
CHAPTER IV
RESULTS AND DISCUSSION

4.1 Effect of SO on the Foaming of SO/SDS Mixtures

4 .1 .1  S y s te m  b e lo w  th e  C M C  o f  S D S
In this experim ent, the m ole ratio o f  SO /SD S w as varied  from

0.0/1 .0 . 0 .2 /0 .8 , 0 .4 /0 .6 , 0 .6 /0 .4  to  0 .8 /0 .2 .and the concen tration  o f  SDS w as 
fixed at 0.005 M.

F igure 4.1 show s the foam ability  and foam  stab ility  o f  
so lu tions con ta in ing  d ifferen t ratios o f  [SO ]/[SD S] in the absence o f  calcium  
ion. T he concen tration  o f  SDS w as fixed at 0.005 M  w hich  is be low  the C M C 
o f  pure  SDS o f  0.008 M. Foam  heigh t increases sligh tly  w ith  the ratio  o f  s o  
due to  the increase in total concentration  o f  m ixtures w hile the foam  stability  
is h igh at all ratios.

[SO]/[SDS] (M/M)
Figure 4.1 Foam height of SO/SDS mixtures at varying s o  ratio,
[SDS] = 0.005 M
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4.1.2 System  above the CM C o f  SDS
The m ole ratio  o f  SO /SD S w as varied  from  0 .0 /1 .0 , 0 .2 /0 .8 .

0 .4 /0 .6 , 0 .6 /0 .4  to 0 .8 /0 .2 . The concentration  o f  SDS w as fixed at 0.01 M 
w hich  is above the C M C  o f  SDS. In this system  the concen tra tion  o f  s o  w as 
varied  in order to  study the effect o f  s o  on the foam ing o f  SO /SD S in  m icellar 
system s.

Figure 4.2 show s the foam ability  and foam  stab ility  o f  
so lu tions con ta in ing  d ifferen t ratios o f  [SO ]/[SD S] w ith  the concen tration  o f  
SDS fixed at 0.01 M  w hich  is above its CM C. It w as found th at foam  heigh t 
increases sligh tly  at [SO ]/[SD S] ratio  o f  0.2/0.8 but rem ains constan t as the 
[SO ]/[SD S] ratio  is increased  from  0.2/0.8 to 0.8/0.2. T his is because  above 
the ra tio  o f  0 .2 /0 .8 , the to ta l surfactant concentration is w ell above the C M C  o f  
the m ixture. Foam  heigh t o f  anionic surfactant so lu tion  usually  reaches a 
m axim um  value  at around the C M C and rem ains constan t above th e  CM C . 
F oam  stability  o f  the so lu tion  also rem ains high at all m ix tu re  ratios.

0 0.2 0.4 0.6 0.8
[SO]/[SDS] (M/M)

Figure 4.2 Foam height of SO/SDS mixtures at varying s o  ratio,
[SDS] = 0.01 M
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4.2 Effect of Calcium Ion on the Foaming of SO/SDS Mixtures

4.2.1 System  below  the CM C o f  SDS at low concen tration
In th is experim ent, the concentration  o f  SDS w as fixed at

0.001 M  w hich is w ell below  the CM C o f  SDS. T he m ole ratio  o f  SO /SD S 
was varied  from  0.0 /1 .0 , 0.2/0.8, 0.4/0.6, 0.6/0.4 to 0 .8 /0 .2 . The calcium  ion 
concen tration  in the m ixture at each ratio  w as varied  to  cover the reg ions 
above and below  the SO /SD S precip ita tion  phase boundary  de te rm in ed  by 
C hin tanasath ien  (1995) and R odriquez et al. (1998).

The results in F igure 4.3 show  that foam ability  and  foam  
stability  o f  the m ix tu res decrease sharply as soon as a sm all am ount o f  C a2+ is 
added. T he sharp change occurs even before the calcium  concen tration  reaches 
the p recip ita tion  phase  boundary. In such dilute system s, the decrease  in 
foam ability  and foam  stability  is due to  the reduction  in the charge repu lsion  
betw een head groups o f  anionic surfactant in the presence o f  e lectro ly te .

4.2 .2 System  below  the CM C o f  SDS at m oderate  concen tration
In this experim ent, the concentration  o f  SDS w as fixed at

0.005 M  w hich is below  the C M C o f  SDS. The m ole ratio  o f  SO /S D S  w as 
varied  from  0.0 /1 .0 , 0 .2/0.8, 0 .4 /0 .6 , 0 .6/0.4 to 0 .8 /0 .2 . T he calcium  ion 
concen tration  o f  m ixtures in each ratio  w as varied  to cover the reg ions above 
and below  the SO /SD S precip ita tion  phase boundary  as in part 4 .2 .1 .

F igure 4.4 show s the results o f  the system s w ith  the 
concen tration  o f  SDS fixed at 0.005 M  w hich is below  the C M C  o f  SDS. It 
can be seen that foam  height decreases gradually  as calcium  concen tration  
increases w ith  no sharp change at the precip ita tion  boundary . T he decrease  in 
foam ability  w ith  the increase in calcium  concen tration  is due to the decrease  in 
m onom eric su rfactan t concentration  in the solution.
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Figure 4.3 Foam height of SO/SDS mixtures at varying [Ca2+],
[SDS] = 0.001 M



Fo
am

 he
igh

t (c
m)

 
Fo

am
 he

igh
t (c

m)

19

SO/SDS 0.0/1.0
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Figure 4.4 Foam height of SO/SDS mixtures at varying [Ca2+],
[ร]วร] = 0.005 M
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4.2.3 System  above the CM C o f  SDS
In this experim ent, the concentration o f  SDS w as fixed at 0.01 

M w hich  is above the C M C  o f  SDS. The m ole ratio o f  SO /SD S w as varied  
from  0 .0 /1 .0 , 0.2/0.8, 0 .4 /0 .6 , 0.6/0.4 to 0.8/0.2. The calcium  ion concen tration  
o f  m ix tu res in each ratio  w as varied to cover the reg ions above and below  the 
SO /SD S precip ita tion  boundary  regions as in previous parts (be low  the CM C ).

Figure 4.5 show s the foam ing property  o f  system s with 
su rfactan t concen tration  above the CM C o f  m ixtures, the concen tration  o f  
SDS w as fixed at 0.01 M. It w as found that foainability  is high even in the 
presence o f  p recip ita tes and there is no sharp change at the p recip ita tion  phase 
boundary . T he foam  heigh t only decreases w hen calcium  concen tration  is very 
high because the concen tration  o f  surfactant m ixtures at that po in t is reduced 
to below  th e ir CM C.

4.3 Effect of SO on the Foaming of SO/SDS mixtures in the Presence of
Ca2+

Figure 4.6 show s the foam ability  results w ith varied  s o  ratio  and w ith  
SDS concen tration  fixed at 0.001 M, 0.005 M , and 0.01 M  respectively . A s the 
SO ratio  increases, no t only s o  concentration  increases, but the am ount o f  
c a lc iu m /s o  precip ita te  in the system  also increases. H ow ever, foam ability  
does not decrease w ith  s o  ratio. The results show  that s o  p recip ita te  does not 
act as an antifoam  in th is system .
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SO/SDS 0.0/1.0
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|C a 2+ f(M)

Figure 4.5 Foam height of SO/SDS mixtures at varying [Ca2+1,
[SDS] = 0.01 M
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Figure 4.6 Foam height of SO/SDS mixtures at [SDS] = 0.001
0.005 M and 0.01M in the presence of Ca2+
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4.4 Comparison of the Foaming of Precipitate-Containing and 
Supernatant Solutions

The effect o f  calcium  precip itates on foam ing o f  SO /SD S m ixtu res 
w as investigated  by com paring the foam ing o f  p rec ip ita te-con ta in ing  so lu tions 
and the supernatan t so lutions w hich w ere prepared by filtering  out p recip ita tes 
from  the m ix tu re  solutions after the solutions w ere left to equilib ra te  for 12 
hours at 30 c .

4.4.1 System  below  the CM C o f  SDS
The concentration o f  SDS in the m ixture so lu tion  w as fixed at

0.005 M  w hich  is below  the CM C o f  SDS. The m ole ratio  o f  SO /SD S w as 
varied  from  0.0 /1 .0 , 0 .2 /0 .8 , 0.4/0.6, 0 .6/0.4 to 0 .8 /0 .2 . T he calcium  ion 
concen tration  at each ratio  w as varied to cover the reg ions above the SO /SD S 
p recip ita tion  phase boundary.

The results in Figure 4.7 show  th at in all cases, the 
foam ability  o f  supernatant so lutions is significantly  h igher than  that o f  the 
p recip ita te-con ta in ing  solutions. The foam ability  o f  the p recip ita te -con ta in ing  
so lu tions decreases w ith  an increase in calcium  concen tration  w hile  the 
supernatan t system s decreases only slightly  w ith  calcium  concen tration . The 
resu lts show  that calcium -SD S precip itates m ay act as an an tifoam  or foam  
inhib itor in the p recip ita te-con tain ing  solutions. The p resence  o f  s o  does not 
seem  to  have any significant effect on the foam ability  o f  both  su pernatan t and 
p recip ita te-con ta in ing  solutions.

Figure 4.8 com pares the stability  index o f  su perna tan t and 
p recip ita te-con ta in ing  solutions at [SDS] = 0.005 M. A t h igh calcium  
concen tration , foam  stability  o f  supernatant and p recip ita te -con ta in ing  
so lu tions both decrease dram atically .



Fo
am

 he
igh

t (c
m)

 
Fo

am
 he

igh
t (c

m)

24

SO/SDS 0.0/1.0

SO/SDS 0.6/0.4 SO/SDS 0.8/0.2

|Ca2+| (M) |Ca2+| (M)

Figure 4.7 Foam height of supernatant and precipitate-containing solutions
with varying [SO]/[SDS] ratio and [Ca2+], [SDS] = 0.005 M
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Figure 4.8 Stability index of supernatant and precipitate-containing solutions
with varying [SO]/[SDS] ratio and [Ca2+], [SDS] = 0.005 M
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4.4 .2  System  above the CM C o f  SDS
The concentration o f  SDS in the m ixture so lu tion  w as fixed at

0.01 M  w hich  is above the CM C o f  SDS. T he m ole ratio  o f  SO /SD S w as 
varied  from  0.0 /1 .0 , 0 .2 /0 .8 , 0.4/0.6, 0 .6 /0 .4  to  0 .8 /0 .2 . T he calcium  ion 
concen tration  at each ratio  w as varied to cover the reg ions above the SO /SD S 
precip ita tion  phase boundary.

The results in F igure 4.9 show  that foam ability  o f  supernatan t 
so lu tions is very  close to  that o f  the precip ita te-con ta in ing  so lu tions at low 
calcium  concentration . T here is how ever a sharp decrease in foam ability  o f  
p recip ita te-con ta in ing  solutions at [Ca2+] around 0.003 M  w hile  the 
foam ability  o f  supernatan t solutions rem ains high. T he results in F igure 4.10 
show  th at the stability  index o f  both supernatan t and p recip ita te -con ta in ing  
so lu tions is about the sam e throughout the w hole  [Ca2+] range.

4.5 The Effect of Calcium-SDS and Calcium-SO Precipitates on the 
Foaming of SDS Solution

T he effect o f  calcium  precip ita tes on foam ing o f  SO /SD S m ixtures 
w as further investigated  by varying the bo ttom  so lu tion  in the R oss-M iles 
m ethod. The concen tration  o f  SDS in the top  so lu tion  w as fixed at 0.01 M 
w hich  is above the C M C o f  SDS.

4.5.1 System  w ith  calcium  bottom  solution
In this system , the top so lu tion  is 0.01 M  SDS so lu tion  and the 

bo ttom  so lution  is calcium  solution The calcium  concen tration  o f  bottom  
so lu tion  w as varied  to cover the reg ions below  and above the SDS 
precip ita tion  phase boundary .
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Figure 4.9 Foam height of supernatant and precipitate-containing solutions
with varying [SO]/[SDS] ratio and [Ca2+], [SDS] = 0.01 M
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SO/SDS 0.0/1.0
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Figure 4.10 Stability index of supernatant and precipitate-containing
solutions with varying [SO]/[SDS] ratio and [Ca2+], [SDS] = 0.01 M
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Figure 4.11 shows the results o f  the system  w here the top 
solution is 0.01 M  SDS solution and the bottom  solution is calcium  so lu tion  
w ith concen tration  varied  from  0 to 0.01 M. Foam ability  and foam  stability  
decrease sharp ly  as calcium  concentration increases from  0 to  0.001 M  and 
level o f f  after that.

4 .5 .2  System  w ith  SD S/calcium  bottom  solution
In this system , the top solution is 0.01 M SDS so lution  and the 

bottom  so lu tion  is the m ix tu re  o f  0.01 M  SDS so lution  and calcium  solution. 
The calcium  concen tration  o f  bottom  solution w as varied  to  cover the reg ions 
below  and above the SDS precip itation  phase boundary .

T he results in F igure 4.12 show  that foam ability  and foam  
stability  decrease  sharply as calcium  concentration  increases from  0 to  0.001 
M  and level o f f  after that.

4.5.3 System  w ith  so /c a lc iu m  bottom  m ixture
In this system , the top solution is 0.01 M  SDS so lu tion  and the 

bottom  so lu tion  is the m ix tu re  o f  0.01 M  s o  so lution  and calcium  solution. 
The calcium  concen tration  o f  bottom  so lution  w as varied  to  cover the reg ions 
below  and above the SO /SD S precip itation  phase boundary .

T he results in F igure 4.13 show  that foam ability  and  foam  
stability  o f  the m ix tu re  solution decrease as calcium  concen tration  increases 
though at a slow er rate than  in the above tw o cases. T his is because  the 
presence o f  0.01 M s o  in the bottom  solution helps to  raise the total 
concen tration  o f  su rfactants in the final so lution and so the foam ability  show s 
h igher to lerance  to  the presence o f  calcium .
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Top solution (200mL) : 0.01 IM SDS solution 
Bottom solution (50mL) ะ Ca2+ solution

Figure 4.11 Foam  heigh t o f  system  w ith  SDS to p  so lu tion  and calcium  
chloride bo ttom  solution

Top solution (200mL) ะ 0.01 M SDS solution 
Bottom solution (50mL) : 0.01 [VI so solution + Ca2+

Figure 4.12 Foam  height o f  system  w ith  SDS top so lu tion  and 
S D S/calcium  chloride bottom  solution
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Top solution (200mL) ะ 0.01 M SDS solution 
Bottom solution (50mL) ะ 0.01 M SDS solution + Ca2+

Figure 4.13 Foam  heigh t o f  system  w ith SDS top so lu tion  and s o /c a lc iu m  
chloride bottom  so lution
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