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Development of miniaturized long-range laser-induced breakdown
spectroscopy instrument and analysis of silicon, molybdenum and

chromium in alloy steel

SONG Xiaoran', NIU Guanghui’*, TANG Yue®, XU Yingtong®, LIN Qingyu™, DUAN Yixiang’
g gtong gyu

(1.College of Mechanical and Control Engineering,Guilin University of Technology,Guilin
541004,China;2.Baowu Heavy Industry Co., Ltd. R & D Center,Shanghai 201900,China;3.School of Mechanical
Engineering,Sichuan University,Chengdu 610064,China)

Abstract: In metallurgical and nuclear industry production, on-site real-time monitoring of the
element composition of materials in various production links is essential to improve product
quality and energy efficiency. Laser induced breakdown spectroscopy (LIBS) is an emission
spectroscopic element analysis technique, which has the characteristics of online detection and
remote analysis, and has great advantages in extreme environments such as metallurgy and nuclear
industry. In order to improve the flexible analysis ability of LIBS technology in various extreme
environments, the miniaturization design of remote LIBS instrument was realized in this study.
The modular design of the instrument, with the head as the base, can realize the flexible detection
and analysis of distant targets. 8 kinds of alloy steel standard samples are used as experimental

objects, and the spectrum is collected under the condition of 2 m to conduct quantitative analysis



of Si, Mo and Cr trace elements in the standard samples. The random forest algorithm was used to
construct the quantitative models of the above three elements, and the model determination
coefficients were 0.9998, 0.9988 and 0.9991, respectively. When the model was verified, the
minimum relative errors of Si, Mo and Cr were 14.6%, 12.9% and 11.6%, respectively. The
developed miniaturized remote LIBS instrument has good remote quantitative detection capability.
Keywords: laser-induced breakdown spectroscopy(LIBS);remote analysis;alloy steel;trace

element;silicon;molybdenum;chromium;random forest(RF)
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Fig.1 Remote LIBS instrument schematic diagram:(a)Instrument overall effect diagram;(b)Optical
circuit schematic diagram
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Table 1 Content of trace elements in alloy steel samples w/%

PRERE
ARE RS Si Mo Cr
CRM No.

PGOl 0220 0219  0.907
PG02 0410 0.378 0.0550
PGO3 0310 0294 0.408
PG04 0250 1.01 1.08
PGO5 1.06 0697 296
PG06 0390 0445  9.05
PG07 0210 1.03 225
PGO8 0260 0224  1.49
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Fig.2 Spectral infographics of different integral times
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Fig.5 Calibration curve of three elements content
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Table 2 Results of quantitative analysis of Si,Mo and Cr

JEER ARAERERD ARdEME TSR AR

Element R Standard Predicted 7

CRM No. value w/% content w/% - Relative
error/%

. PGO3 0.310 0.375 20.9

Si PGO8 0.260 0.298 14.6

Mo PGO03 0.294 0.341 15.9

PGO08 0.224 0.253 12.9

PGO03 0.408 0.328 19.6

cr PGOS 1.49 1.66 11.6
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