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Continuous flow biodiesel production using microwave heating
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Abstract

Continuous flow biodiesel production using microwaves as a heat source is proposed. Palm oil was converted into
methyl ester via transesterification using potassium hydroxide (KOH) as a catalyst. Methanol to oil molar ratio and
catalyst amount were set at 6:1 and 1%wt, respectively. Influences of microwave power (600 and 800 W), reaction
time (1 and 2 min), and initial temperature (60 and 80°C) on yield of biodiesel (methyl ester, ME) were experimentally
studied. The experimental results indicated that the longer reaction time led to a higher ME yield while the initial.
However, influence of microwave power was not significant. The highest yield (86.31%) was found at microwave power
of 800 W, reaction time of 2 min and initial temperature of 60°C. Properties in terms of density, flash point, and cloud
point were in the acceptable ranges of biodiesel (methyl ester of fatty acid) standard set by Department of Energy

Business, Ministry of Energy, Thailand.
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Figure 1 Transesterification reaction
fiX1: Ma & Hanna, 1999
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Table 1 Properties of various vegetable oil

Specific Viscosity Calorific
Qil gravity (at 21°C) value
(at 21°C) (cSt) (kJ/kg)
Soybean 0.918 57.2 39,350
Sun flower 0.918 60.0 39,490
Coconut 0.915 51.9 37,540
Peanut 0.914 67.1 39,470
Palm 0.898 88.6 39,550
Palm seed 0.904 66.3 37,720

Jatropha 36.9 (at
0.915 39,000

seed 38°C)
Diesel 0.845 3.8 46,800
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Figure 2 Microwave reactor for producing
continuous flow biodiesel
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Table2 Power density of microwave at different
frequencies
Frequency (MHz) Power den?ity
(mW/cm?)

0.3-3 100

3-30 90/f

30-300 10

300-1,500 £300
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Table 3  Standard of biodiesel (methyl ester of fatty acid) set by Department of Energy Business, Ministry of Energy,
Thailand
No. Properties Ranges Test methods
1 Methyl ester (%wt) Not less than 96.5 EN 14103
2 Density at 15 °C (kg/m3) Not lower than and higher than 860 ASTM D 1298
900
3 Viscosity at 40 °C (CSt) Not lower than and higher than 3.5 ASTM D 445
5.0
4 Flash point (°C) Not lower than 120 ASTM D 93
5 Oxidation Stability at 110 °C (hr) Not less than 10 EN 15751
6 Cloud point Not higher than 16 ASTM D 2500
7 Pour point Not higher than 10 ASTM D 97
ﬁ&n: (ﬂi:mﬂniugiﬁawﬁaa’m, 2556)
Table 4 Experimental design
Factors
Lab. No. Time Initial temperature
Microwave power (W)
(min) (°C)
1 60
1
2 80
600
3 60
2
4 80
5 60
1
6 80
800
7 60
2
8 80
~a o a
BAWNIINA]DI Wan13dvgazandinana

MTENENHINILKIUNINARBILLY Factorial in
CRD lu3tmsfins lasdianedineaiifiuuy Two-way
analysis of variance ALATZRANNLANAIVDIFAL AL
fe5Ensl4lUsunsy SPSS wazmnuasauEaiu
Maafia p<0.05 darsnglu Table 4

Tunrswaadndulouledisadoiandfnaal
TuTastnsiialnasdrsdatiaslasldiiTudduuas
wnwea lasiilwunadonlaaTenlod (KOH) Sasas 1
vHudassdJasen fisandmlasluaszwitnuniueadie
Wi 6:1 ldnmsanwdniwavas 3 ade (aslwih
padlulasian szoznalumaidjise uazamngd
L%Iilﬁ%) Afldetonznalduonufiatesined uazldnasay
suiaane g vaawiatemnad (luladios) Aldanmam
Ufismfiannizengg leayadauaasly Table 5
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Table 5 Yield of methyl ester at different transesterification conditions
Factors ME yield
No.
Microwave power (W) Time (min) Initial temperature (°C) Average
1 60 80.24+0.78™°
1
2 80 78.32+1.26%
600
3 60 82.84+2.01°
2
4 80 77.31£1.94%
5 60 77.14£1.03%
1
6 80 80.48+1.77"
800
7 60 86.31+1.44°
Z
8 80 76.700.86"

* RUNLLAG Mmansiuanasnwluaausideiny felanuuandrann

adydnyamAYAszauANLTaNW 95% (p<0.05)

Aezidayaneana
a 6 v aa
Aanzideyanisaiidlasldlysunsy SPSs
Aenzianuuandszeszasanatoainitidoyailon
1&lUsunsy SPSS midnadufildaanyiilu ab,cd was
fruaaNuLTaluNanan p>0.05
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d3duan1Inaaag

msdnensannaelulefafiwamdu mann
A lulafioaldludanmgaga 34.94 fafRasdauw ma
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Table 6  Properties of methyl ester obtained from different transesterification conditions
Factors Properties of methyl ester
Microwave i Initial i i ) Flash Cloud Pour Oxidation Calorific
Time Viscosity Desity ) X i i,
power X temperature 3 point point point Stability value
(min) . (cSt) (kg/m”) . o .
(W) (°C) (°C) (°C) (°C) (hr.) (Cal/g)
1 60 4.22+0.02° 884.23:0.03°  169+1.0° 1520.0° 7.5¢0.5°  2520+0.96°  9,459.78"
80 4.25+0.01° 854.77+0.02°  156+0.0° 14.5+0.5° 820.0° 18.87+0.99°  9,420.25”
600
2 60 4.54+0.02° 861.69+0.02°  165.5+0.5' 15£0.0° 7.5£0.5° 15.19+1.35°  9,406.29”
80 4.35+0.05"° 868.85:0.03'  140.5+0.0°  14.5%0.5° 8:0.0° 19.020.92°  9,314.51*
1 60 5.11£0.13"  873.92+0.02"  145x0.0° 14.5£0.5° 7.5£0.5° 10.00£0.43*  9,520.48°
80 5.26+0.08™ 861.35:0.02°  164%0.0° 15£0.0° 8+0.0° 9.26+1.21° 9,235.65°
800
2 60 5.78+0.08"  861.25:0.03°  143x0.0° 14.5+0.5° 720.0° 18.13:0.42°  9,422.65™
80 5.84+0.63* 872.33:0.02°  143:0.0° 14.5£0.5° 7+0.0° 17.16£0.65°  9,498.19°
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