
CHAPTER III
EXPERIMENTAL

3.1 Materials

S e e d  s lu d g e  a n d  e t h a n o l  w a s t e w a t e r  w e r e  c o l l e c t e d  f r o m  S a p th ip  L o p b u r i  
C o . ,  L td .,  T h a i la n d .  T h e  a n a e r o b ic  s e e d  s lu d g e  w a s  b la c k  a n d  h a d  to ta l  s u s p e n d e d  

s o l i d s  ( T S S )  c o n c e n t r a t io n  o f  1 5 ,2 7 0  m g /1 . T h e  e t h a n o l  w a s t e w a t e r  h a d  t h e  c h e m ic a l  

c h a r a c t e r i s t ic s ,  a s  s h o w n  in  T a b le  3 .1 .  T h e  e t h a n o l  w a s t e w a t e r  w a s  k e p t  a t 4  ๐c  p r io r  

t o  u s e .

Table 3.1 C h e m ic a l  c h a r a c t e r i s t ic s  o f  th e  e t h a n o l  w a s t e w a t e r

C h e m ic a l  C h a r a c te r is t ic C o n c e n t r a t io n  (m g /1 )

C h e m ic a l  o x y g e n  d e m a n d  ( C O D ) 6 0 , 0 0 0 -  8 0 ,0 0 0
T o ta l  s u s p e n d e d  s o l i d s  ( T S S ) 2 ,6 0 0  -  5 ,2 0 0
T o ta l  n i t r o g e n 6 0 0  -  4 ,6 0 0
P h o s p h o r u s 7 1 0 - 1 4 3 0

3.2 Equipment

•  U p f l o 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

•  G a s  c h r o m a t o 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 t o g r a p h  ( G C ) ,  P e r k in E lm e r , A u t o S y s t e m  G C

•  C O D  r e a c to r , H A C H

•  S p e c t r o p h o t o m e t e r ,  H A C H  D /R  2 0 0 0

•  p H  e le c t r o d e ,  C o le - p a lm e r  K H - 2 7 0 1 2 - 2 7
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3.3 C hem icals

•  A m m o n i u m  h y d r o g e n  c a r b o n a te  (NH4HCO3), a n a ly t ic a l  r e a g e n t  g r a d e ,  
A J A X  F in e c h e m  P ty  L td , A u s t r a l ia

•  D i - p o t a s s i u m  h y d r o g e n  o r t h o p h o s p h a t e  (K2HPO4), a n a ly t ic a l  r e a g e n t  

g r a d e , A J A X  F in e c h e m  P ty  L td , A u s tr a l ia

•  S u l f u r ic  a c id s  (F I2S O 4) 9 8 % , a n a ly t ic a l  r e a g e n t  g r a d e , L a b - s c a n ,  
T h a ila n d

•  S o d iu m  h y d r o x id e  ( N a O H ) ,  a n a ly t ic a l  r e a g e n t  g r a d e , L a b - s c a n ,
T h a ila n d

•  P h e n o lp h t h a le in  ( C 20H 14O 4) ,  a n a ly t ic a l  r e a g e n t  g r a d e , L a b c h e m ,  
A u s t r a l ia

3.4 M ethodology

3 .4 .1  S e e d  S lu d g e  P r e p a r a t io n
S e e d  s lu d g e  w a s  o b t a in e d  f r o m  S a p th ip  L o p b u r i  C o . ,  L t d .,  T h a ila n d . It 

w a s  b o i l e d  a t 95 °c fo r  15 m in  to  e l i m i n a t e  m e t h a n e - p r o d u c in g  b a c t e r ia  th a t  

c o n s u m e  h y d r o g e n  b e f o r e  in t r o d u c in g  in to  th e  U A S B  r e a c to r  ( S r e e t h a w o n g  et a l,  

2010).
3 .4 .2  S u b s tr a te  P r e p a r a t io n

E t h a n o l  w a s t e w a t e r  w a s  o b t a in e d  fr o m  S a p t h ip  L o p b u r i  C o . ,  L td .,  
T h a ila n d .  It w a s  d i lu t e d  w i t h  w a te r  to  o b t a in  c h e m ic a l  o x y g e n  d e m a n d  ( C O D )  o f  

6 0 ,0 0 0  m g /1 . T h e  w a s t e w a t e r  w a s  s u p p le m e n t e d  b y  n u tr ie n t s  to  o b t a in  C O D : N : P  

r a t io  o f  1 0 0 : 2 : 0 .4 .  A m m o n i u m  h y d r o g e n  c a r b o n a te  ( N H 4H C O 3)  a n d  d i - p o t a s s iu m  

h y d r o g e n  o r t h o p h o s p h a t e  ( K 2H P O 4)  w e r e  a d d e d  a s  t h e  n i t r o g e n  a n d  p h o s p h o r u s  

s o u r c e ,  r e s p e c t i v e ly .
3 .4 .3  U A S B  O p e r a t io n

T w o  id e n t ic a l  u p f l o 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 r e  

c o n s t r u c t e d  f r o m  b o r o s i l i c a t e  g la s s  w i t h  a  2 4 - l i t e r  w o r k i n g  v o lu m e  fo r  h y d r o g e n  

p r o d u c t io n .  T h e  te m p e r a tu r e  a n d  p H  w e r e  c o n t r o l l e d  b y  a  w a te r  j a c k e t  s y s t e m  w ith
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h e a t in g  b a th  a n d  p H - c o n t r o l le r ,  r e s p e c t i v e ly .  T h e  s c h e m a t i c  o f  t h e  U A S B  p r o c e s s  is  

s h o w n  in  F ig u r e  3 .1 .  T h e  e th a n o l  w a s t e w a t e r  w a s  f e d  in t o  th e  r e a c to r  fr o m  th e  f e e d  

ta n k . T h e  f e e d  w a s  in t r o d u c e d  at th e  b o t t o m  o f  th e  r e a c to r  ( in  u p w a r d  d ir e c t io n )  a n d  

p a s s e d  t h r o u g h  th e  m ic r o b ia l  s lu d g e .  T h e  o r g a n ic  c o m p o u n d  in  th e  f e e d  w a s  d ig e s t e d  

b y  th e  m ic r o o r g a n i s m s ,  a n d  th e n  th e  g a s e o u s  p r o d u c t s  w e r e  g e n e r a t e d .  A  t h r e e - p h a s e  

s e p a r a to r  w a s  u s e d  fo r  p r e v e n t in g  o u t f lo w  o f  f l o c c u l a n t s  a n d  s e p a r a t in g  th e  g a s e o u s  

p r o d u c t s  a n d  th e  o v e r f l o w n  l iq u id  e f f lu e n t .  T h e  g a s e o u s  p r o d u c t s  w e r e  a n a ly z e d  fo r  

g a s  p r o d u c t io n  r a te  a n d  g a s  c o m p o s i t io n s  b y  g a s  m e t e r  a n d  g a s  c h r o m a t o g r a p h ,  
r e s p e c t i v e ly .  T h e  o v e r f l o w n  l iq u id  e f f lu e n t  w a s  c o l l e c t e d  in  a  p r o d u c t  ta n k , a n d  th e n  

i t  w a s  a n a ly z e d  fo r  t h e  C O D  v a lu e ,  p H , a n d  c o m p o s i t i o n s  o f  v o l a t i l e  fa t ty  a c id s  

( V F A ) .  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  U A S B  r e a c to r  w a s  a l s o  a n a ly z e d  in  t e r m s  

o f  m ix e d  l iq u o r  v o la t i l e  s u s p e n d e d  s o l i d s  ( M L V S S ) .

F i g u r e  3 .1  F l o w  d ia g r a m  o f  U A S B  r e a c to r .

E t fja n o l w a s t e w a t e r  w a s  f e d  in to  th e  U A S B  r e a c to r  w i t h  a n  in it ia l  f e e d  

C O D  v a lu e  o f  6 0 ,0 0 0  m g /1  a t a  c o n t r o l l e d  t e m p e r a tu r e  o f  37 °c. T h e  p H  w a s  

c o n t r o l l e d  a t 5 .5  b y  a  p H - c o n t r o l le r  a n d  a d ju s te d  b y  a  5  w tV v o l .%  N a O H  a q u e o u s  

s o lu t io n .  In  th is  r e s e a r c h ,  th e  C O D  l o a d in g  r a te  w a s  v a r ie d  fr o m  1 0  to  3 5  k g  

C O D / m 3d , c o r r e s p o n d in g  t o  th e  f e e d  f l o w  r a te  a n d  h y d r a u l ic  r e t e n t io n  t im e  (H R T )



26

s h o w n  in  T a b le  3 .2 .  T h e  p a r a m e te r s ,  s u c h  a s  e f f l u e n t  C O D , g a s  p r o d u c t io n  ra te , a n d  

g a s  c o m p o s i t io n ,  w e r e  a n a ly z e d  u n t i l  th e  s y s t e m  r e a c h e d  th e  s t e a d y  s ta te ,  a t w h ic h  

t h e s e  p a r a m e t e r s  w e r e  a lm o s t  in v a r ia n t  ( w i t h  l e s s  th a n  5  %  s ta n d a r d  d e v ia t io n ) .  T h e n ,  
th e  C O D  r e m o v a l ,  V F A  c o m p o s i t io n ,  a n d  M L V S S  w e r e  d e t e r m in e d .

T a b l e  3 .2  C o n d i t io n s  fo r  in v e s t ig a t in g  th e  e f f e c t  o f  C O D  lo a d in g  r a te  o n  h y d r o g e n  

p r o d u c t io n

C O D  l o a d in g  r a te  ( k g  C O D / m 3d ) F e e d  f l o w  r a te  (1 /d ) H R T  (d )
10 4 6
15 6 4
2 0 8 3
2 5 10 2 .4
3 0  - 12 2
3 5  . 14 1 .7

3 .5  A n a l y t i c a l  M e t h o d s

3 .5 .1  C O D  A n a l y s i s
T h e  l iq u id  s a m p le  w a s  h e a t e d  b y  th e  C O D  r e a c t o r  ( H A C H )  fo r  2  h  

a n d  le f t  fo r  2 0  m in .  T h e n , th e  C O D  v a lu e  w a s  d e t e r m in e d  b y  th e  s p e c t r o p h o t o m e t e r  

( H A C H  D R  2 7 0 0 ) .
3 .5 .2  A m o u n t  o f  V F A

A m o u n t  o f  V F A  in  m g  a s  a c e t i c  a c id  p e r  l i t e r  w a s  d e t e 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 t h o d .  T h e  e f f l u e n t  s a m p le  w a s  d i s t i l l a t e d  a n d  t itr a te d  w i t h  0 .1  

M  N a O H  a q u e o u s  s o lu t i o n  u s in g  p h e n o lp h t h a le in  a s  a n  in d ic a t o r  (E a t o n  et a l . , 2 0 0 5 ) .
3 .5 .3  C o m p o s i t io n  o f  V F A

V F A  c o m p o s i t io n  w a s  a n a ly z e d  b y  a  G C  ( P R 2 1 0 0 ,  P e r ic h r o m )  

e q u ip p e d  w i t h  a  f la m e  io n iz a t io n  d e t e c t o r  ( F I D )  a n d  a  5 0  m  X 0 .3 2  I D , 0 .2 5  p m  f i lm  

t h ic k n e s s  D B - W A X e t r  (J  &  พ  S c ie n t i f i c )  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 t h  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 ir  z e r o  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  

t e m p e r a tu r e  p r o g r a m  w a s  s ta r te d  a t 6 0  ๐c ,  h e a t e d  to  1 2 5  ๐c  a t a  r a m p in g  r a te  o f
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3 .5 .4  p H  A n a l y s i s
p H  v a lu e  w a s  d e t e r m in e d  b y  th e  p H  e le c t r o d e  ( C o l e - p a l m e r  K H -

2 7 0 1 2 - 2 7 ) .
3 .5 .5  A m o u n t  o f  P r o d u c e d  G a s

T h e  v o lu m e  o f  g a s  p r o d u c e d  in  th e  r e a c to r  w a s  r e c o r d e d  d a i ly  u s in g  

th e  w a t e r  r e p la c e m e n t  m e t h o d  b y  a  g a s  c o u n te r .
3 .5 .6  G a s  C o m p o s i t io n

T h e  g a s  c o m p o s i t io n  w a s  d e t e r m in e d  b y  a  G C  ( A u t o S y s t e m  G C ,  
P e r k in E lm e r )  e q u ip p e d  w i t h  a  th e r m a l  c o n d u c t iv i t y  d e t e c t o r  ( T C D )  a n d  a  s t a in le s s -  

s t e e l  10' X  1/8" X .085" H a y e S e p  D  100/120 m e s h  ( A l l t e c h )  p a c k e d  c o lu m n .  I n je c to r ,  
c o l u m n ,  a n d  d e t e c t o r  t e m p e r a tu r e s  w e r e  k e p t  a t 60, 35, a n d  150 °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  345 k P a .

3 .5 .7  T o t a l  S u s p e n d e d  S o l i d s  ( T S S )  A n a l y s i s  

3.5. 7 .1 Procedure

( 1 )  P r e p a r a t io n  o f  g la s s - f i b e r  f i l t e r  d i s k  ( P a l l - 6 1 6 3 1  A / E ,  4 7
m m , 1 p m ):

10 ๐c  min'1, held for 2 min, then heated to 180 ๐c  at a ramping rate of 15 ๐c  min'1,
and held for 15 min. The temperatures of injector and detector were 250 and 270 °c,
respectively.

F i g u r e  3 .2  (a )  g la s s - f i b e r  f i l t e r  d i s k  a n d  (b )  f i l t r a t io n  a p p a r a tu s .
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- T h e  g la s s - f ib e r  f i l t e r  d i s k  w i t h  w r in k le d  s id e  u p  w a s  

in s e r te d  in  f i l t r a t io n  a p p a r a tu s , a s  s h o w n  in  F ig u r e  3 .2 ( a )  a n d  ( b ) ,  a f te r  th a t  it  w a s  

a p p lie d  to  v a c u u m  a n d  it  w a s  w a s h e d  w i t h  th r e e  s u c c e s s i v e  2 0  c m 3 o f  d i s t i l l e d  w a te r .
-  T h e  g la s s - f ib e r  f i l t e r  d i s k  w a s  d r ie d  in  a n  o v e n  a t  

1 0 5  ° c  fo r  1 h , le f t  t o  b e  c o o le d  in  d e s i c c a t o r  t o  b a la n c e  t e m p e r a tu r e ,  a n d  th e n  

w e ig h e d .
( 2 )  S e le c t io n  o f  f i l t e r  a n d  s a m p le  s iz e s :

- T h e  s a m p le  v o lu m e  w a s  c h o s e n  t o  y i e ld  b e t w e e n  1 0

a n d  2 0 0  m g  d r ie d  r e s id u e .
-  I f  m o r e  th a n  1 0  m in  w e r e  r e q u ir e d  to  c o m p le t e  

f i l t r a t io n , e i t h e r  f i l t e r  s i z e  w a s  in c r e a s e d  o r  s a m p le  v o l u m e  w a s  d e c r e a s e d .
( 3 )  S a m p le  a n a ly s is :

- T h e  f i l t e r in g  a p p a r a tu s  a n d  f i l t e r  w e r e  p r e p a r e d .
-  T h e  f i l t e r  w a s  w e t  w i t h  a  s m a l l  v o l u m e  o f  d i s t i l l e d  

w a te r  to  s t i c k  it  t o  th e  a p p a r a tu s .
-  A  s a m p le  w a s  h o m o g e n e o u s l y  m i x e d  b e f o r e  te s t .
-  A  s a m p le  w a s  p ip e t t e d  o n t o  t h e  s e a t e d  g la s s - f i b e r  f i lt e r .
- T h e  f i l t e r  w a s  w a s h e d  w i t h  th r e e  s u c c e s s i v e  1 0  c m 3 o f  

d i s t i l l e d  w a te r ,  a n d  s u c t io n  w a s  c o n t in u e d  fo r  a b o u t  3 m in  a f t e r  c o m p l e t e  f i l t r a t io n .
- T h e  f i l t e r  w a s  c a r e f u l ly  r e m o v e d  f r o m  f i lt r a t io n  

a p p a r a tu s , d r ie d  a t le a s t  1 h  a t 1 0 3  t o  1 0 5  °c in  a n  o v e n ,  c o o l e d  in  d e s i c c a t o r  to  

b a la n c e  t e m p e r a tu r e ,  a n d  t h e n  w e ig h e d .
-  T h e  c y c l e  w a s  r e p e a te d  u n t i l  t h e  w e i g h t  o f  s a m p le  

b e c a m e  n e a r ly  c o n s t a n t  ( l e s s  th a n  4 %  d i f f e r e n c e ) .
3.5.7.2 Calculation

m g  to ta l  s u s p e n d  s o l i d s  ( T S S )  _  ( A  -  B )  X 1 o 6
L  S a m p le  v o l u m e ,  (r a L )

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

B  =  W e ig h t  o f  f i l t e r  [g ]
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