
RESULTS AND DISCUSSION

B e f o r e  th e  a d s o r p t io n  i s o th e r m  o f  s u r fa c ta n t  c a n  b e  c o n s tr u c te d , it  i s  

im p e r a t iv e  to  d e te r m in e  th e  e q u i l ib r iu m  t im e  f ir s t . T h e  a d s o r p t io n  w a s  c a r r ie d  o u t  

a n d  r e m a in in g  S D S  c o n c e n t r a t io n  w a s  a n a ly z e d  a t th e  s p e c i f i c  t im e  in te r v a l .  T h e  

r e m a in in g  c o n c e n t r a t io n s  o f  S D S  s o lu t io n  w e r e  th e n  p lo t t e d  a s  a  f u n c t io n  o f  t im e  a n d  

fr o m  th e  r e s u lt s  e q u i l ib r iu m  t im e  c o u ld  b e  d e te r m in e d .

CHAPTER IV

Time (hr)

Figure 4.1 D e t e r m in a t io n  e q u i l ib r iu m  t im e  o f  a d s o r p t io n  o f  S D S  a t 30°c.

F ig u r e  4 .1  s h o w s  th e  r e m a in in g  c o n c e n t r a t io n  o f  S D S  in  th e  s o lu t io n  a s  a  

f u n c t io n  o f  t im e  d u r in g  th e  a d s o r p t io n  p r o c e s s .  F o r  G A C  a d s o r b e n t ,  it  w a s  fo u n d  

th a t  in i t ia l ly  th e  s u r fa c ta n t  a d s o r p t io n  o c c u r r e d  v e r y  fa s t  a s  s e e n  in  th e  f ig u r e  th a t  th e  

r e m a in in g  c o n c e n t r a t io n  o f  S D S  in  th e  s o lu t io n  d e c r e a s e d  r a p id ly  d u r in g  th e  f ir s t  2 4  

h o u r s ,  th e n  d e c r e a s e d  s l o w l y  a f te r  th a t , a n d  b e c a m e  r e la t iv e ly  c o n s t a n t  a f te r  9 6  
h o u r s . T h u s , 9 6  h o u r s  w a s  c o n s id e r e d  a s  a n  e q u i l ib r iu m  t im e  o f  a d s o r p t io n  fo r  G A C  

a d s o r b e n t . W h i le  fo r  X A D - 4  a d s o r b e n t ,  it  w a s  f o u n d  th a t  th e  a d s o r p t io n  o f  S D S  

o c c u r r e d  v e r y  fa s t  d u r in g  f ir s t  f e w  h o u r s  a s  th e  r e m a in in g  c o n c e n t r a t io n  o f  S D S  in  

th e  s o lu t io n  d e c r e a s e d  r a p id ly  d u r in g  th e  f ir s t  5 - 1 0  h o u r s . A f t e r  th a t th e
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c o n c e n t r a t io n  d e c r e a s e d  s l o w l y  a n d  b e c a m e  r e la t iv e ly  c o n s ta n t  a f te r  7 5  h o u r s . T h u s ,  
7 5  h o u r s  w a s  c o n s id e r e d  a s  a n  e q u i l ib r iu m  t im e  o f  a d s o r p t io n  fo r  X A D - 4  a d s o r b e n t .  
S in c e  G A C  p o s s e s s e s  h ig h e r  s u r fa c e  a r e a  th a n  X A D - 4  d o e s  p e r  w e i g h t  b a s i s  ( 1 ,1 0 0  

m 2/ g  v e r s u s  7 5 0  m 2/ g ) ,  G A C  c a n  a d s o r b  m o r e  S D S  th a n  X A D - 4 ,  a n d  th u s  r e q u ir e s  

m o r e  t im e  t o  r e a c h  e q u i l ib r iu m .
A f t e r  th e  e q u i l ib r iu m  t im e  w a s  d e te r m in e d , th e  a d s o r p t io n  i s o th e r m s  w e r e  

c o n s tr u c te d  f r o m  th e  e q u i l ib r iu m  d a ta  b y  p lo t t in g  th e  a m o u n t  o f  S D S  a d s o r b e d  o n  

s o l i d  a d s o r b e n ts  a n d  th e  c o r r e s p o n d in g  e q u i l ib r iu m  c o n c e n t r a t io n s .  F o l l o w in g  th e  

a d s o r p t io n  e x p e r im e n t s ,  th e  s u b s e q u e n t  d e s o r p t io n  w a s  p e r fo r m e d  a s  d e s c r ib e d  in  th e  

p r e v io u s  s e c t io n .  D e s o r p t io n  i s o t h e r m s  w e r e  t h e n  g e n e r a te d  in  th e  s a m e  m a n n e r  a s  

th e  a d s o r p t io n  i s o th e r m s . A d s o r p t io n  a n d  d e s o r p t io n  i s o th e r m s  w e r e  th e n  p lo t t e d  

t o g e t h e r  o n  t h e  s a m e  g r a p h  fo r  c o m p a r is o n  a s  s h o w n  in  F ig u r e s  4 .2  a n d  4 .3  fo r  G A C  

a n d  X A D - 4 ,  r e s p e c t iv e ly .
A  t y p ic a l  a d s o r p t io n  is o th e r m  w a s  o b s e r v e d  in  F ig u r e  4 .2  in  w h ic h  

m a x im u m  a d s o r p t io n  o f  S D S  o n  G A C  a n d  c r i t ic a l  m i c e l l e  c o n c e n t r a t io n  ( C M C )  w e r e  

f o u n d  to  b e  a p p r o x im a t e ly  1 ,1 0 0  m ic r o m o le /g  a d s o r b e n t  a n d  8 ,2 0 0  m ic r o m o la r ,  
r e s p e c t iv e ly .  W h e n  c o m p a r in g  th e  a d s o r p t io n  a n d  d e s o r p t io n  i s o t h e r m s ,  it  i s  o b v io u s  
th a t  a d s o r p t io n  o f  S D S  o n  G A C  c a n  n o t  r e tr a c e  b y  d e s o r p t io n  s o  th a t  th e r e  i s  a  

h y s t e r e s i s  b e t w e e n  th e  a d s o r p t io n  a n d  d e s o r p t io n  o f  S D S  o n  G A C . T h e  r e s u lt s  

o b s e r v e d  h e r e  c le a r ly  r e v e a l  th a t  th e  a d s o r p t io n  o f  S D S  o n  G A C  is  n o t  r e v e r s ib le ,  
a n d  th u s ,  it  i s  d i f f i c u l t  fo r  S D S  to  d e s o r b  fr o m  v e r y  h y d r o p h o b ic  s u r f a c e  l ik e  G A C .

F r o m  F ig u r e  4 .3 ,  i t  c a n  b e  s e e n  th a t th e  m a x im u m  a d s o r b e d  a m o u n t  o f  S D S  

o n  X A D - 4  w a s  l o w e r  th a n  G A C , w h ic h  w a s  a p p r o x im a t e ly  8 0 0 - 9 0 0  m ic r o m o le /g  

a d s o r b e n t . T h is  i s  d u e  to  th e  fa c t  th a t X A D - 4  h a s  l e s s  s u r f a c e  a r e a  a v a i la b le  

c o m p a r e d  to  G A C  o n  th e  s a m e  w e i g h t  b a s is .  F o r  X A D - 4 ,  th e  a d s o r p t io n  a n d  

d e s o r p t io n  i s o t h e r m s  a re  v e r y  s im i la r  a s  in d ic a t e d  b y  a  v e r y  s m a ll  h y s t e r e s i s  lo o p .  
T h is  s u g g e s t s  th a t  a d s o r b e d  S D S  o n  X A D - 4  c a n  e a s i l y  d e s o r b  f r o m  th e  s u r f a c e  o f  

X A D - 4 ,  w h i c h  is  d if f e r e n t  fr o m  th e  r e s u lt s  o b s e r v e d  in  th e  d e s o r p t io n  o f  S D S  fr o m  

G A C . T h is  c a n  b e  e x p la in e d  b y  t w o  p la u s ib le  r e a s o n s . '  T h e  f ir s t  r e a s o n  c o n c e r n s  th e  
p o r e  s iz e  a n d  d is t r ib u t io n  o f  th e  a d s o r b e n ts .  X A D - 4  c o n t a in s  la r g e r  p o r e  s i z e ,  a re  

m a in ly  m e s o p o r e s  a n d  m a c r o p o r e s  w h e r e a s  m o r e  th a n  7 5 %  o f  p o r e s  in  G A C  a re  
m ic r o p o r e s .  T h e r e f o r e ,  it  m ig h t  m u c h  m o r e  d i f f i c u l t  fo r  S D S  to  d e s o r b  fr o m
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m ic r o p o r e .  A n o t h e r  r e a s o n  is  th a t  G A C  s u r f a c e  i s  m o r e  h e t e r o g e n e o u s  th a n  X A D - 4  

s in c e  it i s  d e r iv e d  fr o m  n a tu ra l m a te r ia ls  w h i l e  X A D - 4  is  a  s y n t h e t ic  m a te r ia l.  
T h e r e f o r e ,  G A C  s u r f a c e  m a y  c o n t a in  a  v a r ie t y  o f  f u n c t io n a l  g r o u p s ,  s o m e  o f  w h ic h  

m a y  in te r a c t  s t r o n g ly  w i t h  S D S .

Figure 4 .2  A d s o r p t io n  a n d  d e s o r p t io n  i s o t h e r m s  o f  S D S  o n  G A C  a t 30°c.

Figure 4.3 A d s o r p t io n  a n d  d e s o r p t io n  i s o t h e r m s  o f  S D S  o n  X A D - 4  a t 3 0 ° c .
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4.1 Effect of Temperature on SDS Adsorption/desorption on Hydrophobic 
Surfaces

4 .1 .1  S u r fa c ta n t  A d s o r p t io n
E f f e c t  o f  t e m p e r a tu r e  o n  th e  a d s o r p t io n  o f  S D S  o n  G A C  a n d  X A D - 4  

w a s  s tu d ie d  a t th r e e  d i f f e r e n t  te m p e r a tu r e s ,  30°c, 40°c, a n d  50°c a s  s h o w n  in  F ig u r e
4 .4  a n d  F ig u r e  4 .5 .
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Figure 4.4 A d s o r p t io n  i s o th e r m s  o f  S D S  o n  G A C  a t v a r io u s  te m p e r a tu r e s .

Figure 4.5 Adsorption isotherms of SDS on XAD-4 at various temperatures.
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Figure 4 .4  show s the adsorption o f  SD S on G A C  at three different 
tem peratures. The sam e trend is observed in all temperatures that the adsorption  
increase w ith  increasing equilibrium  surfactant concentration and eventually  reached  
a plateau region at the equilibrium  concentration around 8000  m icrom olar. The 
adsorption isotherm s are very sim ilar and the m axim um  adsorption for all three 
tem peratures w as found to be in a range o f  1 ,1 0 0 -1 ,2 0 0  m icrom ole/gram . From the 
results, it can be seen  that temperature had little e ffect on the adsorption o f  SD S on  
G A C  in the range o f  temperature studied (30 -50°C ). Figure 4 .5 sh ow s the adsorption  
o f  SD S on X A D -4  at three different tem peratures. For all three tem peratures, a 
sim ilar trend w as observed  that the adsorption increased w ith  increasing equilibrium  
surfactant concentration and eventually  reached a plateau region at the equilibrium  
concentration around 7 ,0 0 0  m icrom olar. It can be seen  that the adsorption o f  SD S on  
X A D -4  decreased sligh tly  w ith  increasing tem perature, im plying the exotherm ic  
nature o f  the adsorption process. H ow ever, sim ilar to the SD S adsorption on G A C  
the effect o f  tem perature on the surfactant adsorption On X A D -4  w as not sign ificant 
in the range o f  temperature studied.

4 .1 .2  Surfactant D esorption
F ollow in g  the surfactant adsorption, the surfactant desorption w as  

carried out at the sam e tem peratures (30 , 40 , 50°C) and then com pared w ith  the 
adsorption results as show n in F igures 4 .6  and 4 .7 . Figures 4 .6  (a), 4 .6  (b), and 4 .6  
(c) sh ow  the adsorption and desorption o f  S D S  on  G A C  at 30 , 40 , and 50°c, 
respectively . It can be seen  from  these figures that the desorption curves did not 
retrace the adsorption curves for all three tem peratures, and thus, there w as hysteresis  
ex istin g  betw een  the adsorption and desorption isotherm s. H ow ever, it is important 
to note that increasing temperature caused  a noticeab le reduction in the hysteresis 
loop . A t 50°c, very sm all hysteresis w as observed. This can be explained  that 
increasing temperature m ay cause the w eak ly  adsorbed surfactant m o lecu les on G A C  
to desorb from  the surface. In addition, increasing temperature can also  increase the 
pore d iffusion  o f  surfactant m olecu les being desorbed from  the surface.
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Figure 4.6 (a-c) Adsorption and desorption isotherms of SDS on GAC at 30°c,
40°c, and 50°c.
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Figures 4 .7  (a), 4 .7  (b), and 4 .7  (c) sh ow  the adsorption and desorption o f  
S D S  on X A D -4  at 30, 40, and 50°c, respectively . A s seen  in this figure, even  at 
30°c the adsorption and desorption curves w ere not m uch different as indicated by a 
very sm all hysteresis. H ow ever, upon increasing temperature from  30°c to 40°c 
and 50°c, very interesting results w ere observed that the desorption isotherm  w as 
b e lo w  the adsorption isotherm . The results suggested  that the surface o f  the 
adsorbent m ay have changed upon adsorption and desorption at h igh  temperatures 
(40°c and 50°C). T his m aybe due to the reorientation or restructuring o f  surfactant 
m olecu les during desorption step or the lo w  thermal stability o f  X A D -4  itself. Thus, 
the X A D -4  adsorbent after desorption w as subjected to the second  adsorption cy c le  
in  order to prove this hypothesis. The adsorption isotherm s obtained in the second  
cy c le  w ere then plotted on the sam e graph as seen  in Figure 4 .7  (b) and Figure 4 .7  
(c). From the com parison, it is clear that the adsorption in the second  cy c le  after 
desorption step w as m uch low er than that observed  in the first cy c le  (using fresh  
X A D -4 ). The results support that the surfactant adsorption and desorption behavior  
observed in th is part o f  the study w as affected  by the change in the configuration o f  
the adsorbed surfactant on  the surface o f  the adsorbent.
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Figure 4.7 (a-c) Adsorption and desorption isotherms of SDS on XAD-4 at 30°c,
40°c, and 50°c.
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4.2 Effect of Salt on SDS Adsorption/desorption on Hydrophobic Surfaces

To gain better understanding in the adsorption and desorption of surfactant, 
effect of salt was studied by using NaCl at various concentrations (10, 50, 100 mM) 
as shown in Figures 4.8 and 4.10. For this part of the study, temperature was kept at
3 0 ° c .

4.2.1 Surfactant Adsorption
Figure 4.8 shows the adsorption isotherms of SDS on GAC in the 

absence and in the presence of NaCl at various concentrations at 3 0 ° c .  It can be 
seen that the SDS adsorption onto GAC increased when salt was added into the 
system and increased with increasing concentration of salt, especially at high salt 
concentrations (50 and 100 mM). This can be explained that the addition of salt 
decreased the electrical repulsion between the similarly charged adsorbed ions and 
incoming ions, thus permitting a closer packing of adsorbed surfactant molecules on 
the surface as illustrated in Figure 4.9.

Figure 4.8 Adsorption isotherms of SDS on GAC at various concentration of NaCl 
at 3 0 ° c .
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Figure 4.9 Sketch of adsorption of SDS on hydrophobic adsorbent: (a) absence of 
ionic strength, (b) presence of ionic strength. (Stuart et ai, 1999).

Figure 4.10 shows the adsorption isotherms of SDS on XAD-4 in the 
absence and in the presence of NaCl at various concentrations at 30°c. It can be 
seen that the effect of salt on the SDS adsorption on XAD-4 was much less 
pronounced than that observed in GAC system. The addition of NaCl into the 
system did not have significant effect on the adsorbed amount of SDS on XAD-4, 
even at salt concentration as high as 100 mM. The results obtained in this part of the 
study suggest that the mechanism of the SDS adsorption on GAC and XAD-4 may 
be different which leads to different desorption behaviors between the two 
hydrophobic adsorbents as seen in the previous sections.

Figure 4.10 Adsorption isotherms of SDS on XAD-4 at various concentration of 
NaCl at 3 0 ° c .
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4.2.2 Surfactant Desorption
Figures 4.11 (a), (b), (c), and (d) show the adsorption and desorption 

isotherms of SDS on GAC in the absence and in the presence of NaCl at 10, 50, and 
100 mM, respectively. It can be seen that the addition of salt into the GAC system 
not only increased the SDS adsorption on GAC surface but also affect the desorption 
behavior. The adsorption and desorption isotherms were closer in the presence of 
salt, resulting in a smaller hysteresis when compared to that observed in the absence 
of salt. This can be explained in the same manner as described for the effect of salt 
on the adsorption of SDS on GAC. After adding salt to the system, the adsorbed 
layer is equilibrated, and thus, the adsorbate can adsorb and desorb reversely.

0 2000 4000 6000 8000 10000 12000 14000 16000
Ce (m icromolar)

0 2000 4000 6000 8000 10000 12000 14000 16000
C e (micromolar)
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Figure 4.11 (a-d) Adsorption and desorption isotherms of SDS on GAC in the 
absence and in the presence of NaCl at 10, 50, and 100 mM.

Figures 4.12 (a), (b), (c), and (d) show the adsorption and desorption 
isotherms of SDS on XAD-4 in the absence and in the presence of NaCl at 10, 50, 
and 100 mM, respectively. Similar results as seen in the adsorption of SDS on XAD- 
4 at different temperatures were observed here that, upon adding salt into the system, 
the desorption isotherm fell below the adsorption isotherm. This means that some of 
the desorbed SDS molecules could not readsorb on the surface to the same amount 
originally adsorbed at the same equilibrium concentration. This appearing probably 
due to possible change of XAD-4 resin surface as described in the previous section.
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Another possible reason might be that when salt is added, due to the polar head
group of SDS it prefers to stay in aqueous phase more than in solid phase.

C e  (m ic ro m o la r )
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Figure 4.12 (a-d) A dsorption and desorption isotherm s o f  S D S  on  X A D -4  in the 
absence and in the presence o f  N aC l at 10, 50, and 100 m M .

4.3 Structure Effect of Surfactant Sorption to Hydrophobic Surface

In th is part o f  the study, another anionic surfactant, sodium  octanoate, w as  
used in the adsorption and desorption on  G A C  and X A D -4  for com parison w ith  SD S. 
Sodium  octanoate has Cg chain w hich  is considerably shorter than S D S  (C 12), and 
thus, the adsorption and desorption results can aid US in d evelop in g  better 
understanding o f  the effect o f  hydrophobicity on the sorption o f  surfactant on  this 
kind o f  adsorbents. M oreover, head groups o f  the tw o  surfactants are also slightly  
different sin ce  sodium  octanoate has carbonyl group w h ile  SD S has sulfate group.

F igures 4 .13  and 4 .1 4  sh ow  the adsorption and desorption o f  sodium  
octanoate on  G A C  and X A D -4  at 3 0 ° c ,  respectively . A  general trend w as observed  
that the adsorption increased w ith  increasing the equilibrium  concentration o f  
surfactant and reached the plateau region at a m uch higher than that observed  in case  
o f  S D S. The m axim um  adsorption o f  sodium  octanoate on G A C  and X A D -4  w ere  
found to be 3 ,4 0 0  and 2 ,100  m icrom ole/gram , respectively . T his is  approxim ately 2- 
3 tim es higher than the am ount o f  S D S  adsorbed on  both surfaces (F igures 4 .2  and
4 .3 ). This m ay be due to the fact that the head group o f  sodium  octanoate w hich  is 
carboxyl group needs sm aller occupied  area on  the surface than S D S  w hich  is sulfate

I  l i b ! พ ?
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group (R osen , 1988; K ilpatrick, 1996). In addition, the hydrocarbon chain length o f  
sodium  octanoate w hich  contains on ly  8 carbon w hereas SD S contains 12 carbon, 
and thus, le ss  repulsion o f  hydrophobic part can be expected . On the other hand, for 
the desorption step, hydrophobic interaction seem s to be an im portant role. H ence, 
sodium  octanoate can easily  be desorbed from  the surface w hen  com pared to SD S as 
it can be seen  from  the results that the adsorption o f  sodium  octanoate on both  
adsorbents w as m uch higher than that o f  SD S.

Figure 4.13 A dsorption and desorption isotherm s o f  sodium  octanoate on G A C  at 
30°c.

Figure 4.14 A dsorption and desorption isotherm s o f  sodium  octanoate on X A D -4  at
30°c.
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