
CHAPTER II
EXPERIMENTALS AND RESULTS

I n  o r d e r  t o  f a c i l i t a t e  t h e  c o m p l e x i t y  o f  t h e  e x p e r i m e n t s ,  a 
s e q u e n t i a l  o r d e r  o f  p r e p a r a t i o n s  w i l l  b e  p r e s e n t e d  i n  t h i s  c h a p t e r .  I n  
e a c h  e x p e r i m e n t ,  an e a s y - t o - u n d e r s t a n d  f l o w  c h a r t  w h i c h  i l l u s t r a t e s  t h e  
e x p e r i m e n t a l  p r o c e d u r e  i s  i n c l u d e d  a t  t h e  b e g i n n i n g  o f  t h e  s e c t i o n .

2.1) EQUIPMENT REQUIREMENT FOR THE EXPERIMENTAL WORK
T . K .  A u t o  Homo M i x e r  Model  M, T o k u s h u  K i k a  Kog yo  C o . ,  L t d . ,  

J a p a n ,  w a s  u s e d  f o r  p r e p a r i n g  t h e  e m u l s i o n  o f  e n c a p s u l a t e d  m a t e r i a l  
c o n t a i n i n g  t h e  f i r s t  r e a c t a n t  d i s p e r s e d  i n  w a t e r  a s  c o n t i n u o u s  p h a s e  
b e f o r e  a d d i n g  t h e  a q u e o u s  s o l u t i o n  o f  t h e  s e c o n d  r e a c t a n t  t o  f o r m  h i g h  
m o l e c u l a r  w e i g h t  c o n d e n s a t i o n  p o l y m e r  f i l m  a t  t h e  i n t e r f a c e .

H e i d o n  L a b o r a t o r y  s t i r r e r  T y p e - 6 0 0 G ,  S h i n t o  S c i e n t i f i c  C o . ,  

L t d . ,  J a p a n ,  w a s  u s e d  f o r  m i x i n g  t h e  e m u l s i o n  o f  t h e  e n c a p s u l a t e d  
m a t e r i a l  c o n t a i n i n g  f i r s t  r e a c t a n t  and  a q u e o u s  s o l u t i o n  o f  t h e  s e c o n d  
r e a c t a n t  t o  f o r m  m i c r o c a p s u l e s .

W a t e r  b a t h  h a v i n g  a c o o l i n g  and  h e a t i n g  u n i t  was  u s e d  f o r  
c o n t r o l l i n g  t e m p e r a t u r e s  d u r i n g  t h e  p r e p a r a t i o n  o f  m i c r o c a p s u l e s .

O p t i c a l  m i c r o s c o p e  w a s  u s e d  f o r  e x a m i n i n g  m i c r o s c o p i c  
p r o p e r t i e s  and  p i c t u r e  t a k i n g  o f  t h e  m i c r o c a p s u l e s .

S c a n n i n g  e l e c t r o n  m i c r o s c o p e ,  JEM-35CF,  w a s  u s e d  f o r  e x a m i n i n g  
m i c r o s c o p i c  p r o p e r t i e s  and  p i c t u r e  t a k i n g  o f  t h e  m i c r o c a p s u l e s .

S p e c t r o p h o t o m e t e r  Model  u v —1 0 1 ,  S h i m a d z u  C o r p o r a t i o n ,  J a p a n ,  wa s  
u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  a v e r a g e  p a r t i c l e  s i z e  o f  e m u l s i o n  by  
t u r b i d i t y  m e t h o d .
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P a r t i c l e  S i z e  A n a l y z e r  S e r i e s  S A- CP 2 ,  S h i m a d z u  C o r p o r a t i o n ,  
J a p a n ,  wa s  u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  a v e r a g e  p a r t i c l e  s i z e  an d  
s i z e  d i s t r i b u t i o n  o f  t h e  m i c r o c a p s u l e s  by  u l t r a - c e n t r i f u g e  m e t h o d .

Gas c h r o m a t o g r a p h  S e r i e s  GC-14A,  S h i m a d z u  C o r p o r a t i o n ,  J a p a n ,  
w a s  u s e d  f o r  m e a s u r i n g  t h e  u n e n c a p s u l a t e d  m a t e r i a l  o r  t h e  d e t e r m i n a t i o n  
o f  m i c r o e n c a p s u l a t i o n  e f f i c i e n c y .

IBM p e r s o n a l  c o m p u t e r  w i t h  S i z e C a l c ,  L o t u s  1 2 3 ,  and  M i c r o s o f t -
c h a r t  a s  a p p l i c a t i o n s o f t w a r e  u s e d  f o r t h e c a l c u l a t i o n  o f a v e r a g e
p a r t i c l e  s i z e  and s i z e  d i s t r i b u t i o n o f t h e  e m u l s i o n and t h e
m i c r o c a p s u l e s .

G l a s s w a r e  and o t h e r  e q u i p m e n t  ะ 100 m l .  c y l i n d e r , 5 0 0  m l .
b e a k e r ,  2 5 0  m l .  s e p a r a t o r y  f u n n e l ,  t h e r m o m e t e r ,  s t o p  w a t c h ,  a n a l y t i c a l  
b a l a n c e ,  e t c .

2 . 2 )  CHEMICAL SELECTION FOR EXPERIMENTS

A l l  c h e m i c a l s  u s e d  i n  t h i s  t h e s i s  w e r e  c h e m i c a l - p u r e  g r a d e .  T h e y  
w e r e  u s e d  w i t h o u t  p r i o r  p u r i f i c a t i o n  b u t  t h e i r  c o n c e n t r a t i o n s  c a l c u l a t e d  
b a s e d  on  t h e  p u r i t y  p r o v i d e d  by  m a n u f a c t u r e r s .  The  c h e m i c a l s  m e n t i o n e d
a r e  : -

Two k i n d s  o f  p o l y a m i d e  w e r e  s e l e c t e d  t o  s y n t h e s i z e  a p o l y m e r i c  
m i c r o c a p s u l e  s h e l l .  P o l y C h e x a m e t h y l e n e  s e b a c a m i d e )  wa s  s y n t h e s i z e d  by  
u s i n g  s e b a c o y l  c h l o r i d e  r e a c t i n g  w i t h  h e x a m e t h y l e n e  d i a m i n e  w h i l e  
p o l y ( p a r a - p h e n y l e n e  t e r e p h t h a l a m i d e )  wa s  s y n t h e s i z e d  by  u s i n g  
t e r e p h t h a l o y l  c h l o r i d e  r e a c t i n g  w i t h  p a r a - p h e n y l e n e  d i a m i n e .

S e b a c o y l  c h l o r i d e  fr o m  F l u k a  C h e m i e ,  S w i t z e r l a n d ,  h a v i n g  a 
minimum p u r i t y  o f  97 .0% and a m o l e c u l a r  w e i g h t  o f  2 3 9 . 1 4  g m . / m o l e ;  
a s s i g n e d  name ะ SBC.

H e x a m e t h y l e n e  d i a m i n e  f r o m  F l u k a  C h e m i e ,  S w i t z e r l a n d ,  h a v i n g  a
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minimum p u r i t y  o f  97 .0 %  and a  m o l e c u l a r  w e i g h t  o f  1 1 6 . 2 0  g m . / m o l e ;
a s s i g n e d  name ะ HMDA.

T e r e p h t h a l o y l  c h l o r i d e  f r o m  F l u k a  C h e m i e ,  S w i t z e r l a n d ,  h a v i n g  a  
minimum p u r i t y  o f  99 .7% and a m o l e c u l a r  w e i g h t  o f  2 0 3 . 0 3  g m . / m o l e ;
a s s i g n e d  name ะ TPC.

P a r a - p h e n y l e n e  d i a m i n e  f r o m  F l u k a  C h e m i e ,  S w i t z e r l a n d ,  h a v i n g  a 
minimum p u r i t y  o f  97 .0 %  and a  m o l e c u l a r  w e i g h t  o f  1 0 8 . 1 4  g m . / m o l e ;  
a s s i g n e d  name ะ PNDA.

Two k i n d s  o f  e n c a p s u l a t e d  m a t e r i a l s  w h i c h  h a v e  d i f f e r e n t  
p r o p e r t i e s  w e r e  b u t y l  a c e t a t e  and  d i b u t y l  p h t h a l a t e .  B u t y l  a c e t a t e  h a s  a 
l o w  b o i l i n g  p o i n t ,  h i g h  v a p o r  p r e s s u r e  an d  i s  a  w a t e r - i n s o l u b l e  
e n c a p s u l a t e d  m a t e r i a l  w h e r e a s  d i b u t y l  p h t h a l a t e  p o s s e s s e s  h i g h  b o i l i n g  
p o i n t ,  l o w  v a p o r  p r e s s u r e  an d  i s  a w a t e r - i n s o l u b l e  e n c a p s u l a t e d  
m a t e r i a l .

B u t y l  a c e t a t e  f r o m  A l u s u i s s e ,  I t a l y ,  h a v i n g  a  minimum p u r i t y  o f  
9 9 . 0 % ,  a m o l e c u l a r  w e i g h t  o f  1 1 6 . 0  g m . / m o l e ,  a  v a p o r  p r e s s u r e  o f  8 . 7  
mm.Hg a t  2 0 . 0 “c ,  a  s p e c i f i c  g r a v i t y  o f  0 . 8 8 2 6  ( 2 0 / 2 0 ° C )  and a b o i l i n g  
p o i n t  o f  1 2 6 . 3*C;  a s s i g n e d  name ะ BAT.

D i b u t y l  p h t h a l a t e  f r o m  A l u s u i s s e ,  I t a l y ,  h a v i n g  a minimum p u r i t y  
o f  9 9 . 0 % ,  a m o l e c u l a r  w e i g h t  o f  2 7 8 . 3 5  g m . / m o l e ,  a v a p o r  p r e s s u r e  o f  1 . 1  
mm.Hg a t  1 5 0 . 0'C, a s p e c i f i c  g r a v i t y  o f  1 . 0 4 8 4  ( 2 0 / 2 0 ° c ) and a b o i l i n g  
p o i n t  o f  3 4 0 . 0°C; a s s i g n e d  name ะ DBP.

Two t y p e s  o f  e m u l s i f i e r s ,  p r o t e c t i v e  c o l l o i d s  and s u r f a c e  
a c t i v e  a g e n t s ,  w e r e  u s e d .  P o l y ( v i n y l  a l c o h o l )  an d  s t y r e n e  m a l e i c  
a n h y d r i d e  c o p o l y m e r  i n  s o d i u m  s a l t  f o r m s  a s  p r o t e c t i v e  c o l l o i d  and  
p o l y ( o x y e t h y l e n e  l a u r y l  e t h e r )  and s o d i u m  d o d e c y l  b e n z e n e  s u l f o n a t e  a s  
s u r f a c e  a c t i v e  a g e n t .
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P o l y ( v i n y l .  a l c o h o l )  f r o m  K u r a r a y  P o v a l  (PVA 2 2 4 E ) ,  J a p a n ,  h a v i n g  
a minimum p u r i t y  o f  9 9 . 7 % ,  a  h y d r o l y z e d  p e r c e n t a g e  o f  8 7 -8 9%  an d a  
d e g r e e  p o l y m e r i z a t i o n  o f  2 , 4 0 0  -  2 , 5 0 0 ;  a s s i g n e d  name ะ PVA.

S o d iu m  s a l t  o f  s t y r e n e  m a l e i c  a n h y d r i d e  c o p o l y m e r  f r o m  A r c o  
C h e m i c a l  ( S M A - 3 0 0 0 ) ,  บ . S . A . ,  h a v i n g  a minimum p u r i t y  o f  9 9 . 7 % ,  a  
s t y r e n e / m a l e i c  a n h y d r i d e  r a t i o  o f  3 / 1  and  a m o l e c u l a r  w e i g h t  o f  1 , 9 0 0  
g m . / m o l e ;  a s s i g n e d  name โ SMA.

P o l y ( o x y e t h y l e n e  l a u a r y l  e t h e r )  f r o m  Kao C o r p o r a t i o n  ( E m u l g e n -  
1 2 0 ) ,  J a p a n ,  h a v i n g  a minimum p u r i t y  o f  9 9 . 9 % ,  a e t h y l e n e  o x i d e  numbe r  
o f  14 and  a h y d r o p h i l i c  l i p o p h i l i c  b a l a n c e  o f  1 5 . 3 ;  a s s i g n e d  name ะ 
POLE.

S o d iu m  d o d e c y l  b e n z e n e  s u l f o n a t e  Kao C o r p o r a t i o n  ( N e o p e l e x  F -  
3 5 ) ,  J a p a n ,  h a v i n g  a minimum p u r i t y  o f  35 .0% a n d  a  m o l e c u l a r  w e i g h t  o f
3 5 1 . 5  g m . / m o l e ;  a s s i g n e d  name ะ SDBS.

An a c i d - r e c e i v e r ,  s o d i u m  h y d r o x i d e ,  w a s  u s e d  t o  n e u t r a l i z e  
h y d r o c h l o r i c  a c i d  w h i c h  i s  g e n e r a t e d  by  p o l y c o n d e n s a t i o n  o f  d i a c i d  
c h l o r i d e  w i t h  d i a m i n e .

S o d iu m  h y d r o x i d e  f r o m  A l d r i c h  C h e m i e ,  U . S . A . ,  h a v i n g  a minimum  
p u r i t y  o f  99 .7% and a m o l e c u l a r  w e i g h t  o f  4 0 . 0  g m . / m o l e ;  a s s i g n e d  name ะ 
NaOH.

O t h e r  c h e m i c a l s  f o r  a n a l y z i n g  m e t h o d s  w e r e  o f  a n a l y t i c a l  g r a d e  
h a v i n g  a minimum p u r i t y  o f  9 9 .9 % .  W a t er  u s i n g  a s  an  a q u e o u s  medium w a s  
d e i o n i z e d  w a t e r ;  a s s i g n e d  name ะ DIW.

2 . 3 )  SOLUBILITY OF DIACID CHLORIDE IN ENCAPSULATED MATERIAL

2 . 3 . 1 )  P u r p o s e

To d e t e r m i n e  t h e  s o l u b i l i t y  o f  s e b a c o y l  c h l o r i d e  and
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t e r e p h t h a l o y l  c h l o r i d e  i n  b u t y l  a c e t a t e  and  d i b u t y l  p h t h a l a t e .

2 . 3 . 2 )  P r o c e d u r e

The  s o l u t i o n  o f  d i a c i d  c h l o r i d e  w a s  p r e p a r e d  a s  s h o w n  i n  
F lo w  C h a r t  1 t o  d e t e r m i n e  t h e  s o l u b i l i t y  o f  s e b a c o y l  c h l o r i d e  i n  b u t y l  
a c e t a t e ;  s e b a c o y l  c h l o r i d e  i n  d i b u t y l  p h t h a l a t e ;  t e r e p h t h a l o y l  c h l o r i d e  
i n  b u t y l  a c e t a t e ;  and  t e r e p h t h a l o y l  c h l o r i d e  i n  d i b u t y l  p h t h a l a t e .
1 0 0 . 0 0  gm. o f  e n c a p s u l a t e d  o i l  wa s  f i r s t l y  w e i g h t e d  i n t o  a  2 5 0  m l .  
b e a k e r  and  k e p t  i t  a t  t h e  t e m p e r a t u r e  o f  3 0 ° c  a i n  w a t e r  b a t h .  T h en  0 . 5  
gm. o f  d i a c i d  c h l o r i d e  wa s  a d d e d  i n t o  t h e  b e a k e r  an d  w a s  s t i r r e d  u n t i l  
t h e  d i a c i d  c h l o r i d e  w a s  c o m p l e t e l y  d i s s o l v e d .  A n o t h e r  0 . 5  gm. o f  d i a c i d  
c h l o r i d e  wa s  a d d e d  t o  t h e  e n c a p s u l a t e d  o i l  u n t i l  a s a t u r a t e d  p o i n t  w a s  
o b t a i n e d .  By t h e  o t h e r  m e a n s ,  1 5 . 0  gm. o f  d i a c i d  c h l o r i d e  wa s  a d d e d  and  
s t i r r e d  u n t i l  i t  w a s  c o m p l e t e l y  d i s s o l v e d .

F lo w  C h a r t  I  S o l u b i l i t y  D e t e r m i n a t i o n  o f  D i a c i d  C h l r i d e s .  
SBC o r  TPC BAT o r  DBP

x . x x  gm. 1 0 0 . 0  gm.

Ke pt  i n  a w a t e r  b a t h  a t  t h e -  
t e m p e r a t u r e  o f  3 0 ‘ c

Added i n  0 . 5  gm. and s t i r r e d  u n t i l  d i s s o l v e d  
t h e n  a n o t h e r  a d d i t i o n  o f  0 . 5  gm.

Exa m in ed  t h e  s a t u r a t i o n  p o i n t

2 . 3 , 3 )  R e s u l t s

The s o l u b i l i t y  o f  d i a c i d  c h l o r i d e s  ะ s e b a c o y l  c h l o r i d e  
and t e r e p h t h a l o y l  c h l o r i d e ,  i n  e n c a p s u l a t e d  m a t e r i a l s  o f  b u t y l  a c e t a t e  
and d i b u t y l  p h t h a l a t e  i s  shown i n  T a b l e s  1 ,  2 ,  3 and 4 a s  f o l l o w s  ะ-



Table 1 Solubility of Sebacoyl Chloride in Butyl Acetate.
Sebacoyl Chloride (gm.) in 
100.0 gm. of Butyl Acetate Appearance

0.5 - 10.0 clear solution

Table 2 Solubility of Sebacoyl Chloride in Dibutyl Phthalate.
Sebacoyl Chloride (gm.) in 
100.0 gm. of D1butyl Phthalate Appearance

0.5 - 10.0 clear solution

Table 3 Solubility of Terephthaloyl Chloride in Butyl Acetate.
Terephthaloyl Chloride (gm.) in 
100.0 gm. of Butyl Acetate Appearance

0.5 - 8.0 clear solution
8.5 slightly turbid
9.0 not dissolve

Table 4 Solubility of Terephthaloyl Chloride in Dibutyl Phthalate.
Terephthaloyl Chloride (gm.) in 
100.0 gm. of Dibutyl Phthalate Appearance

0.5 - 4.5 clear solution
5.0 slightly turbid
5.5 significantly turbid
6.0 not dissolve
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2.3.4) Coneไ usions
Sebacoyl chloride can dissolve in butyl acetate or 

dibutyl phthalate in any portion but terephthaloyl chloride has a 
limited solubility as shown in Table 5. The optimum concentration of 
diacid chloride used for microencapsulation should be carefully 
considered.
Table 5 Solubility of Diacid Chloride in the Encapsulated Oil.

Items Solubility in 
100.0 gm.

sebacoyl chloride in butyl acetate infinity
sebacoyl chloride in dibutyl phthalate infinity
terephthaloyl chloride in butyl acetate 9.0 gm.
terephthaloyl chloride in dibutyl phthalate 6.0 gm.

2.4) SOLUBILITY OF DIAHINE IN WATER
2.4.1) Purpose

To d e t e r m i n e  t h e  s o l u b i l i t y  o f  h e x a m e t h y l e n e  d i a m i n e  and  
p a r a - p h e n y l e n e  d i a m i n e  i n  d e i o n i z e d  w a t e r .

2.4.2) Procedure
The s o l u b i l i t y  o f  h e x a m e t h y l e n e  d i a m i n e  and  p a r a -  

p h e n y l e n e  d i a m i n e  i n  d e i o n i z e d  w a t e r  w a s  e x a m i n e d  a s  sh o wn  i n  t h e  F lo w  
C h a r t  2 .  1 0 0 . 0  gm. o f  d e i o n i z e d  w a t e r  wa s  f i r s t l y  w e i g h t e d  i n t o  a 2 5 0  
m l .  b e a k e r  and k e p t  i t  a t  t h e  t e m p e r a t u r e  o f  3 0 ‘ c  i n  a w a t e r  b a t h .  Then
0 . 5  gm. o f  d i a m i n e  wa s  a d d e d  i n t o  t h e  b e a k e r  and wa s  s t i r r e d  u n t i l  i t  
w a s  c o m p l e t e l y  d i s s o l v e d .  A n o t h e r  0 . 5  gm. o f  d i a m i n e  was  a d d e d  t o  t h e  
d e i o n i z e d  w a t e r  u n t i l  t h e  s a t u r a t e d  p o i n t  was  o b t a i n e d .  By t h e  o t h e r



means, 10.0 gm. o f  d iam ine was added and s t i r r e d  u n t i l  i t  was c o m p le te ly
d is s o lv e d .

Flow Chart 2 Solubility Determination of Diamines. 
HMDA or PNDA DIW

x.xx gm. 100.0 gm.
Kept in water bath at the 
temperature of 30’ c

Added in 0.5 gm. and stired until dissolved 
then another addition of 0.5 gm.

Examined the saturation point
2.4,3) Results

The solubility of hexamethylene diamine and 
phenylene diamine in water is shown in Tables 6 and 7.
Table 6 Solubility of Hexamethylene Diamine in Deionized Water.

Hexamethylene Diamine (gm.) in 
100.0 gm. of Deionized Water Appearance

0.5 - 10.0 clear solution

Table I Solubility of Para-phenylene Diamine in Deionized Water.
Para-phenylene Diamine (gm.) in 
100.0 gm. of Deionized Water Appearance

0.5 - 4.0 clear brown solution
4.5 slightly turbid
5.0 not dissolve

para-
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2.4.4) Conclusions
Hexamethylene diamine has an infinite solubility in 

water but the solubility of para-phenylene diamine is saturated at about
5.0 gm. in 100.0 gm. of water as shown in Table 8. The concentrations 
used are correlated to the concentration of diacid chloride in 1:1 mole 
ratio.
Table 8 Solubility of the Diamines in Deionized Water.

Items Solubility in 
100.0 gm.

Hexamethylene diamine in deionized water 
Para-phenylene diamine in deionized water

infinity 
5.0 gm.

2.5) OPTIMUM OIL-TO-WATER PHASE RATIO
2.5.1) Purpose

To find optimum phase ratio of dibutyl phthalate and 
butyl acetate to deionized water.

2.5.2) Procedure
The optimum oil-to-water phase ratio of butyl acetate 

and dibutyl phthalate was examined as shown in the Flow Chart 3 and the
oil to water phase ratio was illustrated in Table 9. 240.0 gm. of
deionized water and 60.0 gm. of encapsulated oil were weighted into a 
500 ml. beaker. This mixture was homogenized with T.K. homogenizer using 
a speed of the propeller at 10,000 rpm. for 5.0 minutes to produce
emulsification. This emulsion was immediately poured into a 500 ml. 
cylinder to measure the separation time, and general appearance was
determined by visual evaluation.

แ พ } ^
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Flow Chart 3 Optimum Oil to Water Phase Ratio Determination.
BAT or DBP DIW

Homogenized with T.K. homogenizer at 
the speed of 10,000 rpm. for 5.0 min.
Poured into a 500 ml. cylinder 
Examined for the separation time

Table 9 Phase Ratio of Encapsulated Oil to Water.
Butyl Acetate (gm.) 
or Dibutyl Phthalate

Deionized Water 
(gm. )

Oil-to-Water Ratio 
(gm. ะ gm.)

60.0 240.0 20:80
90.0 210.0 30:70

120.0 180.0 40:60
150.0 150.0 50:50
180.0 120.0 60:40
210.0 90.0 70:30
240.0 60.0 80:20*

2.5.3) Results
The variation of oil-to-water phase ratio of butyl 

acetate and dibutyl phthalate is shown in Tables 10 and 11 as follows :-
Table 10 Butyl Acetate to Deionized Water Phase Ratio.

0il-to-Water Ratio Rate of Separation and Appearance
20:80 suddenly separated, oil in water
30:70 separated after 12 minutes, oil in water



Table 10 Butyl Acetate to Deionized Water Phase Ratio.

Oil-to-Water Ratio Rate of Separation and Appearance
40:60 separated after 5 minutes, oil in water
50:50 separated after 2 minutes, oil in water
60:40 suddenly separated, water in oil
70:30 suddenly separated, water in oil
80:20 suddenly separated, water in oil

Table 11 Dibutyl Phthalate to Deionized Water Phase Ratio.

Oil-to-Water Ratio Rate of Separation and Appearance
20:80 suddenly separated, oil in water
30:70 separated after 9 minutes, oil in water
40:60 separated after 4 minutes, oil in water
50:50 separated after 1 minutes, oil in water
60:40 suddenly separated, oil in water
70:30 suddenly separated, water in oil .
80:20 suddenly separated, water in oil

2.5.4) Conclusions
The opt i m um  p h a s e  r a t i o  o f  b u t y l  a c e t a t e  and  d i b u t y l  

p h t h a l a t e  t o  d e i o n i z e d  w a t e r  i s  3 0 : 7 0 .  T h i s  r a t i o  w i l l  De u s e d  f o r  n e x t  
e x p e r i m e n t s .

2.6) PROPELLER SPEED AND HOMOGENIZING TIME RANGE
2.6.1) Purpose

To f i n d  t h e  minimum and maximum p r o p e l l e r  s p e e d  and  
h o m o g e n i z i n g  t i m e  t h a t  c a n  d i s p e r s e  t h e  e n c a p s u l a t e d  o i l  i n t o  t h e
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s m a l l e r  d r o p l e t s  w h i c h  h a v e  a d i a m e t e r  o f  a r o u n d  1 . 0 - 1 0 0 . 0  m i c r o m e t e r s .

2.6.2) Procedure
E m u l s i f i e r  s o l u t i o n s  w e r e  p r e p a r e d  b y  u s i n g  t h e  w e i g h t s  

l i s t e d  i n  T a b l e  1 2 .  PVA o r  SMA wa s  b o i l e d  i n  d e i o n i z e d  w a t e r  a t  8 0 ' C  f o r  
o n e  h o u r  t o  make a c o m p l e t e l y  s o l u b l e  s o l u t i o n  an d  t h e n  t h e  s o l u t i o n  o f  
PVA o r  SMA w a s  c o o l e d  t o  3 0 ‘ C. POLE and SDBS w e r e  d i s s o l v e d  i n  d e i o n i z e d  
w a t e r  a t  3 0 ‘ C. To  a 5 0 0  m l .  b e a k e r ,  2 1 0 . 0  gm. o f  e m u l s i f i e r  s o l u t i o n  and
9 0 . 0  gm. o f  e n c a p s u l a t e d  o i l  w e r e  a d d e d .  T h i s  m i x t u r e  wa s  h o m o g e n i z e d  
w i t h  a T . K .  h o m o g e n i z e r  a t  t h e  p r o p e l l e r  s p e e d s  an d  h o m o g e n i z e d  t i m e s  
w h i c h  a r e  sh o wn  i n  t h e  T r e e  D i a g r a m  1.

F lo w  C h a r t  4 P r o c e d u r e  o f  P r o p e l l e r  S p e e d  and  H o m o g e n i z i n g  Ti me R a n g e .  
BAT o r  DBP DIW PVA, SMA, POLE o r  SDBS

D i s s o l v e d ท t h e  s e t  c o n d i t i o n  
H o m o g e n i z e d  by  a T . K .  h o m o g e n i z e r  
S p e e d  an d h o m o g e n i z e d  t i m e  d e s i g n e d  
i n  t h e  T r e e  D i a g r a m  1

E x a m i n e d  s e p a r a t i o n ^ a n d  a v e r a g e  p a r t i c l e  s i z e

The  t o t a l  a m o un t  o f  e m u l s i f i e r  w a s  7 .5% o f  e n c a p s u l a t e d  
o i l ,  t h e  o i l - t o - w a t e r  p h a s e  r a t i o  w a s  3 0 : 7 0  พ / พ ,  t h e  p r o p e l l e r  s p e e d s  
w e r e  c h o s e n  a t  2 , 0 0 0 ,  6 , 0 0 0  and  1 0 , 0 0 0  rpm. and t h e  h o m o g e n i z e d  t i m e s  
w e r e  s e l e c t e d  a t  3 0 ,  90 and 150  s e c o n d s .
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T a b l e  12 F o r m u l a t i o n  o f  E n c a p s u l a t e d  O i l s  i n  V a r i o u s  E m u l s i f i e r s .

T a b l e  1 2 - 1  F o r m u l a t i o n s  o f  B u t y l  A c e t a t e  i n  V a r i o u s  E m u l s i f i e r s .

A s s i g n e d  Name BPV BSM BPO BSD BDI

C h e m i c a l s ( g m . ) ( g m . ) ( g m . ) (gm.  ) (gm.  )

BAT 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0

PVA 6 . 7 5

SMA 6 . 7 5

POLE 6 . 7 5

SDBS 1 9 . 2 9

DIW 2 0 3 . 2 5 2 0 3 . 2 5 2 0 3 . 2 5 1 9 0 . 7 1 2 1 0 . 0 0

TOTAL 3 0 0 . 0 0 3 0 0 . 0 0 3 0 0 . 0 0 3 0 0 . 0 0 3 0 0 . 0 0

T a b l e  1 2 - 2  F o r m u l a t i o n s o f  D i b u t y l  P h t h a l a t e  i n  V a r i o u s  E m u l s i f i

A s s i g n e d  Name DPV DSM DPO DSD DDI

C h e m i c a l s (gm. ) (gm.  ) ( g m . ) (gm.  ) (gm.  )

DBP 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0

PVA 6 . 7 5

SMA 6 . 7 5

POLE 6 . 7 5

SDBS 19.29
DIW 203.25 203.25 203.25 190.71 2 1 0 . 0 0

TOTAL 300.00 300.00 300.00 300.00 300.00



T r e e  D i a g r a m  i  P r o p e l l e r  S p e e d  and  H o m o g e n i z i n g  Ti m e V a r i a t i o n s .

O i l E m u l s i f i e r S p e e d T ime

1-  PVA

-  SMA

*—

I -  BAT - -  DIW

POLE

L- SDBS

I -  PVA

-  SMA

DBP - -  DIW

-  POLE

L- SDBS

2 , 0 0 0 rpm. 30 s e c .
6 , 0 0 0 rpm. 90 s e c .

1 0 , 0 0 0 rpm. 150 s e c .

2 , 0 0 0 rpm. 30 s e c .
6 , 0 0 0 rpm. 90 s e c .

1 0 , 0 0 0 rpm. 150 s e c .

2 , 0 0 0 rpm. 30 s e c .
6, 0 0 0 rpm. 90 s e c .

1 0 , 0 0 0 rpm. 150 s e c .

2 , 0 0 0 rpm. 30 s e c .
6 , 0 0 0 rpm. 90 s e c .

1 0 , 0 0 0 rpm. 150 s e c .

2 , 0 0 0 rpm. 30 s e c .
6, 0 0 0 rpm. 90 s e c .

1 0 , 0 0 0 rpm. 150 s e c .

2 , 0 0 0 rpm. 30 s e c .
6, 0 0 0 rpm. 90 s e c .

1 0 , 0 0 0 rpm. 150 s e c .

2 , 0 0 0 rpm. 30 s e c .
6 , 0 0 0 rpm. 90 s e c .

1 0 , 0 0 0 rpm. 150 s e c .

2 , 0 0 0 rpm. 30 s e c .
6, 0 0 0 rpm. 90 s e c .

1 0 , 0 0 0 rpm. 150 s e c .

2 , 0 0 0 rpm. 30 s e c .
6, 0 0 0 rpm. 90 s e c .

1 0 , 0 0 0 rpm. 150 s e c .

2 , 0 0 0 rpm. 30 s e c .
6, 0 0 0 rpm. 90 s e c .

1 0 , 0 0 0 rpm. 150 s e c .

A s s i g n e d  Name

B P V 0 2 0 / 0 3 0
B P V 0 6 0 / 0 9 0
B P V 1 0 0 / 1 5 0

B S M 0 2 0 / 0 3 0
B S M 0 6 0 / 0 9 0
B S M 1 0 0 / 1 5 0

B D I 0 2 0 / 0 3 0
B D I 0 6 0 / 0 9 0
B D I 1 0 0 / 1 5 0

B P 0 0 2 0 / 0 3 0
B P 0 0 6 0 / 0 9 0
B P 0 1 0 0 / 1 5 0

B S D 0 2 0 / 0 3 0
B S D 0 6 0 / 0 9 0
B S D 1 0 0 / 1 5 0

D P V 0 2 0 / 0 3 0
D P V 0 6 0 / 0 9 0
D P V 1 0 0 / 1 5 0

D SM 0 2 0 /0 3 0
D SM 0 6 0 /0 9 0
D SM 1 0 0 /1 5 0

D D I 0 2 0 / 0 3 0  
D D I 0 6 0 / 0 9 0  
DD I1 0 0 / 1 5 0

D P 0 0 2 0 / 0 3 0
D P 0 0 6 0 / 0 9 0
D P 0 1 0 0 / 1 5 0

D S D 0 2 0 / 0 3 0
D S D 0 6 0 / 0 9 0
D S D 1 0 0 / 1 5 0
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2 . 6 . 3 )  A n a l y s i s  M e t h o d s

2 . 6 . 3 . 1 )  E m u l s i o n  s t a b i 1 i t y

1 0 0 . 0  m l .  o f  t h e  e m u l s i o n  w a s  p o u r e d  i n t o  a  
100  m l .  c y l i n d e r  an d  a s t o p  w a t c h  w a s  u s e d  t o  m e a s u r e  t h e  r a t e  o f  p h a s e  
s e p a r a t i o n .  Th e  v o l u m e  o f  t h e  s e p a r a t e d  e m u l s i o n  wa s  m e a s u r e d  
a f t e r  o n e  h o u r .

2 . 6 . 3 . 2 )  A v e r a g e  P a r t i c l e  S i z e

D i s p e r s i n g  l i q u i d  w a s  p r e p a r e d  by  d i s s o l v i n g
0 . 0 1  gm. o f  a c r y l a m i d e - a c r y l i c  a c i d  c o p o l y m e r  i n  1 0 0 0 . 0  gm. o f  
d e i o n i z e d  w a t e r .  T h i s  i s  a  w a t e r  c l e a r  an d  h i g h  v i s c o s i t y  s o l u t i o n .  
D i s p e r s i o n  l i q u i d  w a s  f i r s t l y  p o u r e d  i n t o  a s p e c t r o p h o t o m e t r i c  g l a s s  
c e l l  and  t h e  t r a n s m i t t a n c e  w a s  a d j u s t e d  t o  1 0 0 . 0 *  a t  t h e  w a v e - l e n g t h  o f  
4 0 0  n a n o m e t e r .  S u b s e q u e n t l y  t h e  t r a n s m i t t a n c e s  o f  d i s p e r s i n g  l i q u i d  w e r e  
c a r r i e d  o u t  a t  4 5 0 ,  5 0 0 ,  5 5 0 ,  6 0 0  n a n o m e t e r  w h i c h  w e r e  t h e  b l a n k  v a l u e s  
o f  t h e  s o l u t i o n .  The  e m u l s i o n  o f  e n c a p s u l a t e d  o i l  wa s  d i l u t e d  w i t h  t h i s  
d i s p e r s i n g  l i q u i d  u n t i l  t h e  t r a n s m i t t a n c e  a t  4 0 0  n a n o m e t e r  w a s  6 5 . 0 *  
t h e n  w e r e  m e a s u r e d  t h e  t r a n s m i t t a n c e s  a t  4 5 0 ,  5 0 0 ,  5 5 0  an d  6 0 0  n a n o m e t e r  
w h i c h  w e r e  c o n s i d e r e d  a s  t h e  s a m p l e  v a l u e s .  C a l c u l a t i o n  w a s  p e r f o r m e d  by  
u s i n g  an IBM p e r s o n a l  c o m p u t e r  and  a s o f t w a r e  o f  S i z e C a l c  p r o g r a m  
( A p p e n d i x  I )  t o  o b t a i n  t h e  a v e r a g e  p a r t i c l e  d i a m e t e r  o f  t h e  e n c a p s u l a t e d  
o i l  d r o p l e t s .

2 . 6 . 4 )  R e s u l t s

The  v a r i a t i o n  o f  p r o p e l l e r  s p e e d s  and  a g i t a t i o n  t i m e s  o f  
h o m o g e n i z e r  t o  p r o d u c e  o i l - i n - w a t e r  e m u l s i o n  i n  w h i c h  o i l  d r o p l e t s  w i t h  
a d i a m e t e r  b e t w e e n  1 . 0 - 1 0 0 . 0  m i c r o m e t e r s  a r e  s h o w e d  on  T a b l e s  1 3 ,  1 4 ,
1 5 ,  1 6 ,  17 and  18 a s  f o l l o w s  ะ-
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Table 13 Appearance o f Butyl A cetate D roplets a f te r  2 ,000 rpm. o f Shear
and 30 se c . o f Homogenizing Time in Various E m u lsifiers .

E m u l s i f i e r s  & 
A s s i g n e d  Name

A p p e a r a n c e  
a f t e r  1 h o u r

A p p e a r a n c e  
a f t e r  3 h o u r s

A v e r a g e  D i a m e t e r  
( m i c r o m e t e r s )

PVA - B P V 0 2 0 / 0 3 0 no  s e p a r a t i o n 20% s e p a r a t i o n 9 5 . 0
SMA - B S M 0 2 0 / 0 3 0 6 0 X s e p a r a t i o n I O O X s e p a r a t i o n 1 1 0 . 0
P O L E - B P 0 0 2 0 / 0 3 0 no  s e p a r a t i o n no  s e p a r a t i o n 9 . 0
S D B S - B S D 0 2 0 / 0 3 0 no  s e p a r a t i o n 5 X s e p a r a t i o n 2 . 0
DIW - B D I 0 2 0 / 0 3 0 i O O X s e p a r a t i o n I O O X s e p a r a t i o n c a n n o t  b e  m e a s u r e d

T a b l e  14  A p p e a r a n c e  o f  B u t y l  A c e t a t e  D r o p l e t s  a f t e r  6 , 0 0 0  rpm. o f  S h e a r  
an d 9 0  s e c .  o f  H o m o g e n i z i n g  Time i n  V a r i o u s  E m u l s i f i e r s .

E m u l s i f i e r s  & 
A s s i g n e d  Name

A p p e a r a n c e  
a f t e r  1 h o u r

A p p e a r a n c e  
a f t e r  3 h o u r s

A v e r a g e  D i a m e t e r  
( m i c r o m e t e r s )

PVA - B P V 0 6 0 / 0 9 0 no  s e p a r a t i o n 1 0 X s e p a r a t i o n 4 5 . 0
SMA - B S M 0 6 0 / 0 9 0 5 0 X s e p a r a t i o n 1 0 0 X s e p a r a t i o n 8 0 . 0
P O L E - B P 0 0 6 0 / 0 9 0 no  s e p a r a t i o n no  s e p a r a t i o n 3 . 0
S D B S - B S D 0 6 0 / 0 9 0 no  s e p a r a t i o n no  s e p a r a t i o n 0 . 6
DIW - B D I 0 6 0 / 0 9 0 I O O X s e p a r a t i o n 1 0 0 X s e p a r a t i o n c a n n o t  be  m e a s u r e d

T a b l e  1 5  A p p e a r a n c e  o f  B u t y l  A c e t a t e  D r o p l e t s  a f t e r  1 0 , 0 0 0  rpm. o f  
S h e a r  and  150  s e c .  o f  H o m o g e n i z i n g  Time i n  V a r i o u s  E m u l s i f i e r s .

E m u l s i f i e r s  & A p p e a r a n c e A p p e a r a n c e A v e r a g e  D i a m e t e r
A s s i g n e d  Name a f t e r  1 h o u r a f t e r  3 h o u r s ( m i c r o m e t e r s )

PVA - B P V 1 0 0 / 1 5 0 n o t  s e p a r a t i o n 5 X s e p a r a t i o n 2 0 . 0
SMA -BSM10 0 / 1 5 0 3 0 X s e p a r a t i o n 1 0 0 X s e p a r a t i o n 6 5 . 0
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Table 15 Appearance o f Butyl A cetate D roplets a f te r  10,000 rpm. o f
Shear and 150 s e c . o f  Homogenizing Time in Various E m u lsifiers .

E m u l s i f i e r s  & 
A s s i g n e d  Name

A p p e a r a n c e  
a f t e r  1 h o u r

A p p e a r a n c e  
a f t e r  3 h o u r s

A v e r a g e  D i a m e t e r  
( m i c r o m e t e r s )

P O L E - B P 0 1 0 0 / 1 5 0 no  s e p a r a t i o n no  s e p a r a t i o n 0 . 9
S D B S - B S D 1 0 0 / 1 5 0 no  s e p a r a t i o n no  s e p a r a t i o n 0 . 4
DIW - B D I 1 0 0 / 1 5 0 1 0 0 X s e p a r a t i o n 1 0 0 X s e p a r a t i o n c a n n o t  b e  m e a s u r e d

T a b l e  16 A p p e a r a n c e  o f  D i b u t y l  P h t h a l a t e  D r o p l e t s  a f t e r  2 , 0 0 0  rpm. o f  
S h e a r  a nd  3 0  s e c .  o f  H o m o g e n i z i n g  Ti m e i n  V a r i o u s  E m u l s i f i e r s .

E m u l s i f i e r s  & 
A s s i g n e d  Name

A p p e a r a n c e  
a f t e r  1 h o u r

A p p e a r a n c e  
a f t e r  3 h o u r s

A v e r a g e  D i a m e t e r  
( m i c r o m e t e r s )

PVA - D P V 0 2 0 / 0 3 0 no  s e p a r a t i o n 1 5 X s e p a r a t i o n 7 0 . 0
SMA - D S M 0 2 0 / 0 3 0 4 5 X s e p a r a t i o n 1 0 0 X s e p a r a t i o n 9 7 . 0
P O L E - D P 0 0 2 0 / 0 3 0 n o  s e p a r a t i o n no  s e p a r a t i o n 1 2 . 0
S D B S - D S D 0 2 0 / 0 3 0 n o  s e p a r a t i o n 1 0 X s e p a r a t i o n 6 . 0
DIW - D D I 0 2 0 / 0 3 0 1 0 0 X s e p a r a t i o n 1 0 0 X s e p a r a t i o n c a n n o t  b e  m e a s u r e d

T a b l e  I I  A p p e a r a n c e  o f  D i b u t y l  P h t h a l a t e  D r o p l e t s  a f t e r  6 , 0 0 0  rpm. o f  
S h e a r  and  90  s e c .  o f  H o m o g e n i z i n g  Ti m e i n  V a r i o u s  E m u l s i f i e r s .

E m u l s i f i e r s  & 
A s s i g n e d  Name

A p p e a r a n c e  
a f t e r  1 h o u r

A p p e a r a n c e  
a f t e r  3 h o u r s

A v e r a g e  D i a m e t e r  
( m i c r o m e t e r s )

PVA - D P V 0 6 0 / 0 9 0 no  s e p a r a t i o n 5 X s e p a r a t i o n 3 6 . 0
SMA - D S M 0 6 0 / 0 9 0 3 0 X s e p a r a t i o n 9 0 X s e p a r a t i o n 8 2 . 0
P O L E - D P 0 0 6 0 / 0 9 0 no  s e p a r a t i o n no s e p a r a t i o n 7 . 0
S D B S - D S D 0 6 0 / 0 9 0 no  s e p a r a t i o n no s e p a r a t i o n 1 . 2
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Table 17 Appearance o f  D ibutyl Phthalate D roplets a f te r  6 ,000 rpm. o f
Shear and 90 se c . o f  Homogenizing Time in Various E m u lsifiers .

E m u l s i f i e r s  & 
A s s i g n e d  Name

A p p e a r a n c e  
a f t e r  1 h o u r

A p p e a r a n c e  
a f t e r  3 h o u r s

A v e r a g e  D i a m e t e r  
( m i c r o m e t e r s )

DIW - D D I 0 6 0 / 0 9 0 1 0 0 % s e p a r a t i o n 1 0 0 % s e p a r a t i o n c a n n o t  b e  m e a s u r e d

T a b l e  1 8  A p p e a r a n c e  o f  D i b u t y l  P h t h a l a t e  D r o p l e t s  a f t e r  1 0 , 0 0 0  rpm. o f  
S h e a r  and  1 5 0  s e c .  o f  H o m o g e n i z e d  Time i n  V a r i o u s  E m u l s i f i e r s .

E m u l s i f i e r s  & 
A s s i g n e d  Name

A p p e a r a n c e  
a f t e r  1 h o u r

A p p e a r a n c e  
a f t e r  3 h o u r s

A v e r a g e  D i a m e t e r  
( m i c r o m e t e r s )

PVA - D P V 1 0 0 / 1 5 0 no  s e p a r a t i o n n o  s e p a r a t i o n 1 8 . 0
SMA - D S M 1 0 0 / 1 5 0 2 0 % s e p a r a t i o n 7 0 % s e p a r a t i o n 6 9 . 0
P O L E - D P 0 1 0 0 / 1 5 0 n o  s e p a r a t i o n no  s e p a r a t i o n 3 . 5
SDBS-DSD10 0 / 1 5 0 n o  s e p a r a t i o n n o  s e p a r a t i o n 0 . 8
DIW - D D I 1 0 0 / 1 5 0 1 0 0 % s e p a r a t i o n 1 0 0 % s e p a r a t i o n c a n n o t  b e  m e a s u r e d

2 . 6 . 5 )  C o n c l u s i o n s

1)  Th e  o r d e r  o f  e m u l s i o n  s t a b i l i t y  when u s i n g  v a r i o u s  
e m u l s i f i e r s  i s  i n  t h e  f o l l o w i n g  t r e n d  ะ SDBS > POLE >> PVA >>> SMA. 
Where  d e i o n i z e d  w a t e r  wa s  u s e d  i n s t e a d ,  t h e  s t a b i l i t y  o f  e m u l s i o n  c o u l d  
n o t  be  e v a l u a t e d  d u e  t o  i t s  i m m e d i a t e  p h a s e  s e p a r a t i o n  a f t e r  
h o m o g e n i z i n g .

2 )  The a v e r a g e  p a r t i c l e  s i z e s  o f  o i l  d r o p l e t s  w e r e  i n  
t h e  r a n g e  o f  1 . 0  t o  1 0 0 . 0  m i c r o m e t e r s  w h i c h  c o u l d  o n l y  be  p r o d u c e d  when  
t h e  p r o p e l l e r  s p e e d s  b e t w e e n  2 , 0 0 0  and 1 0 , 0 0 0  rpm. and h o m o g e n i z i n g  
t i m e s  f r o m  30  t o  150  s e c .  w e r e  e m p l o y e d .
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3 )  The  h i g h e r  t h e  p r o p e l l e r  s p e e d ,  t h e  s m a l l e r  t h e  
a v e r a g e  d i a m e t e r  o f  t h e  p a r t i c l e s  b a s e d  on  t h e  same t y p e  o f  c h e m i c a l s .

4 )  The  h i g h e r  t h e  p r o p e l l e r  s p e e d ,  t h e  h i g h e r  t h e  
s t a b i l i t y  o f  e m u l s i o n .

2.7) MICROENCAPSULATION PROCESSES
2.7.1) Purpose

To s t u d y  t h e  e f f e c t  o f  n o n - e m u l s i f i e r  m i c r o e n c a p s u l a t i o n  
s y s t e m  i n  c o m p a r i s o n  b e t w e e n  a d d i t i o n  e m u l s i o n  t o  d i a m i n e  s o l u t i o n  
p r o c e s s  an d  a d d i t i o n  d i a m i n e  s o l u t i o n  t o  e m u l s i o n  p r o c e s s .

2.7.2) Synthesis Method
The e n c a p s u l a t e d  m i c r o c a p s u l e s  o f  b u t y l  a c e t a t e  and  

d i b u t y l  p h t h a l a t e  w e r e  s y n t h e s i z e d  by  f o l l o w i n g  t h e  s t e p s  i n  t h e  F lo w  
C h a r t s  5 an d  6 .  Th e  s o l u t i o n  o f  d i a c i d  c h l o r i d e  and  d i a m i n e  wa s  p r e p a r e d  
by u s i n g  f o r m u l a t i o n s  w h i c h  w e r e  shown i n  T a b l e s  19 and  2 0 .  T r e e  D i a g r a m  
2 wa s  d e s i g n e d  f o r  t h i s  e x p e r i m e n t  t o  e a s e  t h e  e x p e r i m e n t a l  w o r k s .  
P o l y ( h e x a m e t h y l e n e  s e b a c a m i d e )  and  p o l y C p a r a - p h e n y l e n e  t e r e p h t h a l a m i d e )  
m i c r o c a p s u l e s  w e r e  s y n t h e s i z e d  by  i n t e r f a c i a l  p o l y c o n d e n s a t i o n  r e a c t i o n  
o f  s e b a c o y l  c h l o r i d e  w i t h  h e x a m e t h y l e n e  d i a m i n e  a t  1 0 'C  and
t e r e p h t h a l o y l  c h l o r i d e  w i t h  p a r a - p h e n y l e n e  d i a m i n e  a t  3 0 ‘ C,  
r e s p e c t i v e l y .

2 , 7 . 2 . 1 )  A d d i t i o n  o f  E m u l s i o n  t o  D i a m i n e  S o l u t i o n

T a b l e s  19 and 20 s h o w e d  t h e  w e i g h t s  o f  
c h e m i c a l s  f o r  t h e  p r e p a r a t i o n  o f  t h e  s t o c k  s o l u t i o n s  o f  d i a c i d  c h l o r i d e
and d i a m i n e .  Th e  s t o c k  s o l u t i o n s  w e r e  k e p t  i n  a w a t e r  b a t h  t o  m a i n t a i n
t h e  s o l u t i o n  t e m p e r a t u r e  a t  1 0 ° c  f o r  s e b a c o y l  c h l o r i d e  s o l u t i o n  and 3 0 ° c  
f o r  t e r e p h t h a l o y l  c h l o r i d e  s o l u t i o n .  2 1 0 . 0  gm. o f  d e i o n i z e d  w a t e r  and
9 0 . 0  gm. o f  d i a c i d  c h l o r i d e  s o l u t i o n  w e r e  t r a n s f e r r e d  t o  a T .K .
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H o m o g e n i z e r  v e s s e l  t o  b e  d i s p e r s e d  a t  t h e  p r o p e l l e r  s p e e d  o f  6 , 0 0 0  rpm.  
f o r  3 0 0  s e c .  C o n c u r r e n t l y ,  2 0 0  gm. o f  d i a m i n e  s o l u t i o n  i n  5 0 0  m l .  b e a k e r  
wa s  a g i t a t e d  s e p a r a t e l y  w i t h  an H e i d o n  l a b o r a t o r y  s t i r r e r .  The  e m u l s i o n  
o f  d i a c i d  c h l o r i d e  s o l u t i o n  wa s  t h e n  a d d e d  i n t o  t h e  d i a m i n e  s o l u t i o n  and  
a g i t a t e d  w i t h  t h e  p r o p e l l e r  s p e e d  o f  4 0 0 - 6 0 0  rpm. f o r  30  m i n .  t o  f o r m  
t h e  p o l y a m i d e  s h e l l  a t  t h e  i n t e r f a c e  and t h e  p o l y m e r  s h e l l  e n c a p s u l a t e d  
o i l  d r o p l e t s  d i s p e r s e d  and  d i f f u s e d  f r o m  t h e  e m u l s i o n  l a y e r .

F lo w  C h a r t  5 S y n t h e s i s  Method  f o r  A d d i t i o n  o f  E m u l s i o n  t o  D i a m i n e  
S o l u t i o n ,

SBC o r  TPC BAT o r  DBP DIW

D i s s o l v e d  and a d j u s t e d  t h e  
t e m p e r a t u r e  t o  1 0 ‘ c  o r  3 0 '  c

A g i t a t e d  a t  4 0 0  -  6 0 0  rpm. by  
an H e i d o n  l a b o r a t o r y  s t i r r e r  t o  
fo rm  a p o l y m e r  s h e l l  f o r  30 m i n u t e s  

A q u e o u s  s u s p e n s i o n  o f  
p o l y m e r i c  m i c r o c a p s u l e s

2 . 7 . 2 . 2 1  A d d i t i o n  o f  D i a m i n e  S o l u t i o n  t o  E m u l s i o n

D i s s o l v e d  and a d j u s t e d  t h e  
t e m p e r a t u r e  t o  10°  c  o r  3 0 °  c t o  10°  c  o r  3 0 °  c

E m u l s i f i e d  a t  6 , 0 0 0  rpm. f o r  3 0 0  s e c .
HMDA o r  PNDA NaOH DIW

t e m p e r a t u r e  t o  10°  c  o r  3 0 °  c

T a b l e s  19 and 20 s h o w e d  t h e  w e i g h t s  o f  
c h e m i c a l s  f o r  t h e  p r e p a r a t i o n  o f  t h e  s t o c k  s o l u t i o n s  o f  d i a c i d  c h l o r i d e
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and d i a m i n e .  The  s t o c k  s o l u t i o n s  w e r e  k e p t  i n  a w a t e r  b a t h  t o  m a i n t a i n  
t h e  s o l u t i o n  t e m p e r a t u r e  a t  1 0 °c f o r  s e b a c o y l  c h l o r i d e  s o l u t i o n  and  3 0 ° c  

f o r  t e r e p h t h a l o y l  c h l o r i d e  s o l u t i o n .  2 1 0 . 0  gm. o f  d e i o n i z e d  w a t e r  and
9 0 . 0  gm. o f  d i a c i d  c h l o r i d e  s o l u t i o n  w e r e  t r a n s f e r r e d  t o  a T .K .  
H o m o g e n i z e r  v e s s e l  t o  be  d i s p e r s e d  a t  t h e  p r o p e l l e r  s p e e d  o f  6 , 0 0 0  rpm.  
f o r  3 0 0  s e c .  I m m e d i a t e l y ,  t h e  e m u l s i o n  was  p o u r e d  i n t o  5 0 0  m l .  b e a k e r  
and a g i t a t e d  w i t h  an H e i d o n  l a b o r a t o r y  s t i r r e r  a t  t h e  p r o p e l l e r  s p e e d s  
o f  4 0 0 - 6 0 0  r p m . ,  t h e n  2 0 0  gm. o f  t h e  d i a m i n e  s o l u t i o n  was  c o n t i n u o u s l y  
a d d e d  i n t o  t h e  e m u l s i o n  and  f u r t h e r  a g i t a t e d  f o r  3 0  m i n .  t o  f o r m  t h e  
p o l y a m i d e  s h e l l  a t  t h e  i n t e r f a c e  and t h e  p o l y m e r  s h e l l  e n c a p s u l a t e d  t h e  
o i l  d r o p l e t s  d i s p e r s e d  and  d i f f u s e d  fr o m  t h e  e m u l s i o n  l a y e r .

F lo w  C h a r t  6 S y n t h e s i s  M eth od  f o r  A d d i t i o n  o f  D i a m i n e  S o l u t i o n  t o  

E m u l s i o n .
SBC o r  TPC BAT o r  DBP DIW

D i s s o l v e d  and  a d j u s t e d  t h e  
t e m p e r a t u r e  t o  1 0 '  c  o r  3 0 °  c t o  1 0 '  c  o r  3 0 '  c

E m u l s i f y  a t  6 , 0 0 0  rpm. f o r  3 0 0  s e c .
HMDA o r  PNDA NaOH DIW

D i s s o l v e d  and  a d j u s t e d  t h e  
t e m p e r a t u r e  t o  1 0 '  c o r  3 0 '  c

A g i t a t e d  a t  4 0 0  -  6 0 0  rpm. by  an 
H e i d o n  l a b o r a t o r y  s t i r r e r  t o  
fo rm  p o l y m e r  s h e l l  f o r  30  m i n u t e s

A q u e o u s  s u s p e n s i o n  o f
p o l y m e r i c  m i c r o c a p s u l e s
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Tree Diagram 2 Nomenclature o f M icroencapsulation  Process w ithout
E m u lsifiers .

Monomer O i l P r o c e s s S p e e d T ime A s s i g n e d  Name
rpm. s e c .

r  BAT E m u l s i o n / d i a m i n e 6 , 0 0 0 3 0 0 S B - E / D
-  BAT D i a m i n e / e m u l s i o n 6 , 0 0 0 3 0 0 SB -D / E

[ -  SBC + HMDA -
-  DBP E m u l s i o n / d i a m i n e 6 , 0 0 0 3 0 0 SD -E /D
L- DBP D i a m i n e / e m u l s i o n 6 , 0 0 0 3 0 0 SD -D /E
r  BAT E m u l s i o n / d i a m i n e 6 , 0 0 0 3 0 0 TB -E /D
-  BAT D i a m i n e / e m u l s i o n 6 , 0 0 0 3 0 0 TB -D/E

L  TPC + PNDA -
-  DBP E m u l s i o n / d i a m i n e 6 , 0 0 0 3 0 0 TD-E/D
L- DBP D i a m i n e / e m u l s i o n 6 , 0 0 0 3 0 0 TD-D /E

T a b l e  19 P o l y ( h e x a m e t h y l e n e  s e b a c a m i d e )  M i c r o c a p s u l e s  F o r m u l a t i o n .

A s s i g n e d  Name S B - E / D S B - D / E S D - E / D SD -D /E
C h e m i c a l s (gm. ) (gm.  ) (gm.  ) (gm. )

SBC 9 . 2 8 9 . 2 8 9 . 2 8 9 . 2 8
BAT 8 0 . 7 2 8 0 . 7 2
DBP 8 0 . 7 2 8 0 . 7 2

DIW 2 1 0 . 0 0 2 1 0 . 0 0 2 1 0 . 0 0 2 1 0 . 0 0

HMDA 4 . 5 0 4 . 5 0 4 . 5 0 4 . 5 0
NaOH 3 . 0 1 3 . 0 1 3 . 0 1 3 . 0 1
DIW 1 9 2 . 4 9 1 9 2 . 4 9 1 9 2 . 4 9 1 9 2 . 4 9
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T a b l e  2 0  P o l y C p a r a - p h e n y l e n e  t e r e p h t h a l a m i d e )  M i c r o c a p s u l e s  
F o r m u l a t i o n .

A s s i g n e d  Name TB -E /D TB -D /E TD-E /D TD-D/E
C h e m i c a l s (gm.  ) (gm.  ) (gm.  ) (gm.  )

TPC 6 . 0 6 6 . 0 6 6 . 0 6 6 . 0 6
BAT 8 3 . 9 4 8 3 . 9 4
DBP 8 3 . 9 4 8 3 . 9 4

DIW 2 1 0 . 0 0 2 1 0 . 0 0 2 1 0 . 0 0 2 1 0 . 0 0

PNDA 3 . 2 9 3 . 2 9 3 . 2 9 3 . 2 9
NaOH 2 . 3 7 2 . 3 7 2 . 3 7 2 . 3 7
DIW 1 9 4 . 3 4 1 9 4 . 3 4 1 9 4 . 3 4 1 9 4 . 3 4

2.7.3) Analysis Method
The p h e n o m e n a  o f  e a c h  s t e p s  w e r e  v i s u a l  e v a l u a t e d  and  

c o m p a r e d  t h e  f i n a l  p r o d u c t s  i n  t e r m  o f  u n i f o r m i t y  and  g e n e r a l  a p p e a r a n c e  
o f  t h e  m i c r o c a p s u l e s  i n  a q u e o u s  s u s p e n s i o n .

2.7.4) Results
I n  t h e s e  s y n t h e s i s  p r o c e s s e s ,  t h e  e f f e c t  o f  a d d i t i o n  

r o u t e s  o n  m i c r o e n c a p s u l a t i o n  i n  t h e  a b s e n c e  o f  e m u l s i f i e r  wa s  c o m p a r e d ,
i . e .  t h e  a d d i t i o n  o f  t h e  e m u l s i o n  t o  t h e  d i a m i n e  s o l u t i o n  and v i c e  v e r s a  
a r e  g i v e n  i n  T a b l e s  21 and  22  a s  f o l l o w s  ะ-
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T a b l e  2 1  P o l y ( h e x a m e t h y l e n e  s e b a c a m i d e )  M i c r o c a p s u l e s  C o n t a i n i n g  B u t y l  
A c e t a t e  and  D i b u t y l  P h t h a l a t e  i n  D i f f e r e n t  A d d i t i o n  R o u t e s .

A s s i g n e d  Name A p p e a r a n c e  a f t e r  A d d i t i o n

S B - E / D
S B - D / E
SD - E / D
SD - D/ E

d i s p e r s e  t o  u n i f o r m  s u s p e n s i o n  
a g g l o m e r a t e  s u d d e n l y  t o  b e c o m e  b i g  lu m p s  
d i s p e r s e  t o  u n i f o r m  s u s p e n s i o n  
a g g l o m e r a t e  s u d d e n l y  t o  b e c o m e  b i g  lu m p s

T a b l e  22  P o l y C p a r a - p h e n y l e n e  t e r e p h t h a l a m i d e )  M i c r o c a p s u l e s  C o n t a i n i n g  
B u t y l  A c e t a t e  and  D i b u t y l  P h t h a l a t e  i n  D i f f e r e n t  A d d i t i o n  
R o u t e s .

A s s i g n e d  Name A p p e a r a n c e  a f t e r  A d d i t i o n

TB -E /D
TB -D /E
TD-E/D
TD-D/E

d i s p e r s e  t o  u n i f o r m  s u s p e n s i o n  
a g g l o m e r a t e  s u d d e n l y  t o  be c o m e  b i g  lu m p s  
d i s p e r s e  t o  u n i f o r m  s u s p e n s i o n  
a g g l o m e r a t e  s u d d e n l y  t o  b e c o m e  b i g  lu m p s

2 . 7 . 5 )  C o n c l u s i o n s

p r o c e s s
a q u e o u s

The  a d d i t i o n  o f  t h e  
g i v e s  b e t t e r  u n i f o r m i t y  and  

s u s p e n s i o n  m i c r o c a p s u l e s  t h a n

e m u l s i o n  t o  t h e  d i a m i n e  s o l u t i o n  
e n c a p s u l a t i o n  e f f i c i e n c y  o f  t h e  
t h a t  o f  t h e  v i c e  v e r s a  a d d i t i o n .
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2 . 8 )  EFFECTS OF MONOMERS. ENCAPSULATED MATERIALS AND EMULSIFIERS ON THE 
PROPERTIES OF MICROCAPSULES

2 . 8 . 1 )  P u r p o s e

1)  To c o m p a r e  t h e  p r o p e r t i e s  o f  p o l y m e r  s h e l l s  
s y n t h e s i z e d  by  d i f f e r e n t  m o n o m e r - p a i r s .  P o l y ( h e x a m e t h y l e n e  s e b a c a m i d e )  
wa s  s y n t h e s i z e d  by  s e b a c o y l  c h l o r i d e  r e a c t i n g  w i t h  h e x a m e t h y l e n e  
d i a m i n e ;  and  p o l y ( p a r a - p h e n y l e n e  t e r e p h t h a l a m i d e )  u s i n g  t e r e p h t h a l o y l  
c h l o r i d e  r e a c t s  w i t h  p a r a - p h e n y l e n e  d i a m i n e .  E n c a p s u l a t e d  o i l s  and  
e m u l s i f i e r s  w e r e  a l s o  v a r i e d  t o  o b s e r v e  t h e  p r o p e r t i e s  o f  t h e  p o l y m e r  
s h e l l .

2 )  To c o m p a r e  t h e  e n c a p s u l a t i o n  e f f i c i e n c y  o f  v o l a t i l e  
e n c a p s u l a t e d  o i l  w i t h  n o n - v o l a t i l e  e n c a p s u l a t e d  o i l  i n  v a r i o u s  p o l y m e r i c  
s h e l l s  and  t y p e s  o f  t h e  e m u l s i f i e r .

3 )  To f i n d  t h e  s u i t a b l e  e m u l s i f i e r  f o r  d i f f e r e n t  p o l y m e r  
s h e l l s  and  e n c a p s u l a t e d  o i l s .

2 . 8 . 2 )  S y n t h e s i s  Meth od

M i c r o e n c a p s u l a t i o n  wa s  p e r f o r m e d  a t  t w o  t e m p e r a t u r e s  
d e p e n d i n g  on  t h e  s t a b i l i t y  and  s o l u b i l i t y  o f  s e b a c o y l  c h l o r i d e  and  
t e r e p h t h a l o y l  c h l o r i d e .  S e b a c o y l  c h l o r i d e  h a v i n g  h i g h  s o l u b i l i t y  i n  
e n c a p s u l a t e d  o i l  and b e i n g  h y d r o l y z e d  e a s i l y  i n  w a t e r  wa s  k e p t  a t  lo w  
t e m p e r a t u r e  a s  sh o wn  i n  F lo w  C h a r t  7 .  T e r e p h t h a l o y l  c h l o r i d e  h a v i n g  l e s s  
s o l u b i l i t y  i n  e n c a p s u l a t e d  o i l  and  s l i g h t  h y d r o l y s i s  i n  w a t e r  wa s  u s e d  
a t  room t e m p e r a t u r e  a s  sh o wn  i n  F lo w  C h a r t  8 .  The c o m b i n a t i o n  o f  f a c t o r s  
o f  t h i s  e x p e r i m e n t  w a s  a r r a n g e d  a s  f o l l o w s  i n  T r e e  D i a g r a m  3 .

2 . 8 . 2 . 1 )  S e b a c o y l  C h l o r i d e  P r o c e s s

E m u l s i f i e r ,  d i a c i d  c h l o r i d e  and d i a m i n e  
s o l u t i o n s  w e r e  p r e p a r e d  b a s e d  on  w e i g h t s  g i v i n g  i n  T a b l e s  23  and  2 4 .  The
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s o l u t i o n s  w e r e  k e p t  i n  w a t e r  b a t h  t o  c o n t r o l  t h e  t e m p e r a t u r e  a t  1 0 °C .
9 0 . 0  gm. o f  d i a c i d  c h l o r i d e  s o l u t i o n  w a s  a d d e d  i n t o  a T . K .  h o m o g e n i z e r  
v e s s e l  c o n t a i n i n g  2 1 0 . 0  gm. o f  t h e  e m u l s i f i e r  s o l u t i o n ,  t h i s  m i x t u r e  was  
t h e n  h o m o g e n i z e d  a t  6 , 0 0 0  rpm. o f  p r o p e l l e r  s p e e d  and 90  s e c .  o f  

h o m o g e n i z e d  t i m e  t o  f o r m  t h e  o i l - i n - w a t e r  e m u l s i o n .  The  e m u l s i o n  wa s  
a d d e d  i n t o  a 5 0 0  m l .  b e a k e r  c o n t a i n i n g  2 0 0 . 0  gm. o f  d i a m i n e  s o l u t i o n  and  
wa s  a g i t a t e d  f o r  30  m i n u t e s  w i t h  an H e i d o n  l a b o r a t o r y  s t i r r e r  a t  4 0 0  -  
6 0 0  rpm. o f  p r o p e l l e r  s p e e d .

F lo w  C h a r t  7 S y n t h e s i s  M eth od  o f  SBC f o r  s t u d y i n g  E f f e c t  on  
M i c r o c a p s u l e  P r o p e r t i e s .

SBC BAT o r  DBP DIW PVA, SMA, POLE o r  SOBS

D i s s o l v e d  an d  a d j u s t e d  
t h e  t e m p e r a t u r e  t o  10°  c

D i s s o l v e d  a t  t h e  p r o p e r  t e m p e r a t u r e  
and t h e n  a d j u s t e d  t o  10°  c

HMDA NaOH DIW
E m u l s i f i e d  by a T . K .  H o m o g e n i z e r  
a t  6 , 0 0 0  rpm. f o r  90  s e c o n d s

D i s s o l v e d  and a d j u s t e d
t h e  t e m p e r a t u r e  t o  10°  c
A g i t a t e d  by  an H e i d o n  l a b o r a t o r y  s t i r r e r
a t  4 0 0  -  6 0 0  rpm. f o r  30  m i n u t e s
I p u l s  s u s p e n s i o n  o f  I Z p s u l e s

T a b l e  23  B u t y l  A c e t a t e  B e i n g  E n c a p s u l a t e d  by  P o l y ( h e x a m e t h y l e n e  
s e b a c a m i d e )  M i c r o c a p s u l e s  i n  V a r i o u s  E m u l s i f i e r s .

A s s i g n e d  Name SBPV SBSM SBPO SBSD
C h e m i c a l s (gm.  ) (gm.  ) (gm.  ) (gm.  )

SBC 9 . 2 8 9 . 2 8 9 . 2 8 9 . 2 8
BAT 8 0 . 7 2 8 0 . 7 2 8 0 . 7 2 8 0 . 7 2



Table 23 Butyl A cetate Being Encapsulated by Poly(hexam ethylene
sebacam ide) M icrocapsules in Various E m u lsifiers .
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A s s i g n e d  Name SBPV SBSM SBPO SBSD
C h e m i c a l s (gm. ) (gm.  ) (gm.  ) (gm.  )

PVA 6 . 7 5
SMA 6 . 7 5
POLE 6 . 7 5
SDBS 1 9 . 2 9
DIW 2 0 3 . 2 5 2 0 3 . 2 5 2 0 3 . 2 5 1 0 9 . 7 1

HMDA 4 . 5 0 4 . 5 0 4 . 5 0 4 . 5 0
NaOH 3 . 0 1 3 . 0 1 3 . 0 1 3 . 0 1
DIW 1 9 2 . 4 9 1 9 2 . 4 9 1 9 2 . 4 9 1 9 2 . 4 9

Table 24 D i b u t y l  P h t h a l a t e  B e i n g  E n c a p s u l a t e d  by  P o l y ( h e x a m e t h y l e n e  
s e b a c a m i d e )  M i c r o c a p s u l e s  i n  V a r i o u s  E m u l s i f i e r s .

A s s i g n e d  Name SDPV SDSM SDPO SDSD
C h e m i c a l s (gm.  ) (gm.  ) (gm.  ) (gm.  )

SBC 9 . 2 8 9 . 2 8 9 . 2 8 9 . 2 8
DBP 8 0 . 7 2 8 0 . 7 2 8 0 . 7 2 8 0 . 7 2

PVA 6 . 7 5
SMA 6 . 7 5
POLE 6 . 7 5
SDBS 1 9 . 2 9
DIW 2 0 3 . 2 5 2 0 3 . 2 5 2 0 3 . 2 5 1 0 9 . 7 1
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Table 24 D ibutyl P hthalate Being Encapsulated by Poly(hexam ethylene
sebacamide) M icrocapsules in Various E m u lsifie rs .

A s s i g n e d  Name 
C h e m i c a l s

SDPV 
(gm. )

SDSM 
(gm.  )

SDPO 
(gm.  )

SDSD 
(gm.  )

HMDA 4 . 5 0 4 . 5 0 4 . 5 0 4 . 5 0
NaOH 3 . 0 1 3 . 0 1 3 . 0 1 3 . 0 1
DIW 1 9 2 . 4 9 1 9 2 . 4 9 1 9 2 . 4 9 1 9 2 . 4 9

2 . 8 . 2 . 2 )  T e r e p h t h a l o v l  C h l o r i d e  P r o c e s s

E m u l s i f i e r ,  d i a c i d  c h l o r i d e  and  d i a m i n e  
s o l u t i o n s  w e r e  p r e p a r e d  by  f o l l o w i n g  w e i g h t s  g i v i n g  i n  T a b l e s  25  and  2 6 .  
The s o l u t i o n s  w e r e  k e p t  i n  a w a t e r  b a t h  t o  c o n t r o l  t h e  t e m p e r a t u r e  a t  
3 0 ° c . 9 0 . 0  gm. o f  d i a c i d  c h l o r i d e  s o l u t i o n  w a s  a d d e d  i n t o  a T .K .
h o m o g e n i z e r  v e s s e l  c o n t a i n i n g  2 1 0 . 0  gm. o f  e m u l s i f i e r  s o l u t i o n .  T h i s  
m i x t u r e  wa s  t h e n  h o m o g e n i z e d  a t  6 , 0 0 0  rpm. o f  p r o p e l l e r  s p e e d  and 90 

s e c .  o f  h o m o g e n i z e d  t i m e  t o  f o r m  o i l - i n - w a t e r  e m u l s i o n .  The  e m u l s i o n  was  
a d d e d  i n t o  a 5 0 0  m l .  b e a k e r  c o n t a i n i n g  2 0 0 . 0  gm. o f  d i a m i n e  s o l u t i o n  and  
a g i t a t e d  f o r  30  m i n u t e s  w i t h  an H e i d o n  l a b o r a t o r y  s t i r r e r  a t  4 0 0  -  6 0 0
rpm. o f  p r o p e l l e r  s p e e d .
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Flow Chart 8 S y n th esis  Method o f TPC fo r  stud ying  E ffec t on
M icrocapsule P ro p ertie s .

TPC BAT o r  DBP

D i s s o l v e d  and  a d j u s t e d
t h e  t e m p e r a t u r e  t o  30*  c  I______ I______

PNDA NaOH DIW

DIW PVA, SMA, POLE o r  SDBS

D i s s o v e d  a t  t h e  p r o p e r  t e m p e r a t u r e
and t h e n  a d j u s t e d  t o  30*  c
E m u l s i f i e d  by  T . K .  H o m o g e n i z e r  
a t  6 , 0 0 0  rpm. f o r  90  s e c o n d s

D i s s o l v e d  an d  a d j u s t e d
t h e  t e m p e r a t u r e  t o  30*  c
A g i t a t e d  by  an  H e i d o n  l a b o r a t o r y  s t i r r e r
a t  4 0 0  -  6 0 0  rpm. f o r  30  m i n u t e s
A q u e o u s  s u s p e n s i o r l  o f  m i c r o c a p s u l e s

T a b l e  2 5  B u t y l  A c e t a t e  B e i n g  E n c a p s u l a t e d  by  P o l y ( p a r a - p h e n y l e n e  
t e r e p h t h a l a m i d e )  M i c r o c a p s u l e s  i n  V a r i o u s  E m u l s i f i e r s .

A s s i g n e d  Name TBPV TBSM TBPO TBSD
C h e m i c a l s (gm. ) (gm.  ) (gm.  ) (gm.  )

TPC 6 . 0 6 6 . 0 6 6 . 0 6 6 . 0 6
BAT 8 3 . 9 4 8 3 . 9 4 8 3 . 9 4 8 3 . 9 4

PVA 6 . 7 5
SMA 6 . 7 5
POLE 6 . 7 5
SDBS 1 9 . 2 9
DIW 2 0 3 . 2 5 2 0 3 . 2 5 2 0 3 . 2 5 1 0 9 . 7 1

PNDA 3 . 2 9 3 . 2 9 3 . 2 9 3 . 2 9
NaOH 2 . 3 7 2 . 3 7 2 . 3 7 2 . 3 7
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Table 25 Butyl A cetate Being Encapsulated by P oly(para-phenylene
terephthalam ide) M icrocapsules in Various E m u ls ifie r s .

A s s i g n e d  Name TBPV TBSM TBPO TBSD
C h e m i c a l s (gm.  ) (gm.  ) (gm.  ) (g m .  )

DIW 1 9 4 . 3 4 1 9 4 . 3 4 1 9 4 . 3 4 1 9 4 . 3 4

T a b l e  26  D i b u t y l  P h t h a l a t e  B e i n g  E n c a p s u l a t e d  by  P o l y ( p a r a - p h e n y l e n e  
t e r e p h t h a l a m i d e )  M i c r o c a p s u l e s  i n  V a r i o u s  E m u l s i f i e r s .

A s s i g n e d  Name TDPV TDSM TDPO TDSD
C h e m i c a l s (gm. ) (gm.  ) (gm.  ) (g m .  )

TPC 6 . 0 6 6 . 0 6 6 . 0 6 6 . 0 6
DBP 8 3 . 9 4 8 3 . 9 4 8 3 . 9 4 8 3 . 9 4

PVA 6 . 7 5
SMA 6 . 7 5
POLE 6 . 7 5
SDBS 1 9 . 2 9
DIW 2 0 3 . 2 5 2 0 3 . 2 5 2 0 3 . 2 5 1 0 9 . 7 1

PNDA 3 . 2 9 3 . 2 9 3 . 2 9 3 . 2 9
NaOH 2 . 3 7 2 . 3 7 2 . 3 7 2 . 3 7
DIW 1 9 4 . 3 4 1 9 4 . 3 4 1 9 4 . 3 4 1 9 4 . 3 4
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T r e e  D i a g r a m  3  D i f f e r e n t  P o l y m e r s ,  O i l s ,  Monomers  and  E m u l s i f i e r s  
C o m b i n a t i o n .

Monomer O i l E m u l s i f i e r  S p e e d Ti me A s s i g n e d  Name
rpm. s e c .

— PVA 6 , 0 0 0 9 0 SBPV
SMA 6 , 0 0 0 90 SBSM

—  BAT-
POLE 6 , 0 0 0 90 SBPO
SDBS 6 , 0 0 0 90 SBSD

—  SBC + HM DA­
PVA 6 , 0 0 0 9 0 SDPV
SMA 6 , 0 0 0 90 SDSM

—  DBP-
POLE 6 , 0 0 0 90 SDPO
SDBS 6 , 0 0 0 90 SDSD
PVA 6 , 0 0 0 90 TBPV
SMA 6 , 0 0 0 90 TBSM

—  BAT-
POLE 6 , 0 0 0 9 0 TBPO
SDBS 6 , 0 0 0 90 TBSD

—  TPC + PN DA-
r—— PVA 6 , 0 0 0 90 TDPV
— SMA 6 , 0 0 0 90 TDSM

—  DBP-
POLE 6 , 0 0 0 9 0 TDPO
SDBS 6 , 0 0 0 90 TDSD

2 . 8 . 3 )  A n a l y s i s  M eth od

2 . 8 . 3 . 1 )  O p t i c a l  M i c r o s c o p y

One d r o p  o f  a q u e o u s  m i c r o c a p s u l e s  w a s  p l a c e d  
o n  a g l a s s  s l i d e  t h e n  o n e  d r o p  o f  w a t e r  w a s  a d d e d  t o  d i l u t e  t h e  
m i c r o c a p s u l e s  and  g e n t l y  s p r e a d  i n t o  a  t h i n  l a y e r .  The  p r o p e r  
m a g n i f i c a t i o n  wa s  s e l e c t e d  t o  o b s e r v e  t h e  p h y s i c a l  p r o p e r t i e s  o f  
m i c r o c a p s u l e s  s u c h  a s  d i a m e t e r  and  d i s t r i b u t i o n  o f  t h e  p o l y m e r i c  
m i c r o c a p s u l e s  e t c .  and  t h e n  o p t i c a l  m i c r o g r a p h s  w e r e  t a k e n  w i t h  a Z e i s s  
o p t i c a l  m i c r o s c o p e  b e f o r e  and  a f t e r  t h e  w a t e r  wa s  e v a p o r a t e d .

2 . 8 . 3 , 2 )  S c a n n i n g  E l e c t r o n  M i c r o s c o p y

The a q u e o u s  m i c r o c a p s u l e s  w e r e  d i l u t e d  a b o u t  
t e n  t i m e s  w i t h  d e i o n i z e d  w a t e r .  One d r o p  o f  d i l u t e  a q u e o u s  m i c r o c a p s u l e s
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wa s  t h e n  p l a c e d  o n  a  g l a s s  s l i d e  and g e n t l y  s p r e a d  i n t o  a t h i n  l a y e r .  
The a q u e o u s  m i c r o c a p s u l e s  l a y e r  wa s  d r i e d  a t  room t e m p e r a t u r e  f o r  o n e  
d a y  t h e n  t h e  d r i e d  l a y e r  w a s  c o a t e d  w i t h  g o l d .  The  m i c r o c a p s u l e  l a y e r  
was  e x a m i n e d  and t h e  e l e c t r o n  m i c r o g r a p h s  w e r e  t a k e n  w i t h  a  J o e l  
s c a n n i n g  e l e c t r o n  m i c r o s c o p e  a t  p r o p e r  m a g n i f i c a t i o n s .

2 . 8 . 3 . 3 )  G a s  C h r o m a t o g r a p h y

5 0 . 0  gm. o f  c h l o r o f o r m  w a s  a d d e d  i n t o  a 2 5 0  
m l .  s e p a r a t o r y  f u n n e l  c o n t a i n i n g  1 0 0 . 0  gm. o f  a q u e o u s  m i c r o c a p s u l e s .  The  
m i x t u r e  wa s  s u b s e q u e n t l y  s h a k e n  and k e p t  o n  a  s t a n d  t o  r e n d e r  t h e  
s e p a r a t i o n  o f  t h e  e m u l s i o n .  The l o w e r  l a y e r ,  a q u e o u s  m i c r o c a p s u l e s ,  wa s  
d r a i n e d  o u t  and  t h e  u p p e r  l a y e r ,  c o n t a i n i n g  e x t r a c t e d  c h l o r o f o r m ,  wa s  
f i l t e r e d  by  a f i l t e r  p a p e r .  1 . 0  m i c r o l i t e r  o f  t h e  e x t r a c t e d  c h l o r o f o r m  
wa s  i n j e c t e d  i n  t o  a g a s  c h r o m a t o g r a p h  w h i c h  w a s  i n s t a l l e d  w i t h  a PEG 
20M c o a t e d  c a p i l l a r y  c o l u m n  and t h e  t e m p e r a t u r e  w a s  s e t  a t  3 0 0 ‘ C f o r  
s p l i t  i n j e c t o r ,  c o l u m n  o v e n  o f  2 5 0 * c ,  3 0 0 ‘ C f o r  t h e  FID d e t e c t o r .  The  
c o n c e n t r a t i o n  o f  u n e n c a p s u l a t e d  o i l  w a s  c a l c u l a t e d  b y  t h e  e x t e r n a l  
s t a n d a r d  m e t h o d  v i a  t h e  s t a n d a r d  d i b u t y l  p h t h a l a t e  s o l u t i o n .

2 . 8 . 3 . 4 )  P a r t i c l e  S i z e  A n a l y z e r

The  i n s t r u m e n t  w a s  s e t  a t  c e n t r i f u g e  mode and  
1 , 5 0 0  rpm. o f  r o t a t i o n a l  s p e e d  was  a l s o  s e l e c t e d .  D e i o n i z e d  w a t e r  wa s  
p o u r e d  i n t o  t h e  f i r s t  g l a s s  c e l l  u n t i l  t h e  w a t e r  f r o n t  r e a c h e d  t h e  u p p e r  
mark o f  t h e  c e l l .  The t r a n s m i t t a n c e  o f  t h i s  b l a n k  s o l u t i o n  w a s  t h e n  
a d j u s t e d  t o  0 .0%T.  The t r a n s m i t t a n c e  o f  t h e  s e c o n d  g l a s s  c e l l  c o n t a i n i n g  
t h e  a q u e o u s  m i c r o c a p s u l e s  was a d j u s t e d  t o  1 0 0 . 0%T by  d i l u t i n g  w i t h  
d e i o n i z e d  w a t e r .  B e f o r e  s t a r t i n g ,  t h e  p a r a m e t e r s  f o r  c a l c u l a t i o n  ะ 1 . 0 5  
f o r  p a r t i c l e  d e n s i t y ,  1 . 0 0  f o r  l i q u i d  d e n s i t y ,  1 . 0 0  f o r  l i q u i d  v i s c o s i t y  
and 0 . 0 0  f o r  t h e  d i s t a n c e  p a t h  w e r e  e n t e r e d .  The a n a l y t i c a l  r e s u l t  was  
p r i n t e d  o u t  i n  p e r c e n t a g e  c u m u l a t i v e  s i z e  d i s t r i b u t i o n  g i v e n  i n  f o r m s  o f  
t a b l e s  and  h i s t o g r a m s .  F u r t h e r m o r e ,  a l l  r e s u l t s  w e r e  r e c a l c u l a t e d  by  an
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IBM p e r s o n a l  c o m p u t e r  w i t h  t h e  L o t u s  1 23  r e l e a s e  2 . 0 1  an d  t h e  M i c r o s o f t  
C h a r t  v e r s i o n  3 . 0  s o f t w a r e .

2 . 8 . 3 . 5 )  s t a b i 1 i t y  o f  t h e  S u s p e n s i o n  o r  E m u l s i o n

1 0 0 . 0  m l .  o f  an a q u e o u s  s u s p e n s i o n  o r  e m u l s i o n  
o f  t h e  m i c r o c a p s u l e s  w a s  a d d e d  i n t o  a 10 0  m l .  c y l i n d e r  and wa s  k e p t  f o r  
2 4  h o u r s  t o  m e a s u r e  t h e  v o l u m e  o f  m i c r o c a p s u l e s  s e d i m e n t e d  t o  t h e  b o t t o m  
o f  t h e  c y l i n d e r .

2 . 8 . 3 . 6 )  G e n e r a l  P r o p e r t i e s

U n i f o r m i t y ,  c o l o r ,  s e p a r a t i o n ,  s e d i m e n t a t i o n  
and e t c .  w e r e  o b s e r v e d  by e y e  e v a l u a t i o n .

2 . 8 . 4 )  R e s u l t s

2 . 8 . 4 . 1 )  G e n e r a ใ A p p e a r a n c e

The g e n e r a l  a p p e a r a n c e s  o f  p o l y ( h e x a m e t h y l e n e  
s e b a c a m i d e )  a n d  p o l y ( p a r a - p h e n y l e n e  t e r e p h t h a l a m i d e )  m i c r o c a p s u l e s  a r e  
r e p o r t e d  i n  T a b l e s  2 7 ,  2 8 ,  29  and  3 0  a s  f o l l o w s  ะ -

T a b l e  27  B u t y l  A c e t a t e  b e i n g  E n c a p s u l a t e d  by  P o l y ( h e x a m e t h y l e n e  
s e b a c a m i d e )  M i c r o c a p s u l e s  i n  V a r i o u s  E m u l s i f i e r s .

Name E m u l s i f i e r A p p e a r a n c e

SBPV PVA l a r g e  o i l y  l a y e r  on  t h e  s u r f a c e
SBSM SMA c o a g u l u m  d u r i n g  e m u l s i f i c a t i o n
SBPO POLE c o a g u l u m  d u r i n g  p o l y m e r i z a t i o n
SBSD SDBS l a r g e  o i l y  l a y e r  on  t n e  s u r f a c e



Table 28 D ibutyl Phthalate Being Encapsulated by Poly(hexam ethylene
sebacam ide) M icrocapsules in Various E m u ls ifie rs .

Name E m u l s i f i e r A p p e a r a n c e  ..<<

SDPV PVA u n i f o r m  s u s p e n s i o n
SDSM SMA c o a g u l u m  d u r i n g  e m u l s i f i c a t i o n
SDPO POLE c o a g u l u m  d u r i n g  p o l y m e r i z a t i o n
SDSD SDBS l i t t l e  o i l y  l a y e r  o n  t h e  s u r f a c e

T a b l e  2 9  B u t y l  A c e t a t e  B e i n g  E n c a p s u l a t e d  by  P o l y C p a r a - p h e n y l e n e  
t e r e p h t h a l a m i d e )  M i c r o c a p s u l e s  i n  V a r i o u s  E m u l s i f i e r s .

Name E m u l s i f i e r A p p e a r a n c e

TBPV PVA l a r g e  o i l y  l a y e r  o n  t h e  s u r f a c e
TBSM SMA c o a g u l u m  d u r i n g  e m u l s i f i c a t i o n
TBPO POLE c o a g u l u m  d u r i n g  p o l y m e r i z a t i o n
TBSD SDBS l a r g e  o i l y  l a y e r  o n  t h e  s u r f a c e

T a b l e  3 0  D i b u t y l  P h t h a l a t e  B e i n g  E n c a p s u l a t e d  by  P o l y ( p a r a - p h e n y l e n e  
t e r e p h t h a l a m i d e )  M i c r o c a p s u l e s  i n  V a r i o u s  E m u l s i f i e r s .

Name E m u l s i f i e r A p p e a r a n c e

TDPV PVA u n i f o r m  s u s p e n s i o n
TDSM SMA c o a g u l u m  d u r i n g  e m u l s i f i c a t i o n
TDPO POLE c o a g u l u m  d u r i n g  p o l y m e r i z a t i o n
TDSD SDBS l i t t l e  o i l y  l a y e r  on  t h e  s u r f a c e
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2 . 8 . 4 . 2 )  M i c r o s c o p i c  P r o p e r t i e s

P h o t o m i c r o g r a p h  s e r i e s  1 s h o w e d  t h a t  
m i c r o c a p s u l e s  c o u l d  n o t  b e  s y n t h e s i z e d  i n  a n y  c a s e ,  w h e r e a s  t h e s e  o f  
s e r i e s  2 s h o w e d  t h a t  m i c r o c a p s u l e s  c o u l d  n o t  b e  s y n t h e s i z e d  when  u s i n g  
SMA, POLE and SDBS a s  e m u l s i f i e r  b u t  o n l y  PVA a s  e m u l s i f i e r  c o u l d .  The  
r e s u l t  wa s  c o n f i r m e d  by  % u n e n c a p s u l a t e d  o i l  a n a l y z e d  by  g a s
c h r o m a t o g r a p h  a s  sh o w n  i n  T a b l e s  3 5  and  3 6 .  The  s a m e  t r e n d s  w e r e  
o b s e r v e d  by  p h o t o m i c r o g r a p h  s e r i e s  3 and  4 a nd  T a b l e s  37  an d  3 8 .

2 . 8 . 4 . 3 )  P a r t i c l e  S i z e  D i s t r i b u t i o n

A l l  a v e r a g e  p a r t i c l e  s i z e s  a n d  p a r t i c l e  s i z e  
d i s t r i b u t i o n s ,  o f  t h e  s a m p l e  s y n t h e s i z e d  by  u s i n g  b u t y l  a c e t a t e  a s  
e n c a p s u l a t e d  o i l  and  s t y r e n e  m a l e i c  a n h y d r i d e  c o p o l y m e r ,  
p o l y ( o x y e t h y l e n e  l a u r y l  e t h e r )  and s o d i u m  d o d e c y l  b e n z e n e  s u l f o n a t e  a s  
e m u l s i f i e r  c a n n o t  b e  m e a s u r e d .  O n l y  t h e  s a m p l e s  s y n t h e s i z e d  b y  u s i n g  
d i b u t y l  p h t h a l a t e  a s  e n c a p s u l a t e d  o i l  an d  p o l y ( v i n y l  a l c o h o l )  a s  
e m u l s i f i e r  c a n  f o r m  m i c r o c a p s u l e s .  The  p a r t i c l e  s i z e  a n d  s i z e  
d i s t r i b u t i o n  f o r  SDPV an d TDPV, d i b u t y l  p h t h a l a t e  b e i n g  e n c a p s u l a t e d  b y  
p o l y ( h e x a m e t h y l e n e  s e b a c a m i d e )  and p o l y ( p a r a - p h e n y l e n e  t e r e p h t h a l a m i d e )  
m i c r o c a p s u l e s  u s i n g  p o l y ( v i n y l  a l c o h o l )  a s  e m u l s i f i e r ,  a r e  s h o w e d  i n  
T a b l e s  3 1 ,  3 2 ,  3 3 ,  and  3 4 .  Graph s e r i e s  1 and  2 d e p i c t  t h e  p a r t i c l e  s i z e  
and p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  m i c r o c a p s u l e s  p r e s e n t e d  i n  T a b l e s  
31 -  3 2 .

2 . 8 . 4 . 4 )  M i c r o e n c a p s u l a t i o n  E f f i c i e n c y

T a b l e s  3 5 ,  3 6 ,  3 7 ,  a nd  38  s h o w  t h e  p e r c e n t a g e  
o f  u n e n c a p s u l a t e d  o i l  o f  a l l  t h e  s a m p l e s  s y n t h e s i z e d  by  u s i n g  b u t y l  
a c e t a t e  a s  e n c a p s u l a t e d  o i l  and s t y r e n e  m a l e i c  a n h y d r i d e  c o p o l y m e r ,  
p o l y ( o x y e t h y l e n e  l u a r y l  e t h e r ) ,  and s o d i u m  d o d e c y l  b e n z e n e  s u l f o n a t e  a s  
e m u l s i f i e r ,  and t h e  p e r c e n t a g e  o f  u n e n c a p s u l a t e d  o i l  wa s  g r e a t e r  t h a n



SBPV SBSM
P o l y ( v i n y l  a l c o h o l ) S t y r e n e  m a l e i c  a n h y d r i d e  ( N a )

SBPO SBSD
P o l y ( o x y e t h y l e n e  l u a r y l  e t h e r )  S o d iu m  d o d e c y l  b e n z e n e  s u l f o n a t e

P h o t o m i c r o g r a p h  s e r i e s  1
B u t y l  a c e t a t e  b e i n g  e n c a p s u l a t e d  by p o l y ( h e x a m e t h y l e n e  
s e b a c a m i d e )  m i c r o c a p s u l e s  i n  v a r i o u s  e m u l s i f i e r s .  Z e i s s  o p t i c a l  
m i c r o s c o p e ,  1 00  t i m e s  m a g n i f i c a t i o n  and 2 . 5  t i m e s  p r i n t  
e n l a r g e m e n t .
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SDPV SDSM
P o l y ( v i n y l  a l c o h o l ) S t y r e n e  m a l e i c  a n h y d r i d e  (N a )

SDPO
P o l y ( o x y e t h y l e n e  l u a r y l  e t h e r )

SDSD
So di um  d o d e c y l  b e n z e n e  s u l f o n a t e

P h o t o m i c r o g r a p h  s e r i e s  2
D i b u t y l  p h t h a l a t e  b e i n g  e n c a p s u l a t e d  by  p o l y ( h e x a m e t h y l e n e  
s e b a c a m i d e )  m i c r o c a p s u l e s  i n  v a r i o u s  e m u l s i f i e r s .  Z e i s s  o p t i c a l  
m i c r o s c o p e ,  10 0  t i m e s  m a g n i f i c a t i o n  and 2 . 5  t i m e s  p r i n t  
e n l a r g e m e n t .
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TBPV TBSM
P o l y ( v i n y l  a l c o h o l ) S t y r e n e  m a l e i c  a n h y d r i d e  ( N a )

TBPO TBSD
P o l y ( o x y e t h y l e n e  l u a r y l  e t h e r )  S o d iu m  d o d e c y l  b e n z e n e  s u l f o n a t e

P h o t o m i c r o g r a p h  s e r i e s  3
B u t y l  a c e t a t e  b e i n g  e n c a p s u l a t e d  by  p o l y ( p a r a - p h e n y l e n e  
t e r e p h t h a l a m i d e )  m i c r o c a p s u l e s  i n  v a r i o u s  e m u l s i f i e r s .  Z e i s s  
o p t i c a l  m i c r o s c o p e ,  100  t i m e s  m a g n i f i c a t i o n  and  2 . 5  t i m e s  p r i n t  
e n l a r g e m e n t .
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TDPV
P o l y ( v i n y l  a l c o h o l )

TDSM
S t y r e n e  m a l e i c  a n h y d r i d e  ( N a )

TDPO
P o l y ( o x y e t h y l e n e  l u a r y l  e t h e r )

TDSD
S o d iu m  d o d e c y l  b e n z e n e  s u l f o n a t e

P h o t o m i c r o g r a p h  s e r i e s  4
D i b u t y l  p h t h a l a t e  b e i n g  e n c a p s u l a t e d  by  p o l y ( p a r a - p h e n y l e n e  
t e r e p h t h a l a m i d e )  m i c r o c a p s u l e s  i n  v a r i o u s  e m u l s i f i e r s .  Z e i s s  
o p t i c a l  m i c r o s c o p e ,  100  t i m e s  m a g n i f i c a t i o n  and 2 . 5  t i m e s  p r i n t  
e n l a r g e m e n t .
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T a b l e  3 1  P a r t i c l e  S i z e  D i s t r i b u t i o n  o f  SDPV.
D i b u t y l  p h t h a l a t e  b e i n g  e n c a p s u l a t e d  by  p o l y ( h e x a m e t h y l e n e  
s e b a c a m i d e )  m i c r o c a p s u l e s  u s i n g  p o l y ( v i n y l  a l c o h o l )  a s  
e m u l s i f i e r ,  6 , 0 0 0  rpm. o f  p r o p e l l e r  s p e e d  an d  90  s e c .  o f  
h o m o g e n i z e d  t i m e ;  a s s i g n e d  name ะ SDPV

D i a m e t e r  (pm)  
( M i c r o m e t e r )

A v e r a g e
D i a m e t e r

P e r c e n t a g e
C u m u l a t i v e

P e r c e n t a g e
D i f f e r e n c e

D i a m e t e r
C o e f f i c i e n t

7 0 . 0 0 * .  ** 0 . 0 0 . 0 0 0 . 0 0
6 0 . 0 0 6 5 . 0 0 5 . 9 5 . 9 0 3 8 3 . 5 0
5 0 . 0 0 5 5 . 0 0 5 . 9 0 . 0 0 0 . 0 0
4 0 . 0 0 4 5 . 0 0 1 4 . 8 8 . 9 0 4 0 0 . 5 0
3 0 . 0 0 3 5 . 0 0 2 1 . 3 6 . 5 0 2 2 7 . 5 0
2 0 . 0 0 2 5 . 0 0 3 8 . 6 1 7 . 3 0 4 3 2 . 5 0
1 0 . 0 0 1 5 . 0 0 7 0 . 6 3 2 . 0 0 4 8 0 . 0 0

8 . 0 0 9 . 0 0 7 7 . 6 7 . 0 0 6 3 . 0 0
6 . 0 0 7 . 0 0 8 5 . 7 8 . 1 0 5 6 . 7 0
5 . 0 0 5 . 5 0 8 9 . 7 4 . 0 0 2 2 . 0 0
4 . 0 0 4 . 5 0 9 3 . 8 4 . 1 0 1 8 . 4 5
3 . 0 0 3 . 5 0 9 7 . 2 3 . 4 0 1 1 . 9 0
0 . 0 0 1 . 5 0 1 0 0 . 0 2 . 8 0 4 . 2 0

A v e r a g e  P a r t i c l e  S i z e  ( ( p m ) 2 1 . 0 0
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SDPVfr

DIffOIER (A)

Grap h s e r i e s  1 H i s t o g r a m  o f  P a r t i c l e  S i z e  D i s t r i b u t i o n  o f  SDPV.
( T h e  g r a p h s  w e r e  made f r o m  t h e  d a t a  fro m T a b l e  3 1 )
P a r t i c l e  s i z e  d i s t r i b u t i o n  o f  SDPV o f  w h i c h  d i b u t y l  p h t h a l a t e  i s  
e n c a p s u l a t e d  by  p o l y ( h e x a m e t h y l e n e  s e b a c a m i d e )  m i c r o c a p s u l e s  u s i n g  
p o l y ( v i n y l  a l c o h o l )  a s  e m u l s i f i e r .
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T a b l e  32 P a r t i c l e  S i z e  D i s t r i b u t i o n  o f  TDPV.
D i b u t y l  p h t h a l a t e  b e i n g  e n c a p s u l a t e d  by  p o l y ( p a r a - p h e n y l e n e  
t e r e p h t h a l a m i d e )  m i c r o c a p s u l e s  u s i n g  p o l y ( v i n y l  a l c o h o l )  a s  
e m u l s i f i e r ,  6 , 0 0 0  rpm. o f  p r o p e l l e r  s p e e d  an d  90  s e c .  o f  
h o m o g e n i z e d  t i m e ;  a s s i g n e d  name ะ TDPV

D i a m e t e r  (pm)  
( M i c r o m e t e r )

A v e r a g e
D i a m e t e r

P e r c e n t a g e
C u m u l a t i v e

P e r c e n t a g e
D i f f e r e n c e

D i a m e t e r
C o e f f i c i e n t

7 0 . 0 0 * .  ** 0 . 0 0 . 0 0 0 . 0 0
6 0 . 0 0 6 5 . 0 0 1 . 8 1 . 8 0 1 1 7 . 0 0
5 0 . 0 0 5 5 . 0 0 9 . 0 7 . 2 0 3 9 6 . 0 0
4 0 . 0 0 4 5 . 0 0 1 5 . 1 6 . 1 0 2 7 4 . 5 0
3 0 . 0 0 3 5 . 0 0 2 8 . 0 1 2 . 9 0 4 5 1 . 5 0
2 0 . 0 0 2 5 . 0 0 4 9 . 9 2 1 . 9 0 5 4 7 . 5 0
1 0 . 0 0 1 5 . 0 0 7 7 . 9 2 8 . 0 0 4 2 0 . 0 0

8 . 0 0 9 . 0 0 8 3 . 6 5 . 7 0 5 1 . 3 0
6 . 0 0 7 . 0 0 8 9 . 5 5 . 9 0 4 1 . 3 0
5 . 0 0 5 . 5 0 9 2 . 5 3 . 0 0 1 6 . 5 0
4 . 0 0 4 . 5 0 9 5 . 3 2 . 8 0 1 2 . 6 0
3 . 0 0 3 . 5 0 9 7 . 9 2 . 6 0 9 . 1 0
0 . 0 0 1 . 5 0 1 0 0 . 0 2 . 1 0 3 . 1 5

A v e r a g e  P a r t i c l e  S i z e  ( ( p m ) 2 3 . 4 0



38.00-r
TDPVj

28,00

BlfflERTEIt (a )

Graph s e r i e s  2 H i s t o g r a m  o f  P a r t i c l e  S i z e  D i s t r i b u t i o n  o f  TDPV.
( T h e  g r a p h s  w e r e  made f r o m  t h e  d a t a  fr o m  T a b l e  3 2 )
P a r t i c l e  s i z e  d i s t r i b u t i o n  o f  TDPV o f  w h i c h  d i b u t y l  p h t h a l a t e  i s  
e n c a p s u l a t e d  by p o l y ( p a r a - p h e n y l e n e  t e r e p h t h a l a m i d e )  m i c r o c a p s u l e s  u s i n g  
p o l y ( v i n y l  a l c o h o l )  a s  e m u l s i f i e r .



Table 33 Summarized Particle Size Distribution of SDPV. 
Summarized particle size distribution from Table 31

Diameter Range (pm) % Fraction

< 60 5.9
60 - 50 0.0
50 - 40 8.9
40 - 30 6.5
30 - 20 17.3
20 - 10 32.0
10 > 29.4

Table 34 Summarized Particle Size Distribution of TDPV. 
Summarized particle size distribution from Table 32

Diameter Range (|im) X Fraction

< 60 1.8
60 - 50 7.2
50 - 40 6.1
40 - 30 12.9
30 - 20 21.9
20 - 10 28.0
10 > 22.1
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80%. Only the samples, SDPV and TDPV, which were synthesized by using 
dibutyl phthalate as encapsulated oil and poly(vinyl alcohol) as 
emulsifier had lesser percentage of unencapsulated oil.
Table 35 Butyl Acetate Being Encapsulated by Poly(hexamethylene 

sebacamide) Microcapsules in Various Emulsifiers.

Name Emulsifier % Unencapsulated Butyl Acetate

SBPV PVA 80.05
SBSM SMA 97.49
SBPO POLE 95.26
SBSD SOBS 86.87

Table 36 Dibutyl Phthalate Being Encapsulated by PolyChexamethylene 
sebacamide) Microcapsules in Various Emulsifiers.

Name Emulsifier X Unencapsulated Dibutyl Phthalate

SDPV PVA 1.97
SDSM SMA 98.56
SDPO POLE 92.47
SDSD SDBS 87.65

Table 37 Butyl Acetate Being Encapsulated by Poly(para-phenylene 
terephthalamide) Microcapsules in Various Emulsifiers.

Name Emulsifier % Unencapsulated Butyl Acetate

TBPV PVA 86.45
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Table 37. Butyl Acetate Being Encapsulated by Poly(para-phenylene 
terephthalamide) Microcapsules in Various Emulsifiers.

Name Emulsifier % Unencapsulated Butyl Acetate

TBSM SMA 94.74
TBPO POLE 91.34
TBSD SDBS 89.76

Table 38 Dibutyl Phthalate Being Encapsulated by PolyCpara-phenylene 
terephthalamide) Microcapsules in Various Emulsifiers.

Name Emulsifier % Unencapsulated Dibutyl Phthalate

TDPV PVA 2.03
TDSM SMA 97.89
TDPO POLE 91.35
TDSD SDBS 88.43

2.8.5) Conclusions
1) Butyl acetate cannot be used as encapsulated oil in 

any cases because its vapor pressure is too high.
2) Styrene maleic anhydride copolymer cannot be used 

as emulsifier because its emulsifying efficiency during emulsification 
is too low.

3) PolyCoxyethylene luaryl ether) cannot be used as 
emulsifier because its emulsifying efficiency during polymerization is 
not enough.
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4) Sodium dodecyl benzene sulfonate cannot be used as 
emulsifier because it interferes with the shell formation during 
interfacial polycondensation.

5) Microcapsules can be synthesized by using dibutyl 
phthalate as encapsulated oil and poly(vinyl alcohol) as emulsifier. 
Sebacoyl chloride and hexamethylene diamine or terephthaloyl chloride 
and para-phenylene diamine can also be used as monomer pairs to 
synthesize poly(hexamethylene sebacamide) and poly(para-phenylene 
terephthalamide) microcapsule shells.
2.9) EFFECT OF PROPELLER SPEED AND HOMOGENIZING TIME

2.9.1) Purpose
To find the effect of propeller speed and homogenizing 

time during emulsification on the properties of microcapsules under the 
following cond i t i ons ะ-

1) The microcapsules were synthesized by using sebacoyl 
chloride and hexamethylene diamine, and terephthaloyl chloride and para- 
phenylene diamine, as monomer pair; with dibutyl phthalate as 
encapsulated oil and poly(vinyl alcohol) as emulsifier.

2) The concentration of diacid chlorides in dibutyl 
phthalate was 3.0 gm./27.0 gm. for sebacoyl chloride and 2.0 gm./28.0 
gm. for terephthaloyl chloride and poly(vinyl alcohol) was 7.5* of the 
total oil phase.

3) The oil to water phase ratio in emulsification was 
30:70 and emulsion to diamine solution in interfacial polycondensation 
was 60:40 weight by weight.

4) Microencapsulation was carried out with the same
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procedure in the previous experiment. The temperature was controlled at 
10 ‘C for sebacoyl chloride system and 30°c of terephthaloyl chloride 
system.

5) The propeller speed was varied from 2,000 to 10,000 
rpm. and homogenizing time from 30 to 150 seconds.

2.9.2) Synthesis Method
The stock solutions of diacid chloride, emulsifier and 

diamine were prepared and kept in a water bath to control temperature at 
10°c for sebacoyl chloride and 30‘c for terephthaloyl chloride. 210.0 
gm. of the emulsifier solution and 90.0 gm. of the diacid chloride 
solution were poured into a T.K. homogenizer vessel. The mixture was 
then homogenized at the propeller speeds and homogenized times which 
were arranged as shown in the Tree Diagram 4 to form an oil-in-water 
emulsion. The emulsion was poured into a 500 ml. beaker containing 200.0 
gm. of diamine solution while being stirred with an Heidon laboratory 
stirrer at the propeller speed 400-600 rpm. Microencapsulation occurred 
though the interfacial polycondensation at the interface of the diacid 
chloride solution with droplets of oil and the diamine solution which 
have emulsifier solution as stabilizer.

2.9.2.1) Sebacoyl Chloride System
6.75 gm. of poly(vinyl alcohol) was dissolved 

in 203.25 gm. of deionized water at the temperature of 80°c for 60 
minutes then this emulsifier solution was cooled down to 10'C and kept 
in the water bath to control the temperature. The diacid chloride 
solution which contained 9.28 gm. of sebacoyl chloride dissolved in 
80.72 gm. of dibutyl phthalate, was prepared at room temperature and 
kept in the water bath to control the temperature at 10‘C. The diamine 
solution consisting of 4.50 gm. of hexamethylene diamine and 3.01 of
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sodium hydroxide which were added into a 500 ml. beaker containing 
192.49 gm. of deionized water, was prepared at room temperature and then 
adjusted the temperature to 10'C. The diamine solution was then stirred 
with an Heidon laboratory stirrer at 400 - 600 rpm. of propeller speed 
to be mixed with the emulsion portion. This emulsion was prepared by 
homogenizing the mixture of the diacid chloride and emulsifier solutions 
at the propeller speeds and homogenized time which were indicated in 
Tree Diagram 4. This emulsion portion was subsequently poured into the 
diamine solution and was continuously agitated for 30 minutes to form 
poly(hexamethylene sebacamide) microcapsules containing dibutyl 
phthalate as encapsulated material.
Flow Chart 9 Synthesis Method of SBC for studying Effect of Propeller 

Speeds and Homogenizing Times.
SBC DBP
~ T LDissolved and adjusted 
the temperature to 10' cI__________

DIW PVA
■ I — — — TDissolved at the proper temperature 

and then adjustd to 10’ c 
Emulsified with a T.K. homogenizer

HMDA NaOH DIW at 6,000 rpm. for 90 seconds

Dissolveed and adjusted
the temperature to 10' c
Agitated with an Heidon laboratory stirrer
at 400 - 600 rpm. for 30 minutes
Z Z ,  suspension of Z c a p L s

2.9.2.2) Terephthalovl Chloride System
6.75 gm. of poly(vinyl alcohol) was dissolved 

in 203.25 gm. of deionized water at the temperature of 80‘c for 60 
minutes then this emulsifier solution was cooled down to 30°c and kept
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in a water bath to control the temperature. To prepare the diacid 
chloride solution, 6.06 gm. of terephthaloyl chloride was dissolved in 
83.94 gm. of dibutyl phthalate, this was prepared at room temperature 
and kept in a water bath to control the temperature at 30‘c. The diamine 
solution containing 3.29 gm. of para-phenylene diamine and 2.37 of 
sodium hydroxide were added into a 500 ml. beaker containing 194.34 gm. 
of deionized water. The solutions were prepared at room temperature and 
were then adjusted to 30'C. The diamine solution was stirred with an 
Heidon laboratory stirrer at 400 - 600 rpm. of the propeller speed. The 
emulsion was prepared by homogenizing the mixture of the diacid chloride 
and the emulsifier solutions at the propeller speed and homogenized time 
which were shown in Tree Diagram 4. This emulsion portion was poured 
into the diamine solution and was continuously agitated for 30 minutes 
to form poly(para-phenylene terephthalamide) microcapsules containing 
dibutyl phthalate as encapsulated material.
Flow Chart 10 Synthesis Method of TPC for studying Effect of Propeller 

Speeds and Homogenizing Times.
TPC DBP DIW DBP.

the temperature to 30' c and then adjusted to 30' c
Emulsified with a T.K. homogenizer

PNDA NaOH DIW at 6,000 rpm. for 90 seconds

Dissolved and adjusted
the temperature to 30' c
Agitated with an Heidon laboratory stirrer 
at 400 - 600 rpm. for 30 minutes 
Aqueous suspension of microcapsules
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Table 39 Formulation of SDP and TDP Series.
Dibutyl phthalate was encapsulated by polyamide shell based on 
the following formulations in which the effects of propeller 
speed and homogenizing time were studied.

Assigned Name SDP Series TDP Series
Chemicals (pi. ) (pi. )
SBC 9.28
TPC 6.06
DBP 80.72 83.94

PVA 6.75 6.75
DIW 203.25 203.25

HMDA 4.50
PNDA 3.29
NaOH 3.01 2.37
DIW 192.49 194.34

Tree Diagram 4 Combination of the Propeller Speed and Homogenizing Time 
on Microcapsule Formation for SDP and TDP Series.

Tree Diagram 4-1 Propeller Speed and Homogenization Time Combination 
for PolyChexamethylene sebacamide) Microcapsule 
Formation.
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Tree Diagram 4-

Monomer

SBC + HMDA

1 Propeller Speed and Homogenization Time Combination 
for Poly(hexamethylene sebacamide) Microcapsule 
Formation.
Oil Emulsifier Speed Time Assigned Name

rpm.

— DBP— PVA -------  2,000

— DBP— PVA -------  4,000

DBP— PVA -------  6,000

— DBP— PVA --------  8,000

— DBP— PVA -------  10,000

sec. 
— 30 SDP020/030— 60 SDP020/060— 90 SDP020/090— 120 SDP020/120— 150 SDP020/150
— 30 SDP040/030— 60 SDP040/060— 90 SDP040/090— 120 SDP040/120— 150 SDP040/150
— 30 SDP060/030— 60 SDP060/060— 90 SDP060/090— 120 SDP060/120— 150 SDP060/150
— 30 SDP080/030— 60 SDP080/060— 90 SDP080/090— 120 SDP080/120— 150 SDP080/150
— 30 SDP100/030— 60 SDP100/060— 90 SDP100/090— 120 SDP100/120— 150 SDP100/150
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Tree Diagram 4-2 Propeller Speed and Homogenization Time Combination
for Poly(para-phenylene terephthalamide) Microcapsule 
Formation.

Monomer Oil Emulsifier Speed T ime Assigned Name
rpm. sec.

— 30 TDP020/030— 60 TDP020/060— DBP— PVA ------- 2,000 -— 90 TDP020/090— 120 TDP020/120— 150 TDP020/150
— 30 TDP040/030— 60 TDP040/060— DBP— PVA ------- 4,000 -— 90 TDP040/090— 120 TDP040/120— 150 TDP040/150
— 30 TDP060/030— 60 TDP060/060TPC + PNDA — -  DBP— PVA ------- 6,000 -— 90 TDP060/090— 120 TDP060/120— 150 TDP060/150
— 30 TDP080/030— 60 TDP080/060— DBP— PVA ------- 8,000 -— 90 TDP080/090— 120 TDP080/120— 150 TDP080/150
— 30 TDP100/030— 60 TDP100/060— DBP— PVA ------- 10,000 -— 90 TDP100/090— 120 T DP า 00/120— 150 TDP100/150

2.9.3) Analysis Method
General appearance was observed by Visual  eval

volume o f  s e p a r a t i o n  a f t e r  se d im e n ta t io n  f o r  24 hours was measure
100 ml. cylinder; microscopic properties were examined by Zeiss optical
microscope and Joel scanning electron microscope; particle size and 
particle size distribution were measured by Shimadzu particle size
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analyzer; and microencapsulation efficiency was analyzed by Shimadzu gas 
chromatograph. The detail of each method was explained in the 
previous experiment.

2.9.4) Results
2.9.4.1) General Properties

The appearance and amount of microcapsule 
sedimentation after keep for 24 hours were shown in Tables 40 and 41. 
Increasing propeller speed and homogenizing time decrease the amount of 
sediments but increasing propeller speed have more effective than 
homogenized time.
Table 40 Sedimentation and Appearance of SDP020/030-SDP100/150.
Dibutyl Phthalate Being Encapsulated by Poly(hexamethylene 
sebacamide) Microcapsules Using Poly(vinyl alcohol), Emulsifier,
1.5% of the Total Oil Phase.

Name Sedimentation 
after 24 hours Appearance by Visual Evaluation

SDP020/030 19 ml. milky white suspension, not uniform
SDP020/060 15 ml. milky white suspension, not uniform
SDP020/090 14 ml. milky white suspension, not uniform
SDP020/120 12 ml. milky white suspension, not uniform
SDP020/150 11 ml. milky white suspension, not uniform

SDP040/030 13 ml. milky white suspension, not uniform
SDP040/060 12 ml. milky white suspension, not uniform
SDP040/090 10 ml. milky white suspension, not uniform
SDP040/120 8 ml. milky white suspension, not uniform
SDP040/150 7 ml. milky white suspension, not uniform



Table 40 Sedimentation and Appearance of SDP020/030-SDP100/150. 
Dibutyl Phthalate Being Encapsulated by Poly(hexamethylene 
sebacamide) Microcapsules Using Poly(vinyl alcohol), Emulsifier, 
7.5% of the Total Oil Phase.

Name Sedimentation . 
after 24 hours Appearance by Visual Evaluation

SDP060/030 9 ml. milky white suspension and uniform
SDP060/060 7 ml. milky white suspension and uniform
SDP060/090 7 ml. milky white suspension and uniform
SDP060/120 6 ml. milky white suspension and uniform
SDP060/150 5 ml. milky white suspension and uniform

SDP080/030 4 ml. milky white emulsion and uniform
SDP080/060 2 ml. milky white emulsion and uniform
SDP080/090 1 ml. milky white emulsion and uniform
SDP080/120 1 ml. milky white emulsion and uniform
SDP080/150 0 ml. milky white emulsion and uniform

SDP100/030 0 ml. milky white emulsion and uniform
SDP100/060 0 ml. milky white emulsion and uniform
SDP100/090 0 ml. milky white emulsion and uniform
SDP100/120 0 ml. milky white emulsion and uniform
SDP100/150 0 ml. milky white emulsion and uniform



Table 41 Sedimentation and Appearance of TDP020/030-TDP100/150. 
Dibutyl Phthalate Being Encapsulated by Poly(para-phenylene 
terephthalamide) Microcapsules Using Poly(vinyl alcohol), 
Emulsifier, 7.5* of the Total Oil Phase.

Name Sedimentation 
after 24 hours Appearance by Visual Evaluation

TDP020/030 22 ml. dark brown suspension, not uniform
TDP020/060 19 ml. dark brown suspension, not uniform
TDP020/090 18 ml. dark brown suspension, not uniform
TDP020/120 15 ml. dark brown suspension, not uniform
TDP020/150 14 ml. dark brown suspension, not uniform

TDP040/030 15 ml. dark brown suspension, not uniform
TDP040/060 13 ml. dark brown suspension, not uniform
TDP040/090 11 ml. dark brown suspension, not uniform
TDP040/120 8 ml. dark brown suspension, not uniform
TDP040/150 7 ml. dark brown suspension, not uniform

TDP060/030 7 ml. dark brown suspension and uniform
TDP060/060 6 ml. dark brown suspension and uniform
TDP060/090 5 ml. dark brown emulsion and uniform
TDP060/120 5 ml. dark brown emulsion and uniform
TDP060/150 4 ml. dark brown emulsion and uniform

TDP080/030 5 ml. milky brown emulsion and uniform
TDP080/060 4 ml. milky brown emulsion and uniform
TDP080/090 4 ml. milky brown emulsion and uniform
TDP080/120 3 ml. milky brown emulsion and uniform
TDP080/150 2 ml. milky brown emulsion and uniform
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Table 41 Sedimentation and Appearance of TDP020/030-TDP100/150. 
Dibutyl Phthalate Being Encapsulated by Poly(para-phenylene 
terephthalamide) Microcapsules Using Poly(vinyl alcohol), 
Emulsifier, 7.5% of the Total Oil Phase.

Name Sedimentation 
after 24 hours Appearance by Visual Evaluation

TDP100/030 2 ml. milky brown emulsion and uniform
TDP100/060 1 ml. milky brown emulsion and uniform
TDP100/090 0 ml. milky brown emulsion and uniform
TDP100/120 0 ml. milky brown emulsion and uniform
TDP100/150 0 ml. milky brown emulsion and uniform

2.9.4.2) Microscopic Properties
1) Photomicrograph series 5 - 9  show that 

poly(hexamethylene sebacamide) microcapsules which contain dibutyl 
phthalate as encapsulated material can be synthesized by using 
poly(vinyl alcohol) as emulsifier. When the speed of propeller is 
increased the average particle size decreases and when the homogenizing 
time is increased the particle size distribution is much more even.

2) Photomicrograph series 10 - 14 show that 
poly(para-phenylene terephthalamide) microcapsules which contain dibutyl 
phthalate as encapsulated material can be synthesized by using 
polyfvinyl alcohol) as emulsifier. When the speed of propeller is 
increased the average particle size decreases and when the homogenizing 
time is increased the particle size distribution IS much more even.



84

SDP020/030
2,000 rpm., 30 sec.

SDP020/060

SDP020/120 
2,000 rpm., 120 sec.

SDP020/150
2,000 rpm.1 60 sec. 2,000 rpm.1 150 sec.

SDP020/090 
2,000 rpm., 90 sec.

Photomicrograph series 5 Photomicrographs of SDP020/030-SDP020/150. 
PolyChexamethylene sebacamide) as polymeric microcapsule shell; dibutyl 
phthalate as encapsulated material; polyOinvl alcohol) as emulsifier; 
the propeller speed fixed at 2,000 rpm. and vary the homogenizing times 
from 30 to 150 sec. Photomicrographs taken with Zeiss optical 
microscope, magnification 100 times and the print was magnified by 2.5
t i m e s .
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SDP040/030 SDP040/120
4,000 rpm., 30 sec. 4,000 rpm., 120 sec.

SDP040/060 
4,000 rpm., 60 sec.

SDP040/150 
4,000 rpm.1 150 sec.

SDP040/090 
4,000 rpm.1 90 sec.

Photomicrograph series 6 Photomicrographs of SDP040/030-SDP040/150. 
Poly(hexamethylene sebacamide) as polymeric microcapsule shell; dibutyl 
phthalate as encapsulated material; poly(vinyl alcohol) as emulsifier; 
the propeller speed fixed at 4,000 rpm. and vary the homogenizing times 
from 30 to 150 sec. Photomicrographs taken with Zeiss optical 
microscope, magnification 100 times and the print was magnified by 2.5
t imes.
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SDP060/030 
6,000 rpm., 30 sec.

SDP060/120 
6,000 rpm., 120 sec.

SDP060/060 
6,000 rpm.1 60 sec.

SDP060/150 
6,000 rpm., 150 sec.

SDP060/090 
6,000 rpm.1 90 sec.

Photomicrograph series I Photomicrographs of SDP060/030-SDP060/150. 
Poly(hexamethylene sebacamide) as polymeric microcapsule shell; dibutyl 
phthalate as encapsulated material; poly(vinyl alcohol) as emulsifier; 
the propeller speed fixed at 6,000 rpm. and vary the homogenizing times 
from 30 to 150 sec. Photomicrographs taken with Zeiss ODtical 
microscope, magnification 100 times and the print was magnifies by 2.5
t i m e s .
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SDP080/030 
8,000 rpm.1 30 sec.

SDP080/060 
8,000 rpm., 60 sec.

SDP080/120
8,000 rpm., 120 sec.

SDP080/150
8,000 rpm., 150 sec.

SDP080/090 
8,000 rpm., 90 sec.

Photom icrograph s e r i e s  8 Photomicrographs of SDP080/030-SDP080/150. 
Poly(hexamethylene sebacamide) as polymeric microcaosule shell; dibutyl 
phthalate as encapsulated material; poly(vinyl alcohol) as emulsifier; 
the propeller speed fixed at 8,000 rpm. and vary the homogenizing times 
from 30 to 150 sec. Photomicrographs taken with Zeiss optical 
microscope, magnification 100 times and the print was magnified by 2.5
times.
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SDP100/030 
10,000 rpm.1 30 sec.

SDP100/120
10,000 rpm., 120 sec.

SDP100/060 SDP100/150
10,000 rpm., 60 sec. 10,000 rpm., 150 sec.

SDP100/090 
10,000 rpm. , 90 sec.

Photomicrograph series 9 Photomicrographs of SDP100/030-SDP100/150.
Poly(hexamethylene sebacamide) as polymeric microcapsule shell; dibutyl 
phtnalate as encapsulated material; poly(vinyl alcohol) as emulsifier; 
the propeller speed fixed at 10,000 rpm. and vary the homogenizing times 
from 30 to 150 sec. Photomicrographs taKen with Zeiss optical 
microscope, magnification 100 times and the print was magnified by 2.5
t i m e s .
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TDP020/030 
2,000 rptn., 30 sec.

TDP020/120 
2,000 rpm., 120 sec.

TDP020/060 TDP020/150
2,000 rpm., 60 sec. 2,000 rpm., 150 sec.

TDP020/090 
2,000 rpm., 90 sec.

Photomicrograph series 10 Photomicrographs of TDP020/030-TDP020/150. 
Poly(para-phenylene terephtnalamide) as polymeric microcapsule shell; 
dibutyl phthalate as encapsulated material; polyCvinyl alcohol) as 
emulsifier; the propeller speed fixed at 2,000 rpm. and vary the 
homogenizing times from 30 to 150 sec. Photomicrographs taken with Zeiss 
optical microscope, magnification 100 times and the print was magnified 
by 2.5 times.
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TDP040/030 
4,000 rpm., 30 sec.

TDP040/120 
4,000 rpm., 120 sec.
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TDP040/060
4,000 rpm., 60 sec.

TDP040/150
4,000 rpm., 150 sec.

TDP040/090 
4,000 rpm., 90 sec.

Photomicrograph series 11 Photomicrographs of TDP040/030-TDP040/150. 
Poly(para-phenylene terephthalamide) as polymeric microcapsule shell; 
dibutvl phthalate as encapsulated material; poly(vinyl alcohol) as 
emulsifier; the propeller speed fixed at 4,000 rpm. and vary the 
homogenizing times from 30 to 150 sec. Photomicrographs taken with Zeiss 
optical microscope, magnification 100 times and the print was magnified 
by 2.5 times.
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TDP060/030 
6,000 rpm., 30 sec.

TDP060/120 
6,000 rpm., 120 sec.

TDP060/060 TDP060/150
6,000 rpm., 60 sec. 6,000 rpm., 150 sec.

TDP060/090 
6,000 rpm., 90 sec.

Photomicrograph series 12 Photomicrographs of TDP060/030-TDP060/150. 
Poly(para-phenylene terephthalamide) as polymeric microcapsule shell; 
dibuty] phthalate as encapsulated material; poly(vinyl alcohol) as 
emulsifier; the propeller speed fixed at 6,000 rpm. anc vary the 
homogenizing times from 30 to 150 sec. Photomicrographs take' With Zeiss 
optical microscope, magnification 100 times and the print was magnified 
by 2.5 times.
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TDP080/030 TDP080/120
8,000 rpm., 30 sec. 8,000 rpm., 120 sec.

TDP080/060 
8,000 rpm., 60 sec.

TDP080/090 
8,000 rpm., 90 sec.

TDP080/150 
8,000 rpm., 150 sec.

Photomicrograph series 13 Photomicrographs of TDP080/030-TDP080/150. 
PolyCpara-phenylene terephthalamide) as polymeric microcapsule shell; 
dibutyl phthalate as encapsulated material; polyCvinyl alcohol) as 
emulsifier; the propeller speed fixed at 8,000 rpm. and vary the 
homogenizing times from 30 tc 150 sec. Photomicrographs taken with Zeiss 
optical microscope, magnificacion 100 times and the print was magnified 
by 2.5 times.
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TDP100/030 
10,000 rpm., 30 sec.

TDP100/120
10,000 rpm., 120 sec.

TDP100/060 
10,000 rpm., 60 sec.

TDP100/150
10,000 rpm., 150 sec.

TDP100/090 
10,000 rpm.1 90 sec.

Photomicrograph series 14 Photomicrographs of TDP100/030-TDP100/150. 
PolyCpara-phenylene terephthalamide) as polymeric microcapsule shell; 
Cl butyl phthalate as encapsulated material; polyfvinyl alcohol) as 
emulsifier; tne propeller speed fixed at 10,000 rpm. and vary the 
homogenizing times from 30 to 150 sec. Photomicrograpns taken with Zeiss 
optical microscope, magnification 100 times and the print was magnified 
by 2.5 times.
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2.9 . 4 . 3) Particle Size Distribution
All of the particle size distribution data are 

presented in the same style of Tables 31 - 34 which are illustrated in 
the previous section. For additional data, all of the tables of this 
section are shown in Appendix III.

1) Particle size distribution and average
particle size of poly(hexamethylene sebacamide) microcapsules are shown 
in Appendix III, Tables 69 - 73, and the summary and comparison of these 
tables are shown in Tables 74 - 78. The data of each table are presented 
by graph. The graph which depicts the effect of propeller speeds is 
presented in graph series 3 - 8  and the effect of homogenizing times is 
presented by graph series 9 - 14.

2) Particle size distribution and average
particle size of poly(para-phenylene terephthalamide) microcapsules are 
shown in Appendix III, Tables 79 - 83, and the summary and comparison
these tables are in Tables 84 - 88. The data from each table are
presented by graph. The graph which depicts the effect of propeller 
speeds are shown in graph series 15 - 20 and the effect of homogenized 
times are presented in graph series 21 - 26.

2.9.4.4) Average Particle Size and Encapsulation
Efficiency
The results of all average particle size and 

encapsulation efficiency are shown in Tables 42 and 43 as follows
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Effect of the homogenizing times from 30 to  150 sec . at the propeller speed 4,000 rpm. ๐ท p a r tic le  s iz e  d istr ib u tio n  o f dibutyl
phthalate being encapsulated by poly(hexamethylene sebacamide) microcapsules using poly(vinyl a lcohol) as em u lsifier .
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Graph a e r ie s  11 Histogram o f  P a r t ic le  s i z e  D is tr ib u tio n  o f SDP080/030-SDP060/1 50.
(The graphs were made from the data from Tables 89-3 - 73-3)
Effect of the homogenizing times from 30 to  150 sec. at the propeller speed ธ ,000 rpm. on p a rtic le  s iz e  d istr ib u tio n  of dibutyl
phthalate being encapsulated by poly(hexamethylene sebacamlde) microcapsules นร1ท9 poly(vinyl alcohol) as em u lsifier . 103



78 60 50 40 38 20 10 B G 5 4 3 
SDP0BQ/12Q1

SDP080 /06Ôlf
35.00

70 50 50 40 30 20 10 0 6 5 4 3 0 
SDP0B0/150|

SDP0B0/Q9ÔT
35.00
38.00 
25.00+ 
20.08
15.00 
10.08
5.00

70 50ljj[ Him58 48 38 28 10 8 6 5 4 3 8
?

h
/

/ \  ■
L

- J r H r .

35.00
30.00
25.00
20.00
15.00
10.1 
5.00 
0.00

if
Ï'รุ

I

p 35.00 
% 38.00 
โ 25.08 
* 20,BB

15.00
ftcI
■ 10,00 
N 5,00

70 60 58 40 38 28 10 8 6 5 4 3 0 70 68 50 40 30 20 18 8 6 5 4 3
____________ ü  Un)

Graph s e r ie s  12 Histogram o f  P a r t ic le  S iz e  D is tr ib u tio n  o f  30P080/030-SDP080/150.
(The graphs were made from the data from T ables 69-4 -  73-4)
Effect of the homogenizing times from 30 to  150 sec . at the propeller speed 8,000 rpm. on particTe s iz e  d istr ib u tio n  of dibutyl
phthalate being encapsulated by poly(hexamethylene sebacamide) microcapsules using po1y(v1ny1 alcohol) as em u lsifier . 104
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Graph s e r ie s  13 Histogram o f P a r t ic le  s iz e  D is tr ib u tio n  o f  SDP100/030-SDP100/150.
(The graphs were made from the data from Tables 69-5 -  73-5)
E ffec t o f the homogenizing tim es from 30 to  150 se c . a t  th e  p ro p e lle r  speed 10,000 rpm. on p a r t ic le  s iz e  d is tr ib u t io n  o f
dibutyl phthalate being encapsulated by poly(hexamethylene sebacawide) microcapsules using poly(vinyl alcohol) as em u lsifier . _ 1ocn
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Graph s e r ie s  14 Summary of the Graph s e r ie s  9 - 13 on E ffect o f Homogenizing Time.
(The graphs were made from the data from Tables 69 - 73)
E ffect of the homogenizing tim es from 30 to  150 sec . a t the p ro p e ller  speeds from 2,000 to  
10,000 rpm. on the p a r t ic le  s iz e  d is tr ib u tio n  o f  d ib u ty l p h th alate  being encapsulated  by 
p o ly (hexamethylene sebacamide) m icrocapsules using p o ly (v in y l a lc o h o l)  as e m u ls if ie r .
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Graph s e r ie s  IJS Histogram of P a r t ic le  S iz e  D1etr1but1on o f  TDP020/030-TDP100/030.
(The graphs were made from th e data from Tables 79-1 -  79-5)
E ffec t o f  the p ro p e ller  speeds from 2 ,000  to  10,000 rpm. a t th e  homogenizing tim e 30 se c . on th e p a r t ic le  s i z e  d is tr ib u t io n  o f  
d ib u ty l p h th alate  being en cap su la ted  by p o ly (para-phenylene terephthalam ide) m icrocap su les u sin g  p o ly (v in y l a lc o h o l)  as
emulsi f i e r .
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Graph a e r ie s  16 Histogram o f  P a r t ic le  S iz e  D is tr ib u tio n  o f  TDP020/060-TDP100/060.
(The graphs were made from the data from T ables 80-1 -  80-5)
E ffec t o f the p ro p e ller  speeds from 2 ,000 to  10,000 rpm. a t  th e  homogenizing tim e 60 se c . on th e  p a r t ic le  s iz e  d is tr ib u t io n  o f  
d ib u ty l p h th alate being encapsu lated  by poly(para-p hen ylen e terephthalam ide) m icrocap su les u sin g  p o ly (v in y l a lc o h o l)  as
em ulsifier. 108
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Graph 90TT0B V7 Histogram o f P a r t ic le  S iz e  D is tr ib u tio n  o f  TDP020/090-TDP100/090.
(The graphs were made from the data from T ables 81-1 -  81-5)
E ffec t o f the p rop e ller  speeds from 2 ,000 to  10,000 rpm. a t  th e  homogenizing tim e 90 se c . on the p a r t ic le  s iz e  d is tr ib u t io n  o f  
d ib u ty l p h th alate  being en cap su la ted  by p o ly (para-phenylone tereph th alam ide) m icrocap su les u sin g  p o ly (v in y l a lc o h o l)  as
em ulsifier.
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Graph se r ie s  18 Histogram o f P a r t ic le  3 iz e  D is tr ib u tio n  o f  TDP020/120-TDP100/120.
(The graphs were made from th e data from T ables 82-1 -  82-5)
E ffec t o f the p ro p e ller  speedB from 2 ,000 to  10,000 rpm. a t th e  homogenizing tim e 120 se c . on th e p a r t ic le  s iz e  d is t r ib u t io n  o f  
d ib u ty l p h th alate being en cap su la ted  by p o ly (para-phenylene terephthalam ide) m icrocap su les u sin g  p o ly (v in y l a lc o h o l)  as
e m u ls if ie r . o
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Graph s e r ie s  29 Histogram o f  P a r t ic le  S iz e  D is tr ib u tio n  o f  TDP020/150-TDP100/150.
(The graphs were made from the data from T ables B3-1 -  83 -5 )
E f f e c t  o f  t h e  p r o p e l l e r  s p e e d s  f r o m  2,000 to  10,000 rpm. at the homogenizing time 150 sec . on the p a r tic le  s iz e  d istr ib u tio n  of
d i b u t y l  p h t h a l a t e  b e i n g  encapsulated by poly(para-phenylene terephthalamide) microcapsules using poly(vinyl alcohol) as
e m u l s i f i e r .
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Graph s e r ie s  20 Summary o f the Graph s e r ie s  15 - 19 on E ffe c t  o f P rop eller  Speed.
(The graphs were made from the data from Tables 79 - 83)
E ffect o f the p rop eller  speeds from 2,000 to  10,000 rp«. a t the homogenizing tim es from 30 
to  150 sec . on the p a r t ic le  s iz e  d is tr ib u tio n  of d ibuty l p h th a la te  being encapsu lated  by 
polytpara-phenylene terephthalam ide) m icrocapsules using p o ly (v in y l a lco h o l)  as
em u ls ifier .
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Graph s e r ie s  21 Histogram o f P a r t ic le  S iz e  D is tr ib u tio n  o f  TDP020/030-TDP020/150.
(The graphs were made from the data from T ables 79-1 -  83-1 )
E ffec t o f the homogenizing tim es from 30 to  150 s e c . a t  th e  p r o p e lle r  speed 2 ,000 rpm. on th e p a r t ic le  s iz e  d is t r ib u t io n  o f  
d ib u ty i p h th aiate  being encap su lated  by p o ly (para-phenylene tereph th alam id e) m icrocap su les u sin g  p o ly (v in y l a lc o h o l)  as
e m u l s i f i e r .
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Graph s e r ie s  22 HlBtogram o f  P a r t ic le  31ze D is tr ib u tio n  o f  TDP040/030-TDP040/150.
(The graphs were made from the data from T ables 79-2 - 83-2)
E ffec t o f the homogenizing tim es from 30 to  150 s e c . a t  th e  p r o p e lle r  speed 4 ,000 rpm. on th e p a r t ic le  s i z e  d is t r ib u t io n  o f  
dibuty l p h th alate being en cap su la ted  by p oly(para-p hen ylen e terephthalam ide) m icrocap su les u sin g  p o ly (v1n y l a lc o h o l)  as
e m u ! ร 1 f  i e r .
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Graph s e r ie s  23 Histogram o f  P a r t ic le  S iz e  D is tr ib u tio n  o f  TDP060/030-TDP060/150.
(The graphs were made from th e data from T ables 79-3 -  83-3)
E f f e c t  o f  t h e  h o m o g e n i z i n g  times f r o m  30 to  150 sec . at the propeller speed 6,000 rpm. o n  the p a r tic le  s iz e  d istr ib u tio n  o f
d i b u t y l  p h t h a l a t e  b e i n g  encapsulated by p oly ( p a r a - p h e n y lene terephthalamide) m i c r o c a p B u l e s  U 3 i n g  poly(vinyl a lcohol) a s
e m u l s i  f i e r .
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Graph s é r ié s  24 Histogram o f  P a r t ie l*  S iz e  D is tr ib u tio n  o f  TDP080/030-TDP080/150.
(The graphs were made from the data from T ables 79-4 -  83-4)
E ffec t o f the homogenizing timeB from 30 to  150 se c . a t  th e  p r o p e lle r  speed 8 ,000  rpm. on th e  p a r t ic le  s iz e  d is t r ib u t io n  o f  
dibuty l p h th a la te  being en cap su la ted  by poly(para-phonyTen® tereph th alam id e) m icrocap su les u sin g  p o ly (v in y i a lc o h o l)  as
e m u ls if ie r .
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Graph s e r ie s  25 Histogram o f P a r t ic le  S iz e  D is tr ib u tio n  o f  TDP100/030-TDP100/150.
(The graphs were made from the data from T ables 79-5 -  83 -5 )
E f f e c t  o f  t h e  homogenizing times from 30 to 150 sec. at the propeller speed 10,000 rpm. on the p a r tic le  s iz e  d istr ib u tio n  of
d i b u t y l  p h t h a l a t e  being encapsulated by poly(para-phenylene terephthalamide) microcapsules using poly(viny1 alcohol) as
e m u l s i f i e r .
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Graph s e r ie s  26 Summary o f  the Graph s e r ie s  21 - 25 on E ffec t o f Homogenizing Time.
(The graphs were made from the data from Tables s e r ie s  79 - 83)
E ffect of the homogenizing time from 30 to  150 sec . at the p rop e ller  speeds from 2,000 to  
10,000 rpm. on the p a r t ic le  s iz e  d is tr ib u tio n  o f d ibutyl phthalate being encapsulated  by 
poly(para-phenylene terephthalam ide) m icrocapsules using p o ly (v in y l a lco h o l)  as
em u ls if ie r .



Table 42 Average Diameter and % Unencapsulated Oil of SDP Series. 
Average Particle Size and Microencapsulation Efficiency of 
Poly(hexamethylene sebacamide) Microcapsules in Various Propeller 
Speeds and Homogenizing Times Using Poly(vinyl alcohol), 7.5% of 
the Total Oil Phase, as Emulsifier.

Name Average Diameter of 
Microcapsules (pm)

% Unencapsulated 
Dibutyl Phthalate

SDP020/030 43.29 5.64
SDP020/060 40.71 4.98
SDP020/090 39.46 5.23
SDP020/120 41.22 5.50
SDP020/150 39.82 4.74

SDP040/030 33.02 3.79
SDP040/060 28.97 4.21
SDP040/090 27.77 3.42
SDP040/120 27.80 3.31
SDP040/150 26.96 3.50

SDP060/030 22.76 2.32
SDP060/060 21.29 1.97
SDP060/090 21.00 1.34
SDP060/120 19.22 1.09
SDP060/150 18.76 1.22

SDP080/030 19.36 1.56
SDP080/060 17.23 1.92
SDP080/090 16.81 1.47
SDP080/120 16.76 1.79



Table 42 Average Diameter and * Unencapsulated Oil of SDP Series. 
Average Particle Size and Microencapsulation Efficiency of 
Poly(hexamethylene sebacamide) Microcapsules in Various Propeller 
Speeds and Homogenizing Times Using Poly(vinyl alcohol), 7.5* of 
the Total Oil Phase, as Emulsifier.

Name Average Diameter of 
Microcapsules (pm)

* Unencapsulated 
Dibutyl Phthalate

SDP080/150 16.89 1.64

SDP100/030 16.68 1.05
SDP100/060 15.68 1.87
SDP100/090 14.49 1.53
SDP100/120 14.83 1.27
SDP100/150 15.36 1.09

Table 43 Average Diameter and * Unencapsulated Oil of TDP Series. 
Average Particle Size and Microencapsulation Efficiency of 
PolyCpara-phenylene terephthalamide) Microcapsules in Various 
Propeller Speeds and Homogenizing Times Using Poly(vinyl 
alcohol), 7.5* of the Total Oil Phase, as Emulsifier.

Name Average Diameter of 
Microcapsules (pm)

* Unencapsulated 
Dibutyl Phthalate

TDP020/030 43.51 7.54
TDP020/060 41.39 6.77
TDP020/090 43.07 7.21
TDP020/120 40.98 6.98
TDP020/150 42.17 5.74



Table 43 Average Diameter and % Unencapsulated Oil of TDP Series. 
Average Particle Size and Microencapsulation Efficiency of 
PolyCpara-phenylene terephthalamide) Microcapsules in Various 
Propeller Speeds and Homogenizing Times Using Poly(vinyl 
alcohol), 7.5% of the Total Oil Phase, as Emulsifier.

Name Average Diameter of 
Microcapsules (pm)

% Unencapsulated 
Dibutyl Phthalate

TDP040/030 33.90 5.97
TDP040/060 33.81 5.11
TDP040/090 32.13 4.82
TDP040/120 30.75 5.31
TDP040/150 31.87 4.50

TDP060/030 27.54 3.32
TDP060/060 26.40 3.97
TDP060/090 23.40 2.94
TDP060/120 21.24 3.09
TDP060/150 22.96 2.12

TDP080/030 24.31 2.56
TDP080/060 23.04 2.92
TDP080/090 23.95 2.47
TDP080/120 20.42 1.99
TDP080/150 19. 14 1.64

TDP100/030 20.08 2.05
TDP100/060 20.44 1.97
TDP100/090 19.06 2 . 13
TDP100/120 18.87 1. 68
TDP100/150 19.57 1.29
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2.9.5) Coneใ USions
1) The Effect of Propeller Speed

Based on the results presented by graph series 3 -
8 and 15 - 20 showed that the propeller speeds of the homogenizer are 
very influentail on the particle size distribution and average particle 
size of polyamide microcapsules. Increasing the propeller speeds 
decrease the average particle size and produce a broad distribution in 
diameter of the microcapsules.

22 Ihe Effect of Homogenizing Time
Based on the results presented by graph series 9 -

14 and 21 - 26 showed that the homogenized times cannot affect the 
average particle size of polyamide microcapsules but has a very strong 
effect on the particle size distribution. From the Microphotograph 
series 5 - 9  and 10 - 14, show that increasing the homogenizing times 
produces a narrow particle distribution of the microcapsules.
2.10) EFFECT OF EMULSIFIER CONCENTRATION

2.10.1) Purpose
To study the effect of emulsifier concentrations on 

microscopic properties, particle size and size distribution and 
microencapsulation efficiency when monomer concentration, propeller 
speed and homogenizing time are fixed. Emulsifier concentrations vary 
from 2.5 to 12.5% of the total oil phase.

2.10.2) Synthesis Method
The stock solutions of diacid chloride, diamine and 

emulsifier, all of which were of various concentrations were prepared 
and kept in the water bath to control the temperature at 10‘ c  for
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sebacoyl chloride and 30°c for terephthaloyl chloride. 210.0 gm. of 
emulsifier and 90.0 gm. of diacid chloride solutions were poured into a 
T.K. homogenizer vessel. The mixture was then homogenized at the 
propeller speeds and homogenizing times arranged as shown in the Tree 
Diagram 5 to form an oil-in-water emulsion. The emulsion was poured into 
a 500 ml. beaker containing 200.0 gm. of diamine solution while stirring 
with an Heidon laboratory stirrer at the propeller speed of 400 - 600 
rpm. Microencapsulation occurred by interfacial polycondensation at the 
interface of the diacid chloride solution droplets and the diamine 
solution which had the emulsifier solution as stabilizer.

2.10.2.1) Sebacoyl Chloride System
To prepare the formulation SDP075E, 6.75 gm. 

of poly(vinyl alcohol) was dissolved in 203.25 gm. of deionized water at 
the temperature of 80‘C for 60 minutes then this emulsifier solution .PA 
was cooled down to 10'C and kept in a water bath to control the 
temperature. For the diacid chloride solution, 9.28 gm. of sebacoyl 
chloride was dissolved in 80.72 gm. of dibutyl phthalate. This was 
carried out at room temperature and were kept in the -water bath to 
control the temperature at 10"C. Likewise, for the diamine solution,
4.50 gm. of hexamethylene diamine and 3.01 of sodium hydroxide were 
added into a 500 ml. beaker containing 192.49 gm. of deionized water, 
both of which were prepared at room temperature and then adjusted the 
temperature to 10“C. The diamine solution was stirred with an Heidon 
laboratory stirrer at 400 - 600 rpm. of propeller speeds. The emulsion 
was prepared by homogenizing the mixture of diacid chloride and 
emulsifier solutions at the propeller speeds and homogenizing times 
which were arranged as shown in the Tree Diagram 5. This emulsion was 
then poured into the diamine solution and was continuously agitated for 
30 minutes to form poly (hexamethylene sebacamide) microcapsules 
containing dibutyl phthalate as encapsulated material.
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Flow Chart 11 Synthesis Method of SBC for studying Effect of Emulsifier 
Concentration.

SBC DBP DIW PVA
X  1_  ,  T , . T --------—Dissolved and adjusted Dissolved at the proper temperature
the temperature to 10c c  and then adjusted to 10‘ c

1-------------- --------- r— fEmulsified by a T.K. homogenizer 
HMDA NaOH DIW at 6,000 rpm. for 90 seconds

Dissolved and adjusted
the temperature to 10° c

Agitated by an Heidon laboratory stirrer
at 400 - 600 rpm. for 30 minutes
Aqueous suspensiori of microcapsules

2 . 1 0 . 2 . 2 )  T e r e p h t h a l o v l  C h l o r i d e  S y s t e m

To synthesize the formulation TDP075E, 6.75 
gm. of poly(vinyl alcohol) was dissolved in 203.25 gm. of deionized 
water at the temperature of 80° c  for 60 minutes then this emulsifier 
solution was cooled down to 30'c and kept in a water bath to control the 
temperature. For the diacid chloride solution, 6.06 gm. of terephthaloyl 
chloride was dissolved in 83.94 gm. of dibutyl phthalate which was 
prepared at room temperature and kept in water bath to control the 
temperature at 30‘C. Similarly, the diamine solution, 3.29 gm. of para- 
phenylene diamine and 2.37 of sodium hydroxide were added into a 500 ml. 
beaker containing 194.34 gm. of deionized water. They were prepared at 
room temperature and then adjusted the temperature to 30°c. The diamine 
solution was then stirred with an Heidon laboratory stirrer at 400 - 600 
rpm. of propeller speeds. The emulsion was prepared by homogenizing the 
mixture of diacid chloride and emulsifier solutions at the propeller 
speeds and homogenizing times which were arranged as shown in the Tree
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Diagram 5. This emulsion was poured into the diamine solution and was 
continuously agitated for 30 minutes to form poly(para-phenylene 
terephthalamide) microcapsules containing dibutyl phthalate as 
encapsulated material.
Flow Chart 12 Synthesis Method of TPC for studying Effect of Emulsifier 

Concentration.
TPC DBP DIW PVA
T  - — T . . T — — -— Z .Dissolved and adjusted Dissolved at the proper temperature
the temperature to 30‘ c  and then adjusted to 30° c

L----------------------- r — L  “ ' _ “ ,Emulsified by a T.K. homogenizer 
PNDA NaOH DIW at 6,000 rpm. for 90 seconds

Dissolved and adjusted
the temperature to 30 ° c

Agitated by an Heidon laboratory stirrer
at 400 - 600 rpm. for 30 minutes
Aqueous suspensio! of microcapsules

Table 44 Effect of Emulsifier Concentrations on Encapsulating of 
Dibutyl Phthalate by Poly(hexamethylene sebacamide) 
Microcapsules.

Assigned Name SDP025E SDP050E SDP075E SDP100E SDP125E
Chemicals (gm. ) (gm. ) (gm. ) (gm. ) (gm. )
SBC
DBP

9.28
80.72

9.28
80.72

9.28
80.72

9.28
80.72

9.28
80.72

PVA
DIW

2.25
207.75

4.50
205.50

6.75
203.25

9.00
201.00

11.25
198.75
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Table 44 Effect of Emulsifier Concentrations on Encapsulating of 
Dibutyl Phthalate by Poly(hexamethylene sebacamide) 
Microcapsules.

Assigned Name 
Chemicals

SDP025E SDP050E SDP075E SDP100E SDP125E
(gm. ) (gm. ) (gm. ) (gm. ) (gm. )

HMDA 4.50 4.50 4.50 4.50 4.50
NaOH 3.01 3.01 3.01 3.01 3.01
DIW 192.49 192.49 192.49 192.49 192.49

Table 45 Effect of Emulsifier Concentrations on Encapsulating of 
Dibutyl Phthalate by PolyCpara-phenylene terephthalamide) 
Microcapsules.

Assigned Name TDP025E TDP050E TDP075E TDP100E TDP125E
Chemicals (gm. ) (gm.) (gm.) (gm.) (gm. )
TPC 6.06 6.06 6.06 6.06 6.06
DBP 83.94 83.94 83.94 83.94 83.94

PVA 2.25 4.50 6.75 9.00 11.25
DIW 207.75 205.50 203.25 201.00 198.75

PNDA 3.29 3.29 3.29 3.29 3.29
NaOH 2.37 2.37 2.37 2.37 2.37
DIW 194.34 194.34 194.34 194.34 194.34
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Tree Diagram 5 Effect of Emulsifier Concentrations on Microencapsulation. 
Monomer, encapsulated oil, propeller speed and homogenizing time 
were constant.

Monomer Oil Speed Time PVA cone. Assigned Name
rpm. sec.

— 6,000 — 90 —— 2.5% SDP025E— 6,000 — 90 —— 5.0% SDP050E— SBC + HMDA — DBP J— 6,000 — 90 —— 7.5% SDP075E— 6,000 — 90 —— 10.0% SDP100E
t — 6,000 — 90 —— 12.5% SDP125E

[— 6,000 — 90 —— 2.5% TDP025E— 6,000 — 90 —— 5.0% TDP050E— TPC + PNDA — DBP -— 6,000 — 90 —— 7.5% TDP075E— 6,000 — 90 —— 10.0% TDP100E— 6,000 — 90 —— 12.5% TDP125E
2.10.3) Analysis Methods

General appearance was observed by visual evaluation, 
volume of separation of the system after sedimentation for 24 hours was 
measured in a 100 ml. cylinder; microscopic properties were examined by 
a Zeiss optical microscope and a Joel scanning electron microscope; 
average particle size and particle size distribution were measured by a 
Shimadzu particle size analyzer and the microencapsulation efficiency 
was analyzed by a Shimadzu gas chromatograph. The detail of each method 
was already explained in the earlier experiments.

2.10.4) Results
2.10.4.1) General Properties

The appearance and the amount of 
microcapsule sedimentation were showed in Tables 46 an 47. Increasing 
the amount of poly(vinyl alcohol) produces a more stable emulsion 
microcapsules.
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Table 46 Separation and Appearance of SDP025E-SDP125E.
Effect of Emulsifier Concentrations on Microencapsulation of 
Dibutyl Phthalate within the Poly(hexamethylene sebacamide) 
Microcapsules.

Assigned Name Separation 
at 24 hours Appearance by Visual Evaluation

SDP025E 7 ml. milky white emulsion and uniform
SDP050E 3 ml. milky white emulsion and uniform
SDP075E 1 ml. milky white emulsion and uniform
SDP100E 0 ml. milky white emulsion and uniform
SDP125E 0 ml. milky white emulsion and uniform

Table 47. Separation and Appearance of TDP025E-TDP125E.
Effect of Emulsifier Concentrations on Microencapsulation of 
Dibutyl Phthalate within the PolyCpara-phenylene terephthalamide) 
Microcapsules.

Assigned Name Separation 
at 24 hours Appearance by Visual Evaluation

TDP025E 8 ml. milky brown emulsion and uniform
TDP050E 5 ml. milky brown emulsion and uniform
TDP075E 2 ml. milky brown emulsion and uniform
TDP100E 0 ml. milky brown emulsion and uniform
TDP125E 0 ml. milky brown emulsion and uniform

2.10.4,2) Microscopic Properties
Photomicrograph series 15 snows the effect 

of poly(vinyl alcohol) concentrations. Increasing the amount of
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emulsifier produces the smaller size of poly(hexamethylene sebacamide) 
microcapsules. In the same manner, the effect of emulsifier
concentrations on poly(para-phenylene terephthalamide) microcapsules as 
showed in Photomicrograph series 16.

2.10.4.3) Particle Size Distribution
1) Graph series 27 shows that increasing 

the amount of poly(vinyl alcohol) shifts the histogram of particle size 
distribution of poly(hexamethylene sebacamide) microcapsules to the 
smaller size. In the same manner, Graph series 28 shows the distribution 
of poly(para-phenylene terephthalamide) microcapsules.

2) From Appendix III, Tables 89 - 90 show
that increasing the amount of poly(vinyl alcohol) shifts the particle 
size distribution and average particle size of poly(hexamethylene 
sebacamide) microcapsules to the smaller size. Likewise, Tables 91 - 92
show the results of poly(para-phenylene terephthalamide) microcapsules.

2.10.4.4) Averge Particle Size and Encapsulation
Efficiency
The concentration of poly(vinyl alcohol) has 

a very strong effect on the average particle size of microcapsules and 
microencapsulation efficiency. As showed in Tables 48 and 49, 
increasing the amount of poly(vinyl alcohol) decreases the average size 
of the microcapsules but increases the microencapsulation efficiency.
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S D P 0 2 5 E  
PVA 2 . 5  %

S D P 1 0 0 E  
PVA 1 0 . 0  %

S D P 0 5 0 E  
PVA 5 . 0  %

S D P 1 2 5 E  
PVA 1 2 . 5  %

SDP075E 
PVA 7 . 5  %

P h o t o mi c r o g r a p h  s e r i e s  15 P h o t om i c r o g r a p h s  o f  SDP025E-SDP125E.
Pol y ( he xa me t ny l e ne  s e ba c a mi de )  a s  p o l y me r i c  s h e l l ;  d i b u t y l  p h t n a l a t e  as 
e n c a p s u l a t e d  m a t e r i a l :  t h e  p r o p e l l e r  speed  and homogeniz ing  t i me  f i x e d  
a t  6 . 000  rpm. and 90 s e c .  ana v a r i o u s  c o n c e n t r a t i o n s  of  p o l y i  v i n y l  
a l c o h o l ) ,  as  e m u l s i f i e r ,  were used .  The p n o t o m i c r o g r a p h s  were t a k e n  by 
t n e  Z e i s s  o p t i c a l  mi c r o s c o p e  wi t h  a m a g n i f i c a t i o n  o f  100 t i m e s  from 
which t n e  p r i n t s  were e n l a r g e d  2 . 5  t i me s .
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TDP025E 
PVA 2.5 %

TDP100E 
PVA 10.0 *

TDP050E 
PVA 5.0 %

TDP125E 
PVA 12.5 %

TDP075E 
PVA 7 . 5  %

Photomicrograph series 16 P h o t o mi c r o g r a p h s  o f  TDP025E-TDP125E. 
P o l y ( p a r a - p h e n y l e n e  t e r e p h t h a l a m i d e )  a s  p o l y m e r i c  s h e l l ;  d i b u t y l  
p h t n a l a t e  a s  e n c a p s u l a t e d  m a t e r i a l ;  t h e  p r o p e l l e r  s peed  and homogen i z i ng  
t i me  f i x e d  a t  6 , 000  rpm. and 90 s ec .  and v a r i o u s  c o n c e n t r a t i o n s  of  
p o l y ( v i n v )  a l c o h o l ) ,  a s  e m u l s i f i e r ,  were used .  The p h o t o m i c r o g r a p h s  were 
t a k e n  by t h e  Z e i s s  o p t i c a l  mi c r os c ope  w i t h  a m a g n i f i c a t i o n  o f  100 t i m e s  
f rom which t h e  p r i n t s  were e n l a r g e d  2 . 5  t i m e s .
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Graph s e r ie s  27 Histogram o f  P a r t ic le  s iz e  D is tr ib u tio n  o f  SDP050E-SDP125E.
(The graphs were made from the data from Tables 89-1 -  89-5)
Effect of poly (viny1 alcohol) concentrations from 2 .5 , 5 .0 , 7 .5 , 10.0 and 12.5 * of the to ta l o i l  phase on the p a r tic le  s iz e
d istr ib u tion  for dibutyl phthalate being encapsulated by poly(hexamethylene sebacamide) microcapsules. Fixing the propeller
speed at 6,000 rpm. and homogenizing time for 90 sec.
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Graph s e r ie s  28 Histogram of P a r t ic le  S iz e  D is tr ib u tio n  o f TDP050E-TDP125E.
( T h e  g r a p h s  w e r e  m a d e  f r o m  t h e  d a t a  f r o m  T ables 91-1 -  91-5)
E f f e c t  o f  p o 1 y ( v i n y l  a lco h o l)  con cen tra tio n s from 2 .5 , 5 .0 ,  7 .5 ,  10 .0  and 12.5 X o f  the t o ta l  o i l  phase on the p a r t ic le  s iz e  
d i s t r i b u t i o n  f o r  d i b u t y l  p h th alate  being encapsu lated  by poly(para-phenylene terephthalam ide) m icrocap su les. F ix in g the  
p r o p e l l e r  s p e e d  a t  6,000 r p m .  and homogenizing tim e for  90 se c . 133
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Table 48 Average Diameter and % Unencapsulated Oil o f  SDP025E-SDP125E. 
Effect  o f  Emulsi f ier  Concentration on Microencapsulation of  
Dibutyl Phthalate by Poly(hexamethylene sebacamide) 
Microcapsules.

Assigned name Average Diameter (|im) 
of Microcapsules

% Unencapsulated 
Dibutyl Phthalate

SDP025E 33.97 3.56
SDP050E 27.33 2.06
SDP075E 22.82 1.47
SDP100E 19.18 1.09
SDP125E 18.53 0.64

Table 49 Average Diameter and % Unencapsulated Oil o f  TDP025E-TDP125E. 
Effect  o f  Emulsi f ier  Concentration on Microencapsulation of  
Dibutyl Phthalate by Poly(para-phenylene terephthalamide)  
Microcapsules.

Assigned name Average Diameter (pm) 
of Microcapsules

% Unencapsulated 
Dibutyl Phthalate

TDP025E 33.81 4.56
TDP050E 31.11 3.92
TDP075E 30.20 2.77
TDP100E 28.92 1.89
TDP125E 22.16 0.97

2 .1 0 .5 )  Conclusions

Increasing  the amount of polyi'vinyl a lco h o l )  decreases  
the average p a r t i c l e  s i z e ,  produces a more s tab le  emulsion and increases  
the microencapsulation e f f i c i e n c y .
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2.11) EFFECT OF MONOMER CONCENTRATION

2 .1 1 .1 )  Purpose

To study the e f f e c t  of  d iacid  ch lor ide  concentrations  
on microscopic p ropert ie s ,  average p a r t i c l e  s i z e ,  p a r t i c l e  s i z e  
d is t r ib u t io n  and microencapsulation e f f i c i e n c y  of the microcapsules when 
propel ler  speed,  homogenizing time and e m u ls i f i e r  concentration are 
f ixed .  Sebacoyl chlor ide  concentrations were varied from the r a t io s  of  
1:29, 2:28,  3:27,  4:26,  and 5:25 (gm./gm.) of  sebacoyl ch lor ide  to
dibutyl  phthalate .  Likewise the r a t io s  of  1 .0 :2 9 .0 ,  1 .5 : 2 8 .5 ,  2 .0 : 2 8 .0 ,
2 .5 :2 7 .5 ,  and 3 .0 :2 7 .0  of  terephthaloy l  ch loride  to  dibutyl  phthalate  
were made.

2 .1 1 .2 )  Synthesi s  Method

The stock s o lu t io n s  of  diacid  ch lo r id e ,  e m u ls i f i e r  and 
diamine were prepared and were kept in a water bath at the temperature 
of 10°c for  the sebacoyl ch lor ide  so lu t ion  and at 30°c for the  
terephthaloyl  ch lor ide  s o lu t io n .  210.0 gm. o f  the e m u l s i f i e r  so lu t ion  
and 90.0 gm. of  the d iac id  ch lor ide  so lu t ion  were pourerd into the T.K. 
homogenizer v e s s e l .  The mixture was homogenized at the p rope l ler  speed 
and homogenizing time, show as fo l low s  in the Tree Diagram 6, to  form 
o i l - i n - w a t e r  emulsion.  The emulsion was then poured into  a 500 ml. 
beaker conta ining 200.0 gm. of  the diamine so lu t io n  while being s t i r r e d  
by an Heidon laboratory s t i r r e r  at 400 -  600 rpm. of  the propel ler  
speed. Microencapsulation was formed by i n t e r f a c ia l  polycondensation at 
the i n t e r f a c ia l  drople ts  of  the d iac id  chloride  and diamine s o lu t io n s  
having the e m u ls i f i e r  so lu t ion  as s t a b i l i z e r .

2 .1 1 . 2 . 1 )  Sebacoyl Chloride Process

Formulation SDP030/270 was synthesized as 
fo l lows : 6.75 gm. of  poly(vinyl  a lcoho l)  was d is so lved  in 203.25 gm. of
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deionized water at the temperature o f  80“C for  60 minutes then t h i s
e m u ls i f i e r  so lu t io n  was cooled down to  10‘C and was kept in water bath
to  control  the temperature.  To prepare the d iac id  ch lo r id e  s o lu t io n ,  
9.28 gm. o f  sebacoyl ch lor ide  was d isso lved  in 80.72 gm. o f  dibutyl
phthalate at  room temperature and were kept in water bath to  control
temperature at 10‘C. For diamine s o lu t io n ,  4.50  gm. o f  hexamethylene  
diamine and 3.01 of  sodium hydroxide were added into  a 500 ml. beaker 
containing 192.49 gm. o f  deionized water at room temperature and then 
adjusted the temperature to  10‘C. The diamine so lu t ion  was then s t i r r e d  
with an Heidon laboratory s t i r r e r  at 400 -  600 rpm. o f  the  p rope l ler  
speed. The emulsion was prepared by homogenizing the mixture o f  the  
diac id  ch lor ide  and e m u l s i f i e r  s o lu t io n s  at the p rop e l le r  speed and 
homogenizing time arranged as fo l lows  in the Tree Diagram 6. This 
emulsion was poured into  the diamine so lu t ion  and was continuously  
a gi ta ted  for  30 minutes to  form poly(hexamethylene sebacamide)
microcapsules in which dibutyl  phthalate was encapsulated.  The other  
formulations as fo l low s  in Table 50 were prepared in the same method.

Flow Chart 13 Synthes is  Method of SBC for  studying E f fec t  o f  Monomer 
Concentration.

SBC DBP DIW PVA
J - — — J  . T — — — T -Dissolved and adjusted Dissolved at the proper temperature
the temperature to  10‘ c and then adjusted to  10‘ c

1------------------1--------- r — — i l .  ~ IEmulsified by a T.K. homogenizer 
HMDA NaOH DIW at 6,000 rpm. for 90 seconds

Dissolved and adjusted  
the temperature to  10 c

T  _ ~ — :Agitated by an Heidon laboratory s t i r r e r  
at 400 -  600 rpm. for 30 minutes 
Aqueous suspension of microcapsules
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2 .1 1 . 2 . 2 )  Terephthaloyไ Chloride Process

Formulation TDP020/280, was synthes ized  as 
fo l lo w s  ะ 6.75  gm. o f  po ly (v iny l  a lcoho l)  was d isso lved  in 203.25 gm. of  
deionized water at the temperature of  8 0 ‘C for 60 minutes then t h i s  
e m u l s i f i e r  so lu t io n  was cooled down to  30°c and was kept in water bath 
to  control  the temperature.  To prepare the d iac id  chlor ide  s o lu t io n ,
6.06 gm. o f  terephthaloy!  ch lor ide  was d isso lved  in 83.94 gm. of  dibutyl  
phthalate  at  room temperature and were kept in water bath to  control  
temperature at 3 0 ° c .  For diamine s o lu t io n ,  3.29 gm. o f  para-phenylene  
diamine and 2.37 of  sodium hydroxide were added into  a 500 ml. beaker 
conta in ing  194.34 gm. o f  deionized water at room temperature and then 
adjusted the temperature to  30°c.  The diamine so lu t ion  was then s t i r r e d  
with an Heidon laboratory s t i r r e r  at 400 -  600 rpm. of  the p rope l ler  
speed.  The emulsion was prepared by homogenizing the mixture of  the  
diac id  ch lor ide  and e m u l s i f i e r  so lu t io n s  at the p rope l ler  speed and 
homogenizing time arranged as fo l low s  in the Tree Diagram 6. This 
emulsion was poured into  the diamine so lu t ion  and was continuously  
a gi ta ted  for  30 minutes to  form poly(para-phenylene terephthalamide)  
microcapsules in which dibutyl  phthalate was encapsulated.  The other  
formulations as fo l low s  in the Table 51 were prepared in the same 
method.

Flow Chart 14 Synthes is  Method of TPC for  studying Effec t  o f  Monomer 
Concentration.

TPC DBP DIW PVA

Dissolved and adjusted  
the temperature to  3 0 c c

Disso ved at the proper temperature
and then adjusted to  3 0 ‘ c



Flow Chart 14 Syn thes i s  Method of TPC for  s tudying  E f fec t  o f  Monomer
Concentration.

TPC DBP DIW PVA
T _ "I" " T T
Dissolved and adjusted Dissolved at the proper temperature
the temperature to  30 ‘ c and then adjusted to  30 ‘ c1-------------------------------------------------- ะ — J  "

Emulsified by a T.K. homogenizer 
PNDA NaOH DIW at 6,000 rpm. for  90 seconds

Dissolved and adjusted
the temperature to  30 °c
Agitated by an Heidon laboratory s t i r r e r
at 400 -  600 rpm. for  30 minutes
Aqueous suspension of microcapsules

Tree Diagram 6 Diacid Chloride Concentrations When Fixing  
Encapsulated O i l ,  Emuls i f i er ,  Prop e l l e r  Speed 
Homogenizing Time Constant.

Monomer Oil Speed Time PVA
rpm. sec .  cone.

SBC/DBP Assjgned Name

—  1 .0 /2 9 .0 SDP010/290—  2 .0 / 2 8 .0 SDP020/2806,000 - 90 -  7.5 -—  3 .0 / 2 7 .0 SDP030/270—  4 .0 / 2 6 .0 SDP040/260—  5 .0 / 2 5 .0 SDP050/250
TPC/DBP

—  1 .0 /2 9 .0 TDP010/290—  1 .5 /2 8 .5 TDP015/2856,000 - 90 -  7.5 -—  2 .0 / 2 8 .0 TDP020/280—  2 .5 / 2 7 .5 TDP025/275—  3 .0 / 2 7 .0 TDP030/270

the
and



Table 50 Formulation of SDP010/290-SDP050/250.
Dibutyl Phthalate Encapsulated by Poly(hexamethylene sebacamide) 
Microcapsules Formulated with Various Concentrations o f  Sebacoyl  
Chloride.

Assigned Name 
Chemicals

SDP010/ 290 (gm. )
SDP020/ 280 (gm. )

SDP030/ 270 (gm. )
SDP040/ 260 (gm. )

SDP050/ 250 (gm. )

SBC 3.09 6.19 9.28 12.37 15.47
DBP 86.91 83.81 80.72 77.63 74.53

PVA 6.75 6.75 6.75 6.75 6.75
DIW 203.25 203.25 203.25 203.25 203.25

HMDA 1.50 3.00 4.50 6.00 7.50
NaOH 1.00 2.01 3.01 4.01 5.02
DIW 197.50 194.99 192.49 189.99 187.48

Table 51 Formulation of TDP010/290-TDP030/270.
Dibutyl Phthalate Encapsulated by PolyCpara-phenylene 
terephthalamide) Microcapsules Formulated with Various 
Concentrations of  Terephthaloyl  Chloride.

Assigned Name 
Chemicals

TDP010/ 290 (gm. )
TDP015/  

(gm8 )
TDP020/ 280 (gm. )

TDP025/ 275 (gm. )
TDP030/ 270 (gm. )

TPC 3.03 4.55 6.06 7.56 9.09
DBP 86.97 85.45 83.94 82.44 80.91

PVA 6.75 6.75 6.75 6.75 6.75
DIW 203.25 203.25 203.25 203.25 203.25
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Table 51 Formulation of TDP010/290-TDP030/270.
Dibutyl Phthalate  Encapsulated by Poly(para-phenylene  
terephthalamide) Microcapsules Formulated with Various 
Concentrations of  Terephthaloyl  Chloride.

Assigned Name 
Chemicals

TDP010/ 290 
(gm. )

TDP015/  
(gm8 )

TDP020/ 280 (gm. )
TDP025/ 275 (gm. )

TDP030/270 (gm. )

PNDA 1.64 2.47 3.29 4.10 4.94
NaOH 1.18 1.78 2.37 2.95 3.55
DIW 197.18 195.75 194.34 192.95 191.51

2 .1 1 .3 )  Analysi s  Methods

General appearances of  the microcapsules were observed  
by visual  eva lu a t ion ,  the volume of separat ion  assessed  as sedimentation  
a f te r  being kept for  24 hours was measured in a 100 ml. c y l in d er .  
Microscopic propert ie s  were examined by a Ze iss  o p t i c a l  microscope and a 
Joel scanning e le c tr o n  microscope; average p a r t i c l e  s i z e  and p a r t i c l e  
s i z e  d i s t r i b u t i o n  were measured by a Shimadzu p a r t i c l e  si-ze analyzer and 
the microencapsulation e f f i c i e n c y  was analyzed by a Shimadzu gas 
chromatograph. The d e t a i l  of  each methods was explained in the previous  
experiments.

2 .1 1 .4 )  Results

2 .1 1 . 4 . 1 )  General Propert ies

The amount of  sediment and appearances of
the microcapsules were showed in Tables 52 and 53.



Table 52 Separation and Appearance of  SDP010/290-SDP050/250. 
Dibutyl Phthalate Encapsulated by Poly(hexamethylene sebacamide) 
Microcapsules with Various Concentrations of  Sebacoyl Chloride.
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Assigned Name Separation  
a f te r  24 hours Appearances by Visual Evaluation

SDP010/290 2 ml. milky white emulsion and uniform
SDP020/280 3 ml. milky white emulsion and uniform
SDP030/270 5 ml. milky white emulsion and uniform
SDP040/260 6 ml. milky white emulsion and uniform
SDP050/250 6 ml. milky white emulsion and uniform

Table 53 Separation and Appearance of  TDP010/290-TDP030/270. 
Dibutyl Phthalate Encapsulated by Poly(para-phenylene  
terephthalamide) Microcapsules with Various Concentrations o f  
Terephthaloyl  Chloride.

Assigned Name Separation  
a f t e r  24 hours Appearances by Visual Evaluation

TDP010/290 3 ml. milky brown emulsion and uniform
TDP015/285 3 ml. milky brown emulsion and uniform
TDP020/280 5 ml. milky brown emulsion and uniform
TDP025/275 6 ml. milky brown emulsion and uniform
TDP030/270 7 ml. milky brown emulsion and uniform

2 .1 1 . 4 . 2 )  Microscopic Propert ies

P h o t o m i c r o g r a p h  s e r i e s  17 s h o w  t h a t  a n y

c h a n g e s ,  n e i t h e r  i n c r e a s e  n o r  a n d  d e c r e a s e  i n  t h e  a m o u n t  o f  s e b a c o y l

d o  n o t  a f f e c t  t h e  a v e r a g e  d i a m e t e r  a n d  s i z e  d i s t r i b u t i o n  o fchl ori de
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poly(hexamethy1ene sebacamide) microcapsules. But changes in the
concentration had a very strong inf luence  in the shape of the
microcapsules.  When sebacoyl ch lor ide  was used at the low
concentrat ions ,  the surface  of  polyamide sh e l l  was s o f t and th in due to
the heat evolved from the exothermic reaction  which caused the surface  
to  pucker and wrinkle.  Photomicrograph s e r i e s  18 show the same trends of  
the average diameter and s i z e  d i s t r ib u t io n  o f  polyi'para-phenylene  
terephthalamide) microcapsules ,  however, at the low concentrat ions  of  
terephthaloyl  c h lo r id e ,  the e f f e c t  o f  concentration  was obvious as a lo t  
of broken microcapsules were observed.

2 .1 1 . 4 . 3 )  P a r t i c l e  S ize  D is tr ib u t ion

1) Graph s e r i e s  29 shows that  increasing  
the amount of  sebacoyl ch loride  does not s h i f t  the histogram of p a r t i c l e  
s i z e  d i s t r ib u t io n  of poly(hexamethylene sebacamide) microcapsules to  the  
smaTier s i z e .  In the same manner, the e f f e c t  o f  concentration  of  
terephthaloy l  ch lor ide  on poly(para-phenylene terephthalamide)  
microcapsules i s  e luc idated  in Graph s e r i e s  30.

2) From Appendix I I I ,  Tables 93 -  94 show
that  increasing  the amount of  sebacoyl ch lor ide  does not s h i f t  the
p a r t i c l e  s i z e  d i s t r i b u t i o n  and average p a r t i c l e  s i z e  of
poly(hexamethylene sebacamide) microcapsules to  the smaller s i z e .  
Likewise,  the e f f e c t  o f  concentration o f  terephthaloyl  ch lor ide  on 
poly(para-phenylene terephthalamide) microcapsules i s  e luc idated  in 
Tables 95 - 96.

2 .1 1 . 4 . 4 )  Average P a r t ic l e  S ize  and Encapsulation
E ff ic iency

Tables 54 and 55 confirmed that the
concentrations of  d iac id  chloride  did not a f f e c t  the s i z e  of
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SDPO10/290 
SBC :DBP ะ 1:29

SDPO20/ 2 80 
SBC ะ DBP = 2:28

SDP030/27Û 
SBC:DBP ะ 3:27

Photomicroçiraph s e r i e s  17
Effect  of  ra t io  of  
microencapsulation  
microcapsule s h e l l :  
propel ler  speed 
sec .  r e sp ec t ive ly ;  
e m u l s i f i e r ,  at 7.5  
was used to take the  
The pr in ts  were enlarged

SDP040/260 
SBC :DBP - 4:26

SDP050/250 
SBC:DBP = 5:25

Photomicrographs of  SDP010/290-SDP050/250. 
the diacid  ch loride /encapsula ted  o i l  อท

Poly(hexamethylene sebacamide) as polymeric  
dibutyl  phthalate as encapsulated material:  the

and homogenizing time f ixed  at 6,000 rpm. and for 90 
the concentration  of poly iv iny l  a lcoholJ .  as

% of I ne to ta l  o i l  phase. A Zeiss op t ica l  microscope 
photomicrographs with magnif ication  of 100 times.

2.5 t imes.
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TDP010/290 
TPC:DBP = 1 .0 :29 .0

SDP015/285 
TPC:DBP ะ 1 .5 :28 .5

TDP020/280 
TPC: DBP ะ: 2 .0 :28 .0

Photomicrograph s e r i e s  18
Effect  of  ra t io  
microencapsulation  
microcapsule sh e l l ;  
p rope l ler  speea 
sec.  r e sp e c t ive ly :  
e m u l s i f i e r ,  
was used to taK.e 
The prints  were e n l a rged

TDP025/275 
TPC:DBP ะ 2 .5 :2 7 .5

TDP030/270 
TPC:DBP = 3 .0 :2 7 .0

Photomicrographs of  TDP010/290-TDP030/270. 
of the diacid  ch lor ide /encapsu la ted  o i l  on 

: Poly(para-phenylene terephthalamide) as polymeric  
dibutyl  phthalate as encapsulated material;  the  

ana Homogenizing time f ixed  at 6,000 rpm. and for  90 
tne concentration of po ly (v iny l  a l c o n o l ) ,  as 

at 7.5 % of the to ta l  o i l  pnase. A Zeiss o p t i c a l  microscope  
tne photomicrographs with magnif ication  of 100 t imes.  

.5 times.
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p h a s e .
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microcapsules but i t  did change microencapsulation e f f i c i e n c y .  
Increasing the d iac id  ch loride  concentrations produced the th ick  and 
strong polyamide f i lm which could completely encapsulate  the d rop le ts  of  
dibutyl  phthalate .  Poly(hexamethylene sebacamide) as microcapsule sh e l l  
was more capable in terms of encapsulation than was polyCpara-phenylene  
terephthalamide) because of  the r i g i d i t y  and b r i t t l e n e s s  o f  the l a t t e r .

Table 54 Average Diameter and X  Unencapsulated Oil of  SDP010/290- 
SDP050/25C.

Dibutyl Phthalate Encapsulated by Poly(hexamethylene sebacamide) 
Microcapsules Using Various Concentrations o f  Sebacoyl Chloride.

Assigned Name Average Diameter 
o f  Microcapsules (pm)

% Unencapsulated 
Dibutyl Phthalate

SDP010/290 25.14 6.74
SDP020/280 23.71 5.36
SDP030/270 24.51 3.67
SDP040/260 23.77 2.79
SDP050/250 23.80 1.84

Table 55 Average Diameter and % Unencapsulated Oil of  TP010/290- 
TP03/270.

Dibutyl Phthalate Encapsulated by Poly(para-phenylene  
terephthalamide) Microcapsules Using Various Concentrations of  
Terephthaloyl  Chloride.

Assigned Name Average Diameter 
of Microcapsules (pm)

% Unencapsulated 
Dibutyl Phthalate

TDP010/290 32.15 8.63
TDP015/285 30.54 5.29
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Dibutyl Phthalate Encapsulated by Poly(para-phenylene  
terephthalamide) Hicrocapsules Using Various Concentrations of  
Terephthaloyl  Chloride.

T a b l e  5 5  A v e r a g e  D i a m e t e r  a n d  % U n e n c a p s u l a t e d  O i l  o f  T P 0 1 0 / 2 9 0 -

T P 0 3 / 2 7 0 .

Assigned Name Average Diameter 
of Microcapsules (pm)

% Unencapsulated 
Dibutyl Phthalate

TDP020/280 30.62 3.88
TDP025/275 31.10 2.79
TDP030/270 31.45 2.08

2 . 1 1 . 5 ) Conclusions

Of a l l  concentrations of  the d iac id  ch lor ide ,
increasing  the concentration of d iac id  ch lor ide  increased  
microencapsulation e f f i c i e n c y  and the microcapsule ’s s h e l l  which a new 
polymer formed during the polycondensation became th icker  accordingly .  
However the average p a r t i c l e  s i z e  of  the microcapsules was not a f f e c te d  
by the in f lu en ces  of  the d iac id  chloride  concentration .

2 .12) COMBINATION OF PROTECTIVE COLLOID AND SURFACE ACTIVE AGENT 
FORMULATION

2 .1 2 .1 )  Purpose

To study the combination e f f e c t  o f  the p ro tec t ive  
c o l l o i d  in the presence of  surface ac t ive  agent which a f f e c t s  the  
sy n th es i s  and the propert ies  of  microcapsule.  PolyCvinyl a lcohol)  and 
sodium dodecvl benzene su l fon ate  were se l ec te d  because of t h e ir  non- 
coagulat ion nature.
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2 .1 2 .2 )  Syn thes i s  Method

The stock s o lu t io n s  of  the d iac id  c h lo r id e ,  e m u l s i f i e r  
and diamine were prepared and kept in a water bath so as to  control  the  
temperature at 10“C in case of  sebacoyl ch lor ide  and 3CTC for
terephthaloyl  c h lo r id e .  210.0 gm. of  the e m u l s i f i e r  so lu t io n  and 90.0  
gm. of  the d iac id  ch lor ide  so lu t ion  were poured into  a T.K. homogenizer 
v e s s e l .  The mixture was homogenized at the p rope l ler  speed and
homogenizing time which were s e t  as shown in the Tree Diagram 7 to  form 
o i l - i n - w a t e r  emulsion.  The emulsion was then poured into  a 500 ml. 
beaker conta ining 200.0 gm. of  the diamine so lu t io n  under continuous  
s t i r r i n g  with an Heidon laboratory s t i r r e r  at 400 -  600 rpm o f  the  
p rope l ler  speed. Microencapsulation was formed through i n t e r f a c ia l  
polycondensation at the in ter fa ce  of  the d iac id  ch lor ide  so lu t io n  and 
the diamine so lu t io n  which contained the e m u l s i f i e r  s o lu t io n  as 
s t a b i 1izer .

2 . 1 2 . 2 . 1 )  PVA/SDBS in Sebacoyl Chloride

For the formulation o f  SD-PVSD75/20, 6.75  
gm. o f  polyfv inyl  a lco h o l )  and 5.14 gm. o f  sodium dodecyl benzene 
su l fonate  were d i s s o lve d  in 198.11 gm. o f  deionized water at the  
temperature of  8(TC for  60 minutes then t h i s  e m u l s i f i e r  s o lu t io n  was 
cooled down to  10‘C and kept in water bath so as to  control  the  
temperature.  To prepare the diacid  ch lor ide  s o lu t io n ,  9.28 gm. of  
sebacoyl ch lor ide  was d is s o lved  in 80.72 gm. of  dibutyl  phthalate  at 
room temperature and kept in the water bath to  control  the temperature  
at 10‘C. Likewise for  the diamine s o lu t io n ,  4.50 gm. of  hexamethylene 
diamine and 3.01 gm. of sodium hydroxide were added into  a 500 ml. 
beaker containing 192.49 gm. of  deionized water at room temperature and 
then adjusted tne temperature to 10'C. The diamine so lu t io n  was s t i r r e d  
with an Heiaon laboratory s t i r r e r  at 400 -  600 rpm. of  the p rope l ler
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speed. The emulsion was prepared by homogenizing the mixture o f  the  
diacid  ch lor ide  and the e m u l s i f i e r  s o lu t io n s  at  the p rope l ler  speed and 
homogenizing time which were shown in the Tree Diagram 7. This emulsion  
was then poured into  the diamine so lu t io n  and continuously  a g i ta ted  for  
30 minutes to  form poly(hexamethylene sebacamide) microcapsules  
encapsulating dibutyl  phthalate .  The other formulations as fo l low s  in 
the Table 56 were prepared in the same method.

Flow Chart 15 Synthes is  Method of SBC for  studying Effec t  o f  Emulsi f ier  
Combination.

SBC DBP DIW PVA SDBS
1 “ ๅ 1 _ ~ T _ z r

Dissolved and adjusted Dissolved at the proper temperature
the temperature to  10° c and then adjusted to  101 c1----------------- : -----------— ะะ]

Emulsif ied by a T.K. homogenizer 
HMDA NaOH DIW at 6,000 rpm. for  90 seconds

Dissolved and adjusted
the temperature to  10‘ c
Agitated  by an Heidon laboratory s t i r r e r
at 400 -  600 rpm. for  30 minutes
Aqueous suspension of microcapsules

2 .1 2 . 2 . 2 )  PVA/SDBS in Terephthalovl  Chloride

For the formulation of TD-PVSD75/20, 6.75
gm. of  p o ly (v in y l  a lcoho l)  and 5.14 gm. of  sodium dodecyl benzene 
su l fonate  were d isso lved  in 198.11 gm. of  deionized water at the  
temperature of 8 0 ‘C for  60 minutes then t h i s  e m u ls i f i e r  so lu t io n  was 
cooled down to  3 0 ‘C and kept in a water bath to  control  the temperature.  
To prepare d iac id  ch lor ide  s o lu t io n ,  6.06 gm. of  terephthalovl  ch lor ide  
was d is so lved  in 83.94 gm. of  dibutyl  phthalate at room temperature and 
kept in the water bath to  control  the temperature at 30cC. Likewise for
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the diamine s o lu t io n ,  3.29 gm. of  para-phenylene diamine and 2.37 gm. o f  
sodium hydroxide were added into  a 500 ml. beaker conta in ing  194.34 gm. 
of deionized water,  was prepared at room temperature and then adjusted  
the temperature to  30 ‘C. The diamine so lu t ion  was s t i r r e d  by an Heidon 
laboratory s t i r r e r  at 400 -  600 rpm. of p ro p e l le r  speed.  The emulsion  
was prepared by homogenizing the mixture of  the d ia c id  ch lor ide  and the  
e m u ls i f i e r  s o lu t io n s  at  the prope l ler  speed and homogenized time which 
were shown in the Tree Diagram 7. This emulsion was poured in to  the  
diamine s o lu t io n  and continuously  ag i ta ted  for  30 minutes to  form 
poly(para-phenylene terephthalamide) microcapsules encapsula t ing  d ibuty l  
phthalate .  The other formulations as fo l low s  in the Table 57 were 
prepared in the same method.

Flow Chart 16 Synthes is  Method of TPC for studying  E ffec t  o f  Emuls i f ier  
Combination.

TPC DBP DIW PVA SDBS

Dissolved and adjusted Dissolved at the proper tei
the temperature to  30° c and then adjusted t o  30* c

Dissolved at the proper temperature

Emulsif ied by a T.K. homogenizer
PNDA NaOH DIW at 6,000 rpm. for  90 seconds

Dissolved and adjusted  
the temperature to  30' c
Agitated by an Heidon laboratory s t i r r e r  
at 400 -  600 rpm. for 30 minutes 
Aqueous suspension of microcapsules
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Tree Diagram 7 Effec t  of  Emulsi f ier  Combination on Microencapsulation.
Monomer Oil Emulsi f ierPVA/SDBS Speed Time Assigned Name

rpm. sec .+=7 .5 / 1 . 0 6,000 90 SD-PVSD75/10—  SBC + HMDA — DBP 7 .5 / 2 . 0 6,000 90 SD-PVSD75/20
1— 7 .5 / 3 . 0 6,000 90 SCHPVSD75/30

E7 .5 / 1 . 0 6,000 90 TD-PVSD75/10—  TPC + PNDA — DBP 7 .5 / 2 . 0 6,000 90 TD-PVSD75/207 .5 / 3 . 0 6,000 90 TD-PVSD75/30

Table 56 Formulation of SD-PVSD75/10, SD-PVSD75/20 and SD-PVSD75/30.
Effec t  of  P ro tec t iv e  Colloid  and Surface Active Agent Combination 
on Dibutyl Phthalate Encapsulated by Poly(hexamethylene  
sebacamide) Microcapsules.

Name SD-PVSD75/10 SD-PVSD7 5/20 SD-PVSD7 5/30
Chemicals (gm. ) (gm. ) (gm. )

SBC 9.28 9.28 9.28
DBP 80.72 80.72 80.72

PVA 6.75 6.75 6.75
SDBS 2.57 5.14 7.71
DIW 200.68 198.11 195.54

HMDA 4.50 4.50 4.50
NaOH 3.01 3.01 3.01
DIW 192.49 192.49 192.49
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Table 57 Formulation o f  TD-PVSD75/10, TD-PVSD75/20 and TD-PVSD75/30. 
E ffec t  o f  P r o tec t iv e  Col lo id  and Surface Act ive  Agent Combination 
on Dibutyl Phthalate Encapsulated by Poly(para-phenylene  
terephthalamide) Microcapsules.

Name TD-PVSD7 5/10 TD-PVSD75/20 TD-PVSD7 5/30
Chemicals (gm. ) (gm. ) (gm. )

TPC 6.06 6.06 6.06
DBP 83.94 83.94 83.94

PVA 6.75 6.75 6.75
SDBS 2.57 5. 14 7.71
DIW 200.68 198.11 195.54

PNDA 3.29 3.29 3.29
NaOH 2.37 2.37 2.37
DIW 194.34 194.34 194.34

2 .1 2 .3 )  Analys is  Methods

General appearances of  the microcapsules were evaluated  
by v isua l  assessment; volume o f  separat ion  a f t e r  keeping for  24 hours 
was measured in a 100 ml. cy l inder;  microscopic p ropert ie s  were examined 
by a Z e iss  o p t i c a l  microscope and a Joel  scanning e le c tr o n  microscope;  
average p a r t i c l e  s i z e  and p a r t i c l e  s i z e  d i s t r i b u t i o n  was measured by a 
Shimadzu p a r t i c l e  s i z e  analyzer and the microencapsulat ion  e f f i c i e n c y  
was analyzed by a Shimadzu gas chromatograph. The d e t a i l s  of  each 
methods were explained in the previous experiments.
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2 .1 2 .4 )  Resu lts

2 . 1 2 . 4 . 1 )  General Propert ie s '

The e f f e c t  o f  sodium dodecyใ benzene
su l fo n a te  on the amount of  sediment and v i s u a l i z e d  appearances are 
showed in Tables 58 and 59 as fo l lo w s  ะ-

Table 58 Separation and Appearance of  SD-PVSD S e r i e s .
Effec t  o f  Concentration of Sodium Dodecyl Benzene Sulfonate  in 
the Presence of  Poly (v iny l  a lco ho l )  on Hicroencapsulat ion  of  
Dibutyl Phthalate Encapsulated by Poly(hexamethylene sebacamide) 
Microcapsules.

Assigned Name Separation  
a f t e r  24 hours Appearances by Visual Evaluation

SD-PVSD75/00 5 ml. milky white emulsion and uniform
SD-PVSD7 5/10 0 ml. milky white emulsion and uniform
SD-PVSD7 5/20 0 ml. milky white emulsion and uniform
SD-PVSD7 5/30 0 ml. milky white emulsion and uniform

Table 59 Separation and Appearance of  TD-PVSD S er ie s .
E ffec t  o f  Concentration of Sodium Dodecyl Benzene Sulfonate  in 
the Presence of  Po ly (v iny l  a lcoho l )  on Microencapsulation of  
Dibutyl Phthalate Encapsulated by Poly(para-phenylene  
terephthalamide) Microcapsules.

Assigned Name Separation  
a f t e r  24 hours Appearances by Visual Evaluation

TD-PVSD7 5/00  
TD-PVSD75/10

7 ml. 
1 ml.

milky brown emulsion and uniform 
milky brown emulsion and uniform



1 5 5

Table 59 Separation and Appearance of  TD-PVSD S er ie s .
Effec t  o f  Concentration o f  Sodium Dodecyl Benzene Sulfonate  in 
the Presence of  Poly (v iny l  a lcoho l )  on Microencapsulation of  
Dibutyl Phthalate Encapsulated by Poly(para-phenylene  
terephthalamide) Microcapsules.

Assigned Name Separation  
a f t e r  24 hours Appearances by Visual Evaluation

TD-PVSD75/20 
TD-PVSD7 5/30

0 ml.
0 ml.

milky brown emulsion and uniform 
milky brown emulsion and uniform

2 . 1 2 . 4 . 2 )  Microscopic Propert ie s

Photomicrograph s e r i e s  19 and 20 show the  
e f f e c t s  o f  the concentration  of sodium dodecyl benzene su l fon a te  on 
microscopic  p ropert ie s .

2 . 1 2 . 4 . 3 )  P a r t i c l e  S ize  D is tr ibut ion

1) Graph s e r i e s  31 shows the r e s u l t s  of  
poly(hexamethylene sebacamide) microcapsules.  Graph s e r i e s  32 shows the  
r e s u l t s  o f  poly(para-phenylene terephthalamide) microcapsules.  The 
r e s u l t s  o f  these  are o f  d i f f e r e n t  pattern in histogram compared to  those  
obtained from the system without the addit ion of sodium dodecyl benzene 
su l fo n a te .

2) From Appendix I I I ,  Tables 97 and 98 show 
that increas ing  the concentration  of sodium dodecyl benzene su l fon a te  
s h i f t s  the p a r t i c l e  s i z e  d i s t r ib u t io n  and average p a r t i c l e  s i z e  to  the  
smaller s i z e .  The r e s u l t s  are in the same trends for  both 
poly(hexamethylene sebacamide) and poly(para-phenylene terephthalamide)  
microcapsules.
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SD-PVSD75/10 ร D— PVSD75/10

SD-PVSD7 5/20 SD-PVSD75/20

SD-PVSD7 5/30 SD-PVSÜ75/3Û

Photomicrograph s e r i e s  19 Photomicrographs of  SD-PVSD75/1CTSD-PVSD75/30. 
E ffec t  o f  p r o te c t i v e  c o l l o i d  and surface  a c t iv e  agent on encapsulated  
dibutyl  phthalate  by poly(hexamethylene sebacamidei: Poly( hexamethy lerie
sebacamide) as polymeric microcapsule s h e l l ,  dibutyl  phthalate  as 
encapsulated m ater ia l ,  the p rope l ler  speed and homogenizing time f ixed  
at 6,000 rpm. and for  90 s e c . ,  r e s p e c t iv e ly ,  the concentration  of 
p oly iv in y l  a lcoho l)  at 7.5% as e m u l s i f i e r  and the concentration  of  
sodium dodecyl benzene su l fon a te  at 1 .0 ,  2 .0  and 3.0% of the t o t a l  o i l  
phase. Photomicrographs at the l e f t  were taken from the Ze iss  o p t ica l  
microscope with 250 t imes magnif ication  and p r in ts  enlargement of  2.5  
t imes while those at the r ight were from the Joel  scanning e lec tron
microscope.
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TD-PVSD75/10 TD-PVSD75/10

TD-PVSD7 5/20 TD-PVSD7 5/20

Photomicrograph s e r i e s  20 Photomicrographs of  TD-PVSD75/10TD-PVSD75/30. 
Effec t  o f  p ro te c t iv e  c o l l o i d  and surface  a c t iv e  agent on encapsulated  
dibutyl  phthalate  by p o ly ( para-phenylene terephthalamideJ: Poly ipara-  
phenylene terephthalamide) as polymeric microcapsule s h e l l ,  dibutyl  
phthalate  as encapsulated m ater ia l ,  the p rope l ler  speed and 
homogenizing time f ixed  at 6,000 rpm. and for  90 s e c . ,  r e s p e c t iv e ly ,  the 
concentration  o f  po ly (v in y l  a lcoho l)  at 7.5% as e m u l s i f i e r  and the 
concentration  of sodium dodecyl benzene su l fon ate  at 1 .0 ,  2 .0  and 3.0% 
of the t o t a l  o i l  phase. Photomicrographs at the l e f t  were taken from the 
Zeiss  o p t i c a l  microscope with 250 times m agnif icat ion  and p r in ts  
enlargement of  2 .5  t imes whi le those at the right were from the Joel  
scanning e le c tr o n  microscope.
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a l c o h o l )  a s  e m u l s i f i e r  o f  t h e  t o t a l  o i l  p h a s e  w h e n  f i x i n g  p r o p e l l e r  s p e e d  a t  6 , 0 0 0  r p m .  a n d  h o m o g e n i z a t i o n  t i m e  a t  90  s e c .  o n  
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2 . 1 2 . 4 . 4 )  Average P a r t i c l e  S ize  and Encapsulation  
E ff i c i en c y

Tables 60 and 61 show that  increas ing  the  
concentrat ions  o f  sodium dodecyl benzene su l fon a te  decrease  the average  
s i z e  of  polyamide microcapsules but at  high concentration  of sodium 
dodecyl benzene su l f o n a t e ,  the microencapsulation e f f i c i e n c y  decrease .

Table 60 Average Diameter and % Unencapsulated Oil Of SD-PVSD S er ies .  
E ffec t  o f  the Concentration of Sodium Dodecyl Benzene Sulfonate  
in the Presence of  Po ly (v iny l  a lcoho l)  on Dibutyl Phthalate  
Encapsulated by Poly(hexamethylene sebacamide) Microcapsules.

Assigned Name Average Diameter (pm) 
of  Microcapsules

% Unencapsulated 
Dibutyl Phthalate

SD-PVSD7 5/00 21.00 1.34
SD-PVSD75/10 12.22 1.06
SD-PVSD7 5/20 8.43 4.98
SD-PVSD75/30 5.88 11.67

Table 61 Average Diameter and % Unencapsulated Oil Of TD-PVSD S e r ie s .  
Effect  o f  the Concentration of Sodium Dodecyl Benzene Sulfonate  
in the Presence of  Poly (v iny l  a lcoho l)  on Dibutyl Phthalate  
Encapsulated by Poly(para-phenylene terephthalamide)
Microcapsules.

Assigned Name Average Diameter (pm) 
of Microcapsules

X  Unencapsulated 
Dibutyl Phthalate

TD-PVSD75/00 23.40 2.94
TD-PVSD75/10 16.72 2.17
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Table 61 Average Diameter and ร; Unencapsulated Oil Of TD-PVSD S er ie s .  
Effec t  o f  the Concentration of Sodium Dodecyl Benzene Sulfonate  
in the Presence of  PolyCvinyl a lcoh o l )  on Dibutyl Phthalate  
Encapsulated by Poly(para-phenylene terephthalamide)
Microcapsules.

Assigned Name Average Diameter (pm) 
o f  Microcapsules

% Unencapsulated 
Dibutyl Phthalate

TD-PVSD7 5/20 11.65 9.29
TD-PVSD7 5/30 7.57 13.85

2 .1 2 .5 )  Conclusions

Increasing the amount of  sodium dodecyl benzene 
su l fo n a te  reduces the average p a r t i c l e  s i z e  diameter and g iv e s  more 
uniformity of  p a r t i c l e  diameters.  The high concentrat ions  of  sodium 
dodecyl benzene su l fon ate  decrease accordingly the microencapsulat ion  
e f f i c i e n c y .

2 .13 )  EFFECT OF THE APPROPRIATE MONOMER PAIRS ON MICROENCAPSULATION

2 . 1 3 . 1) Purpose

To study the e f f e c t  o f  d i f f e r e n t  monomer p a ir s ,  by 
a l t e r i n g  the conventional counter monomer conta ining diamine moiety,  on 
microencapsulat ion  v ia  polycondensation.

2 .1 3 .2 )  S ynthes i s  Method

The stock so lu t io n s  of  d iac id  ch lor ide  and diamine were
prepared as fo l lo w s  in Table 92 and they were kept in water bath to
control the temperature at 30 "c . 210.0 gm. of po ly (v iny l a l c o h o l )
so lu t io n at 3 0 ° c  and 90.0 gm. of d iac id ch lor ide  so lu t io n  were
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subsequently poured into  a T.K. homogenizer v e s s e l .  The mixture was then 
homogenized at 6,000 rpm. of  the p rope l ler  speed and 90 sec .  of  the 
homogenizing time which showed in Tree Diagram 8 to  form 0า1 าท water 
emulsion.  The emulsion was poured into  a 500 ml. beaker conta in ing  200.0  
gm. of  diamine so lu t io n  under s t i r r i n g  by an Heidon laboratory s t i r r e r  
at 400 -  600 rpm o f  the p rope l ler  speed. Flow Charts 17, 18 and 19 were 
prepared to e lu c id a t e  the e f f e c t  o f  the appropriate monomer pairs  on 
microencapsulation.  Microencapsulation was formed though by i n t e r f a c ia l  
polycondensation at the in te r fa c e  o f  the d iac id  ch lor ide  drop le ts  and 
the diamine so lu t io n  which have an e m u l s i f i e r  as s t a b i l i z e r .

2 . 1 3 . 2 . 1 )  SBC/PNDA Pair

Flow Chart 17 Synthes is  Method of SBC/PNDA Monomer Pair.

SBC DBP DIW PVA

Dissolved and adjusted  
the temperature to  30 ' cI_____________

Dissolved at the proper temperature  
and then adjusted to  10 c

PNDA NaOH DIW
Emulsif ied by a T.K. homogenizer 
at 6,000 rpm. for  90 seconds

Dissolveed and adjusted
the temperature to  30° c
Agitated  by an Heidon laboratory s t i r r e r
at 400 -  600 rpm. for 30 minutes
Aqueous suspension of microcapsules
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2 . 1 3 . 2 . 2 )  STC/HHPN Pair

Flow Chart 18 Synthes i s  Method of STC/HMPN Monomer Pair.

SBC TPC DBP

Dissolved and adjusted  
the temperature to  30° c

HMDA PNDA NaOH DIW

DIW PVA

Dissolved at the proper temperature 
and then adjusted to  10“ c 
Emulsif ied by a T.K. homogenizer 
at 6,000 rpm. for  90 seconds

Dissolveed and adjusted  
the temperature to  30" c 
Agitated  by an Heldon laboratory s t i r r e r  
at 400 -  600 rpm. for  30 minutes  
Aqueous suspension o f  microcapsules

2 .1 3 . 2 . 3 )  TPC/HMDA Pair

Flow Chart 19 Synthes is  Method o f  TPC/HMDA Monomer Pair.

TPC DBP
tDissolved and adjusted  

the temperature to 30° c

HMDA NaOH DIW

DIW PVA

Disso ved at the proper temperature
and then adjusted to  10 c
Emulsif ied by a T.K. homogenizer 
at 6,000 rpm. f c r  90 seconds

Dissolveed and adjusted  
the temperature to  30° c 
Agitated by an Heldon laboratory s t i r r e r
at 400 -  600 rpm. for  30 minutes 
Aqueous suspension o f  microcapsules
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T r e e  D i a g r a m  8  M o n o m e r  P a i r s  f o r  t h e  E n c a p s u l a t i o n  o f  D i b u t y l  P h t h a l a t e

b y  P o l y a m i d e  M i c r o c a p s u l e s  U s i n g  P o l y ( v i n y l  a l c o h o l )  a s

E m u l s i f i e r .

Monomer Oil Emulsi f ier  Speed Time Assigned Name
rpm. sec .

r SBC + PNDA -------------- -  DBP ----- PVA - — 6,000 90 SBC/PNDA
*- - SBC+TPC + HMDA+PNDA -  DBP ----  PVA —-  6,000 90 STC/HMPN

- TPC + HMDA -------------- -  DBP ----  PVA —— 6 ,00C 90 TPC/HMDA

Table 62 Formulations of  the s tudied  Monomer Pairs.

Assigned Name SBC/PNDA STC/HMPN TPC/HMDA
Chemicals (gm. ) (gm. ) (gm. )

SBC 9.28 6.19
TPC 3.03 6.06
DBP 80.72 80.78 83.94

PVA 6.75 6.75 6.75
DIW 203.25 203.25 203.25

HMDA 3.01 3.55
PNDA 4.19 1.65
NaOH 3.01 3.19 2.37
DIW 192.49 192.15 194.34

2 .1 3 .3 )  Analysi s  Method

All  the a n a ly s i s  methods were d iscussed  in the e a r l i e r
experiments.
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2 .1 3 .4 )  Results

2 . 1 3 . 4 . 1 )  General Propert ie s

Table 63 E f fec t  o f  Monomer Pairs  on Visual Appearance in 
Microencapsulation o f  Dibutyl Phthalate.

Assigned Name Separation  a f t e r  24 hours Appearance by Visual Evaluation

SBC/PNDA 1.5 ml. milky brown emulsion and uniform
STC/HMPN 1.0 ml. milky yellow emulsion and uniform
TPC/HMDA 2.0  ml. milky white emulsion and uniform

2 . 1 3 . 4 . 2 )  Microscopic Propert ie s

Photomicrograph s e r i e s  21 showed the  
microscopic p ro p er t ie s ,  the d e t a i l s  o f  which were depic ted  and explained  
in the r e sp e c t iv e  photomicrographs.

2 . 1 3 . 4 . 3 )  P a r t i c l e  S ize  D is tr ib u t ion

Graph s e n e s  33 and Table s e r i e s  99 in 
Appendix III  show the histogram of p a r t i c l e  s i z e  d i s t r i b u t i o n  and 
average p a r t i c l e  s i z e  o f  polyamide microcapsules.  Each monomer pair  has 
an indiv idual  average p a r t i c l e  s i z e  and a s p e c i f i c  pattern of histogram.

2 . 1 3 . 4 . 4 )  Average P a r t i c l e  S ize  and Encapsulation
E f f ic ien cy

Table 64 show the average p a r t i c l e  s i z e  and
microencapsulat ion  e f f i c i e n c y  of polyamide microcapsules.
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SBC/PNDA SBC/PNDA

STC/HMPN STC/HMPN

TPC/HMDA TPC/HMDA

P h o t o m i c r o g r a p h  s e r i e s  21 Photomicrographs o f  SBC/PNDA, STC/HMPN and
TPC/HMDA.

Effect of the appropriate monomer pairs วท microcapsulation o f  p o l y  
amides. The types of monomer pairs are s p e c i f i e d  าท e a c h  m i c r o g r a p h ;  
dibutyl phthalate as encapsulated material while 7 . 5  % p o l y ( v i n y l  
alcohol) as emulsifiers, the propeller speed at 6 , 0 0 0  rpm. and t h e  
homogenizing time at 90 sec. The photomicrographs on t h e  l e f t - h a n d  s i d e  
were taken by a Zeiss optical microscope under 2 5 0  t i m e s  m a g n i f i c a t i o n  
from which the prints were enlarged 2 . 5  times. The p r i n t s  on t h e  r i g h t -  
hand side were taken by Joel scanning electron microscope u n d e r  500  

times magnification.
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E f f e c t  o f  t h e  monomer p a i r s  on p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  d i b u t y l  p h t n a l a t e  e n c a p s u l a t e d  by p o ly a m id e  m i c r o c a p s u l e s .  The

c o n d i t i o n s  were  f i x e d  a t  7 .5  * p o l y ( v i n y l  a l c o h o l )  a s  e m u l s i f i e r ,  ธ , 000 rpm. p r o p e l l e r  sp eed  and 90 s e c .  h o m o g e n iz in g  t im e .
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Table 64 E ffe c t  o f Monomer P a irs  on Average D iam eter and E f f ic ie n c y  of
M ic ro e n ca p su la tio n  o f D ib u ty l P h th a la te .

Assigned Name Average Diameter (pm) % Unencapsulated
of Microcapsules Dibutyl Phthalate

SBC/PNDA 22.58 1.78
STC/HMPN 24.92 1.26
TPC/HMDA 30.45 1.84

2 . 1 3 . 5 )  C o n c l u s i o n s

It is evidenced that one can use 
monomer pair, the diacid chlorides and the diamines, 
of microcapsules which are condensation polymers such 
this case, other classes of monomers should be caref 
terms of factors mentioned in the previous sections, 
case of using terephthaloy1 chloride, average part 
somewhat bigger than of sebacoyl chloride.

the appropriate 
for the synthesis 
as polyamide in 

ully selected m 
Considering the 

lcle diameter is

2.14) OVERALL OPTIMIZATION Of IHE SYSTEM
2.14.1) Purpose

Based on the results concluded f rom a ไ 1
previous experiment, the optimal condi tions were used to synthesize the
microcapsules. This experiment was carried out so as to check the
validity and effectiveness of the conditions obtained from above
mentioned experiments.

2 . 1 4 . 2 )  S y n t h e s i s  Meth od

and
The stock 

diamine were prepared
solutions of the diacid chloride, emulsifier 
by dissolving 6.19 gm. of sebacoyl chloride
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and 3 . 0 3  gm. of terephthaloyl chloride in 80.78 gm. of dibutyl phthalate 
as oil phase; 6.75 gm. of poly(vinyl alcohol) and 2.57 gm. of sodium 
dodecyl benzene sulfonate in 2 0 0 . 6 8  gm. of deionized water at 8 0  c  for 
60 min. as emulsifier phase and 3.01 gm. of hexamethylene diamine, 1.65 
gm. of para-phenylene diamine and 3.19 gm. of sodium hydroxide in 192.15 
gm. of deionized water as aqueous phase. The oil and diamine phases were 
kept in a water bath to control the temperature at 30 C; and at 10 c. 
for the emulsifier phase. 210.0 gm. of emulsifier solution and 90.0 gm. 
of the diacid chloride solution were poured into a T.K. homogemzer 
vessel. The mixture was homogenized at 8,000 rpm. of propeller speed and 
90 sec. of homogenizing time, to form oil-in-water emulsion. The 
emulsion was poured into a 500 ml. beaker containing 200.0 gm. of the 
diamine solution being stirred with an Heidon laboratory stirrer at 400 
- 600 rpm of propeller speed. Microencapsulation occurred by interfacial 
polycondensation at the interface of the diacid chloride droplets and 
the diamine solution which contained the emulsifier solution as 
stabi1i zer.
Table 65 Overall Optimization Formulation for the Synthesis of 

Polyamide Microcapsules.

Chemical Name Code Name Quantity (gm)

Sebacoyl chloride SBC 6.19
Terephthaloyl chloride TPC 3.03
Dibutyl phthalate DBP 80.78

Poly(vinyl alcohol) PVA 6.75
Sodium dodecyl benzene sulfonate SDBS 2.57
Deionized water DIW 200.68
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Chemical Name Code Name Quantity (gm)

Hexametylene diamine HMDA 3.01
Para-phenylene diamine PNDA 1.65
Sodium hydroxide NaOH 3.19
Deionized water DIW 192.15

Flow Chart 20 Optimization of Synthesis Method of Polyamide 
Microcapsules.

SBC TPC DBP
~ r_ x __ I fDissolved and adjusted 
the temperature to 30‘ cI______________

DIW
d s s o l v ë

PVA SDBS
Dissolved at the proper temperature 
and then adjusted to 10" c

HMDA PNDA NaOH DIW
Emulsified by a T.K. Homogemzer 
at 6,000 rpm. for 90 seconds

Dissolved and adjusted 
the temperature to 30“ c
Agitated by an Heidon laboratory stirrer 
at 400 ~ 600 rpm. for 30 minutes 
Aqueous suspension of microcapsules

2.14.3) Analysis Method
The same analytical techniques were used to evaluate

the results as mentioned in the previous experiments.



171

2 . 1 4 . 4 )  R e s u l t s

2 . 1 4 . 4 . 1 )  G e n e r a l  P r o p e r t i e s

T a b l e  66 Visual Evaluation of the Polyamide Microcapsules.
Assigned Name Separation 

after 24 hours
Appearance by Visual Evaluation

STC/HMPN/PVSD 0 ml. milky yellow emulsion and uniform

2 . 1 4 . 4 . 2 )  M i c r o s c o p i c  P r o p e r t i e s

Photomicrograph series 22 show the polyamide 
microcapsules which have very spherical and perfect shape. The wrinkle 
and broken microcapsules problem that found in the previous experiment 
was solved.

2 . 1 4 . 4 . 3 )  P a r t i c l e  S i z e  D i s t r i b u t i o n

Table 67 and Graph series 33 show the 
size distribution of polyamide microcapsules.
T a b l e  67 Average Diameter and Particle Size Distribution of 

STC/HMPN/PVSD.
Diameter (pm) 
Micrometer

Average
Diameter

Percentage
Cumulative

Percentage
Different

Diameter
Coefficient

70.00 *. ** 0.0 0.00 0.00
60.00 65.00 0.0 0.00 0.00
50.00 55.00 0.8 0.80 44.00
40.00 45.00 3.4 2.60 117.00
30.00 35.00 12.8 9.40 329.00
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O p t i c a l  M i c r o g r a p h  o f  S T C / H M P N / P V S D

S c a n n i n g  E l e c t r o n  Mi c r o g r a p h  o f  S T C / H M P N / P V S D

P h o t o m i c r o g r a p h  s e r i e s  22 Photomicrograph of STC/HMPN/PVSD.
Microscopic Appearence of STC/HMPN/PVSD Synthesized from the 
Optimization Data from the Earlier Experiments. The photomicrographs on 
the top side were taken by a Zeiss optical microscope under 250 times 
magnification from which the prints were enlarged 2 .5  times. The prints 
on the bottom side were taken by Joel scanning electron microscope under 
500 times magnification.
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T a b l e  67 A v e r a g e  D i a m e t e r  and  P a r t i c l e  S i z e  D i s t r i b u t i o n  o f  
ST C/HMPN/PVSD.

D i a m e t e r  (pm)  
M i c r o m e t e r

A v e r a g e
D i a m e t e r

P e r c e n t a g e
C u m u l a t i v e

P e r c e n t a g e
D i f f e r e n t

D i a m e t e r
C o e f f i c i e n t

20 00 2 5 . 0 0 3 1 . 5 1 8 . 7 0 467 50
10 00 1 5 . 0 0 6 0 . 7 2 9 . 2 0 4 3 8 00

8 00 9 . 0 0 7 6 . 8 1 6 . 1 0 144 90
6 00 7 .  CO 8 7 . 5 1 0 . 7 0 74 90
5 0 0 5 . 5 0 9 3 . 4 5 . 9 0 32 45
4 00 4 . 5 0 9 6 . 7 3 . 3 0 14 85
3 00 3 . 5 0 9 8 . 3 1 . 6 0 5 60
2 00 2 . 5 0 9 9 . 2 0 . 9 0 2 25
1 00 1 . 5 0 1 0 0 . 0 0 . 8 0 1 20
0 00 0 . 5 0 1 0 0 . 0 0 . 0 0 0 00

A v e r a g e  P a r t i c l e  S i z e  (pm) 16 72

2 . 1 4 . 4 . 4 )  A v e r a g e  P a r t i c l e  S i z e  an d  E n c a p s u l a t i o n  
E f f i c i e n c y  -

T a b l e  68 s h o w s  t h e  a v e r a g e  d i a m e t e r  and  
m i c r o e n c a p s u l a t i o n  e f f i c i e n c y  o f  p o l y a m i d e  m i c r o c a p s u l e s  s y n t h e s i z e d  by  
p o t i m i z a t i o n  c o n d i t i o n .

T a b l e  6 8  A v e r a g e  P a r t i c l e  S i z e  and E n c a p s u l a t i o n  E f f i c i e n c y  o f  t h e  
P o l y a m i d e  M i c r o c a p s u l e s .

A s s i g n e d  Name A v e r a g e  D i a m e t e r  (pm)  
o f  M i c r o c a p s u l e s

X  U n e n c a p s u l a t e d  
D i b u t y l  P h t h a l a t e

ST C/HMPN/PVSD 1 6 . 7 2 1 . 7 4
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G r a p h  S a n a a  3 4  H i s t o g r a m  o f  P a r t i c l e  S i z e  D i s t r i b u t i o n  o f  3TC/ HMPN/ PV3D.

( T h e  g r a p h s  w e r e  m a d e  f r o m  t h e  d a t a  f r o m  T a b l e  6 7 )

P a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  p o l y a m i d e  m i c r o c a p s u l e e  s y n t h e s i z e d  b y  u s i n g  t h e  o p t i m u m

c o n d i t i o n s  f r o m  t h e  p r e v i o u s  e x p e r i m e n t s .
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2 . 1 4 . 5 )  C o n c l u s i o n s

The  o v e r a l l  o p t i m u m  c o n d i t i o n s  u s e d  i n  t h e  s y n t h e s i s  
o f  t h e  m i c r o c a p s u l e s  w e r e  a c c e p t a b l e  s i n c e  t h e  g e n e r a l  p r o p e r t i e s  o f t h e  
m i c r o c a p s u l e s  w e r e  s t a b l e  i n  e m u l s i o n  f o r m ,  t h e  w r i n k l e  and b r o k e n  
m i c r o c a p s u l e s  c o u l d  n o t  b e  d i s c o v e r i e d  i n  t h i s  e x p e r i m e n t .
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