
CHAPTER III 
EXPERIMENTAL

3.1 Materials

S h rim p  s h e ll  w a s  k in d ly  su p p lie d  b y  S u ra p o l F o o d  C o ., Ltd. S od iu m  
h y d r o x id e  s o lu t io n  50 %  (พ /พ )  w a s  k in d ly  su p p lie d  b y  K P T  C o o rp o ra tio n , T hailand . 
H e x a n o y l c h lo r id e  an d  so d iu m  b o ro h y d r id e  (N a B H 4) w e r e  p u rch a sed  from  Fluka. 
L ith iu m  c h lo r id e  (L iC l) , d im e th y la c e ta m id e , a c e t ic  a c id  (C H 3C O O H ), sod iu m  
a ce ta te  (C F L C O O N a ), p y r id in e , c h lo r o fo r m , d ic h lo r o m e th a n e , tetrahydrofuran , 
c y c lo h e x a n e , an d  m e th a n o l w er e  p u rch a sed  fro m  L a b sc a n  C o ., L td  (T h ailan d ). 
P y rid in e  an d  c h lo r o fo r m  w e r e  d is t ille d  and  d ried  o v e r  m o le c u la r  s ie v e  p rior  to use. 
T h e o th er  c h e m ic a ls  w e r e  a n a ly tic a l gra d e  and  w e r e  u se d  w ith o u t  further 
p u r if ic a tio n . P L A  w a s  su p p lie d  as c o u r te sy  fro m  D a ise r u  C h e m ic a ls , Japan. T h e  
v is c o s ity -a v e r a g e  m o le c u la r  w e ig h t  M u o f  P L A  w a s  d e te r m in e d , b a se d  o n  v is c o s ity  
m e a su r e m e n ts  at 25°c in  c h lo r o fo r m  fo l lo w in g  th e  M a r k -H o u w in k  e q u a tio n  [17]: 
[ๆ ]  =  7 .4  x lO '5- ^  ° 87, to  b e  ca . 7 0 ,0 0 0  g -m o l'1.

3.2 Experimental

3 .2 .1  S a m p le  P rep ara tion
3.2.1.1 C h itin  P repara tion

C h itin  w a s  p rep ared  b y  a c id  an d  a lk a li treatm en t. B r ie fly , 
sh rim p  s h e l ls  w e r e  c le a n e d  an d  d ried  b e fo r e  g r in d in g  in to  sm a lle r  p ieces . 
D e m in e r iz a t io n  w a s  p er fo r m e d  b y  im m e r s in g  sh r im p  s h e lls  in  1 N  HC1 s o lu t io n  for 2  
d a y  w ith  o c c a s io n a l  stirr in g . T h e  d e m in e r a liz e d  p ro d u ct w a s  n eu tr a liz e d  b y  w a sh in g  
w ith  d e io n iz in g  w a te r  an d  p ro te in  r e m o v a l w a s  p e r fo r m e d  in  4%  (พ /พ )  o f  N a O H  
s o lu t io n  b y  b o i l in g  at 8 0 -9 0 ° C  fo r  4  h. T h e  d e p r o te in iz e d  p o r tio n  w a s  w a sh e d  w ith  
d e io n iz e d  w a te r  u n til n eu tra l. C h itin  o b ta in e d  w a s  d r ied  at 60°c for  2 4  h.
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3.2.1.2 Chitosan P repara tion

C h ito sa n  w a s  o b ta in ed  from  d e a c e ty la t io n  o f  a - c h it in  b y  u sin g  

a - c h it in  f la sk s  in  50%  (พ /พ )  N a O H  so lu t io n . N a B H 4 0 .5 %  (พ /พ )  w a s  ad d ed  based  
o n  th e  w e ig h t  o f  c h it in  to  p r ev en t d e p o ly m e r iz a tio n . T h e  m ix tu r e  w a s  h ea ted  in an  
a u to c la v e  at 110°c for  1 h. T h e  d e a c e ty la te d  p ro d u ct w a s  w a sh e d  th o r o u g h ly  w ith  
d e io n iz e d  w a te r  u n til n eu tra l. T h e  r e su lt in g  c h ito sa n  f la k e s  w e r e  d ried  in  an o v e n  at 
60°c for  2 4  h. C h ito sa n  p o w d e r  w a s  s ie v e d  u s in g  R e s tc h  S e iv e d  M a c h in e  ty p e  V ibro  

and th e  p o r tio n  w ith  th e  s iz e  o f  7 0 -7 5  p m  w a s  c o lle c te d .

Figure 3.1 D e a c e ty la t io n  r e a c tio n  o f  ch itin .

3.2.1.3 H -ch itosan P repara tion
C h ito sa n  ( 3 .2 0  g , 1 9 .1 3  m m o l)  w a s  so a k e d  in  p y r id in e  for on e  

w e e k  an d  f ilte r e d  o f f  b e fo r e  further so a k in g  in  a m ix tu r e  o f  p y r id in e  (9 0  m l)  and  
c h lo r o fo r m  (4 5  m l)  for  o n e  d ay . T h e  m ix tu re  w a s  c o o le d  to  -10°c in  an ic e -sa lt  bath, 
and  h e x a n o y l c h lo r id e  (2 1 .1 8  g , 1 6 0 .6 7  m m o l)  d is s o lv e d  in  c h lo r o fo r m  (1 5  m l) w as  
ad d ed  d r o p w is e  in  2  h. T h e  m ix tu r e  w a s  th en  stirred  fo r  2  h  at r o o m  tem p era tu re  and  
further r e f lu x e d  fo r  6 h . at 98°c. A  h e te r o g e n e o u s  a g g r e g a tio n  o f  th e  p rod u ct w a s  
o b se r v e d  in  th e  m ix tu re . T h e  resu ltan t m ix tu re  w a s  p o u red  in to  m e th a n o l (3 0 0  m l), 
and  th e  p r e c ip ita te d  p ro d u ct w a s  filtered  o f f . T h e  p ro d u ct w a s  d is s o lv e d  again  in  
c h lo r o fo r m , th e n  p r e c ip ita te d  b y  p o u r in g  in to  m e th a n o l, f ilte r e d  o f f ,  ex tra cted  in  a 
S o x h le t  e x tra c to r  w ith  m e th a n o l for 8 h , and  d ried  in  v a c u u m  o v e n  at 40°c for 2 4  h. 
T h e  s t ic k y  y e l lo w is h  p ro d u ct w a s  ob ta in ed .

T h e  d ry  a c y la te d  d e r iv a t iv e s  o f  c h ito sa n , fresh  p y r id in e , and  
c h lo r o fo r m  w e r e  p la c e d  in  a f la sk  in  th e  am o u n t d e sc r ib e d  a b o v e . T h is  p rocedure
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was repeated several times in order to vary the degree of substitution of resultant 
hexanoyl chitosan (Zong et a l., 2000).

Figure 3.2 A synthesis route for fully substituted H-chitosan.

3.2.2 Characterization Techniques of Chitin and Chitosan
ร.2.2.1 Degree o f  Deacetylation o f  C h itin  and Chitosan

The degree of deacetylation of chitin and chitosan were 
determined based on infrared spectroscopic measurement. Absorbance of peaks at 
wave number of 3450 cm'1 (the hydroxyl band), 2878 cm'1 (the C-H stretching), 
1655 cm'1 (the amide I band) and 1550 cm'1 (the amide II band) were evaluated by 
the based line method. The degree of deacetylation was calculated from the 
following equation (Sabnis and Block, 1997):

DD = 98.03 - [34.68 X (Ai55o/A2878)] for chitin 
DD = 97.67 - [26.486 X (A1655/A3450)] for chitosan 

where DD = degree of deacetylation (%)
A1550 = absorbance at 1550 cm'1 (the amide II band)
Ai655 = absorbance at 1655 cm'1 (the amide I band)
A2878 = absorbance at 2878 cm'1 (the C-H stretching) and
A3450 = absorbance at 3550 cm'1 (the hydroxyl band).

ร.2.2.2 V iscosity-Average M o le cu la r W eight o f  C h itin  and Chitosan
The different concentrations (0.01, 0.02, 0.03, 0.04 and 0.05 

g/100ml) of chitin and chitosan solution dissolved in suitable solvents were prepared. 
Solvents of chitin and chitosan are 5% LiCl in dimethyl acetamide and 0.2 M
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C H 3C O O H /0 .I  M  C T L C O O N a , r e sp e c t iv e ly . T h e  U b b e lo h d e  v is c o m e te r  w a s  f illed  
w ith  10 m l o f  sa m p le  so lu t io n  an d  th en  eq u ilib r a te d  in  w a te r  b ath  at d esired  
tem p era tu re . T h e  sa m p le  so lu t io n  w a s  p a sse d  th ro u g h  th e  c a p illa r y  o n c e  b e fo r e  th e  
ru n n in g  t im e  w a s  m ea su red . E a ch  sa m p le  w a s  m e a su r e d  f iv e  t im e s . T h e  running  
t im e s  o f  s o lv e n t  an d  p o ly m e r  so lu t io n s  w e r e  u se d  to  c a lc u la te  th e  r e la t iv e  v is c o s ity ,  
s p e c if ic  v i s c o s i t y ,  and  red u ced  v is c o s ity .

R e la t iv e  v is c o s it y  ( ๆ rei) (t/ts)
S p e c if ic  v i s c o s it y  (ๆรp) (t/ts)-l
R e d u c e d  v i s c o s it y  ( ๆ red) =  ๆ  sp /c
In tr in sic  v is c o s it y  [ๆ ] (fisp)c^i

w h e r e  t is  th e  ru n n in g  t im e  o f  c h it in  and  its  d e r iv a t iv e s  so lu t io n , ts is  th e  ru n n in g  tim e  
o f  s o lv e n t  and  c  is  th e  co n ce n tr a tio n  in  g /100  m l.

T h e  p lo t  o f  red u ced  v i s c o s i t y  (ๆsp/C) an d  [ ln (ๆrei)/C] versu s  
c o n c e n tr a t io n  o f  c h it in  and  its  d e r iv a t iv e s  s h o w e d  that th e  e x tr a p o la te d  v a lu e  o f  ea ch  
l in e  r e a c h e d  th e  sa m e  p o s it io n  and th is  v a lu e  w a s  re ferred  to  in tr in s ic  v is c o s ity  o f  
c h it in  an d  its  d e r iv a t iv e s .

T h e  v is c o s ity -a v e r a g e  m o le c u la r  w e ig h t  o f  c h it in  and  ch ito sa n  
w a s  d e te r m in e d  b a se d  o n  M a r k -H o u w in k  eq u a tio n . T h e  “ K ” an d  “ a” v a lu e s  w er e  
d e p e n d e d  o n  th e  ty p e  o f  so lv e n t  and  m e a su r e d  tem p era tu re  (L e e , 1 9 7 4 ; K an ek o , 
1 9 8 2 ).

[ๆ ]  =  8 .9 3 x 1  O^M0'71 in  5%  L iC l/d im e th y la c e ta m id e  at 30°c
[ ๆ ]  =  6 .9 5 x  10 '5M ° 88 in  0 .2  M  C H 3C O O H /0 .I  M  C H 3C O O N a  

at 3 0 ° c
w h e r e  [ ๆ ]  is  in tr in s ic  v i s c o s it y  and  “M ” is  v is c o s ity -a v e r a g e  m o le c u la r  w e ig h t .

3 .2 .3  C h a ra c ter iza tio n  T e c h n iq u e s  o f  H -C h ito sa n  P rep ara tio n
FTER sp e c tr o sc o p ic  a n a ly s is  w a s  c o n d u c te d  u s in g  B ru k er  In stru m en t  

(E Q U I N O X 5 5 )  w ith  a  r e so lu tio n  o f  4  c m '1. T h e  s o l id  s a m p le s  w e r e  p rep ared  b y  
m ix in g  1%  o f  s a m p le  w ith  d ried  K B r, w h i le  th e  liq u id  s a m p le s  w e r e  a n a ly z e d  u sin g  
Z n -S e  w in d o w  c e l l  an d  th e  f ilm  sa m p le s  w e r e  p rep ared  w ith  th e  th ic k n e ss  o f  1 0 -2 0  
p m  an d  a tta ch ed  to  th e  sa m p le  h o ld er .
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'H -N M R  sp ectru m  w a s  reco rd ed  b y  u s in g  F T -N M R  5 0 0  MHz. 
sp e c tr o m e te r  (J E O L , J N M -A 5 0 0 ) . H e x a n o y l c h ito sa n  w a s  d is s o lv e d  in  C D C I3 and  
u sed  te tr a m e th y ls ila n e  (T M S )  a s  r e fe r e n c e  for  c h e m ic a l sh if t  m e a su r e m e n t.

E le m e n ta l a n a ly s is  r e su lts  w e r e  o b ta in e d  fro m  C H N S /O  analyzer  
(P erk in  E lm er  P E 2 4 0 0  S e n e s  II: o p t io n  C H N ) w ith  c o m b u s t io n  tem peratu re at 
950°c. T h e  sa m p le  (1 -2  m g )  w a s  f ille d  in  t in  fo i l  and  a n a ly z e d  u n d er  air w ith  
o x y g e n  as a c o m b u s t io n  g a s  ( f lo w  rate o f  2 0  m l/m in )  and  H e  as a carr ier  g a s  (f lo w  
rate o f  200  m l/m in ).

T h erm a l p ro p er tie s  w e r e  a n a ly z e d  b y  th e r m o g r a v im e tr ic  an a lysis  
(T G A ) and  d iffe r e n tia l s c a n n in g  c a lo r im e tr y  (D S C )  m o d e . T G A  th erm o g ra m s w ere  
p er fo rm ed  u s in g  P erk in  E lm er: T G A 7  a n a ly z e r  w h i le  D S C  th erm o g ra m s w ere  
c o n d u c te d  o n  M e tt lo r  D S C  8 2 2 ๙ 4 0 0  a n a ly z e r  at a h e a t in g  rate o f  1 0 ° c /m in  under  
n itro g en  a tm o sp h ere . A lu m in u m  p an s w e r e  u se d  for  D S C  a n a ly s is  w ith  sa m p le  s iz e  
o f  5 -  10 m g , w h i le  p la tin u m  p an  w a s  u se d  for  T G A  a n a ly s is  w ith  s a m p le  s iz e  o f  10 
-  20  m g .

C r y s ta llin ity  o f  p ro d u cts  w a s  ch a r a c te r iz e d  u s in g  R ig a k u  X -ray  
d iffr a c to m e te r  at s c a n n in g  sp e e d  o f  5 d e g r e e /s e c  u s in g  C u K a  as a so u r c e  and  CuK P  

as a filter . T h e  w o r k in g  ra n g e s  w e r e  o v e r  th e  2 9  ran g e  o f  2  to  4 0 ° .
3 .2 .4  S o lu t io n  P ro p er tie s  o f  H -c h ito sa n

3.2.4.1 In tr in s ic  viscosity measurement
H -c h ito s a n  so lu t io n s  o f  v a r io u s  c o n c e n tr a t io n s  (0.1-0 .5  g /d l)  in  

d iffe r e n t o r g a n ic  s o lv e n ts  w e r e  p rep ared . E a c h  s o lu t io n  w a s  p a s s e d  th ro u g h  a filter  
(0 .4 5  p m  in  p o r e  s iz e  an d  13 m m  in  d ia m eter , P T F E  filte r )  to  r e m o v e  in so lu b le  
m a ter ia ls . T h e  c a p illa r y  v is c o m e te r  (C a n n o n -F e n sk e , N o  5 0 )  w a s  f i l le d  w ith  5 m l o f  
p o ly m e r  s o lu t io n  an d  th e r m a lly  eq u ilib ra ted  in  a w a te r  b a th  to  m a in ta in  a fixed  
tem p era tu re  at 30±0.1°c. T h e  sa m p le  w a s  p a sse d  th ro u gh  th e  c a p illa r y  o n c e  b efore  
th e  ru n n in g  t im e  w a s  m e a su r e d . F or  e a c h  sa m p le , v i s c o s i t y  w a s  m e a su r e d  3 tim es.

3.2.4.2 L ig h t sca tte ring  measurement
H -c h ito sa n  so lu t io n s  o f  v a r io u s  c o n c e n tr a t io n s  (0 .1 -0 .5  g /d l)  in  

d iffe r e n t o r g a n ic  s o lv e n ts  w e r e  p rep ared . D y n a m ic  lig h t  sc a tte r in g  m e a su r e m e n t w a s  
carr ied  o u t at th e  tem p era tu re  o f  30°c, u s in g  a  M a lv e r n  d y n a m ic  lig h t  scatterin g
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spectrometer with a PCS7 stepper motor controller, a PCS8 temperature controller, 
and a photo multiplier.

3.2.4.3 Surface tension measurement
Surface tension of polymer solutions with difference 

solvents was measured by using a Kruss Drop Shape analyzer (Kruss Co., Germany) 
at 30°c.

3.2.5 H-chitosan/PLA Blend Films
3.2.5.1 P repara tion  o f  H -ch itosan /P LA  B lend  F ilm s

To prepare blend films of H-chitosan and PLA, solutions of 
H-chitosan and PLA were first separately prepared at the concentration of 1% พ/พ in 
selective solvents such as chloroform, dichloromethane, and tetrahydrofuran. Slight 
stirring was used to expedite the dissolution and to homogenize the solutions. 
Blends films of different compositions (i.e. the weight ratios between H-chitosan and 
PLA of 100/0, 80/20, 60/40, 50/50, 40/60, 20/80, and 0/100, respectively) were then 
prepared by casting a mixture of the solutions in a respective weight ratio on a Teflon 
dish. It should be noted that slight stirring was used to homogenize the mixture prior 
to pouring onto the dish. The casting was allowed to be dried at room temperature 
for one day and later dry at room temperature under vacuum for another two days.

3.2.5.2 C haracteriza tion Techniques o f  H -ch itosan /P LA  B lend F ilm s
FT-IR spectroscopy was used to characterize chemical

functional groups of as-synthesized H-chitosan and as-prepared blend films. FT-IR 
spectra were collected on a Bruker Instrument Equinox55 FT-IR spectrometer at a 
resolution of 4 cm'1.

Thermal properties of the blend films were analyzed by , 
differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA). 
DSC thermograms were recorded on a Mettler DSC 822e/400 analyzer at a heating 
rate of 10°c-min'1 under nitrogen atmosphere. Samples of around 5 to 10 mg were 
used for the DSC measurements. TGA patterns were measured on a Perkin Elmer 
Pyris Diamond TG-DTA analyzer at a heating rate of 10°C-min'1 under nitrogen 
atmosphere over the temperature range of 30 to 750°c. Samples of approximately 5 
to 10 mg were used for the TGA measurements.
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Wide-angle X-ray diffraction (WAXD) was used to observe 
the crystal structure of the blend films. WAXD patterns were obtained on a Rigaku 
Rint 2000 X-ray diffractometer. The X-ray source was CuKa. The measurements 
covered the scanning range of 5 to 40° at a scanning speed of 5 deg-sec'1.

Phase morphology of the blend films was investigated by a 
JEOL 520-2AE scanning electron microscope (SEM). Prior to observation under 
SEM, the blend films were either etched with cyclohexane or concentrated acetic 
acid solution in order to remove H-chitosan or PLA, respectively, for two minutes at 
room temperature.

A Lloyd LRX universal testing machine was used to assess the 
mechanical properties of the blend films. A load cell of 500 N was used along with a 
500-mm-min'1 cross-head speed and a 50-mm gauge length.

3.2.6 Electrospining of H-chitosan/PLA Blends
3.2.6.1 P repa ra tion  o f  H -ch itosan /P LA  B lend  F ibe rs

To prepare as-spun H-chitosan/PLA blends fibers, stock 
solutions of H-chitosan and PLA were first prepared separately using chloroform, 
dichloromethane, or tetrahydrofuran as the solvent. The concentration of H-chitosan 
stock solution was 10% 'พ/'V, while the concentration of PLA stock solutions was 
either 20 or 24% พ/พ. Slight stirring was used to expedite the dissolution and to 
homogenize the solutions. It should be noted that the 20% พ/พ PLA solution was 
prepared in order to illustrate the effect of the solution concentration on the resulting 
as-spun fibers. The stock solutions of H-chitosan/PLA blends were conveniently 
prepared by mixing the stock solutions of the pure material in the following weight 
ratios (H-chitosan/PLA): 80/20, 60/40, 50/50, 40/60, and 20/80, respectively).

To electrospin each of the stock solutions prepared, about 3 ml 
of the solution was filled in a 5-ml syringe, with a blunt-end, stainless steel needle 
(inner diameter = 0.9 mm) being attached at the opening end. Both the syringe and 
the needle were tilted 45° from a vertical line. The needle was connected to the 
emitting electrode of a Gamma High Voltage Research ES30P-5W high-voltage 
supply capable of generating a DC voltage in the range of 0 to 30 kv. An aluminium 
sheet, used as the collective screen, was connected to the ground electrode of the
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power supply and was placed perpendicular to the needle. The distance between the 
needle tip and the collective screen defines a collection distance. The applied 
electrostatic field strength was fixed at 16 kV/15 cm and the electrospinning process 
was carried out at room temperature (i.e. about 25°C) within a fixed collection time 
of 5 minutes.

3.2.6.2 C haracteriza tion Techniques o f  H -ch itosan /P LA  B lend  Fibers
Shear viscosity of the H-chitosan/PLA blend solutions was 

measured using a Brookfield DV-III programmable viscometer at. 25°c.
Morphological appearance of the as-spun products was 

examined by a JEOL JSM-5200 scanning electron microscope (SEM). The 
specimens for SEM observation were prepared by cutting an aluminium sheet 
covered with the as-spun webs and the cut section was carefully affixed on a copper 
stub. Each sample was coated with thin layer of gold using a JEOL JFC-1100E ion 
sputtering device prior to observation under SEM. For each spinning condition, at 
least 80 measurements for the fiber diameters were recorded. Statistical analysis of 
the data obtained was carried out, from which an arithmetic mean and a standard 
deviation were reported.

Thermal properties of the as-spun products were analyzed by 
thermo-gravimetric analysis (TGA) and differential scanning calorimetry (DSC), 
respectively. TGA patterns were measured on a Perkin-Elmer Diamond TG/DTA 
analyzer at a heating rate of lo o m in '1 under nitrogen atmosphere over a scanning 
range of 50 to 500°c. Samples of about 5 to 10 mg were used. The melting 
characteristic and the crystalline structure of the as-spun products were analyzed by 
DSC and'wide-angle X-ray diffraction (WAXD), respectively. DSC thermograms 
were recorded on a Mettler DSC 822e/400 anaiyzer at a heating rate of 10oCmin"' 
under nitrogen atmosphere, using the standard 40 pi pans (containing about 3 to 4 
mg of samples).

WAXD patterns were recorded on a Rigaku Rint2000 X-ray 
diffractometer. The X-ray source was Cu Ka. The scanning range and the scanning 
speed were 5 to 40° and 5 deg-s'1, respectively.
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