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CHAPTER IV

4.1 O ptim ization  o f  M icrow ave-assisted  A lkali Pretreatm ent

4 .1 .1  E f f e c t  o f  T im e  a n d  T e m p e r a tu r e
A m m o n i a - b a s e d  p r e tr e a tm e n t  w a s  u s e d  t o  r e m o v e  l ig n o c e l l u l o s i c  

p a r t, a s  d e s c r ib e d  b y  S a lv i  et al. ( 2 0 1 0 ) .  A m m o n ia ,  b e in g  a  s e l e c t i v e  r e a g e n t  fo r  

l ig n in  a n d  n o n c o r r o s iv e ,  s e r v e s  a s  n i t r o g e n  s o u r c e  fo r  m ic r o b e s  in  d o w n s t r e a m  

p r o c e s s e s  ( T e y m o u r i  et al., 2 0 0 5 ) .  M o r e o v e r ,  c e l l u l o s e  a n d  h e m i c e l l u l o s e s  a re  w e l l  

p r e s e r v e d  in  th e  a m m o n ia - b a s e d  p r e tr e a tm e n t  p r o c e s s ,  w i t h  l i t t le  o r  n o  d e g r a d a t io n  

(H a n  et a l ,  2 0 0 9 ) .  T h e  m a in  e f f e c t  o f  NH4OH p r e tr e a tm e n t  i s  t o  d e l i g n i f y  b y  

b r e a k in g  th e  e s t e r  b o n d s  o f  c r o s s - l in k in g  l ig n in  ( D e m ir b a s ,  2 0 0 8 )  a n d  t h e  in h ib it o r s  

w e r e  n o t  c r e a te d  b y  NH4OH p r e tr e a tm e n t  (H a n  et a l . , 2 0 0 9 ) .  Miscanthus Sinensis 

w a s  p r e tr e a te d  w i t h  NH4OH u n d e r  th e  f o l l o w i n g  c o n d i t io n s :  0 .5 %  v o lu m e  o f  

NH4OH, 15 :1  o f  l iq u id  t o  s o l i d  r a t io , t e m p e r a tu r e  in  th e  r a n g e  o f  6 0 - 1 6 0  °c a n d  t im e  

in  t h e  r a n g e  o f  5 - 6 0  m in .  In  t h is  s tu d y  Miscanthus Sinensis, p r e tr e a te d  w i t h  NH4OH 

a t t h e  t e m p e r a tu r e  r a n g e  o f  6 0 - 1 6 0  °c fo r  5 - 6 0  m in ,  r e s u lt e d  in  th e  h i g h e s t  a m o u n t  

o f  m o n o m e r ic  s u g a r s  (a b o u t  1 . 3 7 - 1 . 4 7  g /1 0 0  g  b i o m a s s )  a t 1 2 0  ๐c  fo r  15 m in  ( T a b le
4.1 a n d  F ig u r e  4. l e ) .  H u  et a i ,  (2008) a ls o  s h o w e d  th a t  a n  in c r e a s e  o f  te m p e r a tu r e  

r e s u lt e d  in  n o t  o n l y  a  s ig n i f ic a n t  in c r e a s e  in  l ig n in  r e m o v a l  b u t  a l s o  a  d e c r e a s e  in  th e  

to ta l  s u g a r  y i e ld ,  in d ic a t in g  th e  d e c o m p o s i t i o n  o f  s u g a r s .  T h e r e f o r e ,  th e  o p t im a l  

t e m p e r a tu r e  a n d  t im e  s e l e c t e d  fo r  th e  NH4OH p r e tr e a tm e n t  w e r e  a t 120 °c fo r  15 
m in  t o  g iv e  th e  m a x im u m  g l u c o s e ,  x y l o s e ,  a n d  a r a b in o s e  y i e l d s  o f  1.42, 0.66 g ,  a n d  

0 . 6 6  g  p e r  1 0 0  g  b i o m a s s ,  r e s p e c t iv e ly .
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Table 4.1 Momomeric sugar yields of Miscanthus Sinensis hydrolyzed with 0.5 %
(w/v) NH4OH using 15:1 LSR under different times and temperatures (g sugar/100 g
biomass)

T em p er a tu re
(°C)

P retrea tm en t  
T im e (m in ) G lucose X y lose A ra b in o se

Total
M on om er ic

Sugars
5 0.26 ± 0 . 0 2 0.07 ± 0 . 0 2 0 .07  ± 0 . 0 2 0.40 ± 0 . 0 6

60 10 0.36 ± 0 . 0 4 0 .17  ± 0 . 0 5 0 .19  ! 0 .10 0.73 ± 0 . 1 9
15 0.62 ±  0.10 0 .39  ± 0 . 0 8 0 .06  ± 0 . 0 8 1.06 ± 0 . 2 6
30 1.19 ±  0.05 0 .47  ± 0 . 0 7 0.05 ±  0.04 1.71 ± 0 . 1 6
60 1.13 ±  0.08 0.23 ± 0 .1 1 0.03 ±  0.02 1.38 ±  0.21
5 0.38 ± 0 . 0 3 0.41 ± 0 . 0 5 0 14 ± 0 . 0 3 0.93 ± 0 .1 1

80 10 0.48 ± 0 . 1 2 0.51 ± 0 . 0 7 0 .20  ± 0 . 0 5 1.19 ± 0 . 2 4
15 1.12 ±  0.09 0.61 ± 0 . 0 2 0.26 ± 0 . 0 8 1.89 ± 0 . 2 0
30 1.35 ± 0 . 0 6 0 .69  ± 0 . 1 0 0 .42  ± 0 . 1 3 2.46 ± 0.29
60 1.21 ± 0 . 0 5 0 .58 '±  0.08 0 .16  ±  0 .06 1.95 ± 0.19
5 0.38 ± 0 .1 1 0.13 ± 0 . 0 6 0.13 ± 0 . 0 5 0.63 ±  0.22

100 10 0.71 ± 0 . 1 5 0 3 2 ±  0.10 0.25 ± 0 . 0 7 1.28 ± 0 . 2 6
15 1.14 ± 0.08 0.53 ± 0 . 0 9 0 .46  ± 0 .1 1 2.12 ±  0.17
30 1.10 ± 0 . 0 9 0.51'±  0 .16 0 .49  ± 0 . 0 4 2.09 ±  0.22
60 0.69 ± 0 . 0 3 0 .16  ±  0.04 0.13 ± 0 . 0 5 0.98 ± 0 . 1 2
5 0.28 ± 0 . 0 5 0.16 ± 0 . 0 3 0 .09  ± 0 . 0 4 0.54 ± 0 . 1 2

120 10 0.91 ± 0 . 1 5 0.48 ±  0 .09 0 .10  ± 0 . 0 8 1.49 ± 0 . 3 2
15 1.42 ± 0 . 0 5 0 .66  ± 0 . 0 5 0 .66  ± 0 . 0 8 2.74 ± 0 . 1 8
30 1.09 ± 0 . 0 8 0.53 ± 0 . 0 6 0.45 ± 0 . 0 5 2.07 ± 0.19
60 0.82 ± 0 . 0 6 0.33 ± 0 .1 1 0 .06  ± 0 . 0 2 1.21 ± 0 . 1 9
5 0 14 ± 0 . 0 4 0.02 ±  0.03 0.11 ± 0 . 0 6 0.28 ± 0 .1 3

140 10 1.10 ± 0.06 0.03 ±  0.02 0 .14  ± 0 . 0 8 1.26 ±  0.16
15 1.19 ±  0.10 0.07 ±  0.03 0.17 ±  0.07 1.42 ± 0 . 2 0
30 1.32 ± 0 . 0 8 0.06 ±  0.02 0.09 ± 0 . 0 4 1.47 ±  0.14
60 1.03 ± 0 .2 1 0 .04  ±  0.02 0.06 ±  0.04 1.13 ± 0 . 2 7
5 1.31 ± 0 .1 1 0.01 ± 0 .0 1 0.04 ± 0 . 0 3 1.37 ± 0 . 1 5

160 10 1.62 ±  0.17 0 .02  ± 0 .0 1 0.05 ±  0.03 1.69 ± 0 .2 1
15 1.53 ±  0.15 0 .02  ±  0.02 0.04 ± 0 .0 1 1.59 ±  0.18
30 1.41 ± 0 . 1 0 0 .02  ± 0 .0 1 0.03 ±  0.02 1.46 ± 0.13
60 1.45 ± 0 . 2 3 0.01 ± 0 .0 1 0.03 ±  0 .02 1.49 ± 0 . 2 6

D a ta  are m ea n  v a lu e s  ±  S .D . o f  tw o  rep lica te s .
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Figure 4.1 T h e  m a in  c o m p o n e n t s  o f  Miscanthus Sinensis  h y d r o ly s a t e  u s in g  0.5 % 
( w / v )  NH4OH a n d  d i f f e r e n t  t im e s  a n d  te m p e r a tu r e s :  ( a )  60 ๐, (b) 80 ๐, ( c )  100 ๐, (d )  

120 ๐, ( e )  140 °c, ( f )  160 °c, a n d  ( g )  c o m p a r i s o n  o f  th e  to ta l  y i e ld  o f  m o n o m e r ic  

s u g a r s  a t d i f f e r e n t  te m p e r a tu r e s .
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4 .1 .2  E f f e c t  o f  A lk a l i  C o n c e n tr a t io n
T o  s tu d y  th e  e f f e c t  o f  a lk a l i  c o n c e n t r a t io n  o n  th e  r e le a s e  o f  

m o n o m e r ic  s u g a r s ,  Miscanthus Sinensis w a s  p r e tr e a te d  w i t h  v a r io u s  NH4OH 

c o n c e n t r a t io n s  ( 0 .5  t o  5 .0  %  w / v )  a t 1 2 0  ๐c  fo r  15 m in .  It w a s  f o u n d  th a t  NH4OH 

c o n c e n t r a t io n  h a d  a  s ig n i f ic a n t  i n f lu e n c e  o n  th e  s u g a r  y i e ld ,  a s  s h o w n  in  T a b le  4 .2  

a n d  F ig u r e  4 .2 .  T h e  y ie ld  o f  th e  s u g a r  r e l e a s e d  f r o m  th e  p r e tr e a te d  Miscanthus 

Sinensis w a s  in c r e a s e d  fr o m  0 .5  t o  1 .0  %  ( w / v )  NH4OH w it h  th e  h i g h e s t  to ta l  
m o n o m e r ic  s u g a r  y ie ld  o f  2 .9 3  g / 1 0 0  g  b io m a s s ,  u s in g  1 .0  %  ( w / v )  NH4OH. S e v e r e  

c o n d i t io n s  o f  th is  p r e tr e a tm e n t  m e t h o d  c a u s e d  a  h ig h  d e g r e e  o f  d e g r a d a t io n  o f  th e  

r e le a s e d  s u g a r s ,  in d ic a t e d  b y  th e  l o w  y ie ld s  o f  g lu c o s e ,  x y l o s e  a n d  a r a b in o s e  (H u  et 

a l ,  2 0 0 8 ) .

T a b l e  4 .2  M o n o m e r ic  s u g a r  y i e ld s  o f  N H 4O H -p r e tr e a te d  Miscanthus Sinensis u s in g  

15:1  LSR at 1 2 0  °c  fo r  15 m in  w i t h  d i f f e r e n t  N H 4O H  c o n c e n t r a t io n s  ( g  s u g a r /1 0 0  g  

b i o m a s s )

Alkali
Concentration

( %  w / v )
Glucose Xylose Arabinose Total Monomeric 

Sugars

0.5 1.42 ±0.05 0.66 ±0.05 0 . 6 6  ± 0 .08 2.74 ± 0 .18
1 . 0 1.37 ±0.08 0.86 ±0.03 0.70 ± 0 .07 2.93 ± 0 .18
2 . 0 1.37 ±0.08 0.38 ±0.09 0.41 ±0.11 2.16 ± 0.28
3.0 0.76 ±0.07 0.07 ±0.13 nd 0.83 ± 0 .20
4.0 0.47 ±0.04 nd nd 0.47 ± 0.04
5.0 0.35 ± 0.15 nd nd 0.35 ±0.15

D a ta  a r e  m e a n  v a lu e s  ±  S .D .  o f  t w o  r e p l ic a t e s ,  
n d  =  n o t  d e t e c t e d
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Figure 4.2 E f f e c t  o f  NH4OH c o n c e n t r a t io n  o n  th e  r e l e a s e  o f  m o n o m e r ic  s u g a r s  o f  

NH4OH- p r e tr e a te d  Miscanthus Sinensis u s in g  15:1 L S R  at 120 °c fo r  15 m in .

4 .1 .3  E f f e c t  o f  L iq u id - t o - S o l id  R a t io  ( L S R )
T h e  L S R  e f f e c t  o n  th e  m o n o m e r ic  s u g a r  p r o d u c t io n  o f  Miscanthus 

Sinensis w a s  e v a lu a t e d  u s in g  L S R  o f  1 5 :1 ,  3 0 : 1 ,  a n d  4 5 :1  a t 1 .0  %  ( w / v )  NH4OH, 

1 2 0  ๐c  fo r  15 m in  s in c e  L S R  lo w e r  th a n  1 5:1  c a u s e  n o n -  h o m o g e n e o u s  b e c a u s e  o f  

l e s s  l iq u id  b e in g  p r e s e n t .  T a b le  4 .3  a n d  F ig u r e  4 .3  d e m o n s t r a t e  th a t  th e  r e le a s e  in  th e  

m o n o m e r ic  s u g a r s  d e c r e a s e d  w ith  in c r e a s in g  th e  L S R  d u e  t o  th e  m o r e  d i lu t io n  o f  th e  

m ix t u r e  (C a r a  et a l . , 2 0 0 7 ;  K im  et al., 2 0 0 7 ) .  T h e  h ig h e s t  a m o u n t  o f  th e  to ta l  
m o n o m e r ic  s u g a r  y ie ld  o f  2 .9 3  g / 1 0 0  g  b io m a s s ,  c o n t a in in g  1 .3 7  g  o f  g l u c o s e ,  0 .8 6  g  

o f  x y l o s e ,  a n d  0 .7 0  g  o f  a r a b in o s e  (p e r  1 0 0  g  b i o m a s s ) ,  w a s  o b t a in e d  a t 1 5 :1  L S R .  
T h e r e f o r e ,  t h e  L S R  o f  15:1  w a s  s e l e c t e d  fo r  fu r th e r  s tu d y .
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Table 4.3 Monomeric sugar yields of Miscanthus Sinensis using 1.0 % (w/v)
NH4OHat 120 °c for 15 min with different LSRs (g/100 g biomass)

Liquid to Solid 
Ratio (LSR) Glucose Xylose Arabinose

Total
Monomeric

Sugars
15:1 1.37 ±0.08 0.86 ±0.03 0.70 ± 0 .07 2.93 ± 0.18
30:1 0.90 ±0.09 0.41 ±0.04 0.48 ± 0 .04 1.79 ± 0.17
45:1 0.48 ±0.05 0.29 ± 0 .07 0.25 ± 0 .04 1 . 0 1  ±0 .16

D a ta  a r e  m e a n  v a lu e s  ±  S .D .  o f  t w o  r e p l ic a t e s .

3.5

15 30 45
Liquid to solid ratio (LSR)

F i g u r e  4 .3  E f f e c t  o f  L S R  o n  th e  r e le a s e  o f  th e  m o n o m e r ic  s u g a r s  o f  N H 4O H -
p r e tr e a te d  M is c a n t h u s  S i n e n s i s  ( c o n d i t io n s :  1 .0  %  ( w / v )  N H 4O H  at 1 2 0  

๐c  fo r  15 m in ) .
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4.2 O ptim ization o f M icrow ave-assisted  A cid Pretreatm ent

4 .2 .1  E f f e c t  o f  T im e  a n d  T e m p e r a tu r e
S i n c e  H2SO4 i s  th e  m o s t  c o m m o n  a c id  u s e d  t o  d ig e s t  b i o m a s s ,  th u s ,  

w a s  th e  f ir s t  c h o i c e  to  d ig e s t  Miscanthus Sinensis  in  t h is  s t u d y  a t th e  te m p e r a tu r e  

r a n g e  o f  6 0 - 1 6 0 ° C  fo r  5 - 6 0  m in ,  u s in g  0 .5  %  w / v  a n d  1 5 :1  L S R . T a b le  4 .4  a n d  

F ig u r e  4 .4  s h o w  th a t  x y l o s e  w a s  th e  m a in  p r o d u c t ,  m e a n in g  th a t  th e  m a in  r e a c t io n  

o c c u r s  d u r in g  th e  a c id  p r e tr e a tm e n t  is  th e  h y d r o ly s i s  o f  x y la n  in  h e m ic e l l u l o s e .  It 
w a s  o b s e r v e d  th a t  th e  lo n g e r  p r e tr e a tm e n t  t im e  g a v e  th e  h ig h e r  m o n o m e r ic  su g a r  

y ie ld  (F ig u r e  4 .4  a - f ) .  T h e  h ig h e s t  to ta l  m o n o m e r ic  s u g a r  y ie ld ,  2 4 .5 8  g /1 0 0  g  

b i o m a s s ,  w a s  a c h i e v e d  a t 1 4 0  ๐c  fo r  3 0  m in .  It i s  w o r t h  n o t in g  th a t  u n d e r  th e s e  

c o n d i t io n s ,  th e  h i g h e s t  x y l o s e  y ie ld  o f  1 8 .9 8  g / 1 0 0  g  b i o m a s s  w a s  d e t e c t e d ,  b u t th e  

h ig h e s t  g l u c o s e  a n d  a r a b in o s e  y i e ld s  o f  6 .8 7  a n d  2 .7 6  g / 1 0 0  g  b i o m a s s ,  w e r e  

a c h i e v e d  at 1 6 0  °c fo r  6 0  a n d  5 m in ,  r e s p e c t i v e ly  ( F ig u r e  4 .4  e - f ) .  It i s  d u e  to  th e  fa c t  

th a t  g lu c o s e  w a s  th e  m a in  c o m p o n e n t  r e le a s e d  fr o m  c e l l u l o s e ,  w h i c h  h a s  m o r e  

o r d e r e d  s tr u c tu r e  th a n  h e m ic e l l u l o s e s ,  th u s ,  r e q u ir e s  l o n g e r  p r e tr e a tm e n t  t im e  a n d  

h ig h e r  r e a c t io n  te m p e r a tu r e  fo r  g l u c o s e  p r o d u c t io n  ( F i a o  et al., 2 0 0 6 ) .  T h e  

d e c r e a s in g  t r e n d s  in  th e  m o n o m e r ic  s u g a r  y i e ld  a t t o o  lo n g  p r e tr e a tm e n t  t im e  w a s  

d u e  to  th e  o c c u r r e n c e  o f  th e  d e c o m p o s i t i o n  r e a c t io n  o f  s u g a r  to  in h ib it o r y  

c o m p o u n d s ,  s u c h  a s  fu r fu r a l, h y d r o x y m e t h y lf u r f u r a l  g e n e r a t e d  in  a c id  c o n d i t io n  

( P a lm q v is t  et al., 2 0 0 0 ;  D e m ir b a s ,  2 0 0 8 ) .  N o u r e d d in i  a n d  B y u n ,  ( 2 0 1 0 )  s h o w e d  th e  

d e c r e a s in g  tr e n d  in  th e  f o r m a t io n  o f  m o n o m e r ic  s u g a r s  a t s e v e r e  c o n d i t io n  c o r r e la te d  

w e l l  w it h  th e  f o r m a t io n  o f  fu r fu r a l. F o r  th e  ra te  o f  s u g a r  d e c o m p o s i t i o n  u n d e r  d i lu te -  

a c id  c o n d i t io n s ,  x y l o s e  i s  m o r e  s e n s i t i v e  to  th e  a c id i t y  a n d  h ig h  te m p e r a tu r e  

c o n d i t io n s  a n d  g l u c o s e  i s  m o r e  r e s is ta n t  to  h a r s h  c o n d i t io n s  ( T a h e r z a d e h  a n d  K a r im i,
2 0 0 7 ) .  T h e r e f o r e ,  th e  o p t im a l  te m p e r a tu r e  a n d  t im e  s e l e c t e d  fo r  th e  H2SO4 

p r e tr e a tm e n t  w e r e  a t 1 4 0  °c fo r  3 0  m in  to  g i v e  th e  m a x im u m  g lu c o s e ,  x y l o s e ,  a n d  

a r a b in o s e  y i e ld s  o f  2 .8 7 ,  1 8 .9 8 ,  a n d  2 .7 3  g  p e r  1 0 0  g  b i o m a s s ,  r e s p e c t i v e ly .
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Table 4.4 Monomeric sugar yields of Miscanthus Sinensis hydrolyzed, using 0.5 %
(w/v) H2 SO4 , 15:1 LSR under different times and temperatures (g sugar per 100 g
biomass)

T em p era tu re
(°C)

P retreatm en t  
T im e  (m in) G lucose Xylose A ra b in o se

Total
M on om er ic

S ugars
5 0.30 ± 0 . 0 5 0.38 ±  0.12 0 . 1 7 ±  0.08 0.85 ± 0 . 2 5
10 0.77 ± 0 . 0 7 0.92 ± 0 . 0 4 0.25 ± 0 . 0 7 1.94 ± 0.18

60 15 0.95 ± 0 .1 1 1 .1 2 ±  0.05 0.42 ± 0.04 2.49 ± 0 . 2 0
30 1.02 ± 0.14 1.94 ± 0 . 0 8 0.43 ± 0 . 0 3 3 .3 9  ± 0 . 2 5
60 0.92 ± 0 . 0 5 1.10 ±  0.12 0.15 ะ± 0.11 2 .17  ±  0.28
5 0.60 ± 0 . 0 9 0.21 ± 0 . 0 4 0.14 ± 0.05 0.95 ± 0 . 1 8
10 0.80 ± 0 . 1 3 1.00 ± 0 . 0 2 0 .76  ± 0 . 0 8 .2 .57  ± 0 .2 3

80 15 2.00 ± 0 . 0 6 2.72 ± 0 . 0 5 1.60 ± 0 . 0 8 6.33 ± 0 . 1 9
30 1.16 ± 0.12 1.36 ±  0.14 0 .97  ± 0 . 0 2 3.48 ± 0 . 2 8
60 0.90 ± 0 . 0 5 0.92 ± 0.08 0.74 ± 0 .1 1 2.55 ± 0 . 2 4
5 1.36 ± 0 . 0 6 1.30 ±  0.11 1.21 ± 0.70 3.87 ± 0 . 8 7
10 1.03 ± 0 . 2 8 2.00 ± 0 . 2 6 1.58 ± 0.22 4.61 ± 0 . 7 6

100 15 1.62 ± 0 . 2 8 3.26 ± 0 . 2 2 1.58 ± 0 . 2 6 6.46 ± 0 . 7 6
30 1.51 ± 0 . 2 5 10.84 ± 0 . 3 5 1.86 ± 0.24 14.20 ± 0 .8 4
60 0.99 ± 0 . 3 0 6.25 ± 0 . 3 0 1.74 ± 0 . 2 9 8.98 ± 0 . 8 9
5 0.47 ± 0 . 2 8 2.87 ± 0 . 7 3 1.30 ± 0.29 4 .64  ±  1.30
10 0.84 ± 0 . 2 3 7.39 ± 0 . 7 2 1.45 ±  0.10 9.68 ± 1.05

120 15 1.58 ± 0 . 2 4 11.49 ± 0 . 3 5 1.82 ± 0 . 2 7 14.89 ± 0.86
30 2.74 ±  0.04 18.63 ±  1.01 2 .39  ± 0.07 23 .77  ± 1.12
60 2.88 ± 0 . 2 6 18.14 ± 0.48 2 .27  ± 0.25 2 3 .2 9  ± 0.99
5 0.98 ± 0 . 2 3 10.63 ± 0 . 6 5 1.36 ± 0 . 3 2 12.98 ± 1.20
10 1.96 ± 0.12 15.37 ± 0 . 7 4 2 .48  ± 0.24 19.80 ± 1.12

140 15 2.28 ± 0 . 1 2 16.72 ±  1.08 2.71 ± 0.30 21 .7 0  ± 1.50
30 2.87 ± 0 . 1 8 18.98 ± 0 . 8 2 2.73 ± 0.30 24 .58  ±  1.30
60 2 .6 9  ± 0 . 1 4 17.47 ± 0 . 6 7 2.53 ± 0 . 1 9 22 .6 9  ± 1.00
5 4 .00  ± 0 . 3 5 16.49 ± 0 . 7 0 2 .76  ± 0.20 23.25 ± 1.20
10 4.18 ± 0 . 2 5 17.58 ± 0 . 3 2 1.96 ± 0 . 2 9 23 .72  ± 0.86

160 15 4.07 ± 0 . 3 5 16.51 ± 0 . 8 5 2.23 ± 0.30 22 .82  ±  1.50
30 6.16 ±  0.27 13.82 ± 0 . 7 3 2.11 ± 0 . 2 0 22 .09  ±  1.20
60 6.87 ± 0 . 3 9 8.20 ±  0.43 0 .08  ± 0.07 15.15 ±  0.89

D a t a  a re  m e a n  v a lu e s  ±  S .D .  o f  tw o  r e p l ic a t e s .
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Glucose
Xylose

***** Aiabiuosf 

♦ ' Total sugais

Figure 4.4 T h e  m a in  c o m p o n e n t s  o f  Miscanthus Sinensis  h y d r o ly s a t e  u s i n g  0 .5  %  

( w / v )  H 2S O 4 , 1 5 :1  L S R , a n d  d i f f e r e n t  t im e s  a n d  t e m p e r a tu r e s :  ( a )  6 0  ° , ( b )  8 0  ๐, ( c )  

1 0 0  ° , (d )  1 2 0  ๐, ( e )  1 4 0  ° ,  a n d  (f) 1 6 0  °c.
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Figure 4.5 C o m p a r is o n  o f  th e  to ta l  y ie ld s  o f  m o n o m e r ic  s u g a r s  u s in g  0 .5  %  ( w / v )  

H 2S O 4, 15 :1  L S R , a n d  d i f f e r e n t  t im e s  a n d  t e m p e r a tu r e s .

4 .2 .2  E f f e c t  o f  A c i d  C o n c e n tr a t io n

Miscanthus Sinensis w a s  p r e tr e a te d  u s i n g  v a r io u s  c o n c e n t r a t io n  o f  

H 2S 0 4 ( 0 .5 ,  1 .0 ,  2 .0 ,  3 .0 ,  4 . 0  a n d  5 .0  %  w / v ) ,  1 5 :1  L S R  a t  1 4 0  °c f o r  3 0  m in .  T a b le
4 .5  a n d  F ig u r e  4 .6  s h o w  a n  in c r e a s e  in  r e l e a s in g  m o n o m e r ic  s u g a r s  w h e n  in c r e a s in g  

a c id  c o n c e n t r a t io n  fr o m  0 .5  to  3 .0  %  w / v  a n d  it  d e c r e a s e d  t h e r e a f te r  o w i n g  to  t o o  

c o n c e n t r a t e d  a c id  c a u s in g  t h e  d e c o m p o s i t i o n  o f  s u g a r s ,  a s  d i s c u s s e d  e a r lie r . T h e  

h ig h e s t  to ta l  m o n o m e r ic  s u g a r  y i e ld  o f  2 9 .2 5  g / 1 0 0  g  b i o m a s s ,  c o n t a in in g  g lu c o s e ,  
x y l o s e ,  a n d  a r a b in o s e  y ie ld s  o f  8 .7 7 ,  1 8 .9 8 ,  a n d  5 .0 6  g /  1 0 0  g  b i o m a s s ,  r e s p e c t iv e ly ,  
w a s  o b t a in e d .  T h e  r e a s o n  fo r  a c h i e v i n g  x y l o s e  a s  th e  h ig h e s t  p r o d u c t  is  b e c a u s e  

h e m i c e l l u l o s e s ,  m a in ly  c o m p o s i n g  o f  x y la n ,  a r e  e a s ie r  t o  b r e a k  d o w n  in  a c id  

p r e tr e a tm e n t  th a n  c e l l u l o s e  ( W a n g  et al., 2 0 1 0 ;  L ia o  et al., 2 0 0 6 ) .  T h e  y ie ld s  o f  

a r a b in o s e  a n d  g l u c o s e  p r o g r e s s iv e ly  in c r e a s e d  w i t h  th e  i n c r e a s e  in  s e v e r i t y .

Pretrentment time (min)
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Table 4.5 Monomeric sugar yields of Miscanthus Sinensis pretreated with different
H2 SO4 concentrations using 15:1 LSR at 140 ๐c  for 30 min (g sugar per 100 g
biomass)

Acid
C oncentration

(%  w/v)
G lucose X ylose A rab inose

Total
M onom eric

Sugars
0 .5 2 .8 7  ±  0 .1 8 1 8 .9 8  ± 0 . 8 2 2 .7 3  ± 0 . 3 0 2 4 .5 8  ±  1 .30

1 .0 5 .4 3  ± 0 . 2 8 1 6 .3 2  ± 0 . 8 0 2 .8 5  ± 0 . 4 2 2 4 .6 1  ±  1 .50

2 .0 6 .7 3  ± 0 . 3 2 1 6 .1 5  ±  0 .71 3 .5 8  ± 0 . 0 7 2 6 .4 7  ±  1.10

3 .0 8 .7 7  ± 0 . 3 7 1 5 .4 2  ± 0 . 6 2 5 .0 6  ± 0 . 2 9 2 9 .2 5  ±  1 .28
4 .0 8 .6 2  ± 0 . 2 4 1 5 .2 1  ± 0 . 7 5 4 .2 8  ±  0 .2 4 2 8 .1 1  ± 1 .2 3
5 .0 7 .4 9  ± 0 . 2 4 1 5 .0 8  ± 0 . 6 5 4 .3 3  ± 0 . 3 2 2 6 .9 0  ±  1.21

D a ta  a re  m e a n  v a lu e s  ะ!ะ S .D .  o f  t w o  r e p l ic a t e s .
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0.5  1 2 3 4 5
Acid concentration ( ° o  พ /v )

Figure 4.6 E f f e c t  o f  H 2S O 4 c o n c e n t r a t io n  o n  th e  r e l e a s e  o f  m o n o m e r i c  s u g a r s  o f  

H 2 S O 4- p r e tr e a te d  Miscanthus Sinensis u s in g  1 5:1  L S R  a t 1 4 0  ° c  f o r  3 0  m in .
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4 .2 .3  E f f e c t  o f  L i q u id - t o - S o l id  R a t io

In  th is  c a s e ,  Miscanthus Sinensis w a s  p r e tr e a te d  in  v a r io u s  L S R s  w i t h
3 .0  %  ( w / v )  H 2 S O 4 at 1 4 0  °c fo r  3 0  m in ,  s e e  T a b le  4 .6  a n d  F ig u r e  4 .7 ,  r e v e a l in g  th a t  

a n  in c r e a s e  in  L S R  r e s u lt e d  in  a  d e c r e a s e  in  th e  r e l e a s e  o f  t h e  m o n o m e r ic  s u g a r s ,  
s im i la r  to  th e  N H 4O H  p r e tr e a tm e n t . T h e  h ig h e s t  a m o u n t  o f  t h e  to ta l  m o n o m e r ic  

s u g a r  y ie ld  o f  2 9 .2 5  g / 1 0 0  g  b io m a s s ,  c o n t a in in g  t h e  m a x im u m  g l u c o s e ,  x y l o s e ,  a n d  

a r a b in o s e  y i e ld s  o f  7 .6 0 ,  1 7 .0 9 ,  a n d  4 .5 6  ( g / 1 0 0  g  b i o m a s s ) ,  w a s  o b t a in e d  a t th e  1 5:1  

L S R . A g a in ,  th e  p r e tr e a tm e n t  w a s  n o t  p e r fo r m e d  w i t h  th e  L S R  l o w e r  th a n  1 5:1  

b e c a u s e  o f  n o n - h o m o g e n e i t y  o f  th e  s y s t e m .  A s  a  r e s u lt ,  th e  o p t im a l  c o n d i t io n s  o f  th e  

H 2 S O 4 p r e tr e a tm e n t  fo r  tr e a t in g  Miscanthus Sinensis w e r e ;  3 .0  %  ( w / v )  H 2 S O 4 w it h  

15:1  L S R  a t 1 4 0  °c f o r  3 0  m in ,  g iv i n g  th e  h ig h e s t  g l u c o s e ,  x y l o s e ,  a n d  a r a b in o s e  

y ie ld s  o f  8 .7 7 ,  1 5 .4 2 ,  a n d  5 .0 6  g / 1 0 0  g  b io m a s s ,  r e s p e c t iv e ly .

T a b l e  4 .6  M o n o m e r ic  s u g a r  y ie ld s  o f  Miscanthus Sinensis u s i n g  3 .0  %  ( w / v )  H 2 S O 4 

at 1 4 0  ๐c  f o r  3 0  m in  w i t h  d if f e r e n t  L S R s  ( g / 1 0 0  g  b i o m a s s )

L iq u id  to  S o lid  
R a t io  (L S R ) G lu c o s e X y lo s e A r a b in o s e

T o ta l
M o n o m e r ic

S u g a r s
15:1 8 .7 7  ± 0 . 3 7 1 5 .4 2  ± 0 . 6 2 5 .0 6  ± 0 . 2 9 2 9 .2 5  ±  1 .2 8
3 0 :1 4 .2 1  ± 0.21 1 2 .3 7  ± 0 . 5 9 1 .6 1  ± 0 . 3 2 1 8 .1 8  ±  1 .1 2

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

D a ta  a r e  m e a n  v a lu e s  ±  S .D .  o f  t w o  r e p l ic a te s .
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Figure 4 .7  E f f e c t  o f  L S R  o n  th e  r e le a s e  o f  m o n o m e r ic  s u g a r s  o f  E ^ S C U -p r e tr e a te d  

Miscanthns Sinensis ( c o n d i t io n s :  3 .0  %  ( w / v )  H 2S O 4 a t 1 4 0  ๐c  fo r  3 0  

m in ) .

4.3 C om parison  o f D ilute-acids

The optimal condition obtained from the H2SO4 pretreatment o f Miscanthus 

Sinensis was used to study the effect o f acid type, using HCl, HNO3, and H3PO4, as 

can be seen in Table 4 .7  and Figure 4 .8 .  Remarkably, the total monomeric sugar 

produced from the H3PO4 pretreatment was much higher than the others, giving the 

highest total monomeric sugar yield o f 6 2 .2 8  g / 1 0 0  g  biomass, while H2SO4, HC1, 
and HNO3 gave 2 9 .2 5 ,  2 3 .8 9 ,  and 1 1 .2 4  g /1 0 0  g  biomass, respectively. The level and 

composition o f the monomeric sugars released depends on the type o f acid and its 

concentration (Elernândez-Salas et al., 2 0 0 9 ) .  According to Whitmore and Atalla 

( 1 9 8 5 ) ,  used phosphoric acid for the regeneration o f cellulose E Studied show that 

cellulose swells rapidly in phosphoric acid solutions. Wei et al. ( 1 9 9 6 )  show the 

potential o f using phosphoric acid on decrystallization and dissolution o f cellulose. 

The highest amount o f the total monomeric sugar yield, 6 2 .2 8  g / 1 0 0  g  biomass, from 

the H3PO4 pretreatment contains the maximum glucose, xylose, and arabinose yields 

o f 4 1 .0 5 ,  1 8 .6 9 ,  and 2 .5 3  g biomass, respectively. Interestingly, in the case o f H3PO4 

after neutralization o f hydrolysates with NaOII (for fermentation process using
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m ic r o o r g a n i s m s ) ,  th e  s a lt  f o r m e d  is  s o d iu m  p h o s p h a t e  w h i c h  c a n  b e  u s e d  a s  a  

n u tr ie n t  fo r  m ic r o o r g a n is m s .  T h e r e f o r e ,  a n  o p e r a t io n  o f  f i l t r a t io n  to  r e m o v e  th e  s a lt s ,  
w h i c h  i s  a n o th e r  a d v a n t a g e  to  im p r o v e  th e  e c o n o m i c  p r o c e s s ,  i s  n o t  n e e d e d .  
M o r e o v e r ,  it  i s  e n v ir o n m e n t a l  f r ie n d ly  s in c e  th e  s a lt  f o r m e d  is  n o t  a  w a s t e  ( G â m e z  et 

a l ,  2 0 0 6 ) .

T able 4.7 M o n o m e r ic  s u g a r  y i e ld s  o f  Miscanthus Sinensis p r e tr e a te d  w i t h  3 .0  %  

( w / v )  o f  d i f f e r e n t  d i lu t e  a c id s  u s in g  1 5 :1  L S R  at 1 4 0  °c fo r  3 0  m in  ( g / 1 0 0  g  

b io m a s s )

Types of 
Acid Glucose Xylose Arabinose Total

Monomeric
Sugar

h 2s o 4 8.77 ± 0 .37 15.42 ± 0 .62 5.06 ± 0 .29 29.25 ± 1.28
H C 1 4.10 ± 0.37 17.13 ± 0 .74 2.66 ± 0.34 23.89 ± 1.45

h n o 3 3.13 ±0.33 7.28 ± 0 .47 0.83 ± 0 .32 11.24 ± 1.12
h 3p o 4 41.05 ± 1.12 18.69 ± 0 .86 2.53 ± 0 .52 62.28 ±2.54

D a t a  a re  m e a n  v a lu e s  ±  S .D .  o f  tw o  r e p l ic a t e s ,

H2S04 HN03 H a  H3P04 
Types of odd

Figure 4.8 The effect of different types of dilute acid on the release of monomeric
sugar of Miscanthus Sinensis.
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4.4 T w o-stage P retreatm ent (D ilute A m m onium  H ydroxide F ollow ed by Dilute  
P hosphoric A cid P retreatm ent)

A f t e r  a lk a li  p r e tr e a tm e n t  u s in g  f o l l o w i n g  c o n d i t io n s :  1 5 :1  L S R  a t 1 .0  %  

( w / v )  N H 4O H , 1 2 0  ๐c  fo r  15  m in ,  th e  s o l id  w a s  w a s h e d  w i t h  w a t e r  u n t i l  n e u tr a lity  

a n d  th e n  th e  p r e tr e a te d  s o l i d  w a s  fu r th e r  tr e a te d  w i t h  3 .0  %  ( w / v )  H 3P O 4 u s in g  15:1  

L S R  at 1 4 0  °c f o r  3 0  m in .  W a n g  et al. ( 2 0 1 0 )  s h o w  th e  t w o - s t a g e  p r e tr e a tm e n t  

s ig n i f ic a n t ly  e n h a n c e d  c e l l u l o s e  d i g e s t i b i l i t y  d u e  t o  a  p a r t ia l r e m o v a l  o f  

h e m i c e l l u l o s e s  a n d  l ig n in  a f te r  f ir s t  s t a g e  p r e tr e a tm e n t ,  t h e  c e l l u l o s e  f ib e r s  w e r e  

e x p o s e d .  T h e  s u g a r  y i e ld s  o b ta in e d  fr o m  th e  t w o  s t a g e  p r e tr e a tm e n t  c o m p a r e d  to  th e  

s in g le  s t a g e  p r e tr e a tm e n t , a s  p r e s e n te d  in  T a b le  4 .8  a n d  F ig u r e  4 .9 ,  w e r e  th e  h ig h e s t ,  
7 1 .6 4  g / 1 0 0  g  b io m a s s .

T able 4.8 T h e  e f f e c t  o f  p r e tr e a tm e n t  p r o c e s s e s  o n  th e  r e l e a s e  o f  m o n o m e r ic  s u g a r  

y ie ld s  o f  Miscanthus Sinensis

Pretreatment
Process Glucose Xylose Arabinose Total

Monomeric
Sugar

N H 4 O H 1.37 ±0.08 0.86 ±0.03 0.70 ± 0 .07 2.93 ± 0 .18
H 3P O 4 41.05 ± 1.12 18.69 ± 0 .86 2.53 ± 0 .52 62.28 ± 2 .54

T w o - s t a g e 29.66 ± 1.01 15.13 ± 0 .97 2.97 ± 0 .14 71.64 ± 2.12

D a ta  a r e  m e a n  v a lu e s  ±  S .D .  o f  t w o  r e p l ic a t e s .
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F igure 4.9 T h e  e f f e c t  o f  p r e tr e a tm e n t  p r o c e s s e s  o n  th e  r e l e a s e  o f  m o n o m e r i c  s u g a r  

y ie ld s  o f  Miscanthus Sinensis.

4.5 E ffect o f  Pretreatm ent on C hem ical C om position

T h e  c h e m ic a l  c o m p o s i t io n  c h a n g e  o f  Miscanthus Sinensis, a f te r  e a c h  

p r e tr e a tm e n t ,  i s  l i s t e d  in  T a b le  4 .9 .  T h e  Miscanthus  t r e a te d  w i t h  t h e  t w o - s t a g e  

p r e tr e a tm e n t  v ia  m i c r o w a v e  ir r a d ia t io n  c o m p o s e d  o f  th e  l o w e s t  e x t r a c t iv e s ,  a s h ,  
l ig n in ,  a n d  h e m i c e l l u l o s e  c o n t e n t s ,  in d ic a t in g  th a t  th e  t w o - s t a g e  p r e tr e a tm e n t  

e f f i c i e n t l y  r e m o v e d  e x t r a c t iv e s ,  a s h , l ig n in ,  a n d  h e m i c e l l u l o s e  in  M is c a n t h u s  

S i n e n s i s .  A l l  t h e s e  r e s u lt s  s h o w  th a t  th e  a lk a l i  p r e tr e a tm e n t  r e m o v e d  m o s t  o f  th e  

l ig n in  a n d  t h e  a c id  p r e tr e a tm e n t  m a in ly  r e m o v e d  h e m i c e l l u l o s e s ,  c o n s i s t e n t  w i t h  Z h u  

et al. ( 2 0 0 6 )  a n d  H a n  et al. ( 2 0 0 9 ) .
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T able 4.9 C h e m ic a l  c o m p o s i t io n  o f  t h e  r e s id u e s  a f te r  p r e tr e a tm e n t  f o r  th r e e  

m i c r o w a v e /c h e m i c a l  p r e tr e a tm e n t  p r o c e s s e s

P r e tr e a tm e n t  M e t h o d
C o m p o s i t io n ,  %

E x t r a c t iv e s A s h H e m i c e l l u l o s e L ig n in

U n tr e a te d 8.6 7 .7 3 1 .3 1 7 .4

M ic r o w a v e /a lk a l i 1.8 5 .0 3 2 .9 12.2
M i c r o w a v e /a c i d 2.0 5 .6 2 0 .7 1 5 .8

M ic r o w a v e /a l k a l i / a c i d 1 .5 4 .2 1 8 .4 1 0 .4

4.6 FT -IR  A nalysis

F ig u r e  4 . 1 0  s h o w s  F T I R  s p e c tr a  o f  u n tr e a te d  a n d  p r e tr e a te d  Miscanthus. B y  

c o m p a r in g  t h e  F T I R  s p e c tr a  o f  a lk a l i ,  a c id ,  a n d  t w o - s t a g e  p r e tr e a te d  Miscanthus 

( F ig u r e  4 . 1 0 B - D ,  r e s p e c t i v e ly )  w i t h  th a t  o f  u n tr e a te d  Miscanthus  ( F ig u r e  4 .1 0 A ) .  
A c c o r d in g  t o  W a n g  et al. ( 2 0 1 0 ) ,  t h e  p e a k  a t 1 7 3 4  c m ' 1 r e p r e s e n t s  t h e  c o m p l e x  

l in k a g e s  b e t w e e n  h e m i c e l l u l o s e s  a n d  l ig n in ,  s u c h  a s  e s t e r - l in k e d  a c e t y l ,  f e r u lo y l ,  a n d  

p - c o u m a r o y l  g r o u p s ,  a n d  th e  s p e c tr u m  o f  th e  Miscanthus  th e  a lk a l i  p r e tr e a tm e n t  

(F ig u r e  4 .1 0 B )  s h o w s  n o  p e a k  a t t h is  p o s i t io n ,  i m p l y in g  th a t  t h e  l in k a g e s  w e r e  

b r o k e n . T h e  l ig n in  p e a k  a r o u n d  1 2 5 3  c m ' 1 w a s  a l s o  d im in i s h e d .  A f t e r  a lk a li  a n d  t w o -  

s t a g e  p r e tr e a tm e n t  ( F ig u r e  4 .1 0 B  a n d  4 .1 0 D ) ,  th e  p o ly s a c c h a r id e s  p e a k s  ( 8 9 8 ,  1 1 0 8 ,  
1 1 6 4 ,  1 2 6 0 ,  1 3 2 5 ,  a n d  1 3 7 8 )  b e c a m e  sh a r p e r , a s  c o m p a r e d  w i t h  u n tr e a te d  

Miscanthus, c o r r e s p o n d in g  w e l l  to  th e  in c r e a s e  in  p o l y s a c c h a r id e s  c o n t e n t  a f te r  th e  

p r e tr e a tm e n t .



Ab
so

rb
an

ce

41

A

B

c

จ

Figure 4.10 F T I R  s p e c t r u m  o f  ( A )  r a w  Miscanthus, ( B )  a lk a l i - p r e t e a t e d  Miscanthus, 

( C )  a c id -p r e tr e a te d  Miscanthus, a n d  ( D )  T w o - s t a g e  p r e tr e a te d  Miscanthus.
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