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This paper presents the results of secondary discharge based on rotating gliding discharge study in plasma-liquid
system at atmospheric pressure. Discharge electrical parameters were investigated and geometrical parameters of the
discharge channel were identified. In addition, the composition of the plasma and its temperatures (rotation and vibration
temperatures) were determined. The discharge channel is broad and diffuse in the investigated range of parameters. This
fact and the current-voltage characteristics indicate that this is a glow discharge. The large area of plasma-liquid

interface allows efficient usage of such discharge for liquid processing for disinfection or pollutants destruction.

PACS: 50., 52.50.Dg, 52.80.Wq

INTRODUCTION

A formation of thin current channels is quite typical
for self-sustained plasmas ignition at atmospheric
pressure. In particular, this behavior is common for
gliding discharges (GD) [1] and rotating gliding
discharges (RGD) [2]. In cases when the main purpose is
generation of larger plasma volumes (or treatment of
larger surfaces) the thin current channels formation
considered as the negative effect. This become the main
reasons that plasma-liquid systems (PLS) did not find
major application, even considering that laboratory scale
tests of water purification and sterilization in such systems
was successful.

To resolve this issue the GD and RGD discharge
systems where used. The main concept for both this
systems is constant movement of discharge area in a
certain volume or over a certain surface. Another way to
solve mentioned issue is usage of secondary discharge. In
this case, plasma spread over at larger liquid surface for
treatment (at least at low pressure [3]). Using of secondary
discharge allow to control value of the electric field inside
the liquid and at the liquid surface.

Selectivity is another important issue in the
development of plasma-chemical systems. Control of
plasma-chemical processes in PLS can be realized by
controlling of the plasma parameters. For example, a near
electric field determines the energy of charged particles
that come from the plasma to the treated liquid. Usually,
this parameter settled for the selected conditions (the type
of working liquid and gas). However, this parameter can
be modified with secondary discharge systems [3].

RGD is a good choice as a maintenance discharge. It
provides enlarged continuous operation time due to heat
load reducing by means of increase the discharge motion
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area [4, 5]. Furthermore, systems based on the RGD are
inexpensive and have a simple construction.

EXPERIMENTAL SETUP

The scheme of plasma-liquid system is shown in
Fig. 1.
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Fig. 1. The scheme of studied plasma-liquid system

Secondary or non-self-sustained (NSSD) is supporting
between the liquid surface and the self-discharge channel
(SSD). Rotary sliding discharge is used as SSD in this
system. The plasma gas is entered through two tangential
channel. The rotation of the SSD is due to the gas stream
rotation. A liquid is below RGD the liquid in glass
container. The electrical potential is transmitted to the
liquid through the electrode in the bottom vessel. Distilled
water was used as the liquid.

Some plasma thermodynamic parameters (rotation and
vibration temperatures) were determined by optical
emission spectroscopy. Discharges (SSD and NSSD)
power supply was from two independent DC power
sources with 7 kV maximum voltage. Power sources
polarity shown in Fig. 1. Limitation of maximum current
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and discharge mode stabilization were realized by means
of ballast resistors [6].

Nikon D7000 camera was used to monitor the
discharge. The CCD-based spectrometer Solar TII (S-150-
2-3648 USB) was used to measure plasma emission
spectra. Some thermodynamic parameters of plasma
(temperatures of rotation and vibration levels) were
determined by optical emission spectroscopy. Using this
system, electrical parameters of the discharge, namely the
current-voltage characteristics and parameters of the
reciprocal influence of discharges in it have been studied.

EXPERIMENTAL RESULTS

The current-voltage characteristics (CVC) of the SSD
at different air flow velocities are shown in Fig. 2.

2500 YY)
2000 i
1
1500
1
L TTIEEES S
et
500
¢ G=10 Vmin ®™G=20Vmin 4 G=30Vmin
0 I1(A)
0.00 0.05 0.10 0.15 0.20 025
Fig. 2. The current-voltage characteristics of the SSD
1800 YW
1600 -
1400 } % } |
1200 4 T - t
1000

300 S I

600

400 4 CVC of the secondary discharge
200 e oltage of the self discharge
1(A)
0
0 0.05 0.1 0.15 0.2 0.25

Fig. 3. The CVC of the secondary discharge and the
influence of secondary current on the voltage of the
rotating gliding arc (SSD current is 160 mA, the air flow
rate is 10 I/min)

Falling character of CVC are common for arc
discharge with the self-installed length as well as for glow
discharge [6]. The rapid rise of voltage at low currents and
the air flow of 30 I/min corresponds to the unstable
discharge. The reduction of voltage with increasing
current is corresponding to nature of the arc and to the
glow discharges. The analysis of the emission spectra
demonstrates the type of discharge more clearly.

The CVC of NSSD, as well as the dependence of the
SSD voltage from the secondary discharge current, are
shown in Fig. 3. The voltage of the secondary charge is
not dependent on current within the measurement error.
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Besides, visible area of plasma-liquid contact increases
with raising current values. This behavior is typical for
secondary discharges, and glow discharges [6].

The composition of the plasma and its thermodynamic
parameters were determined from studies of emission

spectra. Plasma emission spectra in the range of
230...400 nm are shown in Fig. 4.
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Fig. 4. The emission spectra of the plasma in the
spectral range of 230...400 hm normalized to intensity on
wavelength of 309 nm. SSD current is 160 mA, voltage is
960 V, the secondary discharge current is 80 mA, voltage

is 1200 V

Both spectra are normalized at the high-intensity
hydroxyl band. Comparison of the spectra obtained from
SSD only and SSD+NSSD discharges shows that the
intensity of the nitrogen monoxide compounds is
significantly smaller regarding the hydroxyl compounds in
the second case. The emission spectra analysis shows that
plasma generated by the system is non-isothermal. The
calculated values of temperatures have shown that
vibration temperature higher in cases of SSD
(T",=4000+500 K) than SSD+NSSD (T",=3250+500 K).
The rotation temperature is same for both cases
(T"=3000+500 K). Thus it is possible to conclude that the
generated discharge has an analogy with the glow one
because of emission lines of electrode material absent and
CVCs are near of CVCs of glow discharge.

Photo-capturing was used to determine the geometric
constraints of the discharge. Pictures with different shutter
speeds were used to eliminate blurring due to movement
of the discharge channel. Photographs of the discharge at
5 I/min air flow are shown in Fig. 5.

Distinct current channels in this mode are not
observed, even at higher shutter speeds. The blue emission
was observed near the liquid surface where plasma was
touching it. Apparently, the ionization-overheating
instability under these conditions is weak. Wide area of
interactions between plasma and liquid testifies this. It
should also be noted that the liquid surface is not
significantly distorted when this gas stream.

The situation is changing with increasing gas flow.
Images taken at 10 I/min of air flow is shown in Fig. 6.
Area of plasma-liquid contact is larger than in the
previous case. However, at lower exposure, it shows that
the size of the plasma region, which is in contact with
liquid, decreased. This trend continues with the flow of
20 I/min (Fig. 7).

ISSN 1562-6016. BAHT. 2017. Ne1(107)



Fig. 5. The discharge photos at air flow of 5 I/min were
redistricted with exposures of 17 ms (a) and 1 ms (b).
SSD current is 160 mA, secondary discharge — 80 mA

1cm

5 ]

Fig. 6. The discharge photos at air flow of 10 I/min, were
redistricted with exposures of 17 ms (a) and 1 ms (b).
SSD current is 160 mA, secondary discharge — 80 mA

Current channel movement rate is increased in
conjunction with air flow. This leads to a blurring of
images taken at slow shutter speeds. However, at shorter
exposures, it is seen that the instantaneous contact area
decreases. The secondary discharge has observable
individual current channels at air consumption 20 I/min.

Reducing the diameter of the current channel, and the
emergence of the current cord points out that an air flow
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increase in the system, more and more manifested
ionization — overheating instability. Furthermore, the air
flow distorts the liquid surface. This makes the electric
field in the system more heterogeneous, which in turn
leads to appearance of separate current channel.
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Fig. 7. The discharge photos at air flow of 20 I/min, were
redistricted with exposures of 17 ms (a) and 1 ms (b).
SSD current is 160 mA, secondary discharge — 80 mA

DEGRADATION OF PHENOL IN THE
PLASMA-LIQUID SYSTEM

Plasma-liquid systems often applied as a tool for
destruction of pollutants. Phenol is one of the most
common pollutants. Phenol solution with a concentration
of 0.02 M was used in our studies. Self-discharge current
was 160 mA. Secondary discharge current was 80 mA.
Electrical energy spent per one destroyed molecule is a
parameter of the energy efficiency of the process.

The changes of phenol concentration were monitored
by means of absorption spectroscopy method. The
solution volume in the system was 130 ml. Processing
time varied in range of 1...5 minutes.

Dependence of the degradation energy cost as a
function of processing time shown in Fig. 8.
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Fig. 8. Dependence of the energy cost of degradation
on the processing time
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Presumably, secondary discharge plays a major role in
influencing the liquid. For this reason, the calculation of
the energy cost of the degradation was carried out. For
this purpose a two ways have been applied. One of them is
based on taking into account the total energy (Fig 8,
dashed line). Another one, taking into account only energy
embedded into the secondary discharge (Fig. 8, solid line).
Both values decreased with increasing treatment time. In
addition, the total energy consumption can be reduced by
decreasing energy input in SSD.

Furthermore, the total energy consumption can be
reduced by energy input to the SSD attenuation.

CONCLUSIONS

The secondary electric discharge in a plasma-liquid
system at atmospheric pressure has an analogy with glow
one. The current-voltage characteristics and the absence of
metal lines in the emission spectra indicated it. In
addition, it is well-known that glow discharge can be
characterized by non-isothermal plasma more better than
arc.

The secondary discharge is diffuse in case of small
(about 51/min) gas flows. Channel movement rate is
increased due to air flow augmentation. At the same time,
the instantaneous contact area between plasma and liquid
decreases.

This system can be utilized for water disinfection,
degradation of contaminants and water treatment.
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CBOMCTBA BTOPUYHOI'O PA3PSJIA B INIA3SMEHHO-)KUJIKOCTHOM CUCTEME,

OCHOBAHHOM HA BPAIIAIOIIEMCS CKOJIB3SIIIEM PA3PSIJIE

K. I'amaszun, B.B. IOxumenxo, B.A. Yepusax, E.B. IIpucaxcnan, E.B. Mapmuiu, B.A. bopmuluiegckuii,
P.B. Kopic

IIpencraBneHsl pe3ynbTaThl HCCIENOBAHMN BTOPUYHOIO paspsjga B IUIA3MEHHO-)KUAKOCTHOM CHCTEME IpH
aTMoc(epHOM JlaBlieHHH. bbIIK onpeesie bl dIIeKTPHYECKUE TapaMeTphl pa3psizia, a TAkKe reOMETPHUUECKHE TTapaMeTphl
paspsigHoro kauanma. Takke OBUTH ONpEAETeHbl KOMIOHEHTHBIH COCTAaB M TEMIIEpaTyphl (3aceieHus BO30YKIEHHBIX
BpAIl[aTeIbHBIX W KOJEeOATEIbHBIX YPOBHEH) IUIa3Mbl. Pa3psiiHbIA KaHAN MHPOKWH W Au(dy3HBINA, B HCCICAYEMOM
JMara3oHe mapameTpoB. DTO, HapsAdy C HMOBEACHHEM BOJIbT-aMIIEPHBIX XapaKTEPUCTHK, CBHIETEIBCTBYET O TOM, UTO
paspsa  Theronuid. bosbnias 1uomans B3auMOJACHCTBUSL IJIa3Mbl € JKHJIKOCTBIO obOecriednBaeT 3(PQeKTUBHOE
UCIIOJIb30BaHHUE TAKUX CHCTEM U 00pabOTKH >KHIIKOCTH C LENbI0 €€ 1e3nH(EKIUn U pa3pylIeH s 3arpsi3HUTEICH.

BJACTHUBOCTI BTOPUHHOI'O PO3PSIY B IIJIASMOBO-PIJIMHHINA CUCTEMI, IIIO BA3YETHCSA
HA OBEPTOBOMY KOB3HOMY PO3PAI

K. I'ama3zin, B.B. IOxumenko, B.A. Yepnsak, O.B. Ilpucaxcua, €.B. Mapmuw, B.A. bopmuwescvkuit,
P.B. Kopac

IIpencraBneHo pe3ynbTaTH IOCIiIKEHb BTOPHHHOTO PO3PSNy B IUIA3MOBO-PIAUHHIA CHCTEMi IpH aTMOC(epHOMY
THUCKY. Bynn BH3HaYeHi eNeKTpHYHi mapaMeTpH po3psAy, a TAKOXK TeOMETPUUHI ITapaMeTpH PO3PSAHOTO KaHaIy. Takox
Oy BU3HAYCHI KOMIIOHEHTHHI CKJIaJ Ta TeMIieparypu (3aceseHHs 30yUKeHNX 00epTalbHUX Ta KOJMHBAIBHUX PiBHIB)
ia3Mu. Po3psaaanii kaHam mMUpoKui Ta qudy3iiHUH, B AOCHiIKyBaHOMY Aiama3oHi mapamerpiB. Lle, 3 ypaxyBaHHIM
MOBE/IIHKH BOJIBT-aMIIEPHUX XapaKTEPUCTHUK, CBIAYUTH TIPO Te, 110 PO3ps] Tiliounid. Benuka ruoma B3aeMoil miiasmy 3
pinuHOIO 3a0e3neuye epeKTHBHE BUKOPHUCTAHHS TaKMX CHCTEM JUIl OOpOOKHM pinmHM 3 Meroro ei nesiHgexmii Ta
pyiHYBaHHS 3a0py/HIOBAYiB.
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