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Abstract: Dual-pulse laser-induced breakdown spectroscopy (DP-LIBS) is essential for highly sensitive

trace element detection. Although various mechanisms have been proposed for its signal enhancement, fur-

75 B #1:2024-02-28; 1&1T H #1: 2024-03-27.

BEE&WB:BEEE S AR EBIEH (No. 2017YFA0304203) ;4 7125 5 #1401 357 A1 B & & 31 %) % B 5 B (No.
IRT _17R70) ; B % [ & B} 2 %k 4 % B 5 B (No. 61975103, No. 61875108, No. 61775125, No.
11434007); 1113141 % Bh 3 H (No. D18001) ; 1 P45 “1331 T 72 " s 2 A 114 ¥ Bh i H



2030 e K TR 532 %

ther investigation is needed regarding plasma radiation fluorescence characteristics, spatial distribution of
plasma temperature, and particle number density. This study developed a theoretical model based on laser
ablation and two-dimensional axisymmetric fluid dynamics to simulate the spatiotemporal evolution of plas-
ma generation and irradiance in aluminum-magnesium alloy under single-pulse LIBS and coaxial dual-pulse
DP-LIBS conditions. We compared spectral line intensity enhancements at different pulse intervals and an-
alyzed the spatial distribution of plasma temperature, particle number densities, and plasma shielding ef-
fects to clarify the signal enhancement mechanism of DP-LIBS. Results indicate that the increased particle
number density and plasma temperature from the second laser beam primarily drive the enhanced plasma ra-
diation signals, while plasma shielding occurs mainly at the target surface boundary layer. This study offers
a vital theoretical foundation for experimental research and signal enhancement in DP-LIBS, aiding re-
searchers in optimizing experimental device parameters efficiently.

Key words: laser-induced plasma; radiation fluid dynamics model; double pulse laser-induced breakdown

spectroscopy (DP-LIBS); laser ablation; signal enhancement mechanism
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Tab.1 Parameters of aluminium-magnesium alloy targets

Parameter Value
Specific heat,c,/(Jog K ') 0.90
Mass density,p,/(geem ™) 2.70
Thermal conductivity,A,/ (W .
ecm K™
Reflectivity, R 0.90
Aborption coefficient,a/cm™" 1.5X10°

Melting point, T, /K 921 (Mg), 934 (AD)
1363 (Mg), 2792 (Al)
9.04X10° (Mg),

1. 0410 (AD)
1.16X10° (Mg),

2.55X10° (Al

Boiling point, T,/K
Heat of fusion, H,/(Jemol ')

Heat of vaporization, H,/(J+
mol ")

First ionization potential, P1/
- 7.65(Mg),5.99 (Al)
e
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Tab.2 Spectral parameters of alloy constituent elements

Species E/eV g A/(10"s™h)
A1T308.2nm 4.021 4 5.87
AlT1396.2nm 3.143 2 9.85
AlIl 466. 3 nm 13.256 3 5.81
Mg 1 285. 2 nm 4. 346 3 49.10
Mg I 279. 6 nm 4.434 4 28.00
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Fig. 6 Spatial distribution of plasma temperature under different excitation conditions
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