Y TR ¥ Chin J Biotech 2009, December 25; 25(12): 1996-2002
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cjpb@im.ac.cn © 2009 Institute of Microbiology, CAS & CSM, All rights reserved

XE#E, AWML, 28%, Gt
, 300130
D AR T B R ALRE W BE Lipozyme TL IM #= Novozym 435 4t £A%4F i e L8R T ES# & A 4 S b g idf2. @il g
BEARZ B RMTEE, TRV LBREGIH, ARRGANEGERR AZRERLEM Y ETIRMEERN, CBRTESS
R 9:1, RAnihE 3% FEL. b E 10%49 Lipozyme TL IM #= 5%#) Novozym 435 £ A2 A, B & 55°C, KL 8 h,
A e i EL R 91.83%., REERE T BB A REM LR NS, 3R HFFAL,

AR, EARATE, BEALIENBE, A F

Immobilized lipase-catalyzed synthesis of biodiesel from crude
cottonseed oil

Weitao Liu, Liya Zhou, Yanjun Jiang, and Jing Gao
School of Chemical Engineering, Hebei University of Technology, Tianjin 300130, China

Abstract: We investigated the transesterification of crude cottonseed oil with methyl acetate to biodiesel, by using Lipozyme TL IM
and Novozym 435 as catalysts. Results showed that the biodiesel yield significantly increased with the addition of methanol into the
reaction system, and the highest biodiesel yield of 91.83% was achieved with the optimum conditions as follows: n-hexane as solvent,
molar ratio of methyl acetate to oil 9:1, 3% methanol based on the oil mass to inhibit the creation of acetic acid, 10% Lipozyme TL
IM and 5% Novozym 435 as catalyst based on the oil mass, reaction temperature 55°C and reaction time & h. Additionally, we

explored the kinetics of lipase-catalyzed crude cottonseed oil to biodiesel, and proposed a kinetic model.
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Fig. 1 Effect of molar ratio of methyl acetate to oil on
biodiesel yield. Reaction conditions: cottonseed oil 2.0 g, 1.5%
Novozym 435 and 3.5% Lipozyme TL IM based on the oil mass,
50°C, 150 r/min.
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Fig. 2 Effect of organic solvents on biodiesel yield. Reaction
conditions: cottonseed oil 2.0 g, 1.5% Novozym 435 and 3.5%
Lipozyme TL IM based on the oil mass, the molor ratio of
methyl acetate to oil 9:1, 50°C, 150 r/min, 8 h.
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Fig. 3 Effect of mass ratio of Novozym 435 to Lipozyme TL
IM on biodiesel yield. Reaction conditions: cottonseed oil 2.0 g,
total amount of lipase 5% based on the oil mass, the molor ratio
of methyl acetate to oil 9:1, 25% n-hexane as solvent based on
oil mass, 50°C, 150 r/min, 8 h.
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Fig. 4 Effect of compound lipases dosage on biodiesel yield.
Reaction conditions: cottonseed oil 2.0 g, the mass ratio of
Novozym 435 to Lipozyme TL IM 1:2,the molor ratio of methyl
acetate to oil 9:1, 25% n-hexane as solvent based on oil mass, 50°C,
150 r/min, 8 h.
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Fig. 5
conditions: cottonseed oil 2.0 g, 5% Novozym 435 and 10%
Lipozyme TL IM based on the oil mass, the molor ratio of
methyl acetate to oil 9:1, 25% n-hexane as solvent based on the
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Fig. 6 Effect of methanol quantity on biodiesel yield.
Reaction conditions: cottonseed oil 2.0 g, 5%Novozym 435 and
10% Lipozyme TL IM based on the oil mass, the molor ratio of
methyl acetate to oil 9:1, 25% n-hexane as sovlent based on the
oil mass, 55°C, 150 r/min.
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Fig. 7 Effect of agitation speed on initial reaction rate.
Reaction conditions: compound lipases 0.06 g/mL, cottonseed
oil 0.4 mol/L , methyl acetate 4.0 mol/L, adding n-hexane until
the total volume reaches 5.0 mL, 55°C, 150 r/min.
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Fig. 8 Effect of concentration of cottonseed oil on initial reaction
rate. Reaction conditions: compound lipases 0.06 g/mL, methyl
acetate 4.0 mol/L, adding n-hexane until the total volume reaches
5.0 mL, 55°C, 150 r/min.
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Fig. 9 Effect of concentration of methyl acetate on initial reaction
rate. Reaction conditions: compound lipases 0.06 g/mL, cottonseed
oil 0.4 mol/L, adding n-hexane until the total volume reaches
5.0 mL, 55°C, 150 r/min.
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Fig. 10 Representation of the Ping-Pong Bi-Bi mechanism
with inhibition by both substrates. E: lipase; A: cottonseed oil;
B: methyl acetate; TG: triacetylglycerol; P: biodiesel.
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Fig. 11 Lineweaver-Burk plot of reciprocal cottonseed oil
concentrations versus reciprocal initial reaction rates. Reaction
conditions: compound lipases 0.06 g/mL, adding n-hexane until
the total volume reaches 5.0 mL, 55°C, 150 r/min.

F1 WEEHHBIELZEUENNEEH
Table 1 Kinetic constants from non-linear regression of
initial reaction rate data with Ping-Pong Bi-Bi mechanism

Compound Lipozyme Novozym
Parameters lipases TL IM 435
Vinax (mol/(min-L-g)) 0.3473 0.2471 0.3204
Ka (mol/L) 0.0939 0.6489 0.1137
Kg (mol/L) 0.066 0.0788 0.2986
K, (mol/L) 0.0006 0.0007 0.0025
K (moll) 0.0937 0.8071 0.1131
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Fig. 12 Comparison of model simulated and experimental data
of initial reaction rate. Reaction conditions: compound lipases
0.06 g/mL, methyl acetate 4.5 mol/L, adding n-hexane until the
total volume reaches 5.0 mL, 55°C, 150 r/min.
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Viax=0.3473 mol/(min-L-g); K=
0.0939 mol/L; Kg=0.066 mol/L; K;4=0.0006 mol/L;
K;z=0.0937 mol/L
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