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Biodiesel has attracted considerable attention during the past decade as a biodegradable, nontoxic, and renewable fuel.
Several processes for the production of biodiesel have been developed, among which transesterification under
alkali-catalysis gives high level yield of methyl esters in short reaction times. In this research, response surface method
was applied to optimize the transesterification reaction under alkali-catalysis. It was found that reaction temperature,
reaction time, and agitation rate of reactor had profound effects among the seven variables affecting on biodiesel

conversion. The optimal temperature,

reaction time, and agitation speed were 67°C, 68 minutes, and 94 rpm,

respectively. Under the optimal conditions, the experimental value of biodiesel conversion was 99.7%.
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CH,0COR, catdlyst CH,OH CH,OCOR,
CHOCOR, + 3CHOH ———= CHOH + CHOCOR,
CH,0COR, CH,OH CH,OCOR,

oil Alcohol Glycerol Biodiesel

Figure 1. Transesterification of triglycerides with alcohol.
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Table 1. Physical properties and fatty acid compositions for waste frying oil and biodiesel

Korean J. Biotechnol. Bioeng., Vol. 17, No. 4

Physical properties Waste frying oil Biodiesel
Iodine number 139.6 108.7
Saponification number 201.3 192.3
Acid values 0.1 0.1
Viscosity, 40°C(mm’fs) 475 47
Density, 157T(g/mL) 0.92 0.86
Palmitic (Cig0) 13.1 11.2
Stearic (Cig.0) 5.6 3.7
Fatty acid compositions(wt%) Oleic (Cisa) 28.0 29.5
Linoleic (Cis2) 452 53.8
Linolenic (Cis3) 8.1 nd”
Y not detected
Table 2. Experimental matrix for factorial design
Exp. A B C D E F G Conversion (%)
1 40 20 2.0 150 0 10 NaOH 334
2 40 70 0.5 50 0 20 NaOH 28.1
3 40 70 20 150 0 20 NaOH 25.6
4 40 20 0.5 50 0 10 KOH 13.5
5 40 20 0.5 150 1 20 KOH 63.2
6 40 70 20 50 1 10 NaOH 16.8
7 80 20 20 30 1 10 NaOH 22.7
8 80 20 0.5 30 1 20 KOH 28.1
9 80 70 20 50 1 20 KOH 79.5
10 80 20 20 150 0 20 KOH 423
11 80 70 0.5 150 1 10 NaOH 88.3
12 80 70 0.5 150 0 10 KOH 97.6

Acreaction temperature(C), B:reaction time(min), C:catalyst weight(wt%), D:agitation speed(rpm), E:water content of methanol(%), F:molar ratio of

oil to methanol, G:catalyst
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Table 3. Analysis of variance for factorial design factor

Factor Sum of square Mean square F value P value
A 29485 2948.5 155.2 6.40x10°
B 1849.0 1849.0 97.3 1.01x 107
C 386.1 386.1 203 4.59 %10
D 1062.8 1062.8 559 1.74 X 107
E 385 38.5 23 291 %10
F 264.9 264.9 13.9 6.48 % 10
G 191.8 191.8 10.1 8.64 X107
AB 1246.1 1246.1 65.6 1.49%x 107
CF 38.1 38.1 26 2.51%10"
Factorial model 1.78 x 107
R-Squared 0.99
C. Vv 97
Conversion (%) Table 4. Viscosity data of waste frying oil with temperature
70 Temperature(C) Viscosity (mmz/s)
10T 87.4
20°C 58.4
:é* 57 30°C 48.6
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Figure 2. The effect of reaction temperature and time on conversion.

(Reaction conditions : catalyst weight KOH 1wt%, agitation speed

150rpm, water content of methanol 0.25%, molar ratio of oil 1 to
methanol 17)
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Figure 3. The effect of agitation speed and reaction time on
conversion. (Reaction conditions :
KOH 1 wt%, water content of methanol 0.25%, molar ratio of oil 1
to methanol 17)
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Table 5. Experimental matrix for the central composite design
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Exp. Temperature (C) Agitation speed (rpm) Reaction time (min) Conversion (%)
1 40 150 70 73.6
2 60 100 80 96.4
3 60 170 45 87.7
4 60 30 45 74.8
5 80 50 70 83.1
6 40 50 20 42.7
7 80 150 20 88.7
8 60 100 10 79.6
9 32 100 45 59.1
10 60 100 45 89.3
11 60 100 45 89.1
12 60 100 45 88.5
13 60 100 45 90.8
14 60 100 45 91.2
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Lee, S.J., Optimization of Biodiesel Production using Response Surface Method 401

Table 6. Analysis of variance for response surface quadratic model

Source Sum of squares Mean square F value P value
Model 2953.3 328.1 21.99 1.17%10°
Residual 74.6 149

Cor total 3027.9

R-Squared 0.98 C. 4.7

Table 7. Comparisons between predicted conversions by the model equation and experimentally obtained conversions

Conversion (%)

Number Temperature () Agitation speed (tpm) Reaction time (min) -
Prediction Experiment
1 63.2 74.5 344 83.4 86.9
2 78.3 79.9 44.6 90.1 91.3
3 77.5 149.3 56.6 98.3 97.2
4 66.6 93.6 68.2 100 99.7
5 70.6 79.4 58.6 942 96.2
6 54.7 66.8 66.6 87.4 88.2
2 o
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Figure 4. 3-dimensional response surface diagram for the conversion
with reaction temperature and agitation speed
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