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Inspection of the Defects of Steel by Using Laser Induced Breakdown Spectroscopy

Michihiro Ammoto, Hiroyuki KoNDO, Hideaki Y AMAMURA and Takehiko ToH

Synopsis : Quick evaluation technique of the defects of steel materials by Laser-Induced Breakdown Spectroscopy (LIBS) was established. A Q-

switched Nd-YAG laser with high pulse energy was used for laser breakdown, and the emission from breakdown plasma was transmitted and

introduced into a spectrometer via optical fiber. A Paschen—Runge mounting type spectrometer was used for multi elemental analysis. As a

result of measurement, LIBS could detect specific elements in defect parts due to alumina inclusions (Al) and contaminations from continu-

ous casting mold flux (Al, Ca, Mg, Si, Na) as well as slag (Al, Ca, Mg), which caused surface defects. The proposed method made it possible

to inspect the steel defects within 30 min including the sample preparation at the production site. Elemental mapping (C, Si, S) of central seg-

regation of slabs was also shown. The results demonstrated the possibility of the fast mapping technique for the purpose of screening of the

slabs.
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Fig. 1. Schematic diagram of LIBS system.
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Table 1. Elements and analytical lines.

Element Analytical !ine(nm)
Sil 252.4
Mg Il 279.6
Ca Il 393.4
Al 11 396.2
Al 309.3
Na | 589.0
In | 303.6
Fe | 310.1
[ 193.0
S | 180.7
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Fig. 2. Calibration curve of Al in steel.
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Fig. 3. EPMA analytical results for sample (a).

Fig. 4. EPMA analytical results for sample (c).
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Table 2. Samples used in the present study.

Sample Description of defects

Source of defects

(a)
()
(e)
(d)

Broad (<5 mm) line defect
Thin (<1 mm) sharp line defect
Several thin (<1 mm) line defects
Two thin (<1 mm) line defects

Contamination of mold flux
Aluminum inclusions
Contamination of slag
Residue of oxide scale

Laser irradiation
a
o 1]
0

Defect part Normal part

Defect

Cross section for
EPMA

Fig. 5. Sample and laser irradiation position.
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Fig. 6. Signal intensities obtained by LIBS in defect and normal parts for samples (a) and (b). O: Normal part, X: Defect part.
Sample (a) : Defect caused by the contamination of continuous casting mold flux. Sample (b): Defect caused by alumina

inclusions.
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Fig. 10. Elemental mapping results of central segregation.
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