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These dielectric properties were measured using two different methods: Vec-
tor Network Analyzer “VNA” (Dielectric Assessment Kit “DAK”) and Four
Probe method, all measurements taken at room temperature (25°C). The col-
lected data has been analyzed in the frequency range (200 MHz - 9 GHz), by
making a comparison between the measured data for Dead Sea water and dis-
tilled water, the results have shown that a huge difference in dielectric prop-
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erties for the two samples. The conductivity of Dead Sea water is much larger
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the fact of the high salinity of Dead Sea water.

Keywords

Permittivity, Conductivity, Salinity, Dead Sea, Vector Network Analyzer
(VNA)

1. Introduction

The Dead Sea is a landlocked hypersaline lake located in the deepest part of the
Dead Sea Jordan Rift Valley. About 80 km long and 13 km wide, its water level,
currently at —407 m below mean sea level, makes it the lowermost surface on the
face of the earth [1]. The soaring hot and dry conditions of this region mean that
large quantities of water are evaporated. This leads to the salt and other minerals
becoming more and more concentrated. The water of the Dead Sea is characte-
rized by very high salinity; it has 345 grams of mineral per liter (34.5% or 34.5
g/100 mL). This salt concentration is about 7 to 10 times that of the oceans [2].
The composition of minerals in the Dead Sea is particularly renowned for its
healing and anti-aging effects on the skin. This is not merely a beauty fad.
Through the years, modern medicine and science have clinically proven the skin

benefits of Dead Sea elements. In fact, many dermatological patients from all
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over the world are sent to the Dead Sea by their treating doctors. The secret of
the Dead Sea effect is in the naturally pure, intensive and powerful minerals ab-
sorbed by the skin every time it comes into contact with Dead Sea mud, water
and salts [3]. The great benefits of Dead Sea water, which were caused by the
high salinity rate, have made it interesting for us to study its dielectric proper-
ties. The concentration of salts in water affects its microwave dielectric proper-
ties, which can be seen by comparing these properties with that of distilled water
at various frequencies. It has been observed by [4]; that over the frequency range
(200 MHz - 1.4 GHz), the dielectric constant of pure water remains constant,
whereas that of saline water decreases slowly with increase in frequency. It is also
observed that the dielectric loss of pure water increases with increase in fre-
quency whereas in the case of saline water it is found to decrease with increase in
frequency. A previous study showed that at frequencies between 3 and 10 GHz,
there is a significant difference between the permittivity’s of natural seawater
and an aqueous NaCl solution of the same salinity and, on the other hand, there
is no significant difference between the permittivity’s of natural and synthetic
seawater for frequencies greater than 3 GHz [5]. A comparison between theoret-
ical models which describe the concentrations dependence of the conductivity of
electrolyte solution and experimental results shows a good agreement between
them [6]. According to the mentioned studies, we expect to get a similar beha-
vior for the dielectric properties of Dead Sea water with that for high salinity
water in the low-frequency range.

This work is a step towards this goal. Therefore, we study the dielectric prop-
erties (conductivity, permittivity—real and imaginary parts and loss tangent) of
Dead Sea water at 25°C by using two different methods: Vector Network Ana-
lyzer (200 MHz - 9 GHz) and Four Probe Method. We also make a comparison
with the dielectric properties of Distilled water to make a clear picture of the

unique properties of seawater from distilled water.

2. Methodology

The experimental measurements of the Dead Sea water samples have been ob-
tained, water samples from the Dead Sea surface have been collected on September
17, 2021 and then have been analyzed in Material Research Lab at An-Najah Na-

tional University. The sample density has been measured to be 1.2254 g/cm’.

2.1. Vector Network Analyzer (VNA)

The objectives of this research are to study the electrical properties of Dead Sea
water. The permittivity and conductivity results have been measured as a func-
tion of frequency by using a Vector Network Analyzer (VNA). The VNA works
in a wide range of frequency (200 MHz - 14 GHz). However, in this research
work, the analysis of the samples was in the frequency range (200 MHz - 9 GHz),
with typical selections of 200 points.

SPEAG’s Dielectric Assessment Kit (DAK) product line offers high-precision

DOI: 10.4236/jamp.2021.912201

3095 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.912201

M. Ishtaiwi et al.

dielectric parameter measurements (permittivity, conductivity, loss tangent)
over the very broad frequency range (4 MHz - 67 GHz) for various applica-
tions in the electronic, chemical, food, and medical industries. The probe is
connected to a VNA for measurement of the complex reflection coefficient (S;,)
at the probe end. The measured S, is then converted into the complex permit-
tivity of the material under test using the DAK software [7]. A personal comput-
er has been connected to receive the pairs of data (conductivity, real and imagi-
nary parts of permittivity and loss tangent) for the given frequency range as
shown in Figure 1. Precise measurements are dependent on precise calibration
of the setup. The calibration is sensitive to cable movement and temperature (it
must be stabilized for the sample and ambient before start measurements). The
sample must be homogeneous, isotropic and free of impurities that could affect
the dielectric measurements. In addition, the good electrical contact between the
sample and the probe means removing bubbles from the solution. Also, the
sample volume must be sufficient to ensure that reflected signals at the bounda-
ries of the sample are kept low so as to not significantly influence the measure-
ments.

It, therefore, seems that laboratory measurements of the conductivity and
permittivity are necessary in order that the effect of Dead Sea water on the
propagation of waves may be accurately determined over the whole range of

frequencies in practical use.

2.2. Four Probe Method

The experimental setup consists of probe arrangement; sample (Dead Sea water
and Distilled water), power supply, digital voltmeter and ammeter.

Four probe apparatus is one of the standards and most widely used apparatus
for the measurement of resistivity of semiconductors and can be used for other
samples. This method is employed when the sample is in the form of a thin wa-
fer. The sample is a millimeter in size and has a thickness (w) [8]. It consists of

four probes arranged linearly in a straight line at equal distance s (s = 2 mm)
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Figure 1. (a) Schematic diagram of VNA (b) Sample measurement set-up consisting of a vector net-
work analyzer (VNA) and coaxial line dielectric probe (DAK-12 Probe) inserted into the sample.
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from each other. A given current is passed through the two probes and the po-
tential drop (V) across the middle two probes is measured for each value of the

current as shown in Figure 2.

3. Results and Discussion

3.1. The Conductivity Data for Dead Sea Water and Distilled
Water
3.1.1. Vector Network Analyzer Method Calculations
The conductivity is a measure of the ability of a certain material to conduct elec-
trical currents. The conductivity of Seawater is a function of frequency, temper-
ature and salinity. We denote it as o(£ £ ), [5]. For the two samples (Dead Sea
water and Distilled water) under investigation, we have a constant salinity and
temperature. The total dissolved solids (TDS), which we indicate as the salinity
of the collected dead seawater is computed in the Chemistry Department at
An-Najah National University. “TDS refers to any salts, minerals, metals, ca-
tions, or anions dissolved in a soil saturation extract, composed primarily of in-
organic salts consisting of the major cations (i.e., Na*, K*, Ca** and Mg*"), major
anions (e, CI', NO;, HCO;, CO? , and SO} ), and small amounts of or-
ganic matter that are dissolved in water [9], and its value is 60.1 g/L. Our inten-
tion is to study the behavior of the electrical conductivity through frequency
range (200 MHz - 9 GHz).

Figure 3 shows that for Dead Sea water, the significant increase in conductiv-
ity occurs at frequencies less than 2 GHz and then completes the increase slightly.
On the other hand, the conductivity increases linearly in the whole frequency
range for Distilled water. For both (Dead Sea water and Distilled water) reach

close values of conductivity as the frequency increases.

3.1.2. Four-Probe Method Calculations

The Conductivity is calculated from the values of voltage (mV) and current
(mA) which pass through the four probes which are equally spaced with dis-
tance, s =2 mm. The thickness w of the two samples is 2 mm. Using Equation (1)

for resistivity p (Q-m) then taking the reciprocal for conductivity o (S/m)

= |

Figure 2. (a) Schematic diagram (b) measurements set-up of four probe method.
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Figure 3. Measured conductivity for Dead Sea water and distilled water at temperature 25°C, in the range
of 200 MHz - 9 GHz.

(1)

1 sinh (w/2s)

The measured data for currents and voltages are tabulated in Table 1. It is
clear that the conductivity of Dead Sea water is 3 - 4 order of magnitude larger
than that for distilled water.

3.2. The Permittivity Data for Dead Sea Water and Distilled Water

Permittivity is a quantity used to describe dielectric properties that influence
reflection of electromagnetic waves at interfaces and the attenuation of wave
energy within materials. In frequency domain, the complex relative permittivity
& of a material to that of free space can be expressed in the following form of
Equation (2):
& =g +ig" 2)

The real part &' isreferred to as the dielectric constant and represents stored
energy when the material is exposed to an electric field, while the dielectric loss
factor ¢&", which is the imaginary part, influences energy absorption and atten-
uation, and i=+/-1.

By using VNA, we have measured the values of &' and &" in the range of
200 MHz - 9 GHz. All measurements are taken at a temperature of 25°C.

It has been observed, that the dielectric constant ¢’ has larger values in
distilled water than Dead Sea water in the whole range of frequencies. It is also
clear that the dielectric constant is a decreasing function of frequency. In the

low-frequency range (below 2 GHz) the values for Dead Sea water are decreasing
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dramatically, while distilled water is slightly changed (approximately constant),
as shown in Figure 4(a).

"

It has been observed, that the imaginary part of permittivity &" decreases

exponentially for the Dead Sea water and starts from a very high value which is
approximately 1000. While its value for the distilled water is very small and goes
to zero in the whole range of frequency, as shown in Figure 4(b).

3.3. The loss factor Data for Dead Sea Water and Distilled Water

The electric loss tangent of a material is defined in Equation (3):

tan(5)=¢"/¢’ (3)

Table 1. Voltage and current measurements for Dead Sea water and distilled water.

Type of Sample
Dead Sea Water Distilled Water

Voltage (mV) Current (mA) Voltage (mV) Current (mA)
43 0.05 30 1.68
66 0.52 70 2.85
80 1.38 110 4.07
101 2.92 160 5.30
116 3.65 230 6.88
168 4.84 320 8.34
222 5.80 410 9.61
340 10.7 530 11.53

Conductivity (S/m)
4.608 0.0067
Dead Sea water
—o— Distilled water
1 2 3 4 5 6 7 8 9
Frequency(GHz)
()
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Figure 4. (a) Measured real part of complex permittivity ¢'for Dead Sea water and Distilled water,
at temperature 25°C in the range of 200 MHz - 9 GHz. (b) Measured imaginary part of complex
permittivity £”for Dead Sea water and Distilled water, at temperature 25°C in the range of 200 MHz
-9 GHz.
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Figure 5. Dielectric loss tangent tan(J) for Dead Sea water and distilled water, at temperature of 25°C in
the range of 200 MHz - 9 GHz.

The greater the loss tangent of the material, the greater the attenuation as the
wave travels through the material. It is related to the capability of the material
for absorbing energy from the electric field [10].

Figure 5 shows that for the Dead Sea water, the dielectric loss tangent has an
exponentially decreasing tendency with an increase in frequency. While it in-

creases slightly for distilled water as the frequency increases.
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4. Conclusion

In this work, we conclude that the conductivity of Dead Sea water is much larger
than the conductivity of distilled water over the frequency range (200 MHz - 9
GHz), according to two different used methods (VNA and Four Probe). The
large difference between them is caused by the high concentration of salts in the
Dead Sea water (high salinity). This is expected by the fact of the direct propor-
tionality between the number of free ions, which is large in the high salinity me-
dium and the electrical conductivity of that medium. So Dead Sea water can be
used efficiently in low-frequency applications that need a high dielectric conduc-
tive medium. In future work, an advanced design of electrical capacitor with

high capacitance using the Dead Sea water as a dielectric material.
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