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Figure 1- Biodiesel GC graph at 60 °C, 63 min and 2% catalyst
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Table 1- Physical and chemical properties of the used castor oil

Properties Unit Test Method Measured Value
Acid Value mg KOH/ g oil ASTM D664 0.83+0.02
Density (15 °C) glem® ASTM D1298 0.952:+0.001
Kinematic Viscosity (40 °C) mm?%s ASTM D445 252.35+3.11
Flash Point °C ASTM D93 293+1
Free Fatty Acid % ASTM D664 7.46x0.01
Color - - pale yellow
Mean Molecular Weight g/mol - 932
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Figure 2- Probe reflection system for measuring the permittivity properties of castor biodiesel
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Table 2- Analysis of Variance of dielectric constant of castor biodiesel

SAY df S.S M.S F
R 2 8.123 4.062 40615.45**
C 2 0.220 0.11 1102.11**
T 2 0.540 0.27 2700.11**
RxC 4 0.001 0.0001 2.11%
RxT 4 0.008 0.002 19.11**
CxT 4 0.0001 0.0001 0.778™
RxCxT 8 0.0001 0.0001 0.528"
Error 54 0.005 0.0001
Total 81 784.335
CV 11%
**: Significant at probability of 1% .
": Non significant.
R, C and T are as Reaction time, Catalyst concentration and Temperature, respectively.
S.S and M.S are as Sum of Square and Mean of Square, respectively.
S.S and M.S are as Sum of Square and Mean of Square, respectively.
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Figure 3- Mean comparison of the catalyst concentration effect on the dielectric constant
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Table 3- Interaction effect of reaction time and temperature on dielectric constant

Temperature (°C) Reaction time (min)
1 3 9
30 2.793+0.06 ¢ 3.253+0.05 ¢ 3.537+0.04 *
45 2.677+0.05" 3.160+0.04 © 3.443+0.05°
60 2.56020.07 ' 3.0730.06 f 3.35020.07 ©
The mean values with common letter do not have significant difference
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Figure 4- Changes in dielectric constant values at various catalyst concentrations
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Table 4- Regression models of dielectric constant based on reaction time at different temperature levels

Temperature (°C) Regression Models R?
30 ¢=0.338 In (R) + 2.822 0.981
45 £=0.348 In (R) +2.71 0.977
60 £=0.359 In (R) + 2.599 0.971
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Table 5- Analysis of Variance of loss factor of castor biodiesel

SAY df S.S M.S F
R 2 0.980 0.490 4898.78**
Cc 2 0.448 0.224 2241.44**
T 2 0.206 0.103 1030.11**
RxC 4 0.004 0.001 10.78™
RxT 4 0.001 0.0001 3.44*
CxT 4 0.001 0.0001 311"
RxCxT 8 0.001 0.0001 0.694"
Error 54 0.005 0.0001
Total 81 35.792
CcVv 22%
** *: Significant at probability of 1 and 5%, respectively.
": Non significant.
R, C and T are as Reaction time, Catalyst concentration and Temperature, respectively.
S.S and M.S are as Sum of Square and Mean of Square, respectively.
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Table 6- Interaction effect of reaction time and catalyst concentration on loss factor

Catalyst concentration (%) Reaction time (min)
1 3 9
1 0.400£0.05" 0.6000.07 f 0.673+0.04 ¢
15 0.493+0.06 ° 0.697+0.06 ¢ 0.760+0.05 ¢
2 0.6000.05 ' 0.787+0.04° 0.833+0.06 ¢
The mean values with common letter do not have significant difference.
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Table 7- Interaction effect of reaction time and temperature on loss factor

Temperature (°C) Reaction time (min)
1 3 9
30 0.437+0.06 ¢ 0.623+0.05 ¢ 0.697+0.06 °
45 0.503+0.05 0.700£0.07 ¢ 0.757£0.05°
60 0.553+0.07 ¢ 0.760+0.05 ° 0.813+0.06 *
The mean values with common letter do not have significant difference.
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Table 8- Interaction of catalyst concentration and temperature on loss factor

Temperature (°C) Catalyst concentration (%)
1 15 2
30 0.493+0.05 0.583+0.06 ° 0.680+0.05 ¢
45 0.557+0.06 " 0.657+0.06 ° 0.747+0.06 °
60 0.6230.05 0.710+0.06 ° 0.793+0.05 °
The mean values with common letter do not have significant difference.
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Figure 5- Changes in dielectric loss factor with 1% catalyst concentration at different reaction times and temperatures
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Figure 6- Changes in dielectric loss factor with 1.5% catalyst concentration at different reaction times and temperatures
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Figure 7- Changes in dielectric loss factor with 2% catalyst concentration at different reaction times and temperatures
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Table 9- Regression models of loss factor based on reaction time at different catalyst concentration and temperature levels

Catalyst concentration (%) Temperature (°C) Regression Models R?

30 €"=0.122 In (R) + 0.358 0.947

1 45 £"=0.122 In (R) + 0.421 0.928
60 €"=0.127 In (R) + 0.483 0.923

30 £"=0.122 In (R) + 0.448 0.947

15 45 ¢"=0.118 In (R) + 0.526 0.887
60 €"=0.122 In (R) + 0.575 0.906

30 £"=0.109 In (R) + 0.56 0.923

2 45 £"=0.104 In (R) + 0.631 0.903
60 €"=0.104 In (R) + 0.678 0.845
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The tendency toward research on the production and application of renewable energy, such as biodiesel, to
reduce greenhouse gases and emissions of fossil fuels, is one of the most important issues in the world
policies which has been discussed. Dielectric properties (¢’, dielectric constant and &", dielectric loss factor)
of materials play a major role in the microwave design and process of biodiesel production. The purpose of
this research is to investigate and evaluate the biodiesel's dielectric properties in a pilot-scale using
microwave technology and the relationship between its various effective parameters. In this study, the effects
of reaction time (1, 3 and 9 minutes), catalyst concentration (1, 1.5 and 2% of oil weight) and temperature
changes (30, 45 and 60°C) were studied. The probe reflection system was used at a frequency of 2450 MHz to
measure the dielectric properties. The results showed that, with increasing reaction time and decreasing
temperature, the dielectric constant values increased, and by decreasing catalyst concentration, temperature
and reaction time, the dielectric loss factor decreased.

Keywords: Castor Biodiesel, Production Process, Dielectric Properties, Frequency, Catalyst
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