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10mL  10mg 10mg 80
3.3mL 3% W/V MgSO,
10.00g 8.57¢
10mL 1.43¢g
1.3.2
50mL 1.68g 0. 2406mL
1:1 SmL 0.084¢
99 ~ 125 5%wt 40°C
24h
10h
2
10h
1.3.3 NaOH
= / x 100%
1.3.4
50mL 2.99¢ 3.433mmol
0.33g 10.3mmol 1:3 SmL
0.15¢g 5%wt% 40°C 24h
1.3.5
/ X
100%
1.3.6 0.2mL
2mL 60 ~ 90°C 0.5pL
1.3.7 GC 2m X 3mm
10% DEGS AW-DMCS N,
0.12MPa 40 ~ 50mL/min  FID
190°C 250°C 250°C
2
2.1
2.1.1
Fig.1
1:1 1 2 3
4
Fig.1 1mol

0.2406mL

1mol

1/2mol

Conversion rate/%

1 2 3 4 5
Mode of adding methanol

1
Fig.1

Number of adding methanol stepwise 1. in one-off

Inhibition of methanol to esterification

2. in separate two times 3. in separate three times

4. in separate four times 5. in separate five times

2.1.2

60°C ~90C

Fig.2

Conversion rate/%

Solvents

Fig.2 Effect of solvent on esterification
1. Petroleum ether 60 ~ 90°C

2.Isooctane 3. n-heptane
4 .n-hexane 5.Cyclohexane 6.Free solvent
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2.1.3

1

Table 1 Effect of various lipase on esterification

Lipase

Conversion rate/ %

Procine Pancreas from Sigma Co.

Immobilized Procine Pancreas

Lipolase 100T from Novo Co.  immobilized lipase
Free lipase from Rhizoups arrhizus from our lab
Immobilized lipase from Rhizoups arrhizus

Free lipase from Rhizoups usamil from our lab
Immobilized lipase from Rhizoups usamii

Free Candida Cylindracea from Sigma
Immobilized Candida Cylindracea

Free lipase from Candida sp .99-125 from our lab
Immobilized lipase from Candida sp .99-125

22.45
13.79
42.17
66.39
26.31
61.18
20.60
19.72
17.20
80.50
81.51

Amount of lipase 3% free 5% IM  other conditions is same as 1.3.2

to add methanol stepwise.

1 Candida sp. 99-125

2.1.4

2

Table 2 Effect of absorbent agent on esterification

Time adding into Conversion rate/ %
absorbent agent Fed-batch methanol ~No fed-batch methanol
0"h 62.48 20.94
4™ 78.33 20.79
7"h 80.3 20.35
10"h 78.56 20.89
No adsorbent agent added 64.23 20.45
Absorbent agent anhydrous silica gel
Table 2
2.1.5 Fig. 3
1:0.5

96 % 10h
24h
Fig.3 2 1
0.5mol
2h 48 %
96 %
2h Fig.3 3
24h
24h
2.1.6
Fig.4
C
C
C
83%
2.1.7

1:0.8 1:1 1:1.1 1:1.2 1:1.3 1:1.4 1:1.5

1:2.0 1:2.5
Fig.5
1:1.4
2.1.8

Fig.6

5000u/g

2.1.9
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Fig.3 Time courses of esterification
1. No absorbent agent added fed-batch methanol at 10h
2. Absorbent agent added fed-batch methanol and absorbent agent at 10h
3. Absorbent agent added fed-batch methanol and adsorbent agent at 2h
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NI 3% 5% 7% 10%
5 6 7 8 Lipase amount/wt%
Various fatty acids
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Fig.6 Effect of lipase amount on esterification
4 oleic acid and methanol system
Fig.4 Effect of substrate on esterification 100
1. Lauric acid system 2. Palmitic acid system 8 80 L
3. Stearic acid system 4. Oleic acid system ‘% 60
5. Linoleic acid system 6. Linolenic acid system .g 20
@ L
7. Docosanoic acid 8. Docosenoic acid 2 20
S
0 L 1 L 1 1 1 Il 1 1 1 1 1 1 1 1
. 1 3 5 7 9 11 13 15
e Batch/d
8
S
g 7
z Fig.7  Effect of reaction batch on esterification
<
© oleic acid and methanol system
1:08 ' 1117 112 113 1114 115 12200 1:25 2.2
Molar ratio (acid/methanol)
Plein acid and methanol system
1:3
5
Fig.5 Effect of substrate molar ratio on esterification
1:1
360h 240h 1:1 / mol/mol  12h
12% 32.1% 1 mol
2.1.10 12h 58% Imol
12h 83%
Fig.9 3mol
GC
8
> 98%
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Fig.8 GC analysis of fatty acid methyl ester
1.Cl140 2.C16 0 3.Cl6 1 4.C180
5.C181 6.C182 7.CI8 3

100

80

60

Conversion rate/%

0 1

1 2

9
Fig.9 Resistance effect of methanol on methanolysis
rap oil and methanol system
1. No feed batch methanol add 3 molar equivalent methanol once

2. Feed batch methanol add methanol in Separate three times

Candida sp.99-125

5% wt% 40°C
1:1.4
24h
92 %
1:1 95%
GC
98 %
83%
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Studies of Enzymatic Synthesis of Biodiesel

DENG Li TAN Tian-Wei”

WANG Fang

Beijing Bioprocess Key Lab  Beijing University of Chemical Technology —Department of Bioengineering Beijing 100029 China

Abstract Biodiesel an alternative diesel fuel fatty acid alkyl ester is made from renewable biological sources such as vegeta-

ble oils and animal fats. Two processes for biodiesel synthesis enzymatic lipase catalytic esterification from fatty acid and trans-

esterification from oils and fats was investigated. The effects of various lipases enzyme amount and purity solvent water ab-

sorbent inhibition of short chains alcohol specificity of substrate molar ratio of substrate on esterification were studied in de-

tail. The esterification degree with the optimal parameter and process can reach up to 92% . The purity of biodiesel obtained by

separation and purification is up to 98% and the half — life of the immobilized lipase for the esterification process can be up to

360hr Moreover the preliminary studies of the transesterification including the amount of methanol and mode of adding methanol

into reaction system were made. The transesterification degree with adding methanol stepwise can reach 83 % .

Key words biodiesel fatty acid short chain alcohol ester lipase catalysis esterification transesterification
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