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Quantitative Analysis of Si and Mg in Ore Samples Using
Laser-Induced Breakdown Spectroscopy
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Abstract Laser-induced breakdown spectroscopy (LIBS) was used to yield quantitative elemental information of ore
samples. A Nd : YAG laser beam with wavelength of 1064 nm was focused on the sample surface to generate laser
plasma. The plasma atomic emission spectra were recorded by a micro-spectrometer. In order to optimize
experimental condition, dependence of the spectral line intensity upon laser pulse energy and time delay of signal
collection with respect to the initiating laser pulse were investigated. Strong influence of the laser pulse energy on
the spectral signal was found in the experiments. However, time-delay had less effect on the spectra within the range
of the selected time delays. Spectral lines of silicon (Si I line at 251.6 nm) and magnesium (Mg I line at 285.2 nm)
were separately used to determine, the silicon and magnesium contents in the samples based on the external standard
method. The relative standard deviations (RSDs) of the measured elemental contents relative to those standard
values were 7% and 3% respectively for the silicon and magnesium elements. It provides a basis for the feasibility of
rapid detection and elementary analysis with the laser-induced breakdown spectroscopic technique.
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Fig. 1 Schematic diagram of the expriment set-up
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Table 1 Data of spectral line intensities of Si I (251. 6 nm)
Sample 17 27 3% 47 57
1 3728 2720 2028 3028 2578
2 3753 2838 1930 3868 2426
3 3664 3126 1868 3406 2839
4 4110 2833 1862 3555 2737
5 3755 2856 2260 3751 2742
6 3762 3352 1874 3468 2956
Average intensity 3795. 3 2954.2 1970. 3 3512. 7 2713. 0
Relative average deviation 0.03 0. 06 0. 06 0. 06 0. 05
Standard deviation 158. 32 236. 83 155. 14 294. 32 188.12
RSD 0. 04 0.08 0.08 0.08 0.07
w(Mg)/ % 33.99 20. 83 7.28 25.42 16. 66
lg C 1.531 1. 319 0. 862 1. 405 1.222
lg I 3.579 3.470 3.295 3. 546 3.433
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Table 2 Data of spectral line intensities of Mg I (285.2 nm)

Sample 17 2% 3% 4% 57
1 2388 4690 4353 2144 4296
2 2370 4746 4228 2732 3828
3 2299 6004 3533 2160 5032
4 2384 5019 3993 2427 4450
5 2174 5172 5020 2645 4726
6 2141 5592 4403 2185 4895
Average intensity 2292.7 5203. 8 4255. 0 2382.2 4537. 8
Relative average deviation 0. 04 0.08 0.08 0.09 0.08
Standard deviation 110. 03 509. 85 491. 40 260. 17 442.09
RSD 0.05 0.10 0.12 0.11 0.10
w(Mg)/ % 0.25 4. 66 3.11 0.39 3.57
lg C —0.599 0. 669 0.493 —0.409 0.553
lg I 3.360 3.716 3.629 3.377 3. 657
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Table 3 Contents of Si and Mg elements in sample 57
Times 1 2 3 4 6 Average Stj:liird RSD iilizttii\(l)i
57 w(S/ % 13.74 11.94 17.17 15.78  15.85 18. 85 15.55 16. 56 0.16 0.07
5% w(Mg) /% 2.75 1. 82 4. 84 3.12 3.87 4.39 3.47 3.57 0.32 0.03
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