
CHAPTER VII
PREPARATION AND STUDY OF SERICIN-G-PLA CLAY AEROGEL 
WITH ACRYLIC ACID ASSISTED BY PLASMA TECHNIQUE FOR 

ETHYLENE ADSORPTION APPLICATION

7.1 ABSTRACT

In  th is  r e s e a rc h ,  th e  s tu d y  o f  c la y  a e r o g e ls  s u c c e s s f u l ly  p r e p a r e d  b y  f r e e z e ­
d r y in g  w a s  e x a m in e d  fo r  th e  im p ro v e m e n t  o f  its  m e c h a n ic a l  p r o p e r t ie s  a n d  e th y le n e  
a d s o r p t io n  a b i l i ty .  S e r ic in - g - P L A , h a v in g  a  P L A  c o n te n t  o f  9 2 -9 8  w t%  a n d  a c r y l ic  
a c id  a t  4  w t% , w e re  c o m b in e d  w ith  c la y  d i s p e r s io n  in  o r d e r  to  im p ro v e  m e c h a n ic a l  
b e h a v io r  in  th e  a e r o g e l .  T h e  p la s m a  te c h n iq u e  w a s  u s e d  to  c r o s s l in k  a c ry l ic  a c id . 
C o m p r e s s io n  te s t  a n d  d y n a m ic  m e c h a n ic a l  a n a ly s is  ( D M A )  r e s u l t s  s h o w e d  th a t  th e  
Y o u n g ’s m o d u lu s  o f  th e  6 w t%  c la y  a e r o g e l  w a s  10 k P a  w h i le  th o s e  o f  th e  s e r ic in -g -  
P L A  c la y  a e r o g e l s  w e r e  e n h a n c e d  f ro m  11 6  to  2 9 6  k P a  w i th  a n  in c re a s e  in  P L A  
c o n te n ts  f ro m  9 2  to  9 8  w t% . In  a d d i t io n ,  th e  s to ra g e  a n d  lo s s  m o d u lu s  w e re  
in c re a s e d  f ro m  3 .8  to  12 .3  M P a  a n d  f ro m  0 .3  to  1 .4  M P a , r e s p e c t iv e ly . T h e  S E M  
im a g e s  o f  th e  in te r n a l  s t r u c tu r e  o f  th e  a e ro g e ls  s h o w e d  o p e n  p o re s  o f  a e ro g e ls .  W h e n  
s e r ic in  c o n te n ts  in c re a s e  f ro m  2 to  8 w t% , th e  s p e c i f ic  s u r fa c e  a r e a  o f  s e r ic in - g - P L A  
c la y  a e r o g e l  w a s  in c re a s e d . F u r th e rm o r e , th e  G C  m e a s u r e m e n t  r e v e a le d  th a t  th e  
a b i l i ty  to  a d s o rb  e th y le n e  g a s  in  th e  c la y  a e r o g e l  w a s  201  p p m /g  a n d  th e  s e r ic in -g -  
P L A  c la y  a e r o g e ls  in c re a s e d  f ro m  2 3 8  to  4 6 2  p p m /g  w i th  a n  in c re a s e  in  s e r ic in  
c o n te n t  f ro m  2 to  8 w t% .

Keywords: C la y  a e ro g e l ;  M e c h a n ic a l  p r o p e r t ie s ;  E th y le n e  a d s o rp t io n

7.2 INTRODUCTION

Q u a li ty  o f  f ru i t  a n d  v e g e ta b le  p r o d u c ts  d u r in g  h a n d l in g  a n d  s to ra g e  is 
m a in ta in e d  b y  u t i l iz in g  o r  m o d ify in g  p r a c t ic e s  r e c o m m e n d e d  f o r  f re s h  p ro d u c e . 
R e s e a r c h  s tu d ie s  h a v e  s h o w n  b e n e f i ts  o f  v a c u u m  c o o l in g  ( F r ie d m a n , 1 9 5 1 ), lo w  
te m p e ra tu re  ( S u g a w a r a  et al., 1 9 8 7 ), a n d  m o d if ie d  a tm o s p h e r e s  (W o lfe  a n d  R o b e ,
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1 9 8 0 ) f o r  p r e p a c k a g e d  s p in a c h ,  c o le  s la w , s h r e d d e d  le t tu c e  o r  m ix e d  s a la d . U s e  o f  
w a s h in g  o r  c h e m ic a l  t r e a tm e n ts  to  r e m o v e  e x p o s e d  c e l lu la r  c o m p o n e n ts  o r  s p e c i f ic  
c u t t in g  to o l s  to  m in im iz e  d a m a g e  h a s  b e e n  h e lp fu l  fo r  s h r e d d e d  le t tu c e  ( B o l in  et al. , 
1 9 7 7 ). T h e s e  p r a c t ic e s  d o  n o t  r e m o v e  e th y le n e , a  n a tu ra l  r ip e n in g  in i t i a to r  th a t  is 
p r o d u c e d  b y  f ru i ts  a n d  v e g e ta b le s .  E th y le n e  is u s e d  c o m m e r c ia l ly  to  r ip e n  
c l im a c te r ic  f ru i ts ,  s u c h  a s  b a n a n a s ,  to m a to e s ,  h o n e y d e w  m e lo n s ,  a n d  a v o c a d o s . 
S in c e  it in d u c e s  lo s s  o f  g r e e n  c o lo r  ( c h lo ro s is ) ,  a b s c is s io n ,  a n d  s o f te n in g , 
c o m m e r c ia l  s to ra g e  r o o m s  s h o u ld  h a v e  e q u ip m e n t  to  r e m o v e  e th y le n e  w h e n  
p o te n t ia l  p r o b le m s  e x is t  (W a ta d a , 1 9 8 6 ). A s  f ru i t  a n d  v e g e ta b le  p r o d u c ts  a re  p la c e d  
in  s e a le d  p a c k a g e s ,  e th y le n e  c a n  a c c u m u la te  a n d  c a u s e  u n d e s i r a b le  q u a l i ty  c h a n g e s .

C la y  a e r o g e l s  a n d  c la y  a e r o g e l /p o ly m e r  c o m p o s i te s  a r e  f o rm s  o f  ic e  
t e m p la te d  m a te r ia ls  th a t  r e p r e s e n t  a  r e la t iv e ly  n e w  f a m i ly  o f  lo w  d e n s i ty  m a te r ia ls .  
T h e  u s e  o f  w a te r  s o lu b le  p o ly m e r s  a n d  s o d iu m  m o n tm o r i l lo n i te  c a n  c re a te  m a te r ia ls  
w i th  p r o p e r t ie s  s im ila r  to  ty p ic a l  f o a m e d  p o ly m e rs .  C la y  a e r o g e l  c o m p o s i te s  
ty p ic a l ly  h a v e  a  la m e l la r  s t r u c tu r e  w ith  la y e r  th ic k n e s s e s  o f  1 - 5  m m  a n d  d is ta n c e s  
b e tw e e n  la y e rs  o f  2 0 - 1 0 0  m m , w h ic h  in  tu rn  p r o v id e s  fo r  lo w  d e n s i t i e s  ( 0 .0 5 - 0 .1  
g - c m '3) a n d  h ig h  p o ro s i ty  (v o id  f r a c t io n  o f  c a . 9 5 % ). It h a s  b e e n  r e p o r te d  th a t  th e  
m ic r o s c a le  s tru c tu re  o f  a  u n id ir e c t io n a l  v e r s io n  o f  th e s e  m a te r ia ls  c a n  b e  c o n tr o l le d  
b y  c h a n g in g  th e  m o le c u la r  w e ig h t  o f  th e  p o ly m e r s  u s e d  a n d  f r e e z in g  r a te s  ( M a t th e w  
et al., 2 0 0 9 ) . F u r th e rm o r e ,  th e  fu n c t io n a l  g ro u p s  o f  c o p o ly m e rs  a r e  a f f e c te d  to  th e  
p r o p e r t ie s  o f  c o m p o s i te s  s u c h  a s  e f f ic ie n t  a d s o rb e n ts  o f  h e a v y  m e ta l  c a t io n s  o r  d y e s  
( B u lu t  et al., 2 0 0 9 , K a p la n  et al., 2 0 1 1 ) .

In  th is  s tu d y , th e  s e r ic in -g -P L A  c la y  a e ro g e l  w i th  a c r y l ic  a c id  w a s  
p r e p a r e d  b y  f r e e z e - d r y in g  a n d  v a r ie d  th e  m a s s  ra t io  b e tw e e n  s e r ic in  a n d  P L A  in  
s e r ic in -g -P L A  in  o r d e r  to  s tu d y  th e  e f fe c t  o f  th e  m a s s  ra t io  b e tw e e n  s e r ic in  a n d  P L A  
o n  th e  p r o p e r t ie s  o f  th e  a e r o g e ls  a n d  a ls o  e th y le n e  a d s o r p t io n  a b i l i ty .  T h e  a e r o g e ls  
w e r e  s tu d ie d  o n  m o r p h o lo g y , s u r fa c e  a r e a , m e c h a n ic a l ,  m e c h a n ic a l - th e r m a l ,  a n d  
th e rm a l  p r o p e r t ie s  b y  u s in g  S E M , s u r fa c e  a r e a  a n a ly z e r ,  u n iv e r s a l  te s t in g  m a c h in e ,  
D M A , a n d  T G - D T A , r e s p e c t iv e ly . M o re o v e r ,  th e  e th y le n e  a d s o rp t io n  a b i l i ty  o f  th e  
a e r o g e l s  w a s  in v e s t ig a te d  b y  G a s  C h ro m a to g r a p h y  (G C ) .
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7.3 EXPERIMENTAL

7 .3 .1  M a te r ia ls
S ilk  c o c o o n  (Bombyx mori)\ N a n g  L a i (N L )  w a s  p u rc h a s e d  f ro m  lo c a l 

s e r ic u l tu r e  in  T h a i la n d .  S o d iu m - b e n to n i te  w a s  s u p p o r te d  f ro m  T h a i  N ip p o n  C o .,L td , 
T h a i la n d . T h e  b e n to n i te  is a  c o m m e r c ia l  s o d iu m  a c t iv a te d  b e n to n i te  ( M a c - G e l©  
(G R A D E  S A C ))  w ith  c a t io n ic  e x c h a n g e  c a p a c i ty  (C E C )  o f  4 9 .7 4  m e q /1 0 0  g  c la y  
a n d  u s e d  w i th o u t  e x t ra  m o d if ic a t io n .  L - la c t id e  m o n o m e r  (C A S  N o . 4 5 1 1 -4 2 - 6 )  
( 9 9 .5 %  p u r i ty )  w a s  p u rc h a s e d  f ro m  S h e n z h e n  B r ig h tc h in a  I n d u a tr ia l  C o ., L td . 
S ta n n o u s  (II )  o c to a te  (C A S  N o . 3 0 1 -1 0 -0 )  u s e d  a s  c a ta ly s t  w a s  p u rc h a s e d  f ro m  
S ig m a  A ld r ic h  C o rp .,  J a p a n . A c ry l ic  a c id  (A A )  (C A S  N o . 7 9 -1 0 -7 )  u s e d  a s  c ro s s -  
l in k e d  a g e n t  w a s  p u rc h a s e d  f ro m  S ig m a  A ld r ic h  C o rp .,  U S A  w ith  m o le c u la r  w e ig h t  
7 2 .0 6  g /m o l.

7 .3 .2  E x t r a c t io n  o f  S ilk  S e r ic in
S ilk  s e r ic in  w a s  e x t r a c te d  b y  u s in g  h o t  w a te r  d e g u m m in g  p r o c e s s .  S i lk  

c o c o o n s  w e re  r in s e  w i th  w a te r  to  e l im in a te  c o n ta m in a te d  m a tte r .  2 0  g  o f  s i lk  c o c o o n s  
w e r e  c u t  in to  s m a ll  p ie c e s  ( a b o u t  5 x 5  m m 2) a n d  m ix e d  w ith  3 0 0  m l o f  p u r i f ie d  
w a te r .  S ilk  c o c o o n s  w e re  a u to c la v e d  u n d e r  p r e s s u r e  o f  0 .8 - 0 .9  a tm  a t 12 0  ° c  fo r  6 0  
m in . T h e  s ilk  f ib e r  ( f ib ro in )  w a s  f i l te re d  o u t to  o b ta in  th e  s e r ic in  a q u e o u s  s o lu t io n .  
T h e n . S ilk  s e r ic in  s o lu t io n  w a s  f ro z e n  in  th e  g la s s  s h e l ls  a t  -4 0  ° c  fo r  12 h r  a n d  th is  
g la s s  s h e l l  w a s  a t t a c h e d  in  a  f r e e z e - d r y e r  m a in ta in e d  a t -1 1 0  ° c  fo r  4 8  h r  u n d e r  
v a c u u m  to  o b ta in  s ilk  s e r ic in  p o w d e r .

7 .3 .3  P r e p a r a t io n  o f  S e r ic in - g - P L A
S ta n n o u s  (II )  o c to a te  (ร ท ( O c f h )  (0 .2  w t% )  w a s  a d d e d  in to  s e r ic in  ( N a n g  

L a i)  p o w d e r  (2 , 4 , 6  a n d  8 w t% ). T h e n , th e y  w e r e  m ix e d  w ith  la c t id e  m o n o m e r s  (9 8 , 
9 6 , 9 4  a n d  9 2  w t% , r e s p e c t iv e ly )  a n d  s t i r r e d  a t  4 0 0  rp m , 140  ๐c  fo r  10 h r. A f te r  10 
h r  o f  m ix in g , th e  m ix tu r e  w a s  c o o le d  d o w n  to  th e  ro o m  te m p e ra tu re  to  g e t  th e  
s e r ic in -g -P L A . T h e n , s e r ic in -g -P L A  w a s  g r in d e d  in to  p o w d e r .

7 .3 .4  P re p a ra t io n  o f  C la y  A e ro g e l
S o d iu m - b e n to n i te  w a s  d is p e r s e d  in  p u r i f i e d  w a te r  u n d e r  c o n s ta n t  s t i r r in g  

fo r  3 h r. T h e n , th e  g e l w a s  im m e d ia te ly  f ro z e n  in  c y l in d r ic a l  g la s s  s h e l ls  a t  -4 0  ° c
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fo r  12 h r  a n d  a t t a c h e d  to  a  f r e e z e - d r y e r  m a in ta in e d  a t  -1 1 0  °c fo r  4 8  h r  to  s u b lim e  
th e  ic e  o u t.

7 .3 .5  P re p a ra t io n  o f  S e r ic in - g - P L A  C la y  A e ro g e l
S e r ic in - g - P L A  p o w d e r  (5  w t% )  w a s  d i s p e r s e d  in  p u r i f i e d  w a te r  fo r  1 h r  

a n d  a d d e d  in to  th e  d is p e r s e d  N a - b e n to n i te  u n d e r  c o n s ta n t  s t i r r in g  f o l lo w e d  b y  
c o n t in u o u s  s t i r r in g  fo r  2 h r. T h e n ,  th e  g e l w a s  im m e d ia te ly  f ro z e n  in  c y l in d r ic a l  
g la s s  s h e l ls  a t  -4 0  ° c  fo r  12 h r  a n d  a t ta c h e d  to  a  f r e e z e - d r y e r  m a in ta in e d  a t  -1 1 0  ° c  
fo r  4 8  h r  to  s u b l im e  th e  ic e  o u t.

7 .3 .6  P r e p a r a t io n  o f  S e r ic in - g - P L A  C la y  A e ro g e l  w i th  A c ry l ic  A c id
S e r ic in - g - P L A  p o w d e r  (5  w t% )  w a s  d i s p e r s e d  in  p u r i f i e d  w a te r  a n d  m ix e d

w i th  a c ry l ic  a c id  fo r  1 h r. T h e  m ix tu r e  w a s  a d d e d  in to  th e  d i s p e r s e d  N a - b e n to n i t e  
u n d e r  c o n s ta n t  s t i r r in g  f o l lo w e d  b y  c o n t in u o u s  s t i r r in g  fo r  2  h r. A f te r  th a t  th e  g e l 
w a s  t r e a te d  b y  p la s m a  in  a ir  a n d  s t i r r e d  fo r  15 m in . T h e n , th e  g e l w a s  im m e d ia te ly  
f ro z e n  in  c y l in d r ic a l  g la s s  s h e l ls  a t  -4 0  °c fo r  12 h r  a n d  a t t a c h e d  to  a  f r e e z e - d r y e r  
m a in ta in e d  a t  -1 1 0  °c fo r  4 8  h r  to  s u b l im e  th e  ic e  o u t.

7 .3 .7  C h a ra c te r iz a t io n s
7.3. 7.1 Thermogravimetrie-Differential Thermal Analyner (TG-DTA)
T h e r m a l  s ta b i l i ty  o f  s e r ic in -g -P L A  c la y  a e ro g e l  w i th  a c r y l ic  a c id  w a s

e x a m in e d  b y  P E R K I N - E L M E R  P y r is  D a im o n d  th e r m o g r a v im e tr ic  a n a ly s is .  T h e  
w e ig h t  o f  s a m p le  w a s  in  th e  r a n g e  o f  5 -7  m g  a n d  h e a te d  a t  th e  h e a t in g  r a te  o f  10 
๐c / m i n  f ro m  5 0 -8 0 0  °c in  n i t r o g e n  a tm o s p h e r e  w i th  20 m l/m in  o f  n i t r o g e n  f lo w  ra te .

7 .3.1.2 Universal Testing Machine
T h e  Y o u n g ’s m o d u lu s  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c ry l ic  a c id  w a s  

in v e s t ig a te d  b y  L L O Y D  L rx  U n iv e rs a l  T e s t in g  M a c h in e  in  c o m p re s s io n  m o d e  w ith  
5 0 0  N  lo a d  c e ll  a t  c o n s ta n t  c r o s s h e a d  s p e e d  o f  1 m m /m in . T h e  a e r o g e l s  w e re  
p r e p a r e d  in  th e  c y l in d r ic a l  s h a p e  w i th  ~ 2 0  m m  in  d ia m e te r  a n d  h e ig h t . F iv e  s a m p le s  
o f  e a c h  c o m p o s i t io n  w e re  te s te d  f o r  r e p ro d u c ib i l i ty .  T h e  c o m p re s s iv e  m o d u lu s  w a s  
c a lc u la te d  f ro m  th e  s lo p e  o f  th e  l in e a r  p o r t io n  o f  th e  s t r e s s - s t r a in  c u rv e .

7.3. 7.3 Dynamic Mechanical Analysis (DMA)
D M A  a n a ly z e  w a s  c a r r ie d  o u t b y  u s in g  a  d y n a m ic - m e c h a n ic a l  a n a ly z e r  

G A B O  E P L E X O R  Q C  2 5  in s t r u m e n t .  T h e  te s t in g  te m p e ra tu re  w a s  s e t  f ro m  -5 0  to  
15 0  °c , h e a t in g  r a te  2  ° c /m in ,  1 H z  fo r  f re q u e n c y . T h e  a e r o g e ls  w e r e  p r e p a r e d  in  th e
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c y l in d r ic a l  s h a p e  w i th  ~ 2 0  m m  in  d ia m e te r  a n d  h e ig h t . T h e  c o m p r e s s io n  m o d e  w a s  
u s e d .

7.3. 7.4 Scanning Electron Microscroscopy (SEM)
T h e  m o r p h o lo g y  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c r y l ic  a c id  w a s  

o b s e rv e d  b y  u s in g  T M  3 0 0 0  S c a n n in g  E le c t ro n  M ic ro s c o p e . T h e  s a m p le s  w e r e  f ix e d  
o n  s tu b s  w ith  c a r b o n  ta p e  a n d  c o a te d  w i th  p la t in u m  u n d e r  v a c u u m . S E M  
m ic r o g r a p h s  w e re  ta k e n  w ith  lo w  m a g n if ic a t io n  a t  4 0  a n d  h ig h  m a g n if i c a t io n  a t 4 0 .0  
k  u s in g  a n  a c c e le r a to r  v o lta g e  o f  15 k v .

7.3. 7.5 Gas Chromatography (GC)
T h e  e th y le n e  a d s o rp t io n  a b i l i ty  o f  th e  a e r o g e ls  w a s  in v e s t ig a te d  b y  u s in g  

M O D E L  9 1 0  G A S  C H R O M A T O G R A P H  (G C ) . T h e  a e r o g e ls  w e r e  p r e p a r e d  in  th e  
c y l in d r ic a l  s h a p e  w i th  ~ 2 0  m m  in  d i a m e te r  a n d  ~ 3 0  m m  in  h e ig h t .  A  1 m L  
c a l ib r a t io n  e th y le n e  g a s  s p a n n in g  th e  c o n c e n t r a t io n  r a n g e  f ro m  1 0 0 0  to  6 0 0 0  g  m L -1 
w a s  in je c te d  in to  th e  G C . A  s ta n d a r d  c u rv e  w a s  th e n  m a d e  b y  p lo t t in g  th e  p e a k  a re a  
v e r s u s  th e  c o n c e n t r a t io n  in je c te d . T h e  e th y le n e  c o n c e n t r a t io n  o f  th e  a n a ly te  w a s  
c a lc u la te d  a c c o rd in g  to  th e  s ta n d a r d  c u rv e .

7.3. 7.6 Surface Area Analyzer
T h e  s u r fa c e  a r e a  o f  th e  a e r o g e ls  w a s  a n a ly z e d  b y  Q u a n ta c h r o m e  

( A u to s o r b - 1 )  in s t r u m e n t .  T h e  s a m p le s  w e re  w e ig h t  a b o u t  0 .0 7 - 0 .0 8  g  in to  th e  s a m p le  
tu b e  a n d  d e g a s s e d  a t  150  °c o v e rn ig h t  u n d e r  v a c u u m  a n d  n i t r o g e n  tra p . T h e  s a m p le  
w a s  a n a ly z e d  a t  15 0  °c a n d  n i t r o g e n  w a s  u s e d  a s  a n  a d s o r b e n t  g as .

7.3. 7. 7 Swelling Behavior
T h e  s w e l l in g  b e h a v io r  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c ry l ic  a c id  w a s  

s tu d ie d  b y  u s in g  c o n v e n t io n a l  g r a v im e tr ic  p ro c e d u r e .  T h e  s a m p le  w a s  d r ie d  in  a n  
o v e n  a t  6 0  °c o v e r  n ig h t  a n d  w e ig h e d  to  o b ta in  w e ig h t  o f  d ry  s a m p le  ( พ ! ) .  T h e  d ry  
s a m p le  w a s  im m e rs e d  in  w a te r  a t  2 5  °c fo r  2 4  h r . T h e  s w o lle n  s a m p le  w a s  
w i th d ra w n , w ip e d  to  r e m o v e  th e  e x c e s s  w a te r  o u t, a n d  r e w e ig h e d  ( พ 2). T h e  s w e l l in g  
p e r c e n ta g e  w a s  c a lc u la te d  a s  s h o w n  in  E q . 7 .1 .

พ2 -  พ1 
พ1 X 1 0 0 ( ^ . 7 . 1 )swelling percentage =
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7.3.7.8 Density Measurement
T h e  d e n s i ty  o f  th e  a e r o g e ls  w a s  d e te r m in e d  b y  m a s s  a n d  d im e n s io n  

m e a s u r e m e n t  a c c o rd in g  to  a n  e q u a tio n :

p = y  7 .2 )

w h e r e  p is  m a s s  d e n s i ty  ( g /c m 3), M  is  m a s s  o f  s a m p le  (g )  a n d  V  is  v o lu m e  o f  s a m p le  
( c m 3). M a s s  a n d  v o lu m e  w a s  m e a s u r e d  u s in g  S a r to r iu s  B S  2 2 4  ร a n a ly t ic a l  b a la n c e  
a n d  d ig i ta l  v e r n ie r  c a l ip e r .

7.4 RESULTS AND DISCUSSION

7 .4 .1  T h e rm a l  S ta b il i ty  o f  S e r ic in - g - P L A  C la y  A e ro g e l  w i th  A c r y l ic  A c id
T h e  th e rm a l  s ta b i l i ty  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c ry l ic  a c id  is 

s h o w n  in  F ig u re  7 .1 . T h e  lo s s  in  m a s s  s ta r te d  a t 130  ° c .  w h ic h  is  d u e  to  n o n - c ro s s -  
l in k e d  a c ry lic  a c id  a n d  e v a p o r a t io n  o f  w a te r  ( H o r ia  a n d  A b d e l ,  2 0 1 2 ) . T h e  w e ig h t  
lo s s  th a t  s ta r t in g  f ro m  2 4 0  to  3 5 0  ° c  w a s  a s s o c ia te d  to  a n h y d r id e  f o r m a t io n  a n d  
d e c a r b o x y la t io n  p r o c e s s e s  o f  p o ly (a c r y l ic  a c id )  (M o h a m e d  et al., 2 0 1 2 ) .  M o re o v e r ,  
th is  s te p  w a s  a s s o c ia te d  w i th  th e  d e c o m p o s i t io n  o f  s e r ic in  ( N a n g  L a i, N L )  a n d  P L A  
w h ic h  a ro u n d  2 5 5  ° c  a n d  251  ° c ,  r e s p e c t iv e ly . W h e n  c o n s id e r e d  th e  m a s s  ra t io  
b e tw e e n  s e r ic in  a n d  P L A  in  s e r ic in -g -P L A , d e c r e a s in g  P L A  c o n te n t  r e s u l t  in  
d e c r e a s e d  th e  d e c o m p o s i t io n  o n s e t  te m p e ra tu re .  A c c o rd in g  to  th e  p r e v io u s  r e s u l t s  in  
C H A P T E R  V , th e  d e c r e a s e  o f  P L A  c o n te n t  r e s u l t s  in  th e  d e c r e a s e  o f  w e ig h t  a v e r a g e  
m o le c u la r  w e ig h t  (M w )  o f  s e r ic in -g -P L A . Z h a n g  et al. ( 1 9 9 2 )  r e p o r te d  th a t  th e  
d e c o m p o s i t io n  te m p e ra tu re  ra n g e  d e p e n d s  o n  th e  p o ly m e r 's  m o le c u la r  w e ig h t .  T h e  
h ig h e r  o f  m o le c u la r  w e ig h t  s h o w e d  th e  h ig h e r  o f  d e c o m p o s i t io n  te m p e ra tu re .
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Figure 7.1 T G A  c u r v e s  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c r y l ic  a c id  (a )  
N L 2 P L A 9 8 , (b )  N L 4 P L A 9 6 , (c )  N L 6 P L A 9 4 , a n d  (d )  N L 8 P L A 9 2  ( a c ry l ic  a c id  4 
พ โ0/อ , p la s m a  t r e a tm e n t  t im e  3 0  ร a n d  c la y  6 w t% ).

Table 7.1 T h e r m a l  s ta b i l i ty  o f  s e r ic in -g -P L A  c la y  a e ro g e l  w i th  a c r y l ic  a c id  w ith  
v a r io u s  m a s s  r a t io  b e tw e e n  s e r ic in  a n d  P L A  ( a c ry l ic  a c id  4  w t% , p la s m a  t r e a tm e n t  
t im e  3 0  ร a n d  c la y  6 w t% )

Mass ratio Td onset Weight loss
(sericin:PLA) (°C) (%)

2:98 257.5 45.8
4:96 254.0 46.5
6:94 225.0 49.8
8:92 221.2 47.7

7 .4 .2  M e c h a n ic a l  P ro p e r t ie s
T h e  c o m p re s s iv e  p r o p e r t ie s  o f  s e r ic in -g -P L A  c la y  a e ro g e l  w i th  a c ry l ic  

a c id  a re  c h a r a c te r iz e d  b y  u s in g  L lo y d  u n iv e rs a l  t e s t in g  m a c h in e . T h e  c o m p re s s iv e  
s t r e s s - s t r a in  c u rv e s  o f  th e  a e r o g e l s  a re  s h o w n  in  F ig u re  7 .2 . T a b le  7 .2  s u m m a r iz e d



88

th e  m e c h a n ic a l  p r o p e r t ie s  o f  s e r ic in -g -P L A  c la y  a e ro g e l  w i th  a c ry l ic  a c id . T h e  
r e s u l t s  s h o w e d  th a t  in c re a s in g  o f  P L A  c o n te n t  f ro m  9 2  to  9 8  w t%  in  s e r ic in - g - P L A , 
th e  Y o u n g 's  m o d u lu s  in c re a s e d  f ro m  11 6  to  2 9 6  k P a . T h e s e  in d ic a te  th a t  P L A  
p r e s e n ts  a h ig h  m o d u lu s  th a t  a f f e c ts  to  th e  Y o u n g ’s m o d u lu s  o f  th e  a e ro g e l  (A u ra s  et 
al., 2 0 0 4 ) .

Figure 7.2 S tr e s s - s t r a in  c u rv e s  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c r y l ic  a c id  (a )  
N L 2 P L A 9 8 , (b )  N L 4 P L A 9 6 , (c )  N L 6 P L A 9 4 , a n d  (d )  N L 8 P L A 9 2  ( a c ry l ic  a c id  4  
w t% , p la s m a  t r e a tm e n t  t im e  3 0  ร a n d  c la y  6 w t% ).
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Table 7.2 E f f e c t  o f  m a s s  r a t io  o f  s e r ic in  (N L )  a n d  P L A  o n  m e c h a n ic a l  p r o p e r t ie s  o f  
N L - g - P L A  c la y  a e r o g e l  w i th  a c ry l ic  a c id

Mass Ratio Young’s modulus Stiffness
(sericin:PLA) (kPa) (kN/m2)

2 :9 8 2 9 6 .4 5 ± 6 5 .1 2 3 .1 0 ± 0 .3 5

4 :9 6 2 3 2 .1 9 ± 3 1 .5 4 2 .4 3 ± 0 .3 3

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

8 :9 2 1 1 5 .8 9 ± 3 3 .1 2 1 .2 Ü 0 .3 3

7 .4 .3  D y n a m ic  M e c h a n ic a l  P ro p e r t ie s
T h e  d y n a m ic  m e c h a n ic a l  p r o p e r t ie s  a re  c h a r a c te r iz e d  b y  u s in g  a  d y n a m ic -  

m e c h a n ic a l  a n a ly z e r  G A B O  E P L E X O R  Q C  2 5  in s tru m e n t .  T h e  s to ra g e  m o d u lu s  a n d  
lo s s  m o d u lu s  o f  c o p o ly m e rs  w h ic h  d e p e n d  o n  te m p e ra tu re  a re  s h o w n  in  F ig u re  7 .3  to
7 .4 . T h e  r e s u l t s  s h o w e d  th a t  in c re a s in g  o f  P L A  c o n te n t  f ro m  9 2  to  9 8  w t%  in  s e r ic in -  
g - P L A , th e  sto rag e  and  loss m o d u lu s  w ere increased  from  3.8 to 12.3 M P a  and from  0.3 to 
1.4 M P a, resp ec tive ly . T h e  d i f f e r e n c e  in  s to ra g e  m o d u lu s  o f  th e  a e ro g e l  r e s u l t s  in  th e  
d i f f e r e n c e  o f  s t i f fn e s s .  T h e s e  in d ic a te  th a t  th e  a e ro g e l  h a s  th e  h ig h e s t  o f  s t i f f n e s s  o n  
th e  m a x im u m  o f  P L A  c o n te n t  ( S r iy a  et al., 2 0 1 3 ) .
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Figure 7 .3  T h e  s to ra g e  m o d u lu s  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c r y l ic  a c id  (A ) 
N L 2 P L A 9 8 , (B )  N L 4 P L A 9 6 , (C )  N L 6 P L A 9 4 , a n d  (D )  N L 8 P L A 9 2  ( a c ry l ic  a c id  4  
w t% , p la s m a  t r e a tm e n t  t im e  3 0  ร, a n d  c la y  6 w t% ).

Figure 7.4 T h e  lo s s  m o d u lu s  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c r y l ic  a c id  (A ) 
N L 2 P L A 9 8 , (B )  N L 4 P L A 9 6 , (C )  N L 6 P L A 9 4 , a n d  (D )  N L 8 P L A 9 2  ( a c ry l ic  a c id  4 
w t% , p la s m a  t r e a tm e n t  t im e  3 0  ร, a n d  c la y  6 w t% ).
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7 .4 .4  M o rp h o lo g y  o f  th e  A e ro g e ls
T h e  S E M  m ic r o g r a p h  o f  n e a t  N a - b e n to n i te  a e ro g e l  is s h o w n  in  F ig u re  7 .5 . 

A f te r  f r e e z e - d r y in g ,  n e a t  N a - b e n to n i te  f o rm e d  th e  la m e l la  s t r u c tu r e  w h ic h  w a s  
d u p l ic a te  o f  th e  ic e  c ry s ta l  m o r p h o lo g y  ( G a w r y la  et al., 2 0 0 8 ) .  M o re o v e r ,  th e  p o ro u s  
s t r u c tu r e  w a s  v is ib ly  o b s e rv e d  in  th e  f r e e z e - d r ie d  c la y  a e ro g e l .  T h e  s e r ic in -g -P L A  
c la y  a e r o g e l ,  h a v in g  a  P L A  c o n te n t  o f  98  w t%  a n d  s e r ic in  a t  2  w t% , a s  s h o w n  in  
F ig u re  7 .6 , s h o w e d  th e  la m e l la  m o r p h o lo g y  s im ila r  to  c la y  a e r o g e l  b u t th e  c la y  
la y e rs  w e re  c o v e re d  b y  s e r ic in -g -P L A .

TM3000 0437 NL D6 6 x150 500 นกา

Figure 7 .5  S E M  m ic r o g r a p h  o f  6 w t%  o f  c la y  a e ro g e l .
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TM3000 0451 NL D5.3 x150 500 um

Figure 7 .6  S E M  m ic r o g r a p h  o f  6 w t%  o f  c la y  a e r o g e l  w i th  5 w t%  o f  s e r ic in -g -P L A .

T h e  s e r ic in -g -P L A  c la y  a e ro g e l  w i th  a c ry l ic  a c id  s h o w e d  th e  la m e l la  
m o r p h o lo g y . T h e  S E M  m ic r o g r a p h s  a re  s h o w n  th e  h ig h  p o r o s i ty  (F ig u re  7 .7 ) . F ig u re
7 .8  s h o w s  th e  s u r fa c e  o f  th e  c la y  la y e rs  th a t  c o n f i rm e d  th e  c o v e re d  c la y  la y e rs  b y  
s e r ic in -g -P L A . T h e  p o ro u s  s tr u c tu r e  w a s  th e  im p o r ta n t  c h a r a c te r i s t ic s  o f  p o ro u s  
a d s o r b e n ts  ( H w a n g  e t  a l . ,  2 0 1 0 ) .  T h e s e  a re  th e  im p o r ta n t  m o t iv e  to  a p p ly  th is  a e r o g e l  
in to  th e  e th y le n e  a d s o rp t io n  a p p lic a t io n .



93

Figure 7.7 S E M  m ic r o g r a p h  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c r y l ic  a c id  (a) 
N L 2 P L A 9 8 , (b ) N L 4 P L A 9 6 , (c) N L 6 P L A 9 4 , and (d) N L 8 P L A 9 2  (ac ry lic  acid 4 w t% , 
p lasm a  trea tm en t tim e  30 ร, and  c lay  6 w t% ).
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Figure 7.8 F E -S E M  m ic r o g r a p h  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c r y l ic  a c id  (a )  
N L 2 P L A 9 8 , (b )  N L 4 P L A 9 6 , (c )  N L 6 P L A 9 4 , a n d  (d )  N L 8 P L A 9 2  ( a c ry l ic  a c id  4 
w t% , p l a s m a  t r e a tm e n t  t im e  3 0  ร, a n d  c la y  6  w t% ) .

7 .4 .5  E th y le n e  A d s o r p t io n  A b i l i ty
T h e  e th y le n e  a d s o rp t io n  a b i l i ty  o f  th e  a e r o g e ls  w a s  in v e s t ig a te d  b y  u s in g  

M O D E L  9 1 0  G A S  C H R O M A T O G R A P H  (G C ) . T h e  a e r o g e ls  w e r e  p r e p a r e d  in  th e  
c y l in d r ic a l  s h a p e  w i th  ~ 2 0  m m  in  d ia m e te r  a n d  ~ 3 0  m m  in  h e ig h t  th a t  s h o w e d  in  
F ig u re  7 .9 . F ig u re  7 .1 0  p r e s e n ts  e th y le n e  a d s o rp t io n  o f  s i lk  s e r ic in ,  6 w t%  o f  c la y  
a e r o g e l  a n d  6 w t%  o f  c la y  a e ro g e l  w i th  5 w t%  o f  s e r ic in -g -P L A  a s  a  f u n c t io n  o f  
t im e . S ilk  s e r ic in  s h o w s  th e  h ig h  a b i l i ty  to  a d s o rb  th e  e th y le n e  g a s  th a t  c o r r e s p o n d e d  
to  th e  h ig h  a m in o  g r o u p s  w h ic h  w a s  c o n f i r m e d  b y  F T IR  s p e t r a  in  C H A P T E R  IV . 
C la y  a e r o g e l  s h o w e d  a n  a b r u p t  in c re a s e  in  e th y le n e  a b s o r p t io n  ( a b o u t  8 4 0  p p m /g )  
th e n  d ro p  o f f  a t  th e  v e ry  b e g in n in g  s ta g e  f o l lo w e d  b y  th e  g ra d u a l  d e c r e a s e  o f  
e th y le n e  a b s o rp t io n .  T h is  in d ic a te s  th a t  d u e  to  its  h ig h  p o re  v o lu m e , th e  c la y  a r e o g e l
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c a n  in s ta n ta n e o u s ly  a c c o m m o d a te  la rg e  a m o u n t  o f  e th y le n e  b u t w i th  its  l im ite d  
a c t iv e  s ite s , e th y le n e  is  th u s  g r a d u a l ly  r e le a s e d  a f te rw a rd . T h e  c la y  a e ro g e l  is  th u s  
m o r e  l ik e ly  to  b e h a v e  a s  a  c o n t r o l le d - r e le a s e d  d e v ic e . I ts  e th y le n e  a b s o r p t io n  a f te r  
10 d a y s  w a s  fo u n d  to  b e  201  p p m /g . M o re o v e r ,  th e  a d d i t io n  o f  s e r ic in -g -P L A , 
h a v in g  a  P L A  c o n te n t  o f  9 8  w t%  a n d  s e r ic in  a t  2  w t% , g iv e s  th e  h ig h  a b i l i ty  to  
a d s o rb  th e  e th y le n e  g a s  c o m p a re d  to  th e  n e a t  c la y  a e r o g e l .  T h is  s u g g e s ts  th a t  th e  
a m in o  g r o u p s  in  s e r ic in -g -P L A  e f f e c t iv e ly  b in d  to  e th y le n e  s im i la r  to  a m in e  
a d s o r p t io n  o f  c a r b o n  d io x id e  (R e in e  a n d  E ld r id g e , 2 0 0 5 ) . T h e  r e a c t io n  o f  e th y le n e  
a d s o r p t io n  o f  s e r ic in  w a s  s h o w n  in  F ig u re  7 .1 1 . T h e  r e s u l t in g  e th y le n e  a d s o rp t io n  
w a s  d u e  to  c h e m ic a l  c o m p le x a t io n  w i th  s e r in e .

Figure 7.9 A p p e a r a n c e  o f  th e  a e ro g e ls .
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Figure 7.10 E th y le n e  a d s o rp t io n  o f  (a )  s i lk  s e r ic in ,  (b )  6  พ t%  o f  c la y  a e r o g e l ,  a n d  (c )  
6  w t%  o f  c la y  a e r o g e l  w i th  5 w t%  o f  s e r ic in -g -P L A .
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Figure 7.11 P u r p o s e d  e th y le n e  a d s o rp t io n  m e c h a n is m .
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E th y le n e  a d s o r p t io n  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c r y l ic  a c id  w a s  
s h o w n  in  F ig u re  7 .1 2 . T h e  id e a  o f  g ra f t in g  f u n c t io n a l  g r o u p s  o n to  th e  p o re  w a l ls  o f  
m a te r ia ls  is  a  k n o w n  s t r a te g y  fo r  th e  d e s ig n  o f  p r o m is in g  n e w  a d s o rb e n ts  (F Iw a n g  e t  
a l . ,  2 0 1 0 ) . In  a d d i t io n ,  m o d if ic a t io n s  in  th e  s u r fa c e  c h e m is t ry  o f  th e  p o ro u s  m a te r ia ls  
b y  in c o r p o r a t in g  b a s ic  s i te s  c a p a b le  o f  in te r a c t in g  s t r o n g ly  w i th  e th y le n e  in  o r d e r  to  
in c re a s e  e th y le n e  a d s o rp t io n  a b i l i ty  a n d  to  k e e p  h ig h  s e le c t iv i ty  fo r  e th y le n e  a re  
c o n s id e r e d  v e ry  p r o m is in g  ( A r u n k u m a r  e t  a k , 2 0 1 2 ) . T h e  d i f f e r e n t  s e r ic in  c o n te n ts  in  
s e r ic in -g -P L A  a re  a f f e c te d  to  e th y le n e  a d s o rp t io n  a b i l i ty  o f  th e  a e ro g e ls .  W h e n  
s e r ic in  c o n te n t  in c re a s e d , th e  e th y le n e  a d s o rp t io n  a b i l i ty  o f  th e  a e r o g e ls  w a s  
in c re a s e d . T h is  in d ic a te s  th a t  r a is in g  s e r ic in  c o n te n t  in  s e r ic in -g -P L A  r e s u l t s  in  th e  
in c re a s e  o f  a m in o  g ro u p s  le a d in g  to  g r e a te r  e th y le n e  a d s o rp t io n  a b ili ty .

Figure 7.12 E th y le n e  a d s o rp t io n  o f  s e r ic in -g -P L A  c la y  a e ro g e l  w i th  a c r y l ic  a c id  (a )  
N L 2 P L A 9 8 , (b )  N L 4 P L A 9 6 , (c )  N L 6 P L A 9 4 , a n d  (d )  N L 8 P L A 9 2  ( a c ry l ic  a c id  4  
w t% , p la s m a  t r e a tm e n t  t im e  3 0  ร, a n d  c la y  6 w t% ) .

7 .4 .6  T h e  S p e c i f ic  S u r fa c e  A re a  M e a s u re m e n t
T h e  B r u n a u e r e - E m m e t te - T e l le r  ( B E T )  s p e c i f ic  s u r f a c e  a r e a  a n d  th e  to ta l  

p o re  v o lu m e  p e r  m a s s  u n i t  a s  d e te rm in e d  f ro m  th e  a d s o rp t io n  i s o th e r m s  fo r  th e  
a e ro g e ls .  I f  th e  q u a n t i ty  o f  a n  a d s o r b in g  g a s  o n  a  s u r fa c e  is  m e a s u r e d  o v e r  a  w id e
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r a n g e  o f  r e la t iv e  p r e s s u r e s  a t  a  c o n s ta n t  te m p e r a tu r e ,  a n  a d s o r p t io n  is o th e r m  is 
o b ta in e d .  S im ila r ly ,  d e s o r p t io n  is o th e r m s  c a n  b e  d e r iv e d  b y  m e a s u r in g  th e  q u a n t i t ie s  
o f  g a s  r e m o v e d  f ro m  th e  s u r fa c e , w h e n  th e  re la t iv e  p r e s s u r e  is  lo w e re d . A c c o rd in g  to  
B r u n a u e r  et al. ( 1 9 4 0 ) ,  a d s o rp t io n  is o th e r m s  c a n  b e  g r o u p e d  in to  f iv e  ty p e s . F o r  
F ig u re  7 .1 3  a n d  7 .1 4 , th e  a d s o rp t io n  a n d  d e s o rp t io n  is o th e r m s  o f  6  w t%  o f  c la y  
a e r o g e l  a n d  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c ry l ic  a c id  w e r e  c la s s i f ie d  in to  ty p e  
IV . T y p e  IV  is o th e r m  e x h ib i ts  a  s te e p  s lo p e  a t h ig h e r  p r e s s u r e s  a n d  h y s te r e s is  d u e  to  
c a p i l la ry  c o n d e n s a t io n  in  m e s o p o re s  (p o re  d ia m e te r  o f  2 0  -  5 0 0  A ). T a b le  7 .3  s h o w s  
th e  B E T  s p e c i f ic  s u r fa c e  a r e a  a n d  th e  to ta l  p o re  v o lu m e  p e r  m a s s  u n i t  o f  th e  
a e r o g e ls .  W h e n  c o m p a re d  to  th e  c la y  a e r o g e l ,  th e  in c o r p o ra t io n  o f  c la y  le a d s  to  
lo w e r  B E T  s u r f a c e  a r e a  ( J ia o  et al., 2 0 1 3 ) . T h e  s p e c i f ic  s u r fa c e  a r e a  o f  s e r ic in -g -  
P L A  c la y  a e r o g e l  w i th  a c ry l ic  a c id  in c re a s e s  s ig n i f ic a n t ly  f ro m  12 .51  to  1 8 .1 7  m 2 g '1 
w i th  a n  in c re a s e  o f  s e r ic in  c o n te n t  f ro m  2  to  8 w t% . F o r  a  m ix tu r e  o f  c la y  a n d  
o r g a n ic  c o m p o n e n ts ,  th e  in fo rm a t iv e  v a lu e  o f  B E T - N 2 s p e c i f ic  s u r fa c e  a r e a  is 
r e s t r ic te d .  S in c e  th e  n i t r o g e n  m o le c u le  a c ts  a s  a  p o la r  p r o b e ,  h y d r o p h o b ic  r e g io n s  o f  
o r g a n ic  m a te r ia l  w ill  n o t b e  c o v e re d  a n d  th u s , n i t r o g e n  a d s o rb s  to  o n ly  a  s m a ll 
p o r t io n  o f  th e  o r g a n ic  m a te r ia l ,  p o s s ib ly  its  e x te rn a l  p a r t  o f  th e  s u r fa c e  a re a . 
C o n s e q u e n t ly ,  it  is  l ik e ly  th a t  B E T -N 2 s p e c i f ic  s u r fa c e  a r e a  v a lu e s  u n d e r e s t im a te  th e  
s p e c i f ic  s u r fa c e  a r e a  o f  th e  o rg a n ic  m a te r ia l .  M o re o v e r ,  th e  c la y  a n d  o r g a n ic  
c o m p o n e n ts  in te r a c t  w i th  e a c h  o th e r . T h e y  c a n  b e  g lu e d  to g e th e r  to  fo rm  
m ic r o a g g r e g a te s  o r  c o a t in g s  o n  c la y  s u r f a c e s  c a n  d e v e lo p . E lo w e v e r , it h a s  b e e n  
s h o w n  th a t  th e  c o a t in g  b y  o r g a n ic  m a te r ia l  d o e s  n o t o c c u r  h o m o g e n e o u s ly  b u t  r a th e r  
in  d is t in c t  p a tc h e s .  T h e s e  p a tc h e s  o f  o rg a n ic  m a te r ia l  a re  l ik e ly  lo c a te d  a t  th e  
e n t r a n c e  o f  p o re s ,  th e re b y  im p e d in g  th e  e n t r a n c e  o f  n i t r o g e n  m o le c u le s  in to  th e s e  
p o re s  ( K a tja ,  2 0 1 4 ) .
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Figure 7.13 T h e  a d s o rp t io n  a n d  d e s o rp t io n  i s o th e r m s  o f  6 w t%  o f  c la y  a e ro g e l .

Figure 7.14 T h e  a d s o rp t io n  a n d  d e s o rp t io n  is o th e r m s  o f  s e r ic in -g -P L A  c la y  a e r o g e l  
w i th  a c ry l ic  a c id  (a )  N L 2 P L A 9 8 , (b )  N T 4 P L A 9 6 , (c )  N L 6 P T A 9 4 , a n d  (d )  
N L 8 P L A 9 2  ( a c ry l ic  a c id  4  w t% , p la s m a  t r e a tm e n t  t im e  3 0  ร, a n d  c la y  6 w t% ) .
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T a b le  7 .3  T h e  B E T  s p e c i f ic  s u r fa c e  a r e a  a n d  p o re  v o lu m e  o f  th e  c la y  a e r o g e ls  a n d  
s e r ic in -g -P L A  c la y  a e ro g e l  w i th  a c ry l ic  a c id  w i th  v a r io u s  m a s s  r a t io s  b e tw e e n  
s e r ic in  a n d  P L A

S a m p le
B E T  s p e c i f ic  s u r fa c e  a r e a  

( m 2 g -1)
P o re  v o lu m e  

( c m 3 g '1)

C la y  a e r o g e l  6 w t% 2 8 .5 5 0 .1 4 6

N L 2 P L A 9 8 12.51 0 .0 7 0

N L 4 P L A  9 6 1 2 .9 5 0 .0 7 6

N L 6 P L A 9 4 1 3 .4 6 0 .0 7 5

N L 8 P L A 9 2 1 8 .1 7 0 .0 4 6

7 .4 .7  S w e l l in g  B e h a v io r
S w e l l in g  s tu d ie s  o f  s e r ic in -g -P L A  c la y  a e ro g e l  w i th  a c r y l ic  a c id  s h o w e d  in  

F ig u r e  7 .1 5 . T h e  m in im u m  s w e l l in g  p e r c e n ta g e  w a s  o b s e rv e d  in  c la y  a e ro g e l  w i th  
s e r ic in -g -P L A  c o n ta in e d  8 w t%  o f  s e r ic in  a n d  9 2  w t%  o f  P L A . T h e  n e tw o r k  o f  
s e r ic in -g -P L A  a n d  a c ry l ic  a c id  fo rm e d  f ro m  th e  c h e m ic a l  c r o s s - l in k e d  b y  p la s m a  
in i t i a t io n  w a s  h o ld  th e  c la y  b u n d le  a n d  l im ite d  th e  s w e l l in g  o f  th e  c la y  a e r o g e l s .  T h is  
in d ic a te s  th a t  th e  h ig h e s t  c r o s s - l in k e d  d e g re e  le d  to  th e  lo w e s t  o f  s w e l l in g  
p e r c e n ta g e .
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F i g u r e  7 .1 5  T h e  s w e l l in g  p e r c e n ta g e  o f  s e r ic in -g -P L A  c la y  a e r o g e l  w i th  a c ry l ic  a c id  
(a )  N L 2 P L A 9 8 , (b )  N L 4 P L A 9 6 , (c )  N L 6 P L A 9 4 , a n d  (d )  N L 8 P L A 9 2  ( a c ry l ic  a c id  4 
w t% , p la s m a  t r e a tm e n t  t im e  3 0  ร, a n d  c la y  6  w t% ) .

7 .4 .8  D e n s ity
T h e  d e n s i ty  o f  th e  c la y  a e r o g e ls  a re  s h o w e d  in  T a b le  7 .4 . S e r ic in - g - P L A  

c la y  a e r o g e ls  w i th  a c ry l ic  a c id  p r e s e n te d  th e  c lo s e d  d e n s i ty  r a n g e d  b e tw e e n  0 .1 0  to  
0 .11  g /c m 3 d e p e n d e d  o n  th e  c o m p o s i t io n  o f  th e  a e r o g e ls .  M o re o v e r ,  in c r e a s in g  o f  
s e r ic in  c o n te n t  in  s e r ic in -g -P L A  w a s  n o t  o u ts ta n d in g ly  a f f e c te d  o n  th e  d e n s i ty  o f  th e  
a e ro g e ls .

T a b l e  7 .4  D e n s i ty  o f  th e  c la y  a e r o g e ls

S a m p le s D e n s i ty  ( g /c m 3)
C 6  w i th  s e r ic in -g -P L A  ( N L 2 P L A 9 8 ) 0 . 1 1 ± 0 .0 0 4
C 6  w i th  s e r ic in -g -P L A  ( N L 4 P L A 9 6 ) 0 .1 1 ± 0 .0 0 8
C 6  w i th  s e r ic in -g -P L A  ( N L 6 P L A 9 4 ) 0 .1 0 ± 0 .0 0 3
C 6  w i th  s e r ic in -g -P L A  ( N L 8 P L A 9 2 ) 0 . 1 1 ± 0 .0 0 2
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7 .5  C O N C L U S I O N S

T h e  s e r ic in -g -P L A  c la y  a e ro g e l  w i th  a c ry l ic  a c id  w e re  s u c c e s s f u l ly  
p r e p a r e d  b y  f r e e z e - d r y in g  te c h n iq u e .  T h e  s e r ic in -g -P L A  a n d  a c r y l ic  a c id  w e re  u se d  
to  im p ro v e  th e  m e c h a n ic a l  p r o p e r t ie s  o f  th e  c la y  a e ro g e l .  I n c r e a s in g  P L A  c o n te n t  in  
s e r ic in -g -P L A , th e  d e c o m p o s i t io n  o n s e t  te m p e ra tu re  a n d  th e  Y o u n g 's  m o d u lu s  w e re  
in c re a s e d . M o re o v e r ,  th e  s e r ic in  c o n te n t  in  s e r ic in -g -P L A  w a s  a f f e c te d  to  th e  s u r fa c e  
a r e a  a n d  e th y le n e  a d s o rp t io n  a b i l i ty  b u t n o t a f fe c te d  o n  th e  d e n s i ty  o f  th e  a e r o g e ls .  
I n c r e a s in g  o f  s e r ic in  c o n te n t ,  th e  s u r fa c e  a r e a  a n d  e th y le n e  a d s o rp t io n  a b i l i ty  o f  th e  
a e r o g e ls  w e r e  e n h a n c e d  s ig n if ic a n tly .  T h e  r e s u l t in g  e th y le n e  a d s o r p t io n  w a s  d u e  to  
c h e m ic a l  c o m p le x a t io n  w ith  s e r in e .

7 .6  A C K N O W L E D G E M E N T S

T h e  a u th o r s  a p p re c ia te  to  th a n k  th e  C e n te r  o f  E x c e l le n c e  o n  P e tr o c h e m ic a l  
a n d  M a te r ia ls  T e c h n o lo g y  a n d  th e  g o v e r n m e n t  b u d g e t  2 0 1 3  fo r  th e  f in a n c ia l  s u p p o r t .
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