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Abstract: The Atlas Cedar Wood (ACW), Cedrus atlantica 13 a resinous species of Pinaceae originated from
North Africa and well known for its noble timber and his economic importance. The characterization of (ACW)
with a low frequency electrical field has not yet been studied. Tt may provide a valuable basis for determining
defects n this wood non destructively and may help to understand wood-water interactions and hygroscopic
characteristics of wood. The goal of this prelimmary study was to examine the feasibility of this characterization
and to study the effect of the frequency, wood anisotropy and thickness on the dielectric properties of (ACW).
The dielectric constant (&) and dielectric loss factor (€”) were measured for heartwood specimens using
frequencies between 10 Hz and 1 MHz at 12% moisture content and room temperature (20+2°C). The results
obtained indicated a direct relationship between dielectric constants and thickness. The dielectric constant (€")
and the dielectric loss factor (") showed an important increase with the increase of the thickness, especially

at low frequencies.
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INTRODUCTION

The cedar stands cover an area of 130.000 ha and
occupy a privileged place in the Moroccan forest
landscape. History of Morocco is based on very reach
Islamic kangdoms, characterized by large dominations
going from Maghreb up to South Spain. They largely
utilized wood, especially the (AWC) to produce timber
structures for buildings, decorations, furniture, high level
jolnery, music mstruments and simple tools.

On the other hand, dielectric methed 1s one of the
potential methods for non-destructive analysis for
assessment of wood anisotropy (Lin, 1967; Norimoto
and Yamada, 1971, Norimoto ef al., 1971, 1978) moisture
content (Tutta et af, 1999; Jinzhen and Guangjie, 2000,
2001), decay (Tiitta et al., 2003; Tiitta, 2006, Hakam et al.,
2017 a), density and wood quality assessment (Tiitta
et al., 2009). It measures the dielectric properties of a
medium as a function of frequencies (Kremer and
Schonhals, 2003). A significant relation between density
and electrical properties, within a group of heartwood
specimens had been reported (Skaar, 1948, Rafalski, 1966;
Lin, 2007; Vermaas, 1973). Vermaas concluded that the
dielectric constant (g") for all directions ncreased with the

increase of density and moisture content and decreased
with the increased frequency. It s also reported that the
detection of knots, drying defects and spiral gramn are
possible by measuring dielectric properties of wood
(Martin et al, 1987). Some electrical properties of
Moroccan wood species and cork leaves were
reported (El Alami et al., 2012; Hakam and El Imame, 2017,
Hakam et al., 2017a, b; Hakam et af., 2012 and Lazrak et
al., 2018). The purpose of the present study was to
examine the feasibility of the low frequency dielectric
method and to study the effect of the frequency, wood
anisotropy and thickness on the dielectric constant (€”)
and the loss factor (8”) of ACW heartwood.

MATERIALS AND METHODS

The wood specimens (Cedrus atlantica Manetti,
heartwood) were obtained from Forest Research Center,
Rabat (Morocco). Threes of 75 vear’s-old ACW was
selected and felled from the mature stands in the Azrou
region in the Meknes Province (33°26'N, 5°13°W, 1250 m
asl.). A sub-sample of tlree trees was selected and 6
samples of each tree at average height of 1.3 m were cut
for study. The specimens were cut from the plate into
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square pieces of 20 mm and of 2-4 mm in thickness in
longitudinal, radial and tangential direction to the growth
ring and gently smoothed by sanding (Fig. 1) All
specumnens were free of cracks, discoloration, biological
attack, insect holes and other defects. Before the test, all
specimens were put into a climatic chamber (20£2°C and
65+5% relative humidity) m order to reach the wood
moisture equilibrium content of 12%. In study heartwood

samples was analyzed under normal laboratory
conditions.
Density measurements: Before the impedance

measurements the samples were weighed and the
dimensions were measured. After the impedance
measurements, the specimens were dried at 103+3°C for 24
h and weighed. The dimensions, moisture content and
densities were measured with 0.1 mg accuracy in weight
and 0.02 mm for dimensions. The moisture content was
calculated with:
o _ 100x(M,M,)
- M

o

Where:

M, = Air-dry mass before the impedance measurements

M; = The oven-dry mass after drying at 103+3°C for
24h

Apparent (air-dry) density: (D,) was determined as
M,/V, where, M, and V, are air-dry mass and volume
before drying. Oven-dry (anhydrous) Density (D,) was
determined as MV, where, M, and V, are mass and
volume after drying.

Dielectric measurements: The dielectric constant (£7)
and dielectric loss factor (¢”) of the heartwood ACW
specimens were measured in the atmospheric conditions
n the frequency range from 10 Hz to 1 MHz, at which the
effect of the electrode type was negligible. These
measurements were carried out using an L.CZ meter HP
4192A and a pair of plates and circular metallic electrodes
with a diameter of 20 mm for three anisotropic directions:
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Fig. 1. Contact surfaces of the samples for the two planes:
a) Transverse (11) and b) Tangential (Tg)

longitudinal, radial and tangential at 12% moisture content
of specimens and at a room temperature (20+£2°C). No gel
was used between the electrodes to avoid the absorption
of the gel mto the specimens.

RESULTS AND DISCUSSION

Density: The densities of ACW specimens are given in
Table 1. The values obtained are in the medium range for
commercially used wood.

Electrical measurements: The curves representing the
effect of the anisotropy and the thickness of the wood on
the dielectric constant (2") and the loss factor (&) of the
18 cedar wood specimens were similar.

Effect of wood anisotropy on dielectric properties: The
dielectric constant () of ACW for 2 mm thick specimens
with 12% MC at 204£2°C as function of frequencies from
10 Hz to 1 MHz in the Longitudinal (1) Radial (R) and
Tangential (T) directions is shown n Fig. 2.

The dielectric constant of ACW decreases with the
increase of the frequency of the applied electrical field. At
low frequencies, complete orientation of the dipoles is
possible leading to higher dielectric constant. However,
at high frequencies the molecular vibrations are higher,
the complete orientation of dipoles does not take place
and then the dielectric constant decreases as the
frequency increases. The value of € at high frequency
decreased in the following order: T. direction >R direction
and T direction where by the dielectric constant is larger
for the polarization parallel to the grain than across the
grain and the radial values were similar to the tangential

Table 1: Densities of ACW

Density Ave. Max Min CV (%)
Dy 0.595 0.695 0.491 7.899
Dy 0.460 0.530 0.386 7.391

D, is apparent (air-dry) density and Dy is oven-dry (anhy drous) density
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Fig. 2: Logarithmic dielectric constant (") of ACW as a
function of logarithmic frequency in the three
principal directions to the grain of 2 mm thick
specimen

5790



J. Eng. Applied Sci., 14 (16): 5789-5793, 2019

values. This anisotropy was considered to be due to the
difference in the arrangement of lumens (air ducts) and the
cell walls in both directions. The hydroxyl groups of the
cellulose should have more free rotation longitudinally
than in the radial and tangential directions (Lin, 1967,
Norimoto et al, 1978). The effects of anisotropy on the
loss factor (") and (£”/e") of ACW of 2 mm thick
specimens with 12% MC at 20+2°C and at frequencies
from 10Hz to 1MHz in the Longitudinal (1.), Radial (R) and
Tangential (T) directions are graphically presented in
Fig. 3 and 4, respectively.

The dielectric loss factors (2”) of ACW decreased also
as frequencies increased in all grain directions (Fig. 3).
This result indicated that the relative dielectric constant
was higher for the polarization parallel to the grain than
across the grain. This behavior was expected from the fact
that the hydroxyl groups of the cellulose should have
more freedom of rotation in the longitudinal direction than
i radial and tangential direction result on good agreement
with (Norimoto et al., 1978; Lin, 1967).

Effect of wood thickness on dielectric properties:
Figure 5 dielectric constants (&) of ACW in longitudinal
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Fig. 3: Logarithmic dielectric constant (¢”) of ACW as a
function of logarithmic frequency in the three
principal directions to the gramn of 2 mm thuck

direction are plotted as a function of frequency for
specimen thicknesses (2 and 4 mm). Thickness had an
effect on the electrical properties over the whole
frequency range. Dielectric loss factor (€”) of ACW
i longitudinal  direction as a function of
frequency for 2 specimen thicknesses (2 and 4 mm) 1s
shown in Fig. 6.

A dielectric process could be clearly observed in the
frequency region centered around 10° Hz (Fig. 4 and
6) (In this frequency region only the half of the peak of
dielectric process appear). Norimoto and Yamada (1970)
suggested that this relaxation process is caused by the
reorientation of CH,OH group in the amorphous region of
wood cell wall Cao and Zhao observed the similar
behavior at studying the dielectric properties of wood in
moisture equilibrium state. The effect of thickness is
clearly observed in Fig. 5 and 6 for thicknesses of 2 and 4
mm. The dielectric constant and the dielectric loss factor
showed an important increase with the increase of the
thickness, especially at high frequencies. The value of €”
of thicker (4 mm) ACW was higher than that of 2 mm
ACW. Both dielectric constants and dielectric loss
factors (Fig. 5 and 6) mcreased with the mcrease in
thickness at frequencies studied, at lower frequencies the
effect was sometimes masked by noise. Tt is obvious that
the effect of the specimen’s thickness on dielectric
constant (') or dielectric loss factor (8”) was small
compared to the effects of moisture content and
frequency. The increase in the dielectric constant with
thickness can be explained by the fact that mcreasing
thickness leads to an mcrease in the number of polar
groups inside the sample which leads to an increase in
orientation of the polarization. As a result of such effect
the dielectric constant increases with thickness at all
frequencies. The dielectric loss factors (£”) obtained were

speclmen of a minimal value (Fig. 6). These minimal loss factors
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Fig. 4 The £¢"/e’ of ACW as a function of logarithmic frequency in the three principal directions to the grain of 2 mm

thick specimen
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Log10 (F) Hz

Fig. 5:Logarithmic dielectric constant (g) of ACW in
longitudinal direction as a function of logarithmic
frequency for two specimen thicknesses (2 and 4
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Fig. 6: Logarithmic dielectric loss factor (£”) of ACW in
longitudinal  direction as a function of
logarithmic frequency for specimen thicknesses
(2 and 4 mm)

shifted towards lower frequencies with increases in
thickness. The ration (€”/¢") obtained were of a minimal
value (Fig. 4). These mimmal shifted towards lower
frequencies in the following order: L direction >R direction
and T direction. A minimum value for the loss factor in the
same frequency region (30 to 10° Hz) was also reported by
Norimoto and Yamada (1970) for kusunoki wood.

CONCLUSION

The aim of this study was to determine the dielectric
characteristics of Atlas Cedar Wood (ACW) (Cedrus
atlantica Manetti) at low frequency. The dielectric
constant (¢) and dielectric loss factor (&”) of ACW
specimens were measured in atmospheric conditions at
20+2°C and 10 Hz to 1 MHz frequency range m which the
effect of the electrode was negligible. The effect of wood
anisotropy and thickness on the dielectric constant (£”)
and the loss factor (") of ACW heartwood by means of
dielectric method at low frequencies were examined. The
effect of wood anisotropy was investigated in

longitudinal, radial and tangential direction to the growth
ring. The specimen thickness impact on the electrical
properties within ACW heartwood specimens had been
reported. The observed changes in dielectric properties of
ACW due to thickness mdicated that at a constant
temperature and moisture content, both the dielectric
constant (£”) and the loss factor (¢") increase with the
increase of the thickness over the whole frequency range.
The increase in thickness leads to increase in the amount
of bound water and therefore, an increase in the value of
the dielectric constant. The dielectric loss factor exhibited
mimimum values which were shifted to the lower
frequency with decreased thickness.
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