
CHAPTER II 
LITERATURE SURVEY

F lo ta tio n  p ro ce ss  is o n e  o f  the  su rfa c ta n t-b a se d  se p a ra tio n  te c h n iq u e s . 
O rig in a lly  it is u sed  in the  a rea  o f  m in era l p ro c e ss in g . T h e  c o n c e p t o f  o re  
f lo ta tio n  is tra n s fe rre d  in to  th e  w as te  p a p e r re c y c lin g  in d u s try  la te r. T h e  
a p p lic a tio n  o f  flo ta tio n  o f  ink  from  p u lp w o o d  w a s  su c c e ss fu lly  in tro d u c e d  to  
w a s te  p a p e r  m ill in the  1980s (Z h u  et al., 1998). B o th  p ro c e sse s  h a v e  th e  
sa m e  c o n c e p t, i.e ., to  con tro l the  su rfa c e  h y d ro p h o b ic ity /h y d ro p h ilic i ty  o f  
d isp e rse  p a r tic le s  in w ate r, b u t th e y  h av e  se v era l d if fe re n c e s  in d e ta ils  
(R u tla n d  an d  P u g h  1997).

2.1 Nature of Paper Fiber

P a p e r m e a n s  the  th in  lay e r o b jec t, w h ic h  is m ad e  fro m  fib e r  an d  
m ix e d  w ith  m o re  th a n  o ne  ty p e  o f  ad d itiv e .

2 .1 .1  S o u rce  o f  P a p e r F ib e r
2.1.1.1 Wood

•  S o ftw o o d  is c o n ife ro u s  o r g y m n o sp e rm  sp e c ie s  su c h  
as sp ru ce , p in e , fir. T h e  tra d e  n am e  o f  p a p e r  
n o rm a lly  h as  N  (n e ed le )  a t th e  in itia l n am e , fo r 
e x am p le , N B K P  (N e ed le  B lea c h e d  K ra ft P u lp )

•  H ard w o o d  is a n g io sp e r  sp e c ie s  su ch  as E u c a ly p tu s , 
b irch , asp en . T h e  tra d e  n am e  o f  p a p e r  n o rm a lly  h as  L  
(leav ed ) at th e  in itia l n am e , fo r e x a m p le , L B K P  
(L eav ed  B lea c h e d  K ra ft P u lp ).
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2.1.1.2 Non-Wood
• A g ric u ltu re  re s id u e  su ch  as m ille t, b a g a sse
•  N a tu ra l g ro w in g  p la n ts  su ch  as b am b o o
•  C ro p  fib ers  - P a p e r f ib e r is p ro d u c e d  fro m  b a s t o r

s tem  su ch  as h em p , ra m ie , su te , k en af.
- P a p e r f ib e r is p ro d u c e d  fro m  le a f  f ib e r 

su ch  as ab aca , s isa l, an d  p in e a p p le .
- P a p e r fib e r is p ro d u c e d  fro m  se e d  fib e r 

su ch  as c o tto n

2 .1 .2  C h e m ic a l C o m p o sitio n  o f  W o o d
C h e m ic a l c o m p o s itio n  o f  so m e  v a rie ty  o f  so u rc e  o f  fib e r 

c o m p o se s  o f  c e llu lo se , h em ic e llu lo se , lig n in  and  e x trac tiv e .
2.1.2.1 Cellulose

It is a s tra ig h t c h a in  h o m o p o ly m e r o f  d -g lu c o se , w h ic h  is 
c o n n e c te d  w ith  1,4 p g lu co s id ic  b on d . It co m p rise s  o f  10 ,000  u n its  an d  Id- 
b o n d  lin k  b e tw e e n  row .

2.1.2.2 Hemicellulose
It is h e te ro p o ly m e r w h ic h  is c o m b in e d  a p p ro x im a te ly  

2 0 0  u n its  o f  m a n y  ty p es  o f  su g a rs  su ch  as g lu co se , m a n n o se , x y lo se  an d  
a ra b in o se .

2.1.2.3 Lignin
It is am o rp h o u s , w h ic h  h a s  a p p ro x im a te ly  2 ,5 0 0  u n its  o f  

p h e n y l p ro p a n e  u n its . T h e  fu n c tio n  o f  lig n in  is th e  b in d e r b e tw e e n  fib ers .
2.1.2.4 Extractive

It is the  co m p o u n d , w h ic h  can  b e  so lu b le  in  o rg an ic  
so lv e n t, fo r in s ta n ce , ace to n e , a lco h o l, d ic h o lo m e th a n e  an d  c h lo ro fo rm .
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2 .1 .3  C o m p o s itio n  o f  P ap e r F ib e r
2 .1.3.1 Fibrous Materials

G en e ra lly , p ap e r c o m p o se s  o f  f ib e r in  70  to  95 p e rc e n t o f  
p a p e rw e ig h t. T h e  q u a lity  o f  p ap e r d ep e n d s  on  q u a n tity  o f  fib er. F ib e rs  
c o m p rise  o f  p la n t ce lls  su ch  as p a re n c h y m a  ce ll, v e sse l cell.

2.1.3.2 Non Fibrous Materials
T h ey  are  ad d itiv es , w h ic h  are  a d d e d  fo r im p ro v in g  the  

q u a lity  o f  p a p e r. T h ey  a re  c la ss if ie d  in to  4 parts .
•  F u n c tio n a l a d d itiv e  is ad d e d  to  im p ro v e  th e  sp e c if ic  

p ro p e rty  o f  p ap er. It can  b e  d iv id e d  in to  6 ty p e s  as 
fo llo w in g .
•  S iz in g  ag en t is the  ch e m ic a l, w h ic h  in c re a se  the  

to le ra n c e  o f  w ate r. P ap e r, w h ic h  is n o t a d d e d  
s iz in g  ag en t, is ea sy  fo r a d so rb in g  w a te r  su c h  as 
tis su e  p ap er, b lo ttin g  p ap e r. S iz in g  a g e n t u se d  in 
p a p e r p ro ce ss  a re  a lu m /ro s in  s ize , w a x , a sp h a lt, 
A K D  (A lk y l K e to n e  D im e r) an d  A S A  (A lk e n y l 
S u cc in ic  A n h y d rid e ) .

•  F ille r  is ad d e d  in o rd e r to  in c re a se  s u rfa c e  a re a  o f  
p ap er. It a lso  im p ro v e s  the  p ro p e r tie s  o f  p a p e r 
such  as in c rease  in o re  p a r tic le -a ir  an d  o re  
p a rtic le -fib e r, lig h t sc a tte r in g , sm o o th n e s s , 
b rig h tn e ss  an d  d e c re a se  in b u d g e t o f  p a p e r  
p ro d u c tio n . T h e  f ille r  u se d  in p a p e r  p ro c e s s  are  
k ao lin  o r c lay , T i 0 2 (T ita n iu m  d io x id e )  an d  
C a C 0 3 (C a lc iu m  c a rb o n a te )

•  D ry  s tre n g th  ag en t is ad d e d  fo r in c re a s in g  
to u g h n e ss  o f  p ap e r. T h e  ag en t, w h ic h  is c o m m o n
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u sed  in p a p e r p ro c e ss  is c a tio n ic  s ta rc h  and  
p o ly ac ry lam id e .

•  W e t s tre n g th  a g e n t is  ad d e d  fo r  in c re a s in g  
to u g h n e ss  a t 15 p e rc e n t o f  o r ig in a lly  to u g h n e ss , 
fo r in stan ce , u re a -fo rm a ld e h y d e , m e la m in e -  
fo rm ald eh y d e , p o ly a m id e  an d  p o ly a m in e

•  D y es is ad d e d  fo r c o lo u r in g  p a p e r, t in t in g  dyes.
•  O p tica l b rig h te n in g s  a g e n t is f lu o re sc e n t d y e s  th a t 

ad so rb s u v  u ltra v io le t an d  d e so rb s  w a v e le n g h t in 
ran g e  o f  b lue .

•  C h em ica l p ro c e ss in g  a ids
•  R e te n tio n  a id s
•  D efo rm ers  h e lp  p re v e n tin g  fo am  fo rm a tio n .
•  M ic ro b io lo g ica l co n tro l a g e n t p re v e n t th e  s lim e  

fo rm ation .
•  P itch  co n tro l ag en t
•  D ra in ag e  a id s in c re a se  th e  ra te  o f  le a v in g  w a te r  

from  pap er.
•  F o rm a tio n  a id s d ec re a se  th e  a g g re g a te  o f  fib er.

2.2 Characteristic Features of Surfactants

T h e  c o n tra c tio n  te rm  o f  su rfa c tan t c o m es  fro m  su rfa c e -a c tiv e  a g en t. 
W h e n  su rfa c ta n ts  a re  p re se n te d  at low  c o n c e n tra tio n , su rfa c ta n ts  h a v e  th e  
p ro p e r ty  o f  a d so rb in g  o n to  the  su rfa c e s  o r in te rfa c e s  o f  th e  sy s te m . A t 
s u ff ic ie n tly  h ig h  c o n c e n tra tio n  in so lu tio n , su rfa c ta n t m o le c u le s  w ill fo rm  
a g g re g a te s  c a lle d  m ice lle s . T h e  c o n c e n tra tio n  a t w h ic h  th is  o c c u rs  is c a lle d  
c ritic a l m ic e lle  c o n c e n tra tio n  (C M C ), w h ic h  d ep e n d s  on  each  su rfa c ta n t.
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2.2 .1  G en e ra l S tru c tu re  o f  S u rfac tan ts
S u rfa c ta n ts  h av e  a c h a ra c te r is tic  m o le c u la r  s tru c tu re  c o n s is tin g  

o f  a s tru c tu re  g ro u p  th a t h as v e ry  s tro n g  a ttra c tio n  fo r w a te r , k n o w n  as 
h y d ro p h ilic  o r lip o p h o b ic  to g e th e r  w ith  a g ro up  th a t h as  s tro n g  a ttra c tio n  fo r 
o il c a lle d  th e  lip o p h ilic  o r h y d ro p h o b ic  s tru c tu re .

T h e  h y d ro p h o b ic  g ro u p  is u su a lly  a  lo n g  c h a in  h y d ro c a rb o n  an d  
le ss  o fte n  a h a lo g e n a te d  o r o x y g en a te d  h y d ro c a rb o n  o r s ilo x a n e  c h a in . T h e  
h y d ro p h ilic  g ro u p  is an  io n ic  o f  h ig h ly  p o la r  g ro up . S u rfa c ta n ts  a re  c la ss if ie d  
as fo llo w in g .

2 .2 .7 .7  Anionic
T h e  h ea d  g ro u p  o f  su rfa c tan t b ea rs  n e g a tiv e  c h a rg e , fo r 

e x a m p le , R C O O 'N a + (so a p ) R C 6H 4S 0 3'N a + (T A S  o r lin e a r a lk y l b e n z e n e  
su lfa te ) .

2 .2 .7 .2  Cationic
T h e  h ead  g ro u p  o f  su rfa c tan t b ea rs  p o s itiv e  c h a rg e , fo r 

e x a m p le , C H 3(C H 2) i 5 N +(C H 3 ) 3  Br" (C T A B  o r C e ty l tr im e th y la m m o n iu m  
b ro m id e )  R N H 3+C f  (sa lt o f  a long  ch a in  a m in e ) R N (C H 3)3+c r  (q u a r te rn a ry  
a m m o n iu m  c h lo rid e ).

2.2.1.3 Zwitterionic
T h e  h ea d  g ro u p  o f  su rfa c ta n t b ea rs  b o th  p o s it iv e  an d  

n e g a tiv e  c h a rg e s , fo r e x am p le , R N +H 2C H 2C O O ' ( lo n g -c h a in  a m in o  a c id ) R N + 
(C H 3)2 (su lfo b e ta in ) .

2.2.1.4 Nonionic
T h e  h ea d  g ro up  o f  su rfa c ta n t b ea rs  n o n io n ic  c h a rg e , fo r 

e x a m p le , R C O O C H 2C H O H C H 2O H  (m o n o g ly c e rid e  o f  lo n g -c h a in  fa tty  ac id ) 
R C 6H 40 ( C H 2C H 2O ) 1 ฑแ  (n o n y l p h en o l p o ly e th o x y la te ) .
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2.3 Role of Surfactant on Flotation Deinking

A c c o rd in g  to  F e rg u so n  (1 9 9 2 b ), su rfa c ta n ts  u sed  in f lo ta tio n  d e in k in g  
ta k e  th re e  im p o r ta n t ro les .

•  A c t as a  d isp e rsa n t to  se p a ra te  ink  p a r tic le s  fro m  th e  f ib e r  and  
p re v e n t re d ep o s itio n  o f  se p a ra te d  in k  p a r tic le s  o n  th e  fib er.

•  A c t as  a c o llec to r to  a g g lo m e ra te  th e  sm all in k  p a r tic le s  to  flo e  by  
c o n tro llin g  th e  su rfa c e  o f  ink  in to  h y d ro p h o b ic  su rface .

•  A c t as a  fro th e r  to  g en e ra te  fo am  on  th e  to p  la y e r o f  f lo ta tio n  ce ll 
fo r ink  rem o v al.

2.4 Adsorption Isotherm of Surfactant

T h e  a d so rp tio n  b eh a v io r  o f  su rfa c ta n t o n  su rfa c e  can  b e  p re s e n te d  by  
an  a d s o rp tio n  iso th e rm . T h e  cu rv e  o f  an  a d so rp tio n  iso th e rm  fo r an  a n io n ic  
s u rfa c ta n t o n  a  s tro n g ly  ch a rg e d  site  su b s tra te  is sh o w n  in  F ig u re  2.1 (R o se n , 
1989). T h e  c u rv e  can  b e  d iv id ed  in to  4 reg io n s.

In  re g io n  1, th e  su rfa c ta n t is a d so rb e d  m a in ly  by  ion  e x c h a n g e , T h e  
c h a rg e  d e n s ity  o r p o te n tia l a t th e  S te rn  lay e r o f  th e  su b s tra te  re m a in s  a lm o s t 
c o n s ta n t.

In  re g io n  2, th e re  is a m a rk e d  in c re a se  in  a d so rp tio n , re s u ltin g  fro m  
in te ra c tio n  b e tw e e n  th e  h y d ro p h o b ic  c h a in s  o f  th e  p re v io u s ly  a d so rb e d  
su rfa c ta n ts . T h is  a g g re g a tio n  o f  th e  h y d ro p h o b ic  g ro u p s , w h ic h  m a y  o c c u r  a t 
c o n c e n tra tio n  w ell b e lo w  th e  c ritica l m ic e lle  c o n c e n tra tio n  (C M C ) o f  th e  
su rfa c ta n t, h a s  b ee n  ca lle d  h em im ic e lle  fo rm a tio n  o r c o o p e ra tiv e  a d so rp tio n .

In  re g io n  3, th e  s lo p e  o f  the  iso th e rm  is re d u c e d , b e c a u se  a d so rp tio n  
n o w  m u s t o v e rc o m e  e le c tro s ta tic  re p u ls io n  b e tw ee n  th e  o n c o m in g  io n s  a n d  the  
s im ila r ly  c h a rg e d  so lid .
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In  re g io n  4, ad so rp tio n  in th is  fa sh io n  is u su a lly  c o m p le te  w h e n  th e  
su rfa c e  is c o v e re d  w ith  a m o n o la y e r o r b ila y e r o f  th e  su rfa c ta n t. In  m a n y  
c a ses  th is  o c c u rs  a p p ro x im a te ly  a t th e  C M C  o f  th e  su rfa c tan t, s in c e  a d so rp tio n  
a p p e a rs  to  in v o lv e  s in g le  ions ra th e r  th an  m ic e lle s . A b o v e  C M C , th e  p se u d o  
p h a se  s e p a ra tio n  m o d e l p re d ic ts  th a t th e  m o n o m e r c o n c e n tra tio n  is c o n s ta n t 
an d  th a t th e  c o n c e n tra tio n  o f  m ice lle s  in c reases  lin e a rly  w ith  to ta l su rfa c ta n t 
c o n c e n tra tio n  (S c am eh o rn  et a l, 1982).

su rfa c ta n t c o n c e n tra tio n
Figure 2.1 S -sh ap e d  ad so rp tio n  iso th e rm  fo r an  a n io n ic  su rfa c ta n t o n  a s tro n g  
c h a rg e  s ite  su b s tra te .

2.5 Roles of Calcium Ions in Flotation Deinking

T h e  sy s tem , w h ic h  h ad  on ly  p a p e r an d  c a lc iu m , w a s  s tu d ie d  by  
R iv e llo  et al. (1 9 9 7 ). T h e  in te rac tio n  b e tw ee n  p a p e r  f ib e r an d  c a lc iu m  ions 
w a s  p u re ly  e le c tro s ta tic  an d  n o n -a sso c ia tiv e  a d so rp tio n . T h e  c a lc iu m  ion s
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w e re  a ttra c te d  b y  th e  n e g a tiv e ly  c h a rg e d  sites  on  p a p e r su rfa c e  re su ltin g  fro m  
io n iz a tio n  o f  c a rb o x y l and  h y d ro x y l g ro up .

In  a d d itio n , th e  e ffe c t o f  c a lc iu m  on  flo ta tio n  d e in k in g  w a s  s tu d ie d  by 
D ra b e k  et al. (1 9 9 8 ). T h e  d ep o s itio n  o f  fin es an d  fille rs  on  an  a ir -w a te r  
in te rfa c e  w a s  s tu d ie d  b y  im p in g in g  j e t  te c h n iq u e . T h is  sy s te m  w as  
c o m p a ra b le  to  th e  m e c h a n ism  o f  fib e r on  a ir b u b b le s  in  flo ta tio n  d e in k in g . 
C a lc iu m  so a p  h ad  an  e ffe c t to  ad so rb  on  all f ib ers  an d  lin k ed  all o f  th e m  
to g e th e r . B y  th e  tim e , th e  d ep o s itio n  o f  f ib e r c o n tin u ed , f ib e r fo rm s e n ta n g le d  
w e b  a t th e  in te rfa c e . T h e  large  o n es w e re  p re su m a b ly  c a p tu re d  by  sm a ll fib er, 
s in c e  la rg e  o n e s  w ere  n o t a d h e re d  by  th e m se lv e s . F in a lly  th e  la rg e  e n ta n g le d  
w e b s  w e re  re m o v e d  from  a ir b u b b le s  b y  h y d ro d y n a m ic  fo rce . T h e  s tre n g th  o f  
b r id g in g  b e tw e e n  f ib e r an d  a ir  b u b b le s  d ep e n d e d  on  m an y  fac to rs , fo r 
in s ta n ce ; c o n c e n tra tio n  o f  su rfa c ta n t an d  c a lc iu m , s ize  o f  fib e r flo e  w h ic h  w as 
o n e  o f  th e  im p o r ta n t e ffe c t h ad  in flu e n c e d  to  s to ck  lo ss e ffec t.

2.6 Effect of pH in Flotation Deinking

A  s ite -b in d in g  m o d e l (H a n k in s  et al., 1996) d esc rib e d  th e  e ffe c t o f  pH  
on  th e  a d s o rp tio n  o f  an  an io n ic  su rfa c ta n t sp e c ie s  a t a m in era l o x id e /w a te r  
in te rfa c e . A  m o d e l u se d  to  a c co u n t fo r e ffe c ts  o f  p H , su rfa c ta n t, and  
c o u n te r io n s  is in c o rp o ra te d  in to  p a tc h w ise  m a k in g  it w as  p o ss ib le  to  p re d ic t 
b o th  th e  su rfa c e  c h a rg e  an d  th e  c o u n te rio n  a sso c ia tio n  b e n e a th  an  a d so rb e d  
su rfa c ta n t a g g re g a te .

A c c o rd in g  to  A ze v ed o  et al. (1 9 9 9 ), th e  re su lts  sh o w e d  th a t c a u s tic  
p u lp in g  c a u se d  th e  to n e r  to  b e  re lea se d  fro m  th e  fib ers  as la rg e r  p a r tic le s  an d  a 
p o o r  f lo ta tio n  re sp o n se  w as  o b ta in ed . O n  th e  o th e r  h an d , n eu tra l p u lp in g  n o t 
o n ly  c a u se d  th e  to n e r  to  b e  re lea sed  as sm a lle r  p a r tic le s  b u t a lso  in c re a se  the  
s im u lta n e o u s  flo ta tio n  re m o v ed  o f  to n e r an d  m in era l f ille r  p a r tic le s .
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In  th e  flo ta tio n  e x p e rim e n t o f  O liv e ira  an d  T o re m  (1 9 9 5 ), th e  re su lts  
o f  m ic ro f lo ta tio n  te s ts  in d ica ted  th a t in  th e  p re se n c e  o f  c a lc iu m  c a tio n , an  
in c re a se  in n o ta b i l i ty  a t pH  8.0  w as v e rif ie d , p ro b a b ly  d u e  to  c a lc iu m  c o lle c to r  
sa lt p re c ip ita t io n  on  th e  ink  p a r tic le  su rface .

2.7 The Double Layer

T h e  d iffu se  lay e r can  b e  v isu a liz e d  as a c h a rg e d  a tm o s p h e re  
su rro u n d in g  th e  c o llo id  as in  F ig u re  2 .2 . (A d a m so n , 1990) T h e  d o u b le  lay e r 
m o d e l is u se d  to  v isu a liz e  th e  ion ic  e n v iro n m e n t in th e  v ic in ity  o f  a c h a rg e d  
c o llo id  an d  e x p la in s  h o w  e le c trica l re p u ls iv e  fo rces  o ccu r. W e firs t lo o k  a t th e  
e ffe c t o f  th e  c o llo id  on  th e  p o s itiv e  ions (o fte n  ca lle d  c o u n te r- io n s )  in  so lu tio n . 
In itia lly , a ttra c tio n  fro m  the  n eg a tiv e  c o llo id  c au ses  so m e  o f  th e  p o s it iv e  ion s 
to  fo rm  a f irm ly  a tta c h e d  lay e r a ro u n d  th e  su rface  o f  th e  c o llo id ; th is  la y e r  o f  
c o u n te r- io n s  is k n o w n  as th e  s te m  layer.

A d d itio n a l p o s itiv e  ions a re  still a ttra c ted  by  th e  n eg a tiv e  c o llo id , b u t 
n o w  th e y  a re  re p e lle d  by th e  ste rn  lay e r as w ell as by  o th e r  p o s it iv e  io n s th a t 
a re  a lso  try in g  to  ap p ro a ch  th e  co llo id . T h is  d y n a m ic  e q u ilib r iu m  re su lts  in 
th e  fo rm a tio n  o f  a  d iffu se  lay e r o f  c o u n te r  ions. T h e y  h a v e  a  h ig h  
c o n c e n tra tio n  n e a r  th e  su rface , w h ic h  g rad u a lly  d e c re a se s  w ith  d is ta n c e , u n til 
it re a c h e s  e q u ilib r iu m  w ith  th e  c o u n te r- io n  c o n c e n tra tio n  in  th e  so lu tio n .

In  a  s im ila r , b u t o p p o site  fa sh io n , th e re  is a lack  o f  n e g a tiv e  io n s  in  th e  
n e ig h b o rh o o d  o f  th e  su rface , b ec a u se  th ey  are  re p e lle d  by  th e  n e g a tiv e  co llo id . 
N e g a tiv e  io n s  a re  ca lled  co -io n s  b ec a u se  th ey  h a v e  th e  sa m e  c h a rg e  as th e  
co llo id . T h e ir  c o n c e n tra tio n  w ill g rad u a lly  in c re a se  w ith  d is ta n c e , as  th e  
re p u ls iv e  fo rc e s  o f  th e  c o llo id  are  sc re e n e d  o u t by  th e  p o s itiv e  io n s, u n til 
e q u ilib r iu m  is a g a in  reach ed .

T h e  c h a rg e  d en s ity  a t an y  d is ta n ce  fro m  th e  su rfa c e  is e q u a l to  the  
d if fe re n c e  in  c o n c e n tra tio n  o f  p o s itiv e  and  n e g a tiv e  io n s a t th a t p o in t. C h a rg e



d e n s ity  is g re a te s t n ea r the  c o llo id  an d  g ra d u a lly  d im in ish e s  to w a rd  ze ro  as the  
c o n c e n tra tio n  o f  p o s itiv e  an d  n eg a tiv e  ion s m e rg e  to g e th e r. T h e  a tta c h e d  
c o u n te r - io n s  in  th e  s te m  lay e r and  th e  d iffu se  lay e r a re  w h a t w e  re fe r  to  as the  
d o u b le  lay e r. T h e  th ic k n e ss  o f  th is  lay e r d e p e n d s  u p o n  th e  ty p e  and  
c o n c e n tra tio n  o f  ion s in  so lu tio n .

Figure 2 .2  V isu a liz a tio n  o f  the  D o u b le  L ay er.

2.8 Zeta Potential

T h e  d o u b le  lay e r is fo rm ed  in  o rd e r to  n e u tra liz e  th e  c h a rg e d  c o llo id  
a n d , in tu rn , ca u se s  an  e le c tro k in e tic  p o te n tia l b e tw e e n  th e  s u rfa c e  o f  th e  
c o llo id  an d  an y  p o in t in th e  m ass o f  th e  su sp e n d in g  liq u id . T h is  v o lta g e  
d if fe re n c e  is on  th e  o rd e r o f  m illiv o lts  an d  is re fe rre d  to  as th e  su rfa c e  
p o te n tia l. F ig u re  2 .3  sh o w s the  m a g n itu d e  o f  th e  su rface  p o te n tia l th ro u g h  the
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d is ta n c e  fro m  co llo id . It is re la ted  to  th e  su rfa c e  c h a rg e  an d  th e  th ic k n e ss  o f  
th e  d o u b le  lay e r. A s w e  leav e  the  su rface , th e  p o te n tia l d ro p s  o f f  ro u g h ly  
lin e a r ly  in  th e  ste rn  lay e r and  then  e x p o n e n tia lly  th ro u g h  th e  d if fu se  layer, 
a p p ro a c h in g  z e ro  a t th e  im ag in a ry  b o u n d a ry  o f  th e  d o u b le  lay er. T h e  p o te n tia l 
c u rv e  is u se fu l b e c a u se  it in d ica te s  th e  s tre n g th  o f  th e  e le c tr ica l fo rce  b e tw e e n  
a t w h ic h  th is  fo rce  c o m es in to  p lay .

A  c h a rg e d  p a r tic le  w ill m o v e  w ith  a fix ed  v e lo c ity  in a v o lta g e  fie ld . 
T h is  p h e n o m e n o n  is ca lled  e le c tro p h o res is . T h e  p a r tic le ’s m o b ility  is re la te d  
to  th e  d ie le c tr ic  c o n s ta n t and  v isc o s ity  o f  th e  su sp e n d in g  liq u id  an d  to  the  
e le c tr ic a l p o te n tia l at the  b o u n d a ry  b e tw e e n  th e  m o v in g  p a r tic le  an d  liq u id . 
T h is  b o u n d a ry  is ca lle d  the  slip  p lan e  and  is u su a lly  d e f in e d  as th e  p o in t w h e re  
th e  s te rn  la y e r an d  the  d iffu se  lay e r m ee t. T h e  s te m  lay e r is c o n s id e re d  to  be 
rig id ly  a tta c h e d  to  th e  co llo id , w h ile  the  d iffu se  lay e r is n o t. A s a re su lt, th e  
e le c tr ic a l p o te n tia l at th is  ju n c tio n  is re la te d  to  th e  m o b ility  o f  th e  p a r tic le  an d  
is  c a lle d  th e  z e ta  p o ten tia l.

Figure 2 .3  R e la tio n sh ip  b e tw ee n  ze ta  p o te n tia l an d  su rfa c e  p o te n tia l.

(ช-— —  Surface Potential

D istance  From  Colloid
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