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Abstract Calorific value is a major indicator of the quality of coal. In this study, we use nanosecond, femtosecond,
and dual-pulse laser-induced breakdown spectroscopy (LIBS) to quantitatively analyze the calorific values of 18
standard coal samples exhibiting different calorific values. The comparison of nanosecond and femtosecond plasma
spectra denotes that the femtosecond plasma spectra exhibit less continuous noise and better signal-to-noise ratio
when compared with those exhibited by the nanosecond plasma spectra; further, the relative standard deviation of
the spectral line intensity is smaller, whereas the stability is higher. Femtosecond laser-induced breakdown
spectroscopy (fs-LLIBS) can obtain high linear fitness of the element content without any baseline correction but it
has the disadvantage of weak spectral intensity. We construct a dual-pulse LIBS system using a femtosecond laser as
the spectral excitation source and a nanosecond laser for plasma heating. Experiments denote that the dual-pulse
LIBS can considerably enhance the emission lines. Finally, we combine nanosecond, femtosecond, and dual-pulse
LIBS with the partial least squares (PLS) method to quantitatively determine the calorific values of coal samples.
The fitting degrees of the calibration curves (R*) are 0.9553, 0.9897, and 0.9964 for the three aforementioned
methods, respectively. The use of dual-pulse LIBS can effectively improve the accuracy of the quantitative analysis
of the calorific value of coal.
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Fig. 1 Structural diagram of single pulse LIBS setup
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Table 1 Carbon mass fraction and calorific value of standard coal samples

Mass fraction Calorific value /

Mass fraction Calorific value /

Sample No. of C /% (M~ kg D) Sample No. of C /% MJ - kg )
1 79.70 31.23 10 57.82 22.45
2 76.21 30.00 11 56.15 21.64
3 81.44 31.74 12 18.43 7.60
4 78.08 30.28 13 5.80 2.28
S 81.45 31.86 14 78.30 31.29
6 78.58 32.60 15 82.30 32.16
7 79.60 31.50 16 79.77 31.09
8 49.30 19.42 17 76.57 29.90
9 67.08 26.95 18 80.79 31.50
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Table 2 Emission line of input parameter for quantitative analysis based on PLS

Element Emission line /nm  Input emission /nm Element Emission line /nm  Input emission /nm
C 247.84 247.65-248.15 Si 288.13 288.02-285.54
Mg 285.17 285.00-285.52 Al 309.27 309.00-309.50
Ti 334.92 334.80-335.10 Fe 393.36 393.03-393.56
CN 388.28 387.44-388.48 Ca 422.69 422.42-422.90
C, 516.37 516.21-516.73 Na 589.72 589.52-589.91
H 656.22 653.00-659.78 O 777.34 776.47-777.88
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