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Dielectric Properties of Oil Palm Trunk Core
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Abstract—Recent  development in  microwave-assisted
processing of biomass materials has significantly created a
need for fundamental study to understand the dielectric
properties of these biomass feedstock, which could give further
insight about interaction between microwave energy and
biomass. In the present study, dielectric properties of oil palm
trunk (OPT) core were investigated using an open-ended
coaxial probe method. The dielectric properties of OPT core
were determined as a function of controlling factors such as
microwave frequency, biomass moisture content and fibre
directions (radial, tangential and cross section). The results
showed that dielectric constant of OPT core was decreased
with the increasing of frequency. For dielectric loss and loss
tangent, a similar trend was observed but only at low
frequency (<1.8 GHz). The dielectric constant and loss of OPT
core were positively correlated with its moisture content for all
fibre directions. In terms of magnitude of dielectric constant
and loss, radial direction showed the highest value compared to
cross section and tangential which suggests radial direction has
the optimum electromagnetic energy absorption and
conversion.

Index Terms—Oil palm trunk core, dielectric constant,
dielectric loss, loss tangent.

I. INTRODUCTION

As main exporter of oil palm, Malaysia has a large area of
oil palm plantation. Until December 2012, there were 5.08
million ha area of oil palm plantation covering 15% of the
total land area in Malaysia [1]. Oil palm tree has short
productivity life span about 25 years. During replanting, it is
estimated that around 74 t/ha dry oil palm trunk (OPT) logs
are produced giving availability of around 13.6 million OPT
logs/year for every 100,000 hectares plantations [2]. The
abundant OPT logs are mostly utilized in saw-wood, lumber,
plywood, flooring and furniture manufacturing [3], [4]. In
the manufacturing of plywood, only the outer part of OPT
logs was peeled to be further processed into plywood while
the core part comprised only soft parenchyma tissue was left
out as waste [5]. The core waste could be converted into
cattle feed or further processed into biofuel.

For waste conversion of biomass into biofuel and
materials, microwave-assisted processes such as microwave-
pyrolysis and microwave-drying are increasingly applied [2],
[6]-[8]. Unlike conventional heat source, microwave energy
has several advantageous including volumetric heating
allowing bulky and high moisture biomass to be processed,
minimize secondary reaction to optimize product yield also
permits rapid heating therefore cost and time-saving [6], [8]-
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[11]. The mechanism of microwave energy on biomass
involves the transport of the electrical charges by the ions
present in the biomass cell wall and cellulose. Once the
microwave is encountered the biomass, randomly oriented
dipoles in dielectric material align themselves in a direction
opposite to applied external electric field. The molecules
absorb the energy and store as potential energy. By the
mechanism of ionic conduction and dipole rotation, polar
molecules vibrate and produce kinetic energy [12].

Dielectric properties can be studied on the energy that is
reflected, transmitted through the surface and absorbed by
the materials. Each type of energy is specified with its term.
Dielectric constant (¢’) is the ability of material to store
electric energy [12]. Dielectric loss (¢”) is the ability of
material to convert the electromagnetic energy into heat [13].
The relationship of these two values is as equation 1:

g=g'—j&" 1)

where &* is the complex dielectric constant, while ¢” and &”
respectively form the real and imaginary part of ¢*. j is the
numerical symbol representing the imaginary part of a
complex number [12]. Loss tangent is the ratio of dielectric
loss to dielectric constant. It determines the attenuation of
microwave power in material which resulted in heating [14].
The dipole rotation is depended on several factors such as
moisture, frequency and fibre directions [15].

Previously, dielectric properties of oil palm shell, oil palm
fibre [13], empty fruit bunch [14], pine wood [16], rubber
wood [17], Blue Gum Wood [18], softwood (Black spruce,
Balsam fir and Tamarack) [19], Douglas fir [20], sapwoods
(Aspen, White Birch, Yellow Birch and Sugar Maple) [21],
sawdust, peanut-hull pellets [22], Australian wood species
(Slash pine and Spotted gum) [12], corn, lentil [23],
hardwood (Acacia mangium, Swietenia macrophylla and
Maescpsis eminii) [15] and switchgrass [11] were reported.
However, article about the dielectric properties of OPT is
scarce in publicly available literature. Fundamental
knowledge about dielectric properties of OPT core are
required to understand the interaction between this biomass
and microwave energy before subjecting OPT core in
microwave-assisted processes. In depth study of OPT core —
microwave interaction could significantly contribute in
optimizing the utilization of this biomass in microwave-
assisted process especially in the further study of
microwave-assisted carbonization to produce biochar as fuel
since it is crucial to know the change of dielectric properties
during carbonization [11]. Besides that, knowledge about
dielectric properties of OPT core gain from the present study
could be further manipulated to determine various important
factors such as moisture content of living oil palm biomass
in a plantation and detecting defects on wood surfaces as
similarly reported previously [20]-[24].
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This article reports on the effect of frequency, moisture
content and fibre directions on the dielectric properties of
OPT core. This fundamental knowledge of dielectric
properties significantly give further insight in describing the
behaviour of OPT core biomass of various moisture content
when subjected to various frequency of microwave electric
fields.

Il. PROCEDURE

OPT core logs were obtained from a local plywood
factory in Negeri Sembilan, Malaysia. OPT core were the
central of an oil palm trunk that make up nearly 80% of total
cross section area of an OPT [25]. The core was formed by
scattered vascular bundles that embedded in thin-walled
parenchymatous ground tissue [26]. In plywood production,
OPT core logs were the waste left after peeling of the outer
part of oil palm trunk. In this study, OPT core biomass was
cut into cube (dimension 5cm>&cm>&cm) in three structural
directions i.e radial, tangential and cross section (Fig. 1 and
Fig. 2) in order to investigate effect of structural direction on
dielectric properties. Each OPT cube was polished with sand
paper to obtain smooth surface and minimize air bubbles
between probe and biomass during conducting measurement
because presence of air gap might cause error in measuring
by using open-ended coaxial probe. For preparing OPT core
biomass with different moisture, the biomass was oven-
dried at 60 + 2°C at different time intervals following
method described in a previous study [14].

Dielectric properties of OPT were measured using open-
ended coaxial probe which was attached to an automatic

network analyser (model HP 85070-D) as illustrated in Fig 3.

It is a non-destructive measuring method as it would not
cause any changes on biomass characteristics during
measurement. The 3.5 diameter open-ended probe was
placed on the biomass according the fibre direction during
measurement. This measurement method was based on the
input reflection coefficient of coaxial line against the
samples [14]. Dielectric properties were measured from the
phase and amplitude of the reflected signal at the end of an
open-ended coaxial line inserted into a sample to be
measured [27].

Range of frequency was set from 1GHz to 3GHz as open-
ended coaxial probe method could be used for wide range of
frequencies (0.5GHz to 110GHz). It is valid for frequency
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0.915 GHz and 2.45 GHz and materials with loss factors
greater than 1 [27]. After calibration with distilled water,
probe sensor was placed on the OPT biomass to start the
dielectric measurement. The measurement of dielectric
properties for each testing was repeated multiple times to
increase the data accuracy and validity. From the
measurement, dielectric constant and loss were obtained
while loss tangent was calculated from dielectric constant
and loss. The averaged value was reported in this article.
Two way ANOVA test (SPSS Version 21) was conducted
on the mean values to evaluate the significance difference of
all parameters assessed in this study.
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A. Effect of Frequency

Experiment was performed at frequency 1GHz to 3GHz
for investigate the effect of frequency on dielectric properties
of OPT and the results are shown in Fig. 4-Fig. 6. Fig. 4
shows the relationship between dielectric constant and
frequency for all of the fibre directions. When frequency was
increased from 1 to 3GHz, dielectric constant was decreased
for all of the fibre directions. The result depicted that electric
field of microwave affected the interaction of OPT core
biomass with electromagnetic waves. When the frequency
increased, a continuous varying electric field was created.
This varying electric field created polarization in OPT core.
Dipole moment in biomass gradually decreased as frequency
increased. Therefore, dipole had shorter time to realign itself
according the oscillating electric field [13], [28]. Conductive
effect of microwave heating also diminished quickly in high
frequency [14]. Hence, dielectric constant which indicated
the ability of material to store electric energy decreased.

R squared for each of the fibre directions was more than
0.8 where regression lines quite strong fit with the actual data

RESULTS AND DISCUSSION

of dielectric constant. The trend of decreasing dielectric
constant with the increasing of frequency was found to be
similar with other biomass tested previously such as rubber
wood [17], softwood included Black spruce, Balsam fir and
Tamarak [19], empty fruit bunch of oil palm [14], oil palm
shell, oil palm fibre, biochar from oil palm shell [13], green
pea flour, lentil flour and soybean flour [29].

In Fig. 4, all of the fibre directions show a similar trend. In
comparing different fibre directions, radial direction
significantly showed the highest dielectric constant
magnitude compared to cross section and tangential direction.
Standard error of the replication of this experiment was small
(<0.50). The significant value for dielectric constant data
under factors frequency and fibre directions was less than
0.05 which showed the factors were highly significant and
both factors are strong correlated with dielectric constant.
Hence, it is suggested that radial direction of OPT core has
the optimum ability of storing electric energy than tangential
and cross section. Differences in the intrinsic structural
arrangement of cells in each of the fibre direction may cause
the differences in their dielectric constant.
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Fig. 5. Dielectric loss, ¢ as a function of frequency for all fibre directions of oil palm trunk.
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Fig. 6. Loss tangent, tan ¢ as a function of frequency for all fibre directions of oil palm trunk.

In Fig. 5, dielectric loss of all fibre directions was
decreased when the frequency increased from 1GHz to
1.8GHz. Beyond 1.8GHz, the dielectric loss was slightly
increased with the increasing of frequency. This dielectric
loss trend was observed due to electrical conductivity of
certain oil palm biomass was different at varying frequency
as reported in an earlier study [13]. Amongst various OPT
core fibre directions (Fig. 5), the radial direction again gave
the highest dielectric loss value compared to cross section

and tangential direction. The results in Fig. 4 and Fig. 5
highlighted that radial direction can be further optimized to
conduct microwave related reaction since more absorbed
energy can be converted into heat.

There was strong correlation between dielectric loss and
frequency with significant value less than 0.05. Significant
value for fibre direction was also less than 0.05. Standard
error on the replication of this experiment was less than 0.30.
Hence, dielectric loss can be affected by both frequency and
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fibre direction.

Loss tangent, tan 0 = £”/¢” describes the overall efficiency
of OPT core to convert microwave radiation into heat [30].
In Fig. 6, the relationship between loss tangent and
frequency is not linear. Loss tangent of all fibre directions
(Fig. 6) shows a similar trend as their dielectric loss due to
largely depend on their dielectric loss factors.

B. Effect of Moisture Content

Effect of moisture content on dielectric properties was
studied at frequency 2.45GHz. Initially, the moisture content
of OPT core as received was about 65%. It was expected
that the moisture content largely affects dielectric properties.
The free moisture in biomass contributes in the interaction
between biomass and electromagnetic fields [12]. In the
present study, dielectric constant of the three fibre directions
were positively correlated with OPT core moisture content
as showed in Fig. 7. However, the regression analysis of

dielectric constant for tangential direction produced lower R
squared value (R® = 0.580).

In general, water is well known as good microwave
energy absorber due to its dielectric property and nature [7],
[13], and [14]. The result in the present study highlights the
moisture develops high polarization in OPT core once the
microwave encounter OPT core. More microwave energy
was absorbed in OPT core of increasing moisture content.
Dielectric constant as the parameter used to describe the
ability of molecules to be polarized by electric field
increased with the increasing of moisture content OPT core.
Fig. 7 showed dielectric constant was low for low moisture
content OPT core because effect of rotation water dipoles
diminished when the moisture content was low. These
correlation trends are similar with other biomass reported
previously such as empty fruit bunch [14], softwood [19],
pine wood [16], corn, lentil [23], hard red winter wheat and
yellow dent field corn [31].
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Fig. 7. Dielectric constant, ¢” as a function of moisture content for all fibre directions of oil palm trunk.
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Fig. 8. Dielectric loss, ¢” as a function of moisture content for all fibre directions of oil palm trunk.

For radial direction, dielectric loss increased rapidly as
the moisture content increased (Fig. 8). The slope of linear
plot of dielectric loss for radial direction was steeper than
tangential and cross section. This observation showed
dielectric loss increased with the increasing of moisture
content regardless the fibre directions. Water absorbed the
microwaves and created dielectric polarization. Water
molecules tend to realign itself in the electric field and
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create friction within the molecules. Heat energy was
generated through the friction within the molecules.

Analysis of two ways ANOVA helped to study the
relationship between dielectric loss, moisture content and
fibre directions. Dielectric loss was found to depend on
moisture content and fibre directions with significant value
less than 0.05 (standard error on the replication of the
experiment was less than 0.15).
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Both dielectric constant and dielectric loss increased with
the rise in moisture content OPT but the rate of increasing
dielectric loss (Fig. 8) was lesser than the dielectric constant
(Fig. 7). As loss tangent depends on both dielectric constant
and loss therefore, loss tangent of radial and tangential
increased with the increasing of moisture content until
around 45%. At high moisture (>45%), the loss tangent

biomass according to Table | which is also similar to many
oil palm biomasses. Biomass with higher loss tangent will
be more advantage in rapid heating because the rate of
convention of electromagnetic energy into heat was higher
[30].

TABLE |: CLASSIFICATION OF LOSS TANGENT [16], [30]

Level

Material

value started to decrease. This showed th Loss tangent
e overall efficiency of OPT to convert microwave radiation 3 (tag (;) 5 T RS
into heat increased at low moisture but decreased at high ow inus sylvestris (L.) wood with 8 wt. %
. moisture content at tangential, radial and
moisture content. . L transverse direction
Loss ta_lngent of a material can be classified into three Medium 01-05 Dried EFB (oil palm empty fruit bunch)
levels Wh'f:h showed In Table 1 [30], [16]. char, EFB sample with 18 wt.% moisture,
From Fig. 6 and Fig. 9, loss tangent of OPT core for all EFB sample with 64 wt.% moisture
fibre directions were obtained in the range of 0.1 to 0.3 with High >05 Coconut activated carbon, EFB sample
both frequency and moisture content parameters. Hence, with 45 wt.% moisture
OPT core can be classified as medium microwave absorbing
0.5
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Fig. 9. Loss tangent, tan J as a function of moisture content for all fibre directions of oil palm trunk.

IV. CONCLUSION

In this study, it can be concluded that, dielectric constant
of OPT core decreased with the increasing of frequency
while the increasing of frequency did not show significant
effect to dielectric loss. Dielectric constant and loss of OPT
core was found to correspond positively with moisture
content. OPT core can be classified as a medium microwave
absorbing biomass.
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