
CHAPTER III 
EXPERIMENTAL

3 .1  M a t e r i a l s
1. S o d iu m  h y d r o x id e  (N a O H , L a b s c a n  A s ia  C o .)
2 . S u l fu r ic  a c id  ( H 2 S O 4 , M e rc k  C o ., G e r m a n y )
3. D - ( + ) - G lu c o s e  ( G 5 4 0 0 )  ( S ig m a  A ld r ic h  C h e m ic a ls  C o . In c .,  U S A )
4 . D - (+ ) - X y lo s e  ( X 3 8 7 7 )  ( S ig m a  A ld r ic h  C h e m ic a ls  C o . In c .,  U S A )
5. D - ( - ) - A r a b in o s e  ( A 6 0 8 5 )  ( S ig m a  A ld r ic h  C h e m ic a ls  C o . In c .,  U S A )
6 . E th a n o l  ( C 2 H 5 O H , J .T . B a k e r)

3 .2  E q u i p m e n t
1. C E M  C o r p o r a t io n  M a rs  5 v e r s io n  0 4 9 1 0 4  : M ic ro w a v e  A c c e le r a te d  r e a c t io n  

S y s te m s u s in g  p o w e r  3 0 0  พ ,  6 0 0  พ ,  a n d  1 2 0 0  พ  a t  r e q u ie d  te m p e ra tu re  a n d  
t im e

2. S h im a d z u  C o rp o r a t io n :  H ig h  P e r f o r m a n c e  L iq u id  C h r o m a to g r a p h y  (H P L C )  
w ith  a  r e f r a c t iv e  in d e x  d e te c to r ( R ID -1 0 A , S h im a d z u  C o rp .,  K y o to , J a p a n )  
u s in g  a n  A m in e x - H P X  8 7 H  c o lu m n  (3 0 0  m m  x 7 8  m m , B io - R a d  L a b , U S A ) 
u n d e r  2 0  p i in je c t io n  v o lu m e , 0 .0 0 5  M  s u l fu r ic  a c id  (H P L C  g r a d e )  a s  m o b ile  
p h a s e , 0 .6  m l /m in  f lo w  ra te , 6 5  °c c o lu m n  te m p e r a tu r e ,  a n d  2 0  m in  ru n  t im e  
c o n d i t io n

3 . S c a n n in g  E le c t ro n  M ic ro s c o p e  (S E M )  ( H i ta c h i /S - 4 8 0 0 )
4 . F o u r ie r  t r a n s f o r m  in f r a re d  s p e c t ro m e te r  ( F T I R ,N ic o le t  n e x u s  6 7 0 )
5. U V -V is ib le  s p e c t r o p h o to m e te r  ( S h im a d z u /  U V - 1 8 0 0 )
6 . P a r t ic le  s iz e  a n a ly z e r  ( M a lv e rn  /  M a s te r s iz e r  X )
7. p H  m e te r  ( H a n n a  In s t r u m e n t)
8 . A n a ly t ic a l  b a la n c e
9. O v e n
10. W a te r  b a th
11. A u to c la v e
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12. M u f f in  f u rn a c e  u s in g  8 s te p  r a m p in g  p r o g r a m m e  [1. 105 ° C /3 0  m in , 2 . 105 
°c/12 m in , 3. 2 5 0  °c/15 m in , 4 . 2 5 0  ° C /3 0  m in , 5. 575 °c/17 m in , 6. 575 
°c/180 m in , 7 . 3 0  °c/180 m in , 8. 3 0  ° C /2 4  h]

13. V a c u u m  o v e n  a t  105 ๐c
14. S o x h le t  e x t r a c t io n
15. R o ta r y  e v a p o r a t io n  ( H e id o lp h  W B  2 0 0 1 )
16. F i l t r a t io n  s e tu p  

Software:
1. O m n ic
2 . L C s o lu t io n

3.3 Methodology

3.3.1 Biomass Preparation

Figure 3.1 G ra s s  s a m p le s  g r o w n  in  T h a i la n d  a . ) M is s io n  g ra s s
(.Pennisetumpolystachyon), b . ) G u in e a  g ra s s  (Panicum maximum), 
c .) K a n s  g ra s s  (Saccharumspontaneum), d . ) C o g o n  g ra s s  
(.Imperetacylindrica), a n d  e .)  G ia n t  r e e d  (Arundodonax)
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C o g o n  g ra s s  (Imperetacylindrica) a n d  G ia n t  r e e d  (Arundodonax) w e re  
c o l le c te d  a t  r o a d - s id e  f ro m  N a k o r n p a th o m  p r o v in c e ,  G u in e a  g ra s s  (Panicum 
maximum) a n d  K a n s  g ra s s  (Saccharumspontaneum) w e r e  o b ta in e d  f ro m  w a s te la n d  in  
B a n g k o k , a n d  M is s io n  g ra s s  (Pemisetumpolystachyon) w a s  c o l le c t e d  f ro m  P a k c h o n g  
d is t in c t ,  N a k o r n R a tc h a s im a  p ro v in c e . A ll b io m a s s  s a m p le s  (o n ly  le a v e s  a n d  s te m  
p a r t)  w e r e  c u t  in to  s m a ll  p ie c e s  a n d  a ir  d r ie d  u n d e r  s u n lig h t .  T h e  d r ie d  s a m p le s  w e re  
m il l e d  to  g e t  s m a ll  p a r t i c le s  u s in g  h a m m e r  m il l  m a c h in e  u n ti l  6 0  m e s h  s iz e . A l l  o f  
th e m  w e re  s to re d  in  p la s t ic  b a g s  a t  ro o m  te m p e r a tu r e  f o r  f u r th e r  u s e s .

3.3.2 Composition analysis of raw biomass
R a w  b io m a s s  s a m p le s  w e r e  d e te r m in e d  th e  c h e m ic a l  c o m p o s i t io n s  u s in g  a  

tw o  s te p  a c id  h y d r o ly s is  m e th o d  d e v e lo p e d  b y  th e  N a t io n a l  R e n e w a b le  E n e rg y  
L a b o ra to r y  ( N R E L )  ( S lu i te r e /  al., 2 0 0 6 ) . A ll a n a ly t ic a l  d e t e r m in a t io n s  w e re  r e p e a te d  
f o r  3 t im e s  a n d  a v e r a g e d  th e  r e s u l t s  fo r  b o th  a c c u r a c y  a n d  p r e c is io n .

B e f o r e  p e r f o r m in g  c h e m ic a l  c o m p o s i t io n  d e te r m in a t io n ,  th e  b io m a s s  r a w  
m a te r ia ls  w e r e  e x t r a c te d  c o n s e c u t iv e ly  w i th  w a te r  a n d  e th a n o l  ( tw o - s te p  e x t r a c t io n  
p r o c e d u r e )  to  d e te rm in e  e x t r a c t iv e  in  b io m a s s  b y  S o x h le t  e x t r a c to r  (F ig . 3 .2 ) . S a m p le  
( ~  2  g )  w a s  a d d e d  in to  a n  e x t r a c t io n  th im b le ,  b e f o r e  in s e r t in g  th e  th im b le  in to  th e  
S o x h le t  tu b e . W a te r  (H P L C  g ra d e , 190  m l)  w a s  a d d e d  to  th e  r e c e iv in g  f la s k  e q u ip p e d  
w i th  th e  S o x h le t  a p p a ra tu s .  A  m in im u m  4 -5  s ip h o n  c y c le s  p e r  h o u r  w a s  s e t  b e fo re  
r e f lu x in g  fo r  2 4  h . T h e n , w a te r  e x t r a c te d  s o lu t io n  w a s  c o l le c te d  b e f o r e e th y l  a lc o h o l 
(1 9 0  m l)  w a s  a d d e d  a n d  c o n t in u e d  r e f lu x in g  fo r  a n o th e r  2 4  h . T h e  e x t r a c te d  s o l id  
w a s  c o l le c te d  w h e n  th e  r e a c t io n  c o m p le te d  a n d  d r ie d  w i th  a i r  d ry  fo r  fu r th e r  
c o m p o s i t io n  a n a ly s is .  S o lv e n t  ( w a te r  a n d  E tO H )  w a s  e v a p o r a te d  o f f  u s in g  a  ro ta ry  
e v a p o r a to r .  A f te r  a ll s o lv e n t  w a s  r e m o v e d , th e  f la s k  w a s  h e a te d  in  a  v a c u u m  o v e n  a t 
40°c fo r  2 4  h  a n d w e ig h e d  to  d e te rm in e  w a te r  e x t r a c t iv e  a n d  E tO H  e x t ra c t iv e .
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I : S t i r r e r  b a r  
2 : R e c e iv in g  f la s k  
3: D is t i l la t io n  p a th  
4 : T h im b le  
5: S o l id  
6 : S ip h o n  to p  
7: S ip h o n  e x i t  
8 : E x p a n s io n  a d a p te r  
9 : C o n d e n s o r  
10: C o o l in g  w a te r  in
I I  : C o o l in g  w a te r  o u t

F i g u r e  3 .2  A  s c h e m a t ic  r e p r e s e n ta t io n  o f  a  S o x h le t  e x t r a c to r  
( h t tp : / / e n .w ik ip e d ia .o r g /w ik i /S o x h le t_ e x t r a c to r _ )

In  tw o  s te p  h y d r o ly s is  p r o c e s s ,  th e  7 2 %  s u l fu r ic  a c id  (3 m l)  w a s  a d d e d  in to  
th e  e x t r a c te d  s a m p le  ( 3 0 0 m g )  a n d  s t i r r e d  a t  3 0  ° c  fo r  6 0  m in , f o l lo w e d  b y  a  s e c o n d  4 %  

s u l fu r ic  a c id  h y d r o ly s is  a t 121 °c f o r  6 0  m in  u s in g  a u to c la v e .  T h e  a u to c la v e d  
h y d r o ly s is  s o lu t io n  w a s  v a c u u m  f i l te re d  th ro u g h  a  B u c h n e r  f u n n e l .  T h e  f i l t r a te  w a s  
c o l le c te d  fo r  f u r th e r  a n a ly s is  (F ig  3 .3 ) .

G r a s s
Chip.mill.grind

R a w  g r a s s  s a m p l e s

Water/ethanol 
soxhlet extraction E x tr a c tiv e

E x t r a c t e d  g r a s s  s a m p l e s

Two stage acid hydrolysis 
with autoclave

Acid insoluable lignin 
= AIR-Ash

Total lignin 
= AIL + ASL

A c i d  i n s o u l u a b l e  
R e s i d u e  ( A I R )

L i q u i d  h y d r o l y s a t e  1

burn
HPLC 1 u v  1 

— 1—  1

Ash Glucan,Xvlan Acid soluable lignin
.arabinan (ASL)

F i g u r e  3 .3  A  s c h e m a t ic  r e p r e s e n ta t io n  o f  c h e m ic a l  c o m p o s i t io n  a n a ly s is  m e th o d s  
fo r  b io m a s s  f e e d s to c k s  f ro m  N a t io n a l  R e n e w a b le  E n e r g y  L a b o ra to ry .

http://en.wikipedia.org/wiki/Soxhlet_extractor_
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A m o u n t  o f  m o n o m e r ic  s u g a rs  ( g lu c o s e ,x y lo s e ,  a n d  a r a b in o s e )  w a s  
d e te r m in e d  b y  H P L C  ( S h im a d z u )  e q u ip p e d  w i th  r e f r a c t iv e  in d e x  (R I)  d e te c to r  u s in g  
th e  f o l lo w in g  c o n d i t io n :  2 0  p i in je c t io n  v o lu m e , 0 .0 0 5  M  s u l fu r ic  a c id  (H P L C  g ra d e )  
a s  a  m o b i le  p h a s e ,  a  f lo w  ra te  o f  0 .6 0  m l/m in , 65 ° c  c o lu m n  tem p e ra tu re , and  20 m in 
run tim e.

A m o u n t  o f  a c id  s o lu b le  l ig n in  (A S L )  w a s  d e te r m in e d  b y  U V -v is ib le  
s p e c t ro s c o p y .  T h e  a b s o rb a n c e  o f  th e  f i l t r a te  w a s  m e a s u r e d  a t  205 n m , u s in g  a  1 c m  
l ig h t  p a th  c u v e t te  a n d  d i s t i l le d  w a te r  a s  a  r e f e r e n c e  b la n k . A m o u n t  o f  a c id  in s o lu b le  
l ig n in  (A IL )  c o n te n t  w a s  d e f in e d  a s  th e  d if f e r e n c e  b e tw e e n  th e  w e ig h t  o f  f i l te r  c a k e  
( o v e n -d r ie d  a t 105 °c to  c o n s ta n t  w e ig h t)  a n d  th e  w e ig h t  o f  a sh .

A m o u n t  o f  th e  a s h  c o n te n t  w a s  d e te r m in e d  b y  p l a c in g  th e  d r ie d  s o l id  
r e s id u e  in  th e  m u f f le  f u rn a c e  a t  575 °c fo r  8 h. T o ta l  l ig n in  c o n te n t  is  th e  s u m  o f  a c id  
s o lu b le  l ig n in  (A S L )  a n d  a c id  in s o lu b le  l ig n in  (A IL ) .

In  a d d i t io n ,  th e  c h e m ic a l  c o m p o s i t io n  o f  b io m a s s  s a m p le s w a s  c h a r a c te r iz e d  
o n  F T IR  w i th  a  r e s o lu t io n  o f  1 c m ' 1 o v e r  th e  w a v e le n g th  r a n g e  o f  4 0 0 ^ 1 0 0 0  c m '1. 
F o r  F T IR  s a m p le  p r e p a r a t io n ,  th e  s o l id  s a m p le s  w e r e  d r ie d  a n d  p r e s s e d  in to  a  d is c  
w i th  K B r. M o re o v e r ,  S E M  w a s  a ls o  u s e d  to  c h a r a c te r iz e  th e  p h y s ic a l  s tru c tu re  o f  
b io m a s s  s a m p le . F ro m  th e  c o m p o s i t io n  a n a ly s is  r e s u l t s ,  th e  3 ty p e s  o f  w e e d  w e re  
c h o s e n  to  e x a m in e  th e  e th a n o l  p ro d u c t io n  p o te n tia l .

3 .3 .3  M i c r o w a v e - a s s i s t e d  tw o  s t a g e  p r e t r e a t m e n t  p r o c e s s  o f  r a w  b io m a s s  
s a m p le

M ic r o w a v e - a s s is te d  tw o - s ta g e  p r e t r e a tm e n t  p r o c e s s  w a s  u s e d  to  re le a s e  
m o n o m e r ic  s u g a r  f ro m  l ig n o c e l lu lo s ic  b io m a s s . T h e  s c h e m a t ic  d ia g r a m  o f  th e  
o p t im u m  c o n d i t io n  d e te r m in a t io n  in  th is  p r o c e s s  is  s h o w n  b e lo w .
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S ta g e  1: M ic ro w a v e - a s s is t e d  d i lu te  a lk a l in e  p r e t r e a tm e n t

Weed samplesI
i) Dilute Microwave/NaOH pretreatment with 0.5%  (w/v) NaOH, 15:1 LSR under 
various reaction temperature (40. 60. 80, 100, 120 °C) and time for 5-60 min.I

Obtain the optimum temperature and time condition 
for the Microwave/NaOH pretreatment

ii) Dilute Microwave/NaOH pretreatment with the optimum temperature and time 
condition, 15:1 LSR under various NaOH concentrations (0.1-7?'b (w/v)).

I
Obtain the optimum condition for the Microwave/NaOH 

pretreatment on each weed samples

F i g u r e  3 .4  A  s c h e m a t ic  r e p r e s e n ta t io n  o f m ic r o w a v e - a s s i s te d  d i lu te  N a O H  
p r e t r e a tm e n t  p r o c e s s

M i c r o w a v e - a s s i s t e d  d i l u t e  a l k a l i n e  p r e t r e a t m e n t
In  m ic r o w a v e  p r e tr e a tm e n t ,  e a c h  o f  th e  w e e d  s a m p le s  w a s  s u s p e n d e d  in  

N a O H  s o lu t io n  ( 0 .5 %  (w /v ) ) ,  u s in g  15:1 l iq u id - to - s o l id  r a t io s  (L S R )  (m l o f  s o lu t io n :  
g  o f  w e e d  s a m p le ) .  T h e  m ix tu r e  w a s  s t i r r e d  u n ti l  h o m o g e n e o u s  b e f o r e  t r a n s f e r r in g  to  
a  T e f lo n -v e s s e l  s e a le d  w i th  a  T e f lo n  c a p . T h e  m ic r o w a v e  p r e t r e a tm e n t  w a s  
p e r f o rm e d  u n d e r  v a r io u s  te m p e ra tu re s  ( 4 0 - 1 2 0  °C )  a n d  t im e s  ( 5 - 6 0  m in ) . T h e  
m ix tu r e  w a s  f d te r e d  to  s e p a r a te  s o l id  r e s id u e s  f ro m  f i l t r a te  f r a c t io n  a f te r  th e  
p r e t r e a tm e n t  s te p . A f te r  th e  o p t im u m  te m p e ra tu re  a n d  t im e  w e r e  o b ta in e d ,  w e e d  
s a m p le s  w a s  a ls o  s u s p e n d e d  in  N a O H  s o lu t io n  (0 .1 -7  % (w /v )  u s in g  15:1 l iq u id - to -  
s o l id  r a t io s  a t  o p t im u m  te m p e ra tu re  a n d  t im e  c o n d i t io n  to  g e t  th e  o p t im u m  c o n d i t io n  
in  m ic r o w a v e /N a O H  p r e t r e a tm e n t  p r o c e s s  (F ig . 3 .5 ) .

T h e  l iq u id  f r a c t io n  w a s  c o l le c te d  fo r  m o n o m e r ic  s u g a r  a n a ly s is  b y  H P L C . 
M e a s u r e m e n t  o f  p H  o f  l iq u id  f r a c t io n  a f te r  p r e t r e a tm e n t  w a s  p e r f o rm e d . T h e  
c o l le c te d  s o l id  r e s id u e s  w e r e  th o r o u g h ly  w a s h e d  w i th  d i s t i l le d  w a te r  to  n e u tr a l  p H  
a n d  d r ie d  in  th e  o v e n . F in a l ly ,  th e  o v e n - d r ie d  s a m p le s  w e r e  w e ig h e d  to  c o m p a re  w ith  
u n p r e t r e a te d  s a m p le  (m e a s u re  %  w e ig h t  lo s s ) . T h e  p r e t r e a te d  s o l id  a t  o p t im u m
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c o n d i t io n  w a s  s to re d  in  v a lv e s  b a g s  fo r  f u r th e r  d i lu te  a c id  p r e t r e a tm e n t  in  th e  tw o -  
s ta g e  p r e t r e a tm e n t  s tu d y  a n d  c h a r a c te r iz a t io n .

Stage 2 : M ic r o w a v e - a s s is te d  d i lu te  a c id  p r e t r e a tm e n t

NaOH pretreated weed samples

i) Dilute Microwave/H2S 0 4 pretreatment with 0.5% (พ/v) H2S 0 4 ,15:1 LSR under 
various reaction temperature (80. 100. 140. 160. 180, 200 °C) and time for 5-60 min.* 1

Obtain the optimum temperature and time condition 
for the M icrowave/HiS04 pretreatment

'IX .IIii) Dilute Microwave/H2S 0 4 pretreatment with the optimum temperature and time 
condition, 15:1 LSR under various LbS04 concentrations (0.5-3% (w/v)).I

Obtain the optimum condition for the Microwave/H2S 04 
pretreatment on each weed samples

Figure 3.5 A  s c h e m a t ic  r e p r e s e n ta t io n  o f  M ic r o w a v e  a s s i s te d  d i lu te  H2SO4 
p r e t r e a tm e n t  p ro c e s s .

Microwave-assisted dilute acid pretreatment
T h e  s o l id  r e s id u e s  f ro m  th e  N a O H  p r e t r e a tm e n t  w i th  o p t im u m  c o n d i t io n  

(g iv in g  th e  h ig h e s t  m o n o m e r ic  s u g a r  r e le a s e )  w e r e  t r e a te d  w i th  m ic r o w a v e /d i lu te  
H 2 S O 4 . T h e  p r e t r e a te d  w e e d  s a m p le s  w e re  m ix e d  w i th  d i lu te  a c id  s o lu t io n  
( 0 .5 % (w /v ) )  u s in g  15:1 L S R .T h e  m ic r o w a v e  p r e t r e a tm e n t  w a s  c o n d u c te d  u n d e r  
v a r io u s  te m p e r a tu r e s  ( 8 0 - 2 0 0  ° C )  a n d  t im e s  ( 5 - 6 0  m in )  to  o b ta in  o p t im u m  
te m p e r a tu r e  a n d  t in e  c o n d i t io n . T h e n , th e  m ic r o w a v e /H 2 S 0 4p r e t r e a tm e n t  w a s  
c o n d u c t  a t  o p t im u m  te m p e ra tu re  a n d  t im e  c o n d i t io n  u n d e r  v a r io u s  
H 2 S 0 4 C o n e e n tra t io n s  ( 0 .5 -3 %  (w /v ) )  to  g e t  th e  o p t im u m  c o n d i t io n  o f  th is  p ro c e s s . 
A f te r  th e  a c id  p r e t r e a tm e n t ,  th e  l iq u id  f ra c t io n  w a s  c o l le c te d  f o r  m o n o m e r ic  s u g a r  
a n a ly s is  b y  H P L C  a n d  s o l id  r e s id u e s  w e re  th o r o u g h ly  w a s h e d  w i th  d i s t i l le d  w a te r  to  
n e u tr a l  p H , a n d  d r ie d  in  th e  o v e n  fo r  f u r th e r  c h a r a c te r iz a t io n .  T h e  o v e n - d r ie d
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s a m p le s  w e r e  w e ig h e d  f o r  c o m p a r is o n .  M e a s u r e m e n ts  o f  p H  o f  th e  l iq u id  f ra c t io n  
a f te r  p r e t r e a tm e n t  w e r e  a ls o  p e r fo rm e d .

3.3.4 Compositional analysis of pretreated biomass
P re t r e a te d  b io m a s s  c o m p o s i t io n  w a s  a n a ly z e d  f o r  g lu c o s e , h e m ic e l lu lo s e s  

s u g a r ,  a c id  s o lu b le  l ig n in  ( A S L ) , a n d  a c id  in s o lu b le  l ig n in  ( A IL )  c o n te n ts  b y  u s in g  
th e  s a m e  p r o c e d u r e  a s  th a t  u s e d  fo r  th e  r a w  b io m a s s ,  e x c e p t  th a t  n o  e x t r a c t io n  s te p  
w a s  n e e d e d . A ll a n a ly t ic a l  d e te rm in a t io n s  w e r e  p e r f o r m e d  in  t r ip l ic a t e  a n d  a v e ra g e d  
r e s u l t s  fo r  b o th  a c c u ra c y  a n d  p r e c is io n . C h e m ic a l  c h a r a c te r i s t ic s  o f  th e  p r e tr e a te d  
s o l id  f r a c t io n  w e r e  a ls o  d e te rm in e d  b y  F T IR  te c h n iq u e  u s in g  th e  s a m e  p r o c e d u r e  a s  
th a t  u s e d  in  th e  r a w  m a te r ia l ,  a s  w e ll . T h e  p h y s ic a l  s t r u c tu r e s  o f  p r e t r e a te d  s a m p le s  
w e re  s tu d ie d  b y  S E M .
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