
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3 .1 .1  S u b s tra te s
S e e d  s lu d g e , c a s s a v a  w a s te w a te r ,  a n d  c a s s a v a  r e s id u e  w e r e  c o l le c te d  

f ro m  th e  b io g a s  p a n t  ( U b o n  B io g a s  C o ., L td .,  U b o n  R a tc h a th a n i ,  T h a i la n d ) .  S e e d  
s lu d g e  a n d  c a s s a v a  w a s te w a te r  w e re  k e p t  a t  4  ๐c  b e fo re  u s e . T h e  a n a e ro b ic  s e e d  
s lu d g e  is  b la c k  c o lo r ,  a n d  h a s  to ta l  s u s p e n d e d  s o l id s  (T S S )  c o n c e n t r a t io n  o f  9 ,0 0 0  
m g/1 . A  c h e m ic a l  o x y g e n  d e m a n d  (C O D )  v a lu e  o f  th e  c a s s a v a  w a s te w a te r  u s e d  in  
th is  w o rk  w a s  a r o u n d  1 0 ,5 5 7  m g/1 , a s  s h o w n  in  T a b le  3 .1 . T h e  r a t io  o f  
C O D :n i t r o g e n :p h o s p h o r o u s  w a s  1 0 0 :2 .5 :0 .8  w h ic h  is  h ig h e r  th a n  th e  th e o r e t ic a l  r a t io  
( C O D :N :P  =  1 0 0 :1 :0 .4  fo r  a n a e ro b ic  d e c o m p o s i t io n  f o r  b io g a s  p r o d u c t io n  ( In ta n o o  
et al, 2 0 1 2 ). s u g g e s t in g  th a t  th e  n i t r o g e n  a n d  p h o s p h o r o u s  c o n te n ts  in  th e  
w a s te w a te r  w e re  s u f f ic ie n t  fo r  b a c te r ia  g r o w th . T h e  e le m e n ta l  a n d  c h e m ic a l  
c o m p o s i t io n s  o f  c a s s a v a  r e s id u e  a re  s h o w n  in  T a b le s  3 .2 .

Table 3.1 C h a ra c te r i s t ic s  o f  th e  s tu d ie d  c a s s a v a  w a s te w a te r

Parameters Unit Value
p H - 4 .3 4
T S  (T o ta l  s o l id s ) m g /L 1 ,3 3 0
T o ta l  C O D  (T o ta l  c h e m ic a l  o x y g e n  d e m a n d ) m g /L 1 0 ,5 5 7
T o ta l  n i t ro g e n m g /L 2 6 6 .6 7
T o ta l  p h o s p h o r o u s m g /L 8 0
A m m o n iu m m g /L 2 . 0 0

N itr a te m g /L 4 6 .6 7
N i tr i te m g /L 1 .07
C O D  : N : p - 10 0  : 2 .5  : 0 .8
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Table 3.2 E le m e n ta l  a n d  c h e m ic a l  c o m p o s i t io n s  o f  th e  s tu d ie d  c a s s a v a  r e s id u e

Elemental composition wt%, dry basis
C a r b o n 3 7 .0 7

H y d r o g e n 5 .8 9

N i tr o g e n 0 . 2 0

O x y g e n 5 6 .7 7

S u lfu r 0 .0 7 2

Chemical composition wt%, dry basis
S ta rc h 4 1 .0 5

H e m ic e l lu lo s e 2 3 .4 1

C e l lu lo s e 1 8 .9 5

L ig n in 5 .6 3

E x tra c t iv e s 9 .3 4

A s h 1 .62

3 .1 .2  C h e m ic a ls
S o d iu m  h y d r o x id e  (N a O H ) ,  a n d  p h e n o lp h th a le in  (C 20H 14O 4, 

a n a ly t ic a l  r e a g e n t  g ra d e , L a b - s c a n )  a r e  u s e d  in  th is  w o rk .

3.2 Equipments

•  U p f lo w  a n a e r o b ic  s lu d g e  b la n k e t  ) U A S B (  r e a c to r s
•  W e t g a s  m e te r ,  R i t te r ,  T G 0 5 /5
•  G a s  c h r o m a to g r a p h  ) G C ( , P e r ic h r o m , P R 2 1 0 0
•  G a s  c h r o m a to g r a p h )  G C ( , P e rk in -E lm e r ,  A u to S y s te m  G C
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•  C O D  r e a c to r ,  H A C H
•  S p e c t ro p h o to m e te r ,  H A C H  D /R  2 7 0 0
•  p H  e le c t ro d e ,  C o le - p a lm e r  K H -2 7 0 1 2 -2 7
•  E le m e n ta l  a n a ly z e r  ( T r u S p e c - C H N )

•  P e r i s ta l t ic  p u m p

3.3 Methodology

3 .3 .1  C a s s a v a  W a s te w a te r  a n d  C a s s a v a  R e s id u e  P re p a ra t io n
T h e  c a s s a v a  w a s te w a te r  w a s  s c re e n e d  to  r e m o v e  a n y  la rg e  s o l id  

p a r t i c le s  a n d  u s e d  to  fe e d  th e  b io r e a c to r  w i th o u t  d i lu t io n  a n d  a d d i t io n  o f  a n y  n u tr ie n t .  
T h e  c a s s a v a  r e s id u e  s a m p le  w a s  d r ie d  a t 105 ๐c .  A f te r  th a t ,  it w a s  c r u s h e d  a n d  
m il le d  to  r e d u c e d  p a r t ic le  s iz e  a n d  f in a l ly  s ie v e d  th ro u g h  a  6 0  m e s h  s c re e n , ( a v e ra g e  
d ia m e te r  o f  th e  f e r m e n ta t io n  r e s id u e  w a s  a b o u t  2 1 3  p m ) .

3 .3 .2  B io r e a c to r  D e s ig n  a n d  O p e ra t io n
E a c h  o f  th e  u p f lo w  a n a e ro b ic  s lu d g e  b la n k e t  ( U A S B )  r e a c to r s  w a s  

c o n s t r u c te d  f ro m  b o ro s i l i c a te  g la s s  w i th  a  4  a n d  2 4  L  w o r k in g  v o lu m e  fo r  h y d r o g e n  
a n d  m e th a n e  U A S B  b io r e a c to r s ,  r e s p e c t iv e ly . T h e  o p e ra t in g  te m p e r a tu r e  o f  b o th  
r e a c to r s  w a s  c o n tr o l le d  a t  55  ° c .  A  s c h e m a t ic  o f  th e  s tu d ie d  tw o - s ta g e  U A S B  u n i t  
u s e d  in  th is  w o rk  is  s h o w n  in  F ig u re  3 .1 .
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Methane UASB unit

Figure 3.1 S c h e m a tic  o f  tw o  s ta g e  u p f lo w  a n a e ro b ic  s lu d g e  b l a n k e t  ( U A S B )  u n it .

T h e  c a s s a v a  w a s te w a te r  w i th  a d d e d  d i f f e r e n t  c o n c e n t r a t io n s  ( 3 0 0 -1 ,5 0 0  
m g / 1) o f  th e  c a s s a v a  r e s id u e  w a s  fe d  c o n t in u o u s ly  to  th e  b o t to m  o f  th e  h y d r o g e n  
U A S B  b io r e a c to r  u n d e r  a  C O D  lo a d in g  r a te  o f  12 k g /m 3d  b a s e d  o n  th e  m e th a n e  
b io r e a c to r  o r  7 2  k g /m 3d  b a s e d  o n  th e  h y d ro g e n  b io r e a c to r  w i th o u t  a d d e d  c a s s a v a  
r e s id u e .Y u  e t  a l. ( 2 0 0 2 )  f o u n d  th a t  th e  p H  v a lu e  o f  5 .5  w a s  th e  o p t im u m  p H  fo r  
h y d ro g e n  p r o d u c t io n .  S o , th e  p H  in  th is  w o rk  w a s  c o n t r o l le d  a t  th is  v a lu e  fo r  th e  
h y d r o g e n  b io r e a c to r  b y  u s in g  a  p H  c o n t r o l le r  w i th  a  1 M  N a O H  s o lu t io n . T h e  
e f f lu e n t  f ro m  th e  h y d r o g e n  U A S B  u n it  w a s  d i re c t ly  p u m p e d  in to  th e  m e th a n e  U A S B  
b io r e a c to r  w i th  a  le v e l  c o n tro l  p ro b e . T h e  p H  in  th e  m e th a n e  b io r e a c to r  w a s  n o t  
c o n tr o l le d .  T h e  e f f lu e n t  o f  th e  m e th a n e  b io r e a c to r  w a s  p u m p  to  th e  h y d ro g e n  
b io r e a c to r  w i th  th e  re c y c le  r a t io  o f  1 :1 . A t a n y  c a s s a v a  r e s id u e  c o n c e n t r a t io n ,  th e  
s y s te m  w a s  o p e ra te d  fo r  a p p ro x im a te ly  4  w e e k s  to  r e a c h  a  s te a d y  s ta te  b e f o r e  ta k in g  
th e  s a m p le s  fo r  a n a ly s is .
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3.4 Analytical Methods

3 .4 .1  C O D  A n a ly s is
3.4.1.1 Reagents

- Digestion solution. 1 0 .2 1 6  g o f  d r ie d  K 2 C r 2 0 7 ( p r im a ry  
s ta n d a r d  g ra d e ) ,  16 7  m l o f  9 8 %  H 2ร O 4, a n d  3 3 .3  g  o f  H g S 0 4  w e r e  a d d e d  in to  5 0 0  m l 
d i s t i l le d  w a te r .  T h e n  th e  m ix tu r e  w a s  le f t  fo r  c o m p le te  d i s s o lu t io n ,  c o o le d  to  r o o m  
te m p e r a tu r e ,  a n d  f in a l ly  d i lu te d  to  1 L.

- Sulfuric acid reagent. A g 2 ร 0 4 ( r e a g e n t  g ra d e , c r y s ta l s  o r  
p o w d e r )  w a s  a d d e d  to  9 8 %  H 2 ร 0 4 T h e  m ix tu r e  w a s  le f t  to  s ta n d  fo r  1 to  2 d  to  
c o m p le te ly  d is s o lv e  th e  A g 2 ร O 4.

3.4.1.2 Procedure
A  d i lu te  s a m p le  o f  2 .5  m l w a s  a d d e d  to  a  d ig e s t io n  v ia l  

( H A C H , 1 6 x 1 0 0  m m ). T h e  d ig e s t io n  r e a g e n t  o f  1.5 m l w a s  a d d e d  to  th e  v ia l .  
A f te r w a r d s ,  s u l fu r ic  a c id  r e a g e n t  w a s  s lo w ly  d r o p p e d  fo r  3 .5  m l in to  th e  v ia l .  T h e  
v ia l  w a s  in v e r te d  s e v e ra l  t im e s  to  h o m o g e n e o u s ly  m ix  th e  c o n te n ts  a n d  h e a te d  fo r  2  

h  in  th e  p r e h e a te d  C O D  r e a c to r  (H A C H )  ( F ig u re  3 .2 a ) . T h e n , th e  v ia l  w a s  c o o le d  to  
ro o m  te m p e ra tu re .  F in a l ly ,  it w a s  p la c e d  in to  th e  s p e c t r o p h o to m e te r  (H A C F I D R  
2 7 0 0 )  fo r  r e a d in g  C O D  v a lu e , a s  s h o w n  in  F ig u r e  3 .2 b .

Figure 3 .2  (a )  C O D  r e a c to r  a n d  (b )  s p e c t r o p h o to m e te r .
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3 .4 .2  T o ta l  V F A  A n a ly s is
T h e  a m o u n t  o f  V F  A s  in  m g  a s  a c e t ic  p e r  l i te r  w a s  d e te r m in e d  b y  a  

d i s t i l la t io n - t i t r a t io n  m e th o d . T h e  e f f lu e n t  s a m p le  w a s  d i s t i l la te d  a n d  t i t r a te d  w i th  0.1 
M  N a O H  u s in g  p h e n o lp h th a le in  a s  a n  in d ic a to r  ( E a to n  et ai, 2 0 0 5 ) .

3 .4 .3  V F A  C o m p o s i t io n  A n a ly s is
V F A s  c o m p o s i t io n  w a s  a n a ly z e d  b y  a  g a s  c h r o m a to g r a p h  (P R 2 1 0 0 , 

P e r ic h r o m )  e q u ip p e d  w i th  a  f la m e  io n iz a t io n  d e te c to r  a n d  a  5 0  m  X 0 .3 2  ID , 0 .2 5  p m  
f ilm  th ic k n e s s  D B - W A X e tr  (J  &  พ  S c ie n t i f ic )  c a p i l la r y  c o lu m n  in  th e  s p l i t  m o d e  (1 0  
m L /m in )  w i th  h e l iu m  a t a  p r e s s u r e  o f  8 2  k P a  a s  a  c a r r ie r  g a s ,  แ 2 a t  5 0  k P a  a s  a  
c o m b u s t io n  g a s , a n d  a i r  z e ro  a t 5 0  k P a  a s  a  c o m b u s t io n - s u p p o r t in g  g a s . T h e  c o lu m n  
te m p e r a tu r e  p r o g ra m  w a s  s ta r te d  a t  6 0  °c, h e a te d  to  125 ๐c a t a  r a m p in g  r a te  o f  
1 0  °c m i n '1, h e ld  fo r  2 m in , th e n  h e a te d  to  18 0  °c a t a  r a m p in g  ra te  o f  15°c m i n '1, 
a n d  h e ld  fo r  15 m in . T h e  te m p e r a tu r e s  o f  in je c to r  a n d  d e te c to r  a r e  2 5 0  a n d  2 7 0  ๐c ,  
r e s p e c t iv e ly .

3 .4 .4  G a s  C o m p o s i t io n  A n a ly s is
T h e  g a s  c o m p o s i t io n  w a s  d e te r m in e d  b y  a  g a s  c h r o m a to g r a p h  

( A u to S y s te m  G C , P e rk in -E lm e r )  e q u ip p e d  w ith  a  th e rm a l  c o n d u c t iv i ty  d e te c to r  
( T C D )  a n d  a  s ta in le s s - s te e l  1 0 ' X 1 /8 "  X .0 8 5 ” H a y e S e p  D  1 0 0 /1 2 0  m e s h  ( A ll te c h )  
p a c k e d  c o lu m n . I n je c to r  a n d  d e te c to r  t e m p e r a tu r e s  w e re  k e p t  a t  6 0 , 3 5 , a n d  15 0  ° c ,  
r e s p e c t iv e ly .  A r g o n  w a s  u s e d  a s  th e  c a r r ie r  g a s  a t p r e s s u r e  o f  3 4 5  k P a .
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3 .4 .5  T o ta l  S u s p e n d e d  S o l id s  ( T S S )  A n a ly s is
A  g la s s - f ib e r  f i l t e r  d is k  (P a l l-6 1 6 3 1  A /E , 4 7  m m , 1 (am) ( F ig u re  3 .3 )  

w a s  u s e d  f o r  a n a ly s is  o f  T S S  a c c o rd in g  to  th e  s ta n d a r d  m e th o d :

Figure 3 .3  (a )  g l a s s - f ib e r  f i l t e r  d is k  a n d  (b )  f i l t r a t io n  a p p a ra tu s .

T h e  c a lc u la t io n  o f  s s  is  s h o w n  in  th e  f o l lo w in g  e q u a t io n :

m g  to ta l  s u s p e n d  s o l id s  ( T S S )  _  ( A - B ) x l O 6

L  S a m p le  v o lu m e ,  ( m L )

A  =  W e ig h t  o f  f i l te r  +  d r ie d  r e s id u e  [g]
B  =  W e ig h t  o f  f i l te r  [g]

3 .4 .6  P h o s p h o r o u s  A n a ly s is
T h e  to ta l  p h o s p h o r o u s  in  fe e d  a n d  e f f lu e n t  s a m p le s  w a s  d e te r m in e d  

b y  th e  m o ly b d o v a n a d a te  m e th o d  w ith  a c id  p e r s u l f a te  d ig e s t io n  (H a c h  C o m p a n y ) .  
T h e  s a m p le  c e ll  w a s  p la c e d  in to  th e  s p e c t r o p h o to m e te r  ( H A C H  D R  2 7 0 0 )  fo r  
d e te r m in in g  p h o s p h o r o u s  c o n te n t .

3 .4 .7  N i t r o g e n  A n a ly s is
T h e  n i t r o g e n  c o n c e n t r a t io n s  ( in  te r m s  o f  o r g a n ic - n i t r o g e n  b y  th e  

d ia z o t iz a t io n ,  a n d  c a d m iu m  r e d u c t io n  m e th o d  a n d  in o r g a n ic  n i t r o g e n  b y  th e  
s a l ic y la te  m e th o d )  in  fe e d  a n d  e f f lu e n t  s a m p le s  w e r e  c a r r ie d  o u t  w i th  th e  T N T  
p e r s u l f a te  d ig e s t io n .  T h e  s a m p le  c e ll  w a s  p la c e d  in to  th e  s p e c t r o p h o to m e te r  ( H A C H  
D R  2 7 0 0 )  fo r  d e te r m in in g  n i t r o g e n  c o n te n t .
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3 .4 .8  C a s s a v a  R e s id u e  C o m p o s i t io n  A n a ly s is
T h e  d r ie d  s a m p le  o f  c a s s a v a  r e s id u e  w a s  a n a ly z e d  f o r  e le m e n ta l  a n d  

c h e m ic a l  c o m p o s i t io n s .  A n  e le m e n ta l  a n a ly z e r  ( T r u S p e c -C H N )  w a s  u s e d  to  
d e te rm in e  c, H , O , N  a n d  ร c o n te n ts  in  th e  s a m p le . C o m b u s t io n  a n d  b u rn e r  
te m p e r a tu r e s  w e re  k e p t  a t  9 5 0  ๐c  fo r  c , H , 0 , N  a n d  8 5 0  °c fo r  ร  w i th  o x y g e n , 
h e l iu m , a n d  a i r  u s e d  a s  c a r r ie r  g a s e s . F o r  th e  c h e m ic a l  c o m p o s i t io n  a n a ly s is ,  a  d r ie d  
s a m p le  w a s  e x t r a c te d  b y  a c e to n e  (6 0  m l a c e to n e  fo r  1 g  o f  d r ie d  r e s id u e  s a m p le )  a t 
9 0  °c fo r  2 h . A f te r  th a t ,  th e  s a m p le  w a s  d r ie d  a t  105 °c u n ti l  a  c o n s ta n t  w e ig h t  w a s  
o b ta in e d . T h e  w e ig h t  d i f f e r e n c e  b e fo re  a n d  a f te r  th e  e x t r a c t io n  w a s  r e p r e s e n te d  th e  
e x t r a c t iv e  (o i ls  a n d  p h e n o l ic  c o m p o u n d s )  f r a c t io n  in  th e  s a m p le . T h e n , 10 m l o f  a  0 .5  
M  s o d iu m  h y d r o x id e  s o lu t io n  w a s  a d d e d  to  th e  c a s s a v a  r e s id u e  f ro m  th e  p r e v io u s  
s te p . T h e  m ix tu r e  w a s  h e ld  a t  8 0  °c fo r  3 .5  h . A f te r  th a t ,  th e  s a m p le  w a s  w a s h e d  
u s in g  d i s t i l le d  w a te r  u n ti l  a  n e u tr a l  p H  v a lu e  o f  7 is  r e a c h e d  a n d  d r ie d  to  o b ta in  a  
c o n s ta n t  w e ig h t . T h e  d if f e r e n c e  c o n s ta n t  w e ig h t  o f  th e  r e s id u e  in d ic a te d  th e  
h e m ic e l lu lo s e  a n d  s ta r c h  f ra c t io n s .  T h e  s ta r c h  f ra c t io n  w a s  d e te r m in e d  b y  th e  
a m y la s e /a m y lo g lo c o s id a s e  m e th o d  u s in g  a  s ta r c h  a s s a y  k i t  ( S ig m a - A ld r ic h ,  In c ) . T o  
d e te rm in e  th e  a m o u n t  o f  l ig n in , 3 0  m l o f  a  7 2  w t%  s u l fu r ic  a c id  is  a d d e d  to  th e  
e x t r a c t iv e - f r e e  d r ie d  r e s id u e . T h e  m ix tu r e  w a s  m a in ta in e d  a t  8 - 1 5  °c fo r  2 4  h. T h e n , 
it w a s  t r a n s f e r r e d  in to  a  f la s k  a n d  d i lu te d  w ith  3 0 0  m l o f  d i s t i l le d  w a te r .  A f te r  th a t , 
th e  s a m p le  w a s  b o i le d  a t  100  ๐c  fo r  1 h . T h e  m ix tu r e  w a s  f i l te re d . T h e  w e ig h t  lo s s  
f ro m  th is  s te p  s h o w e d  th e  l ig n in  f ra c t io n . S o , th e  f r a c t io n  o f  c e l lu lo s e  a n d  a s h  w a s  
c a lc u la te d  b y  th e  d if f e r e n c e  o f  th e  c a s s a v a  r e s id u e  w e ig h t  to  th a t  o f  e x t r a c t iv e s ,  
h e m ic e l lu lo s e ,  s ta r c h , a n d  l ig n in . F in a l ly , th e  u n d is s o lv e d  s o l id s  w e r e  c a lc in e d  a t 
5 5 0  ๐c  fo r  1 h . T h e  w e ig h t  lo s s  in  th is  s te p  in d ic a te d  th e  c e l lu lo s e  f r a c t io n  a n d  th e  
r e m a in e d  w e ig h t  r e p r e s e n te d  a sh .

3 .4 .9  M ic ro b ia l  C o n c e n t r a t io n  (M L V S S )
T h e  m ic r o b ia l  c o n c e n t r a t io n  in  th e  s y s te m , w h ic h  is  a  p a r a m e te r  fo r  

d e te r m in in g  th e  d e g r a d a t io n  o f  o rg a n ic  c o m p o u n d s  p r e s e n t  in  th e  r e a c to r ,  c a n  b e  
m e a s u r e d  in  te r m s  o f  m ic r o b ia l  c o n c e n t r a t io n  o r  M L V S S . A t  s te a d y  s ta te , th e  w h o le  
l iq u id  a n d  s o l id  c o m p o n e n ts  a re  d r a in e d  o u t  f ro m  th e  r e a c to r  a n d  th e n  s t i r r e d  w i th  a  
s t i r r e r  u n ti l  h o m o g e n e o u s  m ix in g .  T h e  c o l le c te d  s a m p le  w a s  f i l t r a te d  th r o u g h  a  g la s s  
f ib e r  f i l te r , w a s h e d  w i th  d i s t i l le d  w a te r ,  a n d  d r ie d  in  a n  o v e n  a t  105 °c f o r  1 h . T h e
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d r ie d  r e s id u e  s a m p le  is  d e te r m in e d  fo r  M L S S . T h e  M L V S S  is  th e  d i f f e r e n c e  b e tw e e n  
th e  d r ie d  r e s id u e  s a m p le  a t  105 °c a n d  th e  d r ie d  r e s id u e  s a m p le  a t  5 5 0  °c ( fo r  1 h .) .

3 .4 .1 0  M ic ro b ia l  W a s h o u t  ( E f f lu e n t  V S S )
T h e  m ic r o b ia l  w a s h o u t  f ro m  th e  s y s te m  c a n  b e  m e a s u r e d  in  te r m s  o f  

E f f lu e n t  V S S . A t s te a d y  s ta te ,  th e  e f f lu e n t  l iq u id  a n d  s o l id  c o m p o n e n ts  a re  d r a in e d  
o u t  f ro m  th e  re a c to r .  T h e  c o l le c te d  s a m p le  w a s  f i l t r a te d  th ro u g h  a  g la s s  f ib e r  f i l te r , 
w a s h e d  w i th  d i s t i l le d  w a te r ,  a n d  d r ie d  in  a n  o v e n  a t  105 °c fo r  1 h . T h e  d r ie d  r e s id u e  
s a m p le  w a s  d e te r m in e d  fo r  T S S . T h e  e f f lu e n t  V S S  is  th e  d i f f e r e n c e  b e tw e e n  th e  
d r ie d  r e s id u e  s a m p le  a t  105 °c a n d  th e  d r ie d  r e s id u e  s a m p le  a t  550 °c ( fo r  1 h .) .
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