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Experimental Comparison Investigation on Emission Spectra of
Reheating Double and Single Pulses Laser-Induced Fe Plasmas
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Abstract Plasma of steel sample is produced by single and reheating double pulses laser-induced breakdown
spectroscopy in air, and the spectrum excited by two ways is studied. Two lasers are used in reheating double pulses
laser-induced breakdown spectroscopy. One arm is used to ablate samples to produce plasma; while the other arm is
reheat to the produced plasma. Through comparison of reheating double pulses and single laser on steel sample show
that intensity of emission spectrum is enhanced; signal of continuous spectrum is amplified; Signal repeatability is
improved using reheating double pulses excitation, the measured signal relative standard deviation is decreased from
5.0% to 2.0% by ten times. In addition, the factor affecting signal enhancement is presented and discussed. The
signal enhancement level with the delay between two pulses and the acquisition delay are also investigated. At the
same time, an additional research issue to be tackled is the effect of the increasing influenced by excitation energy
levels. The higher the excitation energy levels are, the more the enhancements are.
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Fig. 2 Emission spectra of steel under the single-and reheating double-pulse excitation
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Fig. 3 Continuous spectrum using the single-and double-pulse excitation
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Table 1 Comparison of relative standard deviation (RSD)

using single and double pulse excitation

SP-LIBS RDP-LIBS
Spectral line /nm
(RSD) /% (RSD) /%
344. 08 4.0 2.6
387. 84 4.1 2.5
404. 61 5.0 1.7
432.57 4.8 2.6
438. 38 5.6 2.1
441. 50 4.5 1.7
495.73 5.5 1.6
561.57 5.3 1.5
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Table 2 Correlation between excitation energy levels Ey and increases in intensity

Probability transition

Excitation energy LIBS signal

Atom line Wavelength /nm .
A (107 s71) level Ey enhancement
1 Fel 309. 99 1.93 5.01 7.53
2 Fel 319.61 1. 40 6.71 16. 22
3 Fel 320. 54 9.77 6. 35 11. 40
4 Fel 330. 59 4.05 5.95 9.93
S Fel 344. 06 1.71 3. 60 6.05
6 Fel 354. 11 8. 65 6. 35 13.46
7 Fel 375.82 6.34 4. 26 6.03
8 Fe I 381.58 1.12 4.73 6. 10
9 Fel 383.42 4.52 4.19 6. 15
10 Fe I 395. 64 1.76 6.37 15.41
11 Fel 404. 58 8.62 4,55 5.49
12 Fel 406. 35 6.65 4.61 6.48
13 Fel 411. 85 4. 96 6.58 13.93
14 Fel 413. 20 1. 18 4.61 5.97
15 Fel 414. 34 2.70 6. 04 9.71
16 Fel 427. 11 1. 82 5.35 7.80
17 Fel 428. 24 1.21 5.07 7.05
18 Fe I 429.92 1. 29 5.31 7.42
19 Fel 430. 79 3.38 4,43 6. 54
20 Fe I 438. 35 5.00 4.31 5.99
21 Fel 522.68 1. 36 5.41 8.38
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