c o u n ts  p e r  

m in u te ) had  to  be m u l t i p l i e d  by th e  s c a le  v a lu e  and d iv id e d  by  th e  sh u n t 

va lu e*  (The r e l a t i v e  v a lu e s  o f  th e  s h u n ts  and s c a le s  a re  g iv e n  i n  T ab le  4 * 2 ) ,

CNThus th e  r e c o r d e r  f a c t o r  “  was c a l i b r a t e d  a g a in s t  a  s e r i e s  

o f  p o ta s s iu m  c h lo r id e  s o lu t io n s  o f  known c o n c e n tr a t io n ,

C = c o u n ts  p e r  m in u te ,

N -  s c a le  v a lu e ,

S = shun t v a lu e .

T ab le  4 * 2 , Shunt and S c a le  V a lues

Shunt No* Shunt V alue
( s )

S c a le  No, S ca le  V alue 
(N)

1 1024 1 1
2 512 2 2
3 256 3 4
4  - 128 k 8
5 64 3 16
6 32 6 32
7 16 7 64
8 8 8 128
9 4

10 2
11 1

D e ta i le d  D e s c r ip t io n  o f  th e  Cap a o ita n c e  C e ll C i r c u i t

The e l e c t r i c a l  c i r c u i t  i s  shown i n  P ig s ,  10 , 11®

D uring  th e  p o s i t i v e  h a l f  c y c le  th e  o s c i l l a t o r  i s  p o s i t i v e  to  

e a r t h .  The p o s i t i v e  c u r r e n t  p a s s e s  th ro u g h  th e  b a la n c in g  c e l l ,  i s  a llo w ed  

th ro u g h  th e  germanium d io d e  and goes to  e a r th  v ia  th e  10 K r e s i s t a n c e  

and th e  re c o rd e r*  D u rin g  th e  n e g a t iv e  h a l f  c y c le  th e  o s c i l l a t o r  i s  

n e g a t iv e  to  e a rth *  The n e g a t iv e  c u r r e n t  p a s s e s  th ro u g h  th e  d e te c t in g  

c e l l ,  i s  a llov /ed  th ro u g h  th e  r e c t i f i e r ,  and goes to  e a r th  v i a  th e  decade 

r e s i s t a n c e  and th e  re c o rd e r*
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The n e t  c u r r e n t ,  w hich i s  th e  a lg e b ra ic  sum o f  th e  two above 

m en tioned  c u r r e n t s ,  g e n e ra te s  a  v o l ta g e  a c ro s s  th e  r e c o r d e r  sh u n t w hich  

a p p e a rs  a s  a  d e f l e c t i o n  on th e  r e c o r d e r  c h a r t .  The system  o f  sh u n ts  

a c ro s s  th e  r e c o rd e r  i s  o f  i n t e r e s t  and w i l l  be d e s c r ib e d  below*

Pi&o

A O <?

f i o

o

o

o fc*

  0

I n  o rd e r  n o t to  a f f e c t  th e  e x te rn a l  c i r c u i t  th e  r e s i s t a n c e  

shown to  th e  e x te r n a l  c i r c u i t  ( i . e .  th e  r e s i s t a n c e  betw een  te r m in a ls  A and 

B) had  to  rem a in  c o n s ta n t .  Thus th e  sum o f  th e  r e s i s t a n c e  (x  + y ) was 

alw ays c o n s ta n t  b u t by a  sw itc h  th e  r e l a t i v e  v a lu e s  o f  x  and y  c o u ld  

be a l t e r e d .  Only 3 sw itc h  p o s i t i o n s  a re  shovm on F ig . 11 . T here  w e re , 

i n  f a c t ,  8 p o s i t i o n s .  The a c tu a l  v a lu e s  o f  r e s i s t a n c e s  x  and y  a re  g iv e n  

i n  T ab le  4*3*

T ab le  4*3

S ca le  Number X y
8 ‘ 1990 10
7 1980 20
6 i 960 40
3 1920 80
4 1840 160
3 1680 320
2 1360 640
1 _._.J20 _ 1280
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The w hole p o in t  o f  th e  c a p a c i ta n c e  c e l l  was t h a t  th e  

c a p a c i ta n c e  o f  th e  d e te c t in g  e lem en t shou ld  change o n ly  when th e  

c o n c e n tr a t io n  o f  p o ta s s iu m  c h lo r id e  flo w in g  th ro u g h  i t ,  changed# 

E f f e c t iv e  c a p a c i ta n c e  changes due to  a ry  o th e r  c a u se s  had to  he 

e lim in a te d #

T h is was acco m p lish ed  as shown helow .

L et C = c a p a c i ta n c e  o f  tu b e  and s o lu t io n  combined#

and l e t  = im pedance o f  th e  c a p a c ita n c e #

th e n  X = 10 2 r r f  C

w here f  = frequency#

I«r*m oS#, th e  r o o t  mean sq u a re  c u r r e n t  depends on th e  im pedance as shown 

by  e q u a tio n  ( 6 )#

I* r#m «s# , = . . # . . # # . # . , . # # , #  ( 6 )

where V = a p p lie d  v o l ta g e

= e f f e c t i v e  im pedance o f  c i r c u i t #

V comes from  a s t a b i l i s e d  pow er su p p ly  and i s  c o n s ta n t#

T h e re fo re  Ior#m #s# w i l l  be c o n s ta n t  p ro v id e d  X^ i s  c o n s ta n t  

Xq w i l l  rem ain  c o n s ta n t  p ro v id e d  f  i s  c o n s ta n t .

The fre q u e n c y  o f  o s c i l l a t i o n  was k e p t c o n s ta n t  by  two means

(1 ) A p i e z o e l e c t r i c  q u a r ts  c r y s t a l  i n  th e  g r i d  c i r c u i t  o f  th e  

beam t e t r o d e  o s c i l l a t o r  v a lv e  o s c i l l a t e d  a t  i t s  n a tu r a l  

f re q u e n c y  o f  4^5 K c /S , c au s in g  th e  g r id  v o l ta g e  to  o s c i l l a t e  

i n  reso n an ce*

( 2) The h ig h  te n s io n  v o l ta g e  su p p ly  v/as k e p t c o n s ta n t#

A s im p l i f ie d  c i r c u i t  o f  th e  o s c i l l a t o r  i s  shown below ;
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O s c i l l a to r  C i r c u i t

0 .0 :  pF

t o
c i r c u i t

g r id s

L

W i

R
X\/Vvk/\

-O  +' 
II.T ,

tu n ed  c i r c u i t

Mm Hiii anodo

c a th o d e

o a r th  .

Now C =: QV....................... .......................................... ..

IVhere Q = th e  q u a n t i ty  o f  e l e c t r i c i t y  p a s s e d .  

V = v o l ta g e .

( 8)

Q i s  a f u n c t io n  o f  th e  d i e l e c t r i c  which f o r  one su b s ta n c e  

( e . g .  p o ta ss iu m  c h lo r id e )  o n ly  changes when th e  c o n c e n tr a t io n  c h a n g e s .

V i s  c o n s ta n t  s in c e  we have a s t a b i l i s e d  power s u p p ly .

Thus f  and V a re  c o n s ta n t  and so C and hence w i l l  o n ly  

change when th e r e  i s  a  c o n c e n tr a t io n  change i n  th e  c a p a c i ta n c e  c e l l .

4* I 06. 3 » M easurement o f  D e so rp tio n  u s in g  th e  Conducti v i t y  Cel l

S e v e ra l ex p e rim e n ts  w ere c a r r i e d  o u t ,  i n  w hich th e  c o n c e n tr a t io n  

c f  p o ta s s iu m  c h lo r id e  was c o n tin u o u s ly  m easured by a r e c o rd e r  c o u p le d  to  

a  Wayne K e rr c o n d u c t iv i ty  c e l l .  T hese e x p e rim en ts  were done i n  c o n n e c tio n  

w ith  th e  programme o u t l in e d  i n  t h i s  t h e s i s  b u t w ere n o t c a r r i e d  o u t by 

t h i s  a u th o r  and b r i e f  m en tion  i s  made f o r  com parison  p u rp o se s  o n ly .

The p o ro u s c y l in d e r  was suspended  i n  a  la r g e  b e a k e r  o f  w a te r ,  w hich was
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c o n tin u o u s ly  s t i r r e d ,  and th e  in c r e a s in g  c o n d u c t iv i ty  c o n tin u o u s ly  

m easured* A m o d ified  s o l u t io n  o f  th e  d i f f u s i o n  e q u a tio n  was u sed  

to  o b ta in  th e  v a lu e s  o f  th e  m utual d i f f u s i v i t y  D, w hich a re  g iv en  

i n  6 ,1 .1 * 4 *

I t  sh o u ld  be n o te d  t h a t  t h i s  i s  n o t a  flow  system *
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3# C A L C U L A T I O N  O F I N T B G - R A L  D I F F U S I V I T Y  

F R O M  T H E  E X P E R I M E N T A L  D A T A

The c a lc u la t io n s  may be c o n v e n ie n tly  c o n s id e re d  i n  fo u r

s e c t i o n s ; -

5 . 1* M o d if ic a tio n  o f  th e  T h e o r e t ic a l  E q u a tio n  to  th e  form  s u i t a b l e

f o r  i n t e r p r e t i n g  th e  e x p e rim e n ta l d a ta ,

5*2. C a lc u la t io n  o f  th e  mass o f  s o lu te  i n i t i a l l y  p r e s e n t  i n

th e  porous c y l in d e r  and M^ , th e  mass o f  s o lu te  ab so rbed  

by th e  po rous c y l in d e r  a f t e r  i n f i n i t e  t im e .

5*3* C a lc u la t io n  o f  th e  i n t e g r a l  d i f f u s i v i t i e s  from  th e  t h e o r e t i c a l

and e x p e r im e n ta l p l o t s .

5 . 4 * D e te rm in a tio n  o f  th e  P h y s ic a l  C h a r a c te r i s t i c s  o f  th e  Porous

Media*

5*4*1. P ore  volum e, b u lk  volume and p o ro s i ty *

5*4*2. Pore s iz e  d i s t r i b u t i o n .

As d e s c r ib e d  i n  C h ap te r 4 ,  two methods o f  e x p e r im e n ta lly  

m easu ring  th e  m utual d i f f u s i v i t y  w ere u se d . F or t h i s  r e a s o n ,  s e c t io n s  5*1 

and 5*3 a re  su b d iv id e d  a c c o rd in g  to  th e  e x p e rim e n ta l m ethod u se d .

The s e c t io n s  w i l l  be d is c u s s e d  i n  d e t a i l  below*

5*1* M o d if ic a tio n  o f  th e  T h e o re t ic a l  E q u a tio n  to  a  form  S u i ta b le  f o r  

I n t e r p r e t a t i o n

The s o lu t io n s  to  P ic k ’ s Second Law, f o r  a  s e m i - i n f in i t e  

c y l in d e r  and th e  c o n d it io n s  s t a t e d  i n  C h ap te r 3 9 are:™
2

"  Q 1 s exp . I F
   ( 26)



— 3^ “

an d , f o r  s h o r t  t im e s .

E q u a tio n s  (27) and , to  a  l e s s e r  d e g re e , (26 ) w ere u sed  i n  

m o d ifie d  form  to  d e te rm in e  D, th e  m utual d i f f u s iv i ty #

D was c a lc u la te d  by two m eth o d s:-

( 1 ) The i n t e g r a l  m ethod and

( 2) The d i f f e r e n t i a l  m ethod

The i n t e g r a l  method was u sed  to  d e te rm in e  D from  b o th

re c o rd in g  b a la n c e  and c a p a c ita n c e  c e l l  m easurem entso The d i f f e r e n t i a l

m ethod was used  o n ly  to  p ro c e s s  r e s u l t s  from  th e  c a p a c i ta n c e  c e l l#

The two m ethods w i l l  be e x p la in e d  i n  d e t a i l  below .

I n t e g r a l  Method

A f a c t o r  w hich l i m i t s  b o th  th e  re c o rd in g  b a la n c e  and th e  

c a p a c ita n c e  c e l l  m easurem ents i s  t h a t  no a c c u ra te  m easurem ents a t  

t im e , t=;0, and f o r  a  s h o r t  p e r io d  a f te r w a r d s ,  a re  p o s s ib l e .

U sing th e  re c o rd in g  b a la n c e ,  th e  w eigh t o f  th e  suspended 

c y l in d e r  and i t s  c o n te n ts  can n o t be m easured a t  t = 0 , th e  tim e when th e  

l i q u i d  s tream  to u ch e s  th e  c y l in d e r ,  and th e  f i r s t  a c c u ra te  r e a d in g  i s  

u s u a l ly  n o ted  a f t e r  two o r  th re e  m inutes*  Using th e  c a p a c ita n c e  c e l l ,  

th e  c o n c e n tr a t io n  dow nstream  c an n o t be re a d  a t  t= 0 , th e  tim e when th e  

r e c o r d e r  g iv e s  a " k ic k " , as th e  r e a d in g  went " o f f - s c a l e "  and th e  s c a le s  

and sh u n ts  had to  be a d ju s te d  to  g iv e  an "o n -so a le "  read in g *  The 

f i r s t  a c c u ra te  r e a d in g  i s  u s u a l ly  n o te d  a f t e r  two o r  th r e e  m in u te s .

Thus no a b s o lu te  m easurem ent o f  th e  amount o f  s o lu te  which 

h as  e n te re d  o r  l e f t  th e  c y l in d e r  betw een t =0 and t==t can  bo made.

In s te a d  th e  d i f f e r e n c e  betw een  th e  mass o f  s o lu te  i n  th e  

c y l in d e r  a t  two d i f f e r e n t  t im e s ,  t^  and t ^  was m easured d i r e c t l y  and 

s u b s t i t u t e d  i n to  e q u a t io n  ( 27) to  g i v e : -
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m. 4  /D /D \ ^ \
2 ■ 

. . .  ( 27a)

I -  n i  ( - )  (^ ï -  -^|) “ ( - )  ( h  “ ^2 ) -  { - ^  ( - )  ( h  -  ^2 )o ' * ^ a  a  3v  a

The v a lu e s  o f  and w ere chosen  to  g iv e  a c o n s ta n t  f r a c t i o n a l  

e x t r a c t io n  v a lu e  (M ^). Thus th e  v a lu e s  o f  t^ and t ^  v a r ie d  w ith  th e

«0
sq u a re  o f  th e  c y l in d e r  r a d iu s  (a )»  A ll  th e  s h o r t  tim e  v a lu e s  were f o r  

Oo75^ and 0»6l0 f r a c t i o n a l  e x tr a c t io n o

A g rap h  o f  ~  a g a in s t  K , [K -  (p-^) ] was drawn w ith  th e

tim e s  t.j and t ^  a s  p a ra m e te r . T h is  w i l l  be r e f e r r e d  to  as th e  

" S o lu t io n  o f  th e  D if fu s io n  E q u a tio n  f o r  s h o r t  tim e s"  (F ig . I 3 ) .

S im ila r ly  e q u a t io n  (26) was m o d ifie d  to  g iv e : -

^  =  4- C  k  z  ( t ,  -  « 2  1 ...............................

a  ̂ ^

The r i g h t  hand s id e  o f  e q u a tio n  ( 26a) was t a b u la te d  and summed 

f o r  v a lu e s  o f  t^  and t ^  such t h a t  c o n s ta n t  v a lu e s  o f  th e  f r a c t i o n a l  

e x t r a c t io n  o f  0*586 and 0 .509  w ere o b ta in e d .

A graph  o f  iM. a g a in s t  ^  was drawn w ith  th e  t im e s  t .  and t_

as p a ra m e te r .  T h is  w i l l  be  r e f e r r e d  to  as th e  " S o lu tio n  o f  th e  D if fu s io n  

E q u a tio n  f o r  lo n g  tim e s"  (F ig . 14)®

5o2. C a lc u la t io n  o f  M. and

Ca lc u l a t i o n  o f  M , th e  mass o f  s o lu te  i n i t i a l l y  i n  th e  p o rous

in n e r  a e s eso

, th e  grams o f  s o lu t io n  a t  tem p e ra tu re  T̂  ̂ and G-, th e  s o lu te  

c o n c e n tr a t io n  i n  gm/ml. o f  s o lu t io n  a t  20^ C ., w ere d e te rm in ed  

e x p e r im e n ta lly

^ i  o—  -  volume o f  s o lu t io n  a t  T. C*
P i  ^
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w here p .. = d e n s i ty  o f  s o lu t io n  a t  im p re g n a tio n  te m p e ra tu re

T i°C .

Volume o f  s o lu t io n  a t  20^0* = (Volume a t  T i)  x  p.X 

^20
X X X G-= W. p>

^20
# # M = W. X G-o X = ¥. X X .........................    (1 )

P 20
w here X = w e ig h t f r a c t i o n  o f  so lu te®

The d e te rm in a tio n  o f  X h as b een  d e sc r ib e d  i n  hr*2o^<» and th u s  

can  be c o m p le te ly  d e te rm in e d .

C a lc u la t io n  o f  M , th e  m ass o f  s o lu te  w hich would e n te r  th e  po rous 

c y l in d e r  a f t e r  i n f i n i t e  t im e ,  i n  an a b s o rp t io n  experim ent*
.....................   , iiiwb w t h » i  f  y - i i i rna w  ii w , i i m b w  i in  —  n n r i î i H* i i w h bmb    

Wig th e  grams o f  im p re g n a te d  p u re  s o lv e n t ,  and e i t h e r  G-, th e  s o lu te  

c o n c e n tr a t io n  i n  gm/ml* a t  20^C* o r  X, th e  s o lu te  w e ig h t f r a c t i o n  

w ere m easured  experim en t a l ly *

L et pY "  d e n s i ty  o f  s o lv e n t  a t  im p re g n a tio n  te m p e ra tu re  T i-

"p^ ' = d e n s i ty  o f  th e  c i i o u l a t i n g  s o lu t io n  a t  th e  a b s o rp t io n  s
tem p era tu re*

p = d e n s i ty  o f  th e  c i r c u l a t i n g  s o lu t io n  a t  20°C*
^ WThe o ccu p ied  p o re  volume = x

T h is  -volume, a t  i n f i n i t e  t im e , would be occupxed by s o lu t io n  a t  T ^  

th e  a b s o rp t io n  tem p era tu re*
a

* * Mass o f  s o lu t io n  a t  i n f i n i t e  tim e  = % x pp

P

• * .  M ^ -  W-. X p  ^  ■ X G- W . X X Xœ  X '^s ' = X
* # - * * * * - * * # *w 20 w

P i  X Pg P i
( 2 )



“ 59 "

3*3« C a lc u la t io n  o f  th e  In te g ra ? . D i f f u s i v i ty  from  th e  T h e o r e t ic a l  

and E x p erim en ta l P lo t s

C a lc u la t io n  u s in g  th e  E x p erim en ta l R eg iJ .ts  from  th e  R eco rd in g  

B alance  Method

From th e  r e c o r d e r  c h a r t ,  t a b l e s  o f  th e  a p p a re n t w e ig h t o f  

c y l in d e r  and c o n te n ts  a g a in s t  tim e and th e  square  r o o t  o f  tim e were 

drawn u p .

F o r  th e  s h o r t  tim e  c a l c u l a t i o n ,  a g rap h  o f  a p p a re n t w e ig h t 

( i n  mg.) a g a in s t  t^  was drawn* Fox th e  lo n g  tim e  c a l c u l a t i o n  a 

g rap h  o f  a p p a re n t w e ig h t a g a in s t  t  was drawn*

S h o rt Time C a lc u la t io n :

g ra p h , w hich was alw ays a 

s t r a i g h t  l i n e  o r  v e ry  n e a r ly  

s o ,

a p p a re n t 
w e ig h t ■ ■ 
(m g.)

AV, th e  a p p a re n t w e igh t change i n  th e  tim e i n t e r v a l  ( t^  -  t g )  was re a d  o f f ,

D e r iv a t io n  o f  from

As s o lu te  e n te r s  o r le a v e s  th e  po rous c y l i n d e r ,  s o lv e n t  le a v e s  

o r  e n t e r s .  Thus AM, th e  mass o f  s o lu te  e n te r in g  o r  l e a v in g  i n  th e  tim e  

i n t e r v a l  ( t^  -  t ^ )  w i l l  alw ays he g r e a t e r  th a n  W , th e  n e t  w e ig h t 

change o f  th e  p o ro u s  c y l in d e r .

The d e te rm in a tio n  o f  Âil i s  g iv en  below ;

L et zz a p p a re n t  w e ig h t change betw een t^ and t^*

V = p o re  volume o f  th e  c y l in d e r ,

p̂  ™ mean d e n s i ty  o f  th e  s o lu t io n  i n  th e  c y l in d e r  a t  t^  *

P 2 = mean d e n s i ty  o f  th e  s o lu t io n  i n  th e  c y l in d e r  a t  tg*

, * . Ar = V (p j -  Pg)
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Nov/, , mean d e n s i ty  o f  th e  s o lu t io n  i n  th e  c y l in d e r  a t  any tim e t  i s

d e f in e d  as ;
-  2 fy _
Vf = ™p ( Vf ^  à. r

 ̂ a o j  ^  

w here r  = g e n e ra l  r a d iu s  o f  c y l in d e r

a  = o u te r  r a d iu s  o f  c y l in d e r

= d e n s i ty  o f  s o lu t io n  a t  any p o in t  w i th in  th e  c y lin d e r*  

The fo llo w in g  assu m p tio n  i s  now made;

%  = Pw + ^
w here p̂  ̂ = d e n s i ty  o f  p u re  s o lv e n t

k  = a c o n s ta n t

= c o n c e n tr a t io n  o f  s o lu t io n  a t  any t im e , i<»e* i t  i s

assumed t h a t  th e r e  i s  a  l i n e a r  r e l a t i o n s h ip  be tw een  th e  d e n s i ty  o f  th e

s o lu t io n  and th e  s o lu te  c o n c e n tr a t io n .
2 a . t

0 *
2 
1

2 Vk a,. t

t ,

00 p t

V + LJL|_£2 C  - 4  . e -  t
a n=1 X t .n  *

P u t t in g  X =°  n _n
a

00

* * A/Y = V p L Vk Go e n
n=l « -  ~ ~ 2n a

Now V Co r= Mo and from  e q u a t io n  (26a)
OO g

) 1 % t

* f c ' * / ’ " t -  ‘  f

A? = Mo. k. AÆ
Mo

ÛM
k
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G-raphs o f  d e n s i ty  a g a in s t  s o lu te  c o n c e n tr a t io n  a t  25 C, th e  s o rp t io n  

te m p e ra tu re , w ere draw n. I n  a l l  c a s e s  a s t r a i g h t  l i n e  r e s u l t e d  and 

th u s  th e  assum ption  was ju s t i f ie d ®

was th u s  a v a i l a b l e ,  Mo was o b ta in e d  as shown i n  3*2 ,

and from  th e  v a lu e  o f  th e  v a lu e  o f  K was re a d  o f f  "The S o lu t io nMo
o f  th e  D if fu s io n  E q u a tio n  f o r  s h o r t  tim e s"  ( F ig ,  13)* From a knowledge 

o f  th e  e x a c t r a d iu s  (a )  o f  th e  c y l in d e r  b e in g  u s e d , th e  i n t e g r a l  

d i f f u s i v i t y  D c o u ld  th e n  be e v a lu a ted *

Long Time C a lc u la t io n ;

From th e  e x p e rim e n ta l 

g ra p h , Ay was re a d  o f f ,

Am was c a lc u la t e d  from  

Ay by th e  m ethod u sed  i n  

th e  s h o r t  tim e  c a l c u l a t i o n .

a p p a re n t 

w e ig h t (mg*)

t  (m inso)

W ith th e  v a lu e  o f  “  known, th e  v a lu e  o f  D /a^ was re a d  o f f  

th e  " S o lu t io n  o f  D if fu s io n  E q u a tio n  f o r  Long Times" (F ig ,  lly)* From 

a knowledge o f  th e  e x a c t  r a d iu s  (a )  o f  th e  c y l in d e r  b e in g  u s e d , th e  

i n t e g r a l  d i f f u s i v i t y  D v/as e v a lu a te d .

5 , 3 *2 , C a lc u la ' R e s u l ts  from  th e  C ap ac itan ce

C e ll  Methoâ

The s h o r t  tim e  c a l c u l a t i o n  was found more a c c u ra te  and c o n v e n ie n t 

th a n  th e  lo n g  tim e c a l c u l a t i o n .  I t  was th e r e f o r e  d e c id e d  to  use o n ly  th e  

s h o r t  tim e  c a lc u la t io n *

Two m ethods o f  u s in g  th e  s h o r t  tim e c a l c u l a t i o n  were worked o u t 

and w i l l  be c o n s id e re d  i n  d e t a i l  be low . They a re  :

( 1 ) The i n t e g r a l  m ethod, an d ,

( 2) The d i f f e r e n t i a l  m ethod.
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C a lc u la t io n  o f  D "by th e  In te g ra ] . Method

Two term s o f  th e  i n t e g r a l  s o lu t io n  to  ? io k * s  Second Law were used

to  c a lc u la t e  th e  i n t e g r a l  d i f fu s iv i ty ®  The form  u sed  was:

^   ̂ 5 ) (tg  -  t p  -  (Sj) (tg  -  t  ) 
%2 aT ^ aMo 1

dm

( 10)

The e x p e rim e n ta l v a lu e s  o f  were p l o t t e d  a g a in s t  t im e . 

G ra p h ic a l i n t e g r a t i o n  be tw een  th e  l i m i t s ,  t^ and t ^  y ie ld e d  th e  v a lu e  

o f  hM w hich was th e n  s u b s t i t u t e d  in to  e q u a t io n  (10) w hich was so lv ed  

and D evaluated®  The l i m i t s  o f  i n t e g r a t i o n  chosen  were t.| = 5  m inu tes 

and tg  35 m in u te s .

The g r a p h ic a l  i n t e g r a t i o n  was c a r r i e d  o u t u s in g  th e  Weddle r u l e .  

T h is  m ethod in v o lv e s  d iv id in g  th e  a re a  in to  s ix  e q u a l s t r i p s  arid m easuring  

th e  le n g th s  o f  th e  o rd in a te s  YO, Yt Y6, (See F ig .  l 6 ) .

The a re a  under th e  

cu rv e  can  th e n  be 

c a lc u la t e d  from  th e  

fo rm u la :"

Y

YO- Y2

ba X

I  = [TO + 5T1 + Y2 + 6y3 + Y4 5Y5 + Y6]

w here a  and b a re  th e  l i m i t s  o f  i n t e g r a t i o n .

C a lc u la t io n  o f  D by th e  D i f f e r e n t i a l  Method

The d i f f e r e n t i a l  form  o f  th e  s o lu t io n  to  F i c k 's  Second Law f o r  

s h o r t  tim es i s  : -

d t

2 Mo
1T 2 a

“• D Mo 
2

a ( 1 1 )



—  ^3

dm

. 2 Mos lo p e  ——?

Thus a p l o t  o f  "gig a g a in s t  t  ^ sho u ld  g iv e  a  s t r a i g h t  l i n e  o f
( 2 -  )2 i n t e r c e p t  ( -  D Mo \ dm) on th e  ^  a x is . I t  sh o u ldn 2 '  '  - -    '  '  a '  '

th u s  be p o s s ib le  to  c a l c u l a t e  D from  b o th  th e  i n t e r c e p t  and th e  s lo p e .  I n  

p r a c t i c e ,  how ever, i t  was found  t h a t  a  s t r a i g h t  l i n e  r e s u l t e d  b u t  th e  

i n t e r c e p t  was to o  s m a ll  to  e n ab le  D to  be  c a lc u la t e d  a c c u ra te ly  and o n ly  

th e  s lo p e  was u s e d . The s lo p e  o f  th e  s t r a i g h t  l i n e  g iv in g  th e  b e s t  f i t  

to  th e  e x p e rim e n ta l p o in ts  was found  by  th e  m ethod o f  l e a s t  s q u a re s .

Specim en c a l c u l a t i o n s  by  th e  d i f f e r e n t  m ethods a re  g iv e n  below*

3*3*1" Specim en C a lc u la t io n  u s in g  S h o rt and Long Time C a lc u la t io n s  f o r  

R e s u l ts  o b ta in e d  u s in g  th e  R ecord ing  B alance

T ab les  from  th e  R ecord ing  B a lan ce  C hart

— j_ 1
t^ (m in .® ) t ( m in . ) Wa a p p a re n t 

wt (gm .)
w’ = (Wa -  13 . 00)

mg

S h o rt
Time
R e s u l ts

2 .83
3 .1 6
3.61
4 .0 0
4 .2 4
4 .4 7
4 .9 0
5 .2 0
5 .29
5 .4 8

8
10
13
l 6
18
22
24
27
28 
30

13.0280
13.0400

.0550
«0684
.0761
.0839
.0973
.1065
.1095
.1148

28
40
55
6 8 .4
76.1
83 .9
9 7 .3

106 .5
10 9 .5  
114 .8

34 .1255 125 .5
38 .1355 135.5
42 .1452 145.2
L6 .1542 154-2
48 .1580 158.0
52 .1656 165 .6
54 .1691 169.1
56 .1736 173.6

Long 62 .1840 184 .0
Time 64 .1867 186 .7
R e s u l ts 70 .1962 196 .2

72 .1993 199 .3
76 .2054 2 0 5 .4
78 .2079 2 0 7 .9
82 .2141 214.1
84- .2161 216.1
90 .2240 224 .0
92 .2262 2 2 6 .2
94 .2284 228 .4

100 13.2354 2 3 5 .4  1
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Run No. 17*3 » S o lu te  P o tassiu m  C h lo rid e  N o rm ality  3N

C y lin d e r
No.

(R a d iu s )^
(cm)2

Wt. o f  C y l. 
4 T in  

( g m . )

Dry Wt. 
o f  C yl. 

(gm.)

Wt. o f  T in , 
Cyl- + S o lu te  

( g m . )

W t .  o f

S o lu t io n
(gm.)

3 0 « V+3 25.9314 15.6642 29.4651 3 .5336

Wt. o f  T in ( 1) 10 .2672 ( 2 ) 10.2673

Mean t i t r e  o f  s ta n d a rd  s i l v e r  n i t r a t e  
N o rm ality  o f  c i r c u l a t i n g  s o lu t io n  ( a b s o rp t io n )  
W eight f r a c t i o n  o f  s o l u t e , X
M , mass s o lu te  i n  c y l in d e r  a f t e r  i n f i n i t e  tim e 
Wexght i n  re c o rd in g  b a la n c e  p an

P re s s u re  D if fe re n c e  (cm. m ercu iy )

Mass F lo w ra te  (k g ./m in .)
R ad ius o f  annu lus (cm .)
R e, R e y n o ld 's  No. i n  th e  annu lus 
Im p reg n a tio n  p re s s u re  (mm.^mercury)
Im p reg n a tio n  te m p e ra tu re  ( C .)

S tream  T em perature  Td 

W ater B ath  T em perature

i A

13.70  m l. 
2*728 
0 .1814
0 .7174  gm, 

13 .00  gm.

I n i t i a l  14*0 
F in a l  14*1 

0 .2 6
0 .4

700
0 .0 2

21°C.

I n i t i a l  2 5 .0 °C . 
P i n a l  25»0°C«

I n i t i a l  2éo8°C. 
F i n a l  2 6 .8°C .

1 .672

S h o rt Time S o lu t io n  f o r  t^  = 3  m in .^ ; 4 = 3 m in .2 .

AST (m g.) 6 4 .6
a

2 .46  X 10 ^

All
«en

0 .1505 F a c to r  (a ^ ) 0 .443

K 0.00496
2

D (cm / s e c . ) 1 .09  X 10“ ^
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Long Time S o lu t io n  f o r  t^  = 28 min; = 43 min,

AV (m g.)

M
CO

3 0 .3

0 .0706

D

a

F ao tog  
D (cm /s e o o )

2 .46  X 10 ^ 

0 .1*3
1 .09  X 10r 5

f o r  C a p a c ita n c e  C e ll  R e s u l ts
,1 ^ , ,  i i i  ■  .J ll  V n « -.i‘F|itHw. iir w f f n  ■Mil ■! M H ■  KWWWWilir iw

3#3«2.  Specimen

Run B7 I see

E x p e rim e n ta l D a ta  and D eriv ed  Q u a n t i t ie s  f o r  a
■I I I I - - -|—ri II ■■ Iiw Ill ■■Iiwn T - T  -----  I i i i i ir iMBii   ......... inm....... - r---------- 1—  i n  i ii  i 11 l u ir n r

C ap ac itan ce  C e ll

C y lin d e r  No. M3 
C o n ta in e r  No. 7
W eight o f  Dry C y lin d e r + c o n ta in e r  
W eight o f  Empty C o n ta in e r  
W eight o f  Dry C y lin d e r
W eight o f  Im p reg n a ted  C y lin d e r  + C o n ta in e r  
W eight o f  Empty C o n ta in e r  
V /eight o f  Im p reg n a ted  C y lin d e r  
W eight o f  S o lu t io n
C o n c e n tra tio n  o f  Im p reg n a tin g  S o lu t io n  
W eight p e r  c e n t  o f  K Cl i n  s o lu t io n

C y lin d e r  r a d iu s  0 .6439  om 
( c y l in d e r  r a d iu s )  = 0*4172 cm.

= 29*2789 g* 
= 10*2952 go 
= 18*9837 
= 3 5 ,1 1 7 4  g* 
= 10.3349 g .
= 24*7825 g" 
-  3*7988 g . 
= 3 ,1 9 5  N
zz 20 <

.
o . Mo = 3*7988 X 0 .2094  X 1000

=: 1214 mg*

M anometer re a d in g  

. # F lo w ra te

(1 ) I n t e g r a l  Method

= 16 .3  cm. Hg.

= 0 .207  k g ./m in

m

(By th e  Weddle R u le)

F o r t 1

Mo

3 ^ :5  r 22*0 4 (5  X 13*3 ) 4 12 .3  4 (6 X 10«4) 4 8.9-1 
20 L 4 (5  X 7*8) 4 7 ,0

342*3 rag.

3 min* and t

4
r r  2

= 35 rain*

T  A ) ' ( 5 .9 1 6  -  2 . 236) -  ( 1 - )  (3 5 -5 )
a a

*• # D
30 ( ^ )

2
8 .3 0 7  (-5 )

a a

m
Mo = 0
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8 .3 0 7  + /  [69.01  

!ô"

120 j g
Mo J

S u b s t i tu t in g  = 342*5 mg. and Mo = 12 i4  mg.

N e g le c tin g ^ th e  n o n s e n s ic a l  v a lu e ,

• • (2 - )^  = 0 .03962
a

D

D

(3 .9 6 2 )^  X 10~^ X 0 .4172

1 .12  X 10 o m .^ /se o .

( 2 ) D i f f e r e n t i a l  Method

T ab le  L e a s t  Squares G

t dra
d t

-t“ a X “  
^ ^  i t

rain* rain* rag/rain* , —1m n . - 3 /2m g.m in. '

10 0*3162 14*9 0,10000 4 .7 1 1 3 8
12 0*2887 1 3 .3 0 .08533 3 .89745
14 0*2673 1 1 .8 0.07143 3 .15414
16 0 .2500 11 *4 0.06250 2.85000
18 0*2356 11 ,0 0 .05556 2.59160
20 0 .2236 10 .0 0 .05000 2.23600
22 0 .2132 9 .7 0 .04545 2 .06804
24 0.2041 9 ,2 0.04167 1 .87772
26 0*1964 8*8 0.03846 1.72832
28 0*1889 7*7 0.03571 •.45453
30 0 ,1826 7*7 0.03333 1.40602
32 0 .1768 8 .0 0.03125 1 .41440
34 . 0 .1713 7*0 0.02941 1.20050
36 0 .1667 6«6 0.02778 1.10022
38 0 .1622 6*3 0 .02632 1 .02186
40 0.1581 6 .8 0,02500 1.07508

T o ta ls 3 ,4019 1 50 .4 0 .7572 33.78726



9
« •

-  67  -

Slope = 16 X 33 .78726  -  3 .4019  X 150.4

16 X 0 .7 5 7 2  -  ( 3 . 4019)2

53.384473
,D 0 .886  X 5 3 .381,473
(— ) = 1 2 1 4a

0.0389609

• *

D =3 ( 3 , 89609)^  X 10 ^  X 0*4112 cm*/min«

= 1 o35543 X 10 ^ om^/seo*

D = 1*06 X 10 ^ om ^/sec*

5*4* D e te rm in a tio n  o f  th e  P h y s ic a l  C h a r a c te r i s t i c s  o f  th e  P orous M edia 
3*4*1 * Pore Volume , B ulk  Volume and P o ro s i ty

L et Wd = .m ig h t o f  p o ro u s  c y l in d e r  , dry»

Wb ss w e ig h t o f  p o ro u s  c y l in d e r ,  suspended  i n  w ater*

Wo “ w e ig h t o f  p o ro u s  c y l in d e r ,  c o n ta in in g  w ater*

T hen, w e ig h t o f  w a te r  i n  c y l in d e r  = (Wo -  Wd) gm*

Assuming d e n s i ty  o f  im p re g n a tin g  w a te r  = 1 gm/o*c«

T o ta l  Pore  Volume = (Wc -  Wd) 0 *0 *

By A rch im edes,

B ulk volume = (Wo -  V/b) o*o*

- a  P o - a i t y  = X ,00

The b u lk  o r  g e o m e tr ic a l  volume o f  th e  c y l in d e r  can  a ls o  be 

o b ta in e d  by  m easurem ent o f  th e  c y l in d e r  le n g th  and ra d iu s *
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5»4*2» Pore E n try  S iz e  D i s t r i b u t i o n
«%. twCiiwr";**- w il l# a i m,11,«IL iiw.iw i «ii f  m  \m wKi

The p r e s s u re  r e q u i r e d  to  fo r c e  raeroLuy th ro u g h  a  p o re  

i s  r e l a t e d  to  p o re  r a d iu s  a c c o rd in g  to  th e  R i t t e r  and Drake e q u a tio n :

r  = "2  <T cos $
P

w here r  = p o re  e n t r y  r a d iu s  i n  m icrons (p )

G" = s u r fa c e  t e n s io n  o f  m ercury i n  dynes/cm »

d  = a n g le  o f  c o n ta c t  be tw een  m ercury  and th e  specim en

p = a p p lie d  p r e s s u r e  i n  dynes/cm .

S u b s t i tu t in g  th e  v a lu e s  assum ed by R i t t e r  and Drake f o r  

(480 dynes/cm ») and 0 (140^) and a l t e r i n g  th e  u n i t s ,  t h i s  re d u c e s  to

d = 215
P

where d £= p o re  e n t r y  d ia m e te r  i n  m icrons (p )

and P = a p p lie d  p r e s s u r e  i n  lb * /sq =  i n .

The r e s u l t s  w ere p l o t t e d  as c u rv e s  o f  accum ulated  p o re  

volume (e x p re s s e d  as a  p e rc e n ta g e  o f  th e  b u lk  volume o f  th e  specim en) 

and as p o re  volume (e x p re s s e d  as a  p e rc e n ta g e  o f  t o t a l  p o re  volum e) 

a g a in s t  p o re  e n tra n c e  d iam e te r*  The r e s u l t s  and g raphs a re  g iv e n  

i n  s e c t io n  6 .
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6. E X P E R I M E N T A L  R E S U L T S  

INTRODUCTION

The experimental r e su lts  are presented in  three s e c t io n s ;-
(1 ) E x p e rim e n ta l v a lu e s  o f  D, th e  i n t e g r a l  m utual d i f f u s i v i t y  

o f  th e  system  s tu d ie d *  The v a lu e s  o f  D a re  p r e s e n te d  i n  

such a  way t h a t  th e  v a r i a t i o n  o f  D w ith  ( a )  th e  s o lu te -  

s o lv e n t  system  and (h )  th e  po ro u s m edia can  be d is c u s s e d  

c o n v e n ie n tly *

( 2) C a lc u la te d  v a lu e s  o f  th e  r a t i o  o f  th e  d i f f u s i v i t y  i n  f r e e  

s o lu t io n  to  th e  d i f f u s i v i t y  i n  th e  p o rous media* T h is 

r a t i o  has been  g iv e n  th e  symbol K ' ( s e e  I n t r o d u c t io n ,

S e c tio n  1*3*1•)•

( 3 ) Calculated values o f  the experimental d if fu s iv i ty ,  D, divided  
by the fra ctio n a l p o ro sity  o f the ind iv idual cylinder* This 
has been denoted by D *

The r e su lts  are examined in  d e ta il in  subsequent sections*

6*1* E x p erim e n ta l V alues o f  D, th e  i n t e g r a l  m u tua l d i f f u s iv i t y

6 .1 .0 *  In tro d u c  t io n

S e r ie s  o f  f a c t o r i a l  ex p erim en ts  w ere c a r r i e d  o u t w ith  each  

s o lu te - s o lv e n t  system  and each  p o ro u s m a ,te ria l*  The e x p e r im e n ta l 

r e s u l t s  w ere a n a ly se d  f o r  th e  e f f e c t s  o f  i n i t i a l  s o lu te  c o n c e n tr a t io n ,  

c y l in d e r  r a d i u s ,  d i r e c t i o n  o f  mass t r a n s f e r  and s o lv e n t  f lo w ra te *

The v a lu e s  o f  D were c a l c u l a t e d  by b o th  th e  " s h o r t  time'* and " lo n g  

tim e"  c a lc u l a t i o n s  i n  th e  c a se  o f  th e  system s HI 25 -  KOI and HI 25 -  
CCl^* The r e s u l t s  a r e  p r e s e n te d  i n  t a b l e s  to g e th e r  w ith  th e  

c o n c lu s io n s  which may be d e r iv e d  from  th e  s t a t i s t i c a l  a n a ly se s*

G-raphs o f  D vs p r o p e r t i e s  o f  th e  s o lu te - s o lv e n t  sy s tem s and 

p r o p e r t i e s  o f  th e  p o ro u s  m edia a re  g iv en  i n  P ig s*  1? ~ 30* A specim en 

c a l c u l a t i o n  o f  a  s t a t i s t i c a l  a n a ly s i s  i s  g iv e n  i n  Appendix 4*
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6.1*1* R e s u lts  f o r  a b s o rp t io n  and d e s o rp t io n  u s in g  HI 25 c y l in d e r s  

6*1 *1.1 a S h o rt Time Val.ues o f  D f o r  KCl -  w a te r

T ab le  6 *1 * S h o r t Time V alues o f  D f o r  KCl -  w a te r

No* o f  Run* 10^ D(cm  ̂ 880. ^)

r̂  ĉ  a 12o0

r, Og a 1 1 o1

r , 0 ,  a 11*5

rg 0 , a 10*9

^ 2  °2  ^ 11.1

"•2 °3  ^ 10*9
r^ c j a 12.1

I 3 ° 2  ^ 1U 9
r ,  c ,  aj  j 11*9
r, 0 , a 10,9
r, Og a 10*5
r 0 a 10*4

11*1

11.1

r 0 a 10*5
3̂ 0 , a 15-0

^3 ° 2  ^ 12.3

r ,  0? d 1 1 .0

: u pi; i'wpwau
(cm sec**"^)

10*5

10*9

11*9
11.0

11*0 Legend r^ 0*77 cm r a d iu s

10*7 ^2 om r a d iu s
11*3 r^  0 .5 2  om r a d iu s

13 .0 0  ̂ IN

10*9 02 2N
10*6 O3 3N

11.3 a a b s o rp t io n

9.1 d d e s o r p t io n

11 .0

ÏO08 10 ÏÏ = ( 11. 3g + O .j^p
cm sec*”

9 .5 O m ittin g  ru n s  a t  r a d iu s

13*4 10 D = ( lg .8 0  +_0.10)

13 .5
cm sec  *

(2 .4

E xperim en ts w ere c a r r i e d  o u t  a t  th r e e  i n i t i a l  s o lu te  concen­

t r a t i o n s ,  th r e e  r a d i i ,  a b s o rp t io n  and d e s o r p t io n ,  w ith  r e p e a t s ,  i . e .  

a  t o t a l  o f  t h i r t y  s i x  ex p erim en ts*
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C o n c lu sio n s o f  s t a t i s t i c a l  a n a j.y s is :

( ï )  R ad ius r^  i s  s i g n i f i c a n t  a t  0^]fo l e v e l ,

(2 )  I n t e r a c t i o n  cm, i s  a lm ost s i g n i f i c a n t  a t  5^  l e v e l ,

(3 ) No a p p re c ia b le  d i f f e r e n c e  betw een  a b s o r p t io n ,  d e s o r p t io n ,

(4 ) D d e c re a s e s  as C, i n i t i a l  s o lu te  c o n c e n tr a t io n ,  i n c r e a s e s ,

( 5 ) D d e c re a s e s  as r ,  c y l in d e r  r a d i u s ,  i n c r e a s e s .

S e p a ra te  s t a t i s t i c a l  a n a ly se s  w ere c a r r i e d  o u t f o r  a b s o rp t io n  

and d e s o ip t io n .  The c o n c lu s io n s  w ere:

A b so rp tio n  o n ly : No f a c t o r s  s ig n i id c a n t

i . e ,  = c o n s ta n t

D e so rp tio n  o n ly : ( 1) r a d iu s  r  s i g n i f i c a n t  a t  0,1fo l e v e l

( 2 ) I n i t i a l  s o lu te  c o n c e n t r a t io n ,  c ,  s i g n i f i c a n t  a t  

1^  l e v e l ,  

i , e ,  = f^ ( r )  + f^  (o )

6 ,1 , 1 , 2 ,  E x p e rim e n ta l V a lu es  o f  D, C a lc u la te d  u s in g  so l u t i on o f  th e

Di f f u s i o n  E q u a tio n  f o r  Long Times

The "long  tim e "  r e s u l t s ,  b o th  f o r  K 01 and CGl^ (c a rb o n  

t e t r a c h l o r i d e ) ,  w ere c a l c u l a t e d  u s in g  e q u a tio n  ( 26a) ( s e e  S e c tio n  5*1) 

i n  g r a p h ic a l  fo rm . I n  o rd e r  to  o b ta in  v a lu e s  o f  th e  f r a c t i o n a l  e x t r a c t io n  

o f  0*586 and 0 , 509 , th e  fo llo w in g  tim e  i n t e r v a l s  were ch o sen :

r^ nom inal ra d iu s  0*77 om; t^ -  4 0 , t ^  = 60 m in,

Tg nom inal r a d iu s  0*65 cm; t^  = 2 8 , t ^  = 4 3  m in ,

r^  nom inal l a d iu s  0*52 cm; t^  = 18 , t ^  = 27 m in .
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T able  6 ,2 ,  "Long Time" V a lu es  o f  D f o r  K Cl -  w a te r

No* o f  Run.
““"g 2 _ 1 

10 D(cm sec* ) 10 gD R epeat 
(cm sec )

Legend

r ,  0 , a 11o9 10 ,2 r^ 0 .7 7  cm r a d iu s

°2 a 14*0 12 ,2 Ug O065 cm r a d iu s

'̂1 °5 a 1 1 ,4 11*5 r ,  0 ,5 2  cm r a d iu s  
3

a 11,1 11 ,5 0 , IN

^2 °2 a 11 .9 9*7 °2

^ 2  °3 a 9»2 8*6 03 3N

. 3 0 , a 13.1 1 2 .2 a  a b s o rp t io n

^3 ^ 2
a 14* 1 11*2 d d e s o rp t io n

a 1 4 .2 10,9
r .  0 , d 10 .6 12o21 1 
r ,  Og d 10*9 12.1 10 D = ( 1 ^ .6  + _ç .3 )

r , 0 3 d 1 0 .8 11.1 cm sec

d 11 o9 10*6

^ 2  ° 2
d 9c6 11*5
d 9 .6 1 0 .8

Ï-3 0 d 12 ,6 1 0 .^

4 = 2 d I4o0 15*3

^3 =3
d 11*1 13*0

C onclu s io n s  o f  S t a t i s t i c a l  A n.alysio:
r . I I I ' Mwvsm't-.' ) '*1’̂ " P‘11 j III II', "j ii n i r ^ " i i i  i i

(1 )  R adius r ,  i s  s i g n i f i c a n t  a t  0 ,1 ^  l e v e l ,

( 2 ) I n i t i a l  s o lu te  c o n c e n t r a t io n ,  0 , i s  a lm o st s i g n i f i c a n t  a t  5^  le v e l*

(3 ) No o p p re c ia b ]e  d i f f e r e n c e  betw een  a b s o rp t io n  and deso rp tion®

(4 ) D goes th ro u g h  a  maximum a t  i n i t i a l  s o lu te  c o n c e n tr a t io n  o^*

( 5 ) D goes th ro u g h  a minimum a t  c y l in d e r  r a d iu s  r ^ -

C o n c lu s io n s  ( 2 ) ,  (4 )  and ( 5 ) d i f f e r  from  th o se  f o r  th e  
" s h o r t  ^.ime" r e s u l t s *
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6 . 1 .1 ,3 *  Experimental Values o f  the Integr a l Mutual D iffu siv i t y
Obtained from Desorption Experiments Using the Capaoitonoe C ell

■ I ■ W imwITi, n- i ^ i  IW WW f m\i mi\ „  , ■**WilO iiini ^  l MTIWI |I n Ilf mi i r, . i  ,  #  iiii I'T" i ' 1    " r ' iT -  I

The v a lu e s  o f  D, th e  i n t e g r a l  m utual l i f f u s i v i t y ,  d e te rm in ed  

by  th e  i n t e g r a l  and d i f f e r e n t i a l  m ethods as d e s c r ib e d  i n  s e c t io n  5 *3 *2 , ,  

a re  g iv e n  i n  t a b le  6 . 3 *

T ab le  6 .3*

No. o f  
Run

( C y lin d e r 
r a d iu s )  

(cra^)

E lo w ra t^  
(kg  m in )

IC Cl 
C o n c e n tra t io n  
gm. e q u i v / l i t r e

10^ D (om^ sec  ^)

I n t e g r a l
Method

D i f f e r e n t i a l
Method

A1 0 .5862 0 o226 3 1 .30 1 *18
A2 0*5873 0 .1 0 0 3 2*34 4*12
A3 0.5833 0 .335 3 1 .76 2*60

0*5778 0 .2 8 4 3 1 *19 1*93
B1 0*5862 0 .260 3 1 *12 1 .03
B2 0.5873 0 .260 3 1 .3 2 1 *47
B3 0*5833 0 .260 3 1 .20 1 .05

0*5778 0*260 3 0*70 0 .4 7
B5 0*4081 0 .207 3 1*38 1 .2 7
b6 0*4168 0*207 3 1 .0 7 0 .8 9
B7 0 ,4172 0*207 3 1 .12 1 *06
Cl 0 ,5862 0 .260 1 1*38 1.41
C2 0*5873 0*260 1 0 .9 7 1 .30
C3 0 .5833 0*260 1 1 *10 1 .1 2
C4 0*5778 0*260 1 1 .31 1*33
G5 0*4081 0*207 1 1 .54 1*37
C6 0 , 4 1 68 0*207 1 1 *06 1 .8 8
07 0 .4 1 7 2 0 .207 1 1.20 1.61
D1 0*5862 0.160 3 0 .56 0*39
D2 0*5873 0*160 3 0*79 0*70
D3 0*5833 0 .160 3 0 .9 7 0*92
El 0*5862 0 .329 3 0.81 0 .9 8
E2 0*5873 0 ,329 3 0*82 O082
% 0*5778 0 .329 3 0 .7 4 0*79
El 0*5862 0*166 3 1 .16 1*14
E2 O.408 I 0 .3 3 2 3 1 .27 1 ,0if
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The v e ry  la r g e  v a lu e s  o f  th e  d i f f u s i v i t y  o b ta in e d  i n  ru n s  

A2, A3> A4 and c6 a re  b e l ie v e d  to  have been  caused  by th e  p re s e n c e  o f  

p o ta s s iu m  c h lo r id e  i n  th e  pump, w hich  had  p r e v io u s ly  b een  u sed  f o r  

a b s o rp t io n  ex p erim en tso  The low v a lu e s  o f  th e  d i f f u s i v i t y  o b ta in e d  i n  

ru n s  D1 , D2, D 3y EÎ , E2 and EÎ}- a re  b e l ie v e d  to  have b een  cau sed  by a 

f a u l t  i n  th e  c o u n tin g  mechanism o f  th e  r e c o rd e r  i n te g r a to r *

The v e ry  low v a lu e  o f  th e  d i f f u s i v i t y  o b ta in e d  i n  Run B4 c o u ld  

o n ly  be due to  in c o r r e c t  b a la n c in g  o f  th e  e l e c t r i c a l  c i r c u i t *

These s p e c i f i c  ru n s  w ere ig n o re d  when th e  r e s u l t s  o b ta in e d  

by t h i s  te c h n iq u e  w ere b e in g  e v a lu a te d .

The mean ’'^alues o f  th e  d i f f u s i v i t y  and th e  s ta n d a rd  e r r o r s  a re  

g iv e n  below ,
_ c 2 —, 1

I n t e g r a l  Method (1 ,2 3  + 0*04) x  10 cm sec

D i f f e r e n t i a l  Method ( l* 2 3  + 0 ,0 5 )  % 10 ^ cm^ sec

Since i t s  s ta n d a rd  e r r o r  i s  s l i g h t l y  s m a l le r ,  th e  i n t e g r a l  

v a lu e s  w ere ta k e n  when c o n s id e r in g  th e  s ig n i f ic a n c e  o f  i n i t i a l  

p o ta s s iu m  c h lo r id e  c o n c e n t r a t io n ,  f lo w ra te  and c y l in d e r  ra d iu s*

E f f e c t  o f  I n i t i a l  P o ta s sium  C h lo rid e  C oncen tra t io n

The c o n c e n tr a t io n  e f f e c t  i s  shown i n  t a b l e  6 ,4*

T ab le  6*4*

I n i t i a l  K C l C o n c e n tra tio n  10^ Megn V alye o f  D 
(gm, e q u i v , / l i t r e )  (cm sec"  )

10^ S tg n d a rd ^ E rro r  
(cm se c"  )

0 .0 8  

0 * 04
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E f fe c t  o f  Elovnrate and Cy l i n d e r  R adius

The v a lu e s  from  s e r i e s  B and C were u sed  to  e v a lu a te  th e  e f f e c t  

o f  f lo w ra te  and c y l in d e r  r a d i u s .

The e f f e c t  o f  r a d iu s  a lo n e  o r  f lo w ra te  a lo n e  can n o t he 

d e te rm in e d  from  th e  a v a i la b le  e x p e r im e n ta l r e s u l t s .

T ab le  6*5

E low ra te C y lin d e r  R ad iu s lO"’ Mean V alue  o f  D 
(cm2 sec*" )

10 S t ^ d a r d  E r ro r  
(cm se e"* )(kg /m in ) (cm)

0 .207 0 . 62,. 3 .23 0 .0 8
0 .2 6 0 0 .7 6 1 .20 0 .0 6

The v a lu e s  o f  K f o r  HI 25 a re  g iv en  i n  t a b l e  6*6.

T ab le  6 .6

K 01 I n i t i a l  C o n c e n tra t io n  
(gm. e q u i v . / l i t r e )

m

3N

6 ,1 .1  *4" E x p erim en ta l V alues o f  th e  I n t e g r a l  M utual D i f f u s i v i ty  o b ta in e d  

gcom D e so rp tio n  E xperim en ts u s in g  th e  C o n d u c tiv i ty  C e ll

D, th e  m utual d i f f u s i v i t y  o f  K Cl i n  w a te r ,  was e x p e r im e n ta l ly  

d e te rm in e d  by D r. MacDonald u s in g  a  c o n tin u o u s ly  r e c o rd in g  c o n d u c t iv i ty  

c e l l .  T h is  work was c a r r i e d  o u t to w ard s th e  end o f  th e  p r e s e n t  

r e s e a r c h  and th e  a v a i la b le  r e s u l t s  a re  in c lu d e d  h e re  f o r  com parison  

p u rp o s e s .
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The v a lu e s  o f  D, th e  i n t e g r a l  m utual d i f f u s i v i t y  o f  KCl- 

w a te r  f o r  HI 25 c y l i n d e r s ,  c a l c u la t e d  hy  th e  s o lu t io n  o f  Eiok* s Law 

f o r  lo n g  t im e s , a re  g iv e n  below .

The w e ig h t f r a c t i o n  o f  th e  im p re g n a tin g  s o lu t io n  was 0*1917 

i n  a l l  c a s e s ,  i . e .  th e  i n i t i a l  s o lu te  c o n c e n tr a t io n  was a p p ro x im a te ly  3N.

C y lin d e r
Number

R adius
Group (cm sec  }

lO^g R epeat 
(cm se c " ^ )

5 4 1 .05

3 4 1 ,0 7
6 4 1 .04

1 2 0 ,9 9
2 2 1 ,03
4 2 u o o 0 .9 6

1 3 1 .2 0

4 3 1 .20

15 3 1 .27

10 3 1 ,13
11 3 1 1 .1 8j 1

10^ D

5 —10^ D

(1 ,0 2  j .  0 .0 1 4 ) ( r a d iu s  g roups 2 and 4 ) 

(1 .2 0  0 . 025) ( r a d iu s  group 3 )
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T ab le  6*7" S h o rt Time V a lu es  o f  D f o r  S ucrose-W ater

No. o f  Run 1O^D ( ora — 1 \sec  ) Legend

a 2 .7 9
a 2*66 - , 0 ,7 7 cm, r a d iu s

a 2 .8 4 - ? 0 .6 5  cm, r a d iu s

a 2*93 -3 0 .5 2 cm, r a d iu s

"1 a 3 .0 6 15 w e ig h t fo

a 2 .7 2 30 w e ig h t fo

- , d 2 .6 6

- , ^2 d

d
2*59

2*74 , 0' ÏÏ = 12 .79  ±  0 . 0%)

- ? Op d 2*63 ora'  ̂ sec

-3 d 3 .0 6

'3 ^2 d 2 .7 4

Experiments were carried out at two i n i t i a l  so lu te  
concentrations, three cy linder r a d ii ,  absorption and desorption , 
without rep eats, i . e .  a to ta l o f twelve experiments.

Conclusions of

(1 )  A ll  f a c t o r s  a re  i n s i g n i f i c a n t  a t  5 /  le v e l*

( 2 ) I n i t i a l  s o lu te  c o n c e n tr a t io n  0 , i s  a lm ost s i g n i f i c a n t  a t  ^ 0  l e v e l .

(3 ) A b so rp tio n  o c c u rs  more q u ic ly  th a n  d e s o rp t io n .

(4 ) D d e c re a s e s  as 0 , in c re a s e s *

( 5 ) D d e c re a s e s  as r ,  c y l in d e r  r a d i u s ,  in c re a s e s *
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T a b l e  6 , 8 ,  " S h o r t  T i m e "  V a l u e s  o f  D  f o r  C a r b o n  T e t r a c h l o r i d e - ^ M e t h a n o l

No. o f  Run
2 — 1 

10 D (om sec  )
(cm sec

-1 a 10 ,0 9 .9

-1 °2 a 1 0 .2 10 ,2

- , °3 a 8 ,6 8 ,9

-2 a 10 ,0 10 ,8

-2 =2 a 9 -8 8 .7

-2 =5
a 8 ,7 8*3

-3 a 10 ,7 10 .0

-3 =2 a 9-3 10*1

-3 =3
a 8 .9 8 ,5

-1 d 10 ,2 10-2

- , °2 d 11 ,0 10.6

=3
d 10,2 10*1

^2 d 10*0 10,3

^2 °2 d 9*8 9*7

^2 °3
d 8 ,6 8 ,8

"*3 d 10*6 10*4

^3 =2 d 10,3 9*9

-3 =3 d 9 -8  1 9 -3

sp ja t Legend

r.j 0*77 om, r a d iu s  
0 ,6 5  cm, r a d iu s  

r^  0 ,5 2  cm, r a d iu s  

0  ̂ 40 w e ig h t fo 

Og 50 w e ig h t fo 

60 w eigh t fo

10 D =2(9 .77  + 0 . 08)
om seo-1

E xperim en ts w ere c a r r i e d  o u t a t  th r e e  i n i t i a l  s o lu te  

c o n c e n tr a t io n s ,  th r e e  c y lin d e r r a d i i , a b s o rp t io n  and d e s o r p t io n ,  

w ith  r e p e a t s ,  i . e .  a t o t a l  o f  t h i r t y  s ix  e x p e rim e n ts ,

O onolusions o f  St a t i s t i c a l  A n a ly s is

( 1) I n t e r a c t io n s  ora and o r  a re  s i g n i f i c a n t  a t  5% l e v e l ,

* . D = f^ (ora) + fg  (o r )

( 2 ) D d e c re a se s  as c i n c r e a s e s ,

( 3 ) D e so rp tio n  o ccu rs  more q u ic k ly  th a n  a b s o rp t io n ,

(4 ) D goes th ro u g h  a  minimum a t  c y l in d e r  r a d i u s ,  r ^ .
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S ince  in s p e c t io n  o f  bhe r e s u l t s  in d ic a te d  t h a t  th e  v a lu e s  

o f  D a t  r a d iu s  r^ were anom alous, a  s t a t i s t i c a l  a n a ly s i s  o f  th e  r e s u l t s  

u s in g  o n ly  c y l in d e r s ,  o f  r a d iu s  r ^  and r^  was c a r r i e d  ou t*  The

c o n c lu s io n s  a r e : -

(1
(2

(3

(4

(5

(e

No i n t e r a c t i o n  i s  s i g n i f i c a n t  a t  th e  3^ l e v e l .

I n i t i a l  s o lu te  c o n c e n t r a t io n ,  c ,  i s  s i g n i f i c a n t  a t  0*1^ le v e l*  

R a d iu s , r , i s  s i g n i f i c a n t  a t  le v e l*

D d e c re a se s  a s  o in c re a s e s *

D e so rp tio n  o c c u rs  more q u id c^  th a n  a b so ip tio n *

D d e c re a s e s  as r  in c re a s e s *

6*1*1*4* T ab le  6*9* "Long Time" V alues o f  D f o r  C arbon T e t r a c h lo r id e -  

M ethanol

No * o f  Run 10^ D (om^ sec  ̂ ) 10 gD r e p e a t  
(om sec“ ) Legend

-1 a 9 .9 7*8

-1 °2 a 10*2 10*2 r^ 0 .7 7  om, r a d iu s

-1 °3 a 8*7 8 .8 r ^  0 .6 3  cm, r a d iu s

-2  4 a 11*3 11 .3 r^  0*32 cm, r a d iu s

- 2  °2 a 10*6 8*3 0  ̂ 40 w e ig h t f

- 2  °3 a 8*1 7 .9 Op 30 w e ig h t f
a 9 -4 9*1 0^  60 w e ig h t f

- 3 = 2 a 9.1 9*6 a  a b s o rp t io n

-3  =3
a 8*2 8 .4 d d e s o rp t io n

-1 d 10*2 10*3

-1 =2 

-1 °3

d 1 1 .8 11.6

d 11 .2 10 ,4
6 «10 D = (1 0 .0  + 0 .2 0 )

- 2  =1 d 11 *2 11*0 om 8eo"1

- 2  =2 d 11.1 10*4

- 2  °3 d 11 .0 10.0

- 3 = 1
d 11.9 8 .3

h = 2
d 10.4 1 0 .8

- 3  =3
d 9*4 9 .3

............................. . 1—
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C onc lu sions o f  S t a t i s t i c a l  /m a ly s is

( 1 ) M ethod, m, i s  s ig n x f io a n t  a t  0,1% l e v e l .

( 2) I n t e r a c t i o n ,  o r ,  i s  s i g n i f i c a n t  a t  5% l e v e l .

( 3 ) D e so rp tio n  o c c u rs  more q u ic k ly  th a n  abso ip> tion .

(4 ) D goes th ro u g h  a maximum a t  o^ .

( 5 ) D goes th ro u g h  a  maximum a t  r ^ .

C onc lu sions ( I ) ,  (4 ) and ( 3 ) d i f f e r  from  th o se  f o r  th e  

" s h o r t  t im e " r e s u l t s .

6 .1 .2 .  R e s u l ts  f o r  A b s o rp tio n and D e so rp tio n  u s in g  V3 C y lin d e rs  

T ab le  6 .1 0 ,  "S h o rt Time" V alues o f  D f o r  KGl -  w a te r

No. o f  Run 10 D (om sec  ) j Legend

^1 °1 a 8 .83

^1 Op a 8 .96 ^1 0 .77  om, r a d iu s

^2 “ 1 a 8 .3 4 ^2 0 .6 3  om, r a d iu s

^2 a 8 ,4 9 "*3
0 .3 2  cm, r a d iu s

^3
a 7-78 IN

^3
a 8 .1 2 "̂ 2 3N

d 7 .3 2 a a b s o rp t io n

^2

^3

°2

=2

d 7 ,1 9 d d e s o rp t io n

d

d

d

7 .6 2

7*53
7*58

10^ D = ( 7 .9 9  + 0 . 14)
cm2 seo” ^ .

'3 =2 d 7*95 !

E xperim en ts w ere c a r r i e d  o u t a t  two i n i t i a l  s o lu te  

c o n c e n t r a t io n s ,  t h r e e  c y l in d e r  r a d i i ,  a b s o ip t io n  and d e s o rp t io n ,  

w ith o u t  r e p e a t s ,  i . e .  a t o t a l  o f  tw e lv e  e x p e rim e n ts .
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Conclusions o f

(1 )  M ethod, m, i s  s i g n i f i c a n t  a t  3% le v e l#

( 2) No a p p re c ia b le  d i f f e r e n c e  w ith  in c r e a s e  i n  Oo

(3 ) No a p p re c ia b le  d i f f e r e n c e  w ith  in c re a s e  i n  r*

(4 ) A b so rp tio n  o c c u rs  more q u ic k ly  th a n  d e s o rp t io n ,

T ab le  6 .11* "S h o rt Time" V a lu es  o f  D f o r  S u c rese -W ate r

No# o f Run 10 D (om sec ) Legend

"'1 °1 a 2.01

^1 °2 a 2 .10 - Î 0*77 cm^ r a d iu s

^2 a 2 .0 9 -2 0 .6 3  cm. r a d iu s

^2 =2 a 2 .03 -3
0*32 cm, r a d iu s

°1 a 2 .03 13 w e ig h t fo

°2 a 2 .0 2 °2 30 w eig h t fo

^1 d 2 .3 2 a a b s o rp t io n

r . d 1 .8 8 d d e s o rp t io n1

^2 °1 d 2 .0 3

^2 '2
^1

d

d
1 .9 6

i  2 .13 6 •**> 2 —1 
10 D ï= (2*04 + 0 .0 4 ) cm se c "

^2 d 1.89

Experiments were carried  out at tv/o i n i t i a l  so lu te  
concentrations, three cylinder r a d ii ,  absorption and desorption , 
without rep ea ts , i . e .  a to ta l  o f 12 experiments*

Conclusions o f S ta ti

(1 )  No f a c t o r  i s  s i g n i f i c a n t  a t  5% le v e l*

( 2 ) I n i t i a l  s o lu te  c o n c e n t r a t io n s ,  0 , i s  a lm o st s i g n i f i c a n t  a t

3% l e v e l .

( 3 ) No a p p re c ia b le  d i f f e r e n c e  betw een  a b s o rp t io n  and d e s o rp t io n ,

(4 ) D d e c re a s e s  as 0 in c re a s e s #

( 3 ) D in c r e a s e s  a s  c y l in d e r  r a d i u s ,  r ,  in c re a s e s #
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6oî#3* R e s u l ts  f o r  A b so rp tio n  and D e so rp tio n  u s in g  CC2 C y lin d e rs  

T ab le  6 ,12* "S h o rt Time" V alues o f  D f o r  K Cl-W ater

No. o f  Run

^2 a

^2 "2 a

"̂ 3
a

^3 ^2 a

^2 d

^2 ^2 d

^3
d

"̂ 3 ^2 d

10^ D (om^ sec  ^) Legend

6«o6 

6# 16

5*79
5 .7 8

5 .5 2

5*58

5 .3 5
5 .3 2

r ^  0 .6 5  cm, r a d iu s  

r^  0#52 om, r a d iu s  

IN^1
c.

a

d
T

3N

a b s o rp t io n

d e s o rp t io n

om sec

E xperim en ts w ere c a r r i e d  o u t a t  tv/o i n i t i a l  s o lu te  

c o n c e n t r a t io n s ,  two c y l in d e r  r a d i i ,  a b s o rp t io n  and d e s o r p t io n ,  

w ith o u t r e p e a t s ,  i a e .  a  t o t a l  o f  e ig h t  e x p e r im e n ts .

C onc lu sions o f

( 1) A ll  f a c t o r s  a re  i n s i g n i f i c a n t  a t  5% l e v e l .

( 2 ) M ethod, m, i s  a lm o st s i g n i f i c a n t  a t  5% le v e l*

(3 ) A b so rp tio n  o c c u rs  more q u ic k ly  th a n  d e s o rp t io n ,

(4 ) No d i f f e r e n c e  in  D as o in c r e a s e s .

( 5 ) D in c r e a s e s  as r  in c re a s e s *
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T ab le  6*13* "S h o rt Time" V a lu es  o f  D f o r  S u o ro se-W ater

No. o f  Run 10 D (cm^ se c  ^ ) Legend

-2  ° i  a 1 ,64

- 2  =2 a 1.60 r ^  Go63 cm, r a d iu s

r^  0  ̂ a 1 .62 r^  0*32 om, r a d iu s

-3  =2 1*38 0  ̂ 13 w e ig h t fo

- 2  ° i  ^ 1-37 Cg 30 w e ig h t fo

- 2  °2  ^ 1.39 a  a b s o rp t io n

-3  =1 ^ 1 .44. d d e s o rp t io n

-3  ° 2  ^ 1*33 10^ 5  = ( 1 .5 2  + 0,0!|.)
-1

E x p erim en ts  w ere c a r r i e d  o u t a t  tvfo i n i t i a l  s o lu te  c o n c e n t r a t io n s ,

two r a d i i ,  a b s o rp t io n  and d e s o r p t io n ,  w ith o u t r e p e a t s ,  i * e .  a t o t a l

o f  e ig h t  e x p e r im e n ts .

C onc lu sions o f  S t a t i s t i c a l  A n a ly s is

(1 ) No f a c t o r  i s  s i g n i f i c a n t  a t  3% l e v e l .

(2 )  M ethod, m, i s  a lm ost s i g n i f i c a n t  a t  3% l e v e l .

(3 ) A b so rp tio n  o c cu rs  more q u ic k ly  th a n  d e s o r p t io n ,

(4 ) D d e c re a s e s  as c i n c r e a s e s .

( 3 ) No a p p re c ia b le  v a r i a t i o n  i n  D as r  in c re a s e s *

6*1,4* R e s u l ts  f o r  D e so rp tio n  o f  KCl u s in g  T e f lo n  C y lin d e rs

The e x p e rim en ts  v i t h  T e f lo n  c y l in d e r s  w ere th e  f ? .r s t  

ex p erim e n ts  to  be c a r r i e d  o u t u s in g  th e  re c o rd in g  b a la n c e .  The 

e x p e rim e n ts  were c a r r i e d  o u t a t  two i n i t i a l  s o lu te  c o n c e n t r a t io n s ,

two r a d i i ,  and tv;o w a te r  f lo w r a te s ,  w ith o u t r e p e a t s ,  i . e .  a t o t a l  o f

e ig h t  e x p e r im e n ts .
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T able  6*14* "S h o rt Time" V alues o f  D f o r  KCl-W ater

No. o f  Run 10 D (om - I ssec  ) Legend

^1 Re^ "1 3 -4
Re^ °2 6 .2 r^ 0*32 om, r a d iu s

Re^ 4 .1 r^  0 .6 3  cm, r a d iu s

^2 Re^ °2 8,1 Re^ (an n u lu s )  100

^1 Re^ 4*4 Reg (a n n u lu s )  700

Re^ °2 3*2 0 | IN

^2 Re^ 3*0 Og 3N

^2 Re^ ^2 8 .9 6 — / « \ 2 "1 
10 D = ( 3 .9  ±  0 . 4 ) cm sec

C o n c lu s io n s o f  S t a t i s t i c a l  A n a ly s is

(1 ) I n t e r a c t io n  o r  i s  s i g n i f i c a n t  a t  5% l e v e l .

( 2 ) D in c r e a s e s  as c in c re a s e s *

(3 ) D i s  in d e p e n d e n t o f  th e  v a lu e  o f  Re (a n n u lu s )

(4 ) D in c r e a s e s  as r  in c re a s e s *

( 3 ) E x p erim en ta l e r r o r  (o b ta in e d  from  d u p l ic a te s  o f  s ix  o f

th e  ru n s )  i s  h ig h  (+  7% o f  mean)*

6.1 • 3• V alues o f  D a t  D i f f e r e n t  R eynolds Numbers

D e so rp tio n  ex p erim en ts  w ere c a r r i e d  o u t u s in g  su o ro s e -w a te r  

and th e  th r e e  ceram ic  m a te r ia ls  to  d e te rm in e  th e  e f f e c t  on th e  

d i f f u s io n  c o e f f i c i e n t  o f  th e  flow  regim e o u ts id e  th e  po rous c y l in d e r .  

E xperim en ts w ere c a r r i e d  o u t a t  f o u r  l e v e l s  o f  th e  R eynolds Number i n  th e  

ann u lu s betw een  th e  c y l in d e r  and th e  g la s s  w a l l  o f  th e  d i f f u s io n  tu b e .

The c o n c e n tr a t io n  o f  th e  im p re g n a tin g  s o lu t io n  was 30 w e ig h t p e r  c e n t  
s u c ro s e .

The r e s u l t s  a re  g iv e n  in  T ab le  6 *13.
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T ab le  6*15* V alues o f  D f o r  8uorose-W a t e r

Re (a n n u lu s )
R eynolds
Number

M a te r ia l
10

2
D (cm sec “ b

H. i 25 V5 CC2

2 ,000 2,53 1.91 1 .60

3 ,500 2 .63 2.01 1.41

4 ,7 0 0 2 .4 7 1.86 1 .32

7,100 2 .8 4 i .7 4 1 .56

In s p e c t io n  o f  T ab le  6*15 in d ic a te s  t h a t  R eynolds Number has 

no e f f e c t  on th e  v a lu e  o f  D* A lth o u g h , due to  l a c k  o f  t im e , no 

d u p l ic a te s  w ere c a r r i e d  o u t ,  th e  e x p e r im e n ta l e r r o r ,  c au sed  m ain ly  by 

p u ls in g  o f  th e  l i q u i d  a f f e c t in g  th e  p l o t  on th e  r e c o rd in g  b a la n c e  c h a r t ,  

was h ig h  and w ould p ro b a b ly  a cc o u n t f o r  th e  v a r i a t i o n  i n  D f o r  one 

p o ro u s  m a te r ia l*

6*2 . C a lc u la te d  V alues o f  th e  R a tio  o f  th e  D if fu s i v i t y  i n  F ree  S o lu t io n  

to  th e  D i f f u s i v i ty  i n  th e  Porous Media

The r a t i o  5 -■■ h as  been  g iv en  th e  symbolD (p o ro u s  medium ; ^

and may be term ed  th e  t o r t u o s i t y  f a c t o r .  I t  h as  been  su g g e s te d

t h a t  K i s  th e  r a t i o  o f  th e  a c tu a l  d i s ta n c e  t r a v e l l e d  by  th e  d i f f u s in g

p a r t i c l e  to  th e  minimum g e o m e tr ic a l d i s t a n c e .

S in ce  a n a ly s i s  o f  th e  e x p e rim e n ta l r e s u l t s  has shown t h a t

i n  most o f  th e  system s exam ined , th e r e  e x i s t  e i t h e r  i n t e r a c t i o n s

betw een  c o n c e n t r a t io n ,  r a d i u s ,  and method o f  s o r p t io n ,  o r  a dependence on
2r a d iu s  o r  m ethod , i t  would be m ean in g le ss  to  quo te  v a lu e s  o f  K d e r iv e d

2
from  mean v a lu e s  o f  D. I n s t e a d ,  v a lu e s  o f  K a re  quo ted  a t  r ^ ,  nom inal 

r a d iu s  O.65  cm, and th e  i n i t i a l  s o lu te  c o n c e n tr a t io n  and m ethod o f  

s o ip t io n  a re  a ls o  s t a t e d .
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T ab le  6 .1 6 , C a lc u la te d  V alues o f  K u s in g  C y lin d e r s ,  R ad ius 0*65 om.
-     ■ — -   — --------■■■IT MIJ-H mm Im ^  %Mi !!■ IWIIIWI I III | - M * T W f ^ ----

S o lu te

I n i t i a l  S o lu te  

C o n c e n tra t io n

P o ta ss iu m  C h lo rid e  

N o rm ality

1 2 3

S ucrose  

W eight fo

15 30

C a rto n  T e tr a c h lo r id e  

W eight %

40 50 60

10^ D i f f u s i v i ty  i n  
F ree  s o lu t io n  
( om^ s eo"* )

18 .8 20.1 21 .1 4*2 3 .2 16 .6 1 3 '0 1 3 .4

Porous M a te r ia l

CCp a b s o rp t io n  
CCg d e s o rp t io n

3 .1 0
3*41

3-43
3*78

2 .56
2 .68

2 .0 0
2 .30

1.60
1.63

HI25 a b s o rp t io n  
HI 25 d e s o rp t io n

1.71 
1 *69

1.81 
1 .83

1 .95
2.11

1 .46
1,53

1 .09  
1 .22

1.61
1.53

1.36
1.54

V5 a b s o rp t io n  
V5 d e s o rp t io n

2 .2 5
2 .47

2 .4 9
2 .79

2.01
2 .0 5

1 .5 8
1.63

T e f lo n  d e s o rp t io n 4*1 T 2*5
1

6*3* Calcula ted  Values o f  the Ratio o f  the Experimental D if fu s iv ity , D,Wl ■IIMI» HMII ................... . ll|ii«»i . mil • >1111      ■r l̂l I IIII Mill ^  llll I 11 HIM t II I I mr ' I irl̂  Tin'l ll l' I ' iTlI ' f ~ll-----------------------------------------

Divided by the F ractional P orosity  o f  the Individual Cylinder

I n t r o d u c t io n

From Fig* 21^, i t  c an  be se e n  t h a t  th e r e  i s  a  s t r o n g  

dependence o f  d i f f u s i v i t y  on  th e  p o r o s i t y  o f  th e  p o ro u s m edia* For 

t h i s  re a so n  i t  was d e c id e d  to  d e f in e
2 „ "j

^1 „  D (e x p e r im e n ta l)  x  100 ( om sec"  )
“  I n d iv id u a l  c y l in d e r  p o r o s i t y

1 1 
The v a lu e s  o f  D w ere s t a t i s t i c a l l y  a n a ly se d  and g raphs o f  D

v s th e  p r o p e r t i e s  o f  th e  so l u t e - s o l v e n t  system  and th e  p o ro u s  m edia w ere

draw n ( s e e  F igs*  17 -  30)*
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In  th e  T ab les b e lo w , o n ly  th e  " s h o r t  tim e" v a lu e s  o f  D were 

u sed  to  g iv e  c a lc u la te d  v a lu e s  o f  D *
■j

The s t a t i s t i c a l  a n a ly s i s  o f  th e  D v a lu e s  f o r  th e  system  

CClji^-methanol i s  g iv en  i n  ap p en d ix  5*

6 .3 * 1 • V a lues o f  u s in g  HI 23 C y lin d e rs

T ab le  6 .17* V a lu es  o f  f o r  KCl-Vfater

No* o f  Run „1 , 2 - U10 D (om sec  ) lO^gD^ r e p e a t  
(cm se c"  ) Legend

r ,  a 2 1 .7 2 0 .8

r j  Og a 21 .9 21 .6 r^ 0 .7 7  om, r a d iu s

0,  a 20 ,9 23 .6 r ^  0 .6 5  cm, r a d iu s

0 , a 2 1 .7 21.9 r^  0 .3 2  om, r a d iu s

rg  °2 21 .4 21 .9 0 , m

’'S 21 .0 20.6 °2
i'3 ° i 0- 25 .3 24 .0 O3 3N

^3 =2 24*7 22.8 a a b s o rp t io n

^3 O3 a 24-*9 23.1 d d e s o rp t io n

r ,  0 , a 2 1 .3 21 .0

r ,  02 a 2 0 .8 22 .4
r ,  03 a 2 0 .6 19 .8

r ^  ^1 ^ 22.1 21 .2

V C a 22.1 2 0 .8

^ 2 = 3 ^ 20 .9 18.9

- 3 = 1  ^ 25*1 26 .8

-3  =2 ^ 23 .7 24.1
r_  o~ d 

3 3
2 3 .0 24*6
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C onclu sions o f  S t a t i s t i c a l  A nalys i s
1 • _ IMI ■! I ll l^ l l I *1 Tf III MBIIW M M I I W  I' II I r iliJ W H  W "!!!! =  * , I W M , U,

(1 ) R ad iu s r ,  i s  s i g n i f i c a n t  a t  0,1% le v e l*

(2 )  A b so rp tio n  o c c u rs  more q u ic k ly  th a n  d e s o rp t io n ,

(3 ) D d e c re a s e s  as i n i t i a l  s o lu te  c o n c e n tr a t io n  o in c r e a s e s

(4 )  D goes th r o ig h  a  minimum a t  r a d iu s  r^*

T ab le  6 .18* V alues o f  f o r  Suer o s e-Wat e r

No. o f  Run 10 D (om^ seo”  ) Legend

r^ 0  ̂ a 3 . U
Og a 3.19 r^ 0 .77  om, r a d iu s

-2 ^ 5*46 r ^  0 ,6 3  cm, r a d iu s

-2  °2 5 .6 3 r^  0 .32  om, r a d iu s

i '3 a 5 .90 c^ 13 w e ig h t %

-3 =2 3*24- Og 30 w e ig h t %

r ,  0 , a 3 .1 9 a  a b s o rp t io n

r ,  Og a 5*03 d d e s o rp t io n

-2  °1 ^ 3 .2 7

-2  °2 ^ 3 .0 6

-3 °1 ^ 3 .9 0

-3 °2 ^ 3 .2 8

C o n c lu s io n s  o f  S t a t i s t i c a l  A n a ly s is

(1 ) I n i t i a l  s o lu te  c o n c e n tr a t io n ,  o ,  s i g n i f i c a n t  a t

( 2) A b so rp tio n  o c cu rs  more q u ic k ly  th a n  d e s o r p t io n .

( 3 ) d e c re a s e s  as c i n c r e a s e s .

(4 ) D d e c re a s e s  as r  i n c r e a s e s .

l e v e l .
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T a b l e  6 . 1 9 *  V a l u e s  o f  D  f o r  C a r b o n  T e t r a c h l o r i d e - M e t h a n o l

No. o f  Run 1 / 2  " K  1 10 D (cm sec  ) |
t

r e p e a t  
(om sec” ) Legend

-1 19 .5 19 .4

r ,  og a 19 .9 2 0 .0

-1 °3 °- 1 6 .8 17*4 r^ 0 .77  cm, r a d iu s

19*2 20 .9 r ^  0 .6 3  cm, r a d iu s

-2  °2  ^ 18*8 16 .8 r^  0 .3 2  om, r a d iu s

-2  =3 16 .7 j 6 .4 c.j 40 w e ig h t %

-3  °1
20 .6 19.1 Cg 30 w e ig h t fo

"■3 =2 17*9 19.3 0̂  60 w eig h t %

b  =3 “ 17*1 16.2 a a b s o rp t io n

r ,  0 . d 19 .9 20 .0 d d e s o rp t io n

- ,  °2  ^ 21 .4 20*7

r^ 0^ d 19.9 19*8

-2  =1 ^ 19o2 19.9

-2  °2 ^ 18,8 18*8

-2  =3 ^ 16 .3 17.0
-3 0 , a 20*4 19 .8

-3 =2 ^ 19*8 I 8 .9

' 3 =3 * I 8 .9 18.1

C o n c lu s io n s o f  S t a t i s t i c a l  A n a ly s is

(1 )  I n t e r a c t io n s  cm and o r ,  a re  s i g n i f i c a n t  a t  ^  le v e l*

( 2) D e so rp tio n  o c c u rs  more q u ic k ly  th a n  a b s o rp t io n .

( 3 ) D d e c re a se s  as o in c r e a s e s  0

(4 ) goes th ro u g h  a  minimum a t  r a d iu s  r  .



-  90 -

6 .3*2* V alues o f  D u s in g  V5 C y lin d e rs  

T a b le s  6 .2 0  V alues o f  f o r  K Cl-W ater

No. o f  Run ,0 ^  d '  (cm^ see  b Legend

- ,  0 , a 2 , .0

- ,  (=2 ^ 2 1 .8 r^ 0*77 cm, r a d iu s

- 2  =1 , 9 .7 r ^  0 .6 3  cm, r a d iu s

- 2  ° 2
20 ,0 r^  0 .3 2  cm, r a d iu s

-3  ^ ,8 .1 c^ IN

-3  =2
,8 .8 «2 3N

- ,  ° ,  ^ , 7 .9 a  a b s o rp t io n

- ,  °2 ,7 .1 d d e s o rp t io n

-2  ^ ,8 .0

- 2 = 2 - , 7 .8

-3  -
, 7 .6

^3 =2 - 1 17 .5
1̂ -------------------- ----—----------

C o n c lu s io n s o f  S t a t i s t i c a l  A n a ly s is

(1 ) M ethod, m, i s  s i g n i f i c a n t  a t  1% l e v e l .

( 2 ) A b so rp tio n  o c c u rs  more q u ic H y  th a n  d e s o r p t io n .

( 3 ) No a p p re c ia b le  d i f f e r e n c e  i n  D as o in c r e a s e s .

(4 )  in c r e a s e s  a s  r  i n c r e a s e s .
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T able  6*21 * V a lues o f  D f o r  S ucrose-W ater

No. o f  Run
6 1  2 — 1 

10 D (cm see  ) Legend

-1 ° i  ^ 4 .7 7

- ,  °2  ^ 4«99 r ,  0«77 om, r a d iu s

-2  °I ^ 4 .9 3 r  0 .6 5  om, r a d iu s

-2  °2  ^ 4 .7 9 r ,  0 .5 2  om, r a d iu s

-3  °1 “ 4 .71 0 ., 15 w e ig h t fo

-3  °2 4 .6 9 o„ 30 w e ig h t fo

- ,  °1 5.55 a  a b s o rp t io n

-1 °2  - 4 .4 7 d d e s o rp t io n

-2  =1 - 4 .8 3

-2  °2  - 4 .6 2

-3  “ 1 - 4 .9 4

^3 °2  - 4 .3 9

C o n c lu s io n s  o f  S t a t i

(1 ) I n t e r a c t i o n  cm s i g n i f i c a n t  a t  3% l e v e l .

( 2 ) No a p p re c ia b le  d i f f e r e n c e  betw een a b s o r p t io n  and d e s o rp t io n ,

( 3 ) d e c re a se s  a s  0 in c r e a s e s .
j

(4 ) D in c r e a s e s  as r  in c re a s e s *

6 . 3 . 3 , V a lues o f  D u s in a  CC2 C y lin d e rs
1

T ab les  6 .22* V alues o f  D f o r  K Cl-W ater

No. o f  Run
6 1 , 2  - K  

10 D (om sec  ) Legend

- 2  =, a 15 .7

-2  °2  ^ 16 ,0 r_  0 .6 5  cm, r a d iu s

-3  °1 1 5 .4 r ,  0 .5 2  om, r a d iu s

-3  °2  ^ 1 5 .4  : 0 , IN

-2  °1 - 14 .3 Og 3N

- 2  =2 - 1 4 .5  ! a  a b s o rp t io n

-3  =1 - 14 .3 d d e s o ip t io n
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C o n c lu s io n s  o f  - S t a t i s t i c a l  A n a ly s is

(1) No f a c t o r s  s i g n i f i c a n t  a t  3% le v e l*

( 2 ) A b so rp tio n  o c c u rs  more q u ic k ly  th a n  d e so rp tio n *

(3 ) No a p p re c ia b le  d i f f e r e n c e  i n  as 0 in c re a s e s *

(4 )  No a p p re c ia b le  d i f f e r e n c e  i n  D as r  i n c r e a s e s .
1T ab le  6 .23* V alues o f  D f o r  S ucrose-W ater

Ho. o f Hun to D (cm  ̂ sec"^ ) Legend

-2 =1 4* 26
-2 =2 4.16 r^  0*63 cm, radius

-3 =1 4,32 r^ 0.32 cm, radius

-3 =2 4.21 ĉ  13 weight fo

-2  °î - 4.08 Og 30 weight fo

^2 =2 - 3.63 a absorption

-3 =1 - 3.84 d desorption

^3 ^2 ^ 3*33

C o n c lu s io n s  o f  S t a t i s t i c a l  A n a ly s is

( 1) M ethod, m, i s  s i g n i f i c a n t  a t  1% l e v e l .

( 2) A b so rp tio n  o c c u rs  more q u ic k ly  th a n  d e s o r p t io n .

( 3 ) d e c re a se s  as 0 in c r e a s e s .

(4 ) No a p p re c ia b le  d i f f e r e n c e  i n  D* as r  in c re a s e s *
1I n s p e c t io n  o f  th e  T ab le  o f  D i n d ic a t e s  t h a t , o v e r th e  

com plete  ran g e  o f  p o ro u s m ed ia , th e  d i f f u s i v i t y ,  D, i s  n o t dependen t 

on th e  p o r o s i t y  a lo n e . The dependence i s  more complex and th e  

v a lu e s  o f  D and in d ic a t e  t h a t  D i s  dependen t on a co m b in a tio n  o f  

p o r o s i t y  and p o re  s iz e  d i s t r i b u t i o n .  T o ta l  p o r o s i t y  a p p ea re d  to  

in f lu e n c e  th e  r e l a t i v e  v a lu e s  o f  D f o r  V3 and HÏ23 c y l in d e r s  w h ile
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b o th  th e  p o r o s i t y  and p c re  s iz e  d i s t r i b u t i o n  ap p ea red  to  in f lu e n c e  

th e  r e l a t i v e  v a lu e s  o f  D f o r  25 and CC2 c y lin d e rs #

1As a t e s t ,  v a lu e s  o f  D and D a t  l e v e l s  r ^  a ,  r ^  d ,

r ^  o^ a ,  r ^  d , r^  a ,  and r^  d w ere ta k e n  f o r  th e  s o lu te - s o lv e n t

system s o f  K C l-vfater and su c ro se -w a te r#  The r a t i o s  o f  th e  D v a lu e s  
1and o f  th e  D v a lu e s  w ere com pared w ith  th e  r a t i o s  o f  t o t a l  p o r o s i ty  

and p o re  s iz e  p a ram ete rs#

The r e s u l t s  a t  l e v e l s  r ^  a  and r ^  Og d a re  shown i n  

T a b le s  ^#24 and 6 .2 5  below#

T ab le  6*24• Com parison o f  R e s u l ts  u s in g  V5 and HI 25 C y lin d e rs

M aterial
Mean

Porosity
( A

Mean Pore 
Diameter

in )

6 P 
10 D (om — 1 \sec ) , 0^ d ’ ( c « 2 -1sec ) 1

KCl Sucrose KGl
Î

S ucrose  |

a d a d a d a
"  !

HI 25 5 1 .3 1 .0 11 #1 n  #0 2.93 2*63 21 .7 21 .5 5 .63
------ j
5 . 1Ü

75 4 2 .5 4*0 8o49 7 -55 2 .03 1.96 2 0 .0 17-8 4 . 7 9 4*62
Ratio 1.21 0*25 ! .31 1 .46 1 #44 i#34 1 #09 1 #21 1 .1 8 1 . i d

i

a -  a b s o rp t io n ;  d -  d e so rp tio n #  

ï'rom T ab le  6 .2 4  i t  i s  s e e n  t h a t  th e  r a t i o
D' (75 )

i s  a lm ost e q u a l to  th e  r a t i o  o f  th e  p o r o s i t i e s #

The v a lu e s  a t  l e v e l s  r ^  a ,  r g  d ,  r^  a  and r^  d 

a re  s i m i l a r  to  th o se  i n  T ab le  6 .2 4  and t h e r e f o r e ,  f o r  c o a rse  p o re s  

i t  i s  su g g e s te d  t h a t  D i s  a f u n c t io n  o f  th e  sq u a re  o f  th e  p o r o s i t y  o f  

th e  p o ro u s  medium#
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T able  6 ô25* Comp a r i s on o f  R e s u l ts  u s in g  H'i 25 and CC2 C ylin d e rs

M a te r ia l Mean
P o ro a i ty

(%)

Mean Pore 
D iam eter

(n )

B
ifo)

P
i%)

10 D (om'2 - K  sec ) 10^ (cm^ sec  ^)

KCl S ucrose KCl S ucrose

a d a d a d a d

HI 25 51 *5 1 .0 25 4 9 .5 11.1 1 1 .0 2 .93 2 .53 21 ,7 21 .5 4 .6 3 5 .0 6

CC2 59*0 0 .4 5 3 8 .5 9 7 .8 é • 1 6 5 .5 8 ! o50 1 .39 16 .0 14 .5 4*16 3.61

R a tio 1 .32 2 .2 2 1 .79 1 .97 1.83 1 .89 1 .36 1 .4 8 1*35 1.40
In v e rs e
R a tio Î .5 4 1 .98

_ _ _ _ _ _ _ _ i

a -  a b s o r p t io n ,  d -  d e s o rp t io n  

B -  ^  B ulk Volume l e s s  th a n  1 p d ia m e te r

P -  ^  P ore  Volume l e s s  th a n  Ip  d ia m e te r

The f ig u r e s  i n  T ab le  5 .2 5  and th e  s im i la r  f i g u r e s  a t  th e  o th e r  

l e v e l s  su g g e s t t h a t  th e  r a t i o  o f  p I s  a lm ost in v e r s e ly

p roportionaO . to  th e  r a t i o  o f  P»

T h e re fo re , f o r  f in e  p o r e s ,  i t  i s  su g g e s te d  t h a t  D i s  a  f u n c t io n

o f  th e  p e rc e n ta g e  o f  th e  p o re  volume o ccu p ied  by p o re s  l e s s  th a n  Ip

d ia m e te r .
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7* D I S C U S S I O N  O P  T H E  E X P E R I M E N T A L  R E S U L T S

7*0 INTRODUCTION

The r e s u l t s  w i l l  be d is c u s s e d  under t e n  h e a d in g s , w h ich , f o r  

c o n v e n ie n c e , a re  p r e s e n te d  i n  th r e e  g roups#  The g roups a re  a s  f o l lo w s : -

GROUP I .  CENERAL DISCUSSION

(1 ) The aims o f  f a c t o r i a l  ex p erim en ts  and e x p la n a t io n  o f  th e  

s t a t i s t i c a l  te rm s u se d  i n  th e  t e x t .

( 2 ) Com parison o f  th e  r e s u l t s  o b ta in e d  by th e  th r e e  e x p e r im e n ta l 

m ethods.

( 3 ) C o n s is te n c y  and a c c u ra c y  o f  th e  e x p e r im e n ta l r e s u l t s .

GROUP I I .  EffPECT OP THE EXPBRTB/IENTAL VARIABLES

(4 ) Method o f  s o r p t io n .

( 5 ) I n i t i a l  s o lu te  c o n c e n t r a t io n .

(6) R ad ius o f  p o ro u s  c y l in d e r .
(7 ) Plow c o n d it io n s  o u ts id e  th e  p o rous c y l in d e r .

GROUP I I I .  SPPECT OP REL/iTED PARibWERS

(8 )  D iam eter o f  th e  d i f f u s in g  p a r t i c l e .

(9 ) P r o p e r t ie s  o f  th e  p o ro u s m ed ia .

( 10) I n t e r a c t i o n  o f  th e  d i f f u s i n g  p a r t i c l e  and th e  po ro u s 
medium.
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7 .1*  The Aims o f  th e  F a c to r i a l  E x p erim en ts  and an E x p la n a t io n  o f  th e  

S t a t i s t i c a l  Terms u sed  i n  th e  T ex t

F a c to r i a l  ex p erim en ts  a re  ex p erim en ts  w hich  a re  c a r r i e d  o u t a t  

d i f f e r e n t  p la n n e d  l e v e l s  o f  th e  in d e p e n d e n t v a r i a b l e s •

A group o f  e x p e rim e n ts  c a r r i e d  o u t by th e  a u th o r  w i l l  be 

u sed  to  i l l u s t r a t e  th is *  The e f f e c t  o f  th e  v a r i a b l e s ,  c y l in d e r  r a d iu s  

( r ) , m ethod o f  s o r p t io n  (m) and i n i t i a l  s o lu te  c o n c e n tr a t io n  ( c ) ,  on 

th e  m utual d i f f u s i v i t y ,  (D.) was re q u ire d *  The s im p le s t  f a c t o r i a l  

ex p erim en t w ould r e q u i r e  ru n s  a t  th e  fo llo w in g  l e v e l s ; -

where

^1 0 . a 1 d

“2 d

^2 0  ̂ a ^2 d

^2 °2  “ ^2 “2 d

r^ r a d iu s  1

^2 ra d iu s  2
- 0 0 no en t r a t i o n 1

^2 c o n c e n tr a t io n 2

a a b s o rp t io n

a = d e s o rp t io n

i . e .  two l e v e l s  o f  each  v a r i a b le  malcing a t o t a l  o f  e ig h t  runs*  

The aim s o f  f a c t o r i a l  e x p erim en ts  a r e : -

( 1 ) To o b ta in  th e  maximum amount o f  in fo rm a tio n  from  th e  

minimum number o f  e x p e r im e n ta l runs*

( 2 ) To d e te c t  th e  i n t e r a c t i o n  o f  v a r i a b l e s ,  e .g .  th e  e f f e c t  

on D o f  a change from  0  ̂ to  o^ may n o t be  th e  same f o r  

a b s o rp t io n  and d e so rp tio n *  Then th e re  e x i s t s  an 

i n t e r a c t i o n  cm.
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The c l a s s i c a l  e x p erim e n t g iv e s  l e s s  in fo rm a tio n  from  a g iv e n  number 

o f  ru n s  and i n  many o ases  w ould n o t be d e s ig n ed  to  show up i n t e r a c t i o n s  

w hich e x i s t .

In  a f a c t o r i a l  s e r i e s  o f  e x p e rim en ts  th e  e x p e r im e n ta l e r r o r  o r  

th e  r e l a t e d  e x p e r im e n ta l v a r ia n c e  g iv e s  a  s t a t i s t i c a l  e s t im a te  o f  th e  e r r o r  

be tw een  d u p l ic a te  r u n s .  The e x p e r im e n ta l v a r ia n c e  was d e te rm in e d  by one 

o f  two m ethods, w hich a re  d e s c r ib e d  b e lo w .

(a )  % e n  r e p e a ts  w ere c a r r i e d  o u t f o r  e v e ry  ru n  i n  th e  s e r i e s ,  th e  

e x p e r im e n ta l v a r ia n c e  was d e te rm in e d  from  th e  sq u a re s  o f  th e  

d i f f e r e n c e s  be tw een  ru n  and r e p e a t .  The d e t a i l s  a re  g iv e n  i n  

Appendix 4#

(b ) iVhen r e p e a t s  were n o t c a r r i e d  o u t f o r  e v e ry  ru n  i n  th e  s e r i e s ,  

r e p e a ts  o f  c e r t a i n  ru n s  w ere c a r r i e d  o u t and th e  e x p e r im e n ta l 

v a r ia n c e  d e te rm in e d  from  th e  sq u a re s  o f  th e  d i f f e r e n c e  betw een 

ru n  and r e p e a t .  The d e t a i l s  a re  g iv en  i n  A ppendices 4  and 3*

Expl a n a t io n  o f  Terms used  i n  S t a t i s t i c a l  A n a ly s is

A com plete  s t a t i s t i c a l  a n a ly s i s  o f  one f a c t o r i a l  s e r i e s  i s  

g iv en  i n  A ppendix 4^ b u t  c e r t a i n  im p o r ta n t p o in t s  a re  n o te d  h e r e .

(1 ) The e f f e c t s  o f  th e  v a r i a b le s  and th e  i n t e r a c t i o n s  a re  

com pared w ith  th e  e x p e r im e n ta l v a r ia n c e .  The r a t i o  o f  

th e  mean sq u a re  o f  th e  v a r ia b le  o r  i n t e r a c t i o n  to  th e  

e x p e rim e n ta l v a r ia n c e  i s  c a l l e d  F .

( 2 ) A v a r i a b le  o r  i n t e r a c t i o n  i s  s i g n i f i c a n t  a t  a  c e r t a i n  l e v e l  

i f  th e  v a lu e  o f  F i s  g r e a t e r  th a n  t h a t  quo ted  i n  th e  

s t a t i s t i c a l  t a b l e s  f o r  th e  s t a t e d  number o f  d e g re e s  o f  

freedom .
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I f ,  f o r  exem ple , m ethod m, i s  s i g n i f i c a n t  a t  th e  3fo l e v e l ,  

t h i s  means t h a t  th e r e  i s  95^ p r o b a b i l i t y  t h a t  th e  change i n  D i s  

due t o  th e  e f f e c t  o f  m and p r o b a b i l i t y  t h a t  i t  i s  due to  random chance* 

S im i la r ly ,  i f  m i s  s i g n i f i c a n t  a t  th e  l e v e l ,  th e r e  i s  99^ p r o b a b i l i t y  

t h a t  th e  change i n  D i s  due to  th e  e f f e c t  o f  m and p r o b a b i l i t y  t h a t  i t  

i s  due to  random ch an ce ,

7 ,2*  Com parison o f  th e  R e s u l ts  O b ta in ed  from  T hree D i f f e r e n t  Expe r im e n ta l  

Methods

The system  p o ta s s iu m  c h lo r id e  (K*Cl) -  w a te r  w ith  HI 25 c y l in d e r s  

was s tu d ie d  by  th r e e  e x p e r im e n ta l m ethods* The mean v a lu e s  o f  D, g iv e n  

th e  symbol D, and th e  e s t im a te  o f  th e  e x p e rim e n ta l e r r o r  a re  g iv e n  i n  

T ab le  7*^ #

T ab le  7*1* C om parative V alues o f  D f o r  E G l-W ater-HI 25

E x p e rim e n ta l Method

R eco rd ing  b a la n c e  

C ap ac itan ce  C e ll  

C o n d u c tiv i ty  C e ll

10 exp e r im e n t a l  
e r r o r  (om^ seo*^)

S h o rt TameS hort Time

10,80

10,20

As e x p la in e d  i n  6 * 1 ,'i* 3 , th e  c o n s id e ra b le  e x p e rim e n ta l 

d i f f i o u l t i e s  u s in g  th e  oapacitcunoe c e l l  d e m o n s tra te d  t h a t  th e  m ethod was 

n o t  v e ry  a c c u ra te  and to o  much a t t e n t i o n  sh o u ld  n o t be p a id  to  th e  a b s o lu te  

v a lu e  o f  D th u s  o b ta in ed *  However i t  sh o u ld  be n o te d  t h a t  th e  v a lu e  o f  D 

from  th e  c a p a c i ta n c e  c e l l  i s  o f  th e  same o rd e r  as t h a t  from  th e  re c o rd in g  

b a la n c e ,  an d , to  t h a t  e x te n t ,  a c t s  as a  check*
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The v a lu e s  o f  D o b ta in e d  u s in g  th e  c o n d u c t iv i ty  c e l l  w ere much 

more c o n s i s te n t  th a n  th o s e  o b ta in e d  u s in g  th e  c a p a c i ta n c e  c e l l  and th e  same 

v a r i a t i o n  o f  D w ith  r a d iu s  was observed*

A lthough  th e  d i f f e r e n c e  betw een th e  mean v a lu e s  o f  D o b ta in e d  

by th e  two m ethods i s  o u tw ith  th e  e x p e r im e n ta l e r r o r s  q u o te d , i t  i s  sm all*

The v a lu e s  o f  D from  th e  tv/o m ethods ag ree  to  w i th in  hfo o f  

th e  mean value*

7«3* A ccuracy  o f  th e  E x p e rim e n ta l R e s u l ts

S ince  th e  e x p e r im e n ta l e r r o r  o f  th e  th r e e  e x p e rim e n ta l 

m ethods o f  d e te rm in in g  D f o r  K C l-w ater-H I 23 was a p p ro x im a te ly  th e  same 

and s in c e  much more e x p e r im e n ta l work has b e e r  done w ith  th e  r e c o rd in g  

b a la n c e ,  on ly  th e  r e s u l t s  o b ta in e d  u s in g  th e  r e c o rd in g  b a la n c e  w i l l  be 

c o n s id e re d  he re*

R egard ing  th e  c o n s is te n c y  o f  th e  r e s u l t s , i t  sh o u ld  be n o te d  

t h a t  i n  a f a c t o r i a l  s e r i e s ,  i f  a ru n  was th o u g h t o r  known to  be 

e x p e r im e n ta l ly  in a c c u r a te ,  th e  ru n  was re p e a te d *  But p ro v id e d  th e re  

v/as no e x p e r im e n ta l re a s o n  f o r  d o u b tin g  a r e s u l t ,  i t  stood*

2The e x p e rim e n ta l v a r i a n c e ,  CT , i s  a  m easure o f  th e  

e x p e r im e n ta l e r r o r  and i s  d e f in e d  a s ; -

-  i / n  ( g  d ) ^  

n — 1

w here d = d i f f e r e n c e  i n  v a lu e s  o f  D f o r  ru n  and i t s  r e p e a t  

n = number o f  runs*

The e x p e r im e n ta l e r r o r ,  E , i s  d e fin e d  as

The v a lu e s  o f  th e  mean d i f f u s i v i t y  D, and th e  e x p e r im e n ta l 

e r r o r ,  E , o f  a l l  th e  system s s tu d i e d ,  a re  g iv en  i n  T ab le  7*»2*
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T ab le  7*2 , V alues o f  D and E

P orous
M a te r ia l

S o lu te -S o lv e n t  
System

D /10 D (cm2 - K  sec )
6 2 — 110 D (cm sec  )

S h o rt
Time

Long
Time

S h o rt
Time

Long
Time

HI 25 K C l-w ater 11*30 11 *6 0 .1 4 0 .3

HI 25 S u o ro se -w a te r 2*79 O.Oih

HI 23 CGlji^-methanol 9*77 10*0 0 .0 8 0*2

V3 K G l-w ater 7 .9 9 0 ,1 4

V3 S u o ro se -w a te r 2*04 0 ,0 4
GC2 K G l-w ater 5*70 0*14
GG2 S u o ro se -w a te r 1*32 0 ,0 4
T e f lo n K C l-w ater 3*9 0 .4

The e x p e r im e n ta l e r r o r s  were d e te rm in e d  as fo l lo w s :

(1 )  K C l-w a te r , E ig h te e n  ru n s  w ith  r e p e a t s  w ere o a r r i e d  o u t u s in g  HI 23 

c y l i n d e r s . The v a lu e  o f  E o b ta in e d  from  s t a t i s t i c a l  a n a ly s i s  was

u sed  i n  th e  a n a ly s is  o f  r e s u l t s  u s in g  V3 and CG2 c y lin d e rs *

( 2) Sue r o s e - w a te r * E ig h t a b s o rp t io n  ru n s  w ith  r e p e a ts  w ere o a r r i e d  o u t 

u s in g  HI2 3 , V3 and CC2 c y lin d e r s *  The c o n c e n tr a t io n  i n  th e  c i r c u l a t i n g  

s o lu t io n  was 13 w eigh t fo su c ro se*  The v a lu e  o f  E so o b ta in e d  was u sed  f o r  

a l l  ru n s  in v o lv in g  th e  sy s tem  s u o ro s e -w a te r ,

( 3 ) Carbon t e t r a c h l o r i d e  (CGl. ) -m e th a n o l. E ig h te e n  ru n s  w ith  r e p e a ts  were 

c a r r i e d  o u t  u s in g  HI 23 c y l in d e r  and th e  v a lu e  o f  E was o b ta in e d  from

th e  s t a t i s t i c a l  a n a ly s is *

The m ethod o f  d e te rm in in g  E assumes t h a t  th e  e r r o r  i s  th e  same 

f o r  each  p o ro u s  m a te r ia l  b u t  v a r i e s  w ith  th e  s o lu te - s o lv e n t  system * The 

e x p e r im e n ta l ly  d e te rm in e d  q u a n t i t i e s  were A/f, th e  a p p a re n t change i n  v /e igh t
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o f  th e  c y l in d e r  betw een  tim e s  t^ and t ^  and Mo o r  , th e  mass o f  

s o lu te  d e so rb ed  o r  a b so rb ed  a f t e r  i n f i n i t e  tim e# m ight be a f f e c te d  

by  th e  s u r f a c e  te n s io n  o f  th e  c i r c u l a t i n g  s o lu t io n  and an e r r o r  i n  

Mo o r  m ight be cau sed  by e v a p o ra t io n  o f  th e  im p re g n a tin g  s o lu t io n  

e .g #  th e r e  w i l l  be more e v a p o ra t io n  when th e  im p re g n a tin g  s o lu t io n  i s  

c a rb o n  te t r a o h lo r id e - m e th a n o l  th a n  when i t  i s  K C l-w ater#  Thus th e  

e x p e r im e n ta l e r r o r ,  w i l l  be a f f e c te d  by  th e  s o lu t e - s o lv e n t  system #

Because o f  th e  m ethod o f  d e te rm in in g  th e  e x p e r im e n ta l e r r o r ,  th e  

fo e x p é r im e n ta l e r r o r  o f  th e  mean has l im i te d  s ig n i f ic a n o e #  However, T ab le  

7*3 g iv e s  th e  f  e r r o r  abou t th e  mean f o r  H I25 c y lin d e rs #

T ab le  7*3* P e rc e n ta g e  E xperim ent til E r ro r
— T—*-------------n~i—I ill I iiBiiri-~r*i   i i i "T" 'vr i" • irniTi i rmiiiw iinniiT ̂  mi it

S o lu te -S o lv e n t 10^ D (cm^ se o "^ ) f> E r ro r
System " s h o r t  tim e" abou t mean

K G l-w ater 11 #30 1#2

S u o ro se -w a te r 2 .7 9 1*4
CClj^-m ethanol 9 r77 0 .8

From T able  7*3 i t  can  be se en  t h a t  th e  e x p e r im e n ta l e r r o r  i s  

a p p ro x im a te ly  1^#

The s l i g h t l y  h ig h e r  v a lu e  f o r  su c ro o e -w a te r  c a n  be e x p la in e d  

as an in a c c u ra c y  in  AV, s in c e  th e  w e ig h t changes w ith  su c ro se  w ere much 

s m a lle r  th.on w ith  K C l-w a te r o r  CGlj;^-methanol and th e r e  i s  a  g r e a t e r  

p r o b a b i l i t y  o f  th e  s u r f a c e  t e n s io n  fo r c e  c a u s in g  an e r ro r#

The p e rc e n ta g e  e r r o r  i s  c o n s id e ra b ly  s m a lle r  f o r  CCl^^-methanol 

th a n  f o r  th e  o th e r  system s# The o n ly  d i f f e r e n c e  i n  e x p e r im e n ta l te c h n iq u e  

was t h a t ,  s in c e  the  im p re g n a tin g  s o lu t io n  was so v o l a t i l e ,  th e  c y l in d e r  

was n o t w iped w ith  a c lo t h  b u t  was im m ed ia te ly  p la c e d  i n  a  t a r e d  alum inium  

c o n ta in e r#
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Thus i t  i s  v e ry  p ro b a b le  t h a t  th e  w ip in g  o f  th e  p o ro u s  c y l in d e r s  

c o n s t i t u t e s  a random e r ro r*

T ak ing  th e  maximum p e rc e n ta g e  e r r o r  as I #4^, i t  can  be concluded

t h a t  th e  ex p erim en ts  c a r r i e d  o u t by  th e  a u th o r  were more a c c u ra te  th a n  th o s e

o f  S te w a rt (44 ) whose p e rc e n ta g e  e r r o r  was 3*5^*

MacDonald (10 ) d id  n o t g iv e  a  v a lu e  f o r  th e  p e rc e n ta g e  e r r o r

b u t t h i s  au thor*  s e s t im a te  o f  h i s  e r r o r  i s  a p p ro x im a te ly .

7*4 . E f f e c t  o f

The r e l e v a n t  c o n c lu s io n s  o f  th e  s t a t i s t i c a l  a n a ly s e s  a re  

sum m arised in  T ab le  7 * 4 . U nless o th e rw is e  s t a t e d  th e  v a lu e s  o f  D a re  

c a l c u l a t e d  u s in g  th e  " s h o r t  tim e"  s o lu t io n .

P orous M a te r ia l  

HI25 ( s h o r t  tim e )

--------------------------------------- _

S o lu te -S o lv e n t  
System

K C l-w ater

HI 25 ( lo n g  tim e) K C l-w ater

HI 25

HI 25 ( s h o r t  tim e ) 

HI 25 ( lo n g  tim e)

S u o ro se -w a te r  

CCI, -m e th an o l
4-

CCl^^-methanol

V5 K C l-w ater

V5 Sue r  0 s e -w at e r

CC2 K C l-w ater

CC2 S u o ro se -w a te r

C o n c lu s io n s  o f  s t a t i s t i c a l  a n a ly s i s

No d i f f e r e n c e  betw een a b s o rp t io n  and 

d e s o rp t io n .

No d i f f e r e n c e  betw een a b s o rp t io n  and 

d e s o r p t io n .

A b so rp tio n  i s  q u ic k e r  th a n  d e s o r p t io n .

D e so rp tio n  i s  q u ic k e r  th a n  a b so rp tio n *

D e so rp tio n  i s  q u ic k e r  th a n  a b s o rp t io n .  

Method s i g n i f i c a n t  a t  O.îjS l e v e l .

Method s i g n i f i c a n t  a t  5^  l e v e l .  

A b so rp tio n  i s  q u ic k e r  th a n  d e s o r p t io n .

No d i f f e r e n c e  betw een  a b s o rp t io n  and 

d e s o rp t io n .

Method i s  a lm o st s i g n i f i c a n t  a t  5% l e v e l ,  

A b so rp tio n  i s  q u ic k e r  th a n  d e s o r p t io n .

Method i s  a lm ost s i g n i f i c a n t  a t  5% l e v e l  

A b so rp tio n  i s  q u ic k e r  th a n  d e s o r p t io n
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B efo re  d i s c u s s in g  th e  m eaning o f  T ab le  7*4* i t  m ust be 

em phasised  t h a t  w henever an i n t e r a c t i o n ,  w hich in v o lv e s  a  v a r i a b l e ,  i s  

s t a t i s t i c a l l y  s i g n i f i c a n t ,  th e  e f f e c t  o f  t h a t  v a r i a b le  a lo n e  i s  

c o n s id e ra b ly  m o d ified  and i t  i s  unw ise to  a t t a c h  to o  much s ig n i f ic a n o e  

to  th e  e f f e c t  o f  th e  v a r ia b le #

N e g le c tin g  th e  s e r i e s  (a )  HI 25 ( s h o r t  t im e )  -  K C l-w ater and

(b) HI25 ( s h o r t  tim e ) -  C C l-m ethanol s in c e  th e  i n t e r a c t i o n  cm i s  

s i g n i f i c a n t  o r  a lm o st so a t  th e  3% l e v e l ,  th e  fo llo w in g  o b s e rv a t io n s  can  

be m ade;-

( 1) T here  i s  a  s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  aqueous s o lu t io n s  

and th e  o rg a n ic  s o lu t io n *  F o r aqueous s o lu t io n s  th e  r a t e  o f  

a b s o rp t io n  i s  e i t h e r  e q u a l to  o r  g r e a te r  th a n  th e  r a r e  o f  

d e s o r p t io n  w hereas f o r  th e  o rg a n ic  s o l u t io n  th e  r a t e  o f  

d e s o r p t io n  i s  g r e a te r  th a n  th e  r a t e  o f  a b s o rp t io n  and most 

d e c id e d ly  so ( s i g n i f i c a n t  a t  0 .1 ^  l e v e l ) .

( 2 ) C o n s id e rin g  th e  r e s u l t s  f o r  th e  aqueous s o lu t io n s  i n  g r e a t e r  

d e t a i l ,  th e  t r e n d  i s  f o r  a b s o rp t io n  to  b e  g r e a t e r  th a n  d e s o r p t io n  

i r r e s p e c t i v e  o f  th e  p o ro u s  m a te r i a l .  Even f o r  th e  s e r i e s  HI25- 

K G l-w ater and V 5-*sucrose-w ate r, a lth o u g h  th e r e  i s  no a p p re c ia b le  

d i f f e r e n c e  betw een  a b s o rp t io n  and d e s o rp t io n ,  th e  f ig u r e s  show 

t h a t  a b s o rp t io n  i s  s l i g h t l y  g r e a t e r  th a n  d e s o r p t io n .

So, f o r  th e  two aqueous s o lu t io n s  s tu d ie d ,  a b s o rp t io n  i s  

g r e a t e r  th a n  d e s o rp t io n  a n d , i n  g e n e r a l ,  th e  m ethod o f  s o r p t io n  becomes 

more s i g n i f i c a n t  a s  th e  p o r o s i t y  o f  th e  po rous medium d e c re a s e s .

C rank and Henry ( 5 ) p r e d ic te d  t h a t  th e  r e l a t i v e  r a t e s  o f  

a b s o rp t io n  and d e s o rp t io n  w ould depend on th e  v a r i a t i o n  o f  th e  d i f f u s i v i t y  

i n  f r e e  s o lu t io n  w ith  c o n c e n tra t io n *

The dependence o f  th e  d i f f u s i v i t y  i n  f r e e  s o lu t io n  w ith  

c o n c e n t r a t io n ,  f o r  th e  th r e e  system s in v e s t i g a t e d ,  i s  sum m arised b e lo w ;-
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„ 5 2 -1K C l-w a te r; D d e c re a se s  from  2o0 x iO cm sec a t  i n f i n i t e  d i l u t i o n
«1R 2 t-i ^

to  a minimum o f 1 .82  x  10 am ' sec a t  a p p ro x jjn a te ly  OolN and th e n
-  5 2 -1in c r e a s e s  l i n e a r l y  to  2*10 x 10 cm sen a t  3N«

—6
S u o ro se -v rn te r; D d e c re a s e s  a p p ro x im a te ly  l i n e a r l y  from  x 10

om^ sec   ̂ a t  i n f i n i t e  d i l u t i o n  to  0*7 x 10 ^ cra^ sec   ̂ a t  JO w e ig h t f

s u c ro s e .

“ 5Carbon te t r a o h lo r id e - m e th a n o l« D d e c re a s e s  l i n e a r l y  from  1*82 x  10
ei sw-i *— ib-1— ■> r tK? hf  f ■ «x t -m  i -M t «t.- i 11 ii ..

cm^ sec   ̂ a t  30 w e ig h t % CClj  ̂ to  1o18 x  10 ^ om^ sec   ̂ a t  70 w e ig h t f ,  

CCl^ •

As a p p lie d  to  th e  th r e e  sy stem s b e in g  s tu d i e d ,  th e  p r e d i c t i o n s  
o f  C rank and Henry are:-*

K C l-w a te r : P ro v id ed  th e  mean c o n c e n tr a t io n  i s  g r e a t e r  th a n  0 .1N ,

a b s o rp t io n  sh o u ld  be q u ic k e r  th a n  d e s o rp t io n .

C u e ro se -w a te r : D e so rp tio n  sh o u ld  be q u ic k e r  th a n  a b s o rp t io n .

Carbon te t r a o h lo r id e - m e th a n o l ; D e so rp tio n  sh o u ld  be q u ic k e r  th a n  

a b so rp tio n *

The e x p e r im e n ta l r e s u l t s  f o r  K C l-w ater and CClj^-m ethanol 

ag ree  w ith  th e s e  p r e d i c t i o n s  b u t  th e  r e s u l t s  f o r  s u o ro s e -w a te r  do n o t .

I t  i s  d i f f i c u l t  to  d e te rm in e  where th e  d is c re p a n c y  a r i s e s  

i n  th e  t h e o r e t i c a l  p r e d i c t i o n s  o r  i n  th e  su o ro s e -w a te r  e x p e rim e n ta l 

l e s u l t s  -  as o n ly  th r e e  s o lu t e - s o lv e n t  system s w ere exam ined.

The r e s u l t s  o f  MacDonald in d ic a te d  t h a t  th e r e  was no 

a p p re c ia b le  d i f f e r e n c e  betw een  a b s o rp t io n  and d e s o rp t io n  f o r  K C l-w a te r, 

b u t  t h a t  d e s o r p t io n  was g r e a t e r  th a n  a b s o rp t io n  f o r  s u o ro s e -w a te r .  The 

d i f f e r e n c e  betw een  th e  r e s u l t s  o f  MacDonald and th e  a u th o r  f o r  su o ro se -  

w a te r  may be acco u n ted  f o r  by M acD onald 's la r g e  e x p e rim e n ta l e r r o r .
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7*5o E f f e c t  o f  I n i t i a l -  S o lu te  C o n c e n tra t io n

The r e le v a n t  c o n c lu s io n s  o f  th e  s t a t i s t i c a l  a n a ly s e s  a re  

sum m arised i n  T ab le  7*5*

U nless o th e rw is e  s t a t e d  th e  v a lu e s  o f  D a re  c a lc u la t e d  u s in g  

th e  " s h o r t  tim e"  s o lu t io n *

To a v o id  u n n e c e ssa ry  r e p e t i t i o n ,  o ,  " c o n c e n tra t io n "  w i l l  be 

u sed  th ro u g h o u t in s t e a d  o f  i n i t i a l  s o lu te  c o n o e n tra tio n o

TABLE 7*5

P orous M a te r ia l

HI 25 ( s h o r t  tim e ) 

Hi 25 ( lo n g  tim e )

Hi 25

HI 25 ( s h o r t  tim e) 

HI 25 ( lo n g  tim e) 

1V5 

V5

CC2

CC2

S o lu te -S o lv e n t  
System

K C l-w ater

K C l-w ater

S u o ro se -w a te r

CCl̂  ̂-m eth an o l 

CC Ij^-m et h a n d  

KGl-Vfater

Sue ro  s e -w a te r

K C l-w ater 

Sue ro s e -w a te r

C o n c lu sio n s o f  S t a t i s t i c a l  A n a ly s is

D d e c re a s e s  as c in c re a s e s »

0 a lm o st s i g n i f i c a n t  a t  3% l e v e l ,

D goes th ro u g h  a  maximum a t  c^^

c a lm ost s i g n i f i c a n t  a t  3% l e v e l ,

D d e c re a se s  as c in c r e a s e s ,

D d e c re a s e s  a s  c i n c r e a s e s ,

D goes th ro u g h  a  mmcimum a t  c^»

S l ig h t  in c re a s e  w ith  c »

o i s  a lm ost s i g n i f i c a n t  a t  5^  le v e l*  

D d e c re a se s  as c in c re a s e s »

S l ig h t  in c r e a s e  w ith  o*

S l i g h t  d e c re a se  as c in c r e a s e s .

N e g le c tin g  s e r i e s  H i25 ( s h o r t  tim e ) -  K C l-v fa te r, HI25 ( s h o r t  
tjjn e ) -  GCl^^-methanol, and H i25 ( lo n g  tim e ) -  CCl^^-raethanol, s in c e  

i n t e r a c t io n s  cm o r  o r  a re  s i g n i f i c a n t  a t  th e  3 f  l e v e l ,  th e  fo llo w in g  

o b s e rv a t io n s  can  be m ade;-
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( î )  K C l-w ato r: Vfith th e  exce-'jtion  o f  th e  " lo n g  tim e"  s o lu t io n s

f o r  HI 25 o y l in d e r s  where D goes th ro u g h  a maximum a t  c o n c e n tr a t io n  

Cg p D shows a  s l i g h t  in c r e a s e  as 0 in c re a s e s *

( 2 ) S u o ro se -w a te r : F o r a l l  th r e e  p o ro u s  m a t e r i a l s , D d e c re a s e s  as

c increases®

I 'h u s , i n  th e  o a ses  w here i n t e r a c t io n s  in v o lv in g  o a re  n o t 

s i g n i f i c a n t  a t  th e  3% l e v e l ,  th e  d i f f u s i v i t y  i n  p o ro u s  m edia v a r i e s  w ith  

c o n c e n tr a t io n  i n  th e  same way as th e  d i f f u s i v i t y  i n  f r e e  s o l u t io n .

The above o b s e rv a t io n s  ag ree  w ith  th o se  o f  S te w a rt (1-4) who, 

i n v e s t i g a t i n g  th e  d i f f u s io n  i n  p o ro u s m edia o f  aqueous s o lu t io n s  o f  

h y d ro c h lo r ic  a c id  (HGl) , p o ta s s iu m  c h lo r id e  (K O l), and l i t h iu m  c h lo r id e  

(L i C l ) ,  c o n c lu d ed  t h a t  th e  d i f f u s i v i t y  i n  p o ro u s m edia o f  th e s e  system s 

v a r ie d  w ith  c o n c e n tr a t io n  i n  th e  scrnie way as th e  d i f f u s i v i t y  i n  f r e e  

so lu t io n *  MacDonald (IO ) a ls o  co n c lu d ed  t h a t  f o r  E C l-w a te r , th e  

d i f f u s i v i t y  i n  p o rous m edia behaved i n  th e  same way as th e  d i f f u s i v i t y  

i n  f r e e  s o lu t io n o

Jo6ti E f f e c t  o f  R ad ius o f  Porou.s C y lin d e r

C y lin d e rs  o f  th r e e  nom inal r a d i i  were u sed  i n  th e  case  o f  

p o ro u s  m a te r ia ls  HI 23 and Y 3 , b u t  due to  m an u fa c tu rin g  d i f f i o u l t i e s , 

o n ly  two nom inal r a d i i  w ere used  i n  th e  case  .of GC2 c y lin d e r s *  No 

m en tio n  o f  th e  dependence o f  D on th e  si%e o f  th e  p o ro u s  m a te r ia l  

h a s  been  r e p o r te d  i n  th e  l i t e r a t u r e , so f a r  as i s  known*

The r e l e v a n t  c o n c lu s io n s  o f  th e  s t a t i s t i c a l  a n a ly s e s  a re  

g iv en  i n  T ab le
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TABLE l ^b

Porous M aterial Solute-Solvent
System

Conclusions of S ta t is t ic a l  ilnolysis

HI25 (short time) KGl-water r  i s  s ig n if ic a n t  at 0,1 jS l e v e l ,  
D decreases as r in creases.

Hi 25 (long time) KCl-water r i s  s ig n if ic a n t  at 0 ,1 ^  l e v e l ,
D goes through a minimum at radius r^.

HI 25 Suorose-water D decreases as r in crea ses .

HI25 (short time) CClj^-methanol D goes through a minimum at radius r^.

HI 25 (long time) GCl̂  ̂-methanol D goes through a maximum at radius ig*

V5 KCl-water S lig h t increase w ith r .

V5 Suorose-water D increases as r in crea ses.

CC2 KCl-water D increases as r in crea ses.

CC2 Sucrese-water S lig h t increase w ith r .

ï n  th e  s e r i e s  GCl|^“ m ethanol-H 125 , u s in g  b o th  ’’s h o r t  t im e ” 

and ’’lo n g  t im e ” s o l u t i o n s ,  i n t e r a c t i o n  o r  was s i g n i f i c a n t  a t  th e  3% 

lev e l®  I n s p e c t io n  o f  th e  s t a t i s t i c a l  t a b l e  f o r  th e  ’’s h o r t  t im e ” 

s o lu t io n  showed t h a t  th e  r e s u l t s  a t  r a d iu s  r^ were in c o n s i s t e n t  w ith  

th e  t r e n d  o f  th e  o th e r  r e s u lts ®  T h is  anomalous e f f e c t  was th o u g h t to  

be co n n ec te d  w ith  th e  d ia m e te r  o f  th e  a m u lu s  betw een  th e  c y l in d e r  and 

th e  d i f f u s i o n  tu b e .

B oth th e  s e r i e s  K C l-w ater -  HI25 and CGl̂  ̂ -  m ethano l -  HI2 5 , 

were o a r r i e d  o u t u s in g  a d i f f u s io n  tu b e  o f  in n e r  d ia m e te r  2o0 cm.

Thus f o r  th e  p o rous c y l in d e r s  o f  nom inal r a d iu s  r^ = 0*77 cm, th e  

d ia m e te r  o f  th e  an n u lu s  i s  o n ly  0*46 cm and th e  space  betw een  th e  

w a l l  o f  th e  d i f f u s io n  tu b e  and th e  p o ro u s  c y l in d e r  i s  0 ,2 3  cm. ( r a d iu s
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o f  a n n u lu s ) .  I t  i s  p o s s i b l e ,  t h e r e f o r e ,  t h a t  th e  c o n c e n tr a t io n  c o u ld  

b u i ld  up i n  th e  a n n u la r  space  and so change th e  boundary  c o n d it io n s  

u sed  i n  s o lv in g  th e  d i f f u s i o n  e q u a t io n .  F o r t h i s  r e a s o n ,  th e  r e s u l t s  

o f  b o th  th e  above m en tioned  s e r i e s  w ere s t a t i s t i c a l l y  a n a ly s e d , 

n e g le c t in g  th e  r e s u l t s  a t  r a d iu s  r^ o  The c o n c lu s io n s  o f  th e s e  a n a ly s e s  

w e re :-

( ^ ) HI 25 ( s h o r t  t im e ) -  K G l-w ater

(a )  R ad iu s r  i s  s i g n i f i c a n t  a t  0*1^ leve l®

(b ) C o n c e n tra t io n  £  i s  s i g n i f i c a n t  a t  3% l e v e l*

( 0 ) No d i f f e r e n c e  betw een  a b s o rp t io n  and deso rp tion®

(d ) D d e c re a s e s  as o in c re a s e s *

(e )  D d e c re a s e s  as r  in c re ases®

( 2 ) HI 25 ( s h o r t  tim e )  -  CCl^^-methanol

(a )  R ad ius r , i s  s i g n i f i c a n t  a t  3% l e v e l .

(b ) C o n c e n tra t io n  £  i s  s i g n i f i c a n t  a t  0*1% le v e l*

( 0 ) D e so rp tio n  o c cu rs  more quioldLy th a n  a b so rp tio n *

(d) D d e c re a s e s  as c in c re a s e s *

(e )  D d e c re a se s  as r  i n c r e a s e s .

The e f f e c t  o f  n e g le c t in g  r e s u l t s  a t  r a d iu s  r^ i s  t h a t  

i n t e r a c t i o n  o r  i s  no lo n g e r  s i g n i f i c a n t .

I n  th e  d is c u s s io n  o f  th e  e f f e c t  o f  c y l in d e r  r a d iu s  th e  above 

c o n c lu s io n s  ( I )  and (2 ) w i l l  be  ta k e n  and com pared w ith  th e  c o n c lu s io n s  

from  r e s u l t s  o b ta in e d  u s in g  th r e e  r a d i i  f o r  th e  o th e r  system s as th e  

d ia m e te r  o f  th e  d i f f u s i o n  tu b e  was in c re a s e d  f o r  th e  o th e r  system s*

The in n e r  d ia m e te r  o f  th e  new d i f f u s i o n  tu b e  was 3«9 cm* g iv in g ,  f o r  

a c y l in d e r  o f  nom inal r a d iu s  r ^ , 0«77 cm, a d ia m e te r  o f  an n u lu s  = 2*3& 
cm and an a n n u la r  space  o f  1*10 cm*
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C o n c lu s io n s : ( l )  The dependence o f  D on r a d iu s  r  d i f f e r s  w ith  th e

p o rous m a t e r i a l ,

( 2) For Ht 25 o y l in d e r s  D d e c re a se s  as r a d iu s  i n c r e a s e s ,  

p a r t i c u l a r l y  f o r  th e  system s K C l-w a ter and CCl^^- 

m e th an o l.

(3 ) F o r V5 and CC2 c y l i n d e r s , D in c r e a s e s  as r a d iu s  

i n c r e a s e s .  The e f f e c t  i s  n o t so marked as th e  

e f f e c t  f o r  HI 25 c y l in d e r s .

The s o lu te - s o lv e n t  sy stem  a p p ea rs  to  have l i t t l e  e f f e c t  on th e  

dependence o f  D on r a d iu s  h u t  th e  p r o p e r t i e s  o f  th e  p o ro u s  m edia have 

a m arked e f f e c t  on t h i s  dependence* The r a d iu s  e f f e c t  seems to  he l in k e d  

w ith  th e  t o t a l  p o r o s i t y  o f  th e  p o ro u s  media* E x am in a tio n  o f  th e  p o re  

e n tra n c e  d i s t r i b u t i o n  c u rv e s  shows t h a t  m a te r ia l  HI 25 has l i t t l e  sp re a d  

o f  p o re  e n tra n c e  d ia m e te r s ,m a te r ia l  CC2 i s  n e x t ,  and m a te r ia l  V5 has 

c o n s id e ra b le  s p re a d  o f  p o re  e n tra n c e  d iam ete rs*

B oth th e  V5 and CC2 o y l in d e r s  a re  l e s s  p o rous th a n  th e  HI 25 c y l in d e r s  

i * 0 * th e y  a re  d e n se r  th a n  th e  Hi 25 c y l in d e r s .  I f ,  due to  th e  m a n u fa c tu rin g  

p ro c e s s  o f  s l i p - c a s t i n g ,  th e s e  c y l in d e r s  (V5 and CC2) a re  n o t un ifo rm  

th ro u g h o u t t h e i r  com plete  r a d iu s  b u t  a re  d e n se r  i n  th e  c e n t r e , th e n  

th e r e  w i l l  be a  p rep o n d e ran ce  o f  r e l a t i v e l y  c o a rse  p o re s  n e a r  th e  s u r fa c e  

and o f  r e l a t i v e l y  f in e  p o re s  tow ards th e  c e n tre *  The l a r g e r  th e  r a d i u s ,  

th e  more p ronounced  th e  e f f e c t*  H ence, w i th  sm a ll r a d i u s ,  th e  f in e  p o re s  

would c o n t r ib u te  and red u c e  th e  m easured r a t e  o f  mass t r a n s f e r  a n d , w ith  

in c r e a s e  i n  r a d i u s ,  th e  e f f e c t  o f  mass t r a n s f e r  from  th e  f i n e  p o re s  

would be re d u c e d  and th e  m easured  r a t e  o f  mass t r a n s f e r  in c re a s e d *

C o n s id e ra b le  d i f f i c u l t y  was e x p e rie n c e d  i n  th e  m anu fac tu re  o f  th e s e  

c y l i n d e r s ,  p a r t i c u l a r l y  th e  CC2 o y l in d e r s  a n d , i n  f a c t ,  i t  v/as im p o s s ib le  

to  m an u fac tu re  a CC2 c y l in d e r  o f  nom inal r a d iu s  r^ = 0*77 W ith

re g a rd  to  th e  HI 25 c y l i n d e r s , th e  m a n u fa c tu re r  had many y e a r s  e x p e rie n c e  

i n  m a n u fa c tu rin g  i n d u s t r i a l  f i l t e r s  w ith  t h i s  m a te r ia l  and th e  p o re  

e n tra n c e  s i z e  d i s t r i b u t i o n  c u rv e s  v e r i f i e d  t h a t  th e r e  was v e ry  l i t t l e
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sp re a d  i n  p o re  e n tra n c e  d ia m e te rs  and t h a t  th e  d u p l ic a te s  w ere v e ry  

c o n s i s t e n t .  I t  t h e r e f o r e  seems r e a s o n a b le  to  assume t h a t  th e  HI 25 

o y l in d e r s  a re  u n ifo rm  th ro u g h o u t t h e i r  r a d i u s , and so th e  d e c re a se  i n  D 

w ith  in c r e a s in g  r a d iu s  c an n o t be e x p la in e d  i n  th e  same way as th e  

in c r e a s e  i n  D was f o r  V5 and CC2 c y l in d e r s .

The r e s u l t s  o b ta in e d  from  th e  c o n d u c t iv i ty  c e l l  f o r  th e  system  

H125-KG 1 -w a te r  showed th e  same d e f i n i t e  t r e n d  as th e  c o rre sp o n d in g  

r e s u l t s  u s in g  th e  r e c o rd in g  b a la n c e .

There was no a p p re c ia b le  d i f f e r e n c e  i n  D betw een  o y l in d e r s  a t  

r a d iu s  r^ = 0*77 cm, r ^  -  0*65 cm* and = 0 .3 8  cm. b u t  th e  v a lu e  o f  D a t  

r^  -  0 .5 2  cm. was a p p ro x im a te ly  (10 -  20^) h ig h e r  th a n  D a t  th e  o th e r  

r a d i i *  T h is  in c r e a s e  was o f  th e  same o rd e r  b u t a l i t t l e  h ig h e r  th a n  

t h a t  when D was d e te rm in e d  u s in g  th e  r e c o rd in g  b a la n c e .

The o y l in d e r s  o f  r a d iu s  r^  had  been  u sed  f o r  p r e l im in a r y  

e x p erim en ts  a t  v a ry in g  l i s s a p o l  f lo v /ra te s  and i n  o rd e r  to  a c q u ire  th e  

e x p e r im e n ta l te c h n iq u e ;  and th e s e  ex p erim en ts  w ith  t h e i r  su b seq u e n t 

e x t r a c t io n s  u s in g  w a te r  a t  lOO^C, m ust have le a c h e d  th e  p o re s  and e n la rg e d  them®

T h e re fo re  a l l  r e s u l t s  a t  r a d iu s  r^  f o r  HI 25-**KCl-water ex p e rim e n ts  

m ust be  n e g le c te d .  I t  i s  th e n  obvious, t h a t  D does n o t  v a ry  a t  a l l  w ith  

r a d i u s .  The r a d iu s  e f f e c t  i s  n o t s i g n i f i c a n t  f o r  HI 25-0012^-m e th a n o l as 

i n t e r a c t i o n  o r  i s  s i g n i f i c a n t  a t  th e  3% le v e l*

7*1* E f f e c t  o f  Flow C o n d itio n s  o u ts id e  th e  Porous

S ince  th e r e  was l i t t l e  ev idence  p o in t in g  to  a dependence o f  th e  

r a t e  o f  mass t r a n s f e r  i n  p o ro u s  m edia on th e  e x te r n a l  flow  c o n d i t io n s ,  o n ly  

a  s h o r t  tim e  was d ev o ted  to  i n v e s t i g a t i n g  t h i s  e ffec t®

The p r e l im in a ry  K C l-w ater e x p e rim e n ts  u s in g  T e f lo n  o y l in d e r s  

( s e e  T ab le  6*14) though  in a c c u ra te  showed t h a t  w a te r  f lo w ra te  had no 

e f f e c t  on th e  v a lu e  o f  D* The K C l-w ater ex p erim en ts  o a r r i e d  o u t u s in g  

th e  c a p a c i ta n c e  c e l l  and HI 25 c y l in d e r s  ( se e  T able 6 *5 ) c o u ld  n o t d e te c t
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any v a r i a t i o n  o f  D w ith  w a te r  f lo w ra te *  F in a l ly  ex p erim en ts  u s in g  th e  

re c o rd in g  b a la n c e  and w a te r  f lo w ra te s  to  g iv e  Re (a n n u lu s )  from  2 ,000  to  

7 ,1 0 0  w ere o a r r i e d  o u t u s in g  su c ro se  as s o lu te  and HI2 5 , V5 and CC2 

c y l in d e r s  ( s e e  T able  6*15)* I t  can  be seen  t h a t  D does n o t v a ry  w ith  Re 

(a n n u lu s )  i n  a  r e g u la r  manner*

I t  should be noted that the experimental- error was higher at 
the higher values o f  Re (annulus) fo r  two reasons:-

( t )  The f lo w ra te  p u ls e d  much more a t  h ig h e r  f lo w ra te s  and so th e

a p p a re n t w e ig h t o f  th e  p o ro u s  c y l in d e r ,  which depends on f lo w r a te ,  

v a r ie d  w ith  t im e . T h is  cau sed  a  w aver on th e  r e c o rd e r  c h a r t  

and an e s t im a te  o f  th e  mean cu rv e  had to  be drawn i n ,  a f t e r  th e  

ru n  had fin ish ed ®

(2 )  The h ig h e r  f lo v /r a te s  made i t  more d i f f i c u l t  to  ex c lu d e  a i r

b u b b le s  on th e  s u c t io n  s id e  o f  th e  pump. The b u b b le s  som etim es 

re a c h e d  th e  c y l in d e r  and so th e  c e r t a i n t y ,  t h a t  a l l  w e ig h t changes 

were due t o  mass t r a n s f e r ,  was reduced*

C o n c lu s io n  E x te rn a l  flow  c o n d i t io n s  do n o t in f lu e n c e  th e  r a t e  o f  mass 

t r a n s f e r  i n  p o ro u s  media*

7 * 8 . E f fe c t  o f  th e  D iam eter o f  th e  D if fu s in g  P a r t i c l e

The d ia m e te r  o f  th e  d i f f u s in g  p a r t i c l e  f o r  th e  th r e e  system s

in v e s t ig a t e d  h as been  e s t im a te d  (s e e  V ^pendix 1 ) .  I n  F ig s .  17 and 18

D and D a re  p l o t t e d  a g a in s t  d ,  th e  d ia m e te r  o f  th e  d i f f u s in g  p a r t i c l e ,

f o r  a b s o rp t io n  and d e s o rp t io n  r e s p e c t iv e ly .  The v a lu e s  o f  D and D̂

a re  e x p e r im e n ta l v a lu e s  a t  l e v e l s  r ^  c^ a  and r ^  c^ d* Mean v a lu e s

were n o t p l o t t e d  b ecau se  th e  e x is te n c e  o f  i n t e r a c t i o n s  and dependence o f  
1

D and D on r a d i u s ,  c o n c e n tr a t io n  and method make them  alm ost m ean in g less*  

From F igs*  17 and 18 two c o n c lu s io n s  can  be drawn
•j

( l )  D and D d e c re a se  w ith  in c r e a s e  i n  d .
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(2 ) W ith Hî 25 o y l in d e r s ,  when th r e e  s o lu te - s o lv e n t  sy s tem s were
1

s tu d ie d ,  D and D d e c re a s e d  l i n e a r l y  w ith  d ,  i » e .  D -  d«

T here  i s  a h ig h  p r o b a b i l i t y  t h a t  t h i s  c o r r e l a t i o n  i s  c o r r e c t  

as r e p e a t s  w ere o a r r ie d  o u t  f o r  b o th  K C l-w ater and CClj^-raethanol and a l l  

th e  p o in ts  f i t  th e  s t r a i g h t  l i n e  w e l l .

Comparing th e  v a r i a t i o n  w i th  d o f  D i n  th e  HI 25 c y l in d e r s  to  

D i n  f r e e  s o l u t i o n ,  th e  t r e n d  i s  th e  same b u t D i n  th e  HI 25 p o ro u s  

c y l in d e r s  v a r i e s  more l i n e a r l y  w i th  d th a n  D i n  f r e e  s o l u t io n .

7*9 E f f e c t  o f  th e  P r o p e r t i e s  o f  th e  P o rous Media
2

7#9o t" C om parative V a lu es o f  K
2The v a lu e s  o f  K a t  nom inal r a d iu s  r ^  =: O065 cm. a re  g iv e n  

i n  T ab le  6 . 16# The c o n c lu s io n s  draw n from  T ab le  6 , l 6 a r e : -
2

( 1 ) F o r a l l  t h r e e  p o ro u s m a t e r i a l s , th e  v a lu e  o f  K f o r  KOI i s

alw ays g r e a t e r  t h a n  t h a t  f o r  s u c r o s e 0 F or th e  HI25 c y l i n d e r s ,  

th e  s o lu t e s  i n  o rd e r  o f  in c r e a s in g  K ( o r  d eg ree  o f  h in d ra n c e  

by p o ro u s  m edia) a re  s u c r o s e ,  ca rb o n  t e t r a c h l o r i d e ,  p o ta s s iu m  

c h lo r id e ,  i . e .  th e  l a r g e r  th e  d i f f u s in g  p a r t i c l e ,  th e  l e s s  i t

i s  h in d e re d  by th e  p o rous m ed ia .

( 2 ) f o r  su c ro se  and c a rb o n  t e t r a c h l o r i d e , K d e c re a s e s  as th e

i n i t i a l  s o lu te  c o n c e n tr a t io n  in c r e a s e s ,  b u t  f o r  p o ta s s iu m  c h lo r id e  
2

K in c r e a s e s  as th e  i n i t i a l  s o lu te  c o n c e n tr a t io n  in c r e a s e s .  A

p o s s ib le  e x p la n a t io n  i s  t h a t  a d s o ip t io n  o f  th e  s o lu te  m o le cu le s

on th e  p o re  w a l ls  occu rs*  W ith th e  l a r g e r  m o le cu le s  ( s u c ro s e

an d , to  a l e s s e r  d e g re e , c a rb o n  t e t r a c h l o r i d e , )  th e  a v a i la b le

p o re  w a ll  a r e a  i s  l im i te d  and s o ,  f o r  c o n c e n tra te d  s o l u t io n s ,  no
2more m o lecu les  can  be adso rbed  and hence K i s  s m a lle r  f o r  

c o n c e n tra te d  s o l u t i o n s .

W ith p o ta s s iu m  c h lo r id e  m o le c u le s ,  more sm a ll m o lecu les  can  be 

ad so rb ed  (and  th e  a d s o rp t io n  may be s t r o n g e r  th a n  i n  th e  o th e r  

o a s e s ,  s in c e  i t  i s  an  e l e c t r o l y t e )  and th e  l i m i t  o f  th e  p o re



— 113*"

w a ll  a r e a  may n o t have b een  re a c h e d  w ith  3N s o lu t io n s *  T hus, th e
2

more m o le c u le s  i n  s o l u t io n ,  th e  more would he a d so rb ed  and K 

would in c r e a s e  w ith  c o n c e n tr a t io n .

2I t  must be n o te d ,  how ever, t h a t  K i s  a r a t i o  o f  two

q u a n t i t i e s  w hich  a re  n o t e x a c t ly  com parab le . D i n  f r e e  s o l u t io n

i s  th e  d i f f e r e n t i a l  d i f f u s i v i t y  m easured a t  th e  s t a t e d  c o n c e n t r a t io n ,

D i n  th e  p o ro u s medium i s  th e  i n t e g r a l  d i f f u s i v i t y  m easured  i n  a

ran g e  w hich  s t a r t s  a t  th e  s t a t e d  c o n c e n tr a t io n  and would a f t e r

i n f i n i t e  t im e ,  d e c re a se  to  z e r o .  Thus th e  t r e n d  i n  th e  v a lu e s  o f  
2li i s  more im p o r ta n t  th a n  th e  e x a c t v a lu e s .

2
(3 )  F o r su c ro se  and p o ta s s iu m  c h lo r i d e ,  K i s  g e n e r a l ly  g r e a te r  

f o r  d e s o rp t io n  th a n  a b s o r p t io n ,  i . e .  d e s o ip t io n  i s  th e  more

h in d e re d  p ro c e ss*  F o r  c a rb o n  t e t r a c h l o r i d e  th e r e  i s  no 

a p p re c ia b le  d i f  

and d e so rp tio n *

2a p p re c ia b le  d i f f e r e n c e  betw een  th e  v a lu e s  o f  K f o r  a b s o rp t io n

27*9*2. Com parison o f  V a lues o f  li and th e  P o ro s i ty  F a c to r
2

Erdos and J i r u  (27 ) s t a t e d  t h a t  th e  v a lu e  o f  K ( t h e i r
symbol was Pd) was n o t dependen t a t  a l l  on th e  p o r o s i t y  o f  th e  p o ro u s

2medium* To t e s t  t h i s  s ta te m e n t ,  th e  q u a n t i ty  c o rre sp o n d in g  to  K was 

d e f in e d  as th e  p o r o s i t y  f a c t o r ,  F^*

F = 100
^ mean p o r o s i t y  o f  p o ro u s  medium

2From T ab le  6 .1 6 , mean v a lu e s  o f  K were c a lc u la t e d  f o r  each  

p o ro u s  m a te r ia l  and th e  mean v a lu e s  com pared w ith  th e  v a lu e s  o f  F^*
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o7» Comptirative V alues  o f  K and V.

P orous M a te r ia l Mean V alue 
o f  K

Mean V alue 
o f  F

HI 23 1 .62 1 .95

V3 2 .1 6 2 .3 5
CC2 2.91 2.56

A lthough  th e  v a lu e s  o f  K and P a re  n o t th e  sajne, th e
2 ^e x p e r im e n ta l e v id e n ce  in d ic a te s  t h a t  K i s  r e l a t e d  to  th e  p o r o s i t y

ti
and so c o n t r a d ic t s  th e  s ta te m e n t o f  E rdos and J i r o *

T ab le  7*7 a ls o  shows t h a t ,  e x c e p tin g  th e  CC2 c y l i n d e r s ,  th e
2

v a lu e  o f  Pp i s  g r e a t e r  th a n  th e  v a lu e  o f  K , ioe*  th e  d e c re a se  i n  

d i f f u s i v i t y  i s  l e s s  th a n  th e  d e c re a se  i n  a v a i la b le  volume» T h is  

means t h a t  th e  r e d u c t io n  i n  s u r f a c e  a re a  and th e  o th e r  f a c t o r s  w hich 

te n d  to  red u c e  mass t r a n s f e r  a re  co n n ec ted  w ith  th e  d e c re a se  i n  th e  

a v a i la b le  volume b u t  a re  n o t  d i r e c t l y  p r o p o r t io n a l  to  i t *

I n  c o n n e c tio n  w ith  th e  p o r o s i t y  e f f e c t  i t  was th o u g h t t h a t

i f  a  c o r r e c t io n  f o r  th e  p o r o s i t y  was made to  th e  e x p e r im e n ta l v a lu e s  o f

D, th e  s ig n i f ic a n c e  o f  o th e r  p r o p e r t i e s  o f  th e  p o ro u s  m edia would be

c l e a r l y  shown. F o r t h i s  re a s o n  v a lu e s  o f  d ’ = v ^ a i v i l u a l  c y l l n i e r ' p o r o s i t ÿ
were t a b u la te d  and th e  r e s u l t s  s t a t i s t i c a l l y  a n a ly s e d , and th e  c o n c lu s io n s

com pared w ith  th o se  o f  s t a t i s t i c a l  a n a ly se s  o f  th e  v a lu e s  o f  Do

The com parison  v/as d is a p p o in t in g  i n  as f a r  as i t  d id  n o t g iv e

any new in fo rm a tio n  ( s e e  P igso  1 7 -2 3 , 2 3 -2 8 , 30) b u t  m ere ly  em phasised

th e  e f f e c t  o f  v a r i a b l e s ,  eog* i n  th e  o a se s  H I2 3 -su c ro se - 'W ate r, V3-* 

sue r o s e - w a te r , C C 2 -su c ro se -w a te r , th e  c o n c e n tr a t io n  c ,  th e  method m, 

and th e  method m r e s p e c t iv e ly  become s i g n i f i c a n t  a t  th e  3^ l e v e l  f o r  

w hich  were i n s i g n i f i c a n t  a t  th e  3% l e v e l  f o r  D» In  th e  c a se  V 3 -K C l-w ater,
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m ethod m i s  s ig n i f io a n t  a t  th e  l e v e l  f o r  D w hereas i t  i s  on ly  

s i g n i f i o a n t  a t  th e  5?S l e v e l  f o r  D,

7 o9*3* E f f e c t  o f  P a r t i c u l a r  P h y s ic a l  P r o p e r t ie s  o f  th e  P orous Media

7«9c3o1* E f f e c t  o f  T o ta l  P o r o s i ty

I n  th e  p re c e d in g  s e c t io n s  th e  im p o rtan ce  o f  th e  p o r o s i t y  o f  th e  

p o ro u s  medium has been  em phasised*

From Fig" 24 i t  i s  c l e a r  t h a t ,  w i th in  th e  e x p e r im e n ta l e r r o r ,

D i s  l i n e a r l y  p ro p o r t io n a l ,  to  P ,  th e  p o r o s i t y ,  f o r  EC 1 -w a te r  and 

sucro  s e -w a te r .

7 . 9 ,5 * 2 , E f f e c t  o f  Mean Pore D iam ete r

From Figs*  25 and 26 i t  can  be  se e n  t h a t  th e r e  i s  no c o r r e l a t i o n  

betw een  D and th e  mean p o re  d iam ete r*

7»9*3»3* E f f e c t  o f  P ore  E n tra n ce  S ize  D i s t r i b u t io n

As th e  c r i t e r i o n  o f  p o re  e n tra n c e  s iz e  d i s t r i b u t i o n ,  th e  

p e rc e n ta g e  o f  th e  p o re  volume composed o f  p o re s  w ith  d ia m e te r  l e s s  th a n  

Ip  was taken*  The c h o ic e  was a r b i t r a r y  b u t was c o n s id e re d  to  be a  

r e a s o n a b le  one*

From F igs*  27 and 2 8 , i t  can  be se en  t h a t  any c o r r e l a t i o n  

betw een  D and i s  c o i ip le te ly  masked by th e  p o r o s i t y  e f f e c t .

7*9«3*4* G-eneral D isc u ss io n  o f  th e  E f f e c ts  o f  th e  P h y s ic a l  P r o p e r t ie s  

o f  th e  Porous M edia

Fig* 24 in d ic a t e s  t h a t  D i s  l i n e a r l y  p r o p o r t io n a l  to  p o r o s i ty

b u t T ab le  6*24 su g g e s ts  th a c  th e  r a t i o  o f  D f o r  HI 25 and V5 c y l in d e r s  i s

re l& te d  to  th e  sq u are  o f  th e  r a t i o  o f  th e  p o ro s i ty *  As th e r e  i s  o n ly
1

one v a lu e  o f  th e  p o r o s i t y  r a t i o  and as  th e  r a t i o  o f  D i s  o n ly  i n  

s l i g h t l y  b e t t e r  agreem ent th a n  th e  r a t i o  o f  D, i t  i s  w is e r  to  p o s tu la t e  

t h a t  D i s  l i n e a r l y  r e l a t e d  to  th e  p o ro s i ty *
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T ab le  6*2^ i n d ic a t e s  t h a t ,  p a r t i c u l a r l y  f o r  f i n e  p o re  

s t r u c t u r e s ,  D i s  a f u n c t io n  o f  P , th e  p e rc e n ta g e  o f  th e  p o re  volume 

o c cu p ied  by p o re s  l e s s  th a n  Ip  d ia m e te r .

T h e re fo re  th e  e f f e c t s  o f  th e  p o re  s t r u c tu r e  on D can  be 

sum m arised by th e  fo rm u la :"

D = a+ b ( p o r o s i ty )  + f  (p )

w here a  and b a re  c o n s ta n ts

f ( p )  = f u n c t io n  o f  (p )

7« î 0  E f f e c t  o f  th e  I n t e r a c t io n  o f  th e  D if fu s in g  P a r t i c l e  and t h e 

P orous Media

I t  h as  been  su g g e s te d  (45) t h a t  z , th e  r a t i o  o f  th e  

d ia m e te r  o f  th e  d i f f u s i n g  p a r t i c l e  to  th e  mean p o re  d ia m e te r ,  was o f  

p r im a ry  im portance  i n  mass t r a n s f e r  i n  p o rous media* P ig s .  29 and 30 

show t h a t  th e r e  i s  no s im p le  r e l a t i o n s h i p  v a l i d  f o r  a l l  p o ro u s m a t e r i a l s .  

P ig*  29 in d ic a t e s  t h a t  th e  dependence o f  D on z i s  d i f f e r e n t  f o r  each  

p o ro u s  m a te r i a l .  Prom Pigs*  30 i t  c a n  be se en  t h a t  che r e s u l t s  f o r  HI25 

and CG2 c y l in d e r s  a re  s l i g h t l y  r e l a t e d  b u t  t h a t  th e  V5 r e s u l t s  s ta n d  a lo n e .

T h e re fo r e ,  f o r  l a r g e  p o r e s ,  th e  r a t i o  z h as  no e f f e c t  on th e  

v a lu e  o f  Do Thus a  t e n t a t i v e  fo rm u la  c o u ld  be p o s tu l a t e d :

D = f j  ( P o ro s i ty )  + f^  (P ) + f^  ( ̂  )

w here f^ ( - ^  ) i s  n e g l ig ib le  f o r  l a r g e  p o re s

dp = d ia m e te r  o f  d i f f u s in g  p a r t i c l e  

d = mean p o re  d ia m e te r  o f  p o ro u s  medium

Priedm an <& Kraeraer (4&) su g g e s te d  th e  fo llo w in g  r e l a t i o n s h i p  

f o r  mass t r a n s f e r  i n  g e l s .

Dg = Dg (1 + 2 . h  I  ) (1 + « )  (1 + P)

where =; d i f f u s i v i t y  i n  f r e e  s o lu t io n

D = d i f f u s i v i t y  i n  g e l
S

r  -  r a d iu s  o f  d i f f u s in g  p a r t i c l e
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R = r a d iu s  o f  th e  p o re s  i n  th e  gelc.

^  = a c o r r e c t io n  f a c t o r  f o r  th e  d i f f e r e n c e  i n  v i s c o s i t y

betw een  th e  l i q u i d  i n  th e  g e l  and p u re  so lv e n to  

P = a  c o r r e c t io n  f o r  th e  m ech an ica l b lo c k in g  e f f e c t*

The e x p e r im e n ta l v a lu e s  o f  D a t  th e  l e v e l s  r ^  o^ a and 

r ^  Og d were s u b s t i t u t e d  in to  th e  above r e l a t i o n s h i p  and th e  r e s u l t s  

a re  g iv e n  i n  T ab le  7*8* No f ig u r e  f o r  was a v a i la b le  and i t  was 

assum ed sero*  p vfas ta k e n  as (1 -

T ab le  7*8

)

P orous M a te r ia l
So3 ,u t e -  S o lv en t 

System
“ t t t ; ........ .....:

(e x p e r im e n ta l) ( c a lc u la te d ) fo E r ro r

HI 2b EC 1 -w a te r 20.1 16«4 -  18

HI 25 Sucre s e -w a te r 3*2 4*15 + 30

HI 25 CGli^-methanol 15*0 14*5 -  3

V5 K O I-w ater 20.1 12.6 -  37

V5 S u o ro se -w a te r 3*2 3*15 -  2

GC2 K C l-w ater 20.1 9*5 -  51

CC2 S u o ro se -w a te r 3«2 2 .4 — 24

I t  i s  obvious that in  only two cases do the ca lcu la ted  values 
o f the d if fu s iv ity  in  free so lu tio n  agree with experiment*

Therefore the correla tion  does not appear to be va lid  for  
the systems studied*

Attempted Correlations
w m w w uw ii UW m ill"   iii'* i i i i iW I*m

Starting with the sim plest co rre la tio n , remembering that D 
i s  a function o f  p orosity  and P , the percentage o f the pore volume f i l l e d  by 
pores le s s  than Ip diameter, the follow ing re la tion sh ip  v̂ as t r ie d ; -

D = a + b (p orosity ) + c (?)
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U sing  ex p erim en ta l, v a lu e s  of- D a t  th e  l e v e l s  r ^  a  and 

r ^  G2  th e  v a lu e s  o f  th e  c o n s ta n ts  a ,  h ,  o w e re ;-

D “ -  8 .0 2  + 0 .390  ( p o r o s i ty )  -  0*006 (p ) -  KOI -  w a te r

D = -  2«19 + O0O99 ( p o r o s i ty )  -  0*002 (p ) -  su c ro se  -  w a te r

O bv iously  th e  form  o f  th e  c o r r e l a t i o n  i s  n o t t h a t  to  g iv e  a 

c o r r e l a t i o n  o f  g e n e ra l  a p p l i c a b i l i t y *

The fo llo w in g  c o r r e l a t i o n  was th e n  t r i e d : -

1 + a P where -  d i f f u s i v i t y  i n  f r e e
f  ”  e 1 + b ( p o r o s i ty )  s o lu t io n *

^ e x p e rim e n ta l d i f f u s i v i t y *  

When th e  v a lu e s  o f  D f o r  HÏ25 and 002 c y l in d e r s  a t  l e v e l s  r ^  a  and 

r ^  Cg d were s u b s t i t u t e d  in to  th e  r e l a t i o n s h i p ,  th e  v a lu e s  o f  th e  c o n s ta n ts  

a  and b w e re :-

a = 0 *0325; b = O0O245 su o ro s e -w a te r

a = 0*0480; b = O.OtyO K C l-w ater

Thus th e r e  i s  no sim p le  a lg e b r a ic  r e l a t i o n s h i p  w hich 

c o r r e l a t e s  th e  r e s u l t s  f o r  a l l  sy s te m s , and th e  most s a t i s f a c t o r y  

fo rm u la  i s  t h a t  g iv e n  i n  7o9*3*4*, nam ely

D = a  -f b ( p o r o s i ty )  + f  (p )
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8 . C O N C L U S I O N S

1 a E xperim ents w ere c a r r i e d  o u t i n  th e  form  o f  p la n n e d  s t a t i s t i c a l

s e r ie s *  D u p lic a te  ru n s  w ere c a r r i e d  o u t and th e  p r o b a b i l i t y

o f  an  e f f e c t  was m easured s t a t i s t i c a l l y  and c o n fid e n c e  l i m i t s  

given*

2» Two e x p e r im e n ta l m ethods o f  m easuring  th e  d i f f u s i v i t y  o f

p o ta ss iu m  c h lo r id e  i n  w a te r  gave r e s u l t s  w hich  ag reed  to  w i th in

3* The p e rc e n ta g e  e x p e rim e n ta l e r r o r  o f  ex p erim en ts  u s in g  th e  

re c o rd in g  b a la n c e  i s  0*8 -  1 *4^*

4# (a )  f o r  aqueous s o lu t io n s  a b s o rp t io n  o c cu rs  more q u ic k ly

th a n  d e s o rp t io n ;  f o r  o rg a n ic  s o lu t io n s  d e s o rp t io n  o c c u rs  

more q u ic k ly  th a n  a b s o r p t io n .

(b ) F o r aqueous s o lu t io n s  th e  method o f  s o r p t io n  becomes 

s t a t i s t i c a l l y  more s i g n i f i c a n t  as th e  p o r o s i t y  o f  th e  

p o rous medium d e c re a s e s .

( c )  E x p erim en ta l d a ta  f o r  th e  sy s te m s , p o ta s s iu m  c h lo r id e -  

w a te r  and c a rb o n  te t r a c h lo r id e -m e th a n o l  ag ree  w ith  th e  

t h e o r e t i c a l  p r e d i c t i o n  o f  Crank and Henry re g a rd in g  th e  

r e l a t i v e  r a t e s  o f  a b s o rp t io n  and d e so rp tio n *  The 

e x p e rim e n ta l d a ta  f o r  th e  su c ro s e -w a te r  system  does n o t 

ag ree  w ith  t h e i r  p r e d i c t i o n .

5* The d i f f u s i v i t y  i n  p o ro u s  m edia v a r i e s  w ith  i n i t i a l  s o lu te

c o n c e n tr a t io n  i n  th e  same way as does th e  d i f f u s i v i t y  i n  f r e e  

s o lu tio n *
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D f o r  p o ta s s iu m  o h lo r ic lo -w a te r  in c r e a s e s  s l i g h t l y  as th e  

i n i t i a l  s o lu te  c o n c e n tr a t io n  in c r e a s e s ;  D f o r  s u c ro s e -  

w a te r  d e c re a se s  as th e  i n i t i a l  s o lu te  c o n c e n tr a t io n  in c re a s e s *

6« The e f f e c t  o f  c y l in d e r  r a d iu s  r  on th e  d i f f u s i v i t y ,  D, 

depends on th e  g rad e  o f  th e  p o ro u s  medium.

F o r HI 23 p o ro u s  c y l i n d e r s ,  D does n o t v a ry  w ith  r a d iu s ;  

f o r  V5 and CC2 p o ro u s c y l i n d e r s ,  D in c r e a s e s  s l i g h t l y  as r  

in c r e a s e s ,

7* E x te rn a l  flow  c o n d i t io n s  have no e f f e c t  on th e  d i f f u s i v i t y  

i n  th e  p o ro u s  m edia exam ined ,

80 D if fu s iv it ;y  d e c re a s e s  as th e  d ia m e te r  o f  th e  d i f f u s in g  

p a r t i c l e ,  d , i n c r e a s e s .  F o r Hi 25 c y l in d e r s  D d e c re a s e s  

a p p ro x im a te ly  l i n e a r l y  w ith  d*

9* (a ) The l a r g e r  th e  d i f f u s i n g  p a r t i c l e ,  th e  l e s s  i t  i s

h in d e re d  by th e  p o ro u s  m a t e r i a l .  F o r HI25 c y l i n d e r s ,  

th e  s o lu te s  i n  o rd e r  o f  in c r e a s in g  d eg ree  o f  h in d ra n c e  

a re  s u c ro s e ,  c a rb o n  t e t r a c h l o r i d e ,  p o ta s s iu m  c h lo r id e *

(b ) The d e g re e  o f  h in d ra n c e  to  d i f f u s io n  i s  r e l a t e d  to  th e  

p o r o s i t y  o f  th e  p o ro u s medium.

( 0 ) The mean p o re  d ia m e te r  and th e  p o re  s i r e  d i s t r i b u t i o n  

p a ra m e te rs  had  a  sm a ll e f f e c t  on th e  d i f f u s i v i t y .  The 

c h ie f  f a c t o r  was th e  t o t a l  p o r o s i t y  o f  th e  p o ro u s  medium,

10* The e x p e r im e n ta l d a ta  does n o t  in d ic a te  t h a t  D i s  dependen t

on th e  r a t i o  o f  th e  d ia m e te r  o f  th e  d i f f u s in g  p a r t i c l e  to  th e  

mean p o re  d ia m e te r  o f  th e  p o ro u s medium.
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A P P E N D I X  î

SOLUTION OF THE DIFFUSION EQUATION 

F or o y l in d r io a l  o o -o rd x n a te s  th e  d i f f e r e n t i a l  e q u a tio n  i s ;

00
2)t

1 ^ 0  \
4-  ““  -»'■» J

w ith  th e  boundary  o o n d x tio n s

( i )
(ii)
(ill)
( i v )

0 f i n i t e  as t  ■ >  + oo 

o f i n i t e  as r  — ^  o 

o =5 o ,  a t  r  = a  ( o < t < + o o )

0 -  o ^ a t t  -  o ( o < r < a )

L et 0 = k ( r )  T ( t )

k  dT _ r dP R _ 1 d R
d t

DT
dT
d t

1 r d^ R 1

d r

âË
d r

T ]

assum ing D i s  in d ep e n d en t 

o f  c o n c e n tra tio n *

= a c o n s ta n t

S in ce  th e  l e f t  hand s id e  i s  a  f u n c t io n  o f  t  a lo n e  and th e  r i g h t  hand 

s id e  i s  a  f u n c t io n  o f  r  a lo n e .

2P u t -  p r= c o n s ta n t

* 1
DT d t

D at



» * 2I n T  = - D p  t  + co n s tan c e

-  D t
T -  Ae

d r

, R = B To (p r )  + C Yo (p r )

w here B and C a re  c o n s ta n ts

Jo  (p r )  = B e s s e l  f u n c t io n  a t  z e ro  o rd e r

Yo (p r )  i= Weber* s B e sse l F u n c tio n  o f  z e ro  o rd e r
2

«*• C -  g - p  D t  Jo  (p r )  + Yo ( p r )  ]

I f  we p u t  th e  c o n s ta n t  o 

th e n  T = A 

and R = C + B lo g  r  

« , G = A + B lo g  r  

. # th e  most g e n e ra l  s o lu t io n  i s

C = A + B lo g  r  + e ^  ^ ^ [ s /  Jo  ( p r )  + Yo ( p r )  ]

C i s  f i n i t e  as r  -— ^  o and t  "—^  + oo 

B = 0  and -  o• •

e# »

G = e ^ ^ ^ B̂  Jo  (p r )

c o n d i t io n  ( i i i )  g iv e s  

o = e ^ ^ ^ B̂  Jo  (pit)

Jo  (p a ) = o

p a  = a t y p i c a l  r o o t  o f  JO (^ )  = o
21 — D4& t   ̂ ^  \« 0 = B e Jo  ( r  )
2 aa
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T ak ing  a  s e r i e s  s o l u t io n

^  ~ D t
C = A e -——T?—  Jo ( —  r  ) and p u t t i n gs-1 s 2 o ' / "a  a

X = r / a

when c o n d it io n  ( i v )  i s  a p p lie d
00

Cl “  1 3 . A Jo  (ot x ) (o < X < l )1 2 s i  s  ̂ s  ̂ ' *

9 )
A “ -—y    j X C. Jo  (ffl x) d X

'  j /  ( % )  0 ' '

= 2 C, , 1

s

= 2 C,

00
C = 2 C, ][% t Jo  (« -  D t  « 2

s =1 3 ,  J ,  (ct J  (-4  r ) 8
s 1 \ s '  a  2a
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A P P E N D I X  2 

PROPERTIES OF THE SOLUTE-SOLVENT SYSTEMS

The p r o p e r t i e s  c o n s id e re d  r e l e v a n t  to  d i f f u s i o n  i n  

p o ro u s  m edia a re  th e  i n t e g r a l  m u tua l d i f f u s i v i t y  i n  f r e e  s o l u t io n ,  

th e  d ia m e te r  o f  th e  d i f f u s in g  p a r t i c l e ,  and th e  v a lu e  o f  1 /k  

( s e e  5*3)*

These p r o p e r t i e s  a re  how c o n s id e re d  i n  t u r n ,

1 « I n t e g r a l  M utual D i f f u s i v i t y  i n  F ree  S o lu t io n

T a b u la te d  v a lu e s  o f  th e  m u tua l d i f f u s i v i t y  a re  g iv e n  be low , 

to g e th e r  w ith  th e  e x p e r im e n ta l m ethod u sed  and so u rce  o f  th e  in fo rm a tio n .

T ab le  1 ; D i f f u s i v i ty  i n  F re e  S o lu t io n  o f  P o tassiu m  C h lo r id e  i n  

W ater (2 5 °C .’>

C o n c e n tra t io n  
( gm, e q u iv  . / l i t r e  )

10^ D i f f u s i v i ty  
(cm / s e c . )

E x p erim en ta l Method ; Source o f  
In fo rm a tio n

1 1 .88 Magnetxo a l l y - s t i r r e d  .

2 2.01 p o ro u s  d iaphragm (47)
3 2*11 c e l l
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T ab le  2; D i f f u s i v i t y  i n  F ree  S o lu t io n  o f  S ucrose  i n  W ater (25^C«)

C o n c e n tra t io n  
(w e ig h t fo)

10^ D i f f u s i v i ty  
(cm2/seOfi)

E x p e rim e n ta l Method Source o f  
In fo rm a tio n

0*7 
15*0 
30*0 
6l .0 5

0*517
0 .420
0 .320
0 .107

S o h lie re n  c o n c e n tr a t io n  
g r a d ie n ts  m easured by 
r e f r a c t i v e  in d ex  
p o l a r i s a t i o n  i n t e r f e r o ­
m e te r .

( 34)
(48 )
(49)

5 .2 5 0 .4 8 2
G-ouy in te r f e r e n c e (35)

T ab le  3 : D i f f u s i v i ty  i n  F re e  S o lu t io n  o f  Carbon T e t r a c h lo r id e  i n

M ethanol (2 5 °C .)

C o n c e n tra t io n  
(w e ig h t f )

10^ D i f f u s i v i ty  
(o m ^ /se o .)

E x p erim e n ta l Method Source o f  
In fo rm a tio n

40
50
60

1 *66 
1 .50  
1 .34

M agnetic a l l y - s t i r r e d  
p o ro u s d iaphragm  
c e l l .

( 53)

2* S ize  o f  th e  D if fu s in g  P a r t i c l e

T ab le  4 : D iam e te rs  o f  th e  D if fu s in g  P a r t i c l e s

S ubstance D iam eter o f  D if fu s in g  
P a r t i c l e  (2 )

Source o f  In fo rm a tio n

P o tass iu m  C h lo rid e 5 .0 ( 51)
Carbon T e tr a c h lo r id e 5*8 ( 52)
Sucrose L . ..... A s c a le  model o f  su c ro se
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N otes : A s c a le  model was used  by th e  a u th o r  to  d e te rm in e  th e  l a r g e s t

d im ension  o f  a  su c ro se  m olecu le*  T h is depends on th e  r e l a t i v e  

c o n f ig u r a t io n  o f  th e  g lu c o se  r in g s *

The e f f e c t i v e  d ia m e te rs  o f  th e  d i f f u s in g  p a r t i c l e s  i n  th e  

c a se  o f  p o ta s s iu m  c h lo r id e  and c a rb o n  t e t r a c h l o r i d e  w ere d e te rm in e d  

u s in g  d a ta  on io n ic  r a d i i*

I t  was assum ed t h a t  th e  volum es o f  th e  io n s  w ere a d d i t iv e  and 

th u s  an e f f e c t i v e  d ia m e te r  was c a lc u la te d *  In  th e  c a se  o f  p o ta s s iu m  

c h lo r id e  0*9 m o lecu les  o f  bound w a te r  p e r  m olecu le  o f  s o lu te  were 

in c lu d e d  i n  th e  d i f f u s in g  p a r t i c l e .  T h is  f ig u r e  ( th e  h y d r a t io n  number) 

was th e  e m p ir ic a l  v a lu e  found  from  d i f f u s i o n  d a ta  ( 5 0 *

3* V a lu es  o f  1 /k

I n  s e c t io n  5»3* i t  was shown t h a t  th e  a n a ly s i s  o f  th e  d a ta  

o b ta in e d  from  th e  r e c o rd in g  b a la n c e  depended on th e  e x is te n c e  o f  a 

s u b s t a n t i a l l y  l i n e a r  r e l a t i o n s h i p  be tw een  s o lu te  c o n c e n tr a t io n  and th e  

d e n s i ty  o f  th e  s o l u t i o n ,  i . e .

P = + k* C

V alues o f 1/ k  f o r  th e  system s s tu d ie d  a re  g iv e n  i n  T ab le  5«

T ab le  5

S o lu te -S o lv e n t  System T em pera tu re
(° c ,)

1A Source o f  
In fo rm a tio n

K C l-w ater 20 1 b656
KG 1 -w a te r 25 1.672 (53)
K C l-w ater 1 «656
S u c ro se -w a te r 20 2*664
S u o ro se -w a te r 25 2.671 (54-)
S u o ro se -w a te r 50 2.677
S u o ro se -w a te r 40 2.685
CCI, -m e th a n o l4- 25 1.981 (55)



T ab les  o f  c o n c e n tr a t io n  and d e n s i ty  a t  25 C* a re  g iv e n  below . 

A specim en c a l c u l a t i o n  o f  1 /k  i s  a ls o  g iv e n .

T ab le  6 ; D e n s ity  and C o n c e n tra t io n  T ab le  (K C l-w ate r)

C o n c e n tra t io n  (gm. ml* )
Y

D e n s ity  (gm. ml*'" )

0 .038 1.023
0 .062 1.035
0.08A 1 *0k 8
0 .107 1.062
0*131 1 .075
0 .1 5 k 1.089
0 .1 7 8 1 .102
0*201 1*116
0 . 22k 1.131

T ab le  7 ; C o n c e n tra t io n  T ab le  ( S u o ro se -w a te r)

C o n c e n tra t io n  (gm. m l. )
Y

D e n s ity  (gm. m l. )

0*0 0 .997
0.051 1 .017
0 . 10k I 0O37
0 .159 1 .058
0*216 1.079
0*275 1 *102
0*338 1 .125
0 *k02 1*1k9
0 *k70 1 o17k
0 *5k0 1 «200
0 *6 lk 1 .227
0 .690 1.255
0*770 1. 28k
0*85k 1*31k
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k  i s  th e  s lo p e  o f  th e  p l o t  o f  d e n s i ty  v s c o n c e n tr a t io n  

k z:
t rL.& X Y -  a  X

-O,where a  = d e n s i ty  o f  w a te r  a t  25 C

= 0*997 gm* ml  ̂

k  = 60656 -  0o997 X 5*k83
3 .1 2 5

k  ^  0*3744 

206711
k
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A P P E N D I X  5

PROPEBTIES OF THE POROUS SMUA

The fo llo w in g  p r o p e r t i e s  o f  th e  p o ro u s  m edia w ere d e te rm in e d  

e x p e r im e n ta l ly : -  h u lk  vo lum e, p o re  volume and p o re  s iz e  d i s t r ib u t i o n *  

Pour p o ro u s m a te r ia ls  w ere u se d  -  th r e e  g ra d e s  o f  a lu m in a - s i l i c a t e s  and 

one g rad e  o f  T eflon*  The p r o p e r t i e s  o f  th e  p o ro u s  m edia a re  now 

c o n s id e re d  i n  more d e ta i l *

1 • D im ensions , Bulk Volum e, P ore  Volume and P o r o s i ty

The v a lu e s  o f  th e  sq u a re  o f  th e  r a d i u s ,  th e  b u lk  volum e, 

p o re  volume and p o r o s i t y  a re  g iv e n  i n  T ab le  8«

T ab le  8; P h y s ic a l  C h a r a c te r i s t i c s  o f  th e  Porous C y lin d e rs  

T ab le  8a : Grade HI 25 ( s e r i e s  I )  Nominal Length 2 in s*

C y lin d e r
No,

R ad ius
Group

(R ad iu s)
(om2)

: P o re  Yolume 
(om )

B ulk Volume
(om )

P o r o s i ty
(9%)

1 ''I 0 .5949 4 .7 8 9 .4 9 5 0 .4

4 0 .6 0 1 4 4 .8 6 9 .5 9 5 0 .6

1 ^2 0.4282 3 .5 5 6*83 5 1 .9

3 ^2 0.4420 3 .5 4 7 .0 5 5 0 .2
1

b
; 0.2601 1.96 4 .1 5 47.1

11
b

0.2521 1 .92 4 .0 2 4 7 .8
__:
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T ab le  8b: Grade H125 ( S e r ie s  2) Nominal

C y lin d e r
No.

R adius
Group

(R a d iu s )^
(cn.2)

Pore Volume 
(o n r)

B ulk Volume 
(om3)

P o r o s i ty
(^ )

1 r^ 0 .5 8 1 2 6 .9 0 13 .45 51*3
2 0.6021 7 .2 4 7 14.184 51.1

1 ^2 0 .4 2 7 4 5 .15 9 .9 0 5 2 .0

2 ^2 0.4177 5 .0 9 2 9 .840 31 .7

1 0 .2797 3 .3 6 6 .4 7 5 1 .9
2 0 .2626 2 .20 4 .3 3 50*8

4 0.2683 2 .1 5 4 .2 0 51*2

6 0 .2770 2 .1 7 4 .2 8 5 0 .7
-------------------

T ab le  8o; Grade V3 Nominal L ength 3 in s

C y lin d e r
No.

R ad iu s
Group

(R ad iu s)^
(om2)

P ore  Volume 
(cm5)

B ulk Volume 
(om^)

P o r o s i ty
(9%)

1 ^1 0*5805 5 .76 13 .67  • 42 .1

1 ''2 0.4121 4 .11 9 .7 0 4 2 .4
1 0 .2572 2.61 f  .06 43.1

T ab le  8d; G rade CC 2 Nominal L ength  3 in s  #

C y lin d e r
No.

R ad ius
Group

(R a d iu s )^
(cm2)

P ore  Volume 
(on^ )

B ulk % ium e 
(on?)

P o r o s i ty
w

1 ^2 0 ,4008 3 .6 3 9 .4 4 3 8 .5
1 0 .2676 2 .3 6 6 .30 3 7 .5
2 -3 0 .2686 1 .64 4 .1 5 3 9 .5

4 *3 0 ,2630 1 .67 4 .1 3 4 0 .4



131 -

Table 8e: Grade Teflon* Nominal Length 3 ins*

............
C y lin d e r

No*
R ad ius
Group

(R a d iu s )^
(cm^)

P ore  Volume 
(om^)

B ulk Volume 
(cm5)

P o r o s i ty
ifo)

4 0.2600 1 .3 9 4 .0 5 3 4 .5
8

^3
0*2500 1 «56 4* 08 3 8 .2

2 0 .U i40 0 .8 7 2.31 3 7 .8

5 0 .1370 0 .8 2 2o38 3 4 .5

2* P ore  S ize  D i s t r i b u t i o n

The r é s u l t e  o f  th e  m erouiy p o ro s im e te r  t e s t s  a re  p r e s e n te d  

g r a p h ic a l ly  i n  two w a y s :-

( a )  C um ulative volume oooupied  a g a in s t  p o re  e n tra n c e  d ia m e te r  

w hich  g iv e s  an  8 - shaped  curve*

(b) Volume o ccu p ied  a g a in s t  p o re  e n tra n c e  w hich g iv e s  a 'h o rm a l"  

c u rv e  from  w hich th e  mean p o re  e n tra n c e  d ia in e te r  can  be 

d e te rm in e d .

The r e s u l t s  a re  shown g r a p h ic a l ly  i n  P ig s .  31 "  34 and a 

sam ple c a l c u l a t i o n  i s  g iv e n  be low .
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Table 9: Specimen C alculation of Pore Size D istribution  Test

D ate ; A ugust 1 4 , 1964* 
Bulk Volume 4*28 o*o#

Sample No. HI 2 5 :6
P ore  Volume 2 .1 7  c .o «  Sample P o r o s i ty  50*7?^

Low P re s s u re  Work

Time Temp.
(°C .)

Head
(om#Hg.)

Mercury Reading
Volume

( 0 0 . )
. Corrected 

P.V. 
( 00 . )

P.V.
B.V.
w

Porosity -  P.Vo 
B*V «

W
I n i t ia l

( 0C0)
Pinal
( 00 . )

3 .1 4 25»0 1 .4 0 .0 3 5 0*031 0 .000 0 .000 0 .0 5 0 .7
3 .1 9 2 5 .0 2 .0 0 .038  : 0 .038 0 .0 0 7 0 .003 0 .0 7 5 0 .6
3 .2 5 2 5 .0 3.1 0 .0 4 0  ; O0O40 - 0 .009 0 .0 0 4 0 .0 9 5 0 .6
3 . 2 7 : 2 5 .0 12.0 0*050 : 0*050 ; 0 .019 0 .012 0 .2 8 5 0 .4
3 . 281 2 5 .0 23.1 0.051 0.051 : 0 . 0 2 0 , 0 .013 0 .3 0 5 0 .4
3 .3 0 2 5 .0 4 5 .2 0 .0 5 5 0 .055 0 .024  i 0 .0 1 7 0 .4 0 5 0 .3
3 .3 5 25.1 A+3 0 .4 0 .060 10 .060 0 .029 0 .017 0 .4 0 5 0 .3

High P re s s u re  Work

Time I b . / i n .
(gauge)

Ohm R eading Accumulative Corrected
P.V.
(00.)

P .V .
B .V .
(fo)

P o r o s i ty  -  P .V .
B.V .

(?%)I n i t i a l
(.1)

Pinal
(.')

ohms
(a)

Volume
(co .)

4 .3 2 A 6 .03 6 .03 0 0 0 .017 0 .4 0 50 .3
4 .3 5 23 6 .0 3 6 .03 0 0 0 .017 0 .40 5 0 .3
4 .3 6 33 6 .0 3 6 .0 3 0 0 0 .017 0 .4 0 50*3
4 .3 8 51 6 .0 3 6 .0 3 0 0 0 .017 0 .4 0 50 .3
4 .3 9 87 6 .03 6 .0 3 0 0 0 .017 0 .4 0 50*3
4.41 122 6 .03 6 .0 3 : 0 0 0 .0 1 7 0 .4 0 50 .3
4 .5 2 193 10.10 10.21 4 .1 8 1 *089 1.106 2 5 .8 2 4 .9
3 .06 217 11.30 11 .34 5.31 1.584 1.401 3 2 .7 18 .0
5 .2 8 247 1.2 .2 0 12 .22 6 .1 9 i .613 1.630 38.1 12.6
5 .30 285 12.90 12.90 6087 1 .790 1.807 4 2 .2 8o5
5 .3 2 356 13.40 13.40 7 .3 7 1*920 1 .937 4 5 .3 5»4
5 .33 407 1 3 .84 13 .84 7.81 2.035 2 .052 4 7 .9 2 .8
5.35 516 14.10 14.10 8 .0 7 2*103 2 .120 49.5 1 .2
5.36 691 14.22 14 .22 8 .19 2.134 2.151 50.3 0.4
5.37 1047 14.28 14.28 8 .2 5 2.150 2 .167 5 0 .6 0*1
5 .4 0 1700 14.29 14 .29 8 .2 6 2.132 2.169 5 0 .7 0 .0
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Prom th e  g raphs o f  ^  p o re  volume and ^  "bulk volume o ccu p ied  

a g a in s t  p o re  e n tra n c e  d ia m e te r ,  th e  d a ta  i n  T ab le  10 was o b ta in ed *

Tabl e  10; C h a r a c te r i s t i c s  of  th e  Porous Media O b ta ined  from  P ore  
S is e  D i s t r i b u t io n  C urves

M a te r ia l  G rade Mean P ore  
D iam eter

% o f  Pore 
Volume L ess 

th a n  Ip  D iam eter

% o f  B ulk Volume l e s s  
th a n  1 \i D iam eter

HI 25 1*0 4 9 .3 25

V5 4 6*7 3*0

GC2 0 .4 5 97*8 j 38*5
T e flo n  r. 20 38*4; 18 .9 14*5; 6*5

-3 20 2*8 1 .0
---------------- ----- :------»----------

The ru n s  w ith  T e f lo n  c y l in d e r s  o f  r a d iu s  r ^  w ere n e t  

c o n s i s t e n t  and a  mean v a lu e  c o u ld  n o t be talcen . Hence th e r e  a re  two 

v a lu e s  f o r  th e  p e rc e n ta g e  p o re  volume and b u lk  volume o ccu p ied  by 

p o re s  l e s s  th a n  Ip  d iam ete r*
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A P P E N D I X  4
mm ian_ui I W  Ml,* I ' r

STATISTIC/iL ANALYSIS OP THE VALUES OP D FOR THE SERIES HI 25

Note :

C.ARBON TETRACHLORIDE -  METHANOL

The v a lu e s  o f  D w ere c a l c u l a t e d  u s in g  th e  s o lu t io n  o f  th e

d i f f u s i o n  e q u a tio n  f o r  s h o r t  t im e s .

S e r ie s  o f  18 Runs w ith  R ep ea ts

40 w e ig h t % CGl^  ̂

50 w e ig h t % CCl̂  ̂

60 w e ig h t fo 0G1|^

a a b s o rp t io n

r^ 0«77 om, r a d iu s  

r ^  0*65 cm, r a d iu s  

r ,  0*52 cm, r a d iu s

d d e s o r p t io n  

I n d iv id u a l  V alues o f  D

No* o f  Run 10^ D
/ 2 —1 \ (ora sec  }

5
10 D R epeat
 ̂ 2 —I \ (ora sec )

r ,  0, a 1*00 0 .99

r ,  °2  a 1 .0 2 1 .02

r, 03 a O086 0 .89
Ï-2 0, a 1 .00 1 .0 8

rg Og a 0*98 0 .87

^2 °3 0 .8 7 0*85
r ,  Cj a 1 .0 7 1 .00

^3 °2  ® 0 .93 1 .01

^3 °3 a 0*89 0 .8 5
r .  0 , d 10O2 1 .0 2
r ,  Og a 1 .10 1 .06

r ,  G, d 1*02 1 .01

C o n t* d /o v e r
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rg 0, a 1 .00 1 .03
rg Og a 0 .9 8 0 .9 7
rg 0^ a 0.86 0.88
1-3 C, a 1 .06 1.04

^3 “2 ^ 1 .03 0 .9 9

^3 ‘̂ 3 ^
0.98 0 .9 5

Sum over Repeats
°1 °2 °3r ,  Pg

"̂ 3 1 ^2 ^3 ^1 ^2 "̂ 3
a 1 .99  2 .0 8 2 .0 7 2 .0 4  1 .8 5 1 .9 4  1 .75 1 .72 1 .7 4 17.18
a 2 .0 4  2 .03 2 10 2 .1 6  1 .96 2 .0 2  2 .03 ■i.7 4 1 .93 18.00

Sum over Radius
35*18

a
d

6*14

i i l l

"2

5 .8 3

6*13

"3
5.21
5 ,70

12.31

Sum over Concentration

11*96 10.91

16*00

12.01

17*18

18.00

Sum over Method

^1
4*03
4*20

Ü Z â - -

11 .37

2

3 .80

3 «46

1 1.80

"̂ 3
4 .1 7

3 .9 6

3 .6 7

3 3 .1 8

12.31 
11.96 

10.91
12.01 1 1 . 3 7 11.80 3 5 .1 8
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E s tim a te  o f  V asianoo o f  E f f e c t s  and I n t e r a c t io n s

C o r re c t io n  F a c to r  (CF) = t o t a l  number o f  ru n s

*. CF = ( 3 5 .1 8 ) 
36 34.378677

c o n c e n tr a t io n ,  0 : (12«31)^ + (11*96)^  + ( iQ .g l ) ^
12

CF

r a d i u s ,  r  :

m ethod, m ;

i n t e r a c t i o n ,  o r

i n t e r a c t i o n ,  cm

-  0o08% 73

(1 2 .0 1 )2  + ( 11. 3 7 )^  + (1 1 .8 0 )2  -  CF 
12

=  0.017739

(1 7 .1 8 )2  + (1 8 .0 0 )2  -  CF 
18

0.018678

^ ( 3 .9 6 ) 9  + (3 . 6 7 )^  -  CF -  o -

= 0.018211

(6 . 14) . . . .  + (5 .2 1 )2  ^ C 5,7o)^ -  CF -  o -  m
6

r= 0*008905

i n t e r a c t i o n ,  rm ; (5 .7 8 )2  ^ (5 .7 5 )2  + (6 .0 5 )2  -  CF -  r  -
6

m

= 0 c006l 06
2 2. 

i n t e r a c t i o n ,  cmr ; ( 1 @99) 4. (2 .0 4 )  . . + ( 1*74) + ( 1*93) "  CP — 0 — m r
-  cm -  o r  -  rm

= 0.004211

R e s id u a l = t o t a l  -  o -  r -  m - ^ o r - c r a - r m -  omr =; 0.0194

T o ta l  r, (1 ,0 0 )2  + (1 .0 2 )2  + . . .  + (0 .9 9 )^  + ( 0 .9 5 ) ^  -  CF = 0.181723
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S t a t i s t i c a l  T ab le

F a c to r No* o f  D egrees 
o f  Freedom

Sum o f  Squares Mean Squares

c o n c e n tr a t io n ,  o 2 0*088473 0.044236

r a d i u s ,  r 2 0*017739 O0OO8869

m ethod, m 1 0*018678 0.018678

i n t e r a c t i o n ,  c r 4 0*018211 0.004552

i n t e r a c t i o n ,  cm 2 0*008905 0.004452

i n t e r a c t i o n ,  rm 2 0*066106 0.003053
i n t e r a c t i o n ,  cmr 4 0*004211 0.001052

r e s i d u a l 18 0*019400 0.001077
T o ta l 35 0*181723

The mean sq u a re  o f  i n t e r a c t i o n  o r  e f f e c t  i s  compared w ith  th e  

mean sq u a re  o f  th e  r e s i d u a l  ( a ls o  c a l l e d  th e  e x p e rim e n ta l v a r ia n c e )*  I f ,  

when th e  s t a t i s t i c a l  t a b le s  a re  c o n s u l te d ,  th e  i n t e r a c t i o n  o r  e f f e c t  i s  

n o t  s i g n i f i c a n t ,  th e n  a  new r e s i d u a l  i s  formed*

Ery in s p e c t io n ,  i n t e r a c t i o n  cmr i s  in s ig n i f i c a n t*

New r e s id u a l  = M .1 9 ^ 0  ,t 0 .0 0 4 2 11.
1 0 + 4

= 0*001073 w ith  22 d e g re es  o f  freedom  (d  o f  f )

th e  r a t i o  o f  th e  mean sq u a re s  i s  te rm ed  th e  P r a t io *  

i n t e r a c t i o n  rm : P = 0*003053 ^ r».- V,
0*001073

= 2*85 1
V ,

= 2 
=  22

where and a re  th e  number o f  d e g re e s  o f  freedom  o f  th e  num erato r and 

d enom ina to r r e s p e c t iv e ly *

The t a b l e  v a lu e  i s  3*44 

# , rm i s  i n s i g n i f i c a n t  a t  5^ le v e l*
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New r e s i d u a l  = 0*Q256l1 + QoQ0 6 îq 6

2 2 + 2

= 0 .001238  w ith  24 d o f  f ,

i n t e r a c t i o n  era: P = 0 .004452  -y rr  ̂ v , = 2
  0 ^ 0 1 2 3 8  = 3 .6 0  ^ 24

The t a b l e  v a lu e  = 3*40

. # i n t e r a c t i o n  cm i s  s i g n i f i c a n t  a t  l e v e l

The r e s id u a l  i s  now f ix e d  a t  0 .0 0 1 238 w ith  24 d o f  f .

. j _ 0 .004552 ,  /o  V, = 4
■4n t er a o tx o n ,.or : F = ô 7oÔÎ2^  = 3 .6 8  = g4

The t a b l e  v a lu e  = 2 .7 8

* . i n t e r a c t i o n  o r  i s  s i g n i f i c a n t  a t  3% l e v e l  

* D = f^ (ora) + fg  (o r )
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A P P E H D I  X 5

STATISTICAL ANALYSIS OF THE VALUES OF FOR THE SERIES 

Ht 25 -  CARBON TETRACHLORIDE -  METHANOL

Table o f Individual Values o f D

No. o f  Run - K
(cm se o . )

q 1 
10 gb R epeat
(cm s e o ." * )

r ,  0 , a U 95 1 *94
r ,  Og a 1.99 2 .00

r ,  0^ a 1 .68 1 .74
rg  0, a 1 .9 2 2 .09

^2 °2 1 .88 1 .68
Pg 0^ a 1 .67 1 #64
r ,  0  ̂ a 2 .06 1.91

^3 °2  ^ 1.79 1.93
r ,  0- a3 3 1.71 1 ,62

p , 0 , d 1.99 2 .0 0
P ,  Og d 2 .1 4 2c07
p , 03 d 1 .99 1 .98

Pg «1 d 1.92 1.99
Pg Og d 1 .8 8 1.88
Pg 0 3  d 1 .65 1.70

^ 3  ^ 2 .0 4 1 .98
P 3  Og d 1 .9 8 1.89
r ,  0 ,  d  

3  3
1.89 1.81
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a 3 .8 9

"1
^2

4«01
3

3 .9 7
"1

3*99
"2

3 .5 6
3

3*72

d 3»99 3«9t 4 .0 2 4 .21 3 ,7 6  3 .8 7

Sum o v e r R adius

*2 °3
a 11.87 11 ,27 10.06 33 .20

d 11 .92 11 .84 11,02 3 4 .7 8

23 .79 23.11 2 1 .0 8 67 ,98

Siam o v e r c o n c e n tr a t io n

?! ^2 ^3
a 11.30 10 .88 11 .02 33 .20

d 12.17 11 .02 11.59 3 4 .7 8

2 3 .47 21 ,90 22,61 6 7 .98

Sura o v e r m ethod

° i °2 °3
7 ,8 8 8 ,2 0 7 .3 9 23 .47

^2 7 .9 2 7 .3 2 6 ,6 6 21 .90

7 .9 9 7 .3 9 7 .0 3 22,61

23.79 23,11 2 1 .08 6 7 .9 8

1
3 .4 2

3*97

2
3.31

3 .3 3

3 .3 3  33*20

3*70 3 4 .7 8

67 .98
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E s tim a te  o f  V a rian ce  o f  E f f e c t s  and I n t e r a c t io n s

C o rre c tio n  F a c to r  (CF) = ( g r and   = = 128.368900T o ta l  number o f  runs 38

O o n o e n tra tio n ', o :

R adius*  r  : 

Method* m ; 

I n te r a c t io n *  o r ;

(23»79)^  + ( 2 3 . +  (2 1 .0 8 )^ -  CP = 0 .3 3 O 1 6  
12

( 2 3 .4 7 )^  + (2 1 .9 0 )2  + (2 2 .6 1 )2  _ ^ O.IO3016
12

( 3 3 . 20)^  + 
18

-  CP = 0 .069344

.o o j^  + . . .  4- (6 .6 6 )2  + ( 7 . 03) -  CP -  0 -  r

= O0O66768

I n te r a c t io n *  cm ; ( l1 o 8 7 )^  + *@0» + (I0 o 0 6 )^  + (l1oQ 2)^  « CF -  0 -  m
6

= 0.034740

I n te r a c t io n *  rm : ( I1 a 3 0 )^  + + (1 1 .0 2 )^  + (11*59 )^  -  CF -  r  -  m
  b '

= O0O2244O

I n t e r a c t i o n ,  omr : (3 .8 9 )^  + ( 3 .9 9 )^  t  -■>... +- (3 .3 3 )^  + ( 3 .7 0 )^  -  CP -  o
2

m -  r  -  c r  -  err “ rm = O.OI7076 

R e s id u a l : T o ta l  -  0 ~ r  -  m -  o r  -  cm ~ rm -  cmr = 0*07720

T o ta l  : ( 1 . 95)^  + ( 1 . 94)^  + . . . .  + (1 .8 9 )^  + (1 .8 1 )2  -  CP = 0.721900
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S ta t i .s t io a ] .  T ab le
K.CJU'U» «Ma*/ m

F a c to r D egrees o f  
Freedom

Sum o f  Squares Mean Squares

0o n e e n t r a t io n ,  c 2 0.331316 Oo165658

r a d i u s , r 2 0.103016 0.051508

m ethod, m 1 0.069344 0.069344

i n t e r a c t i o n ,  o r 4 0.066768 Oo016692

i n t e r a c t i o n ,  cm 2 0.034740 0.017370
i n t e r a c t i o n ,  rm 2 0.022440 0.011220

i n t e r a c t i o n ,  cmr 4 0.017076 0 . 004269.

r e s i d u a l 18 0 .07720 0.004288

t o t a l 35 0,721900

By in s p e c t io n ,  i n t e r a c t i o n  omr i s  i n s i g n i f i c a n t

New r e s id u a l  = 0 .017076 + 0 a07720
1 8 + 4

= 0 ,004285 w ith  22 d o f  P .

i n t e r a c t i o n  rm: P = 0 .01122-  _ _ p T, = 2
0» 004285 -  v ' = 2 2

The t a b l e  v a lu e  i s  5 «44-«
O# • I n t e r a c t io n  rm i s  i n s i g n i f i c a n t  a t  l e v e l .

# # New r e s id u a l  = 22 x  Ou 004-283 + 0^022^1.0
'22 +  2

= 0.004862 w i th  24 d o f  F .

I n t e r a c t io n  o r :  F = O0OI6692 ,  , ,  v . = 4
 ---------------------------------—  0T0ÔW62 = 3 .4 5  = 24

The t a b le  v a lu e  i s  2 «78

* ** * i n t e r a c t i o n  o r  i s  s i g n i f i c a n t  a t  3% l e v e l

i n t e r a c t i o n  cm ; F = 0o01737 ,  r--̂
— ------------------------------------------------------------ 0 : 0 5 4 ^ 2  = ^ “57

V. = 2
Vg = 24
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The ta b le  v a lu e  i s  3^40

a i n t e r a c t i o n  om i s  s i g n i f io a n t  a t  th e  3^ l e v e l

(or) + fgD* = f ,  ( o r )  + f „  (cm)
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