
CHAPTER III 
EXPERIMENTAL

3.1 Materials

B io p o ly m e r (M.w. 200  k D a) w as su p p lied  by  B io21  (T hailand ). 
B io p o ly m er w as p u rif ied  w ith  so d iu m  h y d ro x id e  (N aO H , c o m m erc ia l g rade , U n io n  
C h em ica l 1986, T h a ilan d ) and  so d iu m  b o ro h y d rid e  (N aB T B , 9 7 % , L abchem , 
A u stra lia ). H y d ro c h lro ric  ac id  (A R  g rad e , R C I L ab scan , T h a ilan d ) and  sod ium  
h y d ro x id e  (N aO H , >  99% , M erck ) w ere  u sed  in  titra tio n  m e th o d  to  fin d  d eg ree  o f  
p u rif ic a tio n  o f  p u rif ie d  b io p o ly m er. A ce tic  acid  (A R  g rad e , R C I L ab scan ) w as u sed  
to  d isso lv e  b io p o ly m e r to  m ak e  a so lu tio n  and  th in  film  fo r F T IR . D iv in y lb en zen e  
(D V B , A R  g rad e , M erck ) w as u sed  as a  m o n o m er. S o rb itan  m o n o la u ra te  (S p an  80), 
d o d e c y lb en zen esu lfo n ic  ac id  (D D B S S ) and  c e ty ltr im e th y la m m o n iu m  b ro m id e  
(C T A B , >  9 6 .0  % ) w ere  su p p lied  by  S ig m a  — A ld rich . T h e y  w ere  u sed  as su rfac tan ts  
in  th e  em u ls io n . P o tas iu m  p ersu lp h a te  (K 2 S 2 O 8 , 9 9 .0 % , M erck ), c a lc iu m  ch lo rid e  
d ih y d ra te  (C aC l2*2H 20, A R  grade, J .T . B ak e r C h em ica ls , H o llan d ) and  d istilled  
w a te r  w ere  u se d  as aq u eo u s phase . T o lu en e  (A R  g rad e , R C I L ab scan ) used  as 
a  p o ro g en  in  em u ls io n . E th an o l (A R  g rad e , R C I L ab scan ) u sed  to  b e  a  so lv en t in  
S o x h le t p ro cess.

3.2 Methodology

3.2.1 P u rif ic a tio n  o f  B io p o ly m er
100 g o f  b io p o ly m er and  0.5000 g o f  N a B H 4 w ere  im m ersed  in 2 L o f  

50% พ/พ N a O H  so lu tio n  a t 120 °c fo r 1 h  in  the  au to c la v e  an d  th e n  w ash ed  w ith  
w a te r  un til th e  w ash ed  w a te r  is neu tra lized . T h e  p u rif ie d  b io p o ly m e r w as d ried  at 
80 °c o v e rn ig h t in  a  v acu u m  o v en  an d  k ep t in  a  d esicca to r.
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3 .2 .1 .1  D eterm in a tion  o f  D eg ree  o f  P u rifica tio n  in P u rified  
B io p o lym er b y  T itra tion
0 .0 5 0 0  g o f  p u rif ie d  b io p o ly m er w as d isso lv e d  in  20 .0  m L  o f  

0 .1 0 0 0  N  HC1 and  th e n  titra ted  p H -m e tric a lly  w ith  a  s tan d a rd ized  so lu tio n  o f  0 .1 0 0 0  
N  N aO H  so lu tio n  to  o b ta in  the  titra tio n  g rap h  th a t is a  p lo t o f  p H  o f  so lu tio n  ag a in st 
the  c o n su m ed  v o lu m e  o f  N aO H .

3 .2 .1 .2  D eterm in a tion  o f  D egree  o f  P u rifica tio n  o f  P u rified  
B io p o lym er by  F ou rier T ransform  In fra red  S p ec tro sco p y  
(FT-1R)
T h e  1% w /v  o f  th e  p o ly m e ric  so lu tio n  w as p rep a red  by  

d isso lv in g  0 .2 0 0 0  g o f  p u rified  b io p o ly m e r in  20  m L  o f  1% ace tic  ac id  so lu tio n . 
A fte r s tirr in g  fo r 30 m in , the  0 .75 m L  o f  the  so lu tio n  w as ta k e n  an d  p o u red  in to  a 
m ou ld . T h e  sam p le  w as d ried  at 80 ° c  o v e rn ig h t to  o b ta in  a  th in  film . T he th in  film  
w as rem o v ed  from  th e  m o u ld  by p o u rin g  0.5 M  N a O H  in to  the  m o u ld  and  so ak in g  it 
fo r 10 m in . T h e  o b ta in ed  film  w as w ash ed  w ith  d e io n iz e d  w a te r  u n til pH  o f  w ash ed  
w a te r w as 7. F in a lly , th e  film  w as d ried  a t 80 ° c  fo r 6 h to  o b ta in  th e  sam p lin g  film .

3 .2 .2  P re p a ra tio n  o f  P o ly H IP E
B io p o ly m e r w as g ro u n d  up  to  th e  sm a lle r  s ize  b y  u s in g  B a ll M ill 

(p a rtic le  s ize  less th an  62 p m ). H ig h  su rface  m a te ria ls  w e re  p re p a re d  by  f irs t ad d in g  
su rfac tan ts  (S p an  80 0.3611 g, D D B S S  0 .0228  g an d  C T A B  0 .0 7 1 7  g) and  
b io p o ly m er in to  a  flask . 1 m L  o f  D V B  and  1 m L  o f  T o lu en e  w ere  ad d ed  in to  the  
flask  an d  th e n  th e  so lu tio n  w as m a g n e tica lly  s tirred  u n til th e  so lu tio n  w ell m ix ed  into 
th e  sam e p h a se  (ab o u t 1 hr). T he aq u eo u s  p h ase  c o n ta in in g  K 2 S 2 O 8 0 .0405  g as  an  
in itia to r, C aC L * 2 H 2 0  0 .2 0 8 9  g an d  d is tilled  w a te r 18 m L  w as m ix e d  to g e th e r and  
s lo w ly  d ro p w ised  to  th e  stirrin g  m ix tu re . T o  o b ta in  a  h ig h ly  v isc o u s  em u ls io n , the  
stirrin g  ra te  (1 2 0  rp m ) w as kep t c o n s ta n t fo r 1 h  a fte r  a d d in g  a t ro o m  tem p era tu re . 
A fte r th a t th e  e m u ls io n  w as tra n s fe rred  in  the  m o ld  a n d  p laced  in  w a te r  b a th  a t 70  ° c  
fo r 24 h. T h e  p o ly m e riz e d  sam p le  w as rem o v ed  fro m  th e  m o ld  an d  p u t in to  the  
ce llu lo se  th im b le . A fte r  th a t it w as e x trac ted  in  a  so x h le t a p p a ra tu s  w ith  e th an o l fo r 
12 h  to  rem o v e  an y  im p u ritie s , and  th e n  d ried  to  c o n s ta n t w e ig h t a t 80 ° c .
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- E ffec t o f  B io p o ly m er
T h e  am o u n t o f  b io p o ly m e r in  a  so lid  fo rm  w as lo ad ed  in  

em u lsio n . T h e  size  o f  b io p o ly m er w as siev ed  in  a  ran g e  o f  b e lo w  230  M esh  
(<  62 m ic ro n s). It w as  v a ried  0, 7, 11, 16 and  23 w t% , re sp ec tiv e ly . T h e  w t%  o f  
b io p o ly m er w as re la ted  to  w e ig h t o f  m o n o m e r (D V B ).

B io p o ly m er in  a  so lu tio n  fo rm  w as a lso  u sed  to  im p ro v e  
am o u n t o f  lo ad in g  an d  b e tte r  d is tr ib u tio n  in  p o ly H IP E . In  th is  p a rt, aq u eo u s p h ase  
co n ta in ed  b io p o ly m e r so lu tio n  w as. F irs tly , b io p o ly m e r w as d isso lv e d  in  l% v /v  o f  
ace tic  ac id  an d  s tirred  u n til b io p o ly m er co m p le te ly  d isso lv ed . A fte r  th a t d is tilled  
w ate r, K 2 S 2 O 8 and  C aC l2*2H 20  w ere  a d d ed  in to  b io p o ly m e r so lu tio n . T he  aq u eo u s 
p h ase  w as s lo w ly  d ro p w ise d  to  oil p h ase . T h e  n ex t step  w as ca rried  o u t th e  sam e as 
desc rib ed  in  th e  p rev io u s  ex p erim en t. T h e  w t%  o f  b io p o ly m e r re la ted  to  w e ig h t o f  
m o n o m er (D V B ) w as v a ried , 30, 50, 70 , 100, 120 an d  150 w t% .

- E ffec t o f  M ix ed  S u rfac tan t
T h e  am o u n ts  o f  m ix ed  su rfac tan t w e re  u se d  to  study . T he  

to ta l w t%  o f  m ix e d  su rfac tan t w ere  v a ried , 20, 23 an d  25 w h ic h  th e  am o u n t o f  each  
su rfac tan t u se d  are  p re se n te d  in T ab le  3 .1 . H o w ev er, th e  a m o u n t o f  aq u eo u s p h ase  
w as still th e  sam e.

Table 3.1 T h e  a m o u n t o f  each  su rfa c ta n t at each  co n d itio n

M ixed-surfactant
Total (wt% ) SPAN80 (wt% ) DDBSS (w t% ) CTAB (w t% )

2 0 18 1.1429 0.857
23 20.7 1.3143 0.986
25 22.5 1.4286 1.071
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3 .2 .3  C h a rac te riz a tio n s
3 .2 .3 .1  F ou rier Transform  In frared  S p ec tro m eter

F T IR  sp ec tro m e te r (N ico le t/N ex u s  670  M o d e l, M assachusetts, 
U S A ) w as u sed  to  a n a ly ze  the  fu n c tio n a l g ro u p s o f  th e  p u rif ied  b io p o ly m er (am id e  
g ro u p s) to  d e te rm in e  d eg ree  o f  d eace ty la tio n  an d  sam p les w ere  in  the fo rm  o f  th in  
film  ca s tin g . T h e  a n o th e r p u rp o se  o f  th is eq u ip m e n t w as u sed  to  an a ly ze  the  
fu n c tio n a l g ro u p  o f  am in e  in p o ly H IP E  a fte r ad d in g  b io p o ly m er so lu tio n  and  sam p les 
w ere  in  fo rm  o f  sam p le  pelle t. It w as  ob ta in ed  by  m ix in g  sam p le s  w ith  p o ta ss iu m  
b ro m id e  (K B r) w ith  ra tio  3 :1 0 0  พ /พ  and th en  u sing  the  h y d rau lic  p re ssu re  to  
p e lle tize  th e  sam p le . T h e  F T IR  sp ec tra  w ere  o b ta in ed  w ith  16 re so lu tio n s , 64 
n u m b ers  o f  scans in  ran g e  o f  w av e  n u m b er from  4 00  to  4 0 0 0  c m '1 and  used  a ir as a 
b ack g ro u n d .

3 .2 .3 .2  S cannin g E lec tron  M icro sco p e  (SEM)
S can n in g  e lec tro n  m ic ro sco p e  (S E M ) w as u sed  to  an a ly ze  the 

m o rp h o lo g y  an d  p o ro u s  fea tu res  o f  p o ly H IP E s. T h is  c h a ra c te riz a tio n  w as p e rfo rm ed  
on  H itach i/S  - 4 8 0 0  M odel (T o k y o , Japan). S am p le s  w ere  co a ted  w ith  p la tin u m  
u n d er v acu u m  b e fo re  o b se rv a tio n  to  m ake  them  e le c tr ic a lly  co n d u c tiv e .

3 .2 .3 .3  Surface A re a  a n d  P ore S ize  o f  P o lyH IP E
S pecific  su rface  a rea  and  po re  s ize  d is tr ib u tio n  w ere  

c h a rac te riz ed  by  n itro g en  a d so rp tio n /d e so rp tio n  m ea su re m e n ts  w ith  
su rface  a re a  a n a ly z e r  (Q u an tach ro m e/A u to so rb  1-M P M o d el, F lo rid a , U S A ). B efore  
an a ly sis , th e  sam p le s  w ere  d ried  in  a  v acu u m  o v e n  o v e rn ig h t a t 150 ° c  an d  d eg assed  
at 180 ° c  fo r 8 h  in  v acu u m  fu rn ace . S u rface  a re a  w as c a lc u la ted  by  u s in g  B E T  
m ethod .

3 .2 .3 .4  T h erm ogravim etric  A n a lysis
T h erm o g rav im e tric  an a ly sis  (T G A ) w as p e rfo rm e d  to  m easu re  

the  th e rm a l s tab ility  o f  the  p o ly H IP E s. T h e rm o g ra v im e tric  an a ly se r (T G A /D S C  
M o d e l, M E T T E E R  T O L E D O , O h io , U S A ) w as p e rfo rm ed  u n d e r n itro g e n  gas. 
S am p les  w ere  cu t in to  sm all p iece s  abou t 2-3 m g  and  lo ad ed  in  a lu m in a  p an s , then  
h ea ted  fro m  2 5 ° c  to  6 00  ° c  at a  h ea tin g  ra te  o f  10 ° c /m in .
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3 .2 .3 .5  C H N S A n a lyzer
T he a m o u n t o f  added  b io p o ly m er in  P o ly H IP E  w as analyzed  

by C H N S  an a ly z e r (L E C O  - C H N S O  M odel, M ich ig an , U S A ) to  d e te rm in e  the 
q u an tity  o f  n itro g en  (N ) in s tru c tu re  o f  b io p o ly m er. S am p le  (5 m g) w as w rapped  
w ith  th in  fo il b e fo re  m easu rin g  and  co m b u stin g  a t 950 °c.


	CHAPTER III EXPERIMENTAL
	3.1 Materials
	3.2 Methodology


