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Laser-Induced Plasma Spectra of Heating Surface Materials with
Different Hardnesses
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Abstract Laser-induced breakdown spectroscopy (LIBS) is used to analyze the properties of boiler heating surface
materials. Ovenproof steel 12Cr1MoV is made to a series of samples with different hardnesses by heat treatment
process. The appropriate spectral lines of the characteristic elements are selected and the impact of different
hardnesses on laser induced plasma properties of alloy steel is analyzed. Not only the relation between the hardness
and the ionic to atomic spectral lines intensity ratio of a matrix element and three alloy steel elements, but also the
relation between the hardness and the plasma temperature is analyzed. Experimental results show that the ionic to
atomic spectral lines intensity ratio and plasma temperature increased with the increasing hardness, because the
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plasma shockwave characteristic and the ablation quality are different.
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Table 1 Chemical composition of 12Cr1 MoV

Element Mass fraction /% | Element Mass fraction /%
C 0.08~0.15 Cr 0.90~1. 20
Si 0.17~0.37 \% 0.15~0. 30
Mn 0.40~0.70 Mo 0.25~0. 35
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Table 2 Hardness of experimental samples

No. 1° 2% 37 47 5%
Temper raw
temperature /C material 750 650 400 200

Brinell
hardness /HBW

JH < AR S BB b A e 2 TR IR R 500
700 S BUAS [ 52 A9 A i L A A AR A5 M A7 AEAR K

149 183 285 321 363

Pl 1 A [ 38 A it X O ) <5 A A1 L 45 4

Fig. 1 Metallographic structure of different hardness samples
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Fig. 2 Schematics diagram of LIBS experimental setup
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Table 3 Ionic and atomic spectral lines of the

analyzed elements

Transition

Wavelength / Lower Upper level -
probability
nm level E;/eV E,/eV
Ay /(10% « s71)
Fel 271.903 0.0 4.5585220 1.4
Fell 275.573 0.9863313 5.4841322 2.1
Mnl 279. 482 0.0 4.434911 3.7
Mnll 257. 610 — — —
Crl 425. 435 0.0 2.913485 0.315
Crll 283.563 1.549361 5.920446 2.0
VII 311.071 — — —
VI 318. 398 0.040104 3.932991 2.5
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Fig. 4 Correlation between the ionic to atomic spectral lines intensity ratio and sample hardness
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Table 4 Selected atomic lines of Fe to calculate the

plasma temperature

NIST A /nm  A,/(10° « s71) S E./eV
Fel 401. 45 0.24 11 6. 66
Fel 402. 19 0.10 9 5. 84
Fel 411. 85 0.58 13 6.58
Fel 430. 79 0. 35 9 4.44
Fel 432.58 0.51 7 4.47
Fel 438. 35 0. 46 11 4.31
Fel 440. 48 0. 275 9 4. 37
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