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The aim of this study was to characterize spark spectrometer
burn marks on steel samples and to determine the influence of
alloying elements, particularly carbon, on the size, depth, and surface
morphology of the burned areas. Seven iron-based steel reference
samples were used in the research (designations: RG 13/411,
RH 12/21, RN 13/74, RG 14/531, RH 18/46, RN 14/51, RH 31/31).
The spark burns were performed using a Metal Lab Plus spectrometer
by G.N.R., while surface topography analysis was carried out with
aNanoscan 855 microscope by Jenoptic. A total of 35 burn areas were
analyzed. The obtained data were statistically processed using the
Pearson correlation coefficient to identify strong relationships
between chemical composition and topographic parameters.

The results showed that elements such as molybdenum,
niobium, antimony, cobalt, and vanadium exhibit a positive correlation
with burn peak volume, while nickel, chromium, and cerium show a
negative correlation. The volume of craters increased with higher
content of lead, carbon, calcium, and manganese, but decreased with
the presence of zinc, chromium, and nickel. Maximum burn depth
increased with arsenic, magnesium, manganese, molybdenum, and
niobium, while higher chromium and nickel content reduced it.
Furthermore, molybdenum, nickel, and manganese were found to
significantly affect the peak height and geometry of the burn marks.

In summary, the analysis confirmed strong correlations between
the chemical composition of steel alloys and the parameters of spark
burns. These findings can be applied to further optimize spectrometric
analysis methods and to better understand the surface behavior and
properties of iron-based alloys.

Based on the conducted
experiments and statistical analysis,
several significant correlations were
identified between the chemical
composition of steel alloys and the
parameters of spark burns generated
during optical emission spectrometry.
Elements such as molybdenum,
niobium, antimony, cobalt, and
vanadium exhibited a positive
correlation with burn peak volume,
while nickel, chromium, and cerium
showed a negative correlation. The
maximum burn depth increased with
higher concentrations of arsenic,
magnesium, manganese, molybdenum,
and niobium, and decreased with
greater amounts of chromium, nickel,
copper, and zinc. Manganese appeared
most frequently in strong or very
strong correlations with grain area
parameters, although clear
dependencies were not always evident.
Overall, the results confirmed that
specific alloying elements significantly
affect burn morphology and energy
distribution, offering insights for
refining spectrometric calibration and
improving analytical precision in steel
characterization.

The objective of this study was to investigate and characterize the
morphology and parameters of spark burns generated by an optical
emission spectrometer on steel alloy samples. The research aimed to
determine the relationship between the chemical composition of iron-
based alloys—particularly the carbon and alloying element content—
and the resulting burn area dimensions, depth, and surface features.
By analyzing the correlation between specific elemental
concentrations and topographical parameters of the burn marks, the
study sought to identify which elements most significantly influence
the burn characteristics during spectrometric excitation. The ultimate
goal was to enhance the understanding of the physical effects
occurring during spark emission analysis and to support the
optimization of spectrometric calibration and material characterization
procedures for various steel grades.
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Legend:
0 – 0.3 weak correlation – red color,
0.3 – 0.5 moderate correlation – orange color,
0.5 – 0.7 strong correlation – yellow color,
0.7 – 1 very strong correlation – green color.

Example image of the surface topography of the burned area

Example analysis for sample RG 14/531
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