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Abstract

In the small-scale palm mill industries, the processes have produced low-quality crude palm
oil. The oils have high free fatty acid content (FFA) and low deterioration of bleachability index
(DOBI), classified as grade B oils. Since, the palm fruits are being treated with hot air for too long
time for pretreatment, drying and pressing. In this research, a microwave will be used as a heating
source for pretreatment to shock the fresh palm fruits by rapidly increasing the temperature.
Microwave heating can inhibit the action of lipase in the reaction hydrolysis to decrease FFA content.
At the same time, microwave heating will melt crude palm oil in mesocarp, increasing DOBI. To
develop microwave heating system, microwave propagation in the waveguide and cavity are modeled
and simulated, therefore optimum dimensions of cavity and positions of waveguide installation were
obtained. At the optimum conditions, the electric intensities of 2.45 GHz microwaves are strongest
at the position of palm fruit placement. The optimum dimension of the cavity is 33 cm x 33 cm x
33 cm. Verification of the microwave field distributions in the cavity was consistent with the
experimentally heating profile of the water load. And analysis of CPO from oil palm fruit heated by
microwave, FFA decreased to 1.5+0.3 percent. DOBI increased in lower power microwaves and fell

in higher power microwaves.
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1. Electromagnetic wave equation

vx,,,-'(vxi;)-k;(g, L ):o

0g,

v

2. Geometrical model

v

\

3. Define the specific properties of
the material and boundary conditions

J

v

4, Determine element

v

5. Finite Element Method

L 2

6. Solution £=F(x,y,z)

Figure 1
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Flowchart for the modeling of the cavity by COMSOL Multiphysics.
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Figure 2 The 3D figure which including a cubic cavity of L x L x L cm’, load, waveguide, and microwave

generator.
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Figure 3 The 3D figure which including cubic cavity of 33x33x33 cm’, load, waveguide, and microwave

generator for study of the wave field distribution.
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Experimental setup for the study of microwave field distribution.
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Figure 5 The dependence of total electric field (Total E?) on cavity size for no load.
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Fadlnan1sinaes (Figure 6a, 6b)
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—%— 40 [em’]
—®— g0 [em’]
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load height 5 cm

1000 . :

Power absorption [W]

33
L [cm]

325 33.5

a

—*— 40 [em¥]
—®— g0 [cm®]
—+— 80 [cm’]

load radius 5 cm

800 . .

3
o

400

300 -

Power absorption [W]

200 7

32 325 33.5 34

a Load’s height is 5cm b Load’s radius 5 cm

Figure 6

and (b) load’s radius is 5 cm.
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aziimsgandugadle L dreglurag 32.81 - 33.50
w31 Ineil peaks Hoefidumis 33.06 wag 33.37 ¥y
(Figure 6a) Tuvaiziidloifindsannslniiunanugs
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Power absorption when the load’s volumes are 40, 60, and 80 cm3 for (a) load’s height is 5 cm
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Figure 7 Dependence of electric field intensity on frequency.
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Figure 8 The values of E* on xy plane when z = 0, 1, 2, 3, 4, 5, 6 and 7. The electric field intensities are

expressed by color bar, dark blue and dark red have lowest intensity and highest intensity,

respectively.
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Figure 9 The variations of normalized E* and measured temperature on x-axis when y = 10, 15, 20 and 25

cm when z = 0 cm for the water load.

27



Thai Science and Technology Journal

Vol. 30 No. 4 July-August 2022

3.2 MINTLAYAVBIQUNN
N3ANYIUTIUTEUTEINNNISINaBINSN
sgaemlvasautnlnineniiaeges (B wagnis
wmaaﬂmiﬂi:maﬁa‘uaqqmwgﬁmaiuﬁaQﬂﬁusﬁaﬁ
31888L98ANT5T1809N13N T8V IEUIN LT
wazn1sinnisnseneivesguugilluinte 2.3.2
way 2.4 audu fdnwae (Figure 9) Fauand
A normalized E? (x) waw normalized T (x) 1l y
flAn 10, 15, 20 uag 25 cm lnsnuinATa i
Tthiaenadosiu Fadunstudiunugniesoma
n13491@84 (Figure 9) funiaUfUinvasauulnii
LLﬁ%QﬂJMQﬁQQ@@@@JﬁU%L’JmﬁJﬂaﬂﬁ%ﬁ]ﬂi%‘u’mﬁ
ALY (15,15) ImEJﬁqmmﬁ%ﬁmimzm‘&Jmmmﬁ

fifim (peak) nFand FaRnannisanemeudeu
ﬁwdwﬁﬂwqu%ﬁﬂuﬁagjamf’fu flosnndalaulal
Ieiduauuanysabiliinmsanemanudeuuisdiu
Tugudue Afidnwazmuieaiu
3.3 Sviswanaululaswiifinasonmua ety
Unaudu
deatmiduiiduivanuaunduandiinu
nslaauseunislulasin Tnsliainuiouau
atduaniinnutugeiemde 5 wWedwud uaz
meTziUsinansalududase wuinussunn
nsnlvtudasedidnanasvde 1.5+0.3 (Figure 10) &
fiAneng 5 Wediwud auiinasinasgusimuely

40

35

30

25

20

FFA [%]

15

10

0 100 200

300

400 500 600

Power microwave [W]

Figure 10 Dependence of FFA on microwave power after heating of fresh palm fruits.
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