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Appendix A Gas Chromatography

Table A1 G a s  c h r o m a t o g r a p h ’s  F e e d  B i o d i e s e l

P e a k R e ten tion  T im e T y p e W id th A re a S ta r t  T im e E n d  T im e F A M E %

1 1.849 BB 0 .054 8 680489 1.973 2 .457 so lven t

2 1.98 BB 0 .074 9 856072 10.347 10.673 so lv en t

3 2 .147 BB 0.062 2399 11.773 11.99 so lv en t

2 10.427 BB 0.074 2590 10.347 10.673 C 12:0 0.37

4 17.282 BB 0.09 11465 17.157 17.64 C 14:0 1.63

6 25 .744 BV 0.138 4 7 11 20 25.323 2 6 .19 C 16:0 66.93

7 29 .878 BB 0 .089 971 29 .747 3 0 .04 7 C 18:0 0 .14

8 34 .102 B B 0.106 29911 33.91 34 .48 c 18:1 4.25

9 34 .962 BV 0.106 149995 34.623 35 .073 C l  8:1 21.31

10 35.15 VB 0.097 6600 35.073 35.41 c 1 8 :1 0.94

11 36 .794 BV 0.118 29408 3 6 .56 37 .243 C l  8:2 4 .18

12 42.497 BB 0.131 1790 42.303 42 .757 C 22:0 0.25

7 0 3 8 5 0 100.00
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Figure A l P e a k  o f  G a s  c h r o m a t o g r a p h ’s  F e e d  B i o d i e s e l .  - 

Calculation

c  =  ( ร . T  é l L  *  Ç e l I X e l  *  1 0 0  E q ( 1 ,
A E1 m

c  M e t h y l  e s t e r  c o n t e n t

ร ^  T h e  o v e r a l l  a r e a  o f  m e t h y l  e s t e r  f r o m  C l  2 : 0  t o  C 2 2 : 0

AEI T h e  p e a k  a r e a  w h ic h  i s  a s s i g n e d  t o  m e t h y l  h e p t a d e c a n o a t e

s o lu t io n

CE, C o n c e n t r a t io n  in  m g /m l  o f  m e t h y l  h e p t a d e c a n o a t e  s o lu t io n

VEJ V o lu m e  o f  m e t h y l  h e p t a d e c a n o a t e  s o lu t io n

ไท W e ig h t  in  m g  o f  b i o d i e s e l  s a m p le
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%FAME calculation

%  C l 2 : 0  =  

%  C l 4 : 0  =  

%  C l 6 : 0  =  

%  C l 8 :0  =  

%  C l 8 :1  =  

%  C l 8 :1  =  

%  C l 8:1  =  

%  C l 8 :2  =  

%  C 2 2 : 0  =

( 1 0 0  X 2 5 9 0 )  /  7 0 3 ,8 5 0
0 .3 7  %
( 1 0 0  X 1 1 4 6 5 ) / 7 0 3 , 8 5 0  

1 .6 3  %
( 1 0 0  X 4 7 1 1 2 ) / 7 0 3 , 8 5 0  

6 6 .9 3  %
( 1 0 0  X 9 7 1 ) / 7 0 3 , 8 5 0
0 . 1 4 %

( 1 0 0  X 2 9 9 1 1 ) / 7 0 3 , 8 5 0  

4 .2 5  %
( 1 0 0  X 1 4 9 9 9 5 ) / 7 0 3 , 8 5 0  

2 1 .3 1  %
( 1 0 0  X 6 6 0 0 )  /  7 0 3 ,8 5 0
0 .9 4  %

( 1 0 0  X 2 9 4 0 8 )  /  7 0 3 ,8 5 0  

4 . 1 8 %
( 1 0 0  X 1 7 9 0 ) / 7 0 3 , 8 5 0
0 .2 5  %
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Table A 2  P d /c a r b o n  a e r o g e l  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f t e r  p a r t ia l  
h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c  , 4  b a r , 5 0  m l /m in  o f  แ 2 f l o w  

r a te , 5 0 0  rp m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  o i l )

Reaction Time C12:0 Cl 4:0 c 16:0 C18:0 c  18:1 Cl 8:2 C22:0

0.00 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.50 0.38 1.58 66.80 22.83 7.71 0.45 0.26

1.00 0.39 1.61 66.06 28.85 2.79 0.04 0.27

1.50 0.37 1.59 65.28 32.27 0.22 0.00 0.26

2.00 0.34 1.49 63.95 33.90 0.00 0.00 0.31

3.00 0.39 1.61 65.27 32.45 0.00 0.00 0.28

4.00 0.39 1.59 65.01 32.75 0.00 0.00 0.27

Table A 3  P d /c a r b o n  a e r o g e l  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f t e r  p a r t ia l  
h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  120°c , 2  b a r , 5 0  m l /m in  o f  แ 2 f l o w  

r a te , 5 0 0  rp m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  o i l )

Reaction Time C12:0 C14:0 C16:0 Cl 8:0 Cl 8:1 C18:2 C22:0

0.00 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.50 0.39 1.63 66.70 19.13 10.44 1.47 0.24

1.00 0.41 1.66 66.53 27.53 3.60 0.00 0.27

1.50 0.39 1.60 65.18 32.13 0.42 0.00 0.28

2.00 0.38 1.59 64.49 33.23 0.00 0.00 0.30

3.00 0.30 1.88 67.23 30.59 0.00 0.00 0.00

4.00 0.39 1.61 64.99 32.72 0.00 0.00 0.29
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Table A 4  P d /c a r b o n  a e r o g e l  o n  FAME c o m p o s i t io n  o f  b i o d i e s e l  a f t e r  p a r t ia l  
h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c  , 4  b a r , 3 0  m l /m in  o f  แ 2 f l o w  

r a te , 5 0 0  rp m  o f  s t ir r in g  ra te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  o i l )

R e a c t i o n  T i m e c  1 2 : 0 c  1 4:0 c  1 6 : 0 Cl 8:0 Cl 8:1 C18:2 C22:0

0 . 0 0 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.50 0.40 1.56 65.66 1 8 . 4 6 1 2 . 2 0 1.44 0.27

1 . 0 0 0.41 1 . 6 6 66.37 24.53 5.98 0.79 0.25

1.50 0.36 1 . 8 6 67.86 29.10 0.63 0 . 0 0 0.19

2 . 0 0 0.37 1.54 63.73 34.02 0 . 0 0 0 . 0 0 0.35

3.00 0.39 1.63 65.13 32.57 0 . 0 0 0 . 0 0 0.28

4.00 0.38 1.60 65.93 31.84 0 . 0 0 0 . 0 0 0.25

Table À5 P d /c a r b o n  a e r o g e l  o n  FAME c o m p o s i t io n  o f  b i o d i e s e l  a f t e r  p a r t ia l  
h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  120°c , 2 b a r , 30 m l/m in  o f  H 2 f l o w  

r a te , 500 rp m  o f  s t ir r in g  r a te , a n d  1.5 w t.%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  o i l )

R e a c t i o n  T i m e C12:0 c  14:0 C16:0 Cl 8:0 c  18:1 Cl 8:2 C22:0

0.00 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.50 0.39 1.60 65.48 24.40 7.60 0.24 0.29

1.00 0.39 1.63 65.01 26.26 6.21 0.21 0.30

1.50 0.40 1.61 64.97 31.88 0.85 0.00 0.30

2.00 0.40 1.61 64.97 31.88 0.85 0.00 0.30

3.00 0.39 1.63 65.16 32.54 0.00 0.00 0.29

4.00 0.40 1.67 65.76 31.91 0.00 0.00 0.25
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Table A 6  B a t c h #  1, P d /g r a n u le  a c t iv a t e d  c a r b o n  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  

a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  120°c ,4  b a r , 5 0  m l /m in  o f  

แ 2 f l o w  r a te , 5 0 0  rp m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w it h  s ta r t
in g  o i l )

Reaction Time c 1 2:0 c  14:0 C16:0 Cl 8:0 c  18:1 Cl 8:2 C22:0

0.00 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.50 0.36 1.53 65.55 6.51 24.12 1.71 0.22

1.00 0.39 1.62 66.86 8.60 22.05 0.26 0.24

1.50 0.39 1.66 67.69 10.47 19.39 0.17 0.22

2.00 0.38 1.67 67.45 13.45 17.00 0.00 0.25

3.00 0.39 1.64 67.45 18.44 11.80 0.00 0.28
4.00 0.39 1.64 67.46 22.99 7.26 0.00 0.25

Table A 7  B a t c h # l ,  P d /g r a n u le  a c t iv a t e d  c a r b o n  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  

a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  120°c, 2  b a r , 5 0  m l /m in  o f  

แ 2 f l o w  r a te , 5 0 0  rp m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t
in g  o i l )

Reaction Time C12:0 C14:0 Cl 6:0 0 8 :0 0 8 :1 0 8 :2 C22:0
0 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.5 0.41 1.56 65.16 5.83 24.41 2.41 0.23
1 0.43 1.64 67.01 6.18 23.27 1.26 0.20

1.5 0.37 1.41 68.29 7.14 21.99 0.56 0.24
2 0.46 1.71 68.01 9.73 19.31 0.59 0.20
3 0.48 1.76 68.21 12.56 16.26 0.51 0.21
4 0.43 1.63 64.87 17.95 14.64 0.24 0.25
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Table A 8  B a t c h #  1, P d /g r a n u le  a c t iv a t e d  c a r b o n  o n  FAME c o m p o s i t io n  o f  b i o d i e s e l  

a f te r  p a r t ia l h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c , 1 b a r , 5 0  m l /m in  o f  

H 2 f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t
in g  o i l )

Reaction Time C12:0 Cl 4:0 CT 16:0 C18:0 Cl 8:1 C18:2 C22:0

0.00 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.50 0.35 1.52 65.58 4.81 24.61 2.95 0.18

1.00 0.38 1.62 66.27 4.95 24.44 2.18 0.16

1.50 0.37 1.60 67.45 5.70 23.27 1.41 0.20

2.00 0.38 1.61 66.75 6.18 23.99 0.87 0.23

3.00 0.38 1.63 69.28 7.23 20.76 0.50 0.22

4.00 0.38 1.64 67.23 10.00 19.86 0.50 0.22

Table A 9  B a t c h # 2 ,  P d /g r a n u le  a c t iv a t e d  c a r b o n  o n  FAME C o m p o s it io n  o f  b i o d i e s e l  

a f te r  p a r t ia l  h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  l 2 0 ° c ,  4  b a r , 5 0  m l /m in  o f  

แ 2 f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t
in g  o i l )

Reaction Time C12:0 C14:0 0 6 :0 0 8 :0 0 8 :1 0 8 :2 C22:0

0 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.5 0.37 1.58 66.08 7.40 22.78 1.57 0.22

1 0.35 1.55 67.66 10.79 19.16 0.26 0.23

1.5 0.40 1.68 68.79 13.00 15.90 0.00 0.22

2 0.40 1.67 68.32 16.29 13.13 0.00 0.19

3 0.43 1.79 68.33 21.35 7.80 0.00 0.30

4 0.38 1.62 68.57 24.00 5.19 0.00 0.25
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T a b l e  A 1 0  B a t c h # 2 ,  P d /g r a n u le  a c t iv a t e d  c a r b o n  o n  F A M E  c o m p o s i t io n  o f  

b i o d i e s e l  a f te r  p a r t ia l  h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 0 0 ° c ,  4  b a r , 5 0  

m l/m in  o f  H 2 f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  

w it h  s ta r t in g  o i l )

Reaction Time C12:0 c  14:0 c  16:0 C18:0 c 18:1 C18:2 C22:0

0 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.5 0.41 1.55 65.94 6.87 22.85 2.14 0.25

1 0.41 1.60 66.13 9.67 21.11 0.83 0.24

1.5 0.41 1.58 67.43 12.55 17.60 0.16 0.26

2 0'43 1.63 68.58 14.97 14.12 0.00 0.27

3 037 1.46 67.36 19.39 11.11 0.00 0.31

4 0.39 1.49 66.74 23.48 7.59 0.00 0.30

T a b l e  A l l  B a t c h # 2 ,  P d /g r a n u le  a c t iv a t e d  c a r b o n  o n  F A M E  c o m p o s i t io n  o f  

b i o d i e s e l  a f t e r  p a r t ia l  h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  8 0 ° c ,  4  b a r , 5 0  

m l/m in  o f  FI2 f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a l y s t  c o m p a r e d  

w it h  s ta r t in g  o i l )

Reaction Time C12:0 C14:0 c 16:0 c  18:0 c 18:1 C18:2 C22:0

0 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.5 0.37 1.59 65.94 4.94 24.70 2.24 0.23

1 0.38 1.61 66.13 8.35 22.41 0.92 0.19

1.5 0.40 1.66 67.43 9.65 20.49 0.20 0.16
2 0.37 1.57 68.58 12.17 16.98 0.10 0.23
3 0.41 1.67 67.36 16.69 13.66 0.00 0.22

4 0.37 1.67 66.74 22.00 9.00 0.00 0.22
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Table A12 P d /g r a n u le  a c t iv a t e d  c a r b o n  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f te r  

p a r t ia l  h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c ,  4  b a r , 1 0 0  m l /m in  o f  H 2 

f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  

o i l )

Reaction Time c  12:0 C14:0 c  16:0 C18:0 c  18:1 Cl 8:2 C22:0

0 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.5 0.37 1.55 66.81 ' 6.96 22.41 1.67 0.22

1 0.39 1.65 66.90 . 8.89 21.77 0.22 0.22

1.5 0.40 1.71 70.52 '. 10.05 17.04 0.00 0.27

2 0.40 1.69 68.35 ■ 12.61 16.79 0.00 0.16

3 0.36 1.57 67.19 20.06 10.17 0.00 0.29

4 0.31 1.73 68.92 23.74 4.90 0.00 0.21

Table A13 P d /g r a n u le  a c t iv a t e d  c a r b o n  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f te r  

p a r t ia l  h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c ,  4  b a r , 5 0  m l /m in  o f  H 2 

f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  

o i l )

Reaction Time _ C12:0 c  14:0 C16:0 Cl 8:0 c  18:1 Cl 8:2 C22:0

0.00 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.50 0.35 1.52 65.58 4.81 24.61 2.95 0.18

1.00 0.38 1.62 66.27 4.95 24.44 2.18 0.16

1.50 0.37 1.60 67.45 5.70 23.27 1.41 0.20

2.00 0.38 1.61 66.75 6.18 23.99 0.87 0.23

3.00 0.38 1.63 69.28 7.23 20.76 0.50 0.22

4.00 0.38 1.64 67.23 10.00 19.86 0.50 0.22
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Table A14 P d /g r a n u le  a c t iv a t e d  c a r b o n  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f te r  

p a r t ia l h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c ,  4  b a r , 3 0  m l /m in  o f  FE  

f l o w  r a te , 5 0 0  rp m  o f  s t ir r in g  ra te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  

o i l )

Reaction Time c  12:0 C14:0 c  16:0 c  18:0 c  18:1 Cl 8:2 C22:0

0.00 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.50 0.39 1.55 66.34 6.54 22.18 2.74 0.25

1.00 0.43 1.68 66.93 7.41 22.11 1.24 0.18

1.50 0.39 1.57 65.00 9.91 22.13 0.77 ' - 0.24

2.00 0.44 1.73 67.78 12.02 17.73 0.10 0.20
3.00 0.39 1.64 67.15 14.27 16.17 0.12 . ' 0.25

4.00 0.41 1.65 67.08 18.77 11.47 0.36 0.26

Table A15 P d / a c t iv a t e d  c a r b o n ( 4 0 p m )  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a f te r  

p a r t ia l h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c ,  4  b a r , 5 0  m l /m in  o f  FE  

f l o w  r a te , 5 0 0  rp m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  

o i l )

Reaction Time C12:0 Cl 4:0 C16:0 C18:0 c  18:1 C18:2 C22:0

0.00 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.50 0.37 1.59 66.36 20.87 9.56 0.96 0.28

1.00 0.37 1.63 67.11 26.89 3.73 0.00 0.27

1.50 0.38 1.59 65.40 31.31 1.03 0.00 0.29

2.00 0.36 1.54 66.10 31.70 0.00 0.00 0.30

3.00 0.40 1.67 65.81 31.89 0.00 0.00 0.23

4.00 0.42 1.67 65.57 32.08 0.00 0.00 0.25
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Table A16 P d / a c t iv a t e d  c a r b o n ( 8 5 0 p m )  o n  F A M E  c o m p o s i t io n  o f  b i o d i e s e l  a fte r  

p a r t ia l h y d r o g e n a t io n  r e a c t io n  ( R e a c t io n  c o n d i t io n s :  1 2 0 ° c ,  4  b a r , 5 0  m l /m in  o f  แ 2 

f l o w  r a te , 5 0 0  r p m  o f  s t ir r in g  r a te , a n d  1 .5  w t .%  o f  c a t a ly s t  c o m p a r e d  w i t h  s ta r t in g  

o i l )

R e a c t io n  T im e C12-.0 c  14:0 Cl 6:0 C18:0 0 8 :1 0 8 : 2 C22:0

0.00 0.37 1.63 66.93 0.14 26.50 4.18 0.25

0.50 0.38 1.55 66.67 13.61 16.27 1.25 0.27

1.00 0.40 1.62 66.70 19.93 10.86 0.20 0.28

1 .5 0 0.39 1.61 66.85 24.49 5.47 0.94 0.26

2.00 0.39 1.59 65.53 29.94 2.20 0.09 0.26

3.00 0.39 1.64 67.15 30.00 0.45 0.12 0.25

4.00 0.37 1.57 64.72 32.91 0.14 0.00 0.29
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