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The plasma-liquid system with cylindrical geometry and electric pulse discharge less than 10 microseconds duration
was created. The influence of plasma treatment to water pH value was investigated. Dependences of the phenol
destruction efficiency in its aqueous solution, as a model contaminant, from the solution concentration was obtained and
got the best efficiency value: 20 eV per phenol molecule at its water solution with concentration 0.3 M. In obtained
absorption spectra remnants of nitric and nitrous acids and other components was not observed, such components was
observed after phenol aqueous solution destruction in similar DC plasma-liquid systems.

PACS:50.,52.,52.50.Dg.

INTRODUCTION

The main plasma chemistry issue in our time remains
the problem of the high electricity cost used for plasma
generation. Due to such fact plasma reactors were trying
to use with traditional chemical technologies. In such
approach plasma serves as a source of active particles, but
devoid of the classical catalysts disadvantages. It is clear
that the use of costly electricity should reach maximum
efficiency of its application. From the viewpoint of
plasma chemistry — it must to increase the selectivity of
the plasma-chemical process, that is possible when using
non-equilibrium plasma, designed in pulse generation
mode, etc [1,2].

Plasma-liquid system has high perspectives in plasma
chemistry and in the pulse generating mode very often
accompanied by strong acoustic waves. Accumulation (or
focusing) of such waves energy will modify the
environment's parameters, and thus obtain a new control
mechanism of the plasma-chemical transformations.

1. EXPERIMENTAL SETUP

The experimental setup is shown in Fig. 1. The
working part of the system is a cylinder with height
H=10 mm and radius R=135 mm. Electrodes are placed
perpendicular to the cylinder on the axis of the system.
Copper eclectrodes (1) with a diameter of 10mm are
shaped hemispheres with 5 mm curvature radius.
Discharge (2) ignited between the electrodes. At the
distance of 20 mm from the cylinder lateral surface was
placed piezoceramic pressure sensor (3), which recorded
acoustic waves caused by the electrical discharge. The
internal volume of the chamber was 0,5 liters, as the
working liquid was distilled water, and aqueous molar
solution of phenol 0,001...0,3 M.

This paper studied the effect of plasma treatment on
the pH value water (exposure time to 600 seconds), and
the efficiency of phenol molar aqueous solution
destruction which was estimated by spectrophotometry
(energy exposition 20 and 40 kJ).
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Discharge in the cylinder performed by capacity
0,015 pF, which was charged up to 20 kV. Power supply

does not exceed 1,5 kW.
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Fig. 1. Pulsed plasma-liquid system with cylindrical
geomeltry

2. RESULTS

It is noticeable that the treatment in pulsed plasma-
liquid system previously distilled water from the baseline
pH=5 felt alkaline effect of increasing the pH value by 1.9
at the maximum test time of 600 seconds exposure
(Fig. 2).

The influence of the inner surface of the plasma
reactor can be considered negligible (pH increase of 0.3 at
600 seconds exposure), and the main contribution to the
alkaline effect provided by air flow through water and
plasma. Although the correct interpretation of this fact
requires further research, but most possible explanation
for the treatment alkaline effect of the electric pulse
discharge in the gas channel with liquid wall was
injection of the active particles to the liquid from the
plasma.

Injected into the water negative ions and electrons
hydrates and in the future may significantly reduce the
concentration of positive hydrogen ions due to
recombination process [3].
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Fig. 2. Changing the pH at different modes of
treatment in pulsed plasma-liquid system

In the absorption spectra of treated in the pulsed
plasma-liquid system phenol-water solutions has no
background signal wich corresponds to other organic
hydrocarbon  components observed after phenol
destruction in DC plasma-liquid system [4] (Fig. 3).
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Fig. 4. Dependence of the phenol molecules destruction
energy from phenol concentration in its aqueous solution

In plasma liquid systems with transverse arc and
secondary discharge usually observed remnants of nitric
and nitrous acids [5], but this components wasn't
observed after phenol molar solutions destruction in
pulsed plasma-liquid system.

Using the calibrated solution with the given phenol
concentration and difference in absorption intensity area
of phenol at absorption spectra for untreated and treated
water solutions was calculated destruction energy
degradation of one phenol molecule. The results are
illustrated in Fig. 4. Destruction performance increased
with increasing phenol concentration in its aqueous
solution and moving to the phenol dissociation energy of
4.75eV at the highest investigated concentration —
0.3 M.
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Fig. 3. The absorption spectra of untreated and treated
phenol aqueous solution in pulsed plasma-liquid system
at different molar concentrations. Energy costs — 20 kJ

CONCLUSIONS

1. During the research of creating convergent acoustic
waves in cylindrical plasma-liquid system with axial
single pulsed discharge was shown generation of
convergent acoustic wave energy with comparable energy
of the primary divergent wave energy.

2. Air addition into the liquid reduces the intensity of the
continuous spectrum area and Shtark broadening of
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hydrogen line Ho, that indicates decrease of plasma non-
ideality.

3. In single pulse mode revealed decreasing amplitude of
acoustic signal splashes during measurements using a
series of pulses at the frequency of 15 Hz compared to
measurements in single pulses mode , which may be due
to changes in the parameters of wave propagation.

4. For the first time in pulsed plasma-liquid systems with
cylindrical geometry and axial discharge showed decrease
of the H' ions concentration in water due to plasma
treatment, almost two orders of magnitude.

5. Remnants of nitric and nitrous acids wasn't observed
after phenol molar solutions destruction in pulsed plasma-
liquid system.

6. Destruction efficiency increases with the concentration
of phenol in its solution and destruction energy of phenol
molecule reaches 20 eV. The result indicates a promising
application for the treatment of concentrated waste
(municipal) water.
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CBOMCTBA UMIIYJIbCHBIX IJIASMEHHO-XUJIKOCTHBIX CUCTEM C ®OKYCHUPOBAHUEM
AKYCTHYECKHX BOJIH

C. H. Cuoopyk, B.B. IOxumenko, B.A. Yepusax, B.E. Mapuyk, E.IO. I'agpunwk, E.B. Mapmuuu, O.A. @edoposuu

PazpaboTana mia3MEHHO-XHMIKOCTHASI CHCTEMa LWJIMHJIPUYECKOW TEOMETPHU C JIIEKTPUUYECKHM HMITYJIbCHBIM
paspsaoM anurensHOCThlo He Oornee 10 mkc. MccnenoBaHo BiMsHHE IIa3MOXMMHYECKOW O0OpaOOTKM BOIBI Ha ee
BozopoaHeli mokazarens pH. Ilomyuensr 3aBucuMocTr 3G ¢EKTUBHOCTH JecTPyKIMH ()eHOJIa B BOJHOM PACTBOpE, B
Ka4eCTBE MOJEIBHOTO 3arpsi3HUTENS, OT KOHIEHTPALUH PACTBOPA, M MOMY4YEH HAWIYYIINH ypoBeHb 3(GPEKTUBHOCTH:
20 3B Ha Monexyy ¢eHona npu KoHneHTpawu pactopa 0,3 M. Ha momydeHHBIX CIIeKTpax MOTIIOMICHNS OTCYTCTBYIOT
OCTaTKH Q30THOW M a30THCTOM KUCIIOT, a TakoKe JPYTHX COSIMHEHUH, KOTOphIe HAOMIOAAI0TCS IPH AECTPYKLIUH (eHoIa
B €0 BOJHBIX PACTBOPAX B MOJOOHBIX INIA3MEHHO-)KUAKOCTHBIX CHCTEMaX IOCTOSIHHOTO TOKA.

BJIACTHUBOCTI IMITYJIbCHHUX IIVIASMOBO-PITMHHUX CUCTEM 3 ®OKYCYBAHHAM
AKYCTUYHUX XBUJIb

C.M. Cuoopyx, B.B. IOxumenko, B.Al. Uepnax, B.E. Mapuyx, E.FO. I'aspuniok, E.B. Mapmuw, O.A. @edoposuu

Po3pobnieHo MIa3MOBO-pIAMHHY CHUCTEMY LWJIHIPUYHOI TeoMeTpii 3 eJNEeKTPUYHUM IMIYJIbCHUM PO3PSIOM
TpuBaicTio MeHm HiK 10 Mxc. JlocmipkeHO BIUIMB IUIa3MOXIMI4HOI 0OpOOKHM BOAM Ha ii BOAHEBHMH HOKa3HHK pH.
OtpuMaHi 3aexXHOCTi eheKTUBHOCTI NecTpyKuii ()eHONy y BOJSHOMY PO34MHI, B SIKOCTI MOJEIBHOIO 3a0pyaHIOBAYA,
BiJl KOHLIGHTpalil po3urHy, Ta OTpPUMaHO HaWKpammi piBeHb edextuBHOCTI: 20 eB Ha Momekyny d¢eHony mnpu
KoHIeHTpamii pozurHy 0,3 M. Ha oTpuMaHuX criekTpax IMOTIMHAHHS BiICYTHI 3aJIMIIKH a30THOI Ta a30THCTO{ KHCIIOT, a
TAKOJX iHIII CIIOJIYKH, IO CIIOCTEPIraloThCs MPH ASCTPYKIil (PeHOTY B HOro BOASHUX PO3YMHAX B MOAIOHHX ILIa3MOBO-
PLAMHHEX cHCTEMax MOCTIHHOTO CTPyMY.
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