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ABSTRACT 

Cost of biodiesel is still high nowadays, because of cost of production is high 

while cost of by-product (glycerol) is low. The objective of this work is to study feasibility of 

new biodiesel production process to reduce amount of crude glycerol accumulation in biodiesel 

plant. The new process is transmethylation of used cooking oil and dimethyl carbonate using 

sodium methoxide as catalyst. This process doesn t produce glycerol (low cost by-product) but 

methylester and cyclic glycerol carbonate esters of fatty acid (FAGC), which is called DMC-

Biodiesel. These two products are completely mix as homogeneous liquid and can be used as 

alternative fuel. All components in product of the process were confirmed by 1H-NMR, 13C-NMR 

and GC-FID. Moreover, this work studied about factors affecting production process. The factors 

were molar ratio of use cooking oil to dimethyl carbonate, amount of catalyst and reaction time. 

In addition, characteristic and properties of biodiesel were studied and economic was evaluated 

also. 

 The result showed that optimum condition of transmethylation give 98.50% purity of 

methylester. Those conditions were 1:9 molar ratio of used frying oil to dimethyl carbonate, 5% 

catalyst and 8 hours reaction time. Density and flash point of product meet standards of 

department of energy business. However, viscosity of product had been under the standard 

requirement because of product were mixed between methylester and fatty acid of glycerol 

carbonate. Furthermore, cost of production was higher than conventional process but this could be 

compensated by high cost by-product which is glycerol carbonate. 
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 2.1 Carboxymethylation (T  90 ) 

  CH3O
-            

 CH3O
-  YCOOCH3  CH3O

-
 

  YCOOCH3 

 1-8  (Notari and Rivetti, 2010) 
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-  CO2  CH3O
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  Carboxymethylation  YCOOCH3 

  (Notari and Rivetti, 

2010) 

 CH3O
- 

  CH3O
- 

 (TG)   1 

  

transition state    1 

 (FAGC)  FAGC 1   

2   (Zhan�, et al., 2010) 
 

 
   

 1-8 -

 

: Zhan�, et al. (2010) 
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 (Oxidant)  (Delledonne, et al., 2001) 

 (1-2)     
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4.  (Catalyst) 
      

   (Sulfuric acid, H2SO4)  (Phosphoric acid, H3PO4) 

  (Hydrochloric acid, HCl)  
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NaOCH3)  (Potassium hydroxide, KOH)  

(Potassium methoxide, KOCH3)  (Sodium amide, NaNH2)   

(Potassium amide, KNH2)   
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 47.2 /    22.5 /   3.4 

 1.3 /   

 ( / )  1-1 
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 (http://www.thainews70.com) 
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 . .2550 

 EN14214   ASTM 

D 6751  

  

  2   

   

      

   

  American Society for Testin� and Material 

(ASTM)  The European Standard (EN)              

. . 2550  -3 

 
7.  

Fabbri  (2007) -     

  

 DMC-BioD  (Fatty acid methyl ester, 

FAMEs)  (Cyclic �lycerol carbonate esters 

of fatty acid, FAGCs)    

   

  (Additive) 

   (90°C)  

 (64.6°C)  

   

  

 DMC-BioD 

 (MeOH-BioD)  DMC-BioD  
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(Petroleum-diesel)  20:80  (DMC-BioD:Petroluum-diesel) 

Men�  (2008)   

  (Transesterification) 

  1:9  

1.0 wt%   50°C  90  

1:6  89.8 

 EN14214 

  
Phan (2008)  - 

         

7:1-8:1  0.75%   30-50  

              

 . .2548  EN14214 

 
 20:80 (B20)   

Su  (2007) 

 (   )  

(DMC)  Novozym435 (lipase B  Canadida antarctica) 

      

 

 

  

    96.4% 

 

Ilham  Saka (2009)  (Rapeseed)   

 (  350   20 

  12 )  -

 94 
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 (Citramalic Acid) 

 

  

 

Ilham  Saka (2010)   2 

  

 

 (Fatty acid)  (270 

  27   25 ) 

  

 (300   9   15 ) 

 

 (Glyoxal) 

  97  

 

Tan  (2010) - 

 

   

   

  

    

(Response                  

surface methodolo�y, RSM)                              

380   1 :39                             

 3 0   9 1 

(
( )

( )
100%

 
 ×= ) 

Zhan�  (2010) 

 (DMC)  

 (KOH)       
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   42.35  (0.05 ) -  40.53 

 (0.45 )  1:9  4.39         

(0.08 )  8.5 %                          

8  96.2 

 65-75   (Pseudo first-order) 

 (Ea)  79.1   (k0)  1.26 × 109 
-1  

Zhan�  (2010) 

 (DMC)  Novozym 435  

Lipozyme TL IM            

  

(FAGC)                 

 FAGC 

  GC-MS               

  

            

55   1:10 

 24   

90.5 

Notari and Rivetti (2010)  US 7,740,710 B2 

  ( ) 

 

  

 0.02%  

 

  

  (  ) 
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 (Notari and Rivetti, 2004) 

 10-40 %  

  36-37 

  49 

  (12-15% )     

 (10% ) 
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 2 

 

  

 

1.  
 
 1.1   1 %  

  

  

 

1.2  

 

 2-1  

 

 / /  

1.  (  95%)  Commercial/Thailand 

2.  (0.1 ) Merck/Analytical/Germany 

3.   (  1%) Lab scan/Analytical/Thailand 

4.  (Dimethyl Carbonate, DMC, 

 99%) 

Sigma-Aldrich/reagent/Germany 

5.  (95% Powder)  Sigma-Aldrich/reagent/Germany 

6.  (30% )  Sigma-Aldrich/reagent/Germany 

7.   (

) 

     

/Food grade/Thailand 
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1.3  

 

 2-2   

 

  /  

1.     250  - 

2.     50  - 

3.     25  50  - 

4.     50, 100, 1000  - 

5.    2   250  Harmony, Japan 
6.    (Beaker)  25, 100, 1000  - 

7.    (Condenser)  - 

8.    (Magnetic bar)  - 

9.         - 

10.      - 

11.  (Test tube)    - 

12.  (Micropipette)  100-1000  Labmate, - 

13.  (Rotary vacuum evaporator)   

       V-700 

Bochi Rotavapor, - 

14.   2   BP2100S  Satorius, USA 

15.   4   BP221S   Satorius, USA 

16.    Memmert  Model 200    Schwabach, Germany 

17.  (  1000 )   Gilson, France 
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1.4  

 

 2-3 

 

 

 /  
1.    ASTM D-93   - 

2.    ASTM D-445 - 

3.   (Pycnometer)  25   - 

4.   TLC-FID Analyser  Iatroscan MK-5  Iatron, Japan 
5.   (1H-NMR)        

     Unity Inova 500 MHz  

Varain, - 

6.   Gas Chromatography-FID (GC-FID)  HP 6890 Agilent Technologies, - 

7.   Gas Chromatograph-FID (GC-FID) HP 7890  Agilent Technologies, - 

 
 

2.  
 

2.1   
 

  (  AOCS Official Method Ca 

5a-40)  1 % 

  1 % 

 ( )   

 

 100  
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 2-4 

 1-10   250  

  5  

 0.1      

( )  50   

  

0.1    2.1 

 . 
 

( ) ( )

( )
25.6NNaOHmlNaOH

%
××=          (2.1) 

 

 2-4  

 
  

1.     95 %  

2.    0.1 * 

3.   1 %  

*  0.1   

 
2.2  DMC-biodiesel - 

 
 

 2   250          

     

  2-1 

 

  (100 , 
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0.11 )  (36.6 , 0.44 )  5 % 

  75-80   

5  (Fabbri, et al., 2007)  

  

   

 70   80  

 10  -

 ( )    

DMC-biodiesel  1H-NMR, 13C-NMR  GC-FID    

DMC-biodiesel   (FAME)  (FAGC)          

 (GDC)  (GC)  
 

2

(

)
 

 

 2-1  
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2.3 
  

 -

  (NaOCH3) 

  

 1:2  1:15  (  3 ) 
 

 (

 5% 1.  2.  30% ) 

 2-5  70-

75   -

 

 2   250  

  75-80  

 6  (Fabbri, et al., 2007) 

  2.2 

     

 (FAME)  (TG)  (DG)  (MG)           

 (FAGC)  (GDC) 

 (GC)  1H-NMR  GC-FID   
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 2-5 

  

 
 

Oil : DMC  
 DMC  

*

 

1:2 
45.00   

(0.05 mol) 

9.00    

(0.10 mol) 

2.25  

(0.04 mol) 

1:3 
45.00   

(0.05 mol) 

13.50    

(0.15 mol) 

2.25  

(0.04 mol) 

1:4 
45.00  

(0.05 mol) 

18.00    

(0.20 mol) 

2.25  

(0.04 mol) 

1:6 
45.00   

(0.05 mol) 

27.00    

(0.30 mol) 

2.25  

(0.04 mol) 

1:9 
45.00   

(0.05 mol) 

40.50    

(0.45 mol) 

2.25  

(0.04 mol) 

1:12 
45.00   

(0.05 mol) 

54.00    

(0.60 mol) 

2.25  

(0.04 mol) 

1:15 
45.00   

(0.05 mol) 

67.50    

(0.75 mol) 

2.25  

(0.04 mol) 

 

 DMC   

*  1.  ( ) 2.  

30%  ( ) 

 
2.4   

      

   1-10  

 2.3 (  3 ) 
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 2-6 -  

 

 

 

 

(% ) 

 2.3 

1  (0.45 ) 

2  (0.90 ) 

4  (1.80 ) 

5  (2.25 ) 

6  (2.70 ) 

8  (3.60 ) 

10  (4.50 ) 

 

 
  2.3 

 70-75    

  

 2-6 

 2   250 

  2-1  75-80  

 6   

 2.2 

 , , 

, , ,  

  1H-NMR GC-FID   
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2.5  

   

 2-10   

 2.3  2.4  (

 3 ) 

 

 2-7 

 

 

 

 
   

2.4  2.5  70-75   

   

 2   250  

  2-1 

 2-7  75-80  

 

 2.2 

 , , , 

, ,  

 1H-NMR  GC-FID   

 

 

 

(% ) 

 

( ) 

 2.3  2.4 

2 

4 

6 

8 

10 



28

2.6  DMC-Biodiesel 
 DMC-Biodiesel 

  

  

 

  

*1.   15   

ASTM D1298 

*2.   Viscometer  ASTM D-445 (Viscometer No.100 

P897  40  Calibration Constant of the Viscometer  0.01531 cSt/s  

*3.   ASTM D-93  Pensky Martens Close Cup 

*  . 

 
2.7 

 
 

  2  
1.  (Fixed Cost)  

 .  (Depreciation) 

 .      

 .  (Tax and Salvage Value) 

2.  (Variable Cost)  

 .    

 30 %  

 .  

 .  ( )  1,000  

 . *  176   

 

: *   

  23  2554 
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 1.  

 1  

 2-8  

 

 2.8  

 

   ( / ) 

* 16* 

 3,742 

 30 %  92.31 

** 0.021 

 

:  *     

   24  2554 

: ** (Suthamma, 2007) 

   

2.  

 

 (Time of use rate, TOU) ( , 2548) 

 2-9  6 

 1   

2-2  
 

CWCost ×=                 (2-2) 
 

 C =  ( ) 

 W =  ( ) 

 



30

 2-9   15 

 30    

 

  ( ) 

150  (  0-150) 1.80 

250  (  151-400) 2.78 

 400  (  401- ) 2.98 
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 3 

 

 

 

 

3.1  

 

 3-1 

  0.55%  (

 1% 

 �.1 

 (Ma, et al., 1998; Vicente, et al., �006)  

 TLC-FID 

 94.01%  3.46%  1.65%  0.88% 

 (  1% ) 

 3-1  

 

 

 3-1  

 

  (g)  NaOH (ml) %FFA* 

1 5.60 1�.00 0.54 

� 5.50 1�.50 0.58 

3 5.55 11.50 0.53 

 5.55 1�.00 0.55 

 

 %FFA  %   



3� 

94.01%

3.46%

1.65%

0.88%

TG

DG

MG

FFA

 
 

 3-1  TLC-FID 

 

3.2  DMC-biodiesel 

 

 

 -

 1: 4  5%       

5   75-80  (  

Fabbri  (�007) )  DMC-

biodiesel  1H-NMR, 13C-NMR  GC-FID   

  

 

3.2.1  DMC-biodiesel  1H-NMR 

 

  DMC-biodiesel  1H-NMR 
1H-NMR  (  7500 

/ )  DMC-biodiesel  3-� 

 δ3.65  DMC-

biodiesel  3        
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δ 3.63  δ5.�5 

  δ3.76  DMC-biodiesel 

  3-� 

 

 3-�  (δ)  

(  7500 / )  DMC-biodiesel  1H-NMR 

 ChemBioDraw 

 

Peak 
 (δ, ��m) 

Std. FAME DMC-biodiesel ChemBioDraw 

 3.65 3.63 3.65 

FAGC - 5.�5 4.79 

GDC - 3.76 3.79 

 

  Std.FAME   (  7500 ��m) 

  FAGC    

  GDC    

  ChemBioDraw  

ChemBioDraw 

 

  3-� 

δ5.�5 δ3.76 -

  (Conventional �rocess)

 ( ) 

 

  δ5.�5 

 (Tri�let) -

δ 4.79              

 ChemBioDraw -

 -3  
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    (   

, �54�) 

  δ 3.76  DMC-biodiesel 

 1H-NMR 

δ 3.70 (Rokicki, et al., �005) 

 δ 3.79 

 ChemBioDraw 

 -4  DMC-biodiesel 
 1H-NMR  DMC-biodiesel   

 

   

δ 3.63 δ 3.76  3-� 

 

 

CH3OC(=O)R ( )  CH3OC(=O)OR ( )  R 

 3-1               

 ( )  (Inductive effect) 

  F, Cl, Br, I, O 

 N  

  

 (   , �54�) 

  

      3-1 
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                    3-�              

 

 
 3-�  1H-NMR  (Mixed ME 

 7500 ��m)  DMC-biodiesel  

 

   

  δ3.63 

 

GDC  δ3.76 

 FAGC  δ5.�5 

 

  δ3.65 
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3.2.2  DMC-biodiesel  13C-NMR  

 

  13C NMR  

 5,700  13C       

(   , �54�) 

  DMC-biodiesel 

  DMC-biodiesel   

 

 13C-NMR 

 (1H-NMR 13C-NMR)  

  3-3   δ50.80  

 ( )  

δ54.81, δ6�.05  δ68.83  

 3-4 

  DMC-BioD 

 (Fabbri, et al., �007) 

 ChemBioDraw 

 -8  3-3 

 DMC-biodiesel   

Fabbri  (�007)  ChemBioDraw 

 3-3  DMC-biodiesel  13C-NMR  

 

 (δ, ��m) 

DMC 

biodiesel 

Fabbri  

(�007) ChemBioDraw 

 50.80 50.00 51.10 

 (3 

) 

54.81 63.00 6�.50 

6�.05 66.10 68.40 

68.83 74.30 70.80 

: Fabbri  (�007) 
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 3-3  13C-NMR  DMC biodiesel 

 

 
 

 3-4  13C-NMR  
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3.2.3  DMC-biodiesel  GC-FID 

 

 DMC-biodiesel  GC-FID ( ) 

 GC-FID 

( )  GC-FID 

  

 DMC-biodiesel  GC-FID ( )  

   DMC-biodiesel 

 (  (TG), 

 (DG),  (MG),  (FAME), 

 (FAGC), (GC)  (GDC)) 

   

  3-5 3-6    

 DMC-biodiesel 

 (C10- C�4)  methyl he�tadecanoate (C17) 

 3-5  

Retention time  3.50- 14.00  (C10:0  3.63, C1�:0  5.�1, C14:0  6.65, C16:0  

7.98, C17:0  8.59, C18:0  9.18, C�0:1 10.�8, C�0:0  10.55, C��:1 11.83, C��:0 1�.11, 

C�4:1 13.53  C�4:0 13.81)   

 3-6  DMC-biodiesel  

Retention time  5.00 - 14.00   

 (C1�- C�4)   3-6 

 Retention time 15.60  17.01 

 Retention time  

  

 (Fabbri, et al., 

�007) 

 ( Zhang, et al., �010)  

  3-6  Retention time 3.46  4.6� 

  (Zhang. et al., �010) 
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  3.�.1, 3.�.�  3.�.3  

DMC-biodiesel  1H-NMR, 13C-NMR GC-FID 

 3-5 

 

 3-5  DMC-biodiesel  1H-NMR, 13C-NMR GC-

FID 

 

 
 DMC-biodiesel 

FAME FAGC GDC GC 
1H-NMR     
13C-NMR     

GC-FID     

 

 FAME    

 FAGC   

 GDC    

 GC   

  

  3-5  1H-NMR  DMC-biodiesel 

  

   DMC-biodiesel 

 13C-NMR    
1H-NMR   DMC-biodiesel 

 GC-FID    

  GC-FID 

 DMC-biodiesel  

 1H-NMR, 13C-NMR  GC-FID 
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 (Zhang. et al., �010)  3-1  3-� 

 DMC  

 

 
 

 3-5  (C10- C�4) 

 

 
  

 3-6  DMC-biodiesel  GC-FID 



4� 

3.3 

 

  

 

  1  

 �   �   1   

 -

   3-7 

 1:3 - 1:15  

        

 (Zhang. et al., �010)  

 

 

 (Zhang. et al., �010)  3-7 

 1:9- 1:15  

  5% 

  (Inactive) 

 (   36.99) 

           

    

 

  ( .336 (�5�3))  

DMC-biodiesel  (30% )  

 DMC-biodiesel -         

 DMC-biodiesel  

    1: 9 

  (30% ) 5% 

  6  

 (93.89%) 
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0

20

40

60

80

100

0 3 6 9 12 15 18

 DMC ( / )

 (%
wt

)

5 %wt 
5 %wt 

 
 

 3-7   

:  6   5%  

 (  30% 

)  75-80  

 

3.4  

  

 3-8  

 1-10 %  

 �  10 

 basic sites -

   (CH3O
-) 

  (Tundo and Selva, �00�; Zhang, et al., 

�010) 

  �-4 % 

  basic sites 

 (Zhang, et al., �010) 



44 

   5%   

  

  

 

  

   

5%  

 

0

20

40

60

80

100

0 2 4 6 8 10 12

 (%wt)

 (%
wt

)

 
 

 3-8  

:  1:9  6 

  75-80  

 

 

 

 

 

 



45 

3.5   

  

 

 

  3.3  3.3 

 3-6 

 

 3-6  

 

 

  
 

1:9 

(  3.3) 

5%

  

(  3.4) 

75-80  

( ) 

 

 3-9 

  �-1�  

 �-6   6-1�  

 93.00  

 

  8  

 (98.50%)  
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0

20

40

60

80

100

0 2 4 6 8 10 12

 ( )

 (%
wt

)

 
 3-9   

:  1:9  5% 

 75-80  

 

  

 ( ) 3-7 

  

 

 3-7 

 

 

 
   

1:9 

(  3.3) 

5% 

 

(  3.4) 

8  

(  3.5) 

75-80   

(  

) 
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3.6  DMC-Biodiesel 

 

 DMC-Biodiesel  

DMC-Biodiesel  

 DMC-Biodiesel  MeOH-Biodiesel  3-8 

 DMC-Biodiesel  MeOH-Biodiesel

  -

 DMC-Biodiesel   

   

 (80 Da)  

FAME   DMC-Biodiesel 

 

 �0/80   DMC Biodiesel / Petroleum diesel (Fabbri. et al., �007) 

 -�  

( )  MeOH Biodiesel 

 

 DMC-Biodiesel 

 

 

 3-8  DMC-Biodiesel  MeOH-Biodiesel 

 

 
DMC 

Biodiesel* 

DMC 

Biodiesel a
 

MeOH 

Biodiesel 
b
  

  

 15° , / .  
878 887 881-889 

 860-900 

   

40° ,  
5.4 5.6 3.8-4.3 

 3.5-5.0 

  17� 160 117-179  1�0 
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*DMC-Biodiesel 

 1:9  (30% ) 5% 

   8   75-80  

: DMC-Biodiesel a (Fabbri, et al., �007); MeOH-Biodiesel b (Graboski MS et al., 1998) 

 (�550) 

 

3.7  

 

 3-7 

 1   � 

 �.7  

 3-9  3-10 

 

 (�353.�8 / ) -

 (Conventional �rocess) (�7.86 / )  

    

  (   

 50,000-80,000   93% )

(htt�://www.citychemical.com)    

 

0.07, 0.40  �5.60 (Fabbri, et al., �007) 
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 3-9  

 

 

 

 

 

/  

 

 

/  

 

        -  

        -  

        -  

 

�3. 63 

35.41 (Methanol) 

6.8� (KOH) 

 

11.07 

�,331.55 (DMC) 

10.65 (NaOCH3) 

 �7.86 �353.�8 

 

* : 

 1:6  1%  

 1   60  

: Darnoko and Cheryan (�000) 

 



                                                                                                                                                       50

 4 
 

 
 

 
  
 -

 (30% ) 

 
 0.55% 

  

 
 

1H-NMR, 13C-NMR  GC-FID  DMC-Biodiesel  - 

 (FAME),  (FAGC),  (GC) 

(GDC)  

 

 Internal standard  Methyl heptadecanoate (C17) 

  

  

   

 DMC-Biodiesel 

 -

 1:9  (30% ) 5% 

  8   75-80  

 98.50 

  DMC-Biodiesel  ASTM 

 172   878 /    15 
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   5.4  

  40  (       

3.5-5.0   ASTM D 445)  DMC-Biodiesel 

 

  1  

( )  2353 /  

  28 /  ( ) 

 ( ) 

  

 

 

 

 
1.  DMC-Biodiesel 

 Petroleum diesel  DMC-biodiesel / Petroleum 

diesel   

 DMC-Biodiesel  

2.  (30% ) 

 (Homogeneous)  

  NaOH  KOH 

 (

)   NaOH  KOH   

 3.  DMC Biodiesel  

 ( ) 
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1.   (NaOH)  0.1   

 (N) 

 ( )  NaOH  40   NaOH 

 NaOH 0.01 M = 0.01 N  NaOH  0.4   

 1   NaOH  

2.   

 

( )
( ) ( )

( )
25.6NNaOHmlNaOH

FFA%
××=              ( -1) 

 

 1 

VNaOH  5.60   =  12.00  

0.54%
5.60

25.60.0112.00%FFA =××=  

 2 

VNaOH  5.50   =  12.50  

0.58%
5.50

25.60.0112.50%FFA =××=  

 3 

VNaOH  5.55   =  11.50  

0.53%
5.55

25.60.0111.50%FFA =××=  

 

0.55%
3

0.530.580.54%FFA =++=  
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 -1  

 

(g)  NaOH (ml)  NaOH %FFA 

5.60 12.00 0.01 0.54 

5.50 12.50 0.01 0.58 

5.55 11.50 0.01 0.53 

    0.55 

 

3.  

 3.1   

  

   = Used Frying Oil (UFO) 

   = Dimethyl Carbonate (DMC) 

   = NaOCH3 

   DMC  = 90  

   = 900  

   NaOCH3 = 54    

   

(1)  

   

   

   1:15   (1×900):(15×90) 

 1:1.5  

   45  ∴  DMC 1.5×45   =   67.50  

   1:12   (1×900):(12×90) 

 1:1.2  

   45  ∴  DMC 1.2×45   =   54.00  

    -2 
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 -2  DMC  

 

 

/  

 

/  

 UFO 

 

 DMC 

 

1:2 45 : 0.2×45 45.00 9.00 

1:3 45 : 0.3×45 45.00 13.50 

1:4 45 : 0.4×45 45.00 18.00 

1:6 45 : 0.6×45 45.00 27.00 

1:9 45 : 0.9×45 45.00 40.50 

1:12 45 : 1.2×45 45.00 54.00 

1:15 45 : 1.5×45 45.00 67.50 

 

 

(2)   

  1-10 %  

  30%  

  

   

 

  -5%  

    100       5  

   45        2.25
100

455 =×   

  -10%   

    100       10  

   45        4.50
100

4510 =×   

 30%  

 -5%  

   30      100  
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    2.25    7.50
30

2.25100 =×  

 ∴  7.5      2.25  

 -10%  

    30      100  

    4.50    15.00
30

4.50100 =×  

 ∴  15.00     4.50  

    -3 

 

 -3  

 

  

(% ) 

 

NaOCH3 ( ) 

 NaOCH3 

30%  ( ) 

1   0.45
100

451 =×  1.50
30

0.45100 =×  

2   0.90
100

452 =×  3.00
30

0.90100 =×  

4   1.80
100

454 =×  6.00
30

1.80100 =×  

5   2.25
100

455 =×   7.50
30

2.25100 =×  

6  2.75
100

456 =×   9.17
30

2.75100 =×  

8  3.60
100

455 =×  12.00
30

3.60100 =×  

10   4.50
100

4510 =×  15.00
30

4.50100 =×  

 

*
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1H  13C Nuclear Magnetic Resonance Gas 

chromatography (GC-FID) 

 

1.  DMC-biodiesel  1H-NMR 

  Proton Nuclear Magnetic Resonance (1H-NMR) 

 (%yield)  (Fatty acid methyl ester) 

      

GC-FID  GC-FID 

 

 -

 

 (-OCH3) -

 (α-CH2)  

 -1  -1 

 































−

−
=

2CHvaluenIntegratio3
3OCHvaluenIntegratio2

100%yield                              -1            

  

 
 -1  
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  DMC-biodiesel  1H-NMR  

 

-2 

 

 
 

 -2  DMC-biodiesel 

 1H-NMR 
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  -3, -4  -5  ChemBioDraw 

  FAGC, GDC  GC (

)  

   

DMC-biodiesel  
1H-NMR 

 

 

 
 

 -3   FAGC 

 ChemBioDraw  ( ) 

:  ChemBioDraw   
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 -4              

  (GDC)  ChemBioDraw  (

) 

:  ChemBioDraw   
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 -5              

  (GC)  ChemBioDraw  (

) 

:  ChemBioDraw   
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2.  DMC-biodiesel  13C-NMR 

  DMC-biodiesel  13C-NMR  

 

 -6 

 

 
 

 -6  DMC-biodiesel      
13C-NMR 
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  -8  -9   ChemBioDraw 

  FAGC  GDC (

)   

  

DMC-biodiesel  13C-NMR 

 

 

 
 

 -7 13C   DMC-BioD -    

 

: (Fabbri. et al, 2007) 
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 -8              

FAGC  ChemBioDraw  ( ) 

:  ChemBioDraw   
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 -9              

GDC  ChemBioDraw  ( ) 

:  ChemBioDraw   
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 -1  (H  CH3, CH2  

CH) 

 

 
:      

    3 (2542) 
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3.  DMC-biodiesel  GC-FID 

 

   GC-FID 

 DMC-biodiesel    (TG),    

 (DG),  (MG),  (FAGC),  

 (FAGC),   (GC)    (GDC)  

 DMC-biodiesel 

 2.2  

 3.1   Agilent  HP 7890A 

   

SelectTM Biodiesel  10 ×320  (I.D.) ×0.1  

( ) 

  

  

 : 1  

 Injector: 290°C (  (N2) 2 /   20 °C)  

 Detector: 300°C (make up gas 30 / ) 

 Oven:  210°C  12  

   20°C /   250°C 

 8  

Split ratio:  50:1 

 

 3.2   Hewlett Packard  HP 6890 

  DMC-biodiesel  

SelectTM Biodiesel  270  

 DMC-biodiesel  DB-5HT 

 15 ×0.32  (I.D.) ×1  ( ) 

 400   

DMC-biodiesel 
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 : 1  

 Injector: 100°C (  (H2) 3 /   20 °C)  

 Detector: 380°C (make up gas 40 / ) 

 Oven:  180°C  15  

   7°C /   230°C 

  10°C /   370°C  5  

Split ratio:  50:1 

 

 

  0.05  vial.  1   

  n-heptadecanoate. (1  100  n-heptane) 

 

 

    

 -2 

 

100%x
m

EIVxEIC
x

EIA
EIA)A(

C
−∑=    -2 

 

∑A     =    (C14:0   

C24:1) 

 
EI

A  =     (C17) 

 
EI

C  =    ( / )  

 
EI

V  =    ( )   

 m  =    ( ) 
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1.  Hydrometer (Standard Practice for Density, Relative 

Density (Specific Gravity), or API ) 

 

 

1.  Hydrometer  ASTM 

2.  ASTM 

3.  25   

 Hydrometer   Hydrometer 

  Hydrometer   25  

4.  

 

 

1.     

2.   

 

3.    

 

4.   Hydrometer   

  

5.  Hydrometer    Hydrometer

  Hydrometer   

 

6.  Hydrometer 
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 -1  Hydrometer  

 

2.  Viscometer (ASTM-D455) 

 

 

1.   viscometer  -2 

2.    

(  E )  

3.   E 

 F  40  

4.   Kinematics viscosity  -1 

 

ν     =  ct                  ( -1) 

 

  ν     =  Kinematic viscosity (cSt) 

   C     =   (cSt/s)  -1 

   t       =   ( ) 
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 -1  

 

Size No. 
Approximate 

Const, cSt/s 

Kinematic 

viscosity 

Range, cSt 

Inside Diameter 

of Tube (R; mm) 

Inside Diameter of 

Tube (N, E, and P; 

mm) 

Bulb Volume; 

ml (±5%) 

D C 

25 0.002 0.5-2 0.30 2.6-3.0 3.1 1.6 

50 0.004 0.8-4 0.44 2.6-3.0 3.1 3.1 

75 0.008 1.6-8 0.54 2.6-3.2 3.1 3.1 

100 0.015 3-15 0.63 2.8-3.6 D C 

150 0.035 7-35 0.78 2.8-3.6 3.1 3.1 

200 0.1 20-100 1.01 2.8-3.6 3.1 3.1 

300 0.25 50-250 1.27 2.8-3.6 3.1 3.1 

350 0.5 100-500 1.52 3.0-3.8 3.1 3.1 

400 1.2 240-1200 1.92 3.0-3.8 3.1 3.1 

450 2.5 500-2500 2.35 3.5-4.2 3.1 3.1 

500 8 1600-8000 3.20 3.7-4.2 3.1 3.1 

600 20 4000-20000 4.20 4.4-5.0 4.3 3.1 

 

 
 -2  (Viscometer) 
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3.  Pensky Martens Close Cup (ASTM D-93)  
 

 

1.   

2.   

  

3.   (  100 ) 

  

4.   4   

5.  

 10 /     

 5-6 /   

6.    65  

 1  

  

 1   

     

 1   3-5    
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 -3  
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 -4  

 

 -2  DMC-BioD  MeOH-BioD  

 

 
 

 
: (Fabbri. et al, 2007) 
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 -3  

. . 2550 

  -   

1 
 

(Methyl Ester, % wt.) 
 96.5 EN14103 

2 

   15° , 

/  

(Density at 15°C, Kg/m3) 
 

860 

900 
ASTM D1298 

3 
   40° ,  

 (Viscosity at 40°C, cSt)  

3.5 

5.0 
ASTM D 445 

4 
 

(Flash Point, °C) 
 120 ASTM D 93 

5 
 

(Sulphur, % wt.) 
 0.0010 ASTM D2622 

6 

 

(  10 ) 

(Carbon Residue, on 10% distillation 

residue, % wt.) 

 0.30 ASTM D4530 

7 
 

(Cetane Number) 
 51 ASTM D 613 

8 
 

(Sulfated Ash, % wt.) 
 0.02 ASTM D 874 

9 
 

(Water, % wt.) 
 0.050 ASTM D2709 

10 
 

(Total Contaminate, % wt.) 
 0.0024 ASTM D5452 

11 
 

(Copper Strip Corrosion) 
  1 ASTM D 130 

12  6 EN 14112 
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  -   

   110 

,  

(Oxidation Stability at 110°C, hours) 

13 /  

(Acid Value, mgKOH/g) 

 0.50 ASTM D 664 

14 
 /100  

(Iodine Value, g Iodine/100g) 
 120 EN 14111 

15 

 

 

(Linolenic Acid Methyl Ester, % wt.) 

 12.0 EN 14103 

16 
  

(Methanol, % wt.) 
 0.20 EN 14110 

17 
  

(Monoglyceride, % wt.) 
 0.80 EN 14105 

18 
  

(Diglyceride, % wt.) 
 0.20 EN 14105 

19 
  

(Triglyceride, % wt.) 
 0.20 EN 14105 

20 
  

(Free Glycerin, % wt.) 
 0.02 EN 14105 

21 
  

(Total Glycerin, % wt.) 
 0.25 EN 14105 

22 

 1 ( ) 

/  

(Group I Metals (Na+K) mg/kg) 

 2 ( ) 

/  

(Group II Metals (Ca+Mg) mg/kg) 

 

 

 

5.0 

 

5.0 

EN 14108  EN 

14109 

pr EN 14538 
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  -   

23 
  

(Phosphorus, % wt.) 
 0.0010 ASTM D4951 

24 
 ( ) (Additive) 

 

 

 :  (2550) 
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FEASIBILITY OF BIODIESEL PRODUCTION FROM TRANSMETHYLATION OF 

USED COOKING OIL 
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