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Preparation of biodiesel from corn oil assisted by microwave and reaction kinetics
of esterification
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Abstract: Assisted by microwave, biodiesel was synthesized using corn oil and methanol as the raw materials and
concentrated sulfuric acid as the catalyst. Effect of time, temperature, volume of catalyst and microwave power on the
esterification yield was investigated. The synthetic process parameters were optimized based on single factor experiment,
and kinetics of esterification reaction was investigated. The results indicated the optimum process conditions were reaction
temperature of 72.0°C, reaction time of 17.5 min, catalyst dosage of 8.5v0l% of corn oil and microwave power of 200 W.
The esterification yield was 77.6% under these conditions. The order and the activation energy of the esterification reaction
were obtained as 1.28 and 1.79 J/mol respectively, and the kinetic model was established as r=8.214¢-1792RTC1-28,
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Fig.2 Effect of reaction time on esterification yield
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Fig.3 Effect of reaction temperature on esterification yield
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Fig.4 Effect of catalyst volume on the esterification yield
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Fig.5 Effect of microwave power on esterification yield
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Table 1 Factors and levels of response surface method

Factor Temperature, A/'C Time, B/min Catalyst volume to corn oil, C/% Microwave power, D/W
-1 60 12 5 200
0 70 16 7.5 300
1 80 20 10 400
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Table 2 Design and results of response surface method

Number Temperature, A/"C Time, B/min Catalyst volume to corn oil, C/% Microwave power, D/W Esterication yield/%
1 80 16 5 300 75.6
2 80 12 7.5 300 239
3 70 12 5 300 51.1
4 70 20 5 300 27.0
5 70 16 7.5 300 75.8
6 80 16 75 300 76.3
7 70 20 10 300 40.0
8 70 20 7.5 400 25.9
9 80 16 10 300 59.7
10 60 12 7.5 300 58.6
1 80 16 7.5 400 422
12 80 20 75 300 51.3
13 70 20 7.5 200 64.2
14 70 16 5 200 58.3
15 60 16 10 300 50.9
16 70 12 75 400 54.9
17 70 16 7.5 300 64.6
18 70 12 10 300 414
19 70 16 7.5 300 835
20 60 16 75 200 68.2
21 70 16 7.5 300 66.2
22 70 16 10 200 63.8
23 70 16 10 400 55.5
24 70 16 5 400 771
25 60 16 5 300 58.3
26 60 20 75 300 62.5
27 70 16 7.5 300 83.7
28 70 12 7.5 200 432
29 60 16 7.5 400 43.6
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Table 3  Analysis results of variance

Source of variation Sum of squares Degree of freedom Mean square F value P value

Model 5134.35 14 366.74 217 <0.0001

A 13.93 1 13.93 0.082 0.7785

B 0.38 1 0.38 2.266E-3 0.9627

C 108.81 1 108.81 0.64 0.4362

D 465.22 1 465.22 2.75 0.1197

AB 137.69 1 137.69 0.81 0.3825

AC 18.57 1 18.57 0.11 0.7455

AD 22.46 1 22.46 0.13 0.7211

BC 128.87 1 128.87 0.76 0.3977

BD 627.55 1 627.55 3.71 0.0748

CD 183.03 1 183.03 1.08 0.3161

A? 287.17 1 287.17 1.70 0.2138

B? 3291.49 1 3291.49 19.44 0.0006

c? 434.84 1 434.84 2.57 0.1314

D? 264.44 1 264.44 1.56 0.2319

Lack of fit 2055.44 10 2055.44 2.61 0.1843
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Table 4 Parameters of kinetics at different temperatures
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