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This paper deals with development of optical emission spectroscopy techniques for diagnostic of underwater
discharge plasma between iron granules. The difficulties in selection of iron spectral lines, as well as the
approximation of their profiles for determination of excitation temperature are discussed. A method of spectral lines
resolving with close wavelengths is considered. Simulation of a narrow rangeof the plasma emission spectrum is
carried out to estimate the excitation temperatures in underwater discharge plasma.
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INTRODUCTION

Nowadays, there is an increasing interest in the
underwater discharges (particularly, plasma of such
discharges). First of all, this is duetoits numerous
practical applications in biology, chemistry and
electrochemistry etc. Also, the interest is reinforced due
to the need to clarify physical processes of current flow
in such environment.

The application of electrical discharges in liquids
has to be one of the most modern and accessible
methods not only for water purification (removal of
organic compounds), but also surface treatment and
plasma sterilization (disinfection or extermination of
microorganisms) [1-3]. It is due to low efficiency of
existing traditional methods and the presence of a
number of the shortcomings of other methods that are
still being developed (e.g. chlorination, ozonation,
advanced oxidation processes, photocatalysis) [4-6].
Due to consequence of electric breakdown in water such
discharges are simultaneously effective sources of
intense UV radiation, shock waves and various chemical
products, including OH, O, HO,, H,0O, [7, 8]. In
addition, the shock waves, generated by high-energy
underwater discharge plasma, are used for various
applications, such as: underwater explosions [9], the
fragmentation of the rocks [10] and lithotripsy [8].

The synthesis of nanomaterials through plasma-
liquid interaction, including configurations, "plasma
over liquid" and "plasma in liquid" [11] is another
important  application of underwater electrical
discharges, which attracts considerable attention. It is
found that colloidal solutions with nanoparticles are the
most suitable form for biological usage [12]. It is known
that the solutions of nanoparticles of different metal
(particularly iron) have excellent bactericidal, antiviral,
antifungal and antiseptic effects [13], which makeit
essential biocide products.

Considering the abovementioned, the main aim of
this work is development of investigation techniques of
underwater discharge plasma between iron granules,
specifically determination of one of thekey plasma
parameter of such discharge — excitation temperature.
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1. EXPERIMENT

The investigation of underwater discharge plasma
between iron granules is carried out directly in the
discharge chamber of the installation, specially
developed for the synthesis of colloidal substance with
metal nanoparticles (Fig. 1).

The discharges are ignited by pulses of the
generator, which is powered by a single-phase voltage
220V, between iron granules, immersed into
waterinside the chamber. The composition of power
diodes VD1 and VD2, thyristors VD3 and VD4 and
capacity C1 (adjustable from 25 to 650 pF) is used as a
controlled phase rectifier. Randomly switching of
microdischarges between various pairs of granules is
realized due to pulse voltage in output of thyristor VD5.
Registration of electrical parameters can be performed
by the voltage divider, Rogowski coil and oscilloscope.

DISCHARGE CHAMBER
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Fig. 1. Experimental arrangement for pulse underwater
electrical discharge investigation [14]

The granules, immersed intoa deionized water, are
moving during the discharges, which leads to the
changing of discharges position in the volume of the
chamber. The observation and registration of radiation
were allowed by quartz window, which was installed
into the wall of the discharge chamber. Under these
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conditions, it is not possible to fix the locations of
discharges, so the spectral device was placed in front of
the window in the mode of continuous registration. It
was possible to successful register the radiation of
moving discharges when it fell into the area in front of
the window.

The registration of emission spectra of underwater
discharge plasma at current pulse up to 150 A is
provided by Solar LSSDH-IV spectrometer in the
spectral range from 440 to 910 nm. The spectral
sensitivity of such device is determined by tungsten
band-lamp and is taken into account during
spectroscopy treatment.

2. RESULTS AND DISCUSSIONS

Typical emission spectra of underwater discharge
between iron granules are shown in Fig. 2. The emission
spectrum consists predominately of Fe | with H, and
few O spectral lines. Such set of spectral lines is
sufficient for excitation temperature estimation using
Boltzmann plot on the base of Fe I lines.
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Fig. 2. Plasma emission spectra of underwater
discharge between iron granules

It is well-known, the spectral lines profiles of metals,
broadened by Stark effect, have the shape of Lorentz
function [15]. In the frame of this work, the Voigt fitting
function is used. Such approach allows to obtain the
spectral line emission intensity, as well as to perform a
deconvolution of contribution of the spectrometer
instrumental function, which have shape of Gaussian.

The examples of Voigt profile fitting of several
enough isolated spectral lines are shown in Fig. 3. There
are two unsolved problems in such fittings. One of them
is the influence of continuum emission (see Fig. 3,a),
which can lead to overestimation or underestimation of
the line intensity. Another problem deals with impact of a
significant amount of lines with low intensity (see
Figs. 3, b).

The plasma emission spectra of underwater discharge
between iron granules is very complicated due to
systematic overlaping of Fel spectral lines contours
(Fig. 4). Only three Fe | spectral lines (516.7, 558.7, and
561.6 nm) were found to be enough separated.
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Fig. 3. Typicalline profiles and Voight fitting of Fe | (a)
and H, (b) spectral lines in underwater discharge
between iron granules
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Fig. 4. Plasma emission spectrum of underwater
discharge between iron granules with data from NIST [16]

These lines were used to estimate the exctitation
temperature by Boltzmann plot technique. As one can see
from Fig. 5, the procedure of continuum treatment during
line fitting can lead to different excitation temperatures
(excluding continuum (squares) (7000+£800) K and
including continuum (circles) (6500+1200) K).
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Fig. 5. Boltzmann plot on the base of enough isolated
Fe | spectral lines fitted excluding continuum (squares)
and including continuum (circles)

Several lines pairs, merged in one peak
(486...496 nm), were involved with the aim to clarify
the values of excitation temperatures. The emission
intensity of each line was separated using equation
system:

I = 11 + 12
I A1g1d; _E1E2
—_— = e T
I,  Ayg:M4

where | istotal intensity of merged two spectral lines,
obtained by one-peak fitting; 1, and I, are intenseties of
first and second spectral lines, respectively; A, gi, A,
and E; are transition probability, statistical weight,
wavelength and energy of upper atomic level of
corresponding spectral line, respectively.
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Fig. 6. Boltzmann plot on the base of enough isolated
and separated Fe | spectral lines fitted excluding
continuum (squares) and including continuum (circles)

The estimation of excitation temperatures with
account of such lines was provide by Boltzmann plotas
shown in Fig. 6. The involving of separated spectral
lines to Boltzmann plot leads to decrease of the
excitation temperatures (excluding continuum (squares)
(5800+£600) K and including continuum (circles)
(5400+1000) K. The behavior of population densities
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allows us to conclude, that the account of continuum has
a negligible effect to 486...496 nm (except 486 and
487.8) spectral lines but remarkable for 516.7, 558.7,
and 561.6 nm. Thus, Boltzmann plots in Fig. 6 do not
give final answer on the continuum impact on excitation
temperatures.

On the other hand, such divergence can be caused by
the integration of various discharge emission areas with
different temperatures or/and temporal changes of plasma
parameters during exposing.

Simple modelling of emission spectra was
performed to estimate the excitation temperatures by
comparing simulated and experimental spectrum
(Fig. 7). The 67 Fe I spectral lines in 550...570 nm range
was used in this modelling with spectroscopic data from
[16]. Each line was considered to have Gaussian profile.
Excitation temperature and line width were the main
parameters to obtain the best fit with experimental
spectrum.
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Fig. 7. Modelling and experimental emission spectra
of underwater discharge plasma between iron granules

It was found that the coincidence of simulation and
experiment is occurred not over the entire spectrum, but
only over its narrow areas. Namely, four spectral areas
of plasma emission with different temperatures are
found. Specifically, the coinciding of 550...552 nm
experimental and modeling spectral line are
characterized by 2000 K. Spectral ranges in the vicinity
of 560 and 566 nm are characterized by 20000 and
16000 K, respectively. The best fit for Fe | 558.7 and
561.6 nm spectral lines is observed at temperature,
obtained by Boltzmann plots (~ 6000 K). The results of
such comparison confirm the spatial or/and temporal
integrated nature of emission in registered spectrum.

CONCLUSIONS

The difficulties in selection of the spectral lines of
iron, as well as the approximation of their profiles were
described. It was found two problems in fittings of
spectral lines by Voight function. Specifically, it is the
account of continuum emission and impact of spectral
lines overlapping.

The excitation temperatures are determined by
Boltzmann plots in manner with excluding and
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including continuum. It can be assumed that divergence
between temperatures can be explained by the
integration of plasma emission areas with different
temperatures or/and temporal changes of plasma
parameters during exposing. Therefore, the simple
modelling of emission spectra was proposed to estimate
the excitation temperatures. The obtained modelling
results confirm the existence of various spectral ranges
with different excitation temperatures on the observed
emission spectrum of underwater discharge plasma
between iron granules.
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TEMIIEPATYPBI 3ACEJIEHUA B IIVIASME ITIOABOJHOI'O PA3PSAIA
MEXIAY I'PAHYJAMM KEJIE3A

A. Mypmanuyes, A. Bexnuu, B. Bopeykuii

[IpencraBneHHas cTaThs ITOCBSIIEHA Pa3pabOTKE METOMOB ONTHYCCKOH AMHCCHOHHOW CIEKTPOCKOIHH ISt
MUArHOCTHKH IDTa3MBI IOJBOJHOTO paspsiia MEXAy TpaHyidaMu kene3a. OOCYKICHBI TPYTHOCTH CEIEKIUU
CHEKTPaNbHBIX JTMHUH XKeJe3a, a TakoKe alllPOKCUMAIINU UX NpoduiIel U1 OnmpeaesieHHs TeMIIEpaTyphl 3aCeIeHus.
PaccmoTpeH MeTon pa3pelieHusl CIeKTPaJIbHBIX JIMHUM ¢ ONM3KMMH AIMHAMHU BOJNH. [ OLleHKM TemmepaTyp
3aceIeHUs B IUIa3Me IIOIBOJHOTO pa3psiAa BBIIOJHEHO MOACIUPOBAHUE Y3KOI0 Y4acTKa CIIEKTpa U3JIy4eHUs I1IIa3Mbl
NP pa3IMYHbIX TEMIIEpaTypax.

TEMIIEPATYPU 3ACEJIEHHA B IIVIABMI NIJIBOJHOI'O PO3PALY
MIK I'PAHYJIAMMU 3AJII3A

O. Mypmanuyes, A. Bexnuu, B. bopeuvkuii

[IpencraBnena craTTs NMpPUCBSYCHA pPO3pOOII METOJIB ONTHYHOI €MICIHHOI CIEeKTPOCKOMii s AiarHOCTHKH
IUTa3MH TiABOAHOTO PO3pPALy MK rpaHyiIaMHu 3aiiza. OGroBOpeHO TPYIHOIII CelIeKmii CeKTpaTbHUX JIiHIH 3aii3a, a
TaKOXX amnpoKcHMarii ix mpodimiB Ay BH3HAYCHHS TEMIIEPAaTypH 3acelieHHs. PO3TISHYTO MeToXI pO3AiIeHHS
CIIEKTPIBHUX JiHIM 3 OJU3bKUMH JOBXKWHAMHU XBWIJIb. J[JIsl OIiHKK TeMIiepaTyp 3acejeHHs B IUIa3Mi IiJBOJHOTO
PO3psALy BUKOHAHO MOJIEIIIOBAHHS BY3bKOI JIJITHKY CIIEKTPY BUIIPOMiHIOBAaHHS IUIa3MH IIPU Pi3HUX TEMIIepaTypax.
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