
CHAPTER III
EXPERIMENTAL

3.1 Materials

3 .1 .1  C h e m ic a ls
D e h y d o l L S 5 , L S 7 , L S 8 , and  L S 9  lin ea r  a lc o h o l e th o x y la te s — C ] 2-  

14 E O 5 , c 12- 1 4 E O 7 , C 12- 1 4 E O 8 , and C 12- 1 4 E O 9 , r e s p e c t iv e ly — and m e th y l este r  
s u lfo n a te  (M E S )  w ith  a p u rity  o f  9 9  % w e r e  u se d  in  th is  w o rk . T h e y  w e r e  su p p lie d  
b y  C o g n is  (T h a ila n d ) C o ., L td. N o n y lp h e n o l e th o x y la te  9  (N P E -9 )  w a s  a ls o  u sed  in  
th is  s tu d y , w h ic h  w e r e  p u rch a sed  from  D o w  C h e m ic a l C o ., Ltd. w ith  a p u rity  o f  
9 9  %.

G ly c e r o l (H O C H 2 C H C H 2 O H , 9 9  % p u r ity ) w a s  su p p lie d  from  
L a b sca n . N itr o b e n z e n e  (C 6H 5N O 2 , 9 9  % p u r ity ) w a s  p u rch a sed  from  C a r lo  Erba. 
E th a n o l (C 2 H 5 O H , A R  g ra d e) w a s  p u rch a sed  from  M erck . E th y le n e  g ly c o l  
(O H C H 2 C H 2O H , A R  gra d e) w a s  p u rch ased  from  L a b S ca n .

A ll c h e m ic a ls  w e r e  u sed  w ith o u t  further p u r if ic a tio n . A ll  a q u e o u s  
s o lu t io n s  o f  su rfa cta n ts  w e r e  p rep ared  w ith  D1 w ater.

3 .1 .2  P la s t ic s
T h r e e  ty p e s  o f  p la s t ic s  w er e  u se d  in  th is  w ork ;

P o ly (te tr a f lu o r o e th y le n e )  (P T F E ), P o ly (v in y l C h lo r id e )  (P V C ), and P o ly (m e th y l  
m e th a c r y la te )  (P M M A ). P T F E  (Z on yl®  M P  1 3 0 0  and T eflo n ®  8 0 7 - N )  w a s  p u rch a sed  
fo rm  D u p on t (T h a ila n d ) C o ., L td .. P V C  and P M M A  w e r e  k in d ly  p r o v id e d  b y  T h ai 
P la s t ic s  and C h e m ic a ls  P u b lic  C o ., Ltd, and D ia p o ly a c r y la te  C o ., L td ., r e s p e c t iv e ly .  
P T F E  and P V C  w e r e  in  th e  p o w d e r  form  and w e r e  u sed  a s  r e c e iv e d .

3.2 Equipment:

1. T e n s io m e te r  w ith  W ilh e m y  P la te  (K rü ss , K 1 0 T )
2 . G r in d in g  m a c h in e  (M ik r o -F e in m iih le -C u la t t i)
3. S ie v e  (d ia m eter  s iz e  o f  7 4 , 125 , 3 0 0 ,  and 4 2 5  p m )
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4 . S u r fa ce  A r e a  A n a ly z e r  (B E T )  (Q u a n ta ch ro m e , A u t o s o r b - 1 )
5. T e m p era tu re -co n tro lled  in cu b a to r  (B I N D E R , K B 4 0 0 /E 2 )
6 . S y r in g e  f ilter  (V e r t ic le a n ™ , n y lo n  0 .4 5  p m )
7. T o ta l O rg a n ic  C arb on  a n a ly z e r  (S h im a d z u , T O C - V c s h )

8. C o m p r e ss io n  M o ld in g  (W a b a sh , V 5 0 E E 1 8 -C X )
9 . C o n ta ct A n g le  T ester  (K r ü ss , D S  A 10)

3.3 Methodology

In th is  w ork , th e  e x p e r im e n ts  w e r e  d iv id e d  in to  fou r m a in  parts; su r fa c e  
te n s io n  m ea su rem en t; P o w d e r  and P la te  P rep aration  and  C h a racter iza tio n ;  
A d so r p tio n  E x p erim en t; and  C o n ta ct A n g le  M ea su rem en t.

3 .3 .1  S u rfa ce  T e n s io n  M e a su r e m e n t
T h e  su r fa c e  te n s io n  o f  su rfactant so lu t io n  w a s  d eterm in ed  b y  

W ilh e lm y  p la te  te c h n iq u e  u s in g  te n s io m e te r  (K rü ss , K 1 0 T ). A l l  su r fa ce  te n s io n  
m e a su r e m e n ts  w e r e  c o n tr o lle d  at 3 0  °c. T h e  so lu tio n  w a s  first h a l f  f i l le d  in to a 2 0  m l  
v e s s e l ,  th en  a p la tin u m  p la te  w ith  th e su r fa c e  b e in g  te ste d . It w a s  s lo w ly  im m e r se d  in  
th e  so lu t io n  in  order to  reg is te r  th e  h e ig h t  at w h ic h  th is  o ccu rred  a s  th e  ‘zero  d ep th  o f  
im m e r s io n ’ . T h e  p la te  w a s  th en  w e tte d  to  a set d ep th  to  en su re  that th ere  w a s  in d e e d  
c o m p le te  w e tt in g  o f  th e  p la te  (zero  c o n ta c t  a n g le ). W h e n  th e  p la te  w a s  la ter retu rn ed  
to  th e  zero  d ep th  o f  im m e r s io n , th e  fo r c e  it reg isters  co u ld  b e  u se d  to c a lc u la te  
su r fa c e  te n s io n . T h e  su r fa c e  te n s io n  w a s  m easu red  a fter  3 0  m in  at lea st to  a l lo w  
e q u ilib r iu m  to  occu r.

T h e  C M C  o f  su rfa cta n ts w e r e  c a lcu la ted  at th e  c o n c e n tr a t io n s  that th e  
p lo ts  o f  th e  su rfa ce  te n s io n  v e r su s  th e  su r fa c e  co n ce n tr a tio n  s h o w e d  abrupt in  th e  
s lo p e . S u r fa c e  te n s io n s  at th e  C M C  ( ycmc), th e  e f fe c t iv e n e s s  ( tccmc), and th e  
m in im u m  area per m o le c u le  at th e  in te r fa c e  (as), w e r e  a lso  c a lc u la te d  from  th o s e  
p lo ts .

P ure  liq u id s  (w ate r, e th y le n e  g ly co l, n itro b e n z e n e , g ly ce ro l, a n d
e th an o l)  w e re  m easu red  th e ir  su rface  ten s io n . T h e se  re su lts  w e re  u sed  in Z ism a n
p lo ts .
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3 .3 .2  P o w d er , and P la te  P rep aration  and C h a ra cter iza tio n
H y d r o p h o b ic  m a te r ia ls  w er e  u sed  in 2 p r o c e sse s ;  p o w d e r  p rep ara tion  

for a d so rp tio n  e x p e r im e n t  and sm o o th  hard su r fa c e  fo r  co n ta c t a n g le  m e a su r e m e n t.

3.3.2.1 Powder Preparation and Characterization
P M M A  w a s  grou n d  in to  sm a ll p a rtic le s  b y  u s in g  a g r in d in g  

m a c h in e , and then  s ie v in g  to g e t p a r tic le s  that w e r e  in  th e  ran g e  o f  7 4  p m  to  125 p m  
in d ia m eter . S p e c if ic  su r fa c e  area s ( a s) o f  th e  p o w d e r s  w ere  d e te r m in e d  b y  su r fa c e  
area a n a ly z e r  (A u to so rb -1  ). C h a ra cter ized  p o w d e r s  w e r e  further u sed  in a d so rp tio n  
e x p e r im e n t.

3.3.2.2 Plate Preparation and Characterization
A ll p o ly m e r s  (P T F E , P V C , and  P M M A ) w e r e  c o m p r e sse d  

in to  s m o o th  hard su r fa c e s  b y  u s in g  c o m p r e ss io n  m o ld in g  (W a b a sh ) at ap p rop ria te  
c o n d it io n s . Prepared p la te s  w e r e  u sed  in  c o n ta c t  a n g le  m ea su rem en t.

3 .3 .3  A d so r p tio n  E x p e r im en t
0 .2 5  g  o f  h y d r o p h o b ic  p o w d e r  w a s  f i l le d  in su rfa cta n t s o lu t io n  w ith  

k n o w n  v a r io u s  c o n c e n tr a tio n s  and  v o lu m e  in to  2 0  m l sc r e w  cap  v ia l . V ia l w e r e  
sh a k en  and  p la ced  in tem p era tu re  co n tr o lle r  in cu b a to r  and sh ak en  g e n t ly  2 t im e s  per  
d a y  for  5 d a y s . S u p ern atan t part o f  s o lu t io n s  w e r e  tak en , f iltered  w ith  0 .4 5  p m  n y lo n  
sy r in g e  filter , and a n a ly z e d  eq u ilib r iu m  su rfactan t c o n c e n tr a tio n  b y  u s in g  T o ta l 
O rg a n ic  C arb on  a n a ly z e r  (S h im a d z u ). C arb on  c o n c e n tr a tio n s  w e r e  r e co rd ed  and  
c o n v e r te d  in to  su rfactan t c o n c e n tr a tio n s . S u rfactan t a d so rp tio n s  o n  p la s t ic  su r fa c e s  
w e r e  c a lc u la te d  from  th e  c o n c e n tr a tio n  d if fe r e n c e  m eth o d , and th e  a d so rp tio n  
iso th e r m s  w e r e  p lo tted .

3 .3 .4  C o n ta ct A n g le  M ea su rem en t
T h e  co n ta c t  a n g le s  o f  a ll s tu d ied  s o lu t io n s  and pure liq u id s  o n  th e  

s tu d ied  su r fa c e s  w e r e  m ea su red  w ith  th e  s e s s i le  d rop  te c h n iq u e  b y  th e  c o n ta c t  a n g le  
tester  (K r ü ss , D S A 1 0 ) . A  v o lu m e  o f  10 p i d rop  o f  su rfactan t s o lu t io n  w a s  d rop p ed  on
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prep ared  p o ly m e r  su r fa ces  b y  u s in g  a m icro  sy r in g e . E ach  d rop  had b e e n  fo rm ed  o n  
th e  tip  o f  sy r in g e  and w er e  r e le a se d  from  a sm a ll h eigh t (<1 c m ) to  m in im iz e  in ertia l 
e f fe c t s . T h e  c o n ta c t  a n g le  w a s  m ea su red  a fter 1 m in  to a l lo w  eq u ilib r iu m  to  o c c u r  b y  
u s in g  d rop  sh a p e  a n a ly s is  so ftw a re . T h e  w a te r  con tact a n g le  w a s  m ea su r e d  to  en su re  
that th e  su rfa ce  w a s  n o t c o n ta m in a te d  a fter th e  p roced u re.

A ll ex p e r im e n ts  w e r e  p erfo rm ed  at c o n tro lled  tem p era tu re , 3 0  ๐c  ±  
1 ๐c ,  w ith  re la tiv e  h u m id ity  k ep t b e lo w  3 5  %. E x p e r im en ts  o f  ea ch  m ix tu r e  w e r e  
rep ea ted  m ore  than f iv e  t im e s  o n  ea c h  su b stra te  and the la rg est d if fe r e n c e  in  th e  fin a l 
co n ta c t  a n g le  o b se r v e d  n ev er  e x c e e d e d  3 ° .
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