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

Hiroyuki KONDO and Naoya HAMADA

Synopsis : Fluorescence of atomic carbon in steel was detected at 193.09 nm by the excitation with laser pulse tuned at 247.85nm. Solid steel samples
were irradiated by pulsed Nd:YAG laser (ablation laser) to generate atomic vapor, which was then illuminated by the probe laser. One of ionic
iron lines is very close to the excitation line for carbon. However, its interaction was not found to be very significant because population of

ionic iron decreased faster than that of atomic carbon in a transient plasma induced by the ablation laser. When the probe laser was coaxial

with the ablation laser, fluorescence spectra with high selectivity was observed with delay of 50 us between two lasers. Fluorescence intensi-

ties were in a good linear correlation with contents of carbon in steel samples in a range of 83—5000 ug/g, which suggested that quantitative

detection of carbon would be possible with the developed method.

Key words : laser induced fluorescence spectroscopy; laser induced plasma; carbon in steel.
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Fig. 1. Experimental setup for LA-LIFS.

(25)2(2p)

ns) (2s)2(2p)(np)
3

S

10 o
4s

(] ™

3s

Energy level(eV)

0

Fig. 2. Energy diagram for atomic carbon.!”
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Fig. 3. Spectra for SiC observed in the same geometry.
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Fig. 4. LIBS (lower trace) and LA-LIFS with probe laser
tuned at 247.85nm (upper trace, offset by 100) for
SiC.
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Fig. 6. Geometries of perpendicular (a) and co-axial (b) irradiation of probe laser.
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dicular to and coaxial with ablation laser in a
course of delay.

BT, BB 7o —-7 L —F e —o L DOMEALE
FARRIZHBIT 2L EL NS, {-T, ORI,
EEIAS O H PEEAF L0 SHEEAREIRENI L
AL, TIL—AL0ER, 7L - 3 v L — S HEGE
HREDHFRINERBEDOAHE LD ERENEDO LIRS
%, BEHAFHOHE, EEAS L FREEOHNEE LB
720IiE, Tu—-T LV —-FOREELFRLDD, -4
RETEUERHLEDEELZ NS, T, AERT
&, 70—V —FOVY - AR EE L TICEBMAHSIET
To7,

i, BFEORGE S & 310, BREREANOREEDOERES
HEITT 22, T — LHORBEBEEDORIZL & B EE
IZ& BEREDOMHEE WD T 5D T, COUERTIRES IR
HRIEEIZOZDEET 2 8D Ll S,

C 190 ug/lg& B DWAK &2 5/ L THEl X Lz, LA-
LIFSD 22 + L DOJFHERRIC & 3 &1L % Fig. 81Z7R7 7,
BRI OREME & 312, MY —2OREOR Y — 2
PIWEL, BIREOENZIRY PABRELATHEDND
%, Ckh83uglg& B 5Hatk 2 LA-LIFS 0 #r L TH#l
BEXNZAXRY MULE, Tu—T L —FORE % L CEH
EN/FZANY P& & B ITFig 9IZRT, Fig 9ITRLAT
DDANRY PUIT, WG EIERFHE 50 us THIE XNz
EDTHD, TOMDIWEMHFEIE—Td 5, Fig. 9lcH
W, Fu—-7L oL LTI, EIE/ 4 VXL
TH-7CHOE—rnTu—T7 L —FORENZ & b BB



V=7 TV =¥ g v/ — RGO SIS HT OIS —fH P R c O —

25000
CI1193.09nm
20000
Bl
5 15000
:: Delay 30 4/ s
2
@
c
310000
=
Delay 40 4 s
5000
Delay 50 i s
0
190 191 192 193 194 195 196

Wavelength(nm)

Fig. 8. Spectra of LA-LIFS for steel containing 190 ug/g
of carbon with 30, 40 and 50 us of delay. Offset by
5000. Probe laser was coaxial with ablation laser.
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Fig. 9. Spectra of LA-LIFS and LIBS (lower trace, offset
by 1000) for steel containing 83 ug/g of carbon.
Delay was 50 us and probe laser was coaxial with
ablation laser.
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Fig. 10. Analytical results of steel containing 83-5000
ugl/g of carbon. Delay was 50 us and probe laser
was coaxial with ablation laser.
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