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. Flash Point

. Fatty acid methyl ester

. Slotted line reflection system

. Shorted transmission line

. Free space transmission system
. Filled cavity resonance system
. Coaxial line reflection system

. Probe reflection system
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Table 1- The physical and chemical properties of used palm oil

Properties Test Method Unit Measured Value
Acid Value ASTM D664 mg KOH/ g oil 0.85+0.02
Density (15 °C) ASTM D1298 g/cm® 0.908+0.001
Kinematic Viscosity (25 °C) ASTM D445 mm?/s 53.268+2.76
Flash Point ASTM D93 °C 228+1
Free Fatty Acid ASTM D5555 % 5.27+0.01
Color - - Dark red
Mean Molecular Weight - g/mol 840
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1. Response surface method
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Figure 1- Probe reflection system for measuring the permittivity properties of palm biodiesel
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Figure 2- Biodiesel GC graph at 45 °C, 63 min and 2% catalyst
19 we )Y 5ol cdale g atBo FY JiSTg o)y FO °C slod yo J i 0g9m 4iges GC }.,,\L’J Hloges =¥ Sl

ol polie 23515 oy I3 L ool 990 595 S 5 ol 5 e 53 355 p0 sanlive a5 b lon

ol el wilio Lalys 55 43506l CAle il b cpmiman iy e i3 Wl Jipsger S1 495516 5 5 iSlis
Jndsst S5 4 o5y Jiass ol (2515 olog GRal Bl b sy e Ghalidl 1 9356 olie 5 tals S, ilso
Sgse rge yol nl a5 Cunl Jadly 5T Al Gy A S o S gm0 (S o) Jsb aibise il
g (S Sles Sob) (523,05 plp 5o Cueglite cazi)d 358 CS g (JeSge (iladgs il Sy zae (6551 i
by S g slagly WS 6551 Dysen zae A S S STy Gl GRIBI L rimren Al GI
GRIBIL Byl 5 IV asd oo BT ;551 jlade ali8l & poie yal (ol 45 098 o0 Sl CS g sladiged 4 (J5SUge
gy oyl a5 cenl Lsals ol 5lam g caoli8l O ged SO aSlgs coll Dl s wig, AVO MHZ U (6 S0 5lul uilS 8
V e5dllS clale QN0 MHZ LulS )3 50 S iSUles <l ke i a8l o 35| oS &gy ST 525 ol
NFO MHZ uils )5 50 G S Jladie (p ytden o criomad ol Cowsds FIYD )l a0 aiBo £Y 2Ty b)) g a0
(ool ulS 53 b S S g Corols (gl el sy +JAA (e 4 4B FY 23Sy ey g aoys ¥ a5 bl clale
Gl o il el (aalS W) e 5 Mhior GRS Guablineg Sl el Sl cadJiie ladgs jsliis e
ol ke lS,8 ol jo a5 cl MO MHZ ilS 3 0 S5 g ool sla Jssge 4y ool Jaise (65l aiion ¢ Buios
Gz Tlyal arals 2ol b aingy jsbas M1 LS e (LS5 a5l b oS b s ol iy G iStlgs
Ghite Lyl s con S g (chalojl gladigad ngold Aol Sl oolinul b ol Jeose 9ddsi 5l e [V ]l oo 2al58)



WWAY (liee; osle o kot @il Jlo eyl 5 g iy - sole 4583

u_.il..n s oole] QT J.lol.....o ;S_l)_';_i”kgb u"‘? 9 JLL.....J‘ adass 9 )_....a‘ J.....a stlm 6[.&:(;‘)".15 d)ﬁo)‘l.ﬁl LS‘)-.' J.Jy
sl 0 03,51 ¥ sz 5 LiiSTs sles g 55015 ke alies mabas 4 Wy Jposms b S csloools 5l Lol s

STy oloj 9 595U il (il ;8 il Zolaw 53 Wb J209m S S50 (Plg5 2 olie (ke -Y Jou
Table 2- Mean values of palm biodiesel dielectric properties at different levels of frequency, catalyst and reaction time

Frequency (MHz) Catalyst (%) Reaction time (min) E g”

7 34 0.33

1 21 3.93 0.55

63 4.27 0.64

7 3.31 0.44

434 15 21 3.84 0.65
63 4.16 0.75

7 3.19 0.56

2 21 3.75 0.77

63 4.07 0.86

7 3.55 0.26

1 21 4.08 0.48

63 4.35 0.57

7 3.46 0.37

915 15 21 3.97 0.58
63 4.27 0.68

7 3.34 0.47

2 21 3.88 0.7

63 4.21 0.8

7 3.3 0.45

1 21 3.82 0.67

63 4.13 0.75

7 3.19 0.56

2450 15 21 3.71 0.78
63 4.02 0.86

7 3.08 0.68

2 21 3.6 0.9

63 3.91 0.98
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Table 3- Mean values of palm biodiesel characteristics at different levels of catalyst and reaction time

Catalyst (%) Reaction time (min) FAME Content (%) FP (°C)

7 28.2 196

1 21 67.3 180

63 88.1 165

7 29.8 194

15 21 69.7 178

63 89.7 161

7 31.6 192

2 21 70.9 174

63 90.6 158
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Table 4- Analysis of variance of palm biodiesel FAME content and flash point by quadratic equation using RSM

Biodiesel Mean Square
Characteristics Frequency (MHz) Model ¢ g" éx g" & £ Residual
434 1105.68** 0.34* 0.41* 0.06* 0.57* 0.98* 0.39
FAME Content
(%) 915 1104.78** 0.54* 0.13* 0.02* 0.71* 0.11* 1.88
2450 1105.78** 0.21* 1.19* 0.26* 0.53* 0.19* 0.21
434 330.31** 0.68* 5.82** 2.95* 0.17* 5.40** 0.22
Flash Point (°C) 915 329.97** 0.43* 4.04* 1.69* 0.10* 7.46* 0.79
2450 330.28** 1.97* 9.29** 4,13* 0.66* 9.47** 0.28
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Table 5- Regression models of palm biodiesel characteristics based on permittivity at different frequency

Frequency (MHz) Regression Models R? R’
434 FAME = -215.29 + 74.94 £ + 90.29 £" - 5.45 é¢” - 2.89 §* - 14.76 £"° 0.9964 0.9956
FP = +58.68 + 75.99 ¢ + 128.51 £” - 47.47 é¢" - 9.68 £+ 11.61 £ 0.9462 0.9334
915 FAME = -175.71 + 52.59 £ + 74.03 £" -1.36 é¢" + 0.03 ¢* - 11.81 £" 0.9905 0.9883
FP =+70.91 + 69.66 ¢ + 137.58 ¢” - 46.91 éc” - 9.18 £+ 6.61 £" 0.9205 0.9016
2450 FAME =-159.62 +51.41 £ +31.87 " +8.83 éc” - 0.73 6° - 4.25 ¢ 0.9972 0.9965
FP=-7.88+103.58 £+ 181.17 ¢" - 61.75 éc” - 11.84 £+ 231 " 0.9555 0.9449
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Figure 3- The 3D surface based on the permittivity (A, C, E) for FAME and (B, D, F) for FP at frequencies of 434, 915 and 2450

MHz, respectively
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Table 6- Predicted and actual values of palm biodiesel characteristics at frequency of 2450 MHz

Run ¢ o FAME Content (%) Flash Point (°C)
Predicted Obtained Predicted Obtained
1 3.91 0.68 28.63 28.2 195.27 196
2 3.84 0.75 28.98 29.8 194.37 194
3 3.77 0.82 29.78 31.6 193.72 192
4 3.82 0.8 68.09 67.30 179.37 181
5 3.74 0.85 68.60 69.70 177.99 178
6 3.68 0.91 69.54 71.30 163.82 165
7 3.71 0.92 89.04 88.10 163.07 161
8 3.65 0.97 88.54 89.70 162.62 158
9 3.57 1.02 90.13 91.10 161.83 159
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Table 7- Suggested conditions to reach optimum biodiesel characteristics at frequency of 2450 MHz
Number ¢ g’ FAME content (%) Flash point (°C) Desirability
1 4.34 0.61 91.87 162.7 0.999
2 3.83 1.10 91.02 156.7 0.998
3 4.50 0.53 90.74 167.6 0.996
4 3.50 1.46 90.59 163.7 0.995
5 3.77 1.16 90.45 157.7 0.995
6 3.78 1.14 90.38 157.6 0.994
7 3.93 0.99 89.53 157.9 0.993
8 3.93 0.98 89.13 158.3 0.992
9 3.42 1.50 88.39 167.9 0.991
10 3.65 1.24 87.10 161.2 0.991
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Figure 4- Actual values vs. predicted values of (A) FAME content and (B) FP at frequency of 2450 MHz
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The usage of biodiesel quality monitoring system (online and batch) is always the basic requirement of its
production which requires to research in this area. The purpose of this study is to predict and optimize the
palm biodiesel characteristics using its permittivity properties. The parameters of biodiesel permittivity
properties (¢’, dielectric constant and €”, loss factor) at microwave frequencies of (434, 915 and 2450 MHz)
were used as input variables. The palm biodiesel characteristics as fatty acid methyl ester (FAME) content
and flash point (FP) at three different level of reaction time (3, 9 and 27 min) and catalyst concentration (1,
1.5 and 2 % wiw,;) were selected as output parameters for the models. The response surface methodology
was developed for prediction and optimization of FAME content and flash point. The optimum condition was
obtained using RSM by FAME content of 95.87% and flash point of 162.7 °C with desirability of 0.999.

Keywords: FAME Content, Flash Point, Dielectric constant, Loss factor, Optimum conditions
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