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Laser-induced breakdown spectroscopy (LIBS) utilizing an echelle spectrograph-ICCD system is employed for on-
line analysis of elements concentration in a vacuum induction melting workshop. Active temperature stabiliza-
tion of echelle spectrometer is implemented specially for industrial environment applications. The measurement
precision is further improved by monitoring laser parameters, such as pulse energy, spatial and temporal profiles,
in real time, and post-selecting laser pulses with specific pulse energies. Experimental results show that major
components of nickel-based alloys are stable, and can be well detected. By using internal standard method, cal-
ibration curves for chromium and aluminum are obtained for quantitative determination, with determination co-
efficient (relative standard deviation) to be 0.9559 (<2.2%) and 0.9723 (<2.8%), respectively.

© 2017 Published by Elsevier BV.

1. Introduction

Laser-induced breakdown spectroscopy (LIBS), also known as laser-
induced plasma spectroscopy (LIPS}, offers unique capabilities for on-
line composition determination, due to its versatility, minimal sample
preparation and simplicity. Although there have been a lot of discus-
sions over the last few years dealing with the LIBS technique and its ap-
plications as an analytical method [1-4], considerable research is still
continuing in order to further develop its capabilities of industrial appli-
cations. Fast measurement and remote sensing are important advan-
tages of LIBS [5]. Because of these advantages, LIBS combined with
three existing analyzing methods (at-line, on-line, and in-line) [6] can
be widely used for concentration analysis in production process of
alloy industry. At-line analyses employ an analytical system being
installed close to the process, on-line analyses are mainly referred to
as automated measurements directly coupled to a process, and in-line
analyses are designed to measure the material in situ in the process.
On-line analysis of elements such as carbon, phosphorus, sulfur, nickel,
and chromium has been reported in recent years. The on-line

# Selected paper from the Sth International Conference on Laser-Induced Breakdown
Spectroscopy (LIBS}., Ch ix-Mont-Blanc, France, 12- 16 2016.
* Corresponding authors at The Academy of Opto-electronics, Chinese Academy of
Sciences, Beijing 100054, China.
£-matl addresses: i

ac.cn (T. Zhao}, .ac.cn (Z. Fan).

https://doi.org/10.1016/j.5ab.2017.02.014
0584-854740 2017 Published by Elsevier B.V.

monitoring in steel melts of 100 kg is realized in melting shop at [EHK
of Germany, and the estimated detection limits for phosphorus, sulfur,
and carbon are below 21 pg/g for direct analysis of liquid steel [7].
The VAI-CON Chem system is used to argon oxygen decarburization
(AOD) converter, for ~1600 °Cand ~ 1.7 bar argon atmosphere molten
metal analyzing [8]. Silicon and carbon content measurement is also
on-line realized by the LIBS in ~ 1350 °C melting ferroalloy [9,10]. Now-
adays, on-line analysis using LIBS still faces many challenges, mainly in-
cluding not enough precision, repeatability, and environmental
adaption. In some strict opinion, on-line using LIBS for industrial com-
ponents monitor still not well realized for the reasons of precision and
repeatability [6].

Echelle spectrometer and intensified charge-coupled device {(ICCD)
are always used in laboratory. To get low limit of detection (LOD) and
high signal to noise ratio (SNR}, we choose the technical route of on-
line analysis using echelle spectrometer to split plasma emission light,
and ICCD to gather spectrum. It is known that ambient temperature
has obvious influences on ICCD. If environmental temperature changes
by 3 °C, ICCD will lose relative efficiency correction precision. Another
problem is that if ambient temperature changes too much, wavelength
precision of the echelle spectrometer will fall down. We tried to solve
these environmental problems by implementing industrial-structure
design. Here, we will make a further discussion about background and
instrument requirements for on-line monitoring of vacuum production
process of alloys. The remaining part of this paper is laid out as follows:
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