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SUMMARY

Moisture content of bamboo and frequency are the most important factors that affects dielectric properties of
bamboo material. Dielectric properties of bamboo is one of the most important factors to determine the high-
frequency hot pressing process parameters of glued laminated bamboo... Therefore, study on dielectric
properties of bamboo has important significance. Bamboo was adjusted moisture content under laboratory
conditions for 0-18%. Effect of moisture content and frequency variation on dielectric properties of bamboo
was determined by using the 4294A Precision Impedance Analyzer with the 16451B. Dielectric properties
including dielectric constant (&) and dielectric loss tangent (tan &) have been done in the moisture content
range from 0% to 18% and in the frequency range from 60 Hz to 6 MHz. The results showed that the dielectric
constant (¢’) and tan O increase with the increasing moisture content and decrease with the increasing
frequency. Dielectric constant and tan J increased slowly with the moisture content below fiber saturation point

(FSP), increased sharply with the moisture content around the FSP. Dielectric constant and tan & decreased

obviously with the frequency below 6 kHz, but changed slowly when it above 6 kHz.
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I. INTRODUCTION
Bamboo is a natural material. It has been
used traditionally as an engineering-structural
material for fabrication of village houses in all
stages of human culture development. In order
to utilize bamboo effectively under modern
scientific and technological conditions it is
necessary to study its properties. Bamboo is a
main material for bamboo-based panelsand a
wide range of bamboo products, including
bamboo articles for daily uses and bamboo
carbon (Zhang, 1995; Zhang et al., 2001).
Dielectric constant and dielectric loss
tangent is important factor of the dielectric
of bamboo. It has

implications in the

properties important
high-frequency and
microwave heating technology of bamboo
processing  applications.  Applications of
dielectric properties of bamboo and wood in
high-frequency and microwave heating
technology to determined drying, glueing,
softening and moisture content of bamboo and

wood (Yin, 1996).

Electric properties of both wood and WPC
different
contents and relative humidities. It showed that

were measured under moisture

dielectric constant of wood increased
significantly with moisture content but no
significant difference was observed in the case
of WPC within the range of moisture contents
studied (Khan et al., 1991).

Dielectric constant and tan 6 values of
different sections of bamboo cut from outer
skin to the central core have been determined
at different temperature range and frequency
range (Chand et al., 2006). It has been found
that dielectric constant and tan d increased with
increase of temperature and decreased with
from the center core to periphery outer surface
with increase of frequency.

The estimation of dielectric loss factor
which is considered a very important feature
for bamboo industry and wood industry,
properties of different wood species was done
by using soft computing algorithms as a

function of both ambient electro-thermal
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conditions applied during drying of wood and
basic wood chemistry (Iliadis et al., 2013).
Dielectric constant and dielectric loss
tangent of bamboo culm increased slowly with
the moisture content below fiber saturation
point (FSP),

moisture content around the FSP, and when

increased sharply with the
above the FSP, it had a linear relation with the
moisture content. Dielectric constant of grain
direction was higher than that of other two
directions. It decreased obviously with the
increase of frequency, but changed slowly
when it above 6 kHz. Bamboo culm age,
different part of culm had no evident effect on
dielectric constant (Xu et al., 2012).

Bamboo or wood-like materials such as
WPC can be used as an important insulating
material for special applications. All untreated
woods had a higher dielectric constant than
their polymer composites. It is therefore
postulated that the presence of polymers has
led to a decrease in the number of polarizable
units (Chia et al., 1986).

Dielectric properties of wood block treated
at various temperatures up to 800°C were
measured in the range from 20Hz to 1MHz and
from -150 - 20°C. These results suggested that
the electric conductivity decreased with
increasing temperature up to 400°C and a
small volume fraction of particles with large
conductivity is formed at microscopic levels in
the cell walls (Sugimoto et al., 2004).

At present, study on dielectric properties of

wood quite widely. However, very little work
has been done on the dielectric properties of
bamboo.

This study determined dielectric constant
and dielectric loss factor of bamboo at
different moisture contents and frequencies.
The main purpose is to provide the dielectric
properties of bamboo to determine the
parameters of high frequency press technology.
II. RESEARCH METHODOLOGY
2.1. Materials

The bamboo (Phyllostachys heterocycla cv.
pubescens) trees [6 years old, diameter ranging
from 7 to 12 cm] were collected from
Zhejiang, China. Approximately, the same
amount of bamboo semicircular fragments was
cut from the bamboo stem to prepare flat-
rolled. Bamboo samples were cut from these
bamboo strips with a diameter of 50 mm and
thickness of 5 mm. Uniformity of test sample
surfaces were polished by using a sanding
paper. Total of test samples were 12 samples.
2.2. Experimental methods
2.1.2. Moisture adjustment

Moisture adjustment was conducted in
drying cabinet. Based on experimental
requirements, all samples were put into drying
cabinet and the use of thermostat humidity
cabinet to adjust moisture content of bamboo
samples. All samples were conditioned for 0%
to 18% relative humidity to adjust. Moisture
adjustment times were 3 times, every time was
3 days. Moisture content adjustment
parameters of bamboo samples in Table 1.

Table 1. Moisture content adjustment parameters of Bamboo

Adjustment parameters

Moisture
content Time 1 Time 2
(%) Temperature ("C)  Humidity (%) Temperature ("C) Salt solution
0 10042 0+2 20 -
6 35 40 20 KNO;
12 35 78 20 NaCl
18 35 98 20 MgCl,
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The moisture content (MC) of the samples
were calculated according to the following
formula: MC (%) = [(m;-mg)/mo]*100, where
m; is the weight of the sample before drying,

immediately after drying.
2.1.2. Experimentalmethod

Figure 1 displays the flow chart when using
the 16451B for permittivity measurements.

and my 1is the weight of the sample
Prepare the »| Attach the guarded - Connect the 16451B - Cable length
dielectric material electrode compensation
Compensate the Set the measurement o Adjust the electrodes -t Compensation -
residual impedance conditions for adjustment

Insert the material »| Cp-D measurement

Calculate permittivity

Y

Figure 1. Measurement procedure flow chart for the 16451B

When wusing an impedance-measuring
instrument to measure permittivity, the parallel
plate method 1is wusually employed. An
overview of the parallel plate method is shown
in Figure 2.

The parallel plate method, also called the
three terminal method in ASTM D150,
involves sandwiching a thin sheet of material

or liquid between two electrodes to form a

Electrodes (Area = A)

Solid
thickness =t

Equivalent

Liquid

capacitor. The measured capacitance is then
used to calculate permittivity. In an actual test
setup, two electrodes are configured with a test
fixture sandwiching dielectric material. The
impedance- measuring instrument
measure vector components of capacitance (C)
and dissipation (D) and a software program
would calculate permittivity and loss tangent.

would
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Figure 2. Parallel plate method

2.1.3. Measurement of Dielectric

The measurements of dielectric constant
(¢’) and tan (0) values of bamboo samples
were made by using a Agilent 4294A Precision
Impedance Analyze with the 16451B, in the
moisture content range from 0% to 18% and

128

frequency range from 60 Hz to 6 MHz.

€’ was calculated by using the following
equations: €’ = (taxC,)/(Axgp), where C, (F) is
equivalent parallel capacitance, ta (m) is
average thickness of test sample, A (m?) is area
of Guarded electrode, and gy = 8.854x107"2
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[F/m]. Each sample had tested with 3 times.
Value of €’ and tan o were averaged.

ITII. RESULTS AND DISCUSSION

3.1. Dielectric constant (&’)

The change of dielectric constant as a
function of moisture content at several
frequencies for bamboo is shown in Figure 3.
It is visible that dielectric constant of bamboo
is directly related to treatment severity, which
depends on the moisture content. € increased
with increasing moisture content showing
anomaly at the transition MC from 0% to 18%.
¢’ decreased with increasing frequency from
60 Hz to 6 MHz. ¢’ increased with increasing
severity of moisture content treatment. With
the same moisture content condition, in
general, €’ of treated bamboo sample decreased
in the order of the frequencies from small to
large. It is quite the reverse, with different
moisture content conditions on the same

bamboo sample, in general, € of treated

70.00

bamboo sample increased in the order of the
treatment moisture contents
(0%<6%<12%<18%). Moisture content is the
dominating factor over duration of adjusting in
increasing €’. The same dielectric constant can
be obtained at lower treatment frequency with
lower moisture content or by using higher
treatment frequency with higher moisture
content. For example, with the same treatment
time were nine days, dielectric constant of
bamboo samples were about 6.0 £ 0.5 when
moisture content at 6% for 60Hz but only
required 20% at 6 MHz.

Dielectric constant of the bamboo in the dry
state has lowest value (2.0) and has highest
value 2.19 with different frequency.

Dielectric constant of the bamboo at MC
18% has the lowest value (6.68) with
frequency at 6 MHz and it has the highest
value (61.34) with frequency at 60 Hz.
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Figure 3. Variation of Dielectric constant e¢' for Bamboo at different moisture contents
and frequencies

Table 2 presents the two-way analysis of
variance (ANOVA) results of the & of

bamboo. Moisture content and frequency

showed significant effects on dielectric

constant, (P-value < 0.0001). In addition, these
two factors showed significant interaction on
the dielectric constant of bamboo.
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Table 2. Two-Factor Without Replication results of dielectric constant of bamboo

Source df F-value P-value
f 5 42.70 <0.0001
MC 3 158.29 <0.0001
f*MC 15 13.66 <0.0001

f— Frequency.
MC - Moisture content.

fxMC — Interaction of frequency and moisture content.

This increase of €’ is due to the increased
mobility of water dipoles in bamboo. Water
has OH molecules and OH of water acts as a
dipole (Chand et al., 1994). These dipoles
contribute to the €’ behaviour of the bamboo.
The bound water content of bamboo gradually
increased when the moisture content of
bamboo increased, €’of water is relatively high
(= 81) (Liu et al., 2004), lead to €’ increases
with increasing of water in bamboo. When
moisture content of bamboo is lower than the
fiber saturation point, the bound water of
bamboo fibers has not been in a saturated state.
Therefore, freedom degree of functional
groups in bamboo molecules are quite small,
kinetic energy of molecule is small that effect
the electrical conductivity, the dielectric
constant increases quite slowly. Dielectric
constant decreased when moisture content is
lower than 6% with frequency variation and
which increased quickly when moisture
content is larger than 12% with high frequency

value (> 6 KHz). The moisture content of
2.70

bamboo is near the fiber saturation point, the
movement speed of molecules bamboo is
faster, the electrical conductivity increased to
make dielectric constant increased. At lower
frequencies, because the water molecules's
dipolar are absorbed, lead to €’ values in the
bamboo is high.

3.2. Dielectric loss tangent &

The change of tan 0 value is shown in
Figure 4. It is visible that dielectric loss
tangent of bamboo was observed increasing
with
decreasing with increasing frequency. Tan 0

increasing moisture constant and
decreased when moisture content is lower than
6% and increased quickly when moisture
content is larger than 12%. Tan 6 increased
slowly with the moisture content below fiber
saturation point (FSP), increased sharply with
the moisture content around the FSP. Tan &
decreased sharply at the low frequency (< 6
KHz) and decreased slowly at the high

frequency (> 6 KHz).
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Figure 4. Variation of Dielectric loss tangent d for Bamboo sample at different moisture contents
and frequencies
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Table 3 presents the two-way analysis of
variance (ANOVA) results of the tan & of
bamboo. Moisture content and frequency

showed significant effects on dielectric loss

tangent (P-value < 0.0001<). In addition, these
two factors showed significant interaction on
the dielectric loss tangent of bamboo.

Table 3. Two-Factor Without Replication results of dielectric loss tangent of bamboo

Source df F-value P-value
f 14.85 <0.0001
MC 37.60 <0.0001
xMC 15 5.69 <0.0001

f— Frequency.
MC — Moisture content.

fXMC — Interaction of frequency and moisture content.

This decrease of tan 0 is mainly due to the
reduction of the hydroxyl group content in
bamboo. At lower frequency, a section of
water molecules and free radicals in molecular
organization of bamboo moved and actived
when the electric current changes, tan &
decreased sharply. Water molecules and free
radicals in molecular organization of bamboo
moving speed to late to keep up with changing
frequency, the number of actived free radicals
are reduced, conduction of electric current
inside bamboo decrease, tan O decreased
slowly. The lossy dielectric can be represented
by the circuit analog of a resistance in parallel
with a capacitor minimizes (Goodman et al.,
1991). At higher frequencies, the capacitor
offers low reactance minimizes the conduction
losses in the resistor. Hence, value of dielectric
loss decreases at the higher frequencies
(Vijendra Lingwal et al., 2003; Shiraneet al.,
1954). The tan & decrease from at all
frequencies.

IV. CONCLUSIONS

Dielectric properties that include dielectric
constant (¢”) and dielectric loss tangent (tan J)
have been done in the moisture content range
from 0% to 18% and in the frequency range
from 60 Hz to 6 MHz. From the above results,
we can give some conclusions:

(1) Dielectric constant (¢”) and tan  exist in

bamboo. Low moisture content (MC < 6%)
and high frequency variation (> 6 KHz) are
less effective on dielectric properties, but they
are very effective on dielectric properties a
thigh moisture content (MC > 12%) and low
frequency variation (<6 KHz). Dielectric
constant was small when the bamboo in the dry
state with different frequency value. Dielectric
constant of the bamboo at MC 18% was lowest
value (6.68) with frequency at 6 MHz and it
was highest value (61.34) with frequency at 60
Hz. Tan o decreased when moisture content is
lower than 6% and increased quickly when
moisture content is larger than 12%.

(2) Dielectric constant (¢’) and tan o
increased with the increase of moisture content
and decreased with the increase of frequency.
Dielectric constant (¢’) and tan o increased
slowly with the moisture content below fiber
saturation point (FSP) and they increased
sharply with the moisture content around the
FSP.

(3) Dielectric constant (¢’) and tan 0
changed obviously when the frequency is
changing, and decreased with increasing
frequency. At lower frequency, tan 6 decreased
sharply. At higher frequency, tan & decreased
slowly. Dielectric constant and tan ¢ decreased
obviously with the frequency below 6 KHz, but
they changed slowly when it is above 6 KHz.
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ANH HUONG CUA PQ AM VA TAN SO PEN PAC TiNH PIEN MOI
CUA TRE (Phyllostachys heterocycla cv. pubescens)

Nguyén Thi Hwong Giang', Tran Vin Chi*
L2 Truwong Dai hoc Lam nghiép

TOM TAT

bo 4m cua tre va gia tri tan s6 1a nhiing nhan td quan trong nhét anh huodng dén dac tinh dién moi cua tre. Pic
tinh dién moi lai 1a mot trong nhitng nhén t6 quan trong nhat dung dé xac dinh cac thong sé cong nghé ciia qua
trinh ép nhiét cao tan van ghép khéi tre. Vi vay, viéc nghién ctru dac tinh dién moi cia tre cd y nghia v6 cung
quan trong... Trong bai viét nay, d6 4m ctia nguyén liéu tre dugc diéu chinh tir 0 - 18% trong diéu kién phong
thi nghiém. Sau d6 sir dung thiét bi 4294A két nbi véi may phén tich try khang 16451B dé xac dinh anh huong
cua do Am va tan sb dén dac tinh dién moi cua tre. Pac tinh dién moi bao gém h?lng $6 dién moi (g”) va goc tdn
that dién méi (tan 8) dugc xac dinh trong pham vi d6 4m tir 0 - 18% va tan s tir 60 Hz - 6 MHz. Két qua
nghién ctru cho thiy, hing sé dién moéi (¢”) va goc ton that dién moi (tan 8) ting khi do 4m ciia tre ting va giam
khi tan sb ting. Hing sb dién moi (¢”) va goc tén that dién moi (tan &) taing cham khi do 4m duéi diém bio hoa
thd gd (FSP), tang mang khi d6 m tre gan vé6i diém béo hoa thd gd FSP. Hang s6 dién moi (¢7) va goc ton thit
dién moi (tan 8) khong ting rd rang khi tin s6 & dudi 6 KHz, nhung lai thay ddi cham khi tan s trén 6 KHz.
Tir khéa: Do 4m, goc ton thit dién moi, hing sé dién moi, tan sb, Tre.
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