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Abstract

In this research, an experimental comparison of plasma positive and negative
corona discharge has been investigated on distilled water at room temperature
and atmospheric pressure at high voltage (0 -10 kV). By using a system of two
electrodes, the first one is rod of 1 mm radius and the other is curved shape of
1cm radius. The result has shown that by using positive corona discharge plasma
the power of hydrogen PH is decreased and the acid water is raised when
increasing voltage and constant time of discharge (2 minutes of treatment). In
addition, when the positive corona discharge duration (0-10 min) is increased
with constant voltage at 5 kV , leads to same result above. When the negative
corona discharge used with distilled water, the PH value increases and the water
becomes base. The total dissolved solids (TDS) and electrical conductivity (EC)
of distilled water in both plasma discharges (positive and negative corona)
increase by raising the voltage processed and constant time as well, the discharge
time increases when the voltage is kept constant.
Keywords: Plasma discharge, Positive corona, Negative corona, Distilled water.
1-Introduction

When high voltage is applied to electrodes to produce corona, streamer
or spark discharge and light emission occur. An important reason for
considering coronas is the production of ozone around conductors
undergoing corona processes. A negative corona generates much more
ozone than corresponding positive corona. There are different types of
electrical discharges utilizing high voltage and ground electrodes
submerged in water or high voltage electrode placed above the water
surface with the ground electrode placed in water have been studied as
possible methods for water treatment [1]. Plasmas produced by electrical
discharges in liquids are finding wide applicability in a number of modern
technology areas such as treatment of wastewater from a slaughterhouse by
gliding arc humid air plasma [2]. Many scientists deal with various types of
discharge configuration and several kinds of applied high voltage [3-9].

A corona discharge is an electrical discharge brought on by the
ionization of a fluid surrounding a conductor which occurs when the
potential gradient exceeds a threshold in situations where sparking is not
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favored. In corona discharge, a current develops between two high-voltage
electrodes in a dielectric fluid, usually air, by ionizing the fluid so as to
generate plasma around one electrode. This leads to the collection of
electrons and ions made by stripping the electrons from atoms and
electronic emission from the negatively polarized electrode. The ions
generated are used as the charge carries to other electrode. Corona
discharge usually involves two asymmetric electrodes, one highly curved
(emitter, injector, or active conductor) and one of low curvature (collector)
[10]. Electrical discharges in liquids have received particular attention
because the non-thermal plasma generated by these discharges initiates
various chemical and physical processes that can be potentially utilized in
different environmental biological or medical applications. Depending on
the type of the discharge and the input energy, these processes include high
electric fields, ultraviolet radiation, overpressure shock waves, and, of
particular importance, the formation of various reactive chemical species
such as radicals (OH, H, O) and molecular species (H,O,, H,, O3) [11].
This paper is focused on the direct non-thermal plasma method of distilled
water treatment based on a DC positive and negative corona discharge
generated in air above the water surface.
2-Theory
e The PH value

The acidity of water is measured in PH units. The PH value is a measure
of the concentration of hydrogen ions, [H'] in the water expressed as a
logarithmic value. The PH gives an indication of how acidic or basic the
water is. Because the concentration of [H'] and [OH] can vary over the
very wide range of 10° to 10™ it is convenient to use a logarithmic scale to
express the concentration. For this purpose the PH function was introduced
as: PH =-log [H'] (1)
where [H'] is the hydrogen ion concentration expressed in moles/l. Because
the PH scale is logarithmic, it means that a change of one PH unit is equal
to a 10 times increase in [H™] concentration [12].
e Total Dissolved Solids

Total dissolved solids (TDS) is a measure, in in parts per million (ppm)
or the equivalent milligrams per liter (mg/L), of the amount of dissolved
materials in the water. lons such as potassium, sodium, chloride, carbonate,
sulfate, calcium, and magnesium all contribute to the dissolved solids in the
water. In many instances resource agencies use the terms TDS and salinity
interchangeably, since these ions are typically in the form of salts.
Measuring total dissolved solids is a way to estimate the suitability of water
for irrigation and drinking. This is an important parameter for drinking
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water because high TDS values may result in a ‘salty’ taste to the
water[13].

e Electrical conductivity

Electrical conductivity is the ability of a substance to conduct an electrical
current, measured in micro Siemens per centimeter (uS/cm). lons such as
sodium, potassium, and chloride give water its ability to conduct electricity.
Conductivity is an indicator of the amount of dissolved salts in a stream.
Conductivity often is used to estimate the amount of total dissolved solids
(TDS) rather than measuring each dissolved constituent separately [13].

To convert EC (uS/cm) of water sample into approximate concentration
of TDS (ppm) in the sample, a conversion factor is used. The factor
depends on the composition of dissolved solids and can vary between 0.54-
0.96. This value, 0.67 is used as an approximation [14].

TDS (ppm) = EC (uS/cm) x 0.67 (2)
3- Experimental setup

The experiment setup consists of dc power supply of high voltage 10
KV, control resistance (10 kQ), a cylindrical vessel made of teflon (radius
15 cm height 30 cm) and two electrodes of stainless steel. The first
electrode of curved shape with radius 1cm lies in a center of vessel over the
water surface. The other electrode is rod of radius 1 mm floated on the air
(distance 5 mm from the surface of the water).

In this experiment, the chamber is filled with 250 ml of distilled water
at room temperature 20 °C. The distance between rod electrode and the
water surface is 5 mm. Figure (1) a schematic diagram of the experimental
setup. By applying a different voltages of (0, 2, 4,...10) kV on the two
electrode in both cases (positive and negative corona discharge) with a
discharge time kept constant at 2 minutes of treatment, the measurement of
PH, TDS and EC have been determined by using Ultrameter IITM 6P. (as
shown in figure 2).
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Figure 1 - Schematic diagram of the electrical discharge system.
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Conversely, a constant voltage 5 kV  has been applied and the discharge
time is from 0, 2, 4... 10 minutes in both positive and negative corona
discharges. The process occurring at the rod at positive corona discharge is
illustrated in figure 2 which presents photographs of the electrode at 5kV
voltages for distilled water.

IIIII

Itramete

Figure 2 - The photograph of the electrical discharge system.
4- Results and Discussion

At positive corona discharge on distilled water when the external
voltage is applied the behavior of TDS and EC curves of both cases is
approximately voltage is increased (0, 2, 4,..., 10) kV and the time of
discharge 2 minute of treatment results the following figures 3, 4 and 5 of
the physical and chemical properties of the distilled water samples
including PH, total dissolved solids (TDS) and conductivity (EC)
respectively. Figure 3 indicates the PH value of the distilled water is
decreases on positive corona discharge case which means that the acid
water is raised [9]. On the negative corona, the PH value increase which
means the base is raised. This behavior is due to, the same in the TDS and
EC between both corona electrical discharge types when the voltage
increases the TDS and EC increase. In addition, constant under external
applied voltage less than 2 kV. While when the applied voltage is greater
than 2 kV, the TDS and EC values increase (shown in figures 4 and 5).

85

55 1 =—4=PH(+)
==PH|-)

Volt (KV)
Figure 3 - Variation of the PH value for distilled water with the applied voltage of both
positive (blue line) and negative (red line) corona discharges.
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Figure 4 -Variation of TDS for distilled water versus the applied voltage of both

positive (blue line) and negative (red line) corona discharges.
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Figure 5 - Variation of EC for distilled water versus the applied corona voltage
of both positive (blue line) and negative (red line) corona discharges.

Figures 6, 7 and 8 indicated that, the PH, TDS and EC respectively at

corona positive and negative discharge on distilled water when external
applied voltage is constant (5kV) and time of discharge is increased (0, 2,
4,...,10 minute of treatment). Figure 6 indicates the PH value of the tap
water is decreased with increasing the applied voltage on positive corona
discharge case which means that the acidity of water is raised. On the
negative corona, the PH value increase which means the base is raised.
As for the total dissolved solids (TDS), their curve has the same shape as
that of the conductivity showing that there's an increase of the ionic species
in solution during treatment. An increase in conductivity with time of
treatment was also demonstrated in the study of the distilled water (see in
figures 7 and 8.

From the figures 4, 5, 7 and 8 the practical experiment of calculated
TDS and EC value of distilled water can achieve approximately the
theoretical relation of the following equation 2.
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Figure 6 - The effect of corona discharge on the PH - time relationship of the distilled
water in positive corona (blue line) and negative corona (red line).
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Figure 7 -The effect of corona discharge on TDS - time relations
water in positive corona (blue line) and negative corona (red line).
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Figure 8 - The effect of corona discharge on EC - time relationship of the distilled
water in positive corona (blue line) and negative corona (red line).

Figures 7,8 shows the continuously increasing evolution of total
dissolved solids (TDS), in the same direction as conductivity. This feature
may be related to the PH decrease and the matching increasing solubility of
calcium carbonate since Ca(OH), is used for concurrently with more
expensive NaOH. Therefore, the growth curve from 10minutes showed an

increase of ionic salts in solution [15].
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5- Conclusions

According to above discussion, it can be concluded the following

points:-

PH value decrease and acid of distilled water increase when applied
positive corona discharge while PH value increases and base water
increases when applied negative corona discharge.

e The total dissolved solids and Conductivity increase in both of positive

and negative corona discharges.
In addition, the distilled water is affected by positive corona discharge
more than negative corona discharge and this indicates that the
amount of molecules of ionization of distilled water is increased at
positive corona discharge.
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