PIERS Proceedings, Kuala Lumpur, MALAYSIA, March 27–30, 2012

210

Reflection Technique for the Determination of Moisture Content in
Hevea Rubber Latex
Farizah Ansarudin1, 2 , Zulkifly Abbas1 , Ali Hamad Ali1 , and Mohamad Aliff Ismail1
1

Department of Physics, Faculty of Science, Universiti Putra Malaysia, Serdang 43400, Selangor, Malaysia
2
Department of Electrical, Electronic and Systems Engineering
Faculty of Engineering and Built Environment
Universiti Kebangsaan Malaysia, Bangi 43600, Selangor, Malaysia

Abstract— This paper presents a new technique for the determination of moisture content in
hevea rubber latex using an insulated monopole antenna. The antenna was fabricated from a
coaxial SMA stub contact panel. The reflection measurements of hevea rubber latex were carried
out using an Agilent Professional Network Analyzer N5230A (PNA) in the frequency range from
0.1 to 4 GHz. The variations in magnitude and phase shift with moisture content were analyzed
using regression analysis at several selected frequencies. These in turn were used to establish the
relationship in magnitude and phase shift with moisture content. The actual moisture content was
determined by the standard oven drying method and compared with predicted values of moisture
content. The mean relative errors in the determination of moisture content range from 36.95%
to 87.51% using magnitude and phase shift techniques were 0.0505 and 0.0144, respectively.
1. INTRODUCTION

Accurate determination of moisture content in agricultural product at microwave frequencies is
necessary for application such as to maintain its quality and biological effects of natural or raw
materials. Natural rubber latex is complex biological product containing 50–80% of water, 15–45%
of rubber hydrocarbon and approximately 2–4% of non-rubber constituents [1]. This composition
is varied with weather, soil condition, clone, tapping system, season etc. The amount of water
content is very important in latex industries in order to produce a wide range of rubber products
since the production is increased dramatically over the years. Moreover, hevea rubber latex is one
of the important consumption producing the national export contribution exceed RM33.99 billion
in December 2010 especially for natural rubber [2]. The dielectric properties of hevea rubber latex
have been reported by previous researcher at high frequency range with different temperature
variations [3, 4]. As to the authors’ knowledge, no detailed study on determining the moisture
content of hevea rubber latex at low frequency, accurate, rapid, flexible and economical for rubber
industries based on reflection method.
2. MATERIALS AND METHODS

The antenna is fabricated from a stub contact that consists of an inner conductor and insulated
with a PTFE material. The sample used in this study is freshly tapped latex that was obtained
from Universiti Putra Malaysia Research Park. The mass of fresh and diluted latex samples were
recorded using electronic balance and dried into microwave laboratory oven at 70◦ C for 24 hours [4].
The dried samples were kept at room temperature before weighing again until it reaches a constant
value. The insulated monopole antenna was connected to a computer controlled Professional Network Analyzer N5230A (PNA) to measure its magnitude and phase of reflection coefficient (S11 )
for reflectivity measurement. PNA is connected with coaxial semi-rigid cable with characteristic
impedance (Zo = 50 Ω) and calibration was performed in open, short and load using the Calibration Kit 85052D. The cable is then connected to the insulated monopole antenna to measure the
S11 in free space, distilled water and rubber latex samples with different percentages of moisture
content. The actual moisture content of hevea rubber latex in percentage was obtained using the
conventional oven drying method and it was calculated specifically as:
mc(%) =

mw − md
× 100
mw

where the mw and md is the mass of wet and dry samples, respectively [4–6].

(1)
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Figure 1: Physical dimension of insulated monopole
antenna.

(a)

Figure 2: Reflection measurements set-up.

(b)

Figure 3: Reflection measurement results with frequency (a) magnitude of reflection coefficient (b) phase of
reflection coefficient (radian).
3. RESULTS AND DISCUSSION

The values of magnitude (|Γ|) and phase (Φ) of reflection coefficient that were obtained via reflection measurement has been observed at the frequency range from 0.1 to 4 GHz with different
percentages of moisture content (mc) of hevea rubber latex starts from 36.40% to 82.45% are shown
in Figures 3(a) and 3(b), respectively. The reflection method is widely used in the measurement
of permittivity and permeability of low conductivity materials [7]. From the Figure 3(a), it was
clearly seen that the |Γ| of free space was not accurately 0 dB because of the calibration effect and
mismatch impedance. The figure also suggests that the magnitude of reflection coefficient were
decreased at 1.2 GHz until 3 GHz. A similar frequency range also has shown multiple reflections
for |Γ| due to conductive losses in the liquid material. However, the |Γ| was almost constant after
3 GHz and overlapping each other for all mc of rubber latex including water. According to [3],
any moist material will contain water molecules bound with different strength as well as free water
depending on the moisture. Hence, the important factor which affects the dielectric properties of
latex under this study are the dipole effects due to water molecules and it can be clearly seen at
approximately below 3 GHz.
Figure 3(b) shows that Φ is frequency dependence for different mc of hevea rubber latex. Nevertheless, the different percentages of mc do not affect the values in phases. Therefore, the shift in
phase was taking into account to establish the parameter under study with different percentages of
mc. About 50 samples were prepared for reflection measurement to establish the empirical equations that was attained from the relationship between mc with |Γ| and mc with phase shift (∆Φ).
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There were latex concentrate (mc = 36.4%), freshly tapped latex (mc = 42.47%) and diluted fresh
latex (mc = 54.15% to 82.45%). Both correlations were found high regression (R2 ) at 0.52 GHz as
shown in Figures 4(a) and 4(b). Empirical equations were developed at 0.52 GHz for |Γ| and ∆Φ

(a)

(b)

Figure 4: The relationship between moisture content and (a) magnitude of reflection coefficient (b) phase
shift at 0.52 GHz.
Table 1: Standard method and predicted values of moisture content in hevea rubber latex at 0.52 GHz based
on magnitude of reflection coefficient.
Sample
1
2
3
4
5
6
7
8
9
10

MC (%) Standard Method Measured |Γ| MC (%) Predicted
36.95
0.9404
38.05
50.85
0.9658
55.31
55.26
0.9715
62.00
62.29
0.9748
66.45
67.17
0.9780
70.98
72.44
0.9817
76.55
77.33
0.9850
81.97
80.57
0.9866
84.83
82.92
0.9869
85.21
87.51
0.9903
91.50
Mean relative error = 0.0505

Relative Error
0.0298
0.0878
0.1221
0.0667
0.0568
0.0568
0.0600
0.0529
0.0276
0.0456

Table 2: Standard method and predicted values of moisture content in hevea rubber latex at 0.52 GHz based
on phase shift.
Sample
1
2
3
4
5
6
7
8
9
10

MC (%) Standard Method Measured (∆Φ-rad) MC (%) Predicted
36.95
−0.3421
35.31
50.85
−0.3613
50.28
55.26
−0.3683
55.74
62.29
−0.3770
62.53
67.17
−0.3822
66.58
72.44
−0.3892
72.04
77.33
−0.3944
76.10
80.57
−0.3979
78.83
82.92
−0.3997
80.23
87.51
−0.4067
85.69
Mean relative error = 0.0144

Relative Error
0.0445
0.0112
0.0087
0.0038
0.0087
0.0055
0.0159
0.0216
0.0324
0.0208
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as shown in (2) and (3):
MC = 15873 ∗ |Γ|2 − 29576 ∗ |Γ| + 13814
MC = −779.94 ∗ ∆Φ − 231.51

(2)
(3)

where MC is predicted moisture content, |Γ| and ∆Φ is measured magnitude of reflection coefficient
and phase shift at 0.52 GHz, respectively.
The validation of empirical Equations (2) and (3) at 0.52 GHz can be observed particularly in
Tables 1 and 2 in predicting moisture content when compared to standard oven drying method.
Both tables indicate that minimum mean relative error at 0.52 GHz were ±5.05% for magnitude
and ±1.44% for phase shift to predict moisture content of rubber latex.
4. CONCLUSION

The values of magnitude and phase of reflection coefficient were significant in predicting moisture
content of hevea rubber latex. Both results can be used to predict the moisture content of hevea
rubber latex by taking into consideration the conductive losses due to dipole orientation in water
molecules of latex samples at approximately below 3 GHz. However, the performance of insulated
monopole antenna as a moisture sensor was suitable by using phase shift technique when compared
to magnitude of reflection coefficient at 0.52 GHz. This is due to minimum mean relative error was
obtained ±1.44% to predict mc range from 36.95% to 87.51%.
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