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Abstract

In this study, the optimization of the biodiesel production process from waste oil using microwave with response surface
methodology (RSM) was conducted. The microwave irradiation time and power in addition to the alcohol/oil mole ratio were
chosen as process parameters. Also the fatty acid methyl ester (FAME) content (over 96.5%) and kinematic viscosity (1.9~5.5
cSt) were selected as response values. From basic experiments, the range of quantitative factors were set as following; 4~6 min,
400~600 W, and 7~9 for the microwave irradiation time and power, and alcohol/oil molar ratio, respectively. The optimum
conditions for the methanolysis were 5.0~5.1 min, 481.3~525.5 W, 7.9~8.4, and 2.0 or 3.0 mg KOH/g for the microwave
irradiation time and power, methanol/oil molar ratio, and each acid value, respectively. The FAME content and kinematic
viscosity were predicted as 97.49~96.34% and 4.01~4.12 cSt, respectively, under the condition above. Under the optimum
experimental conditions, the results showed that the FAME content and kinematic viscosity of 97.82~96.42% and 4.07~4.16 cSt,
respectively were measured and the mean error rates were 0.22% and 0.98%, respectively.
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Table 1. Basic Experiment Setup of Methanolysis Using Response Surface Methodology

Cl C2 C3 C4 C5 C6 C7
Std. No. Run No. Point type Block Irradiation time [min] MeOH/oil mole ratio [-]  Microwave power [W]

1 1 1 1 1 4 7 400
2 16 2 0 1 5 8 500
3 15 3 0 1 5 8 500
4 7 4 1 1 4 9 600
5 6 5 1 1 6 7 600
6 18 6 0 1 5 8 500
7 5 7 1 1 4 7 600
8 17 8 0 1 5 8 500
9 8 9 1 1 6 9 600
10 19 10 0 1 5 8 500
11 3 11 1 1 4 9 400
12 14 12 -1 1 5 8 668.1793
13 10 13 -1 1 6.681793 8 500
14 14 1 1 6 9 400
15 2 15 1 1 6 7 400
16 12 16 -1 1 5 9.681793 500
17 11 17 -1 1 5 6.318207 500
18 13 18 -1 1 5 8 331.8207
19 9 19 -1 1 3.318207 8 500
20 20 20 0 1 5 8 500
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Figure 1. 3D surface and contour graph of FAME content according
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Figure 6. Multiple optimization graph of FAME content and kinematic viscosity using waste cooking oil with 2.0 mg KOH/g of acid value.
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Figure 7. Multiple optimization graph of FAME content and kinematic viscosity using waste cooking oil with 3.0 mg KOH/g of acid value.
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