
BACKGROUND AND LITERATURE REVIEW
CHAPTER II

2.1 S u r f a c ta n ts

S u rfa cta n ts , a d im in u tiv e  form  o f  th e  p h rase  S U R F a c e  A C T iv e  A g e N T s , is a 
m o le c u le  that w h e n  th e y  are ad d ed  to a liq u id  at lo w  c o n c e n tr a t io n s , the p rop erties o f  
that liq u id  at a su r fa ce  or in ter fa ce  ca n  be a ltered  s ig n if ic a n tly .

2 .1 .1  S tru ctu re o f  S u rfactan ts
T h e  g en era l structure o f  a su rfa cta n t in c lu d e s  a  stru ctu ral grou p  that 

h as stro n g  a ttraction  w ith  a so lv e n t, k n o w n  a s a  ly o p h ilic  g ro u p  (so lv e n t - lo v in g ) ,  
to g e th e r  w ith  a gro u p  that h as litt le  a ttraction  w ith  th e  s o lv e n t , c a l le d  th e ly o p h o b ic  
gro u p  (so lv e n t-h a t in g ) . T h is  is  k n o w n  a s  an  a m p h ip a th ic  stru ctu re a s  sh o w n  
F ig u r e 2 .1 . In m o s t  c a se s , w a ter  is  a c o m m o n  so lv e n t . T h e  a m p h ip a th ic  structure o f  
th e  su rfa cta n t th ere fo re  c a u se s  n ot o n ly  c o n c e n tr a t io n  o f  th e  su rfa cta n t at th e  su rface  
an d  re d u c tio n  o f  the su r fa ce  te n s io n  o f  th e  w a ter  but a lso  o r ie n ta tio n  o f  th e  m o le c u le  
at th e  su r fa c e  w ith  its  h y d ro p h ilic  gro u p  in  th e  a q u e o u s  p h a se  an d  its  h y d ro p h o b ic  
gro u p  o r ie n te d  a w a y  from  it (R o se n , 1 9 8 8 ).

T h e  h y d ro p h o b ic  gro u p  is  u su a lly  a lo n g  c h a in  h y d ro ca rb o n  resid u e , 
an d  le s s  o f te n  a h a lo g e n a te d  or o x y g e n a te d  h y d r o ca rb o n  or s i lo x a n e  c h a in  w h ile  the  
h y d r o p h ilic  g ro u p  is  an  io n ic  or h ig h ly  p o la r  gro u p . T h is  d u al fu n c tio n a lity , 
h y d r o p h o b ic  an d  h y d r o p h ilic , p r o v id e s  th e  b a s is  for  c h a r a c te r is t ic s  u se fu l in  c lea n er  
an d  d e te r g e n t fo rm u la tio n , in c lu d in g  su r fa ce  te n s io n  m o d if ic a t io n , fo a m , an d  c lo u d  
p o in t  (S c a m e h o m  et a i ,  1 9 9 2 ).

2 .1 .2  T y p e s  o f  S u rfactan ts
S u rfa cta n ts  are g e n e r a lly  c h a r a c ter ized  b y  th e n atu re o f  the  

h y d r o p h ilic  g ro u p  a s th e  f o l lo w in g  c a te g o r ie s :
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H y d r o p h ilic  h ead  grou p  H y d r o p h o b ic  h ea d  gro u p

Figure 2.1 S c h e m a tic  o f  a su rfactan t m o le c u le .

1. A n io n ic  su rfactan ts: T h e  su r fa c e -a c tiv e  p o r tio n  o f  th e  m o le c u le  

b ears a n e g a tiv e  ch a rg e , for e x a m p le , R C 6H 4S O j N a + (a lk y lb e n z e n e  su lfo n a te ),

C 12H 25ร O j N a + (so d iu m  d o d e c y l su lfa te ).

2 . C a tio n ic  su rfactan ts: T h e  s u r fa c e -a c tiv e  p o r tio n  b ears a  p o s it iv e  

c h a rg e , for  e x a m p le , ท - € 16H 33N (C H  =  C H ) 2C H C 1 (C e ty lp y r id in iu m  c h lo r id e  or

C P C ), R N H 3C I ' (sa lt  o f  a  lo n g -c h a in  a m in e ), R N ^ C H j ^ C r  (qu atern ary  

a m m o n iu m  c h lo r id e ).
3 . N o n io n ic  su rfactan ts: T h e  su r fa c e -a c tiv e  p o r tio n  b ears n o  apparent 

io n ic  ch a rg e . T h e y  are a  c la s s  o f  sy n th e tic  su rfa cta n ts  that are p rep ared  b y  a tta ch in g  
e th y le n e  o x id e  m o le c u le s  to  a w a te r - in so lu b le  m o le c u le ,  su c h  as  

R C O O C H 2C H O H C C H 2O H  (m o n o g ly c e r id e  o f  lo n g -c h a in  fa tty  a c id ) .
4 . Z w itte r io n ic  su rfactan ts: B o th  p o s it iv e  a n d  n e g a t iv e  c h a r g e s  m ay  

b e  p resen t in  th e  su r fa c e -a c tiv e  p o r tio n , fo r  e x a m p le , R N  + H  2C H  2 c o c r  ( lo n g -c h a in  

a m in o  a c id ).

2.2 Foam

2 .2 .1  F o a m  F o rm a tio n
F o a m  is  a  g a s  d isp e r se d  in  a liq u id  that is  p r o d u c e d  w h e n  air or  

a n o th er  g a s  is  in tro d u ced  b en ea th  th e  su r fa ce  o f  a liq u id  th at e x p a n d s  to  e n c lo s e  the  
g a s  w ith  a f i lm  o f  liq u id  (R o s e n , 1 9 8 8 ). F o a m s  w o u ld  h a v e  n o  s ta b ility  u n le s s  there  
w e r e  barriers to  p r ev en t c o a le s c e n c e  w h e n  tw o  g a s  b u b b le s  to u c h . T h e  barrier
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( liq u id  f i lm )  is  p ro d u c e d  b y the p r esen ce  o f  a w a te r -so lu b le  su r fa c ta n t (S e b b a , 19 87 ). 
T h e  fo r m a tio n  o f  fo a m  from  a b u lk  in v o lv e s  th e  e x p a n s io n  o f  th e  su r fa ce  area  d u e to  
th e  w o r k  a c t io n  u p o n  the sy s te m . A s  su r fa ce  te n s io n  is  th e  w o r k  in v o lv e d  in  crea tio n  
a n e w  s y s te m , th e  a m o u n t o f  n e w  area fo rm ed  w ill  b e  g rea ter  w ith  th e lo w e r  su rfa ce  
te n s io n . T h e r e fo r e  th e  su rfactan t is  req u ired  for  fo a m  fo r m a tio n  b e c a u se  it can  
red u ce  th e su r fa c e  te n s io n  o f  the n e w  su r fa ce  area as s h o w n  in  F ig u r e  2 .2 .

Figure 2 .2  F o r m a tio n  o f  fo a m  (R o se n , 1 9 8 8 ).

2 .2 .2  S tru ctu re o f  F oa m
F o a m  c o n s is t s  o f  a h ig h -v o lu m e  fra c tio n  o f  g a s  d isp e r se d  in  a liqu id . 

L iq u id  is  a  c o n t in u o u s  p h a se . T h e  stru ctu re o f  g a s  c e l l  c o n s is t s  o f  th in  liq u id  film  
an d  th ere  are t w o -s id e  f i lm s  w h ic h  are c a lle d  th e la m e lla e  o f  th e  fo a m  w h e r e  th ree  or  
m o re  b u b b le s  m e e t , th e  la m e lla e  are c u rv ed , c o n c a v e  to  th e  g a s  c e l l s ,  fo r m in g  w h a t is  
c a lle d  th e P la te a u  b ord er or G ib b s  tr ia n g le  a s  s e e n  in  F ig u r e  2 .3 . M o s t  o f  th e  w ater  
in th e  c o n t in u o u s  p h a se  w il l  b e  fo u n d  in  th e  p la tea u  b ord er. T h u s , th e  p la tea u  border  
w ill  p la y  an  im p o rta n t ro le  in  th e  d ra in a g e  o f  w a te r  in  fo a m s  (R o s e n , 1988 ;  
A d a m so n , 1 9 9 0 ).
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Figure 2.3 T h e  structure o f  liq u id  fo a m  (R o se n , 1 9 8 8 , W ea ire , 2 0 0 2 ) .

F o a m  c a n  b e c la s s if ie d  in to  tw o  g en era l ca te g o r ie s :
1. K u g e lsc h a u m s: In th is  c a se , fo a m  c o n s is t s  o f  n ea r ly  sp h e r ic a l 

B u b b le s  sep a ra ted  b y  rather th ic k  liq u id  f i lm s  a s  s h o w n  in  F ig u re  2 .4 a . B u b b le s  are  
fre sh  m a d e , w e t  fo a m .

2 . P o ly e d e r sc h a u m s: F o a m  c o n ta in s  m o s t ly  g a s  p h a se  sep a r a te d  b y  
th in  f i lm s  or la m im ar as sh o w n  in  F ig u re  2 .4 b . B u b b le s  fo rm  p o ly h e d r o n s , o ld er  
fo a m s , an d  d ryer fo a m s.

----- bubbles

Liquid Film

Figure 2.4 S c h e m a tic  o f  fo a m  (R o se n , 1 9 8 8 ). 

2 .2 .3  F o a m  S ta b ility
F o a m  is  d e s tr o y e d  w h e n  th e  liq u id  d ra in s o u t b e tw e e n  th e  tw o  p ara lle l 

su r fa c e s  o f  th e  la m e lla e  c a u s in g  it to  b e c o m e  th in n er. A t a cer ta in  cr it ica l th ic k n e ss
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th e  f ilm  c o l la p s e s  and  the b u b b le  w ill  burst. T h e s ta b ility  o f  th e  f ilm  w i l l  d ep en d  on  
m a n y  fa c to rs . T h e s e  are tw o  m ajor  a f fe c t in g  fa c to rs  th e  s ta b ility  o f  fo a m .

1. F ilm  e la s t ic ity :  F ilm  e la s t ic ity  in d ic a te s  h o w  e a s i ly  th e  foam  is 
fo rm ed  that c a n  b e e x p la in e d  b y  tw o  th eo r ie s . O n e  is  th e  G ib b s  e f f e c t  th at is  b ased  
o n  th e c h a n g e  in  su r fa ce  te n s io n  w ith  c h a n g in g  c o n c e n tr a t io n  o f  th e  su r fa c e -a c tiv e  
so lu te . T h e  o th er  is  th e  M a ra n g o n i e f fe c t  b a se d  o n  th e c h a n g e  in  su r fa c e  te n s io n  w ith  
t im e . B o th  f ilm  e la s t ic ity  th e o r ie s  p o stu la te  that e la s t ic ity  is  d u e  to  th e  lo c a l in crea se  
in  su r fa ce  te n s io n  w ith  e x te n s io n  o f  th e  f ilm . A s  a  lo c a l sp o t  in  th e  f i lm  th in s and  
stre tc h e s  an d  th e  area  o f  th e  f ilm  in  that r e g io n  (F ig u r e  2 .5 )  in c r e a se s , its  su rface  
te n s io n  in c r e a se s  an d  a  g ra d ien t o f  te n s io n  is  se t  up that c a u s e s  liq u id  to  f lo w  tow ard  
th e  th in n ed  sp o t fro m  th e th ick er  p o r tio n s  arou n d  it. T h e  th in n in g  sp o t  thereb y  
a u to m a tic a lly  d ra w s liq u id  fro m  its p er im eter  an d  p r e v e n ts  fu rth er th in n in g  o f  the  
f ilm . In a d d it io n , th e  m o v e m e n t  o f  su rfa ce  m a ter ia l c a rr ie s  w ith  it u n d er ly in g  
m a ter ia l that h e lp s  h ea l and  th ic k e n  th e  th in n ed  sp o t b y  a  su r fa c e  transport 
m e c h a n ism  (R o s e n , 1 9 8 8 ). B o th  th e o r ie s  c a n  b e  e x p la in e d  th at th e  su r fa c e  ten sio n  
in c r e a se s  in  th e  th in  la m e lla e . T h ere  is  n o w  a  resto r in g  fo r c e  fr o m  th e  G ib b s  
e la s t ic ity  an d  th e  M a ra n g o n i e f fe c t  b r in g in g  su rfa cta n t m o le c u le s  b a c k  in to  the  
r e g io n  o f  h ig h  su r fa ce  te n s io n  (P orter , 1 9 9 4 ), a s  sh o w n  in  F ig u re  2 .6 .

72 -  Yi =  resto r in g  fo r c e  < ---------- Y2 -  Yi

Figure 2.5 S tretch  p o r tio n  o f  fo a m  la m e lla , illu s tr a tin g  m e c h a n is m  o f  f ilm  
e la s t ic ity .
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a) G ib b s F ilm  E la s t ic ity

S T  =  y
^ \ST = i  ̂

เณแน m
S u rfa cta n t m o v e  w ith  the  
in c r e a se  in

R esto re
fo r c e

b) M a ra n g o n i E ffe c t

Figure 2.6 M a ra n g o n i E ffe c t  and  G ib b s  F ilm  E la s t ic ity .

2 . F ilm  d rainage: F ilm  d ra in a g e  is  th e  fa c to r  th a t in d ic a te s  h o w  
r a p id ly  th e  fo a m  b reak s o n c e  form ed . D r a in a g e  o f  th e  f i lm  o c c u r s  u n d er  tw o  
in f lu e n c e s . T h e  first is  d ra in a ge  b y  g ra v ity  that is  im p o rta n t m a in ly  in  v e r y  th ick  
la m e lla e , su c h  a s  is  p resen t w h e n  the fo a m  is  fir st fo r m e d . T h e  b u lk  v i s c o s it y  o f  the  
fo a m in g  s o lu t io n  is  a m ajor  fac to r  a f fe c t in g  th e  rate o f  d ra in a g e  b y  g ra v ity  in  th ick  
la m e lla e . T h ic k e n e r s  are o fte n  ad d ed  to  in c r e a se  th e  b u lk  v is c o s it y  w h e n  v ery  sta b le  
fo a m s  are d es ir e d . A t  a h ig h  c o n c e n tr a t io n  o f  su rfa cta n t th e  v i s c o s it y  o f  the bu lk  
s o lu t io n  is  a lso  h ig h  th ere fo re  th e  d ra in a ge  rate in  th e  la m e lla e  is  d e c r e a se d  w ith  the  
a m o u n t o f  su rfa cta n t in  the la m e lla e  is  in crea sed .

T h e  se c o n d  is  d ra in a ge  b y  su r fa c e  te n s io n  d if fe r e n c e  that is  m ore  
im p o rtan t w h e n  th e  la m e lla  is  th in . S in c e  th e  cu rv a tu re  in  th e  la m e lla e  is  g rea test in
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the p la tea u  b ord ers, th ere  is  a  greater  p ressu re  a c r o ss  th e  in te r fa c e  in  th e se  reg io n s  
th an  e ls e w h e r e  in  th e  fo a m . S in c e  the g a s  p ressu re  in s id e  o n  in d iv id u a l g a s  c e ll  is  
e v e r y w h e r e  th e  sa m e , th e  liq u id  p ressu re  in s id e  th e  la m e lla e  at th e  h ig h ly  cu rved  
P la tea u  B o rd er  (p o in t  A )  m u st b e  lo w e r  than in  th e  a d ja cen t, le s s  cu r v e d  reg io n s  
(p o in t  B ) o f  the p la tea u  area. T h u s, th e  c o n tin u o u s  p h a se  liq u id  d ra in s from  the th in  
f ilm  (p o in t  B )  to  th e  a d jo in in g  P la tea u  B o rd ers (p o in t  A )  a s  s h o w n  in  F ig u re  2 .7 . 
T h e d if fe r e n c e  p ressu re  (A P ) ca n  b e c a lc u la te d  b y  th e f o l lo w in g  e q u a tio n ;

Ap =r 1 _1 
+  RB 7

(1)

w h e r e  y is  su r fa c e  te n s io n
R a and R b are the radii o f  the curvature o f  the la m ella e  at point A  and 

B , resp ectively .
T h e  g rea ter  th e  d if fe r e n c e  b e tw e e n  R a  an d  R b , an d  th e  grea ter  the  

su r fa c e  te n s io n  o f  th e  so lu t io n  in  th e  la m e lla e , th e  g rea ter  th e  p ressu re  d if fe r e n c e  
c a u s in g  d ra in a g e  (R o s e n , 1 9 8 8 ).

P la te a u  b ord er
G a s

A d so r b e d  su rfa cta n t G a s

Figure 2 .7  L iq u id  d ra in a g e  in  la m e lla e  b y  cu rvatu re e f fe c t .
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2.3 Foam Fractionation

2 .3 .1  P r in c ip le  o f  F oa m  F ra ctio n a tio n
T  h e fo a m  fra c tio n a tio n  is  an a d so r p tiv e  b u b b le  sep a ra tio n  p r o c e ss  that 

a s p e c ie s  o f  su r fa c e  a c t iv e  c o m p o u n d  is  a d so rb ed  at an  in te r fa c e  b e tw e e n  a d isp ersed  
p h a se  (b u b b le s )  an d  a c o n tin u o u s  p h a se . T h e  d isp e r se d  p h a se  w ith  th e  ad sorbed  
su b sta n c e  is  c o l la p s e d  and c o lle c te d  (C a r le so n . 1 9 9 2 ). T h e  fo a m  sep a ra tio n  p rocess  
ca n  b e  d e v id e d  in to  tw o  ty p e s , froth  f lo ta t io n  and  fo a m  fr a c tio n a tio n . F roth  flo tation  
sep a r a te s  in s o lu b le  m a ter ia ls  b y  fro th in g , w h e r e a s  fo a m  fr a c tio n a tio n  separates  
s o lu b le  s p e c ie s  b y  fo a m s  (C a r le so n , 1 9 9 2 , O k a m o to  an d  C h o u , 1 9 7 9 ).

T h e  fo a m  fra ctio n a tio n , air is  sp a rg ed  to  p r o d u c e  b u b b le s , w h ic h  rise  
to  th e  to p  o f  liq u id  c o lu m n  p ro d u c in g  fo a m  a s sh o w n  in  F ig u r e  2 .8 a . A s  the  
d isp e r se d  p h a se  tr a v e ls  th rou gh  th e c o n t in u o u s  p h a se , m a ss  tra n sfer  o f  th e  su rface- 
a c t iv e  so lu te  o c c u r s  b e tw e e n  the tw o  p h a se s . S u rfa cta n t a d so r b s  at th e  a ir-liq u id  
in te r fa c e  a s  illu s tr a te d  in  F ig u res  2 .8 b  an d  2 .8 c . W h e n  th e  b u b b le  e m e r g e s  from  a 
s o lu t io n  to  fo rm  fo a m  w ith  h o n e y c o m b  stru ctu re (F ig u r e  2 .8 d ) , th e  th in  liq u id  film  in  
th e  fo a m  is  s ta b iliz e d  b y th e a d so rb ed  su rfa cta n t (C a r le so n , 1 9 9 2 , S e b b a , 1987 ). 
D r a in a g e  o f  liq u id  in  th e  la m e lla e  d u e  to  th e  g ra v ity , an d  su r fa c e  te n s io n  d ifferen ce  
c a u s e  th e  fo a m  to  e v e n tu a lly  b reak  or c o l la p s e . T h e  c o l la p s e d  fo a m a te  so lu t io n  that 
is  c o l le c te d  fr o m  th e  to p  o f  c o lu m n  h a s h ig h e r  c o n c e n tr a t io n s  o f  th e  su rfa cta n t than  
that in  th e  in it ia l s o lu t io n  (R o se n , 1 9 8 8 ).

2 .3 .2  F o a m  F ra ctio n a tio n  E q u ip m en t
F o a m  fra c tio n a tio n  ca n  b e  c la s s i f ie d  in to  tw o  m o d e s :  b a tch  m o d e  and .

<
c o n t in u o u s  m o d e . In a  b a tch  o p era tio n , a s o lu t io n  c o n ta in in g  a  su r fa c e -a c t iv e  sp e c ie s  
is  s tr ip p ed  o f  b y  in tro d u ctio n  o f  b u b b le s  fro m  a sp arger. T h e  r is in g  fo a m  is  c o lle c te d  
an d  c o a le s c e d  to  p r o d u ce  th e o v e r h e a d  stream  a s sh o w n  in  F ig u r e  2 .9 a . S o m e  o f  the 
c o a le s c e d  fo a m  m a y  b e  returned  to  th e  fo a m  c o lu m n  s im ila r  to  that in  a batch  
d is t il la t io n  c o lu m n .

In  a c o n tin u o u s  o p era tio n , th e  e n te r in g  liq u id  m a y  b e  in tro d u ced  into  
th e  liq u id  p o o l or  in to  th e  fo a m  s e c t io n  o f  th e  c o lu m n . O v e r h e a d  p rod u ct is  draw n  
o f f  at th e  to p  o f  th e  c o lu m n  and  u n d e r f lo w  fro m  th e  liq u id  p o o l  a s  illu stra ted  in



F ig u re  2 .9 b . S o m e  o f  th e  o v e rh e a d  m a y  b e  r e c y c le d  a n a lo g o u s  to  a  d i s t i l la t io n
c o lu m n .

A IRB U B B L E  S U R I - A C T A N T F O A M

Figure 2.8 P r in c ip le  o f  fo a m  fo r m a tio n  (S im m le r , 1 9 7 2 ).

LIQUID
POOL

FOAM
BEAKER

FOAM

L I Q U I D
POOL

GA 'ะ GAS

RECYCLE

FOAM
BEAKfcR

a) b a tch  m o d e  b ) c o n t in u o u s  m o d e
«

Figure 2.9 E x p e r im e n ta l c o n fig u r a tio n s  for  fo a m  se p a r a tio n  (C a r le so n , 1 9 9 2 ).

2 .3 .3  A p p lic a t io n s  o f  F o a m  F ra c tio n a tio n  P r o c e ss
P o s s ib le  a p p lic a t io n s  o f  fo a m  fra c tio n a tio n  p r o c e s s  are in  th e  f ie ld s  o f  

w a ste w a te r  trea tm en t and , r e c o v e r y  o f  c o m p o n e n ts  su c h  a s  p r o te in  or su rfa cta n ts  
from  so lu t io n . S o m e  o f  th e  r esea rch  w o r k s  o n  th e se  f ie ld s  are d e sc r ib e d  here.
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F or th e b atch  m o d e , the r e c o v e r y  o f  g o ld  (III) b y  fo a m  fraction a tion  
w ith  n o n io n ic  su rfactant: p o ly o x y e th y le n e  n o n y l p h e n y l e th er  (P O N P E 2 0 )  w a s  
s tu d ied . T h e  su rfa cta n t sh o w e d  a stro n g  a f f in ity  to A u  (III) an d  p la y e d  a d o u b le  ro le  
o f  fo a m  p ro d u cer  and  m eta l c o lle c to r . T h e  e f fe c t  o f  c o n c e n tr a t io n  o f  th e  surfactant 
an d  th e  m e ta l, a ir f lo w  rate and  s o lu t io n  tem p era tu re  w e r e  in v e s t ig a te d  an d  d iscu ssed  
in  term s o f  th e  r e c o v e r y  and  the en r ic h m e n t o f  A u  (III). T h e  r e c o v e r y  in cr e a se d  w ith  
an in c r e a se  in  e ith er  th e  co n ce n tr a tio n  o f  su rfa cta n t or  air  f lo w  rate w h erea s  the  
e n r ic h m e n t ratio  im p r o v e d  w ith  d e c r e a s in g  air f lo w  rate (K in o sh ita , 2 0 0 3 ) .  T he  
e f f e c t  o f  e x tern a l r e f lu x  and  tem p era tu re o n  fo a m  fr a c t io n a tio n  o f  P o ly (v in y l  a lco h o l)  
(P V A )  w e r e  in v e s t ig a te d . T h e  resu lts  s h o w e d  that th e  e n r ic h m e n t ratio and  
se p a ra tio n  fa c to r  in cre a se d  w ith  in cr e a s in g  tem p era tu re . T h e  e x te r n a l fo a m a te  reflu x  
w a s  fo u n d  to  b e  e s se n tia l for fo a m  fra c tio n a tio n  w h e n  trea tin g  a h ig h ly  fo a m in g  
s o lu t io n  (Y a m a g iw a  et al., 2 0 0 1 ) . G r ie v e s  an d  W o o d  ( 1 9 6 4 )  s tu d ie d  th e  e f fe c ts  o f  
tem p era tu re  an d  liq u id  r e s id e n c e  t im e  o f  th e  e th y lh e x a d e c y ld im e th y l  
a m m o n iu m b r o m id e -w a te r  sy s te m . T h ey  fo u n d  that th e  d ra in  rate an d  en rich m en t  
ratio  in c r e a se d  w ith  in c r e a s in g  tem p era tu re. T h e  v a r ia tio n  in  liq u id  r e s id e n c e  tim e  
and  th e  so lu t io n  h e ig h t  h ad  n o  in f lu e n c e  u p o n  th e  se p a ra tio n . C h a n g e s  in  fe e d  rate 
an d  air rate c a u s in g  v a r ia tio n  o f  the v o lu m e  o f  air  e m p lo y e d  p er u n it  v o lu m e  o f  feed  
treated  w a s  p o in te d  ou t to  b e  a p r im e v a r ia b le  a f fe c t in g  th e  sep aration . 
T h a r a p iw a tta n a n o n  ( 1 9 9 5 )  in v e s t ig a te d  th e r e c o v e r y  o f  su r fa c ta n t fro m  w a ter  by  
u s in g  fo a m  fr a c tio n a tio n  in  c o n tin u o u s  m o d e . O n e  c a t io n ic  (C P C ) an d  tw o  an ion ic  
( D A D S  an d  S D S )  su rfa cta n ts  w er e  u sed  in  th is  w o rk . E f fe c t s  o f  ex p er im en ta l 
p a ra m eters , su c h  a s  c o n c e n tr a tio n  o f  liq u id  fe e d  su rfa cta n t, a ir f lo w  rate, fo a m  h eig h t  
and, liq u id  h e ig h t  w e r e  in v e s t ig a te d . F rom  th e r e su lts , it s h o w e d  that th is  ca tio n ic  
su rfa cta n t w a s  e a s ie r  to r e m o v e  from  w a ter  b y  fo a m  fr a c t io n a tio n  th an  a n ion ic  
su rfa cta n t. T h e  e n r ic h m e n t ratio  d e c r e a se d  w ith  in c r e a s in g  in  th e  a ir f lo w  rate and  
su rfa cta n t c o n c e n tr a tio n . K u m p a b o o th  ( 1 9 9 7 )  s tu d ie d  fu rth er o n  th e  e f fe c t s  o f  
tem p era tu re  an d  sa lin ity . In c r e a s in g  tem p era tu re  r e su lte d  in  a  in c r e a se  in  the  
e n r ic h m e n t ratio  for  a ll th e se  su rfa cta n ts  w h ile  th e  rate o f  su r fa c ta n t r e c o v e r y  stayed  
a p p r o x im a te ly  c o n sta n t for  C P C  and  D A D S  an d  m ild ly  d e c r e a se d  fo r  S D S . A s  
sa lin ity  w a s  in c r e a se d , th e  fo a m  w e tn e s s  in c r e a se d  r e su lt in g  in  d ecrea sin g
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e n r ic h m e n t ratio . S in c e  g e n e r a lly  a h ig h e r  v o lu m e  o f  a le s s  c o n c e n tr a te d  so lu t io n  is 
fo rm ed  o v e r h e a d , a s l ig h t ly  in crea se  in  fo a m  r e c o v ery  rate w a s  fo u n d .

F or m u lt is ta g e  m o d e , B o o n y a su w a t  et al. ( 2 0 0 2 )  s tu d ie d  th e reco v ery  
o f  c a t io n ic  (C P C ) an d  a n io n ic  (S D S )  su rfactan t from  w a ter  b y  u s in g  m u lt is ta g e  foam  
fra c tio n a tio n  w ith  o n e  to  fou r  s ta g e s . T h e y  fo u n d  that th e  e n r ic h m e n t ratio  in crea sed  
w ith  d e c r e a s in g  air f lo w  rate, in cr e a s in g  fo a m  h e ig h t p er  tray, in c r e a s in g  fe e d  liqu id  
f lo w  rate, in c r e a s in g  fe e d  su rfactan t co n c e n tr a tio n , and  in c r e a s in g  n u m b er  o f  sta ges. 
L iq u id  h e ig h t  in  th e  trays w a s  fo u n d  to  h a v e  a litt le  e f f e c t  o n  th e  m u lt is ta g e  foam  
fra c tio n a tio n  p r o c e s s . C h u y in g sa k u lt ip  ( 2 0 0 3 )  c o n tin u e d  th e  w o r k  b y  stu d y in g  
further th e  e f fe c t  o f  se v e r a l v a r ia b le s  su ch  a s  tray s p a c in g , fe e d  p o s it io n  an d  r e c y c le  
ratio . T h e  r e su lts  sh o w e d  that th e  v a lu e s  o f  b o th  e n r ic h m e n t ra tio  an d  % su rfactan t 
r e c o v e r y  d id  n o t c h a n g e  s ig n if ic a n tly  w h e n  in c r e a s in g  th e  r e c y c le  ratio  but the  
h ig h e s t  e n r ic h m e n t ratio  w a s  o b ta in ed  w h e n  th e fe e d  w a s  fe d  to  h ig h e r  trays.
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