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Application of Laser Ablation—Laser Induced Fluorescence Spectroscopy to Analysis of Steel
—Detection of Low Phosphorus in Steel—

Hiroyuki Konpo and Naoya HAMADA

Synopsis : Quantitative detection of phosphorus in steel by Laser ablation—laser induced fluorescence spectrometry has been studied. Solid steel samples

were irradiated by pulsed Nd:YAG laser (ablation laser) to generate atomic vapor, which was then illuminated by the probe laser. Laser in-

duced fluorescence spectrum of phosphorus with the highest selectivity was obtained with excitation at 255.49 nm among transitions of

atomic phosphorus in 253-256 nm. Dependences of fluorescence intensity on pulse energies of ablation laser and probe laser were investigat-

ed. Fluorescence intensity was found to be logarithmically proportional to the ablation laser pulse energy with the slope of 3.2-3.3. Fluores-

cence intensities were in a good linear correlation with contents of phosphorus in steel samples in a range of 37-350 ug/g. Relative standard

deviation were 5.6 and 12.8% at 72 and 170 ug/g of phosphorus, respectively.
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Fig. 1. Optics for laser irradiation and observation of fluo-
rescence.
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Fig. 2. Schematic diagram of energy levels for phospho-

rus. Heights of the levels are not scaled. Wave-
lengths are in nm.

Tabel 1. Lines in the vicinity of atomic phosphorus transi-

tions.
. Lines of coexisting elements
PI 1(@m Z(om) (1A 2| ()

. Mn I 253.410(0.012)
2533976 | po 1 953.38(0.018)

253.5603 | Fe I 253.5601(0.0002)
255.3262 | Mn I 255.327(0.0008)
255.4915 | Fe [l 255.4945(0.003)
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Fig. 3. Spectra of LA-LIFS with steel containing 350 ug/g of phosphorus. Upper trace and lower trace are obtained with and with-
out excitation laser, respectively in every frame. Excitation wavelengths are (a) 253.40nm, (b) 255.33nm and (c)

255.49 nm.
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Fig. 4. Excitation spectrum for PI 255.49 nm.
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Fig. 5. Dependence of fluorescence intensity on pulse en-
ergy of ablation laser.
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Fig. 6. Dependence of fluorescence intensity on pulse en-
ergy of probe laser tuned at 255.49 nm.
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Fig. 7. LA-LIFS spectrum subtracted by that without laser
excitation. Sample was steel containing 37 ug/g of

phosphorus.
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Fig. 8. Calibration curve for phosphorus in steel with LA-

LIFS.

Table 2. Determination of phosphorus in steel (n=3)

(ug/g).
Sample | Certified | Found sd RSD, %
JSS1002 72 77.3 4.3 5.6
JSS1003 170 169.5 21.7 12.8
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