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APPENDICES

Appendix A Gas Chromatograph’s Calibration Curves 

Table A1 G a s  c h r o m a t o g r a p h ’s  c a l ib r a t io n  c u r v e s  fo r  h y d r o g e n  ( H 2)

V o lu m e  o f  H y d r o g e n  (m l) P e a k  A r e a
0.02 1 1 0 1 0 0 5

0 .0 4 2 0 1 6 1 7 9

0 .0 8 3 6 8 0 0 4 2

0.1 5 6 7 5 3 2 8

0.2 1 1 4 7 1 7 6 1

0 .4 2 2 8 3 2 5 6 9

Volume of Hydrogen (ml)

Figure A 1  T h e  r e la t io n s h ip  b e t w e e n  a m o u n t  o f  h y d r o g e n  ( H 2)  a n d  p e a k  a r ea .

P e a k  a r e a  +  3 1 9 4 3 5Equation A m ount of hydrogen = 6  X 1 0 7
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Table A2 Gas chromatograph’s calibration curves for nitrogen (N2)

V o lu m e  o f  N i t r o g e n  ( m l) P e a k  A r e a
0 .02 6 9 4 3 1
0 .0 4 1 8 8 1 6 1
0 .0 8 4 2 6 0 6 8
0.1 4 7 8 1 4 6
0.2 1 0 0 8 5 1 5
0 .4 2 1 5 5 8 0 0
0.6 3 3 0 9 3 3 7

Volume of Nitrogen (ml)

Figure A 2  T h e  r e la t io n s h ip  b e t w e e n  a m o u n t  o f  n i t r o g e n  ( N 2)  a n d  p e a k  a rea .

P e a k  a r e a  +  5 3 6 0 7Equation A m ount of n itrogen  = 6 x  1 0 6
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Table A3 Gas chromatograph’s calibration curves for oxygen ( 0 2)

V o lu m e  o f  O x y g e n  ( m l) P e a k  A r e a

0 .0 2 8 1 1 2 2

0 .0 4 2 3 3 9 1 8

0 .0 8 5 1 4 5 2 7

0.1 6 6 2 7 6 6

0 .2 1 3 6 6 2 0 8

0 .4 2 7 3 8 1 2 6

Figure A3 T h e  r e la t io n s h ip  b e t w e e n  a m o u n t  o f  o x y g e n  ( 0 2) a n d  p e a k  a r ea .

P e a k  a r e a  +  4 4 1 3 3Equation A m ount of oxygen = 7 X 106
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Table A4 Gas chromatograph’ร calibration curves for methane (CH4)

V o lu m e  o f  M e t h a n e  ( m l) P e a k  A r e a

0 .0 2 1 5 1 0 9 4

0 .0 4 5 2 3 9 1 9

0 .0 8 9 9 8 8 5 1

0.1 1 3 6 6 6 5 1

0 .2 2 8 9 8 1 0 3

0 .4 5 8 8 0 4 4 4

Volume of Methane (ml)

Figure A4 T h e  r e la t io n s h ip  b e t w e e n  a m o u n t  o f  m e t h a n e  (CH4 ) a n d  p e a k  a rea .

pp£]p ๆ]'๐ ว -C 1 ^Pf)4.6iEquation A m o u n t  o f  m e t h a n e  = -------------  — —r-------------2 X lCr
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Table A5 Gas chromatograph’s calibration curves for carbon dioxide (CO2)

V o lu m e  o f  C a r b o n  D i o x i d e  ( m l) P e a k  A r e a

0 .0 2 4 2 3 8

0 .0 4 1 8 8 1 6 6

0 .0 8 2 9 3 0 2 9

0.1 3 5 4 3 0 4

0 .2 7 4 7 8 7 2

0 .4 1 5 1 5 0 6 4

Volume of Carbon Dioxide (ml)

Figure A 5  T h e  r e la t io n s h ip  b e t w e e n  a m o u n t  o f  c a r b o n  d i o x id e  ( C O 2) a n d  p e a k  a rea .

P e a k  a r e a  +  4 5 2 9 8Equation A m ount of carbon dioxide = 4 X 106
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Table B1 H ig h  p e r f o r m a n c e  l iq u id  c h r o m a t o g r a p h ’ร c a l ib r a t io n  c u r v e s  fo r  a c e t ic  

a c id  ( C H 3C O O H )

Appendix B High Performance Liquid Chromatograph’s Calibration Curves

C o n c e n t r a t io n  o f  A c e t i c  A c i d  (p p m ) P e a k  A r e a

1000 1 0 4 6 4 3 1

2000 1200 12 1

3000 1 3 3 9 3 9 6

4000 1 4 8 3 8 7 5

5000 1 7 1 4 5 5 6

Figure B1 T h e  r e la t io n s h ip  b e t w e e n  c o n c e n t r a t io n  o f  a c e t i c  a c id  ( C H 3C O O H )  a n d  

p e a k  a rea .

P ppjIc 7  0  7Equation C oncentration  of acetic acid = 1 6 2
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Table B2 High performance liquid chromatograph’s calibration curves for propionic
acid (CH3CH2COOH)

C o n c e n t r a t io n  o f  P r o p io n ic  A c id  (p p m ) P e a k  A r e a

1 0 0 0 4 8 9 9 1 8

2 0 0 0 7 3 4 9 8 1

3 0 0 0 9 6 0 1 4 5

4 0 0 0 1 3 0 7 0 5 4

5 0 0 0 1 6 0 0 1 1 2

Figure B2 T h e  r e la t io n s h ip  b e t w e e n  c o n c e n t r a t io n  o f  p r o p io n ic  a c id  

( C H 3C H 2C O O H )  a n d  p e a k  a rea .

P e a k  a r e a  — 1 8 0 7 0 4Equation C oncentration  of propionic acid = 2 7 9 . 2 5
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Table B3 High performance liquid chromatograph’s calibration curves for butyric
acid (CH3CH2CH2COOH)

C o n c e n t r a t io n  o f  B u ty r ic  A c i d  (p p m ) P e a k  A r e a
1000 1 2 4 5 6

2000 4 9 8 5 5 5

3000 1 1 1 7 2 4 5

4000 1 6 6 8 6 2 9

5000 2 3 4 3 4 8 0

ว 1000 2000 3000 4000 5000 6000
Concentration of Butyric acid (ppm)

Figure B3 T h e  r e la t io n s h ip  b e t w e e n  c o n c e n t r a t io n  o f  b u ty r ic  a c id  

( C H 3C H 2C H 2C O O H )  a n d  p e a k  a rea .

_  . P e a k  a r e a  +  6 2 1 5 6 4Equation C o n c e n t r a t i o n  o f  b u t y r i c  a c id  =
5 8 3 . 2 1
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Table B4 High performance liquid chromatograph’s calibration curves for valeric
acid (CH3CH2CH2CH2COOH)

C o n c e n t r a t io n  o f  V a le r ic  A c i d  (p p m ) P e a k  A r e a

1 0 0 0 1 2 4 5 6

2 0 0 0 4 9 8 5 5 5

3 0 0 0 1 1 1 7 2 4 5

4 0 0 0 1 6 6 8 6 2 9

5 0 0 0 2 3 4 3 4 8 0

F i g u r e  B 4  T h e  r e la t io n s h ip  b e t w e e n  c o n c e n t r a t io n  o f  v a le r ic  a c id  ( C H 3C H 2C H 2 
C H 2C O O H )  a n d  p e a k  a rea .

P e a k  a r e a  — 5 3 1 2 6 7
E q u a t i o n  C o n c e n t r a t i o n  o f  v a l e r i c  a c id  = 215
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Table B5 High performance liquid chromatograph’s calibration curves for glycerine
(C3H 80 3)

C o n c e n t r a t io n  o f  G ly c e r in e  (p p m ) P e a k  A r e a

1 0 0 0 1 4 3 1 8 5 8

2 0 0 0 1 7 3 0 0 0 3

3 0 0 0 2 4 4 1 0 9 0

4 0 0 0 3 2 1 2 9 7 5

5 0 0 0 4 1 6 4 8 4 8

Figure B5 T h e  r e la t io n s h ip  b e t w e e n  c o n c e n t r a t io n  o f  g ly c e r in e  ( C 3H g 0 3) a n d  p e a k  

a rea .

__  P e a k  a r e a  — 5 1 1 4 6 9
E q u a t i o n  C o n c e n t r a t i o n  o f  g l y c e r i n e  =

6 9 4 8 9 5
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Table B6 High performance liquid chromatograph’s calibration curves for 1,3-
propanediol (C3H8O2)

C o n c e n tr a t io n  o f  1 ,3 - P r o p a n e d io l  (p p m ) P e a k  A r e a
1 0 0 0 1 3 4 7 5

2 0 0 0 4 9 2 4 3

3 0 0 0 6 9 9 2 3

4 0 0 0 8 9 5 6 8

5 0 0 0 1 2 3 4 7 2

Figure B6 T h e  r e la t io n s h ip  b e t w e e n  c o n c e n t r a t io n  o f  1 ,3 - p r o p a n e d io l  ( C 3H 8O 2)  a n d  
p e a k  a rea .

Equation _ .  P e a k  a r e a  +  8 9 5 9 . 5C o n c e n t r a t i o n  o f  1 ,3  -  p r o p a n e d i o l  = -----------———  --------------
2 6 . 0 3 2
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Table B7 H ig h  p e r f o r m a n c e  l iq u id  c h r o m a t o g r a p h ’s  c a l ib r a t io n  c u r v e s  fo r  e th a n o l
( C 2H 60 )

C o n c e n t r a t io n  o f  E t h a n o l  (p p m ) P e a k  A r e a
1 0 0 0 2 4 3 0 6 3

2 0 0 0 6 5 2 3 3 0

3 0 0 0 1 0 0 9 8 0 9

4 0 0 0 1 2 5 2 4 9 0

5 0 0 0 1 8 1 9 5 0 4

Figure B7 T h e  r e la t io n s h ip  b e t w e e n  c o n c e n t r a t io n  o f  e t h a n o l  (C aH fcO ) a n d  p e a k  
a rea .

Equation C oncentration  of ethanol = P e a k  a r e a  +  1 3 0 4 7 3
3 7 5 . 3
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Appendix c  Preparation of 5  \vt./vol.% NaOH Solution for pH Control System

P r e p a r a t io n  o f  N a O H  at c o n c e n t r a t io n  o f  5 w t . /v o l .%
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Appendix D Volatile Fatty Acids (VFA) Quantification by Distillation Method

D  1. A c e t i c  A c i d s  S t o c k  S o lu t io n  P r e p a r a t io n  fo r  R e c o v e r y  F a c to r  ( f )  D e t e r m in a t io n  

C o n c e n tr a t io n  o f  f r e s h  a c e t ic  a c id  ( l iq u id )  =  9 9 .7 %

D e n s i t y  o f  a c e t i c  a c id  =  1 .0 7  g /m l

M o le c u la r  w e i g h t  o f  a c e t ic  a c id  =  6 0

D e t e r m in a t io n  o f  fr e s h  a c e t i c  a c id s  c o n c e n t r a t io n  in  te r m  o f  m o la r

_  0 .9 9 7  L  o f  a c e t ic  a c id  1 .0 7  g  o f  a c e t ic  a c id  1 m o l  o f  a c e t i c  a c id  
L  o f  s o lu t io n  m L  o f  a c e t ic  a c id  6 0  g  o f  a c e t ic  a c id

=  1 7 .7 8  M

P r e p a r a t io n  o f  a c e t i c  a c id  a t c o n c e n t r a t io n  o f  2 ,0 0 0  m g /L

2 0 0 0  a c e t *c  a c ^  X 1 m ° l e  a c e t i c  a c id  
L  o f  s o lu t io n  6 0  g  o f  a c e t ic  a c id

=  0 .0 3 3 3  M  

D i lu t io n  o f  a c e t ic  a c id

N,v, = N2V2
V, = N2V2/N,

=  ( 0 .0 3 3 3 x 1  ) / l  7 .7 8

1 . 8 7 3 x l 0 ' 3 L

D  2 . S ta n d a r d  S o d iu m  H y d r o x id e  (0 .1  M )  P r e p a r a t io n

C o n c e n tr a t io n  o f  f r e s h  N a O H  ( s o l i d )  =  9 9 %

M o le c u la r  w e i g h t  o f  a c e t i c  a c id  =  4 0

P r e p a r a t io n  o f  a c e t i c  a c id  a t c o n c e n t r a t io n  o f  0 .1  M

_  0 .1  m o l  4 0  g  1 0 0  
I L  1 m o l  9 9

=  4 .0 4  g
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D  3 . R e c o v e r y  F a c to r  ( f )  D e t e r m in a t io n

D i s t i l l  1 5 0  m l o f  0 .0 3 3 3  M  o f  a c e t ic  a c id  in  d i s t i l l a t io n  a p p a r a tu s  

C a lc u la t e  th e  r e c o v e r y  fa c to r

w h e r e

a  =  v o la t i l e  a c id  c o n c e n t r a t io n  r e c o v e r e d  in  d i s t i l l a t e ,  m g /L  

b =  v o la t i l e  a c id  c o n c e n t r a t io n  in  s ta n d a r d  s o lu t io n  u s e d ,  m g /L

F in d  v o la t i l e  a c id  c o n c e n t r a t io n  r e c o v e r e d  in  d i s t i l la t e  b y  t i t r a t io n  w i t h  0 .1  M  
o f  N a O F l ( M W  o f  a c e t ic  a c id  =  6 0 .5 )

1 ) D i s t i l la t e  5 0  m l N a O H  1 1 .7  m l

U s e d  N a O H = 1 1 .7 x 1 0 '3x 0 .1

= 1 .1 7 x  10"3 m o l

A c e t i c  a c id  in  d i s t i l la t e = 1 .1 7 x 1 0 '3 m o l
= 1 .1 7 x  1 0 "3 X 6 0 .5
= 0 .0 7 g

C o n c e n t r a t io n  o f  a c e t ic  a c id  in  d i s t i l la t e
= 0 .0 7 / 5 0

= 1 .4 0 5 x 1  O'3 g /m l
= 1 ,4 0 5 m g /1

2 )  D i s t i l la t e  2 5  m l N a O H  5 .7  m l

U s e d  N a O H = 5 . 7 x 1 0 '3x 0 .1

= 5 . 7 x l 0 '4 m o l

A c e t i c  a c id  in  d i s t i l la t e = 5 . 7 x 1 0 ‘4 m o l
= 5 . 7 x l 0 ' 4 x  6 0 .5

= 0 .0 3 4 g
C o n c e n t r a t io n  o f  a c e t i c  a c id  in  d i s t i l la t e

0 .0 3 4 / 2 5
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= 1 .3 6 8 x 1  O' 3 g /m l

= 1 ,3 6 8 m g /1

A v e r a g e 1 ,3 8 7 m g /1

R e c o v e r y  fa c to r  ( f ) 1 ,3 8 7 / 2 ,0 0 0
- 0 .6 9 3 5
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