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Appendix A Calibration Curves

Table A1 C a lib r a t io n  c u r v e  fo r  h y d r o g e n  (H2 )

V o lu m e  o f  h y d r o g e n  ( m l ) P e a k  a rea
0 . 0 2 1 6 ,3 1 3
0 .0 4 5 8 ,7 7 0
0 .0 8 1 8 0 ,6 7 4

0 . 1 2 2 6 ,7 4 3
0 . 2 4 2 7 ,1 9 8
0 .4 7 7 8 ,5 0 9

Figure A1 T h e  r e la t io n s h ip  b e t w e e n  v o lu m e  o f  h y d r o g e n  (H2) a n d  p e a k  a rea .

E q u a t i o n

p p n b - o r p n  _1_ ^ 7 7 7 R 7
A m o u n t  o f  h y d r o g e n  =ะ ---------- 5~X ~Ï (V------------
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Table A2 Calibration curve for nitrogen

Volume of nitrogen (ml) Peak area
0 . 0 2 34,210
0.04 128,767
0.08 305,287
0.1 393,916
0 . 2 809,433
0.4 1,602,475

0 0.1 0.2 0.3 0.4 0.5
Volume of Nitrogen (ml)

Figure A2 The relationship between volume of nitrogen (N2) and peak area.

Equation

P e a k  a r e a  +  2 9 5 3 2Amount of nitrogen = 4 X 1 0 6



Table A3 Calibration curve for oxygen

Volume of oxygen (ml) Peak area
0 . 0 2 12,286
0.04 43,995
0.08 104,342
0.1 135,546
0 . 2 280,220
0.4 562,001

Volume of Oxygen (ml)

Figure A3 The relationship between volume of oxygen (O2 ) and peak area. 

Equation

P e a k  a r e a  4- 1 2 1 8 2Amount of oxygen = 1 X 106
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Table A4 Calibration curve for methane (CH4)

Volume of methane (ml) Peak area
0 . 0 2 92,517
0.04 381,106

0 . 1 1,293,552
0 . 2 2,674,654

Volume of Methane (ml)

Figure A4 The relationship between volume of methane (CH4 ) and peak area.

Equation

P e a k  a r e a  +  1 8 2 6 7 7Amount of methane = 1 X 1 0 7
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Table A5 Calibration curve for carbon dioxide (CO2)

Volume of carbon dioxide (ml) Peak area
0 . 0 2 26,118
0.04 97,539
0.08 2 2 0 , 1 2 2

0 . 2 596,414
0.4 1,315,885

0 0.1 0.2 0.3 0.4 0.5
Volume of Carbon dioxide (ml)

Figure A5 The relationship between volume of carbon dioxide (CO2 ) and peak area.

Equation

P e a k  a r e a  +  4 8 3 6 1Amount of carbon dioxide = 3 X 1 0 6
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Table A6  Calibration curve for acetic acid (CH3COOH)

Volume of hydrogen (ml) Peak area
1 , 0 0 0 0.04
2 , 0 0 0 0.15
3,000 0.29
4,000 0.37

. 5,000 0.48

- Figure A6 The relationship between concentration of acetic acid (CH3 COOH) and 
peak area.

Equation

P e a k  a r e a  +  0.066A m o u n t  o f  a c e t i c  a c i d  -
0.0001
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Tabic A 7 Calibration curve for propionic acid (CH3CH2COOH)

Volume of hydrogen (ml) Peak area
1 , 0 0 0 0.14

2 , 0 0 0 0.36
3,000 0.59
4,000 0.77
5,000 0r95

Figure A7 The relationship between concentration of propionic acid 
(CH3 CH2 COOH) and peak area.

Equation

P e a k  a r e a  +  0 . 0 4 9 5A m o u n t  o f  p r o p i o n i c  a c i d  - 0 . 0 0 0 2
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Tabic A8  Calibration curve for butyric acid (CH3(CH2)2COOH)

Volume of hydrogen (ml) Peak area
1 , 0 0 0 0.23

2 , 0 0 0 0.48
3,000 0.83
4,000 1 . 1 1

5,000 1.31

Figure A8  The relationship between concentration- of- butyric acid 
(Cf^CfhhCOOH) and peak area.

Equation

P ea k  a r e a  T 0.0415
Am ount o f  bu tyric  a-cid = 0 .0 0 0 3
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Table A9 Calibration curve for valeric acid (CH3(CH2)3COOH)

Volume of hydrogen (ml) Peak area
1 , 0 0 0 0 . 2 1

2 , 0 0 0 0.51
3,000 0.80
4,000 1.19
5,000 1.36

16

0 0 -i--- -̂------ 1-----------T-----------1-----------1-----------
0 1000 2000 3000 4000 5000

C o n c e r t r a ü o n  o f  v a l e r i c  a c i d  ( m g / i )

Figure A9 The relationship between concentration of valeric acid 
(CH3 (CH2 )3 COOH) and peak area.

Equation
P ea k  a r e a - f  0.0735A m o u n t  o f  v a l e r i c  a c id  = 0.0003
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Table A10 Calibration curve for ethanol (C2H5OH)

Volume of hydrogen (ml) Peak area
1 , 0 0 0 0 . 2 1

2 , 0 0 0 0.53
3,000 0.78
4,000 1.05
5,000 1.35

Figure A9 The relationship between concentration of ethanol (C2 H5OH) and peak 
area.

Equation
P e a k  a r e a  Hr 0 . 0 6 1 7

A m o u n t  o f  e t h a n o l  =  ------------------ -------------
J  0 . 0 0 0 3
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Appendix B Preparation of 5 wt./vol.% NaOH Solution for pH-controlled 
System

Preparation of NaOH at concentration of 5 wt./vol.%

Ï0Ô ๗ = 50 f
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Appendix c  Volatile Fatty Acids (VFA) Quantification by Distillation Method

c  1. Acetic Acids Stock Solution Preparation for Recovery Factor (f) Determination 
Concentration of fresh acetic acid (liquid) = 99.7%
Density of acetic acid = 1.07 g/ml
Molecular weight of acetic acid = 60
Determination of fresh acetic acids concentration in term of molar

0.997 L of acetic acid 1.07 g of acetic acid 1 mol of acetic acid
= -------- -■  ---------- X ------------ -—  -------- —  X — -̂------ '  ------- —L of solution mL of acetic acid 60 g of acetic acid
= 17.78 M

Preparation of acetic acid at concentration of 2,000 mg/L
_  2  QQQ m ร of acetic acid 1 mole of acetic acid 

L of solution 60 g of acetic acid
= 0.0333 M 

Dilution of acetic acid
N j V )  =  N 2V 2

V ,  =  N 2V 2/ N |
(0.0333x 1 )/l 7.78 
1.873x1 O'3 L

c  2. Standard Sodium Hydroxide (0.1 M) Preparation 
Concentration of fresh NaOH (solid) =
Molecular weight of acetic acid =
Preparation of acetic acid at concentration of 0.1 M

_ 0.1 mol 40 g 100 
IL x 1 mฝ 99

= 4.04 g

C 3. Recovery Factor (f) Determination
Distill 150 ml of 0.0333 M of acetic acid in distillation apparatus 
Calculate the recovery factor

99%
40
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where
a = volatile acid concentration recovered in distillate, mg/L 
b = volatile acid concentration in standard solution used, mg/L

Find volatile acid concentration recovered in distillate by titration with 0.1 M 
of NaOH (MW of acetic acid = 60.5)

1) Distillate 50 ml NaOH 11.7 ml
Used NaOH 11 ,7x10'3x0.1

= l.l 7x10‘3 mol
Acetic acid in distillate = 1.17x1 O’3- mol

= 1.17x10"3x 60.5
= 0.07 g

Concentration of acetic acid in distillate
= 0.07/50
= 1.405x10‘3 g/ml
= 1,405 mg/1

Distillate 25 ml NaOH 5.7 ml
Used NaOH 5.7x10~3.\0.1

= 5.7x10~4 mol
Acetic acid in distillate = 5.7x10"4 mol

5.7xl0’4 x 60.5
= 0.034 g

Concentration of acetic acid in distillate
= 0.034/25
= 1.368x10’3 g/ml
= 1,368 mg/1

Average = 1,387 mg/1

Recovery factor (f) = 1,387/2,000
= 0.693
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