
CHAPTER III 
EXPERIMENTAL

3.1 Materials

Seed sludge, cassava wastewater, and cassava residue were collected from the 
biogas plant at Ubon Biogas Co., Ltd., Ubon Ratchathani, Thailand. Their 
characteristics were investigated and are shown in Tables 3 .1  - 3 .7 .

3.2 Chemicals

• Ammonium hydrogen carbonate (NH4HCO3), analytical reagent grade, 
AJAX Finechem Pty Ltd., Australia

• Di-potassium hydrogen orthophosphate (K2HPO4), analytical reagent 
grade, AJAX Finechem Pty Ltd., Australia

• Sodium hydroxide (NaOH), analytical reagent grade, Lab-scan, Thailand
• Phenolphthalein (C20H14O4), analytical reagent grade, Labchem, Australia
• Sulfuric acid (FI2SO4) 98 %, analytical reagent grade, Lab-scan, Thailand
• Methyl orange (CuHuNsNaCLS), analytical reagent grade, Lab-scan, 

Thailand
• Sodium Thiosulfate Pentahydrate (ทท2ร2 0 3 -5 แ 2 0 ), analytical reagent 

grade, Lab-scan, Thailand
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Table 3 .1  C h a r a c te r i s t ic s  o f  th e  s e e d  s lu d g e
Parameters Unit Value
C o lo u r - D a rk
T S S  ( T o ta l  s u s p e n d e d  s o l id s ) m g /L 8 ,9 4 0
T V S  ( T o ta l  v o la t i le  s o l id s ) m g /L 8 ,8 8 0
N i t r o g e n  c o n te n t  in  1 g  o f  d r ie d  s e e d  s lu d g e g /L 0 .3 9 9 8

Table 3 .2  C h a r a c te r i s t ic s  o f  th e  c a s s a v a  w a s te w a te r
Parameters Unit Value
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
S e tt le d  C O D  (S e t t le d  c h e m ic a l  o x y g e n  d e m a n d ) m g /L 1 0 ,4 1 7
S o lu b le  C O D  ( S o lu b le  c h e m ic a l  o x y g e n  d e m a n d ) m g /L 9 ,4 0 8
T o ta l n i t r o 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
C O D  : N : p - 10 0  ะ 2 .5  : 0 .8
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 .0 7
p H - 4 .3 4
T o ta l V F A  (T o ta l  v o la t i l e  f a t ty  a c id ) m g /L 5 7 6 .7 8
T o ta l a c id i ty m g /L 83T8.33
T S  (T o ta l  s o l id s ) m g /L 1 ,3 3 0
y s  ( V o la t i l e  s o l id s ) m g /L 1 ,3 2 4
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Table 3 .3  C h a r a c te r i s t ic s  o f  th e  c a s s a v a  r e s id u e
Parameters Unit Value
T S  (T o ta l  s o l id s ) ( g /g  o f  d r ie d  T S ) 0 .9 9 4
T V S  ( T o ta l  v o la t i le  s o l id s ) ( g /g  o f  d r ie d  T S ) 0 .9 7 6
A s h ( g /g  o f  d r ie d  T S ) 0 .0 1 8
C O D  ( C h e m ic a l  o x y g e n  d e m a n d ) ( g /g  o f  d r ie d  T S ) 0 .8 0 6
T o ta l  n i t r o g e n ( g /g  o f  d r ie d  T S ) 0 .0 3 1
T o ta l  p h o s p h o r o u s ( g /g  o f  d r ie d  T S ) 0 .0 0 4
C O D  ะ N  : p - 10 0  ะ 3 .8  ะ 0 .5
M o is tu re % 1 1 .6 3
C a rb o n % 3 7 .0 7
H y d r o g e n % '  5 .8 9
N i t r o g e n % 0 . 2 0

S u lp h u r % 0 .0 7
O x y g e n % 5 6 .7 7
E x tr a c t iv e s % 9 .3 4
H e m ic e l lu lo s e % 2 3 .4 1
S ta rc h % 4 1 .0 5
L ig n in % 5 .6 3
C e l lu lo s e % 1 8 .9 5
A s h % 1 .6 2
P a r t ic le  s iz e  ( U s e  a ir  a s  m e d iu m )  - p m 1 5 3 .3 2
P a r t ic le  s iz e  ( U s e  w a te r  a s  m e d iu m ) p m 2 1 2 .9 1
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Table 3 .4  C h a r a c te r i s t ic s  o f  th e  c a s s a v a  w a s te w a te r  w i th  a d d e d  c a s s a v a  r e s id u e  o f  
2 5 0  p p m

Parameters Unit Value
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 10 ,86 1
S e t t le d  C O D  ( S e t t le d  c h e m ic a l  o x y g e n  d e m a n d ) m g /L 10 ,67 1
S o lu b le  C O D  ( S o lu b le  c h e m ic a l  o x y g e n  d e m a n d ) m g /L 9 ,6 1 2
T o ta l  n i t ro g e n m g /L 3 0 4 .4 3
T o ta l  p h o s p h o r o u s m g /L 1 1 2

C O D  : N : p - 1 0 0  : 2 . 8  ะ 1 . 0

A m m o n iu m m g /L 2 .1 7
N i t r a te m g /L 4 8 .3 3
N i t r i t e m g /L 1 .0 7
p H - 4 .3 3
T S  (T o ta l  s o l id s ) m g /L 1 ,5 7 6
V S  ( V o la t i le  s o l id s ) m g /L 1 ,5 6 9

Table 3 .5  C h a r a c te r i s t ic s  o f  th e  c a s s a v a  w a s te w a te r  w i th  a d d e d  c a s s a v a  r e s id u e  o f  
5 0 0  p p m
Parameters Unit Value
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 1 ,1 1 4
S e t t le d  C O D  ( S e t t le d  c h e m ic a l  o x y g e n  d e m a n d ) m g /L 1 0 ,8 7 3
S o lu b le  C O D  ( S o lu b le  c h e m ic a l  o x y g e n  d e m a n d ) m g /L 9 ,7 6 5
T o ta l  n i t r o g e n m g /L  - 3 4 2 .1 8
T o ta l  p h o s p h o r o u s m g /L 134
C O D  ะN : p - 1 0 0  : 3.1 ะ 1. 2
A m m o n iu m m g /L 2 .1 7
N i t r a te m g /L 4 8 .3 3
N i t r i t e m g /L 1 . 1 0

p H - 4 .3 3
T S  (T o ta l  s o l id s ) m g /L 1 ,8 2 0
V S  ( V o la t i le  s o l id s ) m g /L 1 ,8 1 3
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Table 3.6 C h a r a c te r i s t ic s  o f  th e  c a s s a v a  w a s te w a te r  w i th  a d d e d  
1,000 ppm

c a s s a v a  r e s id u e  o f

Parameters Unit Value
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 11,632
S e t t le d  C O D  ( S e t t le d  c h e m ic a l  o x y g e n  d e m a n d ) m g /L 11,291
S o lu b le  C O D  ( S o lu b le  c h e m ic a l  o x y g e n  d e m a n d ) m g /L 10,083
T o ta l  n i tro g e n m g /L 417.69
T o ta l  p h o s p h o r o u s m g /L 198
C O D  : N : p - 100 ะ 3.6 : 1.7
A m m o n iu m m g /L 2.33
N i t r a te m g /L 50.00
N i t r i t e m g /L 1.13
p H - 4.32
T S  (T o ta l  s o l id s ) m g /L 2,310
V S  ( V o la t i l e  s o l id s ) m g /L 2,302

Table 3.7 C h a r a c te r i s t ic s  o f  th e  c a s s a v a  w a s te w a te r  w i th  a d d e d  
1,500 ppm

c a s s a v a  r e s id u e  o f

Parameters Unit Value
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 12,180
S e t t le d  C O D  ( S e t t le d  c h e m ic a l  o x y g e n  d e m a n d ) m g /L 11,740
S o lu b le  C O D  ( S o lu b le  c h e m ic a l  o x y g e n  d e m a n d ) m g /L 10,431
T o ta l  n i tro g e n m g /L 493.21
T o ta l  p h o s p h o r o u s m g /L 242
C O D  ะ N : p - 100 ะ 4.0 : 2.0
A m m o n iu m m g /L 2.33
N i tr a te m g /L 53.33
N i t r i t e m g /L 1.15
p H - 4.32
T S  (T o ta l  s o l id s ) m g /L 2,800
V S  ( V o la t i le  s o l id s ) m g /L 2,791
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3.3 Equipment

•  C o n t in u o u s  s t i r r e d  ta n k  r e a c to r  ( C S T R )
•  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 r k in - E lm e r ,  A u to S y s te m  G C
•  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 ,  E C F G 7 3 5 0 4 0 I B
•  D O  m e te r ,  D 0 - 5 5 1 2 S D
•  F e e d  p u m p

3.4 Methodology

•  S e e d  s lu d g e  w a s  f i l te r e d  th ro u g h  th e  s ie v e  w ith  th e  s iz e  o f  1 m m  in  o r d e r  
to  r e m o v e  la rg e  p a r t i c le s  a n d  d e b r is .

•  C a s s a v a  w a s te w a te r  w a s  f i l te r e d  th ro u g h  th e  s ie v e  w i th  th e  s iz e  o f  0 .2  p m  
in  o r d e r  to  r e m o v e  la rg e  p a r t i c le s  a n d  d e b r is .

•  A  c o n t in u o u s  s t i r r e d  t a n k  r e a c to r  ( C S T R )  w as- u s e d  a s  th e  a n a e r o b ic  
d ig e s te r  f o r  c a s s a v a  w a s te w a te r .  T h e  s c h e m a t ic  o f  th e  C S T R  p r o c e s s  is  s h o w n  in  
F ig u re  3 .1 . T h e  s y s te m  w a s  o p e r a te d  w i th o u t  l ig h t  i l lu m in a t io n  in  a  P V C  r e a c to r  to  
in h ib i t  th e  a c t iv i ty  o f  p h o to s y n th e t ic  b a c te r ia .  T h e  C S T R  w a s  o p e ra te d  w i th  l iq u id  
w o rk in g  v o lu m e  o f  4  l i t r e s  a n d  h a d  a  m a g n e t ic  s t i r r e r  f o r  m ix in g  d u r in g  th e  
a n a e ro b ic  d ig e s t io n .  T h e  c a s s a v a  w a s te w a te r  w a s  fe d  to  th e  to p  o f  th e  C S T R  b y  
c a r ry in g  i t  f ro m  th e  f e e d  ta n k  th r o u g h  th e  fe e d  p u m p . O x y g e n  w a s  s u p p l ie d  to  th e  to p  
o f  th e  C S T R . O x y g e n  c o n c e n t r a t io n  o f  th e  s y s te m  w a s  m e a s u r e d  b y  a  D O  m e te r .  T h e  
te m p e r a tu r e  w a s  a t  a m b ie n t  t e m p e r a tu r e .  T h e  b io g a s  w a s  a n a ly z e d  f o r  th e  p r o d u c t io n  
r a te  a n d  c o m p o s i t io n  b y  a  g a s  m e te r  a n d  G C , r e s p e c t iv e ly .  B e s id e s ,  th e  o v e r f lo w n  
l iq u id  e f f lu e n t  w a s  c o l le c te d  a n d  a n a ly z e d  fo r  c h e m ic a l  c h a r a c te r is t ic s .
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Figure 3.1 S c h e m a t ic  o f  th e  s tu d ie d  C S T R  p ro c e s s .

•  D u r in g  th e  s y s te m  s ta r t - u p , th e  C S T R  w a s  s e e d e d  w ith  th e  a n a e r o b ic  s e e d  
s lu d g e , w h ic h  w a s  a l lo w e d  to  a c c l im a t i s e  w ith  th e  c a s s a v a  w a s te w a te r  a t  a m b ie n t  
te m p e ra tu re .  S u p p le m e n ta r y  n u t r ie n t  f o r  b a c te r ia l  g r o w th  w a s  s u p p l ie d  d e p e n d in g  o n  
r a t io  o f  C O D  : N  : p .  E x p e r im e n ts  w e r e  c a r r ie d  o u t  a s  fo l lo w s :

- T h e  c a s s a v a  w a s te w a te r  w a s  d ig e s te d  in  th e  a n a e ro b ic  d ig e s t io n  w i th o u t  
o x y g e n  s u p p ly . T h e  C O D  lo a d in g  r a te  w a s  v a r ie d  f ro m  0 .6 0 4  to  2 .5 0 0  k g /m 3 d  
c o r r e s p o n d in g  to  th e  f e e d  f lo w  ra te  a n d  h y d r a u l ic  r e te n t io n  t im e  ( H R T )  s h o w n  in  
T a b le  3 .8  to  d e te r m in e  th e  o p t im u m  C O D  lo a d in g  r a te .

Table 3.8 O p e ra t in g  c o n d i t io n s  fo r  th e  C S T R  s y s te m  to  d e te rm in e  th e  o p t im u m  C O D  
lo a d in g  r a te

COD loading rate (kg/m3 d) Feed flow rate (x io 4 m3/d) HRT (d)
0.604 2.29 17.47
1.212 4.59 8.71
1.710 6.48 6.17
2.500 9.48 4.22
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- C o n te n ts  o f  c a s s a v a  r e s id u e  w e re  v a r ie d  a n d  m ix e d  w i th  th e  c a s s a v a  
w a s te w a te r  a t  th e  fe e d  ta n k .  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  c a s s a v a  r e s id u e  w a s  
fe d  to  th e  C S T R  a n d  d ig e s te d  w i th o u t  m ic r o a e r a t io n  u n d e r  th e  o p t im u m  C O D  
lo a d in g  r a te .  C o n te n ts  o f  c a s s a v a  r e s id u e  w e re  v a r ie d  f ro m  2 5 0  to  1 ,5 0 0  p p m  s h o w n  
in  T a b le  3 .9  to  d e te rm in e  th e  o p t im u m  c o n te n t  o f  a d d e d  c a s s a v a  r e s id u e  fo r  m e th a n e  
p r o d u c t io n .

Table 3 .9  O p e ra t in g  c o n d i t io n s  f o r  th e  C S T R  s y s te m  to  d e te r m in e  th e  o p t im u m  
c o n te n t  o f  a d d e d  c a s s a v a  r e s id u e

Cassava residue concentration (ppm) Total COD loading rate (kg/m3 d)
2 5 0 1 .7 6 0
5 0 0 1 .8 0 0

1 , 0 0 0 1 .8 8 4
1 ,5 0 0 1 .9 7 3

-  O x y g e n  w a s  s u p p l ie d  to  th e  C S T R  f o r  5 m in  e v e r y  2  h r , w h i le  th e  
c a s s a v a  w a s te w a te r  w i th  th e  o p t im u m  c o n te n t  o f  a d d e d  c a s s a v a  r e s id u e  w a s  d ig e s te d  
u n d e r  th e  to ta l  o p t im u m  C O D  lo a d in g  ra te . T h e  o x y g e n  s u p p ly  r a te  w a s  v a r ie d  f ro m
1.5 to  6 .0  m L  O 2 /LR d  s h o w n  in  T a b le  3 .1 0  to  d e t e r m in e  th e  o p t im u m  v a lu e  fo r  th e  
a n a e ro b ic  h y d r o ly s is  o f  th e  c e l lu lo s ic  f r a c t io n .

Table 3.10 O p e ra t in g  c o n d i t io n s  fo r  th e  C S T R  s y s te m  to  d e te r m in e  th e  o p t im u m  
o x y g e n  s u p p ly

Oxygen supply rate (mL O2/LR d) Oxygen flow rate (mL/d)
1.5 6 . 0

3 .0 1 2 . 0

4 .5 1 8 .0
6 . 0 2 4 .0
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F in a l ly ,  h y d r o ly s is  e f f ic ie n c y  o f  c a s s a v a  w a s te w a te r  w a s  c a lc u la te d  a c c o r d in g  to ;

H y d r o ly s is  e f f ic i e n c y  =  (SCODjn -  SCODout) / SCODjn (3 .1 )

w h e r e  SCODjn =  I n le t  s o lu b le  C O D  (m g/L)
SCODout =  O u t l e t  s o lu b le  C O D  ( m g /L )

3.5 Analytical Techniques

3 .5 .1  C O D  A n a ly s is
C O D  v a lu e  w a s  d e te r m in e d  b y  th e  c lo s e d  r e f lu x ,  c o lo r im e tr ic  m e th o d .  

S a m p le  w a s  a d d e d  to  a  d ig e s t io n  v ia l  ( H A C H , 16 X  1 0 0  m m ) . T h e  d ig e s t io n  r e a g e n t  
w a s  a d d e d  to  th e  v ia l .  A f te r w a r d s ,  th e  s u l f u 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  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  
th e  v ia l  w a s  p l a c e d  in  th e  C O D  r e a c to r  ( H A C H )  th a t  s a m p le  w a s  h e a te d  fo r  2  h r  a n d  
le f t  fo r  2 0  m in  to  b e  c o o le d .  T h e n , th e  s a m p le  w a s  d e te r m in e d  fo r  C O D  v a lu e  b y  
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 ) .

3 .5 .2  N i t r o g e n  A n a ly s is
N i t r o g e n  v a lu e  w a s  d e te r m in e d  in  te rm  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  te r m  o f  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 .  S a m p le  w a s  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 )  f o r  
d e te r m in in g  n i t r o g e n  v a lu e .

3 .5 .3  P h o s p h o r o u s  A n a ly s is
P h o s p h o r o u s  v a lu e  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 i th  a c id  p e r s u l f a t e  d ig e s t io n .  T h e  s a m p le  c e l l  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 t e r m in in g  p h o s p h o r o u s  v a lu e .
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3 .5 .4  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  w a s  d e te r m in e d  b y  d i s t i l l a t io n - t i t r a t io n  m e th o d . 

T h is  te c h n iq u e  r e c o v e r e d  a c id s  c o n ta in in g  u p  to  s ix  c a r b o n  a to m s  a n d  r e p o r te d  th e  
r e s u l t s  in  te rm  o f  a c e t i c  a c id .

3 .5 .5  V F A  C o m p o s i t io n  A n a ly s is
T h e  l iq u id  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  

( 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 ,  H 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 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  te m p e ra tu re  p r o g ra m  w a s  s ta r te d  a t  6 0  ๐c ,  h e a te d  to  125  cc  a t  a r a m p in g  r a te  
o f  1 0  ° c /m in ,  h e ld  f o r  2  m in , th e n  h e a te d  to  1 8 0  ๐c  a t  a  r a m p in g  ra te  o f  15 ๐c / m i n ,  
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  w e r e  2 5 0  a n d  2 7 0  ๐c ,  
r e s p e c t iv e ly .

3 .5 .6  p H  A n a ly s is
p H  v a lu e  w a s  d e te r m in e d  b y  a  p H  e le c t ro d e  ( E C F G 7 3 5 0 4 0 1 B ) .

3 .5 .7  D is s o lv e d  O x y g e n  ( D O )  A n a ly s is
D O  v a lu e  w a s  d e te r m in e d  b y  a  D O  m e te r  ( D O - 5 5 1 2 S D ) .

3 .5 .8  A m o u n t  o f  P ro d u c e d  G a s
T h e  v o lu m e  o f  th e  p r o d u c e d  g a s  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 te r  r e p la c e m e n t  m e th o d  b y  a  g a s  c o u n te r .

3 .5 .9  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  o f  th e  p r o d u c e d  g a s  w a s  d e te r m in e d  b y  th e  G C  

( A u to S y s te m  G C , P e r k in - E lm e r )  e q u ip p e d  w i th  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 . T h e  in je c to r ,  c o lu m n ,  a n d  d e t e 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  1 5 0  ๐c ,  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 .



32

3 .5 .1 0  T S S  A n a ly s is
3.5.10.1 Procedure

•  P re p a ra t io n  o f  g l a s s - f ib e r  f i l te r  d i s k  (P a l l-6 1 6 3 1  A Æ , 4 7
m m , 1 p m ) :

- T h e  g la s s - f ib e r  f i l t e r  d is k  w i th  w r in k le d  s id e  u p  w a s  
in s e r te d  in  th e  f i l t r a t io n  a p p a ra tu s .  A f te r  th a t ,  it w a s  to  v a c u u m e d  a n d  w a s h e d  w ith  
th re e  s u c c e s s iv e  2 0  c m 3 o f  d i s t i l le d  w a te r .

- T h e  g la s s - f ib e r  f i l te r  d is k  w a s  d r ie d  in  a n  o v e n  a t  105  ° c  
fo r  1 h , le f t  to  b e  c o o le d  in  a  d e s ic c a to r  to  b a la n c e  th e  t e m p e r a tu r e ,  a n d  th e n  
w e ig h e d .

•  S e le c t io n  o f  f i l te 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  to  y ie ld  b e tw e e n  10 a n d

2 0 0  m g  d r ie d  re s id u e .
- I f  m o r e  th a n  10 m in  w a s  r e q u i r e d  to  c o m p le te  th e  

f i l t r a t io n ,  e i th e r  th e  f i l t e r  s iz e  w a s  in c re a s e d  o r  th e  s a m p le  v o lu m e  w a s  d e c r e a s e d .
•  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 te r  w e r e  p r e p a r e d .
- T h e  f i l te r  w a s  w e t  w i th  a  s m a l l  v o lu m e  o f  d i s t i l le d

w a te r .
- A  s a m p le  w a s  h o m o g e n e o u s ly  m ix e d  b e f o r e  te s t in g .
- A  s a m p le  w a s  p ip e t te d  o n to  th e  s e a te d  g l a s s - f ib e r  f i l te r .
- T h e  f i l t e r  w a s  w a s h e d  w ith  th r e e  s u c c e s s iv e  10 c m 3 o f  

d i s t i l le 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 te r  c o m p le te  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 ro m  th e  f i l t 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  103  to  105  ° c  in  a n  o v e n , c o o le d  in  a  d e s i c c a to r ,  a n d  
th e n  w e ig h e d .

- T h e  c y c le  w a s  r e p e a te d  u n ti l  th e  s a m p le  w e ig h t  n e a r ly  
c o n s ta n t  ( le s s  th a n  4 %  d i f f e r e n c e ) .
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3.5.10.2 Calculation

m g  to ta l  s u s p e n d e d  s o l id s  ( T S S )  (A  -  B )  X 1 o 6 2 ^
L  S a m p le  v o lu m e , m L

w h e re  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 te r  _ (g )

3 .5 .1 1  v s s  A n a ly s is
3.5.11.1 Procedure

• T h e  r e s id u e  p r o d u c e d  b y  T S S  m e th o d  w a s  ig n i te d  in  a  
f u rn a c e  a t  a  t e m p e r a tu r e  o f  5 0 0  ±  5 0  ° c .

•  A  fu rn a c e  w a s  h e a te d  u p  to  5 0 0  ° c  f o r  1 h  a f te r  in s e r t in g
s a m p le .

•  T h e  f i l t e r  d i s k  w a s  le f t  to  p a r t ia l ly  c o o l  in  a ir  u n ti l  m o s t  o f
th e  h e a t  w a s  d is s ip a te d .

•  T h e  d is k  w a s  t r a n s f e r r e d  to  d e s ic c a to r ,  a n d  w e ig h e d  as 
s o o n  a s  it  w a s  c o o le d  to  b a la n c e  te m p e ra tu re .

3.5.11.2 Calculation

m g  v o la t i le  s u s p e n d e d  s o l id s  ( V S S )  
L

( A - B ) x l O 6 

S a m p le  v o lu m e , m L
(3 .3 )

w h e re  A  =  W e ig h t  o f  r e s id u e  +  d i s k  b e f o r e  ig n i t io n  (g )
B  =  W e ig h t  o f  r e s id u e  +  d i s k  a f te r  ig n i t io n  (g )

3 .5 .1 2  P r e p a r a t io n  o f  C a s s a v a  R e s id u e  a n d  C o m p o s i t io n  A n a ly s is
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 ° c  a n d  s to re d  in  s e a le d  

p la s t ic  b a g s .  T h e n , th e  d r ie d  c a s s a v a  r e s id u e  s a m p le  w a s  m il le d  to  r e d u c e  th e  p a r t i c le  
s iz e  a n d  s ie v e d  to  s iz e  b e lo w  6 0  m e s h . A f te r w a r d s ,  th e  s ie v e d  c a s s a v a  r e s id u e  s a m p le  
w a s  in v e s t ig a te d  fo r  th e  p h y s ic a l  a n d  c o m p o s i t io n a l  p r o p e r t ie s  a s  fo l lo w s :
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•  T h e  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 r m 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 r n e r  t e m p e r a tu r e s  w e re  
k e p t  a t  9 5 0  ๐c  a n d  8 5 0  ° c ,  r e s p e c t iv e ly ,  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 .

•  T o  d e te r m in e  th e  a m o u n t  o f  e x t r a c t iv e s  in  th e  s a m p le , s o lv e n t  
e x t r a c t io n  (6 0  m L  a c e to n e  fo r  1 g  o f  d r ie d  c a s s a v a  r e s id u e  s a m p le )  w a s  u s e d , a n d  th e  
e x t r a c t io n  w a s  p e r f o r m e d  a t  9 0  ° c  fo r  2  h r . A f te r  th a t ,  th e  s a m p le  w as. d r ie d  at 
105 ๐c  u n t i 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 f o r e  a n d  a f te r  
th e  e x t r a c t io n  w a s  d e f in e d  a s  th e  a m o u n t  o f  e x t r a c t iv e s .  -

•  T o  d e te r m in e  th e  a m o u n t  o f  h e m ic e l lu lo s e ,  10 m L  o f  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  1 g  o f  th e  e x t r a c t iv e - f r e e  d r ie d  c a s s a v a  re s id u e ,..a n d  
th e  m ix tu r e  w a s  h e ld  a t  8 0  ๐c  fo r  3 .5  h r. 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 w a s  r e a c h e d .  T h e n , it  w a s  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  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 is  a lk a l in e  t r e a tm e n t  w a s  
d e f in e d  a s  th e  h e m ic e l lu lo s e  c o n te n t .  T h e  s ta r c h  f r a c t io n  in  th e  N a O H  d is s o lu t io n  
s o lu t io n  w a s  th e n  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 r m in e  th e  a m o u n t  o f  l ig n in , 3 0  m L  o f  7 2  w t%  s u l fu r ic  a c id  
w a s  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  c a s s a v a  r e s id u e .  T h e  m ix tu r e  w a s  k e p t  a t 
8  - 15 ๐c  f o r  2 4  h r. 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  bo iled" a t  1 0 0  ๐c  fo r  1 h r . T h e  m ix tu r e  w a s  
f i l te re d , a n d  th e n  th e  s a m p le  w a s  w a s h e d  u n ti l  th e  s u l fa te  io n  in  th e  f i l t r a te  w a s  n o t 
d e te c te d  ( v ia  t i t r a t io n  w i th  a  1 0 %  b a r iu m  c h lo r id e  s o lu t io n ) .  T h e  r e m a in in g  s o l id  w a s  
f in a l ly  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  w e ig h t  o f  th e  r e s id u e  w a s  d e f in e d  a s  
th e  l ig n in  c o n te n t .

•  T h e  c e l lu lo s e  c o n te n t  w a s  c a lc u la t e d  b y  th e  d i f f e r e n c e  o f  th e  
b io m a s s  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 ,  s ta r c h , a n d  l ig n in .
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3.5.13 Total Acidity Analysis
Total acidity value was determined by indicator method that was the

sample titration with standard NaOH solution.

T o ta l  a c id i ty ,  m g  C a C 0 3 /L  = A x  , , 0 0 0  ( 3 ,4 ) 
S a m p le  v o lu m e ,  m L

w h e re  A  =  V o lu m e  o f  s ta n d a r d  N a O H  s o lu t io n  u s e d  (m L )

3 .5 .1 4  T o ta l  A lk a l in i ty  A n a ly s is
T o ta l  a lk a l in i ty  v a lu e  w a s  d e te r m in e d  b y  in d ic a to r  m e th o d  th a t  w a s  

th e  s a m p le  t i t r a t io n  w ith  s ta n d a r d  H 2SO 4 s o lu t io n .

T o ta l  a lk a l in i ty ,  m g  C a C 0 3 /L -  A x , ' ° 0 0  ( 3 ,5 )  
S a m p le  v o lu m e , m L

w h e re  A  =  V o lu m e  o f  s ta n d a r d  H 2S O 4 s o lu t io n  u s e d  (m L ) '

T  ว 1% !ร พ  7 ° \
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