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Fig.1 Effect of tert-butanol quantity on the methanolysis of oil
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Fig.2 Effect of methanol concentration on the methanolysis of oil
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Fig.3 Methanolysis of oil using combined lipases
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Fig.4 Operational stability of lipases in tert-butanol medium
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Table 1  Quality of refined biodiesel
Index Biodiesel product ASTM PS121-99 DINE51606 0" diesel Test method
Sulfur content (%) 0.0009 <0.05 <0.01 <0.2 SH/T 0253
Acid value (KOH) (mg/g) 0.0127 <0.8 <0.5 <0.5 GB/T 7304
Ash content (%, w) 0.001 <0.02 <0.03 <0.01 GB/T 508
Copper corrosion grade (50 'C, 3 h) la <3 1 1 GB/T 5096
Water content (mg/kg) Trace <500 <300 Trace GBI/T 260
Mechanical impurity None - - None GB/T 511
Kinematic viscosity (mm?s, 40 C) 4.362 1.9~6.0 3.5~5.0 3.0~8.0 GBIT 265
Solidifying point ('C) -10 - - - GB/T 510
Cold filter plug point ('C) -8 - 0/-10/-20 <4 SH/T 0248
Flash point ('C) 146 >100 >110 >65 GB/T 261
Cetane value 50.1 >40 >49 >45 GB/T 386
Distillation range ('C, 95%) 342.0 - <360 <365 GB/T 6536

Density (kg/m®, 20 ‘C) 877.1 - 870~900 - GB/T 1884, GB/T 1885

% 2 A REIHBER & R R BERAER4A X
Table 2 Quality and fatty acids composition of different oils

Rapeseed oil Soybean oil Tung oil Cottonseed oil Sapium fat
Saponification value (KOH) (mg/g) 175 192 193 195 197
Acid value (KOH) (mg/g) 0.28 0.15 1.17 0.31 0.26
Content of fatty acids (%)

Myristic acid 14:0 - - - 0.5 -
Palmic acid 16:0 52 111 2.3 20.4 9.5
Stearic acid 18:0 3.8 4.8 1.9 13 23
Oleic acid 18:1 41.2 31.2 6.2 14.2 14.6
Linoleic acid 18:2 155 50.6 7.4 63.6 29.2
Linolenic acid 18:3 6.1 2.3 - - 44.4
Elaeostearic acid 18:3 - - 82.2 -

Eicosanoic acid 20:0 0.8 - - - -
Eicosnoic acid 20:1 75 - - - -
Erucic acid 22:2 19.9 - - - -
Saturated fatty acids 9.8 15.9 4.2 222 11.8
Unsaturated fatty acids 90.2 74.1 95.8 77.8 88.2
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Fig.5 Stability of lipases catalyzing different oils
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Table 3 Conversion of different waste oils into biodiesel

Swilling oil Underground oil Discolored acidified oil Acidified oil
Saponification value (KOH) (mg/g) 193 173 175 175
Acid value (KOH) (mg/g) 18 135 131 135
Content of fatty acids (%) 9.3 77 74 77
Methyl ester yield at 12 h (%) 75 65 74 75
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Lipase-catalyzed Production of Biodiesel from Several Oils in a Novel Reaction Medium

LI Li-lin, DU Wei, LIU De-hua, LI Ze-bo, WANG Li

(Department of Chemical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Tert-butanol was adopted as a reaction medium for lipase-catalyzed methanolysis of oils for biodiesel production, in which
both the negative effects caused by excessive methanol and by-product glycerol could be eliminated. The optimum conditions of
methanolysis of rapeseed oil were as follow: tert-butanol/oil (volumetric ratio) 1:1, methanol/oil (molar ratio) 4:1, 3% Lipozyme TL™
and 1% Novozym 435 based on oil weight, 35°C, 130 r/min and 12 h. The highest biodiesel yield was 95% and the lipases could be
reused 200 cycles without obvious loss of their activity. The technology was further tested in a pilot plant and the product was up to the
biodiesel standards of US (ASTM PS121-99) and Germany (DINE51606). Furthermore, soybean oil, tung oil, cottonseed oil, sapium fat
and acidified waste oil were also explored for biodiesel production, and lipases also showed good stability in tert-butanol reaction
medium.

Key words: biodiesel; tert-butanol; immobilized lipase; stability



