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Quantitative Analysis of Liquid Steel Component by LIBS Based on
Improved Multivariate Nonlinear Model
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Abstract When the laser-induced breakdown spectroscopy (LIBS) is used for on-line quantitative analysis of liquid
steel, matrix effect shows serious impact on the analysis accuracy. In the quantitative analysis, an improved
multivariate nonlinear calibration method is used to reduce the matrix effect. The improved method is compared
with univariate calibration and unimproved multivariate nonlinear calibration. The results show that the multivariate
nonlinear calibration exhibits better accuracy compared with the univariate calibration method. The analytical
performance is improved further after the multivariate model is improved. The fitting degree of calibration curves
for measurement of Mn, Si elements increases from 0.980, 0.984 to 0.985, 0.989, respectively. The relative error
for prediction of two validation samples decreases from 6.231%, 5.437% and 6.912%, 6.315% to 5.510%,
5.039% and 6.125%, 5.919%, respectively.
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Fig. 1 Schematic of LIBS experimental setup
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Fig. 2 Spectral intensity as function of time delay Fig. 3 Spectral intensity as function of laser energy
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Table 1 Selected analytical lines

No. Emission line /nm E./eV E;/eV
1 Fe 11 271.441 0.986398 5.552977
2 Fe I 346.586 0.110121 3.686638
3 Fe 1404.581 1.484964 4.548811
4 Cr 1II 286.257 1.525587 5.855826
5 Mn 1 403.076 0 3.075294
6 Si1288.158 0.781011 5.082689
7 Ni 1 341.476 0.025392 3.655427
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Table 2 Primary element of experimental samples (mass fraction)

Sample No. Fe/% Cr/% Ni/% Mn/% C/% Si/% Cu/% Co/% P/% S/%
ERM279-2 81.786  15.642 1.603 0.258 0.088 0.516 0.107 0.000 0.000 0.0002
ERM281-1 70.329 18.170 9.370 0.786 0.048 0.929 0.076 0.023 0.012 0.016
ERM282-1 67.150 16.720 10.860 1.640 0.086 0.734 0.109 0.000 0.019 0.004
ERM284-2D 67.496 16.811 10.720 1.745 0.020 0.537 0.183 0.053 0.026 0.024
ERM287-1D 67.439 18.610 10.350 1.480 0.016 0.569 0.203 0.148 0.027 0.001
ERM289-1D 55.238  14.630  24.680 1.106 0.049 0.531 0.000 0.065 0.012 0.003
ERM292-1D 68.927 18.000 10.090 1.744 0.037 0.402 0.039 0.026 0.018 0.006
ERM295-1D 48.360  19.510  24.400 1.758 0.017 0.418 1.481 0.045 0.017 0.001
ERM296-1D 82.020  11.820 2.790 0.676 0.117 0.242 0.1498 0.0218 0.018 0.003
ERM298-1D 63.380  24.720 7.056 0.398 0.0146 0.262 0.201 0.055 0.020 0.001
ERM276-2C 91.360 4.975 0.203 0.365 0.399 1.034 0.183 0.000 0.001 0.020
ERM278-1 78.795 18.110 0.236 0.405 0.903 0.336 0.077 0.000 0.015 0.005
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Fig. 5 Calibration curves with univariate quantitative method
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Fig. 7 Calibration curves with improved multivariate quadratic nonlinear function
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Table 3 Quantitative results of three analysis methods

Relative error /%

Method Element R
S1 S2
Univariate quantitative Mn 0.919 21.252 12.657
method Si 0.924 11.631 9.435
Multivariate quantitative Mn 0.980 6.231 5.437
method Si 0.984 6.912 6.315
Improved multivariate Mn 0.985 5.510 5.039
quantitative method Si 0.989 6.125 5.919
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