This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

AR TN Ml ciainary lsumsl
L W NSO
= |3 S (]
SRCGEHOSCO DA
L4” L5 8
ErMor Robyer® L. Mchel

Spectroscopic Investigation of Plasma Composition of U-Shaped Argon
Stabilized D.C. Arc

L. Holclajtner-Antunovi¢t;, G. Malovié®; M. Tripkovic
2 Faculty of Physical Chemistry, University of Belgrade, Belgrade ® Institute of Physics, Belgrade,
Yugoslavia

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Holclajtner-Antunovié, I. , Malovi¢, G. and Tripkovié, M.(1993) 'Spectroscopic Investigation of Plasma
Composition of U-Shaped Argon Stabilized D.C. Arc', Spectroscopy Letters, 26: 6, 1103 — 1115

To link to this Article: DOI: 10.1080/00387019308011597
URL: http://dx.doi.org/10.1080/00387019308011597

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019308011597
http://www.informaworld.com/terms-and-conditions-of-access.pdf

03:51 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 26(6), 1103-1115 (1993)

SPECTROSCOPIC INVESTIGATION OF PLASMA COMPOSITION
OF U-~SHAPED ARGON STABILIZED D.C. ARC
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G. Malovié and M. Tripkovié
Institute of Physics, POB 57, 11001 Belgrade, Yugoslavia

ABSTRACT

The spectroscopic analysis of emitted radiation from the
U-shaped argon stabilized d.c. arc is performed when the arc was
burning without and in the presence of water aerosol. The special
attention is paid to the emission of molecular components. The
radial distribution of rotational temperature is obtained from the
OH band spectra. The arc plasma composition is also theoretically
calculated supposing the state of local thermodynamic equilibrium

and compared with experimental results.
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INTRODUCT ION

The U-shaped d.c. arc is a very stable plasma source
characterized by a long horizontal column stabilized by the gas
vortex technique.1 It is possible to change easily the arc
atmosphere (introducing different gases) 1.e. the composition of
the main components as well as of traces, thus affecting various
chemical reactions which occur in a large plasma volume, under
changeable physical conditions. Therefore, the gas plasma from the
arc column can be used as a suitable excitation source of various
species as well as a generator of free atoms, molecules and
radicals. These characteristics enable its application in atomic
emission and absorption spectroscopy as well as in plasma
chemistry.

In this paper the plasma composition of the U-shaped
d.c.arc is analyzed spectroscopically and theoretically for the arc
burning in air and stabilized with argon and in the case when
water aerosol is introduced into the plasma. Discussing these
results it is possible to investigate the influence of the water on
plasma: characteristics and its composition. In all these
considerations the radial distribution of temperature has to be

taken into account.
EXPERIMENTAL

The experimental set-up of the U-shaped argon stabilized
d.c. arc is described in detail elsewhere.1 A relatively long
horizontal arc column is formed between two vertical and parallel
electrodes (a graphite anode and a carbon cathode). A stream of
argon flows tangentially 1into the cavity of teflon segments,
forming a gas vortex stabilizing the arc column. When the arc is
used in analytical atomic spectroscopy, the argon stream introduces

the sample aerosol, which has to be analyzed, into the plasma. The
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TABLE 1

Experimental facilities and operation conditions

Polychromator PGS-2 with order sorter
Grating 800 grooves/mm,

blaze angle 49°

Order of diffraction 8th

Dispersion 0.05 nm/mm

Photo multiplier Hamamatsu, R 212

Photo plate Kodak, SA-1

Arc current 7.5 A

Argon flow 2 dma/min

Nebulizer Meinhard concentric glass

experimental facilities and operation conditions are presented in
Table. 1.

The radiation emitted from all the plasma column volume
is spectroscopically analyzed in spectral region from 250 to 750nm
applying observation in end-on direction. The emitted radiation is
registered both photographically and photoelectrically. The
U-shaped arc 1is a spatially inhomogeneous plasma source with
relatively long cylindrically symmetric arc column. For the purpose
of radial density distribution determinations, observation from
side-on direction was performed. The lateral profiles were
transformed to radial by means of the Abel integral inversion.

The radial distribution of rotational temperature is
obtained from the corresponding distribution of rotational lines of
the OH AZZ—XZH band spectra. The temperature was determined
applying the Boltzmann plot method to the rotational lines whose

characteristics are given in Table 2.2
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TABLE 2
Physical characteristics of rotational lines

of 306.4 nm OH band

Wavélength(nm) Excitation energy(cm_l) gA
306.928 33848 28.8
306.918 33650 24.8
306. 967 35912 48,1
307.114 36383 53.2
307.303 36903 57.2
307.437 32947 12.8
307.703 32778 8.9

The lateral intensity distribution was measured at each
wavelength position, converted to a radial distribution and these
data were used for temperature determination. Namely, the Boltzmann
plots were constructed for different radial positions in plasma

enabling the determination of temperature radial distribution.

CALCULATION OF PLASMA COMPOSITION

The experimentally determined results were compared with
the computed plasma equilibrium composition. For that purpose, the
method of minimizing the Gibbs free energy function was used taking
into account the mass action law for dissociation, ionization and
radiative capture and quasi neutrality condition.3 The arc plasma
was considered to be in LTE, existing as a single-phase system with
a constant ratio of the main atomic components: argon, nitrogen,
hydrogen, oxygen and carbon.

The arc plasma burning at atmospheric pressure with no

aerosol ("dry" plasma) is considered to contain argon (95%),
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TABLE 3.
The physical characteristics of some of the

atomic lines identified from the U-shaped arc

Element Wavelength(nm) Excitation lonization
energy(eV) energy(eV)

486.13 12.74 13.60

436.83 12.36 13.61

Ar 426.63 14.53 15.76

C 247.88 7.68 11.26

nitrogen (3.4% from air), oxygen (1.1% from air), hydrogen (0.4%
from air) and carbon (0.1% from electrodes). In another case when
water aerosol is introduced into the plasma the system consists of
96.5% of Ar, 0.35% of N, 1.1% of 0, 2.0% of H and 0.05% of C. The
choice of components was made in accordance with spectroscopic
investigations. Needed data on free energy was taken from Refs.4

and 5 or calculated .

RESULTS AND DISCUSSION

The very important characteristics of the emission
spectra of the U-shaped d.c. arc is the simultaneous appearance of
atomic lines of the main and trace plasma components and molecular
bands. In bpth cases, when arc is burning without and in the
presence of water aerosol, the atomic spectral lines of the main
components such as argon, hydrogen, oxygen and carbon appear in the
spectra as it is presented in Table 3.

The radial density distribution experimentally measured
for Ar, C and continuum are presented in Fig.1l.

Considering the measurements of the same distributions of

other main components as well as of trace elements added to the
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Fig. 1. Radial intensity distribution of AriI, CI lines, OH band

head and continuum

water solution, it can be concluded that all the components with
high ionization potential are excited in the central part of plasma
column, i.e. in plasma core.

The previous measurements have shown that the temperature
in this zone is between 7000 and 80001(.8 Fig.1l. also shows the
radial density distribution of OH 306.4 nm band head. It is evident
that radial density distribution of OH component is quite different
in shape in comparison with atomic components, i.e. this component
is excited in the plasma periphery where the temperature is
suitable for this process.

In order to obtain the temperature conditions in this peripheral
plasma zone, the Boltzmann plot method was applied to the chosen
rotational lines from OH band spectra (Table 2.). The results
obtained for radial temperature distribution are presented in
Fig.2. It can be concluded that in this zone the temperature is
lower in comparison with plasma core while the temperature gradient

is relatively broad.
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Fig.2. Radial distribution of rotational temperature

The spectral analysis of emitted radiation registered in
side-on direction has shown quite a different molecular composition
of the main plasma components for the arc burning without water
aerosol and in the presence of water aerosol.

The emitted spectra of the "dry" plasma is characterized

by simultaneous appearance of spectral lines of elements with high
ionization potentials and of bands of wvarious components such as
CN, N;, OH, NO and NH. The list of the main band systems observed
in the emission spectra is given in Table 4.
It is worth mentioning that while the CN and OH band spectra
readily occurred in carbon arcs in air, the band systems
corresponding to the other mentioned species such as N2, N;, NO and
NH are not typical for this kind of discharge.

The radial distribution of the radiation density of the
band heads of all the components except of OH are similar. The
radial distribution of emitted radiation of CN and N; are given in
Fig. 3. as illustration. The intensity of band heads of Nz' N;, CN
NO and NH decreases radially from the plasma center to the

periphery.
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The main band systems observed in emission

spectra of the "dry" plasma

Species System Transition
CN violet B%s*-x%g"
u q
N 2nd positive Caﬂu—BsTl
g
N 1st negative B%s*-x%s"
u 9
NO y, 3rd positive  A%E'-¥°n
NH 336.0 nm Aln-xs”
OH 306.4 nm A%z -x%n
i(r) i(r)
— +
N X Ny 3914 nm vl

o (N 359,0 nm

"t

r {mm)

Fig. 3. Radial intensity distribution of CN and N; band heads
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Fig. 4. Lateral profile of OH band head without and with water

vapor

It is evident that these species are emitted from the plasma core
which expands up to 3mm from the axis. The maximal intensity of the
band head in the center is higher in the case when air |is
introduced instead of water aerosol with argon flow into the plasma
column. The intensity is reduced when nitrogen, oxygen and hydrogen
come only from argon (as impurity) or from the outer atmosphere
which was realized by shutting the system for introduction of
aeroso}l. But it is evident that under this condition the molecular
compohents are still formed in the plasma.

When water aerosol is introduced into the plasma, which
is the ordinary practice in spectrochemical analysis, the emission
of all the mentioned molecular bands disappears except of OH bands
which are certainly stronger. In the case of OH, the maximum of the
intensity of emission is in the plasma periphery so there were

difficulties to apply the Abel inversion to such profiles when
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water was not introduced into the plasma. The lateral profiles of
OH bands without and in the presence of water aerosol are presented
in Fig. 4.

It is obvious that the introduction of water aerosol increases the
intensity of OH band head. But also it can be concluded that in the
presence of water, the maximum of band head intensity is moved
towards the center of plasma column. This can be taken in
connection with the fact that intensity of spectral line of Ar is
increased in the presence of water. From the energy balance
considerations for the d.c. arc plasma it is shown that the
introduction of water vapor to the plasma leads to the formation of
the narrow plasma core of higher temperature.7’8 A very steep
gradient of the radial temperature distribution is formed towards
the zones in which chemical reaction occurs. This means that in
this high temperature zone excitation of argon is improved. As OH
radical is formed in low temperature zone, its optimal excitation
in the presence of water will be nearer to the plasma center. When
plasma is burning without water, the plésma core is wider and of
lower temperature and conditions optimal for the formation of OH
are away from the plasma center.

In order to explain all these results, the plasma
composition for the conditions corresponding to the U-shaped d.c.
arc stabilized with argon is calculated and presented for  neutrals
in Fig. Ba and for ions in Fig S.b. The calculated results are in
accordance with experimental one. The conditions for the formation
and excitation of the identified molecular components are
convenient when the arc is burning with no water aerosol.

The difference in the shape of lateral profiles of OH band heads
compared to other molecular bands can be explained considering
their particle density distributions in dependence of temperature.
OH component is preferably formed in a low temperature region which
is in accordance with radial density distributions obtained. With
the introduction of water aerosol the plasma -composition is
slightly changed.vNamely, the quantity of nitrogen introduced into

the plasma is decreased while the quantity of -hydrogen 1is



03:51 30 January 2011

Downl oaded At:

U-SHAPED ARGON STABILIZED D.C. ARC 113

3000 6000 9000 3000 6000 9000
T (K) TK)

Fig. 5. Equilibrium composition of (a) neutral and (b) charged

components

increased. Consequently, the plasma conditions are altered and tpe
maximum of band head intensity of OH is moved toward the plasma
center. With the temperature increase the gquantity of other
molecular species formed decreases and there are not enough of them
to be detected in emission. It should be added that the
disappearance of the most molecular bands from the emission spectra
when water aerosol is introduced into the plasma is of importance

for the practical spectrochemical analysis of various materials.

CONCLUSION
The U-shaped d.c. arc stabilized with argon is

investigated as a medium suitable for the formation of various
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molecular components. The experimentally obtained radial radiation
density distributions of different species are in accordance with
their particle density distributions calculated supposing the LTE
conditions. Various components such as CN, Nz’ N;, NH, NO and OH
are formed in plasma. It is of interest to point out that some of
these species are not typically emitted from the d.c. arc plasma.
The disappearance of all the mentioned components except of OH when
water aerosol is introduced into the plasma can be explaineé
considering energy balance calculations for this type of discharge.
Namely due to chemical reactions occurring in plasma, the narrow
high temperature core 1is formed 1in the presence of water.
Therefore, the changed plasma conditions affect the appearance of
various species. The results of these investigations are of
importance for spectrochemical analysis as well as for plasma

chemistry.
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