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ABSTRACT

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.

OBJECTIVES

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.

Example image of the surface topography of the burned area
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CONCLUSIONS

Based on the conducted
experiments and statistical analysis,

several significant correlations were [ oesmmiue | |

Srednia
Powierzchnia Objetnosé Max glebo/wysok glebo/wysok

identified between the chemical

Probka | Otwor Pik Otwor | Pik Otwor | Pik Otwor | Pik Ziarno

C#1 -0,383%9| 0,7629| -0,2055| 0,6542| 0,3190| 0,6065| 0,1514| 0,1879 -0,5041

CO m p O S iti O n Of Ste e I a I I OyS a n d th e Si#l 0,8389( -0,8234| 0,6975|-0,7914| 0,1037| -0,6369| 0,2529| -0,5856 0,5177

Si#3 0,8401 | -0,3562 | 0,6009 | -0,3346 | -0,0497 | -0,1674| 0,0256| -0,2674| -0,0460

Mn#10| 0,1124 -0,3727| 0,3295| -0,4070| 0,5549 | -0,6747| 0,5655| -0,3464| 0,4223

p a ra m ete rS Of S p a r k b u r n S ge n e ra te d Mn#4 0,7197| 0,0687| 0,5577| 0,0337| 0,1401| 0,1283| 0,1182| -0,1353 -0,4004

Mn#6 0,6794( -0,7695| 0,8322)|-0,8503| 0,7423| -0,7031| 0,8314| -0,9854 0,7981

Mn#5 0,2229( 0,3940| 0,0893| 0,3527|-0,0895| 0,5954|-0,1436 0,0615 -0,4760

during optical emission spectrometry. e e ol sous i o osl oo

S#1 0,266 | 0,6574| 0,0989| 0,5769| 0,1565| 0,6217| 0,0240| 0,1752 -0,7090

EI t h I b d Cr#l 0,3443( 0,1227| -0,0151| 0,2144 | -0,6299| 0,2879| -0,6005 0,4273 -0,5463
el I Ien S Suc aS l I IO y en U| I I’ Cr#13 0,6084| 0,0610| 0,3165| 0,0980)|-0,2741| 0,1772]| -0,2622 0,1528 -0,4946

Cré#9 0,3639| 0,1255| 0,0575| 0,2085| -0,4830| 0,1417| -0,4733| 0,4382| -0,5737

n M b. m nt. m n b It n d Cr#2 0,1569( 0,5179| -0,1387| 0,5654|-0,5289| 0,6050|-0,5819| 0,5753 -0,8439
I O I u 9 a I O y’ CO a ) a Mo#1 -0,3660) -0,00589| -0,6181| 0,1427| 0,9128 | 0,1807| -0,8361| 0,5845 -0,1122

Mo#2 0,1888( -0,4543| 0,2285|-0,4798| 0,1560| -0,184%9| 0,2429| -0,5523 0,5910

[ ] [ ] [ ) [ ] [ ]
V a n a d I u m eXh I b I t e d a OS |t|V e Mo#4 | 0,8167| -0,2575| 0,7115|-0,2722| 0,2878| -0,3509| 0,3052| -0,2574| -0,1310
p Mo#3 | 0,8655| -0,2782| 0,6536|-0,2661| 0,0517| -0,2142| 0,0983| -0,2091| -0,1641

Ni#13 -0,1242 | -0,6804 | -0,0564| -0,6239 | 0,0562 | 0,5949| 0,0766| -0,3112 0,8085

CO r re I a ti O n W i t h b u r n p e a k VO I u m e , :::i gi:;g 0,2022| 0,2310| 0,2164 | -0,0246| 0,0218| -0,0720 0,2644 -0,5412

-0,7923| 0,6269|-0,8459| 0,5581| -0,6600| 0,6688| -0,9017 0,8832

Ni#3 0,6086 | -0,1408 | 0,5621|-0,2112| 0,3122| 0,0636| 0,3256| -0,4917 0,0506

W h i | e n iC ke I , C h rO m i u m , a n d Ce ri u m Al#5 -0,2834| 0,6057| -0,1482| 0,4987| 0,2564| 0,6344| 0,1322| 0,0125 -0,3252

Al#b -0,5801| 0,8432| 0,4507| 0,7622| 0,0659| 0,7822| 0,0922| 10,3451 -0,5400

As#l 0,4323( -0,5306| 0,5703)| -0,5562| 0,5612| -0,7866| 0,6013| -0,4555 0,4257

S h Owe d a n ega tive CO r re | a ti O n . T h e B#1 0,0473| 05508| 0,1949| 0,4316| 0,5184| 0,3451| 0,3705| -0,0187| -0,4705

Co#1 0,4142| 0,0515| 0,1329| 0,1293| -0,3973| 0,0330| -0,3824| 0,3676| -0,5043

Co#2 0,7497( -0,0945| 0,5834]|-0,0957| 0,1159| -0,148%| 0,1182| -0,0827 -0,3232

m a Xi m u m b u N d e pt h i N C re a S e d wW i t h cu#1 | 0,2971]-0,0700] 0,0380] 0,0518] -0,6441| 0,0102-0,5837| 04336] -0,3710

Cu#2 0,0574( 0,0893| -0,3027| 0,2115| -0,8505| 0,3493| -0,7929 0,5107 -0,3935

Cu#6 | -0,1726| -0,1107| 0,0757|-0,2063 | 0,4831| -0,0300| 0,4756| -0,5161 0,4986

h ig h e r C O n Ce n t ra ti O n S Of a rS e n i C’ Cu#> -0,4863 | -0,2043| 0,2349| 0,2381| 0,2362| 0,1899| 0,2601| -0,2949 0,6272

Nb#1 -0,0486| 0,2142| -0,0906| 0,1775| 0,0938| 0,4865| -0,1095| -0,0733 -0,0874

Nb#2 0,0365| 0,6469| -0,1206| 0,6554 | -0,2446| 0,5249| -0,3524 0,5770 -0,8873

m a g n e Si u m 9 m a n ga n e S e’ m O Iy b d e n u m ’ Pbi#2 -0,1253| 0,1568| -0,0842| 0,1017| 0,0484| 0,3945| 0,0315| -0,1842 0:[]6?8

Sn#l -0,2828| 0,8395| 0,2244| 0,7722| 0,1033| 0,6407| 0,0664| 0,4354 -0,7732

[ ] [ ] [ ]
and niobium, and decreased with T2 | o647 05080 0398 05355 0.2632] 03127] 0.a095] o2950] 02922
9 Ti#2 -0,6347| 0,5989| -0,3983| 0,5339| 0,2432| 0,3127| 0,1039 0,2950 -0,2922

V#1 0,5031| 0,2408| 0,2841| 0,2276)| -0,1297| 0,4046| -0,1569 0,0659 -0,5235

greate r a m O u n ts Of C h ro m i u m , n iC ke I , z:is -0,5237| 0,5538| -0,2858| 0,4467| 0,3262| 0,5010| 0,2028| 0,0037| -0,139%

-0,3%06 | -0,3202| -0,1162| -0,3586| 0,3418| -0,3445| 0,3767| -0,3955 0,7209

WiH2 -0,0769| 0,3645| -0,3805| 0,4398| -0,7506| 0,6487| -0,7476 0,5203 -0,5398

CO p p e r’ a n d Zi n C . M a n ga n eS e a p p ea re d Zri#l 0,6009| 0,2074| 0,3978| 0,1948| -0,0256| 0,2425| -0,0621 0,0797 -0,56590

Ca#l 0,1031| 0,2765| 0,0323| 0,2972| -0,0530( 0,0259] -0,1150 0,3789 -0,5185

Sh#2 -0,8805| 0,8926| -0,9136| 0,9272| -0,5626| 0,8230| -0,6856 0,8898 -0,7217

m O St fre q u e n t I y i n St ro n g O r Ve ry Te#2 | -0,4661| 0,3820| -0,7178| 0,4866| -0,9062| 0,6367| -0,8056| 0,6704| -0,4176

Ce#3 -0,0661| 0,0066| 0,1514]|-0,0434| 0,4981| -0,3485| 0,4417| -0,0968 0,0737

La#l -0,7779| 0,1190| -0,5680| 0,1088| -0,0225| 0,1059)| -0,0396 0,0750 0,3215

St ro n g CO r re I a ti O n S W i t h g ra i n a re a Mg#2 | -0,3635| 0,0630| -0,0372 | -0,0472| 0,5711| 0,0027| 0,5186| -0,3941| 10,3937

Mg#3 -0,3438| 0,0870| -0,0163| -0,0287| 0,5938| 0,0206| 0,5349| -0,3974 0,3644

In#2 -0,5087 | 0,2840| -0,7426| 0,4266|-0,9173| 0,3278| -0,9007 0,8329 -0,4137

p a ra m ete rS 9 a I t h O u g h C I e a r N#1 -0,5897| 0,1528| -0,3227| 0,1217| 0,2642]| -0,1300| 0,2042 0,0902 []:1606

N#2 -0,2646| -0,38% | -0,3732| -0,2598]| -0,5521| -0,3328| -0,4389| 0,2426 0,331

dependencies were not always evident.  Legend: |

Overall, the results confirmed that 3205 modeate conelation - orange color
specific alloying elements significantly 8:;:2-Zesrtyr‘jt‘foﬁ‘;rg'fggi;nyf";Veve?'c‘j;l’or.
affect burn morphology and energy

distribution, offering insights for
refining spectrometric calibration and
improving analytical precision in steel

characterization.

Example analysis for sample RG 14/531
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