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Numerical modeling was used to calculate influence of discharge power and material of а sample
and electrodes on sensitivity of emission spectral analysis with spark discharge in air using lines of
atoms, single- and doubly charged ions. Mathematical model incorporates thermodynamic calculation of
plasma composition at LTE conditions, mass transfer of electrode vapor and calculation of temperature
considering inelastic collisions of electrons with particles. Calculations show that electron concentration
in current channel varies in 4 times only whereas power density and evaporation rate vary over one
order of magnitude and temperature varies from 11000 to 19000 K. Line intensity of doubly charged
ions have a maximum and decreases in 3-10 times at twofold variation of evaporation rate. That defines
narrow range of parameters for maximal sensitivity of analysis that is the case at analysis of carbon
using the line CIII 229.687 nm. In general the model provides a means for selection of optimal conditions
for sensitivity and reproducibility of analysis. Comparison with experiment show that calculated and
measured temperatures and electron concentrations are in a good agreement. The model gives also more
deep insight into the interconnection between power density, concentration of vapors and parameters of
LIB plasma at LTE stage.
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Spark discharge in air is one of the major sources
of emission spectra in analysis of metals, alloys
(both cast and produced by powder metallurgy
methods) semiconductors and solutions. Erosion
rate and material of electrodes and sample as well as
discharge power determine temperature and electron
concentration that affect processes of ionization
and excitation and thus control sensitivity and
reproducibility of the analytical method. Even small
difference between analyte and standard samples
in third components may drastically affect intensity
of spectral lines because of shift of temperature
and ionization equilibrium. Analysis of pressed and
sintered samples is the most common task in the
powder metallurgy. The first major problem facing
analyst is difference in density of standard samples
and analyte that cause difference in erosion rate of the
samples. To account for these effects one must have a
sophisticated understanding of the complex processes
occurring on the surface of the electrodes and in the
plasma. Literature has accumulated a large amount of
experimental data on the influence of electrode and
discharge parameters on results of emission spectral
analysis [1–6], and also on physical conditions in a
spark discharge [7], but up to now there has been
done no detailed work on theory of the processes
having regard to their self-consistent nature.
Interconnection between sample vapors, power
density and intensity of spectral lines is also of
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interest in other analytical plasma applications such
as laser induced break-down spectroscopy (LIBS) [8].
This method allows direct analysis of any samples
regardless of their physical state, be it solid, liquid
or gases. Temperature and electron concentration
existing at local thermal equilibrium (LTE) stage in
LIB plasma at atmospheric pressure are close to
those values on the axis of spark plasma at maximum
current pulse [9–11]. Although mechanism of plasma
heating is substantially different in these plasmas,
processes of dissipation of energy at LTE conditions in
dense plasmas exhibit some regular trends so results
of calculations may be of interest also in this field of
analytical chemistry.
The aim of the present work is to study the main
relationships between intensities of spectral lines
of atoms and ions (single- and double-charged),
parameters and composition of the plasma on the one
hand, and power density, erosion rate of electrodes,
their composition, on the other hand. Calculations
were made for the most common case – analysis of
samples with Fe matrices. Detailed description of the
model may be found in the previous works [12, 13]. In
the present study we only briefly mention the system
of equations for convenience of discussions of results.
The model allowed conditions to be made for
direct determination of carbon using lines of CIII
229.687 nm (excitation potential, Eex = 18.09 еV) and
AgIII 239.565 nm (Eex = 14.76 eV) at electrospark
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