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Abstract
In this study, the optimization process was carried out by using the central composite model of the response surface method-

ology in waste cooking oil based biodiesel production process. The acid value, reaction time, reaction temperature, meth-
anol/oil molar ratio, and catalyst amount were selected process variables. The response was evaluated by measuring the FAME
content (more than 96.5%) and kinematic viscosity (1.9~5.5 cSt). Through basic experiments, the range of optimum operation
variables for the central composite model, such as reaction time, reaction temperature and methanol/oil molar ratio, were set
as between 45 and 60 min, between 50 and 60 C, and between 8 and 12, respectively. The optimum operation variables,
such as biodiesel production reaction time, temperature, and methanol/oil molar ratio deduced from the central composite mod-
el were 55.2 min, 57.5 C, and 10, respectively. With those conditions the results deduced from modeling were as followings:
the predicted FAME content of the biodiesel and the kinematic viscosity of 97.5% and 2.40 cSt, respectively. We obtained
experimental results with deduced operating variables mentioned above as followings: the FAME content and kinematic vis-
cosity of 97.7% and 2.41 cSt, respectively. Error rates for the FAME content and kinematic viscosity were 0.23 and 0.29%,
respectively. Therefore, the low error rate could be obtained when the central composite model among surface reaction meth-
ods was applied to the optimized production process of waste cooking oil raw material biodiesel.
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Figure 1. Central composite design (CCD) model of response surface
methodology.
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Figure 2. FAME content of waste cooking oil based biodiesel with
various variables.
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Figure 3. Kinematic viscosity of waste cooking oil based biodiesel
with various variables.
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Table 1. Basic Experiment Setup of Response Surface Methodology

o917 - )%

Cl C2 C3 C4 C5 C6 C7
Std. No. Run No. Point type Block Time (min) Temp (C) MeOH/oil mole ratio (-)

1 19 1 0 1 52.50 55.00 10.00
2 2 2 1 1 60.00 50.00 8.00
3 8 3 1 1 60.00 60.00 12.00
4 12 4 -1 1 52.50 63.41 10.00
5 15 5 0 1 52.50 55.00 10.00
6 11 6 -1 1 52.50 46.59 10.00
7 3 7 1 1 45.00 60.00 8.00
8 6 8 1 1 60.00 50.00 12.00
9 13 9 -1 1 52.50 55.00 6.64
10 1 10 1 1 45.00 50.00 8.00
11 16 11 0 1 52.50 55.00 10.00
12 5 12 1 1 45.00 50.00 12.00
13 13 -1 1 39.89 55.00 10.00
14 4 14 1 1 60.00 60.00 8.00
15 15 1 1 45.00 60.00 12.00
16 20 16 0 1 52.50 55.00 10.00
17 10 17 -1 1 65.11 55.00 10.00
18 14 18 -1 1 52.50 55.00 13.36
19 17 19 0 1 52.50 55.00 10.00
20 18 20 1 52.50 55.00 10.00
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Figure 4. 3D surface & contour graph of FAME content according to
various variables.
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