
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Critical Micelle Concentration (CMC) of Supernatant Solution of 
SDS and Calcium Soap

T a b le  4 .1  s h o w s  th e  C M C  o f  su p ern a ta n t s o lu t io n  o f  S D S  a n d  c a lc iu m  
so a p . T h e  r e su lts  s h o w  that C M C  o f  su p ern a ta n t s o lu t io n  w a s  lo w e r  th a n  p u re  
S D S . T h is  is  d u e  to  th e  d e c r e a se  in  e le c tr o s ta t ic  r e p u ls io n  b e tw e e n  th e  c h a r g e d  
h ea d  g ro u p s in  th e  p r e se n c e  o f  c a lc iu m  so a p  in  su p ern a ta n t so lu t io n . C M C  w a s  
a ls o  fo u n d  to  in c r e a se d  w ith  in c r e a se  in  th e  a lk y l c h a in  le n g th  o f  c a lc iu m  so a p . 
T h is  is  d u e  to  th e  lo w e r  s o lu b ility  o f  th e  lo n g e r  c h a in  c a lc iu m  so a p s

Table 4.1 C M C  o f  su p ern atan t so lu t io n  o f  S D S  an d  c a lc iu m  so a p
T y p e  o f  c a lc iu m  so a p CMC (M)

P u re SDS 0 .0 0 0 8
Cg 0 .0 0 0 5

Cl2 0 .0 0 0 6

c  14 0 .0 0 0 7

c,g 0 .0 0 0 7

4.2 Foaming Test by Shake Method

4 .2 .1  F o a m in g  o f  S D S  an d  C a lc iu m  S o a p  M ix tu re
F ig u re . 4 .1  s h o w s  th e  fo a m  h e ig h t  o f  th e  m ix tu r e s  b e tw e e n  S D S  

and Cg -  C |g  c a lc iu m  so a p s  b y  th e  sh a k e  m eth o d . T h e  r e su lts  s h o w  th at at lo w  
S D S  c o n c e n tr a tio n s  ( 0 .0 0 3 -0 .0 0 6 M )  w h ic h  is  b e lo w  th e  C M C , fo a m  h e ig h t  o f
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0.000 0.๓5 0,010 0.015 0.020C m œ n tra tio n  o f  SD S (M )
a) Pure SD S

Foam Height at t 
= 0 min
Foam Height at t 
= 5 min

— Foam Height at t 
= 0 min
Foam Height at t 
= 5 min

0 0.๓5 0.01 0.015 0.02
C on cen tra tion  o f  S D S  (M )

b) SD S w ith 0 .0 ๓ 5  M  C 12 calcium  soap
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= 5 min
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C oncentration o f  SD S (M )
c) SD S w ith 0 .0 ๓ 5  M  C 14 calcium  soap
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= 0 min- e -  Foam Height at t 
= 5 min

0 0.005 0.01 0.015 0.02Concentration of SDS (M)
d) SDS with 0.0005 M C18 calcium soap

F ig u r e  4 .1  Relationship between foam height and concentration o f SDS by 
the shake method in the presence of 0.0005 M calcium soap
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S D S  s o lu t io n  in  th e  p r e se n c e  o f  0 .0 0 0 5 M  c a lc iu m  sa lt  is  lo w e r  th an  that o f  
p u re S D S . H o w e v e r , w h e n  S D S  c o n c e n tr a tio n  is  o v e r  0 .0 0 7 M , w h ic h  is  a b o v e  
th e  C M C  fo a m  h e ig h ts  o f  S D S  s o lu t io n s  w ith  or  w ith o u t  c a lc iu m  so a p  are at 
th e  sa m e  h ig h  v a lu e  o f  a rou n d  14 c m . F o a m  s ta b ility  a fter  5 m in u te s  w a s  h ig h  
in  a ll c a s e s  an d  o v e r  th e  en tire  c o n c e n tr a tio n  ra n g e  u n d er  s tu d y . T h e s e  re su lts  
are a g r e e m e n t w ith  P ep er  (1 9 5 8 )  w h o  a lso  s tu d ie d  th e  e f f e c t  o f  lo n g  c h a in  
c a lc iu m  sa lt  o f  fa tty  a c id  to  o n  th e  fo a m in g  o f  S D S . T h e  r e su lts  s h o w  that 
c a lc iu m  so a p  red u ced  th e  fo a m a b ility  o f  S D S  s o lu t io n  o n ly  in  th e  
c o n c e n tr a tio n  b e lo w  th e  C M C .

4 .2 .2  F o a m in g  o f  S D S  w ith  S u p ern atan t S o lu t io n  o f  C a lc iu m  S o a p  
F ig u re  4 .2  s h o w s  fo a m  h e ig h t  o f  su p ern a ta n t so lu t io n  o f  C i2 to

c 18 c a lc iu m  so a p  in v a r y in g  c o n c e n tr a tio n  o f  SDS. It ca n  b e  s e e n  that fo a m  
h e ig h t is  c o m p a r a b le  to  that o f  p ure SDS o v e r  th e  en tire  c o n c e n tr a t io n  in a ll 
c a se s . T h e  r e su lts  s h o w  that c a lc iu m  so a p  in  so lu t io n  d o e s  n o t h a v e  an  
a n tifo a m  e f f e c t  o n  SDS so lu tio n .

4 .2 .3  C o m p a r iso n  o f  th e  fo a m in g  o f  su p ern a ta n t s o lu t io n  an d  s o lu t io n  
w ith  C a lc iu m  so a p  p rec ip ita te s
F ig u re  4 .3  an d  4 .4  co m p a r e  fo a m  h e ig h t  at t =  0  an d  t =  5 m in  o f  

su p ern atan t so lu t io n  an d  S D S  so lu t io n  w ith  c a lc iu m  so a p  p r e c ip ita te s . It can  
b e  s e e n  that fo a m  h e ig h t  o f  su p ern atan t so lu t io n  is  h ig h e r  th a n  th e  so lu t io n  
w ith  c a lc iu m  so a p  p rec ip ita te s  in a ll c a s e s . F ro m  th e s e  r e su lts  w e  c a n  c o n c lu d e  
that th e  c a lc iu m  so a p  p a r tic le s  act a s an a n tifo a m  in S D S  s o lu t io n  at lo w  
c o n c e n tr a tio n  b e lo w  C M C , but at h ig h  S D S  c o n c e n tr a tio n  a b o v e  th e  C M C  th e  
a n tifo a m  a b ility  o f  th e  so a p  p rec ip ita te s  d e c r e a se . T h is  is  b e c a u s e  th e  fo a m  
f ilm  in th e  p r e se n c e  o f  m ic e l le  at a b o v e  th e  C M C  is  th ick er  th a n  th e  so lu t io n  
w ith o u t  m ic e l le  (P u g h , 1 9 9 6 )  s o  th e  p r e c ip ita te s  c a n n o t p en e tra te  in to  th e  f ilm  
e a s i ly  and th u s th e  f ilm  is  m o re  sta b le .
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- Foam height at t=Omin- Foam height at t=5min

Concentration of SDS (M)
b) SDS with 02 calcium soap supernatant solution

Figure 4.2 R e la tio n sh ip  b e tw e e n  fo a m  h e ig h t  and c o n c e n tr a tio n  o f  S D S  in  
S D S -c a lc iu m  so a p  su p ern atan t so lu t io n  b y  th e  sh a k e  m e th o d
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- supernatant 

-w ith  precip ita tes

a) SD S+C8 s u p e rn a ta n t  s o lu t io n  v s  SD S+C8 c a lc iu m  so a p  p re c ip i ta te s

Figure 4.3 Comparison of the foamability of SDS supernatant solution with
SDS with calcium soap precipitates by the shake method
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-supernatant 

- with precipitates

a) SD S+C 8 s u p e rn a ta n t  so lu tio n  v s  SD S+C8 c a lc iu m  so ap  p re c ip ita te s

เ:
£i  5 «
น. 00 0.002 0004 0.006 0.008 0.01 0.012

Concentration of SDS (M )

b) SD S+C 12 s u p e rn a ta n t  so lu tio n  v s  SD S+C12 c a lc iu m  so ap  prec i p ita te s

~+ — supernatant

“ ร— with precipitates

0 0.002 0.004 0.006 0.008 0.01 0.012
Concentration o f  SDS (M )

c) SD S+C 14 su p e rn a ta n t  so lu tio n  vs SD S+C14 c a lc iu m  soap  prec i p ita te s

15
M

1 5-
00 0.002 0 004 0.006 0.008 0.01 0.012

Concentration o f  SDS (M )

d) SD S+C 18 s u p e rn a ta n t  so lu tio n  vs SD S+C 18 c a lc iu m  so ap  p re c ip ita te s

Figure 4.4 C o m p a r iso n  o f  th e  e f f e c t  o f  c a lc iu m  so a p  p a r tic le s  o n  fo a m a b ility  
o f  S D S  so lu t io n  at t im e  =  5 m in  b y  th e  sh a k e  te s t  m eth o d .
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4.3 Foaming Test by Ross-Miles Method

4.3.1 Foaming of SDS and Calcium Soap Mixtures
Figures 4.5 and 4.6 show foam height of SDS in the presence of 

0.00025M and 0.0005M calcium soap by the Ross-Miles method. It can be 
seen that below CMC, foam height of SDS solution in the presence of calcium 
soap is lower than that of pure SDS. But above CMC, the foam heights in both 
cases are about the same. The results further confirm that calcium soap acts as 
an antifoam in SDS solution below CMC.

4.3.2 Effect of Calcium Soap Chain Length on Foamabilitv of SDS 
Figures 4.7 to 4.8 show the effect o f calcium soap chain length

on the foamability of SDS. For low SDS concentration below CMC (0.003- 
0.005 M SDS), foamability was found to decrease with increase in the chain 
length o f calcium soap. But at SDS concentration above CMC (higher than 
0.007 M), there was not much difference in foamability with change in the 
calcium soap chain length. The results show that the antifoam effect of 
calcium soap below CMC depends on the hydrophobicity of the calcium soap.

4.3.3 Effect of Amount of Calcium Soap on SDS Foamabilitv 
Figures 4.9 shows the effect of amount of calcium soap on the

foamability of SDS. For low SDS concentration (0.003-0.005 M SDS), foam 
ability of SDS decreased with increase in the amount of calcium soap 
particles. At high SDS concentration above 0.007M, foamability of SDS 
remains high regardless of the amount of calcium soap in the system.
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—♦ — Pure SDS (t=Omin)
- fr— SDS+calcium soap (t=0m in) 

SDS+calcium  soap (t=5m in)

b) SDS w ith  0.00025 M  C12 ca lc iu m  soap

—♦ — Pure SDS (t=0m in)
SDS+calcium soap (t=0m in) 
SDS+calcium soap (t=5m in)

C o n c e n tra tio n  o f  SDS (M )

“ ♦ — Pure SDS (t=0m in)
— SDS+calcium soap (t=0m in) 

SDS+calcium soap (t=5m in)

c) SDS w ith  0 .00025  M  C 14 ca lc iu m  soap

Figure 4.5 Relationship between foam height and concentration o f SDS by 
the Ross-Miles method at 0.00025 M calcium soap
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a) SDS w ith  0.0005 M  C8 ca lc iu m  soap

“ ♦ — Pure SDS (t=0m in)
- ๐-  SDS+calcium soap (t=0m in) 

SDS+calcium soap (t=5m in)

C o n c en tra tio n  o f  SDS (M ) 
c) SDS w ith  0.0005 M  C 14 ca lc iu m  soap

“ ♦ — Pure SDS (t=0m in)
- o — SDS+calcium soap (t=0m in) 

SDS+calcium soap (t=5m in)

P u re  S D S  ( t = 0 m i n )  

S D S + c a lc iu m  so ap  ( t = 0 m i n )  

S D S + c a lc iu m  so ap  ( t = 5 m i n )

Concentration of SDS (M) 
d) SDS with 0.0005 M C18 calcium soap

Figure 4.6 Relationship between foam height and concentration o f SDS by 
the Ross-Miles method at 0.0005 M calcium soap



- f o a m  

h e i g h t  

( t = 0  m i n )

- f o a m  

h e i g h t  

( t = 5  m  i n )

♦  foam
h e i g h t  ( t = 0  
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—B— foam 
height 
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Figure 4.7 Relationship between chain length of calcium soap 
foamability of SDS at 0.00025 M calcium soap by the Ross-Miles method



33

— f o a m  

h e i g h t  

( t = 0  m i n )

— a —  f o a m  

h e i g h t  

( t = 5  m i n )

■■ ♦  f o a m  

h e i g h t  

( t = 0  m i n )

— a —  f o a m  

h e i g h t  

( t = 5  m i n )

Type of calcium soap 
c) 0.007 M SDS

Figure 4.8 Relationship between chain length of calcium soap and foam 
ability of SDS at 0.0005 M calcium soap by the Ross-Miles method
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—♦— 0.00025 M caldum soap
-u— 0.0005 M caldum soap

Type of calcium soap
c) 0.007 M SDS at t=0min

Figure 4.9 Relationship between amount of calcium soap and foamability of 
SDS at t = 0 min by the Ross-Miles method
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4.4 Comparison of the Effect of Calcium and Sodium Soap of the Same 
Fatty Acids

Figure 4.10 shows the foam ability o f SDS solution in the presence of 
the calcium salt and sodium salt of the same fatty acid, which in this case is 
c 8. The results show that foamability of SDS is increased slightly in the 
presence o f sodium salt but it decreased sharply below the CMC in the 
presence o f calcium soap. The results further confirmed that only the calcium 
soap have an antifoam effect on SDS solution at concentration below CMC.

-•— Pure SDS 
-a— Sodium soap 
-A— Calcium soap

Figure 4.10 Comparison of foamability of SDS solution in the presence of 
calcium and sodium salt of C8

X 1 ร ' ' '1 X
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4 .5  C o n t a c t  A n g le  M e a s u r e m e n t s

Figure 4.11 shows the contact angle SDS solutions on the calcium soap 
surface. The concentration range o f SDS is the same as in the foam test by the 
Ross-Miles method. It was found that, at the same concentration o f SDS 
contact angle increased when chain length of calcium soap increased and for 
the same type o f calcium soap contact angle decreased when the concentration 
of SDS increased. The contact angle was found to reach a constant value when 
the concentration of SDS was higher than 0.005 M, i.e. when it was above the 
CMC. The same results were obtained at the contact times o f 15 sec and 10 
mins.

From the above results, it can be seen that the contact angle was found 
to correlate directly with the antifoam ability of the calcium soap. Calcium 
soap with higher contact angle was found to have better antifoam ability. The 
results support the proposition that calcium soap precipitates acts as an 
antifoam by the dewetting mechanism. In this mechanism, the precipitates first 
enter the air/liquid interfaces at the foam film surface. The liquid at the three- 
phase air/liquid/solid interface recedes from the solid surface forming a 
convex-shape film due to the hydrophobicity of the solid. This gives rise to a 
capillary pressure that eventually detach the liquid film foam the solid particle 
leading to foam rupture.
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0 0.003 0.006 0.009 0.012 0.015 0.018
C o n c e n t r a t io n  o f  S D S  (M )

a) C o n ta c t  a n g le  a t t im e  = 1 5  s e c

C o n c e n t r a t io n  o f  S D S  (M )
b ) C o n ta c t  a n g le  at t im e  =  10  m in s

F ig u r e  4 .1 1  Contact angle o f SDS on calcium soap surface at different SDS 
concentrations
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