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I  INTRODUCTION

From many o f  th e  s te e p in g  and e x t r a c t io n  p ro c e s s e s ,  w aste  

l iq u o r s  o c c u r which a re  d is c a rd e d  b ecau se  o f  c o l lo id a l  p o l l u t io n  and 

re c o v e ry  d i f f i c u l t i e s .  A lso , i t  i s  o f te n  n e c e s s a ry  to  p u r i f y  a  c o l­

l o i d a l  s o lu t io n  from  accompanying c r y s t a l l o i d s .  For th e s e  two c a s e s ,  

d i a l y s i s  o f f e r s  a  w id e ly  a p p l ic a b le  and econom ical method o f  s o lu te  

reco v e ry  o r  so l p u r i f i c a t i o n .

E s s e n t i a l l y ,  d i a l y s i s  c o n s i s t s  o f  im posing  a  p erm eab le  membrane 

betw een a  c o n c e n tra te d  im pure s o lu t io n  and a  d i l u t e  p u re  s o lu t io n ,  

and p e r m i t t in g  d i f f u s io n  to  ta k e  p la c e .  The n e t  r e s u l t  i s  to  r e t a i n  a l l  

m a te r ia l s  c o l lo id a l ly  d is p e r s e d  on one s id e  o f  th e  membrane, w h ile  th e  

m a te r ia l s  i n  t r u e  s o lu t io n  d i f f u s e  th ro u g h  th e  membrane, th u s  d e p le t in g  

th e  im pure s o lu t io n  o f  i t s  c r y s t a l l o i d s .  S in ce  i t s  d is c o v e ry , d i a l y s i s  

h as  been  s u c c e s s fu l ly  employed in  l a b o r a to r i e s  f o r  th e  p u r i f i c a t i o n  o f 

to x in s ,  m edia, v i r u s e s ,  and v a r io u s  s o ls .

W ith in  th e  l a s t  decad e , th e  u se  o f  d i a l y s i s  h as  app eared  in  

i n d u s t r i a l  o p e ra t io n s .  D ia ly z e rs  a re  u sed  in  la rg e  s c a le  u n i t s  f o r  th e  

re c o v e ry  o f  c a u s t ic  soda in  th e  v is c o s e  ray o n  p ro c e s s .  I t  i s  a lso  b e in g  

experim en ted  w ith  a s  a  method o f  p u r i fy in g  ru b b e r l a t e x  b e fo re  c o n g e a lin g , 

and in  th e  re c o v e ry  o f  su g ar from  n o n - c r y s ta l l i z a b le  sy ru p s .

I n  t h i s  c o u n try  th e r e  a re  two ty p e s  o f i n d u s t r i a l  d ia ly z e r s  

em ployed, nam ely, th e  box and membrane ty p e  (C e r in i )  and th e  f i l t e r  

p re s s  ty p e  (A sa h i) . Of th e s e ,  th e  A sahi ty p e  i s  th e  m ost e f f i c i e n t .  

However, th e  C e r in i ty p e  le n d s  i t s e l f  more r e a d i ly  to  th e  rayon  in d u s t r y .  

N e ith e r  o f  th e s e  i s  m e c h a n ic a lly  s a t i s f a c t o r y ,  and b o th  have in h e re n t  

o p e ra t in g  d i f f i c u l t i e s .
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The r a n id  growth o f  d i a lv s i s  as a re c la m a tio n  p ro c e ss  i s
(17)

re p re s e n te d  hy th e  fo llo w in g  f ig u r e s  f o r  sodium h y d ro x id e  a lo n e .

19S4 -------  25 ,000 ,000  l b .  c a u s t ic  reco v e re d  by d i a l y s i s .
1935 -------  40 ,0 0 0 ,0 0 0  " " " "

Thus, i t  i s  seen  t h a t  th e  v a lu e  o f  d i a l y s i s  i n  th e  ravon 

in d u s try  was r a p id ly  re c o g n iz e d .

D ia ly s is  i s  cap ab le  o f  b e in g  employed w ith  b o th  r e l a t i v e l y  

c o n c e n tra te d  and q u i te  d i l u t e  s o lu t io n s .  The o p e ra t io n  p ro ceed s 

e n t i r e l y  by v i r t u e  o f  c o n c e n tra t io n  g r a d ie n ts ,  and th e r e f o r e  i s  

eco n o m ica lly  f a v o ra b le .  The p ro c e s s  may be execu ted  e q u a l ly  w e ll 

w ith  e l e c t r o l y t e s  and n o n - e le c t r o ly te s .  F u rth erm o re , d ia lv z e d  

s o lu t io n s  a t t a i n  a v e ry  h ig h  deg ree  o f p u r i t y .

I t  i s  th e  o b je c t  o f  t h i s  in v e s t ig a t io n  to  s tu d y  th e  e f f e c t  o f  

th e  v a r ia b le s  in v o lv in g  th e  r a t e  o f  d i a l y s i s  and to  develop  a b a s is  

f o r  d ia ly z e r  d e s ig n . I t  i s  a ls o  d e s i r a b le  to  e v a lu a te  th e  employment 

o f th e  d ia ly z e r  ’w ith  re g a rd  to  ty p e  and a d a p tio n .
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I I  HISTORICAL

The f i r s t  im p o rta n t work in  th e  f i e l d  o f  d i a l y s i s  was t h a t  o f  
( 12)

Thomas Graham’ s . D uring  h i s  s tu d ie s  o f  p r e f e r e n t i a l  d i f f u s io n ,  he  found 

t h a t  c e r t a i n  su b s ta n c e s  ev idenced  a  n e g l ig ib l e  d i f f u s i v i t y  through- such 

s e p ta  a s  g e l a t in ,  g e la t in o u s  s ta r c h ,  c o a g u la te d  album in , anim al m ucus,
(13 )

and parchm ent p a p e r . From t h i s ,  he d i f f e r e n t i a t e d  betw een t r u e  and

c o l lo id a l  s o lu t io n s .  T h is  famous work was e v e n tu a l ly  v e r i f i e d  by

Z sigm ondy 's in v e n tio n  o f  th e  u l t ra m ic ro sc o p e . F u rth e rm o re , Graham

observed  t h a t  d i f f u s io n  in  c o l lo id a l  g e ls  p ro ceed ed  w ith o u t in t e r f e r e n c e

from  th e  c o l lo id .  C o in c id e n t w ith  t h i s ,  he observ ed  t h a t  two s a l t s

e x h ib i te d  t h e i r  u s u a l r e l a t i v e  d i f f u s i v i t y  unchanged by th e  in t r o d u c t io n

o f a  septum , w h ile  a  c o l lo id  was co m p le te ly  w ith h e ld .

A no ther i n t e r e s t i n g  o b s e rv a tio n  was t h a t  o ver th e  ran g e  o f

te m p e ra tu re s  w here f r e e  w a te r  d i f f u s i v i t y  doub led , th e  r a t e  o f d i a ly s i s

in c re a s e d  by o n ly  one t h i r d .  P o s s ib ly ,  t h i s  may have been due to

c o n v e c tio n  c u r r e n ts  in  h i s  f r e e  w a te r  d i f f u s io n  a p p a ra tu s .

A lthough  Graham was th e  f i r s t  im p o rta n t i n v e s t ig a t o r  o f  d i a l y s i s ,

he was n o t  th e  f i r s t  to  work v d th  th e  p r o p e r t i e s  o f  membranes. Abbe’
( 1 )

N o lle t  in  1748 re p o r te d  th e  phenomenon o f  o sm osis . P f e f f e r  f i r s t  c a r r i e d
(25)

o u t a  s e r i e s  o f  r e l i a b l e  q u a n t i t a t iv e  ex p e rim e n ts . He employed c la y

c e l l s  w ith  a  f i lm  o f  copper fe r ro c y a n id e  d e p o s ite d  i n  th e  i n t e r s t i c e s .

Van’ t  H off found t h a t  th e  r a t i o  o f  osm otic p re s s u re  to  concen- 
(40)

t r a t i o n  was a  c o n s ta n t .  E v e n tu a lly ,  he a r r iv e d  a t  a  r e l a t i o n  s im i la r  

to  th e  gas law , o r

FV z  hRT 

P = cRT
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(20)
More r e c e n t ly ,  Morse and F ra z e r  in  A m erica, th e  E a r l o f  B erk e ly  

( 15)
and H a r tly  i n  England have o b ta in e d  e x c e l le n t  d a ta  w hich shows the 

r e l a t i o n  betw een a s s o c ia t io n ,  d i s s o c ia t io n ,  and th e  osm otic  p r e s s u r e .

S in ce  th e  adv en t o f  G raham 's d isc o v e ry  o f  th e  d ia ly z e r ,  i t  h as  

been  in t im a te ly  a s s o c ia te d  w ith  c o l lo id a l  c h e m is try . I t  h a s  a ls o  been 

-widely employed in  b io c h em ic a l and b a c t e r io lo g ic a l  w ork. However, 

a d a p tio n s  o f d ia ly z e r s  have been made w hich se rv e  c e r t a i n  p u rp o se s  more 

e f f e c t iv e l y  th a n  th e  d ia ly z e r  p ro p e r .  These m o d if ic a t io n s  a re  g iv en  as  

fo llo w s :

E l e c t r o d i a l y s i s : The p ro c e s s  w hereby th e  r a t e  o f  rem oval o f

c r y s t a l l o i d s  from  a  s o l  i s  in c re a s e d  by im posing an e l e c t r i c a l  p o te n t i a l

a c ro s s  th e  s o l ,  w hich i s  s e p a ra te d  from  su rro u n d in g  so lv e n t by a  perm eable

membrane. The e l e c t r o l y t e s  a re  removed by io n ic  m ig ra t io n ,  and th e

n o n - e le c t r o ly te s  by e le c tro o s m o s is .  The c o l lo id s  a re  r e ta in e d  by th e

membrane. T h is  te c h n iq u e  i s  e s p e c ia l ly  ad ap ted  f o r  th e  p u r i f i c a t i o n  o f

sim ple in o rg a n ic  and c la y  s o l s ,  and i s  w id e ly  employed in  th e  p u r i f i c a t i o n
(43)

o f  ly o p h i l ic  c o l lo id s  such as m a s t ic ,  ag a r and p r o te in s .

U l t r a f i l t r a t i o n : A method o f s e p a ra t io n  w hereby a s o l i s  p la c e d

under p re s s u re  th e re b y  fo r c in g  th e  c r y s t a l l o i d s  to  p as  th ro u g h  a perm eable

membrane, th e  c o l lo id a l  m a te r ia l  b e in g  r e ta in e d .  T h is  d ev ice  i s  th e

f a v o r i t e  in s tru m e n t f o r  b io lo g ic a l  f l u i d  p u r i f i c a t i o n  and c o n c e n tr a t io n .
(44)

I t  i s  w id e ly  employed f o r  th e  s e p a ra t io n  o f  germs and v i r u s e s .

A method o f  s e p a ra t io n  w hich com bines th e  ad v an tag es  o f  th e  

u l t r a f i l t e r  and th e  e l e c t r o d i a ly z e r .  The cathod  i s  p la c e d  u n d er th e  

u l t r a f i l t e r  membrane, and th e  anode in s id e  a  com partm ent c o n ta in in g  

w a te r  and s e p a ra te d  from  th e  so l by a  perm eable membrane. S u c tio n  i s  

a p p l ie d  from  b e n e a th , and th e  im p o s i tio n  o f a p o t e n t i a l  a c ro s s  th e
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(45)
e le c t r o d e s  c a u se s  a  r a p id  o u r i f i c a t i o n .

These d e v ic e s  a re  d i f f e r e n t i a t e d  from  th e  norm al d ia ly z e r s  in  

t h a t  th e y  r e q u ir e  work e x te rn a l  to  th e  system  to  f a c i l i t a t e  th e  p u r i f i ­

c a t io n .  The d ia ly z e r  o p e ra te s  by v i r t u e  o f i t s  c o n c e n tr a t io n  p o te n t i a l s  

a lo n e .

T h is  work i s  to  be l im i te d  p u re ly  to  th e  a u to - a c t iv e  p ro c e s s  o f  

norm al d i a l y s i s ,  and a l l  o f  th e  su b seq u en t m a tte r  s h a l l  d e a l w ith  t h i s  

s u b je c t .

L arge S c a le  Uses o f  D ia ly s i s .  The f i r s t  l a r g e  sc a le  employment 

o f  d i a l y s i s  was i n  th e  m an u fac tu re  o f  b e e t  su g a r. I t  was found  t h a t  

a f t e r  th e  f i r s t  w ash ing  o f  th e  c u t sugar b e e t s ,  su g a r d ia ly z e d  th ro u g h  

th e  t i s s u e  w a lls  r e s u l t in g  in  a  v e ry  p u re  s o lu t io n  n o t co n tam in a ted  w ith  

c o l lo id a l  m a t te r .  A c tu a lly  th e  p ro c e s s  o f  b e e t  su g ar e x t r a c t io n  i s  

d es ig n ed  around t h i s  fundam ental o p e ra t io n .  A lso , i t  h a s  been  found 

f e a s ib l e  in  some p la n ts  to  u se  d ia ly z e r s  to  p u r i f y  th e  ju ic e  o f  th e  

ground b e e t s .

The n e x t and most s u c c e s s fu l  d i a l y s i s  o p e ra t io n  appeared  in  th e  

rayon  and v is c o s e  p ro d u c ts  in d u s tr y .  I t  i s  employed in  th e  re c o v e ry  o f 

c a u s t i c  soda u sed  f o r  s te e p in g  p u rp o se s . T h is i s  s t i l l  th e  m ost w ide­

sp read  a p p l ic a t io n  o f  d i a l y s i s .

The f i r s t  c a u s t ic  soda d ia ly z e r  p a te n t  was f i l e d  bv F. H.
(37)*

G r i f f i n  in  1923 f o r  th e  V isco se  Company o f P e n n sy lv a n ia . T h is d ia ly z e r
(35)

was in  l im i te d  u se  f o r  a w h ile . However, i n  1927 L. C e r in i ,  an I t a l i a n ,

f i l e d  a  p a te n t  i n  t h i s  c o u n try  on a  much s u p e r io r  c e l l  w hich i s  now

in  w id esp read  u s e . C e r in i a ls o  p a te n te d  a  method o f  p r e p a r a t io n  o f 
(36 )

membranes, in  1928. E. H e ib ig , a  Frenchm an, p a te n te d  in  1932 a  d ia ly z e r
(38)

p l a t e ,  w hich c o n s is te d  o f  an in g e n io u s  system  o f b a f f l e s  to  in s u re
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g r e a te r  f lo w  p a th , th e  b a f f l e s  b e in g  supported, in  a  fram e . T h is d ia ly z e r
(39)

a p p a re n tly  was u sed  in  E urope. S. Tachikaw a, a  J a p a n e se , p a te n te d  an 

au to m a tic  p re s s u re  a d ju s te r  f o r  u se  on d ia ly z e r s .  Through th e  u se  o f  

t h i s  d e v ic e  he hoped to  o b ta in  th e  r a p id  t r a n s f e r  r a t e  f a c i l i t a t e d  by 

some o f  th e  more f r a g i l e  membranes such as C e llo p h an e .

D ia ly s is  h a s  a ls o  been employed to  some e x te n t  i n  th e  re c o v e ry  

o f c r y s t a l l i z a b l e  su g a rs  from, sy rups in  th e  cane su g a r in d u s tr y .

G eneral Employment. D ia ly s is  i s  w id e ly  employed in  l a b o r a to r i e s  

to  e f f e c t  a  s e p a ra t io n  o f io n ic  s o lu te s  from  s o lu te s  i n  th e  c o l lo id a l  

ra n g e . A lso , i t  may be employed p r e f e r e n t i a l l y  to  s e p a ra te  io n s  o f 

v a ry in g  d i f f u s io n  r a t e s .  G e n e ra lly , th e  la b o ra to ry  employment f a l l s  

in to  th e  fo llo w in g  th r e e  c l a s s e s :

(1 ) S e p a ra tio n  o f  io n ic  s o lu te s  from  s o ls  w hich a re  to  form

g e l s ,  such as  h y d ra te d  o x id e s .

(2 ) P u r i f i c a t i o n  o f  to x in s ,  serum s, b a c t e r io lo g ic a l  m edia, e t c .

(3 ) P u r i f i c a t i o n  and a n a l y t i c a l  ex am in a tio n  o f  su g a rs  and o th e r  

c a rb o h y d ra te s .

Examples o f  ( l )  a re :

(a )  H ydrated  FegOg, and o th e r  o x id es  o f  C r, A l, and Sn 

w hich a re  to  be p u r i f i e d  from  a c id s ,  such as HC1.

(b ) G e la t in ,  g lu e ,  a lbum in , and ly o p h i l s .

(c )  Sodium s i l i c a t e  s o l  p u r i f i c a t i o n ,  and o th e r  s o ls  w here 

i t  i s  d e s i r a b le  to  remove th e  p e p t iz in g  a g e n t .

Examples o f  (2 ) a re :

(a )  Hemoglobin p r e p a ra t io n s

(b) B lood ex am in a tio n s

(c )  D ip h th e r ia  to x in s

(d j  Serum album in p u r i f i c a t i o n s
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Examples o f  (3 )  a re :

(a )  D e x tr in  p u r i f i c a t i o n

(b )  R ecovery o f  n o n - c r y s ta l l i z a b le  su g a rs

(c )  F a ts  ex am in a tio n s

(d) A lk a lo id  p u r i f i c a t i o n

(e )  P h a rm a c e u tic a ls  m an u fac tu re

( f )  A g a r-ag a r p u r i f i c a t i o n

Commercial A p p lic a t io n s . C om m ercially , d ia l j r s is  h a s  been 

a p p lie d  to  th e  fo llo w in g  m a n u fa c tu rin g  p ro c e s s e s :

(1 ) Serum and to x in  m an u fac tu re

(2 ) Sugar re c la m a tio n

(3 ) Rubber p u r i f i c a t i o n

(4 ) C a u s tic  soda re c o v e ry  in  th e  rayon in d u s tr y

The two m ost s u c c e s s fu l  a p p l ic a t io n s  have been  ( l )  and ( 4 ) ,  

Serum and to x in  p u r i f i c a t i o n s  a re  r a t h e r  slow ly  accom plished

in  th e  fo llo w in g  ty p e  o f  a p p a ra tu s : 
*ax//9 f e e d

r
> I

I I
Avts+m

F ig . 1 A Toxin D ia ly t ic  C e l l  

In  th e s e  c e l l s ,  a c e llo p h a n e  o r parchm ent p ap e r membrane i s  

em ployed. The to x in  o r  serum i s  a llow ed  to  rem ain  s ta g n a n t in  t h e i r  

com partm ents, w h ile  w a te r  i s  low ly p a s se d  in  th e  a d jo in in g  com partm ent.
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T h is  i l l u s t r a t e s  a  v e ry  s im p le , b u t  h i ^ i l y  i n e f f i c i e n t  m ethod.

Sugar p u r i f i c a t i o n  p r e s e n ts  a v e ry  d i f f e r e n t . c a s e ,  more n e a r ly

re sem b lin g  p r e f e r e n t i a l  d i a l y s i s .  In  th e  sy ru p s  from  c r y s t a l l i z e d  su g a r ,

th e re  rem ains a q u a n t i ty  o f su g ar w hich would be c r y s t a l l i z e d  under

extrem e c o n d i t io n s ,  b u t  canno t be removed in  pure  fo rm . However, t h i s

sugar w i l l  d ia ly z e  i n  p re fe re n c e  to  th e  n o n - e r y s ta l l i z a b le  su g a r . Thus,

i t  i s  p o s s ib le  to  re c o v e r  c o n s id e ra b le  q u a n t i t i e s  o f  su g a r t h a t  o th e rw ise  
(42)

would be w asted . The S tephans p ro c e s s  o f  fo rm ing  th e  ca lc iu m  s a c c h a rid e

com petes w ith  t h i s .

The ru b b e r com panies o f  G rea t B r i t a i n 1s Ea s t  I n d ie s  have

endeavored  to  p u r i f y  raw l a t e x  by means o f d i a l y s i s  b e fo re  th e  l a t e x  i s
(26)

c o n g ea led . T h is removes an a c c e le r a to r  and an o x id a n t. S ix te e n  p e r  c e n t

o f th e  t o t a l  n i t r o g e n  i s  d i f f u s i b l e .  The f i lm  from  d ia ly z e d  l a t e x  i s

s t ro n g e r  th a n  t h a t  from  th e  r e g u la r  p ro c e s s .  C e r ta in  d i f f i c u l t i e s  a ro s e ,

how ever, due to  th e  fo rm a tio n  o f  a  l i g h t l y  c o a g u la te d  g e l in  th e  v i c i n i t y

o f th e  membrane. By p ro p e r ly  c o n t r o l l in g  c o n d i t io n s ,  t h i s  was p a r t i a l l y
(27)

a l l e v i a t e d .  I t  i s  a p p a re n t t h a t  th e  c o n d it io n  was n o t co m p le te ly  t r e a t e d ,  

s in c e  th e r e  was no method o f  l a t e x  c i r c u l a t i o n  em ployed, and a t  c e r t a i n  

l i m i t s ,  th e  l a t e x  s t a b i l i t y  co u ld  be ex p ec ted  to  be a f f e c t e d .  F u rth e rm o re , 

th e  a p p a ra tu s  employed was v e ry  c ru d e . The B r i t i s h  I n d ia  Company h a s  

dropped t h e i r  ex p erim en ts  s in c e  th e n , b u t  th e r e  i s  no a p p a re n t re a so n  

why a modern d ia ly z e r  cou ld  n o t  e f f e c t  th e  p u r i f i c a t i o n .

P ro b ab ly  th e  g r e a t e s t  d i a l y s i s  advances and th e  m ost s u c c e s s fu l  

a p p l ic a t io n s  have been in  th e  v is c o s e  m a n u fa c tu rin g  in d u s t r i e s .  For 

t h a t  re a s o n , and b ecau se  o f  th e  a v a i la b le  in fo rm a tio n , t h i s  ca se  w i l l  

be t r e a t e d  in  d e t a i l .

V isco se  i s  m anufac tu red  by c a u s t i c iz in g  wood p u lp  ( e s s e n t i a l l y
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a lp h a  c e l lu lo s e ) w i th  sodium h y d ro x id e , w hich c a u s t i c  c e l lu lo s e  i s  th e n

r ip e n e d , t r e a t e d  w ith  carbon  d i s u l f i d e ,  and th e n  d is s o lv e d  in  d i l u t e
(17)

sodium h y d ro x id e  s o lu t io n .  F ig u re  (2 ) r e p r e s e n ts  th e  flo w  s h e e t t h a t  i s

employed by th e  T u rb ize  C h a t i l lo n  C o rp o ra tio n  o f  Rome, G eo rg ia .

The m an u fac tu re  o f  v is c o s e  r e q u i r e s  1 ,2 5  lb s .  o f  NaOH p e r  lb .

o f  v is c o s e  p ro d u c ts ,  65 p e r  c e n t  ( o r  0 .813  l b . )  o f  w hich i s  employed in  
(17)

th e  s te e p in g  b a th s .  A ll  o f th e  c a u s t i c  i s  n o t  d ia ly z e d  a f t e r  each s te e p in g

s in c e  th e  d eg ree  o f  co n ta m in a tio n  does n o t  r e q u ir e  p u r i f i c a t i o n .  The

fo llo w in g  p ro ced u re  i s  employed; 220 lb s .  o f  wood o u lp  (d ry  b a s i s )  i s

p la c e d  in  a  s te e p in g  b a th ,  to  which i s  added 2,998 lb s .  o f  17 -18  p e r

c e n t  c a u s t i c  s o lu t io n .  A f te r  th e  s p e c i f i e d  p e r io d  o f  s te e p in g ,  th e

e x ce ss  c a u s t i c  s o lu t io n  i s  d ra in e d  o f f .  Im m ediate ly  fo llo w in g  t h i s ,

p re s s u re  i s  a p p l ie d  to  th e  c a u s t i c iz e d  c e l lu lo s e  by means o f  a  h o r iz o n ta l

screw  ja c k ,  th u s  l i b e r a t i n g  a  q u a n t i ty  o f  17 p e r  c e n t NaOH s o lu t io n ,

w hich i s  known as  th e  " 1 s t  p r e s s " .  The d r a in  and " 1 s t  p re s s "  a re

combined and s e n t to  a p u r i f i c a t i o n  u n i t  in  w hich suspended m a tte r  i s

removed. T h is  has  combined w ith  i t  0 .7 0  l b .  o f h e m ic e l lu lo s e .  The

c a u s t i c iz e d  c e l lu lo s e  mass i s  th e n  p re s s e d  a g a in  to  y i e ld  th e  "2nd p r e s s " .

T h is  c o n s i s t s  o f 298 l b s .  o f  17 p e r  c e n t  c a u s t i c  w hich i s  co n tam in a ted

w ith  1 .9  l b s .  o f  h e m ic e l lu lo s e .  T h is h a s  reach ed  a c e l lu lo s e  c o n te n t to o

h ig h  f o r  f u r th e r  s te e p in g  o p e ra t io n s ,  and i s ,  t h e r e f o r e ,  s e n t  to  th e

d ia ly z e r s  f o r  p u r i f i c a t i o n .  Four hundred  l b s .  o f  1 6 .7  p e r  c e n t  c a u s t ic
(42)

i s  r e ta in e d  by th e  c a u s t i c iz e d  c e l lu lo s e .

I t  i s  th e  "2nd p re s s "  l iq u o r  w hich i t  i s  d e s ir e d  to  d is c u s s  in  

d e t a i l .  T h is  l i q u o r  h a s  th e  fo llo w in g  approx im ate  com positions

D e n s i t y ------------------1 .2  gm./cm^

C a u s t i c ------------------16% NaOH
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C a r b o n a te s ------------- 4$ (C a, Mg, Na, K)

O rganic M a t t e r  2% (m o s tly  h e m ic e l lu lo s e )

Suspended s o l id s ,  s i l i c a t e s ,  m e ta l l i c  im p u r i t i e s ,  e t c .

T his l i q u id  p a s se s  in to  a s to ra g e  ta n k ,  w here p a r t  o f  th e  su s ­

pended s o l id s  p a s s  o u t .  From h e re  th e  l i q u o r  p a s se s  to  d ia ly z e r s  o f  th e  

C e r in i  ty p e ,  w here 90 p e r  c e n t o f  th e  d is s o lv e d  h e m ic e l lu lo s e  i s  removed, 

n e a r ly  a l l  c a rb o n a te s ,  and a l l  th e  sh red s  and m e ta l l i c  im p u r i t i e s .

T h is  i s  d e l iv e re d  a s  8 p e r  c e n t  NaOH s o lu t io n ,  th e  im pure l i q u id  b e in g

reduced  to  1 ,5  p e r  c e n t NaOH. The re c o v e ry  e f f ic ie n c y  i s  s p e c if ie d  as  
(42)

90 p e r  c e n t .  There i s  some in c re a s e  in  th e  im pure l i q u o r  volum e, w h ile

th e  p u re  l iq u id  h a s  a  volume tw ic e  t h a t  o f  th e  im pure s o lu t io n .  The

c o n c e n tr a t io n  o f th e  s o lu t io n  m ust be b u i l t  up b e fo re  f u r t h e r  u se  in

th e  s te e p in g  b a th s ,  o r  reduced  in  s t r e n g th  f o r  u se  in  m ix ing  w ith

t r e a t e d  c e l lu lo s e .  I n c id e n ta l ly ,  some p la n t s  have found  i t  advan tageous

to  d ia ly z e  some o f  th e  f i r s t  p r e s s  l iq u o r  e x o re s s ly  f o r  th e  pu rp o se  o f

th e  m ix ing  s o lu t io n ,  th u s  d e r iv in g  th e  advan tage o f  h ig h  p u r i t y  o f  th e

d ia ly z e d  s o lu t io n s .

The v a lu e  o f d i a ly s i s  a s  a  re c la m a tio n  p ro c e s s  i s  e s ta b l i s h e d  by

th e  re c o rd  o f  i t s  r a p id  growth in  th e  c a u s t ic - v is c o s e  in d u s t r y .

Some o f  th e  im m ediate f e a s ib l e  i n d u s t r i e s  w here d i a l y s i s  co u ld
(1)

be p r o f i t a b l y  employed a re  g iv en  by B a s s e t,  a  w orker i n  th e  f i e l d .

These a r e  as fo llo w s :

(1 ) Sugar r e f in in g  -  l a r g e  p e r  c e n t o f c r y s t a l l i z a b l e  su g ar may 

be  o b ta in e d  from  m o la sse s .

(2 ) T e x t i l e  in d u s try  -  re co v e ry  o f  w aste  m e rc e r iz in g  c a u s t i c ,  

w aste  sodium  s u l f a t e ,  e t c .

(3 ) Gel p u r i f i c a t i o n  -  a lum ina, s i l i c a  g e l ,  g lu e s ,  g e l a t i n s ,  e t c .
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(4 ) O rganic w a s te s  m ay be f lo c c u la te d  by rem oving so lu b le  s a l t s .

(5 ) T a r t a r ic  and c i t r i c  a c id  re c o v e ry .

O th er th a n  su g ar re c la m a tio n , th e r e  h a s  been l i t t l e  work done in  

any o f th e s e  f i e l d s .

D if fu s io n  T heory.

D if fu s io n  o f  a  s o lu te  i n  th e  l i q u id  s t a t e  i s  governed by m u l t ip le  

f a c t o r s ,  a  w orking r e l a t i o n  betw een which h as  n e v e r b een  s a t i s f a c t o r i l y  

r e a l i z e d .  However, c e r t a in  fundam ental r e l a t i o n s  h o ld  r a th e r  w e ll f o r  

l im i te d  c a s e s .

The r a t e  o f  d i f f u s io n  in  long  p a th s  i s  d e f in e d  by

( i )

T h is  r e l a t i o n  in d ic a te s  t h a t  th e  d i f f u s i v i t y  c o e f f i c i e n t  i s  a  fu n c t io n  o f

th e  c o n c e n tr a t io n .  However, where th e  d i f f u s io n  p a th  i s  r e l a t i v e l y  s h o r t ,

th e  c o n c e n tr a t io n  g r a d ie n t  a c ro s s  th e  p a th  may be  assumed to  be l i n e a r
( 8 )

in  p a th  le n g th .  T h e re fo re  we may w r i te

- {2)

F u rth e rm o re , f o r  any system , i t  may be w r i t t e n  t h a t

Ji &
= (3 )

S u b s t i tu t in g  (3 ) in  (2 )

■ a ) (4 )

The e q u a tio n  (4 ) i s  th e  m ost co n v en ien t to  u se  in  th e  ca se  o f  

d i a l y s i s ,  and w i l l  be  employed in  some o f th e  su b sequen t w ork. E q u a tio n s
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( l )  and (2 )  on ly  d e f in e  th e  d i f f u s i v i t y  c o e f f i c i e n t .

An analogy  f o r  d i l u t e  s o lu t io n s  may be drawn from  G raham 's 

e f fu s io n  law , which i s  g iven  as

(5 )

and

( 6 )

T h is  r e l a t i o n  i s  o b je c t io n a l  b ecause  M does n o t c o n s id e r  s o lu te  s o lv a t io n .  
( 21)

N e rn s t found t h a t  th e  d i f f u s io n  o f  e l e c t r o l y t e s  cou ld  be r e l a t e d

to  t h e i r  io n ic  m o b i l i t i e s ,  and g iv e s  th e  fo llo w in g  e q u a tio n

‘

Com parison o f  e q u a tio n s  (? )  and (2 ) in d i c a te s  t h a t

/ Z 7 -

(24)
U sing th e  d a ta  o f  W. Oholm, th e  fo llo w in g  c a lc u la t io n s  in d i c a te  th e  

a p p l i c a b i l i t y  o f e q u a tio n  ( 8 ) .

(V)

( 8 )

TABLE I

S ubstance I
) sD (C a lc .) 

: 18°C.
» •

.S u b s ta n c e :
D ( o b s . )  

18° C.
.D {C alc .}
: 18° C.

KC1
••

: 1 .460
•
•• 1 .460

•  •

:K0H : 1 .903
••

: 2.109
NaCl s 1 .170 i 1 .173 :Na0H : 1.432 : 1 .558
L iC l s 1 .0 0 0 : 0 .994 :KI : 1 .460 s 1 .467
HC1 s 2 .324 •« 2 .431 :CH3C00H : 0 .930 : 1 .370

U ote: A ll  v a lu e s  o f D w ere m easured a t  N o rm ality  z  0 .01
D i s  ex p re sse d  in  cm .^ /day .

E q u a tio n  (8 ) was l a t e r  m o d if ie d , and found  to  g iv e  b e t t e r  r e s u l t s ,
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The m o d ifie d  form  i s  g iv en  as

0)

In  g e n e ra l ,  i t  may be s a id  t h a t  th e  above e q u a tio n  h o ld s  f o r  

e l e c t r o l y t e s ,  w here th e  io n iz a t io n  i s  n e a r ly  co m p le te , over a range 

o f  te m p e ra tu re s  in  th e  v i c i n i t y  o f 18 d e g re e s  C,

In  an e f f o r t  to  c o r r e l a t e  D w ith  th e  v a r i a t i o n  o f  te m p e ra tu re ,
(23)

Oholm com piled  th e  fo llo w in g  ta b le  f o r  th e  approx im ate  v a lu e  o f  o< , 

th e  te m p e ra tu re  c o e f f i c i e n t  p e r  d eg ree  f o r  v a r io u s  ran g es  o f  th e  

d i f f u s io n  c o e f f i c i e n t .

TABLE I I

D = 2 .4  2 .0 -1 .8  1 .6 -1 .4  1 .2 -1 .1  0 .8 -0 .7  0 .4 -0 .3

<X I  0 .0018 0 .020  0 .022  0 .025  0 .029  0 .035

The v a lu e  o f  a lp h a  i s  d e f in e d  by

^  "  77) ( 10 )

In  th e  u se  o f  E q u a tio n s  (8 ) and (9 ) i t  m ust a ls o  be remembered
(29)

t h a t  th e  v a lu e s  o f  u and v  v a ry  w ith  te m p e ra tu re . K oh lrausch  g iv e s  th e  

fo llo w in g  e q u a tio n s  f o r  d e te rm in in g  th e  te m p e ra tu re  c o e f f i c i e n t  f o r  s o lu te s  

in  aqueous s o lu tio n .

c<  = +  0 . 0 6 * 3 ^  ( i i )

o< r  a

These may be  employed to  y i e ld  a  more a c c u ra te  v a lu e  f o r  d i f f u s i v i t y .
(32)

T h o v ert found  th e  r e l a t i o n  DMS -  c o n s ta n t  t o  h o ld  f o r  some
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s o lu te s .  T h is  would be a n t ic ip a te d  from  Graham’ s law  o f e f f u s io n .  From

t h i s  i t  may be concluded  t h a t  th e  r e l a t i o n  h o ld s  o n ly  f o r  d i l u t e  s o lu t io n s

w here th e  s o lu te  i s  n o t s o lv a te d .
(7 ) (45)

E in s t e in ’ s e q u a tio n  combined w ith  S to k e 's  law  y ie ld s  th e  r e l a t i o n

T h is  e q u a tio n  h as  been  found to  h o ld  f a i r l y  w e ll  in  non-aqueous s o lu t io n s ,  

b u t  f a i l s  in  th e  case  o f  e l e c t r o l y t e s  in  aqueous s o lu t io n .

The problem  o f any sy s te m a tic  and m a th e m a tic a lly  r e l a t e d  system  

o f d i f f u s i v i t y  d a ta  o v er ran g es  o f  te m p e ra tu re  and c o n c e n tr a t io n  i s  

e x tre m e ly  in v o lv e d . However, th e  so u rc e s  o f  p u b lish e d  d a ta  may be u sed , 

b u t w ith  c a u t io n .  V ario u s  a u th o rs  r e p o r t  v a r i a n t  v a lu e s  o f T> under 

i d e n t i c a l  c o n d it io n s  o f  te m p e ra tu re  and c o n c e n tr a t io n .  The r e l i a b i l i t y  

o f  th e  d a ta  i s  b e s t  e s tim a te d  by d e te rm in in g  th e  r e l a t i v e  ad v an tag es  

o f th e  a u th o rs  te c h n iq u e .
(5 )

The Debye-Huckel Theory o f  s o lu t io n s  p o s tu la te s  s e v e ra l  p o in ts  

t h a t  a re  o f  v a lu e  in  th e  e x p la n a tio n  o f  d i f f u s i v i t y  i r r e g u l a r i t i e s .

These a re :

(1 ) A ll  e l e c t r o l y t e s  a re  co m p le te ly  io n iz e d .

(2 ) A ll  io n s  have a s s o c ia te d  w ith  them an envelope o f  e l e c t r i c a l l y  

bound s o lv e n t .

(3 ) The amount o f  h y d ra tio n  depends upon th e  ch arge  on th e  io n , 

and th e  d i e l e c t r i c  c o n s ta n t  o f  th e  s o lv e n t .

(4 ) A t h ig h  c o n c e n tra t io n s  io n  groups o f  th e  fo llo w in g  ty p e  

b eg in  to  form .

Col l o i d a l  D i f f u s iv i t y .

C o l lo id a l  d i f f u s i v i t y  m ust a l s o  be c o n s id e re d  in  d i a l y s i s .
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Some membranes w i l l  o e rm it c o l lo id a l  t r a n s f e r  to  ta k e  p la c e .  However,

th e  r a t e  o f  c o l lo id a l  d i f f u s io n  i s  much l e s s  th a n  t h a t  o f  c r y s t a l l o i d

t r a n s f e r ,  th e  r a t i o  betw een th e  two b e in g  ro u g h ly  1 to  25.

The b e s t  e q u a tio n  f o r  e s t im a tin g  c o l lo id a l  d i f f u s i v i t y  i s  t h a t
(28) (7 )

o f  S u th e r la n d  and E in s te in ,  w hich i s  g iv en  as

f i f e d

Svedberg checked t h i s  e q u a tio n  w ith  a gold  s o l ,  and found a  v a lu e  o f  r  

o f  1 .3 3  mu. T h is  ag reed  w ith in  th e  l i m i t s  o f ex p e rim en ta l e r r o r  s iz e  

d e te rm in ed  by a  n u c le a r  m ethod.

A lso , th e r e  i s  th e  sim ple r e l a t i o n  betw een d i f f u s i v i t y  and 

Brownian Movement o f

* A *  (14 )

T h is  r e l a t i o n  i s  more d i f f i c u l t  to  u s e ,  and f in d s  i t s  c h ie f  v a lu e  

t h e o r e t i c a l l y .

O sm osis.
(40 )

Van’t  H off f i r s t  p o in te d  o u t th e  ana logy  betw een osm osis and 

idie gas law , and gave th e  r e l a t i o n

(15)

However, t h i s  r e l a t i o n  i s  t r u e  o n ly  w here th e  d i l u t i o n  i s  la rg e

enough to  g ra n t as approx im ate  id e a l  s o lu t io n .  I f  th e  volum e, V, i s

d e s ig n a te d  as  t h a t  o f th e  s o lv e n t a lo n e , a b e t t e r  agreem ent i s  o b ta in e d .

For th e  case  o f  e l e c t r o l y t e s ,  i t  i s  n e c e s s a ry  to  in tro d u c e  th e
( 10 )

io n iz a t io n  f a c t o r ,  o r  e l s e  th e  r e l a t i o n  becomes u n te n a b le .  Thus,
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th e  v a lu e  o f  i  may be de te rm in ed  from  f r e e z in g  p o in t  low erin g  and 

b o i l in g  p o in t  r a i s i n g  d a ta .

e q u a tio n s  o f g r e a te r  v a lu e .  The change in  f r e e  energy  o f  a  system  i s  

g iv en  as

The w ork done in  rem oving one mole o f s o lv e n t from  th e  s o lu t io n  th ro u g h  

a  d iaphragm  by a p p ly in g  a  fo rc e  i n f i n i t e s i m a l l y  g r e a te r  th a n  osm otic  

p re s s u re  i s  e q u iv a le n t  to  FV1. S ince  th e r e  i s  l i t t l e  change in  V* 

when th e  s o lv e n t i s  added back  to  th e  s o lu t io n ,  no w ork i s  done a g a in s t  

th e  a tm osphere . T h e re fo re ,

I t  m ust be n o te d  h e re  t h a t  a  mole o f  s o lv e n t r e f e r s  to  enough so lv e n t

(16)

However, i t  i s  u s e le s s  f o r  th e  case  o f  n o n - e le c t r o ly te s

F u r th e r  c o n s id e ra t io n s  from  a therm odynam ic s ta n d p o in t y ie ld  
( 10)

(17)

and

(18)

in t e g r a t i n g  betw een th e  l i m i t s  o f  P and PQ

(19)

( 20)

Combining (19) and (20)

( 21)
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to  form  one mole o f  -vapor a t  th e  te m p e ra tu re  T.

E q u a tio n  (21) a g re e s  v e ry  w e ll  w ith  e x p e rim en ta l r e s u l t s ,  even 

a t  h ig h  c o n c e n tr a t io n s .

In  c e r t a in  c a se s  i t  may be d e s i r a b le  to  e x p re ss  E q u a tio n  (21) 

in  te rm s o f  c o n c e n tra t io n s .  T h is  may be accom plished  by th e  a id  o f  

R a o u l t 's  law  w hich i s  g iv en  as

( 22)

(23)

R e w ritin g  and ta k in g  th e  lo g a rith m  o f  b o th  s id e s  

S u b s t i tu t in g  (23) and (21)

/?y '~  (24)

w hich upon exp an sio n  y ie ld s

/ ? y ' =  ( 26 )

However, E q u a tio n  (25) demands a  knowledge o f th e  deg ree  o f  a s s o c ia t io n  

o r  d i s s o c ia t io n  o f  a s o lv e n t ,  and th e r e f o r e  i s  l im i t e d .  I t  ap p ea rs  

t h a t  th e  b e s t  r e l a t i o n  to  u se  i s  E qu a tio n  ( 2 l )  w hich i s  m o d ified  to  

in c lu d e  e m p ir ic a l r e l a t i o n s  betw een vapor p r e s s u re  and c o n c e n tr a t io n ,  i e . ,

=  / & T / *=  / X s /  X/7  ( 26)

(29)
Debye said H uckel, w ith  th e  same re a so n in g  employed in  t h e i r  

th e o ry  o f  s o lu t io n s ,  a r r iv e d  a t

(27)
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T his  e q u a t io n  adds a  c o r r e c t i v e  v a lu e  due to  th e  e l e c t r o s t a t i c  f o r c e s  

between io n s ,  which i s  e x p re s sed  as

A l l  o f  th e  e x p re s s io n s  th u s  f a r  i n d i c a t e  th e  e q u i l ib r iu m  

osm otic  p r e s s u r e  and make no c o n s id e r a t i o n  o f  t h e  t im e r e q u i r e d  to  

reac h  such a  v a lu e .  Ostwald h a s  p roved  t h a t  t h e  osm otic  p r e s s u r e  

a t t a i n e d  w i th  two d i f f e r e n t  semipermeable membranes must be i d e n t i c a l .  

I t  i s  e v id e n t  t h a t  t h e  r a t e  o f  a t ta in m e n t  v a r i e s  i n  each d i f f e r e n t  

membrane acc o rd in g  to  membrane p e r m e a b i l i ty .

I t  h a s  been  shown t h a t  o sm otic  p r e s s u r e  may be e x p re ssed  as a 

f u n c t io n  o f  c o n c e n t r a t io n  and te m p e ra tu re .  The osm otic  r a t e ,  however, 

i s  a  f u n c t i o n  o f  c o n c e n t r a t i o n ,  membrane p r o p e r t i e s ,  t h i c k n e s s ,  and 

te m p e ra tu re .

Membrane Theory.

The com plete f u n c t io n  o f  th e  perm eable  membrane i s  n o t  y e t

u n d e rs to o d .  There have been  many t h e o r i e s  advanced, b u t  on ly  a  few

r e t a i n e d  on th e  b a s i s  t h a t  th e y  o f f e r  an e x p la n a t io n  f o r  a  c e r t a i n

group o f  c o n d i t io n s .  These a re  a s  fo l lo w s :
(34)

S ieve  Theory. Traube conce ived  perm eable membranes to  be 

m o le c u la r  s ie v e s ,  th ro u g h  "which p r o g r e s s iv e ly  l a r g e r  p a r t i c l e s  d i f ­

fu se d  w ith  i n c r e a s in g  d i f f i c u l t y .  However, t h e  th e o ry  i s  n o t  adequa te  

s in c e  a  s l i g h t l y  perm eable  membrane may be more perm eable  t o  th e  same 

m olecu le  th a n  a h ig h ly  perm eable  membrane. For example, a  g e l a t i n -  

t a n n a te  membrane i s  q u i t e  perm eable to  bo th  sodium c h lo r id e  and 

sodium s u l f a t e .  However, w h ile  a  g e l a t i n - t a n n a t e - b a r iu m  s u l f a t e  

membrane i s  perm eable t o  sodium c h l o r i d e ,  i t  i s  impermeable to  sodium 

s u l f a t e .
( 18 )

S o lu t io n  T heory . L ’H erm ite  advanced th e  th e o ry  t h a t  a
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membrane i s  perm eable  to  only  th o s e  su b s ta n c e s  which d i s s o lv e  i n  i t .

Th is  th e o ry  appears  t o  h o ld  f a i r l y  w e l l  f o r  o rg a n ic  membranes such as

ru b b e r ,  b u t  f a i l s  i n  c a s e s  where no s o l u b i l i t y  can ta k e  p l a c e .
(33)

S o rp t io n  Theory. T inker  p roposed  one o f  th e  most i n t e r e s t i n g  

t h e o r i e s .  He assumed t h a t  th e  membrane p a r t i c l e s  were s p h e r i c a l ,  and 

t h a t  th e  s o lv e n t  was sorbed  on th e s e  sp h e re s .  F ig u re  3 i l l u s t r a t e s  

t h i s  th e o ry

F ig u re  3

Thus, t h e  p o re  r a d iu s  would be OP f o r  a weakly sorbed  s o lv e n t ,  

and OD f o r  a s t r o n g ly  sorbed  s o lv e n t .  Thereby, th e  s i z e  o f  th e  

p a r t i c l e  p a s s in g  i s  l i m i t e d  by s o lv e n t  s o r p t io n  and membrane n a r t i c l e  

s i z e .  T inker assumes t h a t  a  semipermeable membrane i s  one i n  which a l l  

o f  th e  s o lv e n t  i n  th e  membrane i s  so rbed ,  and perm eable  when membrane 

sw e l l in g  ta k e s  p la c e .

However, t h e  th e o ry  f a i l s  to  f u r n i s h  a  w orking b a s i s  f o r  

e s t im a t in g  p e r m e a b i l i ty ,  s in c e  v a r i a t i o n s  i n  c o n c e n t r a t i o n  a l s o  v a ry  

s o lv e n t  s o r p t io n .  I t  i s  u s e f u l  i n  th e  e x p la n a t io n  o f  c e r t a i n  

p e r m e a b i l i ty  phenomena.

There a r e  a  few g e n e r a l i z a t i o n s  t h a t  can be made co n ce rn in g
(30)

p e r m e a b i l i t y .  The fo l lo w in g  f a c t o r s  have a d i r e c t  b e a r in g :
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(1 )  The ty p e  of membrane m a t e r i a l ,  and i t s  method o f  manu­

f a c t u r e .

(2) The s o lv e n t  n a t u r e ;  th e  d eg ree  o f  a s s o c i a t i o n  o f  s o lu te  

a f f e c t s  th e  f i n a l  membrane.

(3) The r e l a t i v e  p r o p o r t i o n s  o f  s o lv e n t s ,  i f  two o r  more a re  

employed. Thus, a  membrane made i n  a s ta n d a rd  “way and 

soaked i n  a  75 p e r  c e n t  a lc o h o l  and 25 p e r  c e n t  w a te r  

s o lu t i o n  w i l l  have a h ig h e r  p e r m e a b i l i ty  th a n  one soaked 

in  a s o l u t i o n  o f  low er a lc o h o l  c o n te n t .

( 4 ) The c o n c e n t r a t i o n  o f  th e  s o lu te ;  th e  loxver th e  concen­

t r a t i o n  th e  h ig h e r  th e  p e r m e a b i l i ty .

(5) The p re se n c e  o f  n o n - s o lv e n t  a g e n ts  such as g ly c e ro l ;  

th e se  te n d  to  in c r e a s e  th e  p e r m e a b i l i ty .

(6) The r a t e  o f  d ry in g ;  th e  f a s t e r  th e  r a t e  t h e  h ig h e r  t h e  

p e r m e a b i l i ty .

(7) The s w e l l in g  a g e n ts ;  th e s e  te n d  to  i n c r e a s e  p e r m e a b i l i ty .

G e n e ra l ly ,  th e  more perm eable  membrane e x h i b i t s  t h e  l a r g e s t

degree  o f  s w e ll in g  i n  th e  s o lv e n t .  Thus, sw e ll in g  a g e n ts  such as 

z inc  c h l o r i d e  s o lu t i o n s  may be used  to  in c r e a s e  p e r m e a b i l i ty .  I t  i s  

e v id e n t  t h a t  a t  some p o in t ,  p e r m e a b i l i ty  does n o t  i n c r e a s e  w i th  

s w e l l in g  due to  in c re a s e d  th i c k n e s s  o f  th e  membrane.

The fo l lo w in g  t a b l e  shows th e  v a r i a t i o n  o f  p e r m e a b i l i ty  w i th  

s w e l l in g .  This i l l u s t r a t e s  th e  l a r g e  v a r i a t i o n  o f  p e r m e a b i l i ty  w i th  

t h e  a l c o h o l -w a te r  soak ing  r a t i o .  I t  may be observed  t h a t  p e r m e a b i l i ty  

i s  n o t  l i n e a r  w i th  e i t h e r  t h e  degree  o f  s w e l l in g  o r  th e  A lcohol Number.
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TABLE I I I

Wt. Wet Time o f
A lcohol Mo. Wt'. Dry P e n e t r a t i o n

95 5.19 12 min.
90 1 .47  70 "
80 1 .24  10 h r s .
70 1 .18 6 days

Note: The s o lu te  f o r  th e  above was m ethy lene b lu e .

The r e l a t i o n  between th e  r a t i o  o f  s o lv e n t s  used  h a s  been 

d e s ig n a te d  as  th e  A lcohol In d ex .  This simply i n d i c a t e s  th e  no r c en t  

a lc o h o l  u sed  in  th e  s o lv e n t .

The fo l lo w in g  t a b l e  i l l u s t r a t e s  t h e  e f f e c t  o f  th e  A lcohol 

Index on th e  p e r m e a b i l i ty  o f  a c e l l u l o s e  n i t r a t e  f i lm .

TABLE IV

% KaCl D if fu s e d  % S ucrose  D if fu se d
A lcohol Index  i n  10 m inu tes  i n  50 m in u tes_____

10 35 3
15 38 6
20 40 9
30 42 13
40 4-3 15

Traube found t h a t  p r e c i p i t a t e d  membranes a r e  impermeable to  

io n s  xvhich a re  in c lu d e d  i n  th e  membrane su b s tan ce  o r  which would form 

an in s o lu b le  compound w i th  one o f  th e  io n s  o f  th e  p r e c i p i t a t e  membrane. 

Thus, copper f e r r i c y a n i d e  i s  impermeable to  b o th  copper and f e r r i -  

cyan ide  io n s .

For th e  case  o f  o rg a n ic  membranes, th e  g e n e ra l  s o l u t i o n  th e o ry  

appea rs  to  be t h e  most v a lu a b le  index  to  p e r m e a b i l i ty .  Thus, copper 

o l e a t e ,  s u l f u r ,  n a p h th a le n e ,  and camphor i n  p y r id in e  s o lu t i o n s  

d ia ly z e d  th ro u g h  ru b b e r ,  w h i le  l i t h iu m  c h l o r i d e ,  s i l v e r  n i t r a t e ,  and
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(30)
su c ro se  do n o t .

Thus, i t  i s  seen  t h a t  th e  case  o f  p e r m e a b i l i ty  i s  co m p lic a te d ,  

a t  t h e  p r e s e n t ,  beyond com prehensive e s t i m a t io n .  I t  i s  e v id e n t  t h a t  i n  

some c a s e s  d i a l y s i s  by h y d r o - d i f f u s io n ,  i n  o th e r s  by s o l u t i o n .  F u r th e r ,  

i n  many c a s e s  chem ical i n t e r a c t i o n  between membrane and s o lu t i o n  

components i s  o f  prim e im p o rtan ce ,  w hereas ,  i n  o th e r s  t h i s  a c t i o n  i s  

o f  n e g l ig a b le  o r d e r .  There a r e ,  however, two p o i n t s  e v i d e n t .  There 

must e x i s t  an a f f i n i t y  between s o lv e n t  and membrane in  o r d e r  t o  e s t a b l i s h  

a  d i f f u s i o n  p a th .  T h is  i s  most im p o r ta n t  f o r  s o lu t e s  o f  n e g l i g i b l e  

vapo r  p r e s s u r e s .  S o lu te s  w i th  a p p r e c ia b le  vap o r  p r e s s u r e  may be 

t r a n s f e r r e d  th rough  a vap o r  p a th .  Secondly , t h e r e  must n o t  e x i s t  a  

chem ica l c o n d i t io n  i n  th e  membrane w hich p r o h i b i t s  th e  d i f f u s i o n  of 

th e  s o l u t e .

Membrane E q u i l ib r iu m .

Whenever su b s ta n c e s  which perm eate  a  membrane a re  s e p a ra te d  from 

pu re  s o lv e n t  by a  membrane, th e  f i n a l  r e s u l t  o f  d i a l y s i s  w i l l  be an 

e q u a l i z a t i o n  of s o lu te  c o n c e n t r a t i o n  on b o th  s id e s  o f  t h e  membrane.

The d i f f u s i v i t y  o f  th e  c a t io n  and t h e  an ion  a re  seldom i d e n t i c a l .  

C onsequen tly ,  i n  a  d i s s o c i a t e d  s o l u t i o n ,  th e  f a s t e r  io n  te n d s  t o  p rece d e  

th e  s low er one. However, e l e c t r i c a l  n e u t r a l i t y  canno t be o b ta in e d  

th e re b y .  Thus, th e  f a s t e r  io n  i s  r e t a r d e d  by th e  s low er ,  o r  th e  s low er 

io n  d i f f u s e s  more r a p i d l y .  I t  i s  obvious t h a t  t h e r e  must e x i s t  a 

p o t e n t i a l  a c ro s s  th e  membrane, w hich i s  a measure o f  t h e  f o r c e  e x e r t e d  

by th e  f a s t e r  io n  i n  r e q u i r i n g  th e  s low er io n  to  accompany i t .  T h is  

p ro c e s s  h a s  been q u a n t i t a t i v e l y  t r e a t e d  by Ufernst, and i s  g iven  below 

i n  d e t a i l .
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C onsider  th e  s a l t  MmAa » w here n  -  v a le n c e  o f  M , The v a le n c e  o f  

A i s ,  t h e r e f o r e , ,  (n m /a ) .  C onsequen tly ,  t h e  d i l u t e  s o l u t i o n s ,  f o r  each 

mole o f  M, t h e r e  a r e  a/m moles o f  A. Now i f  nF F a rad ay ’ s o f  c u r r e n t  

a re  p a s se d  th rough  th e  c e l l ,  t h e  e l e c t r i c a l  work i s  r iv e n  by

(28)

The passage  o f  t h i s  c u r r e n t  cau ses  t h e  t r a n s f e r  o f  Nc o r  u /u  v  moles 

o f  c a t i o n ,  and Na (a/m) o r  (v /u * v )(a /m )  moles o f  a n io n .  Thus, th e  work 

done i n  th e  c a t i o n  t r a n s f e r  i s  g iven  by

(29)

and t h a t  o f  th e  an io n s  by

*  -  @ )A k

The sum o f  t h e s e  two i s  t h e r e f o r e  equa l t o  th e  e l e c t r i c a l  w ork. E qua ting  

jV c (31)

b u t

C A ~ (32)

S u b s t i t u t i o n  o f  (32) i n  (31) y i e l d s

_  ) / * y ^ s 7 ~  )
& s (  — - * r ? /  (

(33)

I n  t h e  f u t u r e ,  th e  above p o t e n t i a l  s h a l l  be  term ed th e  d i f f u s i o n  

p o t e n t i a l .  I t  i s  t o  be n o te d  t h a t  t h e  s ig n  o f  th e  charge  on each s id e  

o f  a  d i a l y z e r  i s  p r e d i c t e d  by th e  above e q u a t io n .  I f  v < u ,  th e  d i l u t e  

s id e  i s  n e g a t iv e ;  when v  « u ,  Ed = 0; when u < v ,  t h e  d i l u t e  s id e  becomes
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p o s i t i v e l y  charged . This  i s  im p o r ta n t  i n  subsequent c o n s id e r a t io n s

o f  e l e c t r o k i n e t i c s .

For th e  case  where t h e  s o lu t e  c o n ta in s  an io n  w hich w i l l  n o t

p ass  th ro u g h  th e  d i a l y z e r  membrane, and one o r  more t h a t  w i l l ,  the
( 6 )

fo l lo w in g  a n a ly s i s  o f  Donnan a p p l i e s .

C o n s id e r  t h e  fo l lo w in g  d i a l y t i c  c e l l ,  where R" i s  e i t h e r  a  l a r g e  

n e g a t iv e  io n ,  o r  a  n e g a t iv e l y  charged  c o l l o i d ,  impermeable to  th e  

membrane. L e t  Mi be an e l e c t r o l y t e  perm eable  to  t h e  membrane.

1

M *

' €• i Cz ^ z g '  fi> )  ] A '

1
1

1

A '  f r * )  1

y 'T -.jw /

1

F ig u re  4 F ig u re  5

The e q u i l ib r iu m  c o n d i t io n  i s  r e p r e s e n te d  by F ig u re  5 . At th e  

e q u i l ib r iu m ,  i f  n  m oles o f  M and n  moles o f  A a re  i s o th e r m a l ly  and 

r e v e r s i b l y  t r a n s f e r r e d  from ( l )  t o  ( 2 ) ,  t h e  n e t  work i s  z e ro ,  s in c e  

th e  f r e e  energy  o f  th e  system i s  n o t  changed. T h e re fo re ,

Thus i t  i s  seen t h a t  a t  e q u i l ib r iu m

M M  = M M

(34)

(35)
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Whence + f& c )  -

(56)

From t h i s  i t  i s  seen  t h a t  i f  C-̂  s  0 ,  x = -gC2 w hich c o r re sp o n d s  t o  th e

case  w here a l l  io n s  a re  d i f f u s i b l e .  The v a lu e  o f  th e  above e q u a t io n  

l i e s  i n  t h a t  i t  i n d i c a t e s  t h e  t r u e  d r iv in g  f o r c e  to  be employed w here 

n o n - d i f f u s i b l e  io n s  a r e  p r e s e n t .

s e t  up a c ro s s  th e  membrane a t  e q u i l ib r iu m .  T h is  i s  g iven  by Gibbs and 

Donnan a s

v a r i a t i o n  w i th  c o n c e n t r a t i o n  i s  i l l u s t r a t e d  i n  F ig u re  6 acc o rd in g  to

Loeb. The n o n - d i f f u s i b l e  component was th e  n e g a t iv e l y  charged  g e l a t i n  

m i c e l l e .  "While th e  above m a t e r i a l  i l l u s t r a t e s  th e  f i n a l  c o n d i t io n s ,  

i t  y i e l d s  no i n s i g h t  in to  t h e  k i n e t i c s  o f  t h e  t r a n s f e r  th rough  membranes.

Membrane E l e c t r o k i n e t i c s .

A study o f  e l e c t r o k i n e t i c s  i s  o f  i n t e r e s t  w i th  r e g a rd  to  th e  

r a t e  o f  osm osis ,  and i n  th e  endeavor to  e s t a b l i s h  a  v a l i d  concep t o f  

th e  membrane a c t i o n  d u r in g  d i a l y s i s .

A p p a re n t ly ,  i t  i s  a  u n i v e r s a l  law o f  n a t u r e  t h a t  t h e r e  always 

e x i s t s  a  p o t e n t i a l  d i f f e r e n c e  a t  th e  i n t e r f a c e  o f  u n l i k e  s u b s ta n c e s .

T his  p o t e n t i a l  i s  d i v i s i b l e  i n t o  two p a r t s ,  f o r  th e  c a se  o f  f l u i d - s o l i d

The p re se n c e  o f  th e  n o n - d i f f u s i b l e  io n  cau ses  a  p o t e n t i a l  t o  be

(37)

T h is  p o t e n t i a l  s h a l l  be term ed as th e  membrane p o t e n t i a l .  I t s

(19)
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i n t e r f a c e s .  One l a y e r  o f  ch a rg e s  ap p ea rs  to  be f i r m ly  h e ld  t o  th e  

s o l i d ,  w h i le  th e  o th e r  e x i s t s  i n  t h e  f l u i d  and i s  t h e r e f o r e  m o b ile .  

The movement o f  th e  m obile  e l e c t r i c a l  l a y e r  p a s se d  th e  r i g i d  one i s  

r e s p o n s ib le  f o r  phenomena which have been term ed e l e c t r o k i n e t i c .

F ig u re  7 i l l u s t r a t e s  th e  e l e c t r i c a l  l a y e r  as  conce ived  by
(16)

H elm holtz .
/ / / / /  s s S S S S S S S S S .  
± ±  + + ± ± + ± ±

+ t  + + + + + + T  ^
/ / ? / ' / /  /  7~7 ~ / /  /  / y  7

F ig u re  7
( 11)

A l a t e r ,  and p ro b a b ly  more a c c u ra te  p i c t u r e  i s  t h a t  o f  Guoy 

and F re u n d l ic h .  T h e ir  assum ption  o f  a  d i f f u s e  l a y e r  has  met w i th  more 

g e n e ra l  ap p ro v a l .  F ig u re  8 i l l u s t r a t e s  t h i s  co n cep t.

CMV T ' 1 + ~ *
V +  ! ~ -  +

+  S  -

t
+ I -

+ ~ | V  t

F ig u re  8

From th e  concep t o f  th e  r i g i d  and m obile  e l e c t r i c a l  l a y e r s ,  

i t  i s  obv ious  t h a t  th e  t o t a l  p o t e n t i a l  between th e  s o l id  and th e  b u lk  

o f  t h e  f l u i d  may be f u r t h e r  s u b d iv id e d .  The N e rn s t ,  o r  s o - c a l l e d  

thermodynamic p o t e n t i a l  d e s ig n a te s  th e  t o t a l  p o t e n t i a l  betw een th e  

s o l i d  and th e  l i q u i d  b u l k ,o r

£ t  =  '  <£
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The second p o t e n t i a l  i s  t h a t  e x i s t i n g  between th e  l i m i t  o f  th e  

r i g i d  l a y e r  and th e  l i q u i d  b u lk .  This i s  d e s ig n a te d  as  th e  Z e ta  ( / )  

p o t e n t i a l ,  and may be ex p re s se d  as

f =
(39)

o r

(40)

The above r e l a t i o n s  a r e  d ia g r a m a t i c a l ly  i l l u s t r a t e d  by F ig u re  9,

d r

t
6

/y # * *  * / * / f
F ig u re  9

The v a r io u s  e l e c t r o k i n e t i e  Phenomena a re  g iven  below* 

E le c tro o sm o s is ;  "When an e l e c t r i c a l  p o t e n t i a l  i s  a p p l ie d  a c ro s s  

a c a p i l l a r y  f i l l e d  w i th  a f l u i d ,  a f low  o f  f l u i d  w i l l  t a k e  p la c e  th rough  

th e  c a p i l l a r y ,  t h e  d i r e c t i o n  of which depends upon th e  p o t e n t i a l  p o l a r i t y  

and th e  charge  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  f l u i d .

S tream ing  P o t e n t i a l :  This  i s  t h e  r e v e r s e  o f  e l e c t r o o s m o s is .

Thus, when a  f l u i d  i s  fo rc e d  th ro u g h  a  c a p i l l a r y ,  a  p o t e n t i a l  w i l l  be 

s e t  up a c ro s s  t h e  c a p i l l a r y  i n  o p p o s i t i o n  to  th e  f low .

E le c t r o p h o r e s i s :  A su b s tan ce  suspended in  a  f l u i d  w i l l  m ig ra te

upon th e  im p o s i t io n  o f  an e l e c t r i c a l  p o t e n t i a l  a c ro s s  th e  f l u i d .

S ed im en ta t io n  P o t e n t i a l :  T h is  i s  th e  r e v e r s e  o f  e l e c t r o p h o r e s i s .
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Thus, i f  a suspended m a te r i a l  i s  a l low ed  to  s e t t l e ,  a p o t e n t i a l  i s  s e t  

up a c ro s s  t h e  f l u i d  medium.

Of t h e s e ,  o n ly  e le c t ro o s m o s is  and s tream in g  p o t e n t i a l  have a 

d i r e c t  h e a r in g  uoon d i a l y s i s .  The development o f  th e  r e l a t i o n s  

govern ing  them a re  t h e r e f o r e  developed  as fo l lo w s .

C onsider  th e  d iagram  i n  F ig u re  10.

_±_l ±  ♦ X
L?. *_£.

i  ±  *■ ±  £  LT_
_£___2___f .f ...

! ' l ^
F ig u re  10

The v o lu m e tr ic  r a t e  o f  f low  i s  g iven  by

Oe  -- (41)

Now f o r  a  g iven  f low  r a t e ,  t h e  e l e c t r i c a l  f o r c e s  must j u s t  b a la n c e  th e  

hydrodynamic f r i c t i o n a l  f o r c e s ,  o r

b u t

-r %

(42)

(43)

I f  A :  1 sq . cm., P i s  n u m e r ic a l ly  equa l to  F 

The v e l o c i t y  g r a d ie n t  i s  g iven  by

b u t

72"?r

(44)

(4 5 )
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s u b s t i t u t i n g  (41) i n  (45)

.  - ? P r

A lso ,

T h e re fo re ,

/ i  = ^

Combining (46) and(48)

v - r f

I f  t h e  double  l a y e r  i s  c o n s id e re d  as  a  co n d en se r ,  i t s  c a p a c i ty  

th e n

b u t

c -

S u b s t i t u t i n g  ( 5 l )  i n  (5 0 ) ,  

S u b s t i t u t i n g  (52) i n  ( 4 9 ) ,

/ / f 0 ,
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b u t ,

/ / -  % ( 5 4 )

and t h e r e f o r e

Now, c o n s id e r  a  bundle  o f  c a p i l l a r i e s ;  th e n  , b u t  th e  e f f e c t i v e

r a d iu s  i s  r/rte* f*  . Then,

£  -  y r  (56)

S u b s t i t u t i n g  (56) i n  (55)

&£■

and &  s

(57)

b u t ,

Thus,

£  - (58)

S u b s t i t u t i n g  (58) i n  (57)

f j - p *  _
(59)

The above seems to  be th e  most a p p l i c a b le  form o f  th e  e q u a t io n ,  and w i l l  

be employed in  subsequen t t r e a tm e n t .  From E q u a t io n  (59) i t  i s  seen t h a t  

th e  volume of th e  f l u i d  t r a n s p o r t e d  i s  ind ep en d en t o f  t h e  l e n g th  and 

c r o s s - s e c t i o n  o f  th e  c a p i l l a r i e s .

I t  must be remembered t h a t  t h e  Z e ta  p o t e n t i a l  v a r i e s  w i th  th e  

c o n c e n t r a t i o n  o f  th e  s o lu te ,  and reac h es  i t s  l a r g e s t  p ro p o r t i o n s  when 

th e  f l u i d  c o n c e n t r a t i o n  i s  s l i g h t .  F ig u re  11 i l l u s t r a t e s  t h i s  v a r i a n c e .
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The h e a r in g  o f  e l e c t r o k i n e t i c  phenomena i s  p r im a r i l y  to  th e

osmose. Thus, th e  d i f f u s i o n  p o t e n t i a l  s e t  up a c r o s s  th e  membrane

cau ses  normal osm osis  e i t h e r  to  be a c c e l e r a t e d ,  o r  r e t a r d e d .  A lso ,

as  osmosis p ro c e e d e s ,  s tream in g  p o t e n t i a l  i s  s e t  up o p p o s i te  to  th e

d i f f u s i o n  p o t e n t i a l .  The fo u r  p o s s i b l e  c o n d i t io n s  w hich may a f f e c t
( 2 )

th e  r a t e  o f  osmosis acc o rd in g  to  B a r t e l l  a r e  g iven  i n  F ig u re  12.

, i

+■
0

+
+
+-
+

+
+
+

< r

+-

+•
+
*
♦

F ig u re  12

I t  i s  assumed t h a t  t h e  membrane s e l e c t i v e l y  adso rbs  on i t s  

s u r fa c e  th e  c a t i o n  o r  an io n ,  depending uoon th e  system , which i s  

b a la n c e d  by a m obile  o p p o s i te  ch a rg e .  'When th e  d i f f u s i o n  p o t e n t i a l  i s  

c o n s id e re d ,  th e  manner i n  which th e  membrane e l e c t r i c a l  p r o p e r t i e s  

a f f e c t  osmosis i s  obv ious .

The charge  on th e  s o l i d  may be accorded  to  one o f  th e  fo l lo w in g  
(14) 

p ro c e s s e s :

( l )  D i r e c t  i o n i z a t i o n  o f  th e  m a t e r i a l  composing th e  m i c e l l e .
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(2) A d so rp t io n  o f  an io n  by a m i c e l l e .

(3) E l e c t r i f i c a t i o n  by c o n ta c t .

While none o f  th e  m a t e r i a l  th u s  f a r  p re s e n te d  even a p p ro x i­

m ates a com plete  concep t o f  membrane a c t i o n  d u r in g  d i a l y s i s ,  i t  a t  

l e a s t  y i e l d s  an i n s i g h t  in to  some o f  th e  e f f e c t s .

D ia ly z e r  Kinet i c s .

S ince  G raham 's d is c o v e ry  o f  th e  d i a l y z e r  i t s  u se  h as  been 

c o n f in e d  a lm os t e n t i r e l y  to  l a b o ra to r y  work where economic c o n s id ­

e r a t i o n s  a re  n o t  o f  p rim ary  im portance .  C onsequen tly ,  t h e r e  h a s  been 

l i t t l e  work on th e  k i n e t i c s  of. d iex ly s is .

I f  th e  volume o f  th e  r i c h  s o l u t i o n  i s  l a r g e  compared to  t h a t  o f  th e  

d i l u t e  s o lu t i o n ,  th e n  Cq may be reg a rd ed  as c o n s ta n t ,  and i n t e g r a t i o n  

y i e l d s

However, t h i s  c o n d i t io n  i s  seldom r e a l i z e d .  I f  a m a t e r i a l  b a la n c e  i s  

w r i t t e n  a c ro s s  th e  septum, o r

(3)
The work o f  Bethe and Terada i s  th e  most com plete  p u b l i sh e d

th e o ry .  I t  i s  g iven  as f o l lo w s .

Assuming t h a t  th e  d r iv i n g  fo r c e  a c ro s s  a membrane i s  th e

d i f f e r e n c e  in  c o n c e n t r a t i o n ,  one may w r i t e

(60)

(61)

(62)

a  r e l a t i o n  o f  C «-f* f-- mmr o b ta in e d .  Thus,

( 6 3 )
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S u b s t i t u t i n g  (63) i n  (6 0 ) ,  we o b ta in

^  (64 )

which upon i n t e g r a t i o n  g iv e s

C o r r e l a t i o n  was found by T erada f o r  sugar and sodium c h l o r i d e ,  b u t

f a i l e d  e lsew h ere .

For th e  ca se  o f  s te a d y  s t a t e  d i a l y s i s  as  employed in  th e  rayon
(17)

i n d u s t r y ,  Lee g iv e s  th e  fo l lo w in g  r e l a t i o n  f o r  th e  c a l c u l a t i o n  o f  th e

c a p a c i ty  o f  th e  d i a l y z e r .

A Z ' - Ac, ̂
( 6 6 )

This r e l a t i o n  was a p p a re n t ly  in te n d e d  to  h o ld  from th e  to p  to  th e  

bottom  o f  a p l a t e .

Thus, i t  i s  seen t h a t  t h e r e  h as  been l i t t l e  work i n  an e f f o r t  

q u a n t i t a t i v e l y  to  e v a lu a te  d i a l y s i s .  P o s s ib ly  t h i s  may be a t t r i b u t e d  

to  th e  l i m i t s  found by t h e i r  r e l a t i o n s  and a f a i l u r e  to  accoun t th e  

t o t a l  v a r i a b l e s  in v o lv e d .

Di a l y z e r s .

P robab ly  th e  most co n v en ien t  type  o f  a d i a l y z e r  f o r  l a b o r a to r y
( 22)

p u r i f i c a t i o n  o f  a so l  i s  t h a t  d e s c r ib e d  by N e id le .  This i s  i l l u s t r a t e d  

i n  F ig u re  13. This h a s  th e  advan tage  o f  a s s u r in g  th e  h ig h e s t  concen­

t r a t i o n  d i f f e r e n c e  p o s s i b l e .  T h is  d i a l y z e r  r e q u i r e s  t h e  membrane to  

be i n  tu b u l a r  form , b u t  oould  be m o d if ied  to  employ s h e e t  membranes.
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F ig u re  13

There a r e  f o u r  d i f f e r e n t  ty p e s  o f  commercial d i a l y z e r s .

These a re  l i s t e d  below and d is c u s s e d  a c c o rd in g ly .

G r i f f i n  D ia ly z e r . This  c o n s i s t s  o f  a  r e c t a n g u la r  ta n k ,  th e  

ta n k  b e in g  d iv id e d  in t o  a s e r i e s  o f  com partm ents. I n to  each com­

p a r tm e n t  i s  in t ro d u c e d  a  frame which su p p o r ts  a perm eable  membrane 

on e i t h e r  s id e .  The d i l u t e  l i q u o r  i s  c o n ta in e d  i n  th e  a n n u la r  space 

between th e  frame and ta n k  w h ile  th e  c o n c e n t ra te d  l i q u o r  i s  h e l d  in  

th e  fram e. The c o n n e c t io n s  between fram es  and compartments a re  

e x t e r n a l  to  th e  ta n k .  The flow  i s  c o u n t e r - c u r r e n t ,  th e  fram es  and
(37)

compartments beinp; i n  s e r i e s .  The advan tages  o f  t h i s  c e l l  a r e  i t s  

s im p l i c i t y  and ruggedness .  The d is a d v a n ta g e s  a re  

(.l) Too l a r g e  a  r a t i o  o f  volume to  a r e a .
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(2 )  S h o r t  c i r c u i t i n g  o f  t,he l i q u o r s .

(3 )  B u lk in ess  o f  th e  d i a l y z e r .

(4 )  Lack o f  membrane su p p o r t .

(5 )  E x cess iv e  h y d r o s t s t i c  p r e s s u r e  s t r a i n s .

(6) N e c e s s i ty  o f  a  t h i c k  membrane.

(7 )  I n a b i l i t y  to  w ithd raw  one p l a t e  from th e  c i r c u i t .

This  d i l y z e r  was n e v e r  used  w id e ly  f o r  obvious re a s o n s .

H e ib ig  D ia l y z e r s . T h is  d i a l y z e r  i s  o f  th e  f i l t e r  c r e s s  ty p e .

I t  c o n s i s t s  of a  s e r i e s  o f  i d e n t i c a l  m e ta l e l a t e s  b o l t e d  t o g e th e r .

D i lu te  and c o n c e n t ra te d  l i q u o r s  f lo w  th rough  a l t e r n a t e  p l a t e s  c o u n te r -

c u r r e n t l y .  C onnection  between p l a t e s  i s  f a c i l i t a t e d  by ch an n e ls  bo red

i n  th e  m e ta l  p l a t e s .  The f e a t u r e  o f  t h i s  d i a l y z e r  l i e s  i n  i t s  b a f f l e

a rrangem en t.  This was developed  i n  an e f f o r t  to  o b ta in  b e t t e r

t r a n s f e r  o f  m a te r i a l  w i th o u t  in c r e a s in g  f lo w  r a t e s .  The p a t e n t  c la im s

a 10-15 p e r  c e n t  i n c r e a s e  o f  t r a n s f e r  r a t e  p e r  u n i t  a r e a  o v e r  o th e r
(38)

ty p e s .  No s p e c i f i c a t i o n  i s  made concerning; t h e  ty p e  o r  membrane 

employed. The ad v an tag es  o f  t h i s  d i a l y z e r  a re

(1 )  Compactness o f  d e s ig n .

(2 )  Good membrane s u p p o r t .

( 3 ) A long  l i q u i d  p a th .

( 4 ) S t r u c t u r a l  s t u r d i n e s s .

(5 )  Thorough m ixing .

I t s  d is a d v a n ta g e s  a re

(1 )  High i n i t i a l  c o s t .

(2 )  Low f low  r e s i s t a n c e .

(3 )  The dead space te n d s  to  c o u n te r a c t  th e  ad v an tag es  o f  

th e  b a f f l e s .

(4 )  I n a b i l i t y  to  s h o r t  c i r c u i t  one p l a t e .
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(5 )  I n a b i l i t y  to  d e te rm in e  membrane r u p tu r e .

(b )  I n a b i l i t y  to  r e p a i r  one p l a t e  w i th o u t  c e s s a t i o n  o f  

o p e r a t io n .

This d i a l y z e r  ap p ea rs  to  be f a i r l y  good, and a p p a re n t ly  found some use  

i n  Europe.

Ce r i n i  Dia l y z e r .  This d i a l y z e r  i s  o f  th e  p l a t e  and ta n k  ty p e .

The l i q u o r s  a re  i n  c o u n t e r - c u r r e n t  f low . The p l a t e s  a re  a r ran g ed  as

a b a n k .o f  fo u r  o r  more i n  p a r a l l e l  connec ted  i n  s e r i e s  w ith  a n o th e r

such bank. S e p a ra t in g  each bank i s  0. l a r g e  b a f f l e  -which n e c e s s i t a t e s

th e  back  and f o r t h  t r a v e r s e  o f  th e  r i c h  l i q u o r .  The r i c h  l i q u o r

su rrounds  th e  p l a t e s ,  w h ile  th e  d i l u t e  l io .uo r  flow s i n s i d e  them. xhe
(35)

e n t i r e  system i s  en c lo se d  by a r e c t a n g u la r  ta n k .

One o f  th e  f e a t u r e s  o f  t h i s  d i a l y z e r  i s  th e  p l a t e  s t r u c t u r e .  

The membranes a re  f a s t e n e d  on th e  frame edges by sewing and by m e ta l 

c lamps. The su p p o r t  i s  f u r n i s h e d  by a k n i t  m e ta l  f i l l e t  d isp o se d  on 

th e  i n s i d e  o f  th e  fram e. The d ia ly z e r*  s advan tages  a.re

(1 )  R e l a t i v e l y  low i n i t i a l  c o s t .

(2 )  Simpl i c i t y  o f  s t r u c t u r e .

(3 )  A b i l i t y  to  d e te rm in e  membrane ru p tu r e .

(4 )  A b i l i t y  to  w ithdraw  one p l a t e  from th e  system, w i th o u t  

c e s s a t io n  o f  o p e r a t io n .

I t s  d is a d v a n ta g e s  a re

(1 )  Tendency f o r  th e  l i q u o r s  to  s h o r t  c i r c u i t  a c r o s s  th e  

p l a t e s .

(2 )  n e c e s s i t y  o f  a  s t ro n g  membrane.

(3 )  Slow t r a n s f e r  r a t e s .

(4-) D i f f i c u l t y  o f  r e p la c in g  membranes.
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(5) Loss o f  f u l l  c o u n te r  c u r r e n t  o p e ra t io n .

T h is  d i a ly z e r  i s  w id e lv  employed in  t h e  ravon in d u s t r y ,  i n  s u i t e  o f
(36)

i t s  slow r a t e  o f  t r a n s f e r .  A p p a re n t ly ,  th e  ruggedness  o f  th e  membranes 

and th e  a b i l i t y  to  remove a  s in g le  p l a t e  from s e r v i c e  outw eighs o th e r  

d is a d v a n ta g e s .

Asah i  D ia ly z e r . This  d i a l y z e r  i s  o f  th e  p l a t e  and frame tyne,,

and c o n s i s t s  o f  a  s e r i e s  o f  fram es  w ith  membranes i n s e r t e d  between them,

th e  d i a l y z e r  b e in g  clsmped t o g e t h e r  by hand screw w h ee ls .

I t s  f e a t u r e  i s  a system whereby th e  p r e s s u r e  d i f f e r e n t i a l s

a c ro s s  th e  membranes a re  n e u t r a l i z e d  by two pumps o r  h v d ra u l i c  heads
(39)

f o r  th e  c o n c e n t ra te d  l i q u o r ,  and two f o r  th e  d i l u t e  l i q u o r .  This 

system  f a c i l i t a t e s  th e  use  o f  much th i n n e r  membranes, th e re b y  se c u r in g  

a f a s t e r  t r a n s f e r  r a t e .  I t s  advan tages  a r e

(1 )  P re  s s u re  e q u a l i z a t io n .

(2) The use  o f  t h i n  membranes.

(3 )  F a s t  t r a n s f e r  r a t e s .

(4 )  Small f l o o r  space.

I t s  d isa d v a n ta g e s  a re

(1 )  D i f f i c u l t y  o f  o p e r a t io n .

( 2) High i n i t i a l  c o s t .

(3 )  Membrane f r a g i l n e s s .

(4) I n a b i l i t y  to  w ithdraw  a s in g l e  p l a t e  from th e  system.

( 5) I n a b i l i t y  to  d e te rm in e  membrane r u p tu r e .

(6 )  N e c e s s i ty  o f  c e s s a t i o n  o f  s e r v ic e  to  r e p a i r  one p l a t e .

The A sah i d i a l y z e r  h as  th e  l a r g e s t  c a p a c i ty  p e r  u n i t  a r e a  and f l o o r

space o f  any d i a l y z e r  m anufac tu red .  I t  i s  w id e ly  u sed ,  b u t  i t s  u se  

i s  l i m i t e d  by th e  tim e r e q u i r e d  to  r e p la c e  a s in g le  p l a t e .
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Table V i l l u s t r a t e s  some o f  th e  p r o p e r t i e s  o f  th e  C e r in i  and 

th e  A sah i d i a l y z e r s .

TABLE V

C a p a c i ty
Name : Type s Dimensions Ho. P l a t e s T o ta l  A re a :C a p a c i ty  : A rea

: :
C e r i n i : P l a t e  &: 1 0 ’x 5*x 4* 25

» •
3,460 f t . 2:2 3 . 8 # / h r .  :0 .00238

: Tank : • # o* . •
A sahi : P l a t e  &: 6 'x  lTf:1 x? 60 5,240 f t .  : 8 3 . 2 ^ /h r .  : 0 . 01590

: Frame : # m* •

Thus, th e  g r e a t  advan tage  o f  th e  A sahi d i a l y z e r  over th e

C e r in i  i s  a p p a re n t .  However, th e  tim e r e q u i r e d  to  change th e  membranes

o f  an A sah i d i a l y z e r  i s  two h o u r s .  This  may be f a c i l i t a t e d  i n  th e

C e r in i  u n i t  w i th o u t  c e s s a t i o n  o f  o p e r a t io n .  The l i f e  o f  th e  Asahi

parchm ent i s  about one month, w h i le  th e  l i f e  o f  th e  C e r in i  membrane
(42)

i s  seven to  tw elve months.

In  summary, i t  may be s a id  t h a t  d i a l y s i s  may be r e a d i l y  and 

e f f e c t i v e l y  a p p l ie d  i f  s u i t a b l e  equipment and membranes can be 

deve loped . The p ro c e s s  i s  f u l l y  a u t o - a c t i v e ,  and i s  r a t h e r  d e l i c a t e .  

The r a t e  o f  t r a n s f e r  a c ro s s  a membrane i s  a f f e c t e d  by th e  c o n c e n t r a t io n  

d r iv in g  f o r c e ,  th e  r e s i s t a n c e  o f  th e  septum, th e  n a tu r e  o f  t h e  septum 

and s o l u t e ,  and th e  in h e re n t  e l e c t r i c a l  p r o p e r t i e s  o f  t h e  membrane- 

s o lu t i o n  i n t e r f a c e s .

The equipment employed a t  th e  p r e s e n t  i s  b u lk y ,  i n e f f i c i e n t ,  

ex p en s iv e ,  and troub lesom e  to  o p e r a te .  The membranes o f  t h e  fram e and 

ta n k  ty p e  a re  heavy and i n e f f i c i e n t ,  The p l a t e  and frame ty p e  

employing b a lan ced  p r e s s u r e s  i s  d i f f i c u l t  to  o p e r a t e .

I t  i s  hoped t h a t  an i n v e s t i g a t i o n  o f  th e  mechanism o f  d i a l y s i s  

may le a d  to  th e  development o f  more e f f i c i e n t  eouipm ent, and t h e r e f o r e  

a more w idesp read  employment.
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111 THEORETICAL

I t  i s  now n e c e s s a ry  to  r e l a t e  th e  v a r io u s  f a c t o r s  a f f e c t in g ,  

th e  r a t e  o f  d i a l y s i s .  The S e c t io n  o f  t h i s  t h e s i s ,  e n t i t l e d  

H i s t o r i c a l ,  h as  i n d i c a t e d  th e  com p lex ity ,  and la c k  o f  com plete 

u n d e r s ta n d in g  o f  th e  o r o c e s s .  C onsequen tly ,  i t  becomes n e c e s s a ry  to  

make c e r t a i n  a ssum ptions  t h a t  appea r f e a s i b l e ,  and to  an a lyze  c e r t a i n  

o f  th e  f a c t o r s ,  th e re b y  e s t a b l i s h i n g  a f i r s t  app ro x im atio n .

E l e c t r o k i n e t i c  N e g l i g i b i l i t y : The e f f e c t  o f  th e  membrane

e l e c t r i c a l  p r o p e r t i e s  i s  a  p r im ary  and o th e rw ise  comolex c o n s id e r a t io n .  

I t  may be seen  from F ig u re  11, page 25, t h a t  i n  th e  range o f  r e l a t i v e l y  

h ig h  c o n c e n t r a t i o n s ,  th e  Z e ta  p o t e n t i a l  approaches n e g l i g i b l e  

p r o p o r t i o n s .  C onsequen tly ,  i n  c o n c e n t r a te d  s o lu t i o n s  o f  th e  u s u a l  

ran g e ,  e l e c t r o k i n e t i c s e f f e c t s  may be assumed to  be n e g l i g i b l e  o r  

c o n s ta n t ,  th e re b y  f a c i l i t a t i n g  th e  in d u c t io n  o f  a t r a n s f e r . c o e f f i c i e n t .

I t  h as  been  found t h a t  most aqueous s o lu t io n s  a re  e l e c t r o ­

n e g a t iv e  w ith  r e s p e c t  to  membranes. From t h i s ,  th e  fo l lo w in g  concept 

o f  th e  e f f e c t  o f  e l e c t r o k i n e t i c  phenomena f o r  e l e c t r o l y t e s  i s  s e t  up. 

C o n s id e r  th e  fo l lo w in g  d iagram .

C . C,

C A s e  I

-Z/~ <
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Where v y . u ,  th e  d i l u t e  s o lu t i o n  w i l l  become p o s i t i v e  r e l a t i v e  t o  t h e  

c o n c e n t r a te d  s o l u t i o n .  I n  t h i s  c a s e ,  th e  d i f f u s i o n  p o t e n t i a l  w i l l  be 

augmented by th e  s t ream in g  p o t e n t i a l .  Thus, t h e  t o t a l  p o t e n t i a l  i s

The e le c t r o o s m o s is ,  0 e , i s  g iven  by

and w orks i n  o p p o s i t i o n  to  normal osm osis .  Thus,

Oa  =

hlhere u <  v ,  th e  d i l u t e  s o lu t io n  vri.ll become n e g a t iv e  r e l a t i v e  

to  th e  c o n c e n t ra te d  s o lu t io n .  Thus, th e  d i f f u s i o n  p o t e n t i a l  w i l l  be 

d ec re a se d  by th e  s tream in g  p o t e n t i a l .  T h e re fo re ,

0 k  *  ? ^ ^

However, h e re  e le c t ro o s m o s is  w orks to  in c r e a s e  w ith  th e  normal o sm osis .  

Thus, ^  =  0 /9  +- O #

c  * - - £ ■ <  a  f ° f a - * * )^  4 tr~ (A

From th e  above, s e v e r a l  c o n c lu s io n s  may be drawn, which a re  

as f o l lo w s .  * . .

(1 )  Where u = v ,  z  0 ,  and a  p o t e n t i a l  w i l l  be s e t  up i n  

o p p o s i t io n  to  normal osm osis .

(2 )  Where v <  u ,  th e  a c tu a l  osmose w i l l  be l e s s  th a n  th e  

normal osmose.

(3) Where u < - v ,  t h e  a c t u a l  osmose w i l l  be g r e a t e r  th a n  th e  

normal osmose.

(4 )  Where E^ = Eg, bsm osis w i l l  p roceed  a t  th e  normal r a t e .
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(5 )  {here th e  Z e ta  p o t e n t i a l  i s  n e g l i g i b l e ,  osmosis w i l l  

p roceed  a t  th e  normal r a t e .

(6) vVhen th e  d i l u t e  s id e  i s  n e g a t iv e ,  t h e  e f f e c t  o f  th e  

Z e ta  p o t e n t i a l  i s  d im in ish ed  by th e  s tream in g  p o t e n t i a l .

From th e  above c o n s id e r a t io n s ,  i t  may be assumed t h a t  u s u a l l y  

th e  e l e c t r o k i n e t i c  e f f e c t  i s  sm all  r e l a t i v e  to  normal a c t io n ,  and 

th e r e f o r e  may be n e g le c te d  as  a f i r s t  eo p ro x im a tio n .  th e  fo l lo w in g  

r e l a t i o n s  a re  developed  as  th e  f i r s t  ap p ro x im atio n ,  and a re  t h e r e f o r e  

s u b je c t  to  th e  a ssum ptions  s t a t e d  f o r  each c a se .
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CASE I  -  UNSTEADY STATE -  OSMOSE NEGLIGIBLE

A. ASSUMPTIONS;

(1) The amount o f  osmose p a s s in g  th e  membrane i s  n e g l i g i b l e .
(2) The e l e c t r o k i n e t i c  e f f e c t s  a re  n e g l i g i b l e .
(3) The c o n c e n t ra te d  and d i l u t e  s o lu t i o n s  rem ain c o n s ta n t  in
( 4 ) S t i r r i n g  h as  a n e g l i g i b l e  e f f e c t  on th e  r a t e  o f  t r a n s f e r .
(5 )  P e r f e c t  m ixing  o f  th e  s o lu t i o n s  th ro u g h o u t  each p h a se .

B. DIAGRAM;

C. DEVELOPMENT:

By analogy  to  d i f f u s i o n ,  th e  fo l lo w in g  d i f f e r e n t i a l  r e l a t i o n  

may be w r i t t e n  f o r  s o lu te  t r a n s f e r  a c ro s s  a  membrane.

S ince  th e  membrane i s  r e l a t i v e l y  t h i n ,  and because  t h e  d i f f u s i o n  p a th  

i s  i n  th e  form o f  a f i n e  p o re ,  th e  c o n c e n t r a t i o n  g r a d ie n t  may be 

c o n s id e re d  to  be l i n e a r  w i th  membrane th i c k n e s s .  T h e re fo re ,  combining 

th e  r a t i o  k / t  i n t o  a  new c o n s ta n t  K, E q u a t io n  ( l )  becomes

^  A f A f e - C z )  ( 2 )

I t  i s  now n e c e ss a ry  to  r e l a t e  q and Cg i n  te rm s  o f  C-]_. By m a te r i a l  

b a la n c e s ,  i t  fo l lo w s  t h a t
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/
= v 't^ c .C .)  Cz  -- <£'

-  c  -  4 , ( 4 ; - c )  +  &

(3 )

A1so, a tan y  tim e

(4)

S u b s t i t u t i n g  E qua tions  (3 )  and (4 )  i n  ( 2 ) ,  one o b ta in s

' - 4 z r  = c,']
which i s  s e p a ra b le  to

(5)

  _________     / 4

I n t e g r a t i o n  o f  (b) between th e  l i m i t s  o f  C’ t o  Cj* and 0 t o  © y i e l d s  

th e  fo l lo w in g  e q u a t io n  upon s i m p l i f i c a t i o n .

( 6 )

(7 )

However, th e  form o f  th e  e q u a t io n  i s  b u lk y ,  and w i l l  t h e r e f o r e  be 

f u r t h e r  s im p l i f i e d  by th e  i n t r o d u c t i o n  o f  th e  new c o n s ta n t s

A  ■ 4 2 a )
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4 4

I n t r o d u c t io n  of (8) and (9) i n t o  (7) y i e l d s

.  y d 'A j  „
U o)

-  T r - ' 7 *

In  case  i t  i s  d e s i r e d  to  know th e  c o n c e n t r a t i o n  C]_ a f t e r  any p e r io d  

o f  t im e ,  E qua t ion  (10) may be so lved  to  g ive

To so lv e  d i r e c t l y  f o r  th e  q u a n t i ty  o f  m a te r i a l  t r a n s p o s e d ,  i t  i s  

on ly  n e c e s s a ry  to  s u b s t i t u t e  i n  ( l l )  one o f  th e  m a t e r i a l  b a la n c e s  

from ( 3 ) .  Thus

s  e ' ^ J - s C
( 12 )

I t  i s  n e c e s s a ry  t h a t  th e  c o n c e n t r a t i o n  l i m i t s  be k e p t  i n  

mind. For th e  case  i n  which th e  s o lu t e  i s  perm eable to  th e  membrane, 

th e  l i m i t  o f  d i a l y s i s  i s  where C]_ -  C2 = 0 ,  o r  where

/  " (13 )

I f  one component o f  th e  system, i s  n o n - d i f f u s i b l e ,  th e  l i m i t s

as  s e t  down by Donnan must be employed. Thus, a t  e q u i l ib r iu m

/& ] /* ?
and

■v f X X £ c - £ ) ( 1 4 )
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Solving; (14) f o r  q

< ? =  ^  !  ¥ [ * ..

V J7  / - £ -  -  )
V *  v s j

However, where = Vg , th e  s o lu t io n  s im p l i f i e s  to

/  -  _  J & 2 L -  o s
' < £  v •*■<*.' “

In  o rd e r  t o  v e r i f y  t h i s  developm ent, i t  i s  on ly  n e c e s s a ry  to

■clot

The s lo p e  o f  th e  l i n e  i s  -KA«J/V]_, from which K may be computed. 

Should th e  v a lu e  o f  K be v a r i a b l e ,  a. r e c t i f i c a t i o n  as  a  f u n c t i o n  of 

C i s  recomended.

case i i  -  Parallel flow -  steady state -  osmose negligible

A. ASSUMPTIONS:

The same assum ptions  a p p ly .h e re  as  i n  Case I .

B. DIAGRAM:

cz p   ̂ cx
/ '  ---------------- I I _________________   JL"

S - — ______________ __________— | -
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C. DEVELOPMENT {

C onsider  a  d i f f e r e n t i a l  s e c t io n  o f  th e  membrane a t  any p o in t  

o f  d i s t a n c e  1 from th e  c o n c e n t ra te d  l i q u o r  i n l e t .  The v a lu e  o f  a r e a ,  

dA i s  a l s o  e q u iv a le n t  to  h ( d l ) .  A cross t h i s  d i f f e r e n t i a l  a r e a ,  t h e  

r a t e  o f  t r a n s f e r  i s  g iven  by

However, s in c e  th e  q u a n t i ty  t r a n s f e r r e d  v a r i e s  w i th  th e  a r e a ,  th e  

fo l lo w in g  d i f f e r e n t i a l  e q u a t io n  may be w r i t t e n ,  where t h e  v a lu e  o f  

K has  t h e  same d im ensions  and i s  o f  i d e n t i c a l  m agnitude as  i n  ( l ) .

S ince  a l l  of th e  s o lu te  l o s t  by th e  r i c h  l i q u o r  must be ga ined  by 

th e  le a n  l i q u o r ,  th e n  b o th  and C£ must be l i n e a r  i n  th e  d i a l y s a t e ,  

o r  q. The fo l lo w in g  diagram  i l l u s t r a t e s  th e  above p r i n c i p l e .

( 1 )

( 2 )

From th e  diagram , i t  may be  seen t h a t

(3 )

^■e s u b s t i t u t i o n  o f  E q u a t io n  (3) i n  (2 )  g ives

( 4 )
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S e p a ra t in g  (4)

I n t e g r a t i n g  and r e a r r a n g in g  th e  above y i e l d s

S -  ,  A ' * ' ?
&  ( 6 )

which i s  t h e  f a m i l i a r  form o f  t h e  lo g  mean.

I t  now becomes n e c e s s a ry  t o  e v a lu a te  and in  t e r n s

of th e  f low  r a t e s  and th e  q u a n t i t y  of m a t e r i a l  t r a n s f e r r e d .

O bviously ,

( 6 )

To o b ta in  , a materia.1 b a la n c e  w i l l  be emnloyed. Thus,

#  =  c \ e £ > - < r . ' * e &  -  (7)

and,

c  ~  ( 8 )

r  (9)

C onsequen tly ,  from ( 6 ) ,  (8 )  and (9)
e

A lso ,  from (b) and (10)

( 10)

(1 1 )
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from (6 )  rind. ( 1 0 ) ,  we fretS o lv in g  f o r

(12)

S u b s t i t u t i n " ( l l )  and (12) i n  ( 5 ) ,  and s o lv in g  f o r  1, we o b ta in  a 

more d i r e c t l y  a p p l i c a b le  r e l a t i o n ,  which i s

d i r e c t l y  f o r  th e  le n g th  o f  th e  flow  p a th  r e q u i r e d  to  e f f e c t  a g iven  

t r a n s f e r  o f  s o lu te  f o r  a d e f i n i t e  c o n d i t io n  o f  f low  r a t e s  and n l a t e  

h e i g h t ,  i n  any period. o f  t im e .  However, i t  must be r e c a l l e d  t h a t  

u s u a l l y  th e  l a r g e s t  mean d r iv i n g  f o r c e  i s  a t t a i n e d  by means o f  

c o u n t e r - c u r r e n t  f lo w . However, i t  i s  e v id e n t  t h a t  a case  may e x i s t  

where th e  r e v e r s e  cou ld  be t r u e .  In  a  ca se  w here th e  le a n  l i q u o r  f low  

r a t e  i s  v e ry  h ig h ,  C2 may be assumed n e g l i g i b l e ,  and t h e r e f o r e  th e  

d r iv in g  fo r c e  becomes e q u iv a le n t  to  th e  r i c h  l i q u o r  c o n c e n t r a t i o n .

CASE I I I  COUNTER CURRENT FLOW -  STEADY STATE -  OSMOSE NEGLIGIBLE

(13)

Thus, by th e  a id  o f  E q u a t io n  (13) i t  i s  p o s s i b l e  t o  so lve

A. ASSUMPTIONS

The same assrxmptions app ly  h e re  as  i n  Case I

B. DIAGRAM:

jL
T J -----
I •
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C* DEVELOPMENT:

A c o n s id e r a t io n  s im i l a r  t o  Case I I  y i e l d s  a  s im i l a r  r e l a t i o n ,  

which i s

*  * *  a )

However, th e  v a lu e s  o f  ^  a re  n o t  th e  same, and must be c o n s id e re d  as

fo l lo w s .  Prom E q u a tio n s  (8) and (9 )  o f  Case I I

s ~ "  -  ^
^  -  C / / e < ^  ( 2 )

C z ~  (3 )

and t h e r e f o r e ,

A ’ =  t? ,'-  < z " =  & ' - & ) - &  ~

A ' =  < • " -  4 '  =  - ^ q e f

S u b t r a c t in g  (4) from (5) we o b ta in

A - * '  -

and d iv id in g  (4) by (5)

4>  -  Z # -

A*~

S u b s t i t u t i n g  (6 )  and (7) i n  ( l )  and s o lv in g  f o r  1 y i e l d s

-  ^

A Z A  +  ± )

(4)

(5)

( 6 )

(7)

( 8 )
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The above t h r e e  o ases  do n o t  c o n s id e r  osmose. I t  i s  w e l l  known.

t h a t  osm otic  p r e s s u r e  re a c h e s  l a r g e  p r o p o r t i o n s .  S ince  th e  membranes 

a re  po ro u s ,  i t  i s  e v id e n t  t h a t  t h e r e  must be some osm esis .  For l a rg e  

c o n c e n t r a t i o n s ,  th e  r e l a t i o n  o f  osm osis  to  s o lu te  t r a n s f e r  may become 

a p p r e c ia b le .

I f  osmosis i s  c o n s id e re d ,  t h e  r e l a t i o n s  govern ing  t r a n s f e r

a re  co m p lica ted  by i t s  in d u c t io n .  The s i x  c a se s  of i n t e r e s t  a re  

t h e r e f o r e  developed i n  th e  fo l lo w in g  m a t e r i a l .  I t  must be r e c a l l e d  

t h a t  th e s e  a re  a l so  s u b je c t  to  th e  same end c o n d i t io n s  a s  d e f in e d  by 

c o n c e n t r a t i o n  e q u iv a len c e  and th e  Donnan e q u i l ib r iu m .

(1 )  The d i l u t e  c o n c e n t r a t i o n  i s  n e g l i g i b l e .
(2) The t r a n s f e r  a r e a  i s  l i m i t e d  by th e  l e v e l  o f  Vg.
(3^ Osmosis i s  a p p re c ia b le  r e l a t i v e  t o  s o l u t e  t r a n s f e r .
(4) The sm all h y d r o s t a t i c  head  between Vj_ and V2 i s  n e g l i g i b l e .
(5 i  The e l e c t r o k i n e t i c  e f f e c t s  a re  n e g l i g i b l e .
(6 )  The s o l u t i o n s  a re  o f  u n ifo rm  c o n c e n t r a t i o n .
(7 )  The osmose i s  p u re  s o lv e n t .
(8 )  S t i r r i n g  h a s  a  n e g l i g i b l e  e f f e c t  on th e  r a t e  o f  t r a n s f e r .

CASE IV UNSTEADY STATE -  OSMOSE EOT NEGLIGIBLE -

OSMOSE RETAINED IN CONCENTRATED CELL -  C? NEGLIGIBLE

A. ASSUMPTIONS:

B. DIAGRAM

O
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C. DEVELOPMENT:

By analogy t o  Case I ,

-  ~CZ)  -  A^AC.
( 1 )

However, i t  i s  n e c e s s a ry  t h a t  osm osis be in c lu d e d .  I t  h a s  been shown 

t h a t  th e  r a t e  o f  f low  th rough  f i n e  p o re s  i s  s t r e a m l in e ,  and th e r e f o r e

P. F u r th e r ,  we have seen t h a t  osm otic  p r e s s u r e  i s  p r o p o r t i o n a l  

to  c o n c e n t r a t i o n .  T h e re fo re ,  th e  fo l lo w in g  r e l a t i o n  may be w r i t t e n .

&  =  V A f C ,  - c A  =  V A C ,
^  (2)

D iv id in g  ( l )  by (2 )  y i e l d s

3 5  - r  - r  (s>
E quation  (3 )  i s  ex trem ely  im p o r ta n t ,  and w i l l  be d is c u s s e d  i n  d e t a i l  

l a t e r .  S ince  dO i s  measured by in c rem en ts  i n  Vj_, i t  w i l l  be c o n v en ien t  

f o r  th e  moment t o  w r i t e  (3) as

#  -

V  '  ^  (*>

A lso ,

nr -  V ,d c ,
(5)

S u b s t i t u t i n g  (5) i n  (4)

-  -  -J -
- 3 S T  v  '  r  <6>

S e p a ra t in g ,

(?)
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I n t e g r a t i n g  between th e  l i m i t s  o f  c |  and and and V y i e l d s

I t  i s  n o t  p o s s i b l e  t o  t e s t  th e  v a l i d i t y  o f  E q u a t io n  (10) by a

Employing (1 2 ) ,  i t  i s  now p o s s i b l e  to  t e s t  E q u a t io n  (10) by p lo t t in g

The s lo p e  o f  t h e  l i n e  i s  T .  and th e  v a lu e s  o f  K and a r e  so lved  

f o r  by th e  u se  o f  (1 1 ) .  However, E q u a t io n  (10) i s  on ly  an e x p re s s io n  

o f  osmose i n  te rm s o f  c o n c e n t r a t i o n .  I t  can s e rv e  o n ly  to  v e r i f y  th e  

g en e ra l  a ssu m p tio n s .  I t  i s  d e s i r a b l e  t o  d e te rm in e  t h e  r e l a t i o n  

g overn ing  th e  t im e  r e q u i r e d  t o  accom plish  a g iven  s e p a r a t io n .  The 

fo l lo w in g  development h o ld s  f o r  t h e  l a t t e r .

( 8 )

S ince  volume e q u a ls  Ah

0 )

S o lv in g  f o r  h y i e l d s

A / e ( 10 )

d i r e c t  p l o t ,  s in c e  th e  v a lu e  o f  i s  n o t  known. However, i n t e g r a t i o n  

o f  E q u a t io n  (4) betw een th e  l i m i t s  o f  0 and q , and h^ and h^ y i e l d s

( 11)

S o lv ing  (11) f o r

( 12 )
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A t any  t im e ,

^  ~ ^  y 5 ^  (13)

S u b s t i t u t i n g  (13) i n  (10)

. ,
< &  '  1 K + r - f j  ( u )■

S e p a ra t in g  th e  v a r i a b l e s  and e s t a b l i s h i n g  l i m i t s  y i e l d s

(15)

(16)

I n t e g r a t i o n  and s i m p l i f i c a t i o n  o f  (15) g ives

E q u a tio n  (16) i s  u s e f u l  i n  d e te rm in in g  th e  tim e r e q u i r e d  f o r  a  g iven  

s e p a r a t io n .  To so lv e  f o r  q when th e  t im e  i s  s p e c i f i e d ,  t h e  method 

o f  i t e r a t i o n  i s  sugges ted .

CASE Y -  UNSTEADY STATE -  CP NEGLIGIBLE 

OSMOSE HOT NEGLIGIBLE -  OSMOSE WITHDRAWN

Note: T h is  ca se  i s  of v a lu e  on ly  f o r  th e  d e te rm in a t io n  o f  th e  c o n s ta n t s  

K and , and f o r  t h e  v e r i f i c a t i o n  o f  a ssum ptions .

A. ASSUMPTIONS:

Same as  Case 4
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B. DIAGRAMS o  + fa '- q )

0 —*- c‘ ? -
v:

<Cm

C. DEVELOPMENT:

By analogy  to  Case 4 ,  E q u a t io n s  ( l )  and (2 )  a re  a p p l i c a b l e .

Thus,

-  X A { G - G . ) =  # a C ‘

( 1 )

( 2)

E q u a t io n  ( l )  i s  v a l i d  o n ly  when th e r e  i s  no o th e r  t r a n s f e r  o f  

s o lu te  from th e  c e l l  o th e r  th a n  by d i f f u s i o n  th ro u g h  t h e  membrane. 

However, s o lu te  i s  a l s o  removed by th e  osmose. L e t q ’ r e p r e s e n t  th e  

t o t a l  s o lu t e  removed from th e  c e l l  by d i f f u s i o n  and by osm osis .

Then

= / t 's 4 C  /
( 3)

S u b s t i t u t i n g  (2 )  i n  ( 3 ) ,

- z. AC A  C, + AC, =. A C ,& * C ,^

At any i n s t a n t ,

(5 )
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S u b s t i t u t i o n  o f  (5 )  i n  (4) y i e l d s

- A C  <& + i'C )

S e p a ra t in g  th e  v a r i a b l e s  y i e l d s

=  -  A  f a
/tC.SiWrC) K J0

I n t e g r a t i o n  between th e  l i m i t s  of CQ and C j.  and 0 and 0 g iv e s

^  ^  / S A 4

(6)

(7)

a f t e r  s i m p l i f i c a t i o n .

The c h i e f  v a lu e  o f  e q u a t io n  (7) l i e s  i n  i t s  u se  f o r  th e  

d e te rm in a t io n  o f  K and Y  * From E q u a t io n  (3 ) ,  Case 4 ,

^  =
*  o

S u b s t i t u t i n g  (8) i n  (7 )

*

( 8 )

( 9 )

I n  o rd e r  t o  de te rm ine  K from  some d a t a ,  i t  i s  o n ly  n e c e s s a ry

to  p l o t

r f c 1 "  ^

Thus, th e  s lo p e  o f  th e  l i n e ,  m, w i l l  be  e q u iv a le n t  to

from which

(1 0 )
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From (8)

"  f  "  /
(1 1 )

I n  case  i t  i s  desired , to  d e te rm in e  t h e  c o n c e n t r a t i o n  a f t e r  

any p e r io d  o f  t im e  f o r  any system , E q u a t io n  (7) may be  so lv ed  f o r  C^. 

Thus, _  jd A G

( 12)

The s o lu t i o n s  f o r  t h i s  case  a re  v e ry  u s e f u l  i n  o b ta in in g  th e

v a lu e s  of' K and Y  employing sm all s c a le  equipm ent.

CASE VI STEADY STATE -  OSMOSE HOT NEGLIGIBLE -  PABALT.ET.

AMD COUNTER CURRENT FLOW -  C? NEGLIGIBLE

A. ASSUMPTIOM&t

(1 )  The volume o f  f low  o f  th e  l e a n  l i q u o r  i s  l a r g e  r e l a t i v e  
to  t h a t  o f  t h e  r i c h  l i q u o r .

(2^ The v a lu e  o f  Cg i s  n e g l i g i b l e  a t  a l l  p o i n t s .
(3 )  Osmose i s  a o p re c ia b le  r e l a t i v e  t o  s o lu t e  t r a n s f e r .
(4 )  The e l e c t r o k i n e t i c  e f f e c t s  a re  n e g l ig ib l e . .
(5) The osmose i s  ou re  s o lv e n t .
(6 )  The s o lu t i o n s  a re  u n ifo rm .
(7) The r a t e  o f  f lo w  h a s  a n e g l i g i b l e  e f f e c t  on th e  r a t e  o f  

t r a n s f e r .

B. DIAGRAM:
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C. DEVELOPMENT*

By analogy to  E qua tion  (2 )  Case I I

( i )

By a m a t e r i a l  b a la n c e  th ro u g h  any flow  d i s t a n c e  1,

^  s  < ? .'& &  -  C / f c e  * 0 )

from which i t  fo l lo w s  t h a t

c . ' * e
~ y S &  *■ i r e .

S u b s t i t u t i n g  (3 )  i n  ( l ) ,  and s e n a r a t in g  v a r i a b l e s  g iv e s

y  = / S e t  f a

J o  J* * * * ¥  Jo

( 2 )

( 3)

(4)

I n t e g r a t i o n  o f  (4 )  between th e  l i m i t s  o f  0 and q, and 0 and 1 y i e l d s

f a z ■ - ) / :7  ( 6)

I t  must be r e c a l l e d  t h a t  t h i s  r e l a t i o n  i s  a p p l i c a b le  t o  b o th  p a r a l l e l  

and c o u n te r c u r r e n t  f low  under th e  assum ptions  made. I t  i s  u s e f u l  i n  

th e  c a l c u l a t i o n  o f  t h e  le n g th  of p a th  r e q u i r e d  t o  accoranlish  a given 

s o lu te  t r a n s f e r  under  s p e c i f i c  c o n d i t io n s  of f low  and c o n c e n t r a t i o n .

When i t  i s  d e s i r e d  to  re c o v e r  a s o lu te  ™hich h a s  been o o l l u t e d ,  

i t . i s  advan tageous to  do so w i th  t h e  h ig h e s t  p o s s i b l e  c o n c e n t r a t i o n  o f  

th e  exuding pure  l i q u o r .  In  such c a s e ,  i t  i s  obvious t h a t  th e  l e a n  

l i q u o r  c o n c e n t r a t i o n  canno t be c o n s id e re d  n e g l i g i b l e .  A lso ,  s in ce  

such s o lu te s  a re  e v id e n t ly  h ig h ly  d i f f u s a b l e ,  i t  ap p ea rs  t h a t  n e i t h e r  

can osmose be c o n s id e re d  n e g l i g i b l e .  The f o l lo w in g  develonm ents  app ly
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\

t o  th e  c o n d i t io n s  s t a t e d  above.

CASE ¥11 UNSTEADY STATE -  C£ WOT NEGLIGIBLE 

OSMOSE NOT NEGLIGIBLE

A. ASSUMPTIONS:

(1 )  The s o lu t i o n s  a re  un ifo rm  th ro u g h o u t .
(2 )  S t i r r i n g  h a s  a n e g l i g i b l e  e f f e c t  on th e  r a t e  o f  t r a n s f e r .  
(3^ The e l e c t r o k i n e t i c  e f f e c t s  a r e  n e g l i g i b l e
( 4 ) The osmose i s  p u re  s o lv e n t .

B. DIAGRAM:

C. DEVELOPMENT:

By analogy to  Case I ,  E q u a t io n  ( 2 ) ,

r  (1)

I n  o rd e r  to  i n t e g r a t e  th e  above r e l a t i o n ,  i t  i s  n e c e s s a ry  t h a t

Cq and C2 be ex p re s se d  i n  te rm s  o f  q 
C]_ and q be e x p re ssed  i n  te rm s C2

C2 and q be ex p re s se d  i n  te rm s  o f  Cj.

This  may be accom plished  by w r i t i n g  th e  fo l lo w in g  m a t e r i a l  b a la n c e s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



59

over any p e r io d  of t im e

= f ' - f ' & s o )  (2 )

'f  a ' a  ( s )

Prom t h e s e ,  any o f  th e  above c o n d i t io n s  may b e  f u l f i l l e d .  For t h i s  

p u rp o se ,  i t  i s  most advantageous to  so lv e  as  f o l lo w s .

4  (4 )w  1 4  +  O  K 1

(5)

S u b t r a c t in g  (4) from (5) and expanding y i e l d s

S u b s t i t u t i n g  (6 )  i n  (1)

( 7 )

For th e  purpose  o f  s i m p l i f i c a t i o n ,  i t  i s  d e s i r e a b l e  to  in t ro d u c e  new 

c o n s ta n t s  i n  p la c e  o f  th e  c o n s ta n t  g roups . Thus

&  -
(B)

T & - « )  ( 9)
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/

^  f (10)

( 11)

S u b s t i t u t i o n  o f  ( 8 ) ,  ( 9 ) ,  ( 1 0 ) ,  and ( l l )  i n  ( 7 ) ,  and s e p a r a t in g  th e  

v a r i a b l e s  y i e l d s

I n t e g r a t i o n  o f  (12) between th e  l i m i t s  of 0 and. q , and 0 and 0 by th e  

method o f  s u b s t i t u t i o n  r e s u l t s  i n

The above r e l a t i o n  s p e c i f i e s  th e  t im e  re q u i r e d  to  a t t a i n  a d e f i n i t e  

s e p a r a t io n  i n  a s p e c i f i c  c i a l y z e r .  In  case  i t  i s  d e s i r e d  t o  so lv e  

f o r  th e  q u a n t i t y  o f  s o lu t e  t r a n s f e r r e d  in  a f i n i t e  t im e ,  E q u a t io n  (13) 

may be f u r t h e r  s im p l i f i e d  and so lv ed  by th e  method o f  i t e r a t i o n .

In  case  i t  i s  d e s i r a b l e ,  E qua t ion  (12) may be i n t e g r a t e d  by a p p ro x i­

mate methods w i th  f a c i l i t y .

(13)
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From E q u a t io n  (3)> Case IV, i t  may be  seen t h a t

O  -  a T /  ”  (6 )

S u b s t i t u t i n g  (6 )  i n  ( i )  and (5 )

=  ( 7)

/ e e  *

a - f -  + C* Z J L -  

< * -  / ,&  - 'f 'Z s > 'f )  (8 )

S u b t r a c t in g  (7) from (8)

w a  - f  _  

g e s ' r - f i '  A e  -  ( 9 )

The fo l lo w in g  s u b s t i t u t i o n s  a re  th e n  made f o r  groups o f  c o n s ta n t s :

8 ~  £  d o )

• *  = ^  ( U )

^  ( 12)

( 13>

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

S u b s t i t u t i n g  ( 1 0 ) ,  ( l l ) ,  ( 1 2 ) ,  and (13) i n  (9) y i e l d s  upon expans ion

c < £  /  " r f S a  ■/■<:) /  7 ” - 

x

C-Cz

•where

A  ~  ^  ^

y  -  C -G

= C G

(14)

(15)

( 16)

(17)

(18)

The v a r i a b l e s  o f  (14) may be  s e p a r a t e d ,  and th u s

I n t e g r a t i o n  betw een t h e  l i m i t s  of 0 and q, and 0 and 0 y i e l d s  upon 

expans ion  and s i m p l i f i c a t i o n

/ £ • & £ ? ) ] [ $ *  ^  y  r - $ )

( 20 )

F u r th e r  s i m n l i f i c a t i o n  i s  o f  advan tage when i t  i s  d e s i r e d  t o  so lv e

f o r  q, where 1 i s  g iven . F u r th e r  s i m p l i f i c a t i o n  i s  o f  no advan tage  

where i t  i s  d e s i r e d  to  so lv e  f o r  th e  l e n g th  o f  p a th  r e q u i r e d  to  

accom plish  a  g iv e n  s e p a r a t io n .  The s i m p l i f i c a t i o n  i s  a s  f o l lo w s .
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L®t
r -  '^  X

J t  ' + j L
/ 4  = y' 3  <2- v"

M ''
__ { / -  > - ' ) $

S u b s t i t u t i o n  o f  E q u a t io n s  (21) th ro u g h  (24) i n  ( 2 0 ) ,  a f t e r  th e  

a p p r p r i a t e  s i m p l i f i c a t i o n  and expans ion  y i e l d s

[ / « * / / *  z f ) ] [ r t ]  *  *  • / *

(2 1 )

( 22)

(23)

(24)

-  ( 25 )

T h is  e q u a t io n  may be  more r e a d i l y  so lv e d  by i t e r a t i o n ,  a l th o u g h  i t  

i s  d o u b tfu l  i f  any advan tage  i s  ga in ed  i f  one i s  s o lv in g  f o r  th e  

t im e  r e q u i r e d  t o  accom plish  a  g iven  s e p a r a t io n .  I t  i s  to  be  n o te d  t h a t  

approxim ate  methods o f  i n t e g r a t i o n  of E q u a t io n  (19) may be  a p p l ie d  

w i th  f a c i l i t y ,  th e re b y  y i e l d i n g  a  n u m e rica l  answer t o  a s p e c i f i c  

desiem problem .
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CASE IX STEADY STATE -  PARALLEL FLOW

OSMOSE AND C2 ARE MOT NEGLIGIBLE

A. ASSUMPTIONS*

The assum ptions  i n  Case V ap p ly  h e re .

B. DIAGRAM*

T| ^
*  — y ______________ 1 1____________

& ’ _________________ L€ - ___________ _ _  e

C. DEVELOPMENT:

By analogy  to  Case I I ,  E q u a t io n  ( 2 ) ,

( 1 )

I t  i s  d e s i r a b l e  to  so lv e  ( l )  i n  te rm s o f  th e  q u a n t i t y  t r a n s f e r r e d  

and th e  le n g th  o f  p a th  r e q u i r e d .  T h e re fo re ,  over any d i s t a n c e  1 

from th e  r i c h  l i q u o r  i n l e t ,  th e  fo l lo w in g  m a te r i a l  b a la n c e s  may be 

w r i t t e n .

y  ( 2 )

-  f d c # - 0)  ~

(3)

S o lv in g  f o r  Cq and C2

£  =  - # ^ 0  w
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&  / C &  -  (5  (5 )

From E q u a t io n  ( 3 ) ,  Case IV,

o -  - S f - * ?

S u b s t i t u t i n g  (6) i n  (4 )  and (E)

C ' ^ e e - f L
C  = & &  ¥- v ^ E T  ( 7 )

( s )

L e t

-  s t &  O )

^  ^  ( 10)

S u b s t i t u t i n g  ( 9 ) ,  ( 1 0 ) ,  and E q u a t io n s  (10) and ( l l )  from Case V I I I  

i n  (? )  and ( 8 ) ,  and s u b t r a c t i n g  (8 )  from (7 )  y i e l d s

J  a "  r f f -  (11)
S im p l i fy in g  and s u b s t i t u t i n g  t h e  fo l lo w in g

x '=  - / r ' ^ '  (is)

(13)

S < £ '  (14)
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(1 5 )

y i e l d s

(16)

S u b s t i t u t i n g  i n  ( 1 ) ,  and s e p a r a t i n g  v a r i a b l e s

-  r |  =
(17)

I n t e g r a t i n g  betw een th e  l i m i t s  o f  q z  0 and q, and 0 and 1 g iv e s

[ U " * W r ''¥ -

F u r th e r  s i m p l i f i c a t i o n  i s  as f o l lo w s .  * ~ Y '

L e t ,  _  V i  (19)

( - 0 )/ v  -  I / -  *  X

=r y , (  0  r  y , J  ( ? 1 )

< £ "  -  — <22)

S u b s t i t u t i o n  o f  E q u a t io n s  (19) th ro u g h  (22) in  (18) and s im p l i fy in g

/f ' /Z v 'f c * £ > ]  t  # 'f . - *" -  ( » >

Tho above r e l a t i o n  may t h e r e f o r e  be r e a d i l y  so lv ed  by i t e r a t i o n  

f o r  v a lu e s  o f  a when 1 and o th e r  p a ra m e te rs  a re  known.
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IV experimental

The ex p e r im e n ta l  work c o n s i s t e d  o f  an e f f o r t  t o  "verify th e  concep ts  

o f  t h e  d i a l y t i c  p ro c e s s  as developed  i n  th e  p re c e e d in g  s e c t i o n .  I t  was 

a l s o  d e s i r e d  to  d e te rm in e  th e  t r a n s f e r  c o e f f i c i e n t s  f o r  s e v e ra l  s o lu te s  

and membranes.

P ro c e d u re .

The s e c t i o n  o f  th e  t h e s i s ,  e n t i t l e d  L i t e r a t u r e  Review, d id  n o t  

i n d i c a t e  t h a t  th e  q u a n t i ty  o f  osmose was l a r g e  r e l a t i v e  to  t h e  s o lu te  

t r a n s f e r .  C onsequen tly ,  an u n s te a d y  s t a t e  a p p a ra tu s  i n  -which th e  d i l u t e  

c o n c e n t r a t i o n  was h e ld  n e g l i g i b l e  ws.s c o n s t r u c t e d .  T h is  a p p a ra tu s  

i s  i l l u s t r a t e d  in  P l a t e  I ,  and c o rre sp o n d s  to  Case I ,

The membrane employed was c l e a r  c e l lo p h a n e .  T h is  was th e  

p ro d u c t  o f  th e  Dennison M anufac tu r ing  Company o f  Farmingham, M a ssa c h u se t ts .  

I t  was n o t  t r e a t e d  to  make i t  w a te r - im p e rv io u s .  I t s  th i c k n e s s  was 

0 .0021  c e n t im e te r s ,  th e  v a r i a n c e  b e in g  0 .0001 c e n t im e te r  a s  a maximum.

The ce l lo p h an e  was made in t o  a  tu b e ,  t h e  j o i n t  b e in g  s e a le d  w i th  ru b b e r  

cem ent. This tu b e  was th e n  s l ip p e d  over th e  b a k e l i t e  su p p o r t  and 

f a s t e n e d  onto th e  su p p o r t  w i th  i n s u l a t e d  copper w i r e ,  th e re b y  i n s u r in g  

e l  w a te r  t i g h t  s e a l .  The r a t e  o f  s o lv e n t  f low  was 2 .96  l i t e r s  p e r  h o u r .

The s t i r r e r  o p e ra te d  a t  p o s i t i o n  number I .  The s t i r r i n g  o f  th e  con­

c e n t r a t e d  l i q u i d  was accom plished  by s a t u r a t e d  a i r  b u b b lin g  th ro u g h  th e  

c e l l .  The r a t e  was 200 b u b b le s  p e r  m in u te .  The o p e r a t io n  p roceeded  

sm oothly , b u t  i t  was observed  t h a t  t h e r e  was a c o n t in u a l  in c r e a s e  in  

t h e  r i c h  volume. The d a t a  ta k e n  a t  i n t e r v a l s  were as  fo l lo w s :
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, ( l )  Time
(2) 1 c . c .  sample o f  Cq
(3) 25 c . c .  sample o f  Cg 
(4^ A ir  bubble  r a t e
(5) D i lu t e  l i q u o r  q u a n t i t y  
(b )  Tem perature

At th e  beg in n in g  and t h e  end o f  th e  ru n ,  th e  r i c h  volume was m easured .

I t  was ob se rv ed  in  t h e  above experim en ts  t h a t  osmose amounted to  

ro u g h ly  50 p e r  c e n t  o f  th e  o r i g i n a l  volume over f i v e  h o u r s .  T h e re fo re ,  

i t  was e v id e n t  t h a t  osmose cou ld  n o t  be n e g l e c te d .

An a t te m p t t o  measure t h e  r a t e  o f  osmose by w ithdraw ing  th e  

osmose th rough  a tu b e  w i th  s u c t io n  f a i l e d .  A s iphon was th e n  employed, 

D re f t  b e in g  in t ro d u c e d  a t  t h e  e x i t  i n  an e f f o r t  to  reduce su r fa c e  

t e n s i o n  e f f e c t s .  This  a l s o  f a i l e d  to  y i e l d  re p ro d u c a b le  r e s u l t s .

The f a i l u r e  in  th e  above two c a s e s  may be a t t r i b u t e d  t o  su r fa c e  

t e n s i o n  i n t e r f e r e n c e  and to  membrane f l e x u r e .  The f o r c e  r e q u i r e d  to  

produce a  drop on th e  end o f  a c a p i l l a r y  was e q u iv a le n t  to  ab o u t 2-4  m.n. 

head o f  w a te r .  F u r th e r ,  sm all i n c r e a s e s  i n  p r e s s u r e  caused  th e  membrane 

t o  f l e x ,  th e re b y  d i s t o r t i n g  th e  osmose r e s u l t s .

I t  th e n  appeared  t h a t  i t  was n e c e s s a r y  to  c o n s t r u c t  a  s te a d y  

s t a t e  n ie c e  o f  equipment employing b a lan ced  p r e s s u r e s .  T h is  equipment 

was to  o p e ra te  u n t i l  e q u i l ib r iu m  was re a c h e d .  Then t h e  v a lu e  o f  K and 

w ere  to  be de term ined  as  fo llo 'w s:

and
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Thus, over a  p e r io d  o f  t im e ,  w ith  a known in o u t  o f  r i c h  l i q u o r ,  

th e  two c o n s ta n t s  cou ld  be d e te rm in ed .  The p r e s s u r e  on both  s id e s  o f  

the  membrane w ere a d ju s t e d  u n t i l  i d e n t i c a l .  At t h i s  c o n d i t io n ,

where and H2 r e p r e s e n t  th e  h e i g h t  o f  th e  l i q u o r  l e v e l s  o f  th e  

c o n c e n t r a te d  and d i l u t e  l i q u o r s ,  r e s p e c t i v e l y .  P, and / £  r e p r e s e n t  

th e  d e n s i t y  o f  th e  r i c h  and d i l u t e  s o lu t i o n s .  A f t e r  t h e  a p p a ra tu s  had 

come' i n t o  e q u i l ib r iu m ,  a  measured q u a n t i ty  of th e  r i c h  s o lu t i o n  was 

in t ro d u c e d  and p e r m i t t e d  to  p a s s  th rough  th e  system.. The d a ta  ta k e n  

were as  fo l lo w s :

( l )  Time a t  s t a r t  o f  f low
( 2) T emp e r  a tu  re
(3) I n l e t  volume o f  s o lu t i o n
(4 )  O u t le t  volume o f s o lu t i o n
(5) C o n c e n t ra t io n  o f  d i l u t e  l i q u o r
( 6 ) C o n c e n t ra t io n  o f  r i c h  l i q u o r

T h is  p ie c e  o f  equipment i s  i l l u s t r a t e d  i n  P l a t e  I I .  The r e s u l t s  

from i t  were v e ry  p o o r .  I t  was p o s s i b l e  to  rep roduce  f a i r l y  w e l l  th e  

v a lu e s  o f  K, b u t  n o t  th o s e  o f  ^  ,

The f a i l u r e  o f  th e  above equipment can be a t t r i b u t e d  to  membrane 

f l e x u r e  a lo n e .  Thus, i t  became e v id e n t  t h a t  t h e  membrane must be 

su p p o r te d ,  and t h a t  i t  be under some s l i g h t  p o s i t i v e  p r e s s u r e  to  h o ld  

i t  a g a i n s t  th e  su p p o r t .

An ex p e r im e n ta l  d i a l y z e r  was th e n  c o n s t r u c te d  which f a c i l i t a t e d  

th e s e  r e q u ire m e n ts .  This  d i a l y z e r  i s  i l l u s t r a t e d  by P l a t e  I I I .  The 

top  and bottom fram es  were o f  -5- inch  b a k e l i t e .  The r i c h  volume c o n ta in e r  

was a  t e n i t e  p l a t e .  The su p p o r t  was a  inch  mesh s c re e n  made o f  

g a lv a n iz e d  i r o n .  T h is  was f a s te n e d  to  t h e  bottom  b a k e l i t e  fram e.
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The a p p a ra tu s  was h e ld  to g e th e r  by fo u r  b o l t s .

The p ro ced u re  f o r  a ru n  i s  g iv en  as fo llo w s . The d i l u t e  l i q u o r  

c o n ta in e r  was f i l l e d  w ith  d i s t i l l e d  w a te r .  The th e rm o s ta t  was in tro d u c e d , 

and th e  l i q u id  s t i r r e d  w h ile  i t  came up to  te m p e ra tu re . The membrane

was soaked in  d i s t i l l e d  w a te r  f o r  -§• h o u r. The to p  fram e and th e  p l a t e

w ere pu rged  o f  im p u r i t ie s  and p la c e d  on a  ra c k  up-end  down. Both th e  

osmose and sam pling  tu b e s  w ere c lo s e d . The r ic h  l i q u o r  was th e n  poured  

in  th e  p la te  u n t i l  i t s  le v e l  was f lu s h  w ith  th e  p l a t e  edge. The 

membrane was s l i d  on in  such a manner a s  to  p re v e n t a i r  e n te r in g .

The ru b b e r  w asher was th e n  p la c e d  on th e  p e r ip h e ry  o f  th e  p l a t e .  The 

low er fram e was p la c e d  on th e  w asher and b o l te d  in  p la c e .  The 

a p p a ra tu s  was th e n  in v e r te d ,  and l i q u id  ru n  in  u n t i l  th e  system  was 

co m p le te ly  f i l l e d .  The a p p a ra tu s  was n e x t in tro d u c e d  in to  th e  d i l u t e  

l iq u o r  b a th  and th e  osmose le a d  and s t i r r e r  co n n ec ted . I t  was th e n  

t e s t e d  f o r  le a k s  and run  f o r  10-15 m in u tes  to  in s u re  u n ifo rm ity , 

o p e ra t io n  sm oothness, and to  a llo w  th e  membrane to  come in to  e q u i l ib r iu m . 

The d i l u t e  l iq u o r  s t i r r e r  o p e ra te d  a t  p o s i t i o n  I I I ,  w h ile  th e  concen­

t r a t e d  l iq u o r  s t i r r e r  o p e ra te d  a t  p o s i t i o n  I .  The d a ta  ta k e n  d u r in g  a

run  o v er a p e r io d  o f  tim e w ere as fo llo w s :

(1 ) The osmose volume
(2 ) A 1 c . c .  sample o f  th e  r i c h  l iq u o r
(3 ) A 25 c . c .  sample o f  th e  le a n  l iq u o r
( 4 ) The te m p e ra tu re
(5 ; The tim e

A t th e  b e g in n in g  o f  th e  run  th e  d i l u t e  l iq u o r  volume was m easured . A t 

th e  end of th e  ru n  th e  r ic h  l iq u o r  volume was m easured .

A n a ly t ic a l  P ro c e d u re .

C h lo r id e s . A ll  C h lo r id e s  w ere t i t r a t e d  w ith  s i l v e r  n i t r a t e
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s o lu t io n s .  The in d i c a to r  was a 0 .1  p e r  c e n t  a lc o h o lic  s o lu t io n  o f 

d ic h lo r f lu o r e s c e in .  The 1 c . c .  sam ples w ere d i l u te d  by th e  a d d i t io n  

o f  25 c . c .  o f w a te r .  Two sam ples o f  10 c . c .  each w ere th e n  t i t r a t e d .  

The 25 c . c .  sam ples were t i t r a t e d  d i r e c t l y  u s in g  10 c . c .  p o r t io n s .

The c o n c e n tra t io n s  w ere c a lc u la te d  by

S u l f a t e s . A ll  s u l f a t e s  w ere an a ly zed  by ta k in g  to  d ry n ess  in  an

oven. The sam ples w ere d r ie d  f o r  24 h o u rs  a t  120° C. and d ry in g  c o n tin u e d

u n t i l  c o n s ta n t  w e ig h t was reac h ed .

S u g a rs . Sugar was a n a ly zed  by r e f r a c t i v e  i n d i c e s .  T h e ir  v a lu e s  

w ere re a d  w ith  an Abbe’ R e fra c to m e te r . The sugar c o n c e n tra t io n  was 

de term ined  by re fe re n c e  to  th e  Chem ical Rubber Handbook o f P h y s ic s  and 

C hem istry , 2 1 s t E d i t io n ,  page 1629. A c o n s ta n t  c o r r e c t io n  v a lu e  o f 

0 .0025  was found f o r  th e  r e f r a c to m e te r .

C alcium . Calcium  was de te rm in ed  by t i t r a t i o n  w ith  0 .2610 Hormal

HagCOg s o lu t io n .  The pH o f th e  1 c . c .  sample d i l u te d  to  26 c . c .  was

a d ju s te d  j u s t  b a s ic  to  m ethyl o ra n g e . An e x c e ss , 10 c . c . ,  o f  HagCOg was 

added, and th e  p r e c i p i t a t e  f i l t e r e d  o f f .  The p r e c i p i t a t e  was th o ro u g h ly  

w ashed, and th e  f i l t r a t e  was th e n  t i t r a t e d  w ith  n i t r i c  a c id ,  w ith  m ethy l 

o range as  an in d i c a to r .  C  ̂ and CQ w ere found by
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TABLE I

Membrane: Cellophane
Thickness: 0.0021 cm.
Solute: Sodium Chloride
Membrane not supported

Run No. 4

Temperature; 21°C.
Rich Volume: 322 c .c .
Lean Volume: 11,667 c .c .
Apparatus Ho. I l l

6 c 2 C,2 q 0
h r s . g a . / c . c . g n . / c . c . g m ./c .c . gms. o • o •

0 .000 0.1506 0.001124 0.000000 0 .000 0 .0 0
0 .500 0 .1130 0.001755 0.000631 7.375 40 .30
1 .000 0.0902 0,002195 0.000440 5.0^0 20.80
1.500 0.0708 0.002630 0.000435 5.010 15 .30
2.500 0 .0483 0.003000 0.000370 4.245 20.60
4 .9 1 7 0.0138 0.003370 0.000370 4 .230 1 5 .6 0

mean q /0  = 0 .2465

g /0 „  Ci C i / C ‘ o o

j

q /O + C * f q / 0 t C y
g ra . /c .c .  ̂ c o r ’ t . co r* t . c o r ' t . q / 0 - t ^ l (q /0  t  djhfl'

0 .0000 0.1495 1.000 0 .3960 1 .000 1 .000
0.1816 0.1112 0 .7 5 0 0.3577 1 .1 0 7 0 .831
0.2422 0 .0880 0.588 0 .3345 1 .183 0 .696
0 .3275 0.0682 0 .463 0 .3147 1 .257 0 .583
0.2060 0.0453 0 .3 0 3 0.2918 1 .356 0.411
0.2720 0 .0104 0 .0 7 0 0.2569 1 .540 0.108

m = 0 .1540  
K = 0 .613  
X  z  2 .458
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TABLE I I

Membranes C ellophane 
T h ick n ess: 0 .0021 cm.
S o lu te : Sodium C h lo rid e ’
Membrane n o t su p p o rted

T em peratu re : 
R ich Volume: 
Lean Volume:

Run No. 5
A p p ara tu s  No. I l l

2 1 .5 °  C. 
334 c . c .  
12 ,150  c .c ,

e
h r s . g m ./c .c .

CZ
g m ./c .c .

c 2
g m ./c .c .

q
gms.

0
c .c ,

0 .000 0.2085 0.002400 0.000000 0 .0 0 0 .0 0
0 .500 0.1606 0.003230 0.000830 10.02 21.40
1 .000 0.1268 0.003880 0.000650 7.83 19 .00
2.000 0.0788 0,004630 0.000750 9 .0 0 31.10
3.000 0.0515 0.004980 0.000350 4 .1 8 21 o 50
3.833 0.0359 0.005200 0.000220 2.63 13 .60

q / o  C l  C j / C -  q / o  c x  q/o+c' A / o v c i Y c ^
g n . / c . c .  c o r ' t .  C or’ t .  c o r * t .  q/0+-C 1 [ q /9+  CjJJT'T

0 .0000 0.2061 1 .000 0.5179 1.000 1 .000
0.4690 0 .1574 0.763 0 .4692 1.235 0 .943
0 .4120 0.1229 0 .597 0 .4347 1 .332 0 .795
0 .2890 0.0742 0 .359 0.3860 . 1 .502 0 .540
0 .1950 0 .0465 0 .225 0.3583 1.618 0 .364
0.1940

Mean q /0  S

m = 0 .1540  
K r  0 .6 3 4  
y = 2 .410

0 .0307

0.3118

0.149 0 .3425 1 .690 0 .2 5 2
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TABLE I I I

Membrane* C e llo p h an e , HS 
T h ick n ess: 0 .00907 cm.
S o lu te :  Sodium C h lo rid e  
Membrane su p p o rte d

Run Ho. 8

T em peratu re : 
R ich Volume: 
Lean Volume: 
A pparatus Ho.

2 0 .5 °  C.
363 c . c .  
16 ,168 c . c ,  
IX

©
h r  s . g p i . /c .c .

°2
g m ./c .c .

C g
g m ./c .c . gms.

0
c . c .

0 . 0 0 0 0.2297 0.0003215 0 . 0 0 0 0 0 0 0 0 .0 0 0 .0 0
0 .500 0.1746 0.0005845 0.0002630 4 .2 5 12 .75
1,000 0 .1675 0.0008480 0.0002635 4 .2 3 11 .10
1 .500 0.1650 0.0011100 0.0002620 4 .2 0 10 .5 0
2.000 0 .1502 0.0012560 0.0001460 2 .34 9 .7 3
3,000 0.1298 0.0017230 0.0004670 7 .4 7 16 ,93
4 .0 0 0 0 .1110 0.0020210 0.0002980 4 .7 6 13 .00
6.000 0.0838 0.0025520 0.0005310 8 .4 6 22440
7.000 0.0743 0.0028050 0.0002530 4 .0 3 8 .38
8 .000 0.0657 0.0029520 0.0001470 2 .34 8 .2 0
9 .000 0.0578 0.0030900 0.0001380 2218 7 ,00

q /0 Cl C l / C ' q /o + C x q / c + c i f q / O t C y C
q m ./c .c . c o r r 1t . c o r r 1t . C o rr’ t . q/O +  C], y < j/0  +- C y t  c

0 .0000 0.2294 1 .000 0.5912 1 .000 1 .000
0.3330 0.1740 0.759 0 .5388 1.1(03: 0 .838
0 .3810 0.1667 0 .727 0.5285 1.118 0.813
0 .4000 0.1639 0 .714 0.5257 1 .124 0 .803
0 .2410 0.1489 0 .650 0 .5107 1.143 0 .743
0.4400 0.1281 0 .558 0.4899 1 .207 0 .673
0.3660 0.1090 0.476 0 .4709 1.256 0.598
0.3775 0.0812 0 .3 5 4 0 .4430 1 .332 0.472
0 .4820 0.0715 0 .312 0.4333 1 .364 0.426
0.2860 0.0628 0.274 0.4246 1.391 0 .381
0.3120 0.0547 0 .238 0.4165 1.419 0 .338

Mean q /0 * 0.3618

m s 0 .043  
K = 0 .221  
2T ■ 0 .611
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TABLE IV

Membrane: C e llo p h an e , 4F
T h ick n ess; 0 .00997 cm. 
S o lu te : Sodium C h lo rid e
Membrane su p p o rted

Run No. 9

T em peratu re : 2 1 .3 °  C.
R ich  Volume: 380 c . c .
Lean Volume: 15 ,905  c.
A p p ara tu s  No. IX

e °L c 2 C.2 q 0
h r s . g m ./c .c . p n . / c . e . g m ./c .c . p a s . c . c .

0 .000 0 .2010 0.000468 0.000000 0 .0 0 0 .0 0
0.500  • 0 .1795 0.000790 0.000323 5.13 13.96
1 .000 0.1620 0.001092 0.000302 ' 4 .89 12 .24
1 .517 0.1460 0.001360 0.000268 4 .2 5 9 .8 4
2.000 0.1328 0.001613 0.000253 4 .0 0 10 .85
3.000 0.1093 0.002045 0.000432 6 .8 1 19 .59
4 .000 0 .0944 0.002402 0.000357 5 .6 3 13 .50
6 .000 0 .0684 0.002935 0.000533 8 .40 22.10
7.000 0.0585 0.003160 0.000225 3 .55 9 .90

q /o C1 C i/C q/O+C-j^ V p + 5 1 .
/ q / o + c ’V ci)

p n . / e . c . c o r r * t . c o r r ’ t . c o r r ' t . q /O + 0 i

0 .0000 0.2005 1 .000 0.5845 1 .000 1 .000
0.3680 0 .1787 0 .892 0.5627 1 .038 0.926
0 .3990 0.1609 0 .802 0.5449 1 .072 0 .8 6 0
0.4320 0.1446 0 . 720 0.5286 1 .105 0 .795
0 .3690 0.1312 0 .654 0.5152 1.135 0 .742
0.3480 0 .1073 0 .535 0 .4913 1 .190 0 .638
0 ,4170 0 .0920 0 .458 0 .4760 1 .227 0 .563
0 .3800 0 .0655 0.326 0.4495 1 .299 0 .4 2 4
0,3590 0.0553 0 .276 0 .4293 1 .363 0.376

Mean q /o  Z 0 .3840

m s  0 .0617  
K = 0 .3310
X -  0 .8620
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TABLE V

Membrane* F ib e r  P a p e r , 4F 
T h ick n ess: 0 .009975 cm.
S o lu te : Sodium C h lo rid e
Membrane su p p o rted

Run Ho. 10

©
h r s .

C1g m ./c .c . g m ./c .c . g m ./c .c .
q

gms.
0

c . c .

0 .000 0.1885 0.000780 0.000000 0 .0 0 0 .0 0
0 .500 0.1741 0.001060 0.000280 4 .6 0 13 .50
1.250 0.1482 0.001482 0.000422 6 .9 2 17 .75
1.750 0 .1333 0.001742 0.000260 4 .2 6 11 .25
2.250 0.1211 0.001978 0.000236 3.86 10 .50
3.250 0.1018 0.002390 0.000412 6 .72 16.79
4 .250 0.0848 0.002712 0.000322 5 .2 5 13 .92
5.500 0.0674 0.003080 0.000368 5.99 14 .55
8.250 0.0441 0.003575 0.000495 8 .05 21.92
9 .250 0 .0378 0.003740 0.000165 2.68 6.69

q/o
g m ./c .c .

Cl
c o r r ’ t .

Cl/C’ 
c o r r 1t .

q /0  f  C 1  
c o r r ’ t .

q/o  "hC' 
q/O-f-C^ ^q/ b  +  t i f p

0.0000 0.1875 1.000 0.5698 1.000 1.000
0 .3500 0.1730 0 .923 0.5553 1 .026 0 .9 4 7
0 .3890 0 .1467 0 .782 0 .5290 1 .077 0 .842
0.3790 0 .1316 0.702 0.5139 1 .108 0.778
0 .3680 0.1191 0.636 0 .5014 1.136 0 .722
0 .3990 0.0994 0 .530 0 .4817 1 .182 0 .627
0.3770 0 .0821 0.438 0 .4644 1 .227 0 .538
0.4120 0.0643 0 .3 4 3 0.4466 1 .2 7 7 0 .438
0.3670 0 .0405 0.216 0 .4228 1.348 0.292
0 .4000

Mean q /o  a

m a 0 .0660  
K = 0 .3580  
JT- 0 .9410

0.0341

0.3823

0 ,182 0 .4164 1.368 0.249

T em peratu re : 25° C.
R ich  Volume: 384 c . c .
Lean Volume: 16 ,450 c . c .
A p p ara tu s  Ho. IX
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TABLE VI

Membrane: F ib e r  P ap e r, 4F T em perature: 35° C.
T h ick n ess: 0 .009975 cm. R ich  Volume: 389 c . c .
S o lu te :  Sodium C h lo rid e Lean Volume: 16 ,450 c . c .
Membrane su p p o rted

Run No. 11
A p p ara tu s  No. IX

6
h r s . g m ./c .c . z2g m ./c .c . C/2g m ./c .c .

q
gms.

0 
c .  c .

0 .0 0 0 0.2396 0.000675 0.000000 0 .0 0 0 .0 0
0 .500 0 .2032 0.001210 0.000535 8 .78 22.10
1.000 0 .1766 0.001646 0.000436 7.15 19 .20
1 .667 0.1475 0.002172 0.000526 8.61 20.95
2.667 0.1152 0.002790 0.000678 10 .10 26 .08
3.667 0 .0910 0.003272 0.000428 7 .87 1 9 .47
4 .667 0.0735 0.003642 0.000369 6 .01 1 7 .55
5.667 0 .0593 0.003924 0.000283 4 .6 0 12 .30

q /0  
g jn ./c . c .

Cl 
c o r r * t .

Cl/C* 
c o r r * t .

q/O-f-Cx
c o r r ’ t .

V °  + c ’
q /O V C l

0 .0000 0.2389 1 .000 0 .6228 1.000 1.000
0.3970 0.2020 0 .845 0.5859 1 .062 0 .8 9 7
0.3720 0.1750 0 .732 0.5589 1.115 0 .814
0.4110 0.1453 0 .608 0 .5292 1 .177 0 .716
0.3870 0.1124 0.471 0 .4963 1 .254 0 .591
0 .403 0.0877 0 .3 6 7 0.4716 1 .320 0 .485
0.343 0.0699 0 .292 0.4538 1.372 0 .401
0 .374 0.0554 0.2,32 0 .4393 1.419 0.329

Mean q /o  ■ 0.3839

m z  0 .0855 
K = 0 .4700  
X  m 1 .2250
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TABLE V I I

Membrane: F ib e r  Paper T em peratu re : 4 4 . •oo00

T h ickness;t 0 ,009975 R ich  Volume: 384: C.C.
S o lu te : Sodium C h lo rid e Lean Volume: 16, 450 c . c .
Membrane su p u o rted A p p ara tu s  No. IX

Run No. 12

0 Ctl ° 2/ C/2 q 0
h r s . g m ./c .c . g m ./c .c . g m ./c .c . gms. C.C.

0 .000 0 .2453 0.0004675 0.000000 0 .0 0 0 .0 0
0 .500  , 0 .2140 0.0010520 0.000584 9 .59 29.10
1.008 0.1718 0.0015680 0.000416 6 .8 2 26.60
1.500 0.1460 0.0018710 0.000303 4 .9 6 19 .60
2.750 0.1019 0.0028280 0.000957 15.62 38 .10
3.750 0.0762 0.0033080 0.000480 7 .34 21.78
4 .766 0 .0587 0.0036620 0.000354 5 .77 16 .15

q /0 C1 Cl/C* q /0  +  Ci .g /o + c v N '[o+C’V c J
g m ./c .c . c o r r 1t . c o r r ' t . c o r r * t . q /0 *  6]_

0 .0000 0.2448 1 .000 0.6188 1 .000 1.000
0 .3290 0.2129 0 .870 0.5869 1.054 0 .9 2 7
0 .2570 0.1702 0 .697 0.5442 1 .137 0 .793
0.2530 0.1441 0.589 0 .5181 1.183 0.690
0 .4100 0.0991 0 .4 0 5 0 .4731 1 .307 0 .530
0.3370 0.0729 0 .298 0.4469 1.385 0 .413
0 .3570

Mean q /0  ■

m = 0 .1024  
K = 0 .5560  
X z  1 .4870

0 .0550

0.3740

0 .225 0.4290 1 .442 0 .325
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TABLE V I I I

Membranes C e llo p h an e , S .S . 
T h ick n ess: 0 .00777 cm.
S o lu te s  Sodium C h lo rid e  
Membrane su p p o rted

Run Wo. 13

T em peratu re : 
R ich  Volume: 
Lean Volumes 
A p p ara tu s  Wo.

25° C.
379 c . c .  
17 ,991 c. 
IX

9
h r s . • 

o
• o • g m ./c .c . / 2g m ./c .c .

q
gms.

0
c . c .

0 .000 0 .2132 0.000308 0.000000 0 .0 0 0 .0 0
0 .5 0 0 0.1928 0.000679 0.000371 6 .6 7 9 .2 5
1,033 0.1706 0.000989 0.000310 5 .56 7.82
1,516 0 .1558 0.001340 0.000351 6 .2 8 6 .8 7
2,000 0.1432 0.001613 0.000273 4 .8 8 4 .5 0

q /o C1 C i/C ’ q/Q+C-L q/O +  C1 /q /O  + C 'V C -,1
g m ./c .c . c o r r 1t . c o r r 1t . c o r r 1t . q /0 *  Ci

0 .0000 0.2129 1 .000 1.0709 1 .000 1 .000
0 .7210 0.1921 0 .903 1.0501 1 .020 0 .920
0 .7110 0.1696 0 .797 1.0276 1.043 0 .831
0 .9150 0.1545 0 .726 1.0125 1.058 0 .768
1.0850

Mean q /o  z

m s  0 .0740  
K r  0 .3960  
2T S 0 .4630

0.1416

0.8580

0 . 664 0 .9996 1 .071 0 .711
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TABLE IX

Membranes C e llo p h an e , 2 3/4HS 
T h ick n ess: 0 .00907 cm.
S o lu te : Sodium C h lo rid e
Membrane su p p o rted

Run No.

T em perature : 
R ich Volume: 
Lean Volume: 
A pparatus No.

14

25° C.
372 c . c .  
18,416 c. 
IX

c .

» -  CV C/1 V1 0 c lam 0Cla v
h r s .  g m ./c .c .  g m ./c .c .  gms. c . c .  g m ./c .c .  gms.

0 .000 0.2036 0 .0000 0 .00 0 .0 0 -----—
0.500 0.1837 0.0199 7.40 11.98 0.1967 2.355
1.000 0 .1670 0.0167 6 .2 1 11.10 0.1754 1.948
1.500 0.1526 0 .0144 5.35 9 .90 0.1598 1.427
2.500 0.1270 0.0256 9 .52 18.50 0.1398 2.585
5.117 0.0802 0.0468 17.50 32 .20 0.1036 3.335

q 1 .102
gms.

q /0
g m ./c .c .

Cl 
c o r r ' t .

Cl/C* 
c o r r ' t .

q /0  + Ci 
g m ./c .c .

q /0+ C «
q/O-f-Ci

0 .000 0,000 0.2032 1.000 0 .6600 1.000 1.000
5.55 0 .463 0.1831 0.903 0.6399 1 .032 0 .933
4 .8 0 0 .443 0.1661 0.819 0.6229 1.059 0 .866
4 .3 3 0.481 0 .1515 0 .747 0 .6083 1.086 0 .810
7 .63 0 .413 0 .1255 0.618 0.5823 1.133 0 .700

15.60 0.484 0.0783 0 .385 0.5351 1.233 0 .475

Mean q /0  Z 0.4568

m z  0 .0615  
K -  0 .3230 
y z  0 .7070
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TABLE X

Membrane: C ellophane
T h ick n ess; 0 .0021 cm. 
S o lu te :  Sodium C h lo rid e  
Membrane su p p o rted

Run No. 15

T em perature : 
R ich Volume: 
Lean Volume: 
A ppara tu s  No,

25° C.
341 c . c .  
18 ,040 c . c .  
IX

e
h r  s . CLg m ./c .c . g m ./c .c .

C2
g m ./c .c .

q
gms.

0
c . c .

0 .000 0.2007 0.000395 0.000000 0 .0 0 0 .0 0
0 .500 0.1548 0.001090 0.000696 12.51 30.40
1.033 0 .1197 0.001638 0.000548 9 .8 5 24.80
1 .500 0.0994 0.002050 0.000412 7.39 16 .60
2.000 0.0769 0,002.360 0.000310 5.56 14 .60

q /0
g m ./c .c .

Cl 
c o r r 1t .

C i /C  
c o r r ' t .

q /o + c q  
c o r r * t .

1

o
‘o

'

°
•o.oooo 0 .2003 1.000 0.6096 1 .000 1 .000
0.4120 0 .1537 0.766 0 .5630 1.082 0 .830
0,3980 0.1181 0 .590 0.5274 1.156 0 .682
0 .4450 0.0973 0 .485 0.5066 1 .203 0 .583
0 .3820

Mean q /o  ;

m — 0.1862 
K Z 0 .8970 
y =  2.1950

0.0745

0 .4093

0 .372 0.4838 1.259 0 .468
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TABLE XI

Membranes Parchm ent 
T h ick n ess: 0*0065 cm.
S o lu te : Sodium C h lo rid e
Membrane su p p o rted

Run l o . 16

T em perature : 25° C.
R ich Volume: 315 c . c .
Lean Volume: 18 ,162 c .c ,
A pparatus No. IX

6 Co q 0
h r s . g m ./c .c . g n .7 c .c . g jtw /c .c . gms. c . c .

0.000 0.2312 0.000298 0.000000 0 .0 0 0 .0 0
0 .500 0 .1943 0.000746 0.000448 8 .1 3 26.28
1.508 0 .1393 0.001468 0.000722 1 3 .05 42.2.0
2 .000 0.1197 0.001748 0.000280 5 .05 16;.0O
3.033 0.0930 0.002217 0.000469 8 .4 7 27.00
3 .500 0.0796 0.002385 0.000168 3 .0 3 10 .36

q/o Cl C l/C q /0+ -C i q /0  +■ C' / q / 0 +  C « \/C /
g m ./c .c . c o r r * t . c o r r ’t c o r r 1t q /O + C l

0.0000 0.2309 1 .0000 0 .5384 1 .000 1 .000
0 .3092 0.1936 0.8380 0 .5015 1 .075 0 .902
0.3098 0.1379 0 .5970 0.4465 1 .2 0 7 0 .720
0.3098 0 .1180 0.5120 0.4269 1 .262 0.646
0.3140 0 .0908 0.3935 0.4002 1 .347 0 .530
0 .2930

Mean q /0  Z

m s  0 .0935 
K = 0 .4160 
y  = 1 .3560

0.0772

0.3072

0.3341 0.3868 1 .393 0 .466
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TABLE X I I

Membrane: Parchm ent T em perature : 30° C.
T h ick n ess: 0.0065 cm. R ich Volume: 340 c . c .
S o lu te : Sodium C h lo rid e Lean Volume: 17 ,865  c . c .
Membrane su p p o rted A p p ara tu s  Ho. IX

Ruin Ho. 17

6
h r s . g n . / c . c .

Co
g m ./c .c .

Co
g n . / c . c .

q.
gms.

0
c . c .

0 .000 0.2280 0.000362 0.000000 0 .0 0 0 .0 0
0 .500 0.1930 0.000860 0.000498 8 .9 0 30 .30
1 .000 0.1628 0.001290 0.000430 7 .67 25.40
1 .500 0.1390 0.001670 0.000380 6 .7 7 22 .00
2.500 0.1028 0.002240 0.000570 10 .12 34.60
3.500 0.0800 0.002680 0.000440 7.82 25 .30
4 .550 0.0610 0.003010 0.000330 5 .85 19 .50

q /0
g m ./c .c .

Cl
c o r r ’ t .

Cl/C* 
c o r r * t .

q /O f-C i
c o r r ' t .

q /O + C ' i
q / e r n ! I  (

r q /p tC 'y c -  
Jqf& +  ‘Ct^TT

0 .000 0.2276 1 .000 0 .5284 1 .000 1 .000
0 .294 0.1921 0.846 0.4929 1 .071 0 .9 0 7
0 .302 0 .1613 0 .710 0.4621 1 .144 0 .813
0 .307 0.1323 0 .583 0.4331 1 .221 0 .712
0.293 0.1006 0.443 0.4014 1.317 0 .584
0.309 0.0773 0 .340 0.3781 1 .398 0 .475
0« 300 0.0580 0 .255 0.3588 1 .473 0 .376

Mean q/ 0 s  0.3008

m ■ .0952 
K = 0 .452 
V  = 1 .467
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TABLE X I I I

Membranes P a ta p a r  Parchm ent T em peratu res' 35° C.
T hicknesss 0 .0065  cm. R ich VoTumes 340 c . c .
S o lu te s Sodium C h lo rid e Lean Volume: 18,1001 c . c .
Membrane su p p o rted A ppara tu s No. IX

Run No. 18

6
V ° 2 / C/2 Q 1 0

h r s . g tn ./c .c . g m ./c .c . g m ./c .c . gins. c . c .

0 .000 0.2290 0.000354 0.000000 0 .0 0 0 .0 0
0.500 0 .1875 0.000912 0.000558 10.10 32.30
1 .017 0.1537 0.001380 0.000468 8 .4 7 28.50
1.532 0.1268 0.001800 0.000420 7.58 23.60
2.824 0.0810 0.002565 0.000765 13 .77 43.50

qZ° C1 Ci/C* q/oH"C1 q /o + c 1 1V o  +• c 'V c iT
p i . / c . c . c o r r ' t . c o r r ’ t . c o r r ' t . q /0 + C 1 (

0 .0000 0.2284 1 .000 0.5429 1.000 1.000
0.3130 0.1866 0 .816 0.5011 1.082 0 .884
0.2975 0.1523 0 .667 0.4668 1.163 0.775
0 .3210 0.1250 0 .547 0.4395 1.236 0 .675
0.3165 0.0784 0 .343 0.3929 1.382 0.473

Mean q /o  = 0 .3145

m Z 0 .1140 
K Z 0 .5470 
JT = 1 .7400
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TABLE XIV

M e m b r a n e :  P a t a n a r  P a r c h m e n t
T h i c k n e s s :  0 . 0 0 6 5  c m .
S o l u t e :  S o d i u m  C h l o r i d e
M e m b r a n e  s u p p o r t e d

T e m p e r a t u r e :  
R i c h  V o l u m e :  
L e a n  V o l u m e :  
A p p a r a t u s  h o .

R u n  l o .  19

4 0 0  C .  
o 2 2 c . c .
I B , 2 8 5  c . c ,  
I X

9
h r s . f r m . / c .  c . s r a . / c . c . / 2P O tt . /C .C .

q
m s .

0
c  • c  *

0.000 0 . 1 9  50 0 . 0 0 0 4 0 0 0.000000 0 . 0 0 0 . 0 0
0 . 5 0 0 0 . 1 5 4 2 0 . 0 0 0 9 0 4 0 . 0 0 0 5 0 4 9 . 2 0 3 0 . 8 0
1 ,  5 0 0 0 . 0 9 5 8 0 . 0 0 1 6 5 3 0 . 0 0 0 7 4 9 1 3 . 6 4 4 3 . 0 0
2 . 5 0 0 0 . 0 6 3 4 0 . 0 0 2 1 4 5 0 . 0 0 0 4 9 2 ° , 9 5 2 8 . c n
5 . 7 5 0 0 . 0 3 9 6 0 . 0 0 2 5 2 0 0 . 0 0 0 3 7 5 6 . 8 1 2 3 . 8 0

q / o
f q n . / c .  c .

C1 
c o r r * t .

c i / c
c o r r ’ t .

q / 0 + C i
c o r r ' t .

o / o  +  C* 
q / O + C T J

0 . 0 0 0 0 0 . 1 9 4 6 1 . 0 0 0 0 . 4 9 9 4 1 . 0 0 0 1 . 0 0 0
0 . 2 9 9 0 0 . 1 5 3 3 0 . 7 8 9 0 . 4 5 8 1 1 . 0 9 0 0 . 8 7 2
0 . 3 1 7 0 0 . 0 9 4 1 0 . 4 8 9 0 . 3 9 8 9 1 . 2 5 1 0 . 6 1 3
0 . 3 1 3 0 0 . 0 6 1 3 0 . 3 1 6 0 . 3 6 6 1 1 . 3 6 3 0 . 4 3 0
0 . 2 9 0 0 0 . 0 3 7 1 0 . 1 9 1 0 . 3 4 1 9 . 1 . 4 6 0 0 . 2 7 8

Mean q /o  I  0 .3048

m = 0 . 1 4 2 8  
K = 0 . 6 5 0 0  
y  =  2 . 1 3 0 0
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TABLE XV

Membrane: P a ta p a r  Parchm ent 
T h ick n ess: 0 .0065/ cm. 
S o lu te :  Sodium C h lo rid e  
Membrane su p p o rted

Run No

T em perature : 
R ich Volume: 
Lean Volume: 
A ppara tu s No.

. 20

45° C.
315 c . c .  
18 ,315 c . c .  
IX

9
h r  s . g m ./c .c .

C2
g m ./c .c . / 2m » /c . c .

q
50ns.

0
c . c .

0 .000 0.1918 0.000400 0.000000 0 .0 0 0 .0 0
0.550 0.1437 0.000983 0.000583 10.68 34.50
1.517 0.0885 0.001710 0.000727 13.26 4 1 .7 0
2.649 0 .0524 0.002250 0.000540 9 .85 31.20
3.517 0 .0364 0.002510 0.000260 4 .74 15.00

q /0
m . / c . c .

Cl
c o r r ’ t .

C l/c*
c o r r ’ t .

q /0  + CX 
c o r r ’ t ,

q / 0 + C f q / 0  A
( f /o T T f y J F j

0.0000 0.1914 1.000 0 .5064 1.000 1.000
0 .3100 0.1428 0 .746 0.4578 1.104- 0 .850
0.3180 0.0868 0.453 0.4018 1.260 0 .571
0 .3160 0.0501 0 . 262 0.3651 1 .387 0.362
0.3160 0.0339 0 .177 0.3489 1 .450 0 .257

Mean q /o  = 0 .3 1 5 0

m z  0 .1 6 7 0  
K = 0 .7 5 0 0  
if Z 2 .3800
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TABLE X V I

Membrane: P a ta p a r  Parchment
T h ickness :  0 .0065 cm.
S o lu te :  Sodium S u l f a t e  
Membrane sup p o r ted

Run No. 22

Tem perature : 
R ich  Volume: 
Lean Volume: 
A ppara tus  No.

30°C.
333 c . c .  
18 ,188 c . c .  

IX

0
Z1 Vl CX 0

° 0/ o o o

h r s . g m . /c .c . g m . /c .c . gms. c . c . g m . /c .c . gma.

0 .000 0.1534 0.0000 0.00 0 .00 ______
1.067 0.1254 0.0280 9 .3 2 38.60 0 .1477 5 .70
2.017 0.1055 0.0199 6.63 29.40 0.1232 3.62
3.000 0.0888 0 .0167 5.57 26.10 0.1029 2.68
4.016 0.0745 0.0143 4 .76 23.10 0.0876 2.02

6 q q7o q /0  f  C i q/O+O if q / O t C V C l )
h r s . gms. g m . /c .c . C i /C g m . /c .c . q/OTcTf (

0 .0 0 0 0 .00 0 .0 0 0 0 1 .0 0 0 0.2598 1 .0 0 0 1 .0 0 0
1.067 3.62 0.0938 0.818 0.2318 1.120 0.915
2.017 3.01 0 .1024 0.688 0.2119 1.227 0.844
3.000 2.68 0.1108 0.579 0.1952 1.330 0.770
4.016 2.74 0.1187 0.486 0.1809 1.439 0.700

Mean q /0 = 0 .1064

m = 0.0387
K = 0 .1830
X -  1 .7170
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TABLE XVII

Membranes Cellophane 
Thickness: 0 .0065 cm.
S o lu te :  Sodium S u l f a t e
Membrane supported

Run Ho. 23

Tem perature: 
Rich Volume: 
Lean Volume: 
A ppara tu s  No.

30° C.
329 c . c .
I B ,270 c . c .  
IX

9
h r s . g m ./c .c . 71g m ./c .c .

Vl c x
gms.

0
c . c . °°/ gm. / c . c .

0Co
gms.

0.000 0.1372 0.0000 0 .0 0 0 .00 — «  — — —

1.000 0.1017 0 .0355 11.67 42.10 0.1246 5.24
2.333 0.0700 0.0317 10.42 42 .50 0.0896 3.81
4.000 0.0455 0.0245 8.05 37.90 0.0603 2.29
4.917 0.0362 0 .0093 3.06 15.70 0.0441 0.69

<*/P , q /0  f  CV / g / 0  + C T  /q /0  + C»V cA
gms. g m . /c . c .  C i / C  g m . /c . c .  ^ q /0 +  C-J (a /0  +

0 .000 0 .00 0.0000 1.000 0.2900 1.000 1.000
1.000 6.43 0.1528 0.741 0.2545 1.138 0.842
2.333 6.61 0 .1555 0.510 0.2228 1.272 0 .650
4.000 5.76 0.1520 0.332 0.1983 1.462 0.486
4 .917 2.37 0.1510 0.254 0 .1890 1.534 0.390

Mean q /o  “ 0.1528

m -  0 .0803 
K = 0 .3730 
t  Z. 2 .4400
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TABLE XVIII

Membrane: Parchment T em perature : 30° C.
T h ickness: 0 .0065 cm. Rich Volume: 338 c . c
S o lu te :
Membrane

Sucrose
supported

Run Ho. 25

Lean Volume: 18,210 
A ppara tu s  No. IX

e CL C/] v i  c 1 ° 0/
0

h r s . gm* y c • o * g m . /c .c . gms. g m . /c .c . c . c .

0 .0 0 0 0.3996 0 .0 0 0 0 0 .00 0 .00
1.042 0.3480 0.0516 17.29 0 .3755 34.40
2.042 0.3208 0.0272 9 .10 0 .3345 29.90
3.033 0.2800 0.0408 13.70 0.3024 26.40
4.016 0.2505 0.0295 9.86 0.2716 24.00
5.260 0.2858 0.0247 8.26 0.2435 27.00
6.677 0.1973 0.0285 9 .55 0.2147 26.70

0Co q g / o + c ! q / o t C *  /^ O t c f o A
gms. gras. Ci/c* g m . /c .c . a /o  +  Cp ^

0 .00 1 .0 0 0 0.5090 1.000 1 .0 0 0
12.90 4.39 0.871 0.4574 1 .1 1 1 0.968
10.00 0 .9 0 0.804 ■ 0.4302 1.182 0.950

7,98 5.72 0/701 .0.3894 1. 306 0 .916
6.49 3.37 0.627 0.3599 .1 .412 0, 88 3
6 .57 1.69 0. 565 0.3352 1.518 0.857
5.73 3 .25 0.494 0 .3067 1.658 0.819

Mean q /o  r  0 .1094

m = 0.01307 
K I  0 .0618 
i f  = 0 .5640
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TABLE XIX

Membrane: C ellophane
T hickness: 0 .0021 cm.
S o lu te :  Sucrose
Membrane supported

Run Ho. 26

e
h r s . p m ./c .c . z 1g m . /c .c .

Vi C! 
gms.

0 l a v
p m . /c .c .

0
c . c .

0 .000 0.3753 0.0000 0 .00 ______ 0 .0 0
1.000 0.3139 0.0614 20.42 0.3446 41.30
2.000 0.2599 0.0540 17.97 0.2869 37.70
3.000 0.2181 0.0418 13.92 0.2390 30.40
4 .000 0.1840 0# 0o41 11.34 0.2011 27.10
5.000 0.1571 0.0269 8 .95 0.1706 22.70
6.000 0.1390 0.0181 6 .03 0.1481 18.00

C lavQ
pms.

q
gms. C]/C '

q /o  f  Cl 
g m . /c .c .

q / O f C *
W + ' T I f t / p * c ' Y & '

W °  ¥ c i A / ^ /

0 .00 1.000 0.5746 1.000 1.000
14.24 6.18 0.838 0.5132 1.112 0.933
10.82 7.15 Q. 694 0.4592 1.252 0.868

7.62 6.66 0.583 0.4174 1.377 0 .803
55.45 5.89 • 491 0.3853 1.502 0 .737

3.87 5.08 0.418 0.3564 1.612 0 .674
2.67 4 .36 0.371 0.3383 1.700 0.630

Mean q /o  = 0 .1 9 9 3

m = 0.0234 
K = 0.1101  
y  = 0 .5330

Tem perature : 30° C.
Rich Volume: 333 c . c . .
Lean Volume: 18,000 c . c .
A ppara tu s  Ho. IX
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TABLE XX

D ata  Showing V a r i a t i o n  o f  
D ia ly s a t e  and Osmose w ith  Time

Run Q q q 0 0
No. h r s . gms. gms. c . c . c • c •

17 0 .0 0 0 .00 0 .0 0 0 .0 0 0 .00
0 .50 8 .90 8.90 30.30 30.30
1.00 7.67 16.57 25.40 55.70
1 .50 6.77 25.34 22.00 77.70
2.50 10.12 33.46 34.60 112.30
5.50 7.82 41.28 25.30 137.60
4 .5 5 5.85 47.13 19.50 157.10

TABLE XXI

D ata  Showing V a r i a t i o n  o f
R ate o f  D ia ly s i s  and Osmosis

w i th  C o n c e n t ra t io n

Run
No.

q /e
gm ./h r .

o /e
c . c . / h r . Cl/g m . /c .c .

o
. 

i—1

• o • • o •
17 0 .00 0 .00 0.2276 _^

17 .80 60.60 0.1921 0.2099 0 .294
15.34 50.80 0.1613 0 .1767 0.297
13 .54 44.00 0.1323 0.1468 0.300
10.12 34.60 0.1006 0.1165 0.299

7.82 25.30 0.0773 0.0890' 0 .309
6.14 20.50 0.0580 0.0678 0 .300
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CAL0U1AT1011 OF CAPACITY OF A WASTE M&2SO4 DIALYZSR

E s s e n t i a l  In fo rm a t io n ;

I n l e t  c o n c e n t r a t i o n :^  15 l b . / f t ^  
R ate  o f  f low : 25 f t ^ / h r .
HagSO^. t o  be reco v e re d :  90°^

O p erea t io n  te m p e ra tu re :  86° F.
Recovery medium: w a te r
Recovery l i q u o r  flow  r a t e :  100 f t 3 / h r .

I t  i s  d e s i r e d  to  compute th e  le n g th  o f  p a th  o f  a p l a t e  and 
frame ty p e  d i a ly z e r  to  accom plish  th e  above r e c o v e ry ,  employing 
parchm ent paper a s  a membrane.

Fundamental R e la t io n s :

( 1 )  , 2 ,

( 2) 6  ( 4 )

/C ' -  0 .0 0 6  
% -  0 . 0 0 0

y> -  0 . / S 3

(1) 0 v a r i e s  between 0 and ,47?' f t 3 .
(2 )  q v a r i e s  between 0 and 558 l b s .
(3) A l l o t  v a lu e s  o f  q as  50, 100, 150, 200, 250, 300 f o r  

g r a p n ic a l  i n t e g r a t i o n .
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TABLE X X II

D ata f o r  P l o t  o f  C-̂  and Cg Ts q 
C o u n te r -C u rre n t  Flow

q
l b .  s o lu te

CiR©
l b .

C-, R9-q 
l b .

RQr
f t 0

R©+V*q
:: f t 3 l b ! / ' f t 3

00 375 375 25 25 .0 15 .0
50 325 31.9 10 .2

100 275 38.8 7 .1
150 225 4 5 .7 4 .9
200 175 52.6 3 .3
250 125 59.5 2 .1
300 75 66 .3 1 .1
338 37 71.6 0 .5

, q
l b .  s o lu te

Q -  q
l b . f t  ̂

■ L 9 -
f t 3 ■ l b . / f t 3

Ci -  C2 
l b . / f t 3

0 338 46 .6 53.4 6 .3 8 .7
50 288 39.7 60 .3 4 .8 5 .4

100 238 32.8 67 .2 3 .5 3.6
150 188 25.9 74.1 2 .5 2 .4
200 138 19 .0 81 .0 1 .7 1 .6
250 88 12 .1 87.9 1 .0 1.1
300 38 5.2 94.8 0 .4 0 .7
338 0 0 .0 100.0 0 .0 0 .5
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TABLE X X I I I

D ata  f o r  G rap h ica l  I n t e g r a t i o n  
from Vs q P lo t

l b .  s o lu te  Ci -  Cg l /K  l /  Q / l /K  0

0 8 .70  167 0 .115  19 .2
50 5.30 0 .189  31.6

100 3 .60 0 .278  46 .4
150 2 .40 0 .417  69 .5
200 1 .70  0.588 98.3
250 1 .20  0 .833  139.2
300 0 .75  1 .333  222.5
338 0 .5 0  2.000 334.0

Ho. o f  sq u a re s  a 7 .41  
Value p e r  square- = 5,000

A z  2h l -  7.41 5,000 = 37,050 so . f t .
L e t  h = 1 f t .
Then 1 s  37,050 Z 18,525 f t .

g

Assume p l a t e s  10 f t 2 (10 n a s s e s / p l a t e )  
t  ors-Ha n e r  p l a t e  z  100 r t .
No. o f  r l a t e s  r 18,525 z  185 

“TOP
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V DISCUSSION OF RESULTS

The d a ta  from th e  e x p e r im e n ta l  work were c o r r e l a t e d  w ith  th e

r e l a t i o n s  d e r iv e d  under Case V o f  S e c t io n  I I I .  The assum ptions  made 

h e re  pp p ly  to  a l l  o th e r  c a se s  where th e  osmose i s  n o t  n e g l i g i b l e ,  

and t h e r e f o r e  should  be capab le  o f  e x t r a p o l a t i o n .

I n i t i a l  Work.

I t  was found t h a t  th e  r a t e  o f  osm osis  cou ld  n o t  be c o n s id e re d  

n e g l i g i b l e  w ith  r e s p e c t  to  t h e  q u a n t i t y  o f  s o lu te  t r a n s f e r r e d .

F u r th e r ,  th e  v a r i a t i o n  o f  c o n c e n t r a t i o n  r e s u l t i n g  from osmose a lone  

cou ld  be from 10 to  50 p e r  c e n t  over a  p e r io d  o f  f i v e  h o u r s ,  depending 

uoon th e  s o lu t e ,  membrane and th e  r a t i o  o f  l i q u o r  volume to  membrane 

a r e a .  C onsequen tly ,  i t  was e v id e n t  t h a t  th e  r e l a t i o n

cou ld  n o t  be c o r r e c t  e x ce p t  where Vg was v e ry  l a r g e  r e l a t i v e  t o  V-j_, o r  

where th e  s a l t  c o n c e n t r a t i o n s  were ex trem ely  d i l u t e .  The ev idence  

t h a t  t h i s  r e l a t i o n  must be i n  e r r o r  was v e r i f i e d  e x p e r im e n ta l ly .

was i n y e s t i g a t e d  th o ro u g h ly .  I t  -ms i n i t i a l l y  w r i t t e n  as  a f i r s t  

app ro x im a tio n ,  s in c e  i t  p o s t u l a t e s  t h a t  f o r  e l e c t r o l y t e s ,

An analogy  f o r  n o n - e l e c t r o l y t e s  may a l s o  be drawn to  cover  a s s o c i a t i o n  

o f  th e  m o le c u le s .  Uoon exam ina tion  o f  th e  d a ta  i t  was found t h a t  over

The r e l a t i o n
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t h e  range  o f  c o n c e n t r a t i o n s  o f  0 .25  to  0 .03  g m . /c .c .  th e  sum o f  th e  

r e s i s t a n c e s  o f  th e  c a t i o n s  and a n io n s  must have been app ro x im ate ly  

eq u a l  to  t h a t  o f  th e  u n io n iz e d  p a r t i c l e .  I f  t h i s  were n o t  so a 

s t r a i g h t  l i n e  r e c t i f i c a t i o n  would n o t  o ccu r .  Even below t h i s  range ,  

th e  above p o s t u l a t e  was n e a r l y  t r u e  w i th in  ex p e r im e n ta l  e r r o r .  At 

h ig h  c o n c e n t r a t io n s  th e  approx im ate  average  ex p e r im e n ta l  e r r o r  was 

two p e r  c e n t ,  and a t  low c o n c e n t r a t i o n s  i t  'was te n  p e r  c e n t .

The ex p er im en ta l  d i a l y z e r  was o p e ra te d  w i th  Cg sm all r e l a t i v e  

to  C-j_. T h e re fo re  th e  t e s t  was a t  a maximum, and sm all d i f f e r e n c e s  

should  have been m a g n if ie d .  The v a lu e  o f  K in c lu d e s  membrane t h i c k ­

n e s s ,  and i t  was assumed t h a t  th e  c o n c e n t r a t i o n  g r a d i e n t  th ro u g h  th e  

membrane m s  l i n e a r  w ith  t h i c k n e s s .  S in ce  membrane th i c k n e s s  v a r i e d  

f i v e f o l d ,  i t  i s  a p p a re n t  t h a t  th e  assum ption  was v a l i d  w i th in  e x p e r i ­

m en ta l e r r o r .

From th e s e  c o n s id e r a t io n s  i t  appea rs  t h a t  t h e  above r e l a t i o n  

i s  a p p l ic a b le  a t  h ig h  c o n c e n t r a t i o n s ,  and ap p ro x im a te ly  t r u e  even a t  

q u i t e  low c o n c e n t r a t i o n s .

The v a lu e s  o f  and Cg a re  n o t  a l t e r e d  by th e  t r a n s f e r  o f  

s o lu t e  a lo n e ,  s in c e  osm osis  i s  i n  o p e r a t io n  s im u l ta n e o u s ly .  Conse­

q u e n t ly ,  i t  was n e c e s s a ry  to  in c lu d e  a f u n c t io n  o f  osmose i n  a l l  

r e l a t i o n s  where i t  i s  n o t  n e g l i g i b l e .  The e q u a t io n

was employed i n i t i a l l y  a s  a  f i r s t  app ro x im atio n .  The measurement of 

osm osis cou ld  n o t  be ex ecu ted  as  a c c u r a t e l y  as  t h a t  o f  c o n c e n t r a t i o n s .  

The average  ex p er im en ta l  e r r o r  over  th e  range o f  c o n c e n t r a t i o n s  o f  0 

t o  0 .3 0  g m . /c .c .  was abou t e ig h t  p e r  c e n t .  The t o t a l  v a r i a t i o n  was
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about s ix te e n  p e r  c e n t .  . W ith in  t h i s  v a r ia n c e  range th e  r ' e l a t i o n  mas 

e x p e r im e n ta l ly  v e r i f i e d .  The e i g h t  p e r  c e n t  e r r o r  i n  osm osis  would 

produce on ly  about 1 .5  p e r  c e n t  e r r o r  i n  c o n c e n t r a t i o n s .  In  v iew  o f  

th e  e r r o r  o f  measurement o f  c o n c e n t r a t i o n s  th e  u se  o f  th e  r e l a t i o n  was 

t e n a b le .  W hile i t s  a cc u racy  was n o t  c lo s e ly  checked i t  seems n o t  to  

be e n t i r e l y  c o r r e c t .  The osm otic  p r e s s u r e  h as  been  shown n o t  to  be 

d i r e c t l y  p r o p o r t i o n a l  to  c o n c e n t r a t io n  f o r  e l e c t r o l y t e s .  However, i t  

i s  e v id e n t  t h a t  th e  h ig h  r e s i s t a n c e  to  f low  o f  th e  membrane o f f s e t s  

th e  i n c r e a s e  i n  osm otic  p r e s s u r e  due to  ion.-’ n a t io n .  In  s e v e r a l  cases  

where e x p e r im en ta l  e r r o r  was l e s s  th a n  th e  average  t h i s  r e l a t i o n  

checked w i th i n  two p e r  c e n t .

In  summation, i t  may be sa id  t h a t  th e  r e l a t i o n  ™rr i  th e n  a s  a. 

f i r s t  app rox im ation  f o r  t h e  r a t e  o f  osmose f o r t u n a t e l y  appeared  to  

be s u i t a b l e  f o r  use  i n  com bination  w ith  th e  r e l a t i o n  govern ing  th e  

r a t e  o f  s o lu te  t r a n s f e r ,  and t h e r e f o r e  was employed i n  a l l  c o r r e l a t i o n s .

The e l e c t r o k i n e t i c  e f f e c t s  s e t  up by th e  d i f f u s io n  o f  th e  

s o lu te  and by osmosis were f o r t u n a t e l y  found to  be o f  a v e ry  small 

o rd e r  over th e  in v e s t i g a t e d  v-ange o f  c o n c e n t r a t i o n s .  In  s e v e r a l  o f  

th e  ru n s ,  a t  low c o n c e n t r a t i o n s ,  th e ^ e  was some ev idence  t h a t  th e  r a t e  

o f  osm osis receded  more r a p id l y  th en  i t  n o rm ally  should.. However, as 

osmosis p ro ceed ed ,  th e  r a t e  in c re a s e d  u n t i l  i t  c o in c id ed  w i th  th e  

normal r a t e  once more. The e f f e c t  o f  t h i s  v a r i a t i o n  on th e  concen­

t r a t i o n s ,  and co n seq u en t ly  th e  r a t e  o f  d i a l y s i s ,  was o f  a v e ry  small 

o r d e r .  T h e re fo re  t h i s  v a r i a t i o n  was n o t  c o n s id e re d  i n  th e  c o r r e l a t i o n  

o f  t h e  d a t a .  I t  has  been shown t h a t  f o r  c e l lu lo s e - w a t e r  i n t e r f a c e s ,  

th e  r a t e  o f  osmosis goes th ro u g h  a maximum (above th e  normal r a t e )  

n e a r  a c o n c e n t r a t i o n  o f  0.0001 n o r m a l . s o lu t io n s  o f  c h l o r i d e s .  This
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maximum may be a s  much as 50 p e r  c e n t  g r e a t e r  th a n  th e  normal osm otic  

r a t e .  Normal osmosis a t  t h i s  low c o n c e n t r a t i o n  d i f f e r e n c e  i s  o u i t e  

sm a l l .  C onsequen tly ,  r e l a t i v e  to  t h e  t o t a l  osmose over a wide ranee 

o f  c o n c e n t r a t i o n s ,  th e  v a r i a t i o n  i s  t r i v i a l .  T h is  i s  t r u e  on ly  f o r  

r e c la m a t io n  p ro c e s s e s ,  o r  where t h e  c o n c e n t r a t i o n  range i s  l a r g e .  For 

n u r i f i c a t i o n  p r o c e s s e s ,  i t  i s  im p o r ta n t  p ro v id ed  t h a t  osmosis i s  

a p p re c ia b le  a t  low c o n c e n t r a t i o n s .

The e f f e c t  o f  th e  r a t e  o f  s t i r r i n g  was n o t  n o t i c e d .  The 

s t i r r i n g  pad d le  o f  th e  ex p e r im en ta l  d i a l y z e r  was v a r i e d  tw o fo ld ,  w ith  

no ev idence  o f  an in c r e a s e  i n  t h e  r a t e  o f  d i a l y s i s  t h a t  was n o t  w i th in  

ex p e r im en ta l  e r r o r .  This i s  i n  accordance  w i th  th e  c o n s id e r a t io n  t h a t  

t h e  r a t e  o f  d i f f u s i o n  th rough  a membrane i s  on ly  about t e n  p e r  c e n t  

o f  t h a t  i n  th e  f r e e  l i q u i d  s t a t e .  T h e re fo re ,  th e  d i f f u s i o n  re s is ta n .c e  

of' th e  s ta g n a n t  l i q u i d  a t  th e  l i q u i d - s o l i d  i n t e r f a c e  may be c o n s id e re d ,  

w ith  r e s p e c t  to  th e  membrane r e s i s t a n c e .

I t  i s  to  be r e c a l l e d  t h a t  th e  osmose as  measured was th e  

a p p a re n t  osmose, o r  th e  in c r e a s e  i n  volume over th e  o r i g i n a l  volume. 

This i s  n o t  th e  t r u e  amount o f  osmose, s in c e  th e  s o lu te  was a lso  b e in g  

removed from th e  d i a l y z e r .  The t r u e  osmose would t h e r e f o r e  be th e  

sum o f  th e  a p p a re n t  osmose and th e  volume o f  th e  s o lu t e  removed from 

th e  d i a l y z e r .  I t  i s ,  however, more co n v en ien t  i n  t h e o r e t i c a l  

t r e a tm e n t s  and i n  th e  use o f  th e  d a ta  to  c o n s id e r  t h e  a p p a re n t  osmose. 

The osm otic  c o e f f i c i e n t  t h e r e f o r e  in c lu d e s  th e  v a r i a t i o n  o f  volume 

w ith  d e n s i t y  changes. This  f a c i l i t a t e d  by th e  f a c t  t h a t  th e  r a t e  o f  

d i a l y s i s  and osmosis a re  l i n e a r  w i th  c o n c e n t r a t i o n ,  and th e  v a r i a t i o n  

o f  d e n s i t y  w ith  c o n c e n t r a t i o n  i s  n e a r ly  l i n e a r .  This assum ption  was 

found to  be a c c u ra te  w i th in  th e  ex p e r im en ta l  e r r o r .
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In  view o f  th e  p re v io u s  d i s c u s s io n ,  th e  assum ptions  made in  

th e  fo rm u la t io n  o f  th e  f i r s t  app ro x im atio n  a re  a p p a re n t ly  a c c u ra te  

enough to  w a rra n t  t h e i r  employment. This i s  t r u e ,  how ever, f o r  

r e c la m a t io n  p ro c e s s e s  o n ly .  These r e l a t i o n s  a re  b e l i e v e d  to  be 

on ly  ro ugh ly  a c c u r a te  a t  ex trem ely  low c o n c e n t r a t i o n s .  F u rthe rm ore ,  

l a r g e  c o n c e n t r a t i o n s  o f  c o l l o i d s  ’which a r e  sorbed by th e  membrane w i l l  

u n doub ted ly  reduce t h e i r  a c c u ra c y .  T h is  m i l  be d i s c u s s e d  more f u l l y  

i n  subsequen t work.

The Pe r m e a b i l i ty  C o e f f i c i e n t .

The p e r m e a b i l i ty  c o e f f i c i e n t  i s  th e  most im p o r ta n t  f a c t o r  i n  

r e l a t i n g  d i a l y s i s  and osm osis .  The v a lu e  o f  r  i s  a l s o  o f  i n t e r e s t  

i n  t h a t  i t  s e t s  up th e  m a th em a tica l  s c a le  f o r  m easuring  membrane 

p e r m e a b i l i ty .  Thus, f o r  membranes impermeable to  th e  s o lu t e  b u t  

perm eable  to  th e  s o lv e n t ,  *f* — « ©  , and where th e  s o lv e n t  does

n o t  p a s s  b u t  th e  s o lv e n t  does , = O  . For th e  m a t e r i a l s  t e s t e d  

Y* v a r i e s  between 0 .4  and 10 i n  e . g . s .  u n i t s .

The v a lu e  o f  *T was found to  be c o n s ta n t  f o r  any system t e s t e d  

w ith  an average e r r o r  o f  l e s s  th a n  t e n  p e r  c e n t .  This  e r r o r  caused  a 

much l e s s  e r r o r  i n  c o n c e n t r a t i o n ,  and co n seq u en tly  th e  r a t e  o f  d i a l y s i s .  

I t  ap p ea rs  t h a t  t h i s  v a lu a b le  c o n s ta n t  i s  a p p l i c a b l e  and t h a t  th e  

r e l a t i o n  0  = ' T ' i s  t e n a b le .  I n  some o f  th e  ru n s  where osmose was 

l a r g e ,  and v e ry  a c c u ra te  a n a ly s e s  were p o s s i b l e ,  th e  average  v a r i a t i o n  

o f  T* was about 1 .6  p e r  c e n t .  T h is  i s  w e l l  w i th in  th e  l i m i t  o f  

ex p e r im en ta l  e r r o r .  These v a lu e s  were c a l c u l a t e d  over i n t e r v a l s  of 

t im e ,  and th e r e f o r e  th e  v a r i a t i o n  i s  a t  a  maximum. F u r th e r ,  th e  

v a lu e s  o f  q were de te rm ined  by in c re m en ts  in  th e  c o n c e n t r a t i o n  o f  th e
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d i l u t e  s o lu t i o n .  T h is  s o lu t i o n  was m a in ta in e d  a t  a  v e ry  low concen­

t r a t i o n ,  and th e r e f o r e  th e  accu racy  o f  th e  a n a l y t i c a l  p ro ced u re  was 

i n h i b i t e d .  The runs o f  su g a rs  and mixed s a l t s  w ere n o t  as  a c c u r a te ly  

a n a ly z e d .  S ince  th e  q u a n t i t y  o f  s o lu te  t r a n s f e r r e d  was de term ined  

by d i f f e r e n c e  o f  th e s e  c o n c e n t r a t i o n s  any sm all e r r o r  was m a g n if ie d .  

From t h i s ,  th e  v a lu e  o f  may be c o n s id e re d  more v a l i d  th a n  th e  

ex p e r im en ta l  p ro ced u re  i n d i c a t e d .  C e r t a in ly  i t  i s  as  a c c u r a te  as 

th e  r e l a t i o n s  governing  osmose and d i a l y s i s .  The v a lu e  o f  T* i s  

s u b je c t  to  th e  same c o n s id e r a t io n s  as  osmose a t  low c o n c e n t r a t i o n s ,  

and s i m i l a r l y  may be ex p ec ted  to  be o n ly  a rough e s t im a te  where 

e l e c t r o k i n e t i c  phenomena a re  a p p r e c ia b le .  However, th e  r e l a t i o n  i s  

s u i t a b l e  f o r  u se  i n  re c la m a t io n  p r o c e s s e s .

The E f f e c t  o f  T em pera tu re .

I t  was found t h a t  b o th  K and Jf in c re a s e  l i n e a r l y  w ith  

te m p e ra tu re .  This i s  i n  accordance  ’w ith  th e  fundem ental th e o ry  o f  

d i f f u s i o n ,  and was to  be ex p ec ted .  However, i t  i n t e r e s t i n g ’ to  n o te  

t h a t  th e  r a t e  o f  i n c r e a s e . o f  th e  v a lu e  o f  K was n o t  th e  same f o r  

parchm ent p aper  and c e l lo p h a n e .  The eq u a t io n s  o f  th e  l i n e s  a re  as 

fo l lo w s

Parchment Paper:
= 0 . 0 /* ?  £  ~ <3-

^Cellophane:

M ' -  d  d /a o f t f  *  0  //Z .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



119

Thus, i t  i s  seen  from th e  ta n g e n ts  t h a t  th e  parchm ent c a p e r  y ie ld e d  

a more r a p id  in c r e a s e  o f  K w i th  te m p e ra tu re  th an  d id  th e  c e l lo p h a n e .

T h is  i s  o f  i n t e r e s t  i n  t h a t  i t  appea rs  to  sup p o r t  th e  

s o rp t io n  th e o ry  o f  p e r m e a b i l i ty .  This  would i n d i c a t e  t h a t  th e  c e l l o ­

phane ten d ed  to  so rb  s o lv e n t  more s t r o n g ly  th a n  th e  parchm ent p a p e r .  

T h e re fo re ,  te m p e ra tu re  would have a l e s s e r  e f f e c t  on th e  r a t e  of 

d i a l y s i s .

The r a t e  o f  d i a l y s i s  i s  g iven  as

The r a t e  o f  d i f f u s i o n  i s  g iven  as

D iv id in g  th e  l a t t e r  by th e  form er

/4 *  £ - 6
A * &

From t h i s ,  i t  i s  p o s s i b l e  to  c a l c u l a t e  th e  p e r  c e n t  e f f e c t i v e  a re a  

f o r  any membrane. The fo l lo w in g  t a b l e  i n d i c a t e s  th e  p o r o s i t y  v a lu e s  

f o r  v a r io u s  system s. This f u r t h e r  i n d i c a t e s  t h a t  th e  s o l u t i o n -  

membrane a f f e c t  th e  p o r o s i t y  o f  th e  membrane which a p p a re n t ly  b e a rs  

o u t  th e  s o r p t io n  th e o ry  o f  p e r m e a b i l i ty .  The s t ro n g  s o r p t iv e  power 

o f  c e l lo p h a n e ,  as  i l l u s t r a t e d  i n  th e  fo l lo w in g  t a b l e  h a s  a l s o  been 

observed  by o t h e r  i n v e s t i g a t o r s .  The s o rp t io n  a f f e c t s  th e  p o r o s i t y  

by as  much as 31 p e r  c e n t .
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TABLE V I

s System
Temp. 

Deg. C. 9°Cm.y day
K

Cm,, / h r .
f  E f fe c t :  

Area

NaCl - 4P Cellophane 25 1.27 0.3580 6 .75
30 1.46 0.4130 6.75

M aCl - Parchment 25 1 .2 7 0.4160 4 .3 4
30 1.46 0.4600 4.92

B a d  - Cellophane 25 1 .2 7 0.8970 3 .5 5
Sugar -  Cellophane 30 0 .27 0.1101 2.06
Sugar -  Parchment 30 0 .2 7 0.0618 3.58

The v a lu e s  o f  ■ remained, e s s e n t i a l l y  c o n s ta n t  with 

te m p e ra tu re  v a r i e . t io n ,  t h e r e  by i n d i c a t i n g  th e  v a l i d i t y  o f  th e  

i n i t i a l  d i f f e r e n t i a l  e q u a t io n s .  The fo l lo w in '1- to h i  - l l u s t r a t e s  

th e  v a l i d i t y  of th e  c o n s ta n t ,

TABLE VII

Temp. 
Deg. C.

Parchment 
cm. / h r . % E r r o r

4F Cellophane 
c m ./h r . % Bn

21.3 . . . . . a ~ 0 .3840 0 .8
25.0 6.3072 1.6 0.3823 0 .3
30.0 0.3196 2.4 ---------- -----
35.0 0 .3145 0 .7 0.3839. 0 .7
40 .0 0.3048 0 .8 ---------- ----
45 .0 0.3150 0.9 ' 0 .3740 1 .8

Mean = 0 . 5122'" ear. = 1 .3 Mean 1 0.3811 Mean = 0 .9

The above average  d e v ia t io n s  a re  w i th in  ex p e r im en ta l  e r r o r .

Recom endations .

(1 )  I t  i s  e v id e n t  t h a t  s o lv e n t  s o r t i t io n  p la y s  a l a r g e  p a r t  in  th e  

e f f e c t i v e  p o r o s i t y  o f  membranes. C onsequen tly ,  i t  would be d e s i r a b l e  

to  i n v e s t i g a t e  t h i s  p r o p e r ty  f o r  a  s e r i e s  o f  system s.

(2) I t  h as  been shown t h a t  c e r t a i n  c o l l o i d s  a re  s t r o n g ly  sorbed
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by th e  membrane. I t  would be o f  v a lu e  t o  de te rm ine  p o r o s i t y  as 

a f f e c t e d  by c o l l o i d  s o r p t io n  f o r  0. s e r i e s  o f  system s. S o lu te  

c o n c e n t r a t io n s  and pH a lso  a f f e c t  th e  d eg ree  o f  s o r n t io n .

( 3 ) ri t h  th e  knowledge o f  th e  d eg ree  o f  s o rp t io n  i t  would th e n  be 

d e s i r a b l e  to  a t te m p t  a c o r r e l a t i o n  betw een s o lv e n t  a d s o rp t io n  and th e  

p o r o s i t y  f o r  v a r io u s  system s. Thus, by m easuring  th e  a d s o r o t i v i t y  

and p o re  s i z e ,  th e '  v a lu e s  o f  K cou ld  be c a l c u l a t e d  from d i f f u s i o n  

e q u a t io n s  and th e  osm otic  p r e s s u r e .

(4 )  I t  would be d e s i r a b l e ,  as  a  r e f in e m e n t ,  to  de te rm ine  th e  e f f e c t  

o f  f low  v e l o c i t y  upon th e  v a lu e s  o f  K and T* .

(5 )  The a p p l i c a t i o n s  o f  d i a l y s i s  a r e  l i m i t e d  by th e  membranes 

a v a i l a b l e .  I t  i s  d e s i r a b l e  to  develop  new membranes hav ing  b e t t e r  

p r o p e r t i e s .  A good membrane must be s t r o n g ,  and m ust n o t  be 

a t t a c k e d  by th e  s o lu t i o n s .  I t  should be o f  maximum oo re  s i z e ,  l im ited , 

by th e  n e c e s s i t y  o f  r e t a i n i n g  c o l l o i d s .  The p e r  c e n t  v o id  space 

should  be as  l a r g e  as  p o s s i b l e .

(b )  I t  would be d e s i r a b l e  to  d e te rm in e  th e  r a t e  o f  s e p a ra t io n  of 

io n s  from a m ix tu re  o f  io n s .  Such a p ro c e s s  cou ld  be u t i l i z e d  to  

d i f f u s e  o f f  a  P a i r  o f  io n s  i n  a manner analogous to  a co n tin u o u s  

d i s t i l l a t i o n  column.

( 7 ) By v i r t u e  o f  th e  s p e c i f i c  n a t u r e  o f  o rg a n ic  membranes f o r  

o rg a n ic  s o lu t i o n s ,  i t  would be p o s s i b l e  to  e f f e c t  a s e p a r a t io n  of 

o rg a n ic  s o lu t i o n s  a t  room te m p e ra tu re .  T h e re fo re ,  i t  i s  e v id e n t  t h a t  

a s tudy  o f  t h i s  p ro c e s s  i s  o f  v a lu e .

(8 )  I t  would be o f  v a lu e ,  f o r  p u r i f y i n g  p ro c e s s e s  to  de te rm ine  

th e  v a r i a t i o n s  o f  s o lu te  t r a n s f e r  and osm osis w ith  th e  Z e ta  p o t e n t i a l .
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V I SUMMARY

. . ' i th in  th e  p a s t  decade , d i a l y z e r s  have been  employed 

i n d u s t r i a l l y  f o r  reco v e ry  and P u r i f i c a t i o n  o p e r a t io n s .  The sm all 

amount o f  q u a n t i t a t i v e  in fo rm a t io n  a v a i l a b l e  i s  in a d e q u a te  f o r  

design, p u rp o se s .  Of th e  p re v io u s  d e s ig n  r e l a t i o n  one f a c i l i t a t e s  a  ■ 

la b o r io u s  app rox im ation ,  w h ile  a n o th e r  f a i l s  to  i n d i c a t e  th e  q u a n t i ty ,  

o f  m a t e r i a l  t r a n s f e r r e d .  N e i th e r  o f  th e s e  p e rm i t  an e s t im a t io n  o f  

th e  i n i t i a l  and f i n a l  volume o f  s o l u t i o n s .

The e q u a t io n s  were d e r iv e d  govern ing  n in e  P o s s i b l e  c a s e s ,  o f  

t h e s e ,  on ly  th o se  in c lu d in g  osmosis w ere found to  be v a l i d .  I t  was 

found t h a t  b o th  p re v io u s  d e s ig n  e q u a t io n s  were t h e o r e t i c a l l y  

i n c o r r e c t ,  s in c e  th e  assum ption  o f  n e g l i g i b l e  osmose i s  n o t  w a rra n te d .

S p e c ia l  equipment was c o n s t r u c te d  and o p e ra te d  f o r  th e  

d e te rm in a t io n  o f  th e  d i a l y t i c  and osm otic  t r a n s f e r  c o e f f i c i e n t s .

These v a lu e s  a re  r e p o r te d  f o r  a range o f  c o n c e n tra t io n s -  and system s. 

They ‘were found to  be c o n s ta n t  o ver  th e  ranges  t e s t e d ,  and w i th i n  th e  

ex p e r im en ta l  e r r o r .

A p e r m e a b i l i ty  c o e f f i c i e n t  was s e t  up v a ry in g  between zero  

and i n f i n i t y ,  which i s  o f  u se  i n  th e  e v a lu a t io n  o f  membranes. I t  

was found t h a t  th e  d i a l y t i c  and osm otic  c o e f f i c i e n t s  v a ry  l i n e a r l y  

w i th  te m p e ra tu re ,  b u t  do n o t  in c r e a s e  a t  th e  same r a t e .  The 

p e r m e a b i l i ty  c o e f f i c i e n t  i s  c o n s ta n t  f o r  any system over a range o f  

te m p e ra tu re s .  No c o r r e l a t i o n  was o b ta in e d  between th e  d i a l y t i c  

t r a n s f e r  c o e f f i c i e n t  and th e  e f f e c t i v e  membrane a r e a .

The d e s ig n  r e l a t i o n s  i n d i c a t e  a  d i s t i n c t  advan tage  o f  

c o u n t e r - c u r r e n t  f low  over p a r a l l e l  f low . C o u n te r -c u r r e n t  f lo w  i s  

recommended f o r  r e c la m a t io n  p r o c e s s e s .
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