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Giant Pulse Laser Spectrochemical Analysis of C, Si, Mn in Solid Steel

Tsuyoshi Ozaky, Tsutomu TAKAHASHI, Yoshie IwAl

Koki Gunj1, and Emike SuDO

Synopsis :

A method of spectrochemical analysis by means o

f G. P. (giant pulse) laser has been applied to

the analysis of C, Si, Mn in solid steel and its most suitable condition has been studied. The following

results have been obtained :

(1) In atmosphere of the analysis, Ar or Ar+3%H, is better than N, and air from the point of

view of spectral intensity and SN ratio.

(2) As,a result of examinations of influence of laser energy on spectral intensity and intensity ratio,
it is generally suitable to set up laser energy above 0.3]. And for the purpose of minimization in
variations of each analysis, intensity ratio to Fe Il 271.4nm should be used.

(3) In the most suitable condition described above, calibration curves have been made and its

relative errors of analysis have been evaluated.

(4) As a result of the time profile studies of the spectral lines obtained in Ar atmosphere, it has
been shown that the separation of line and background is possible, and so that SN ratio of the analysis

is much improved by this technique.
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Table 1. Specification of G.P. laser.
Material Ruby (Cr 0.05%)
Peak power 50 MW
Wavelength 694.3 nm
Half width about 20 ns
Stability +5% (CV)

Q-switching Rotating prism, 24000 rpm

Table 2. Specification of vacuum spectrometer.

Mounting Paschen Runge mounting

Grating Bausch & Lomb concave grating
Concave radius 1m
Number of grooves

Ruled area

Blaze wavelength

2 160/mm

4% 24 mm

200.0 nm

160~410 nm
Height
Height

0.463 nm/mm

Wavelength range
Entrance slit ~ Width 60 z (fixed)
Exit slit Width 100 4+ or 50 g
Reciprocal linear dispersion

14 mm
10 mm

;‘:

Laser induced iy OO

Laser beam

1. Condenser lens
2.Entrance slit

9. Mirror (plane)
10. Mirror{spherical)
3.Grating 11. Window board
4. Exit slit 12. Photomultiplier
5.Mirror (sylindrical) 13. Prism
6.Mirror (plane) 14, Window board
7.Condenser lens 15. Laser beam condenser
8.Condenser lens lens

(sylindrical)

Fig. 1. Experimental apparatus.
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Sample holding
stand

Fig. 2. Cylinder type atmosphere controlling
apparatus.
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Table 3. Chemical composition of samples.

Element (%)

Sample

C Si Mn P S Ni Cr Mo v Cu
55401 1.06 0.59 1.00 0.042 0.009 0.025 0.080 0.52 0.52 0.100
55402 1.29 0.27 0.19 0.006 0.023 0.73 0.55 0.16 0.22 0.23
55403 0.72 (0.080 1.69 0.064 0.036 0.24 0.42 0.080 0.24 0.17
55404 0.67 1.04 0.52 0.050 0.018 0.46 0.68 0.33 0.100 0.30
55405 Q0.058 1.38 1.28 0.017 0.060 0.12 0.21 0.017 0.32 0.015
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Table 4. Analytical lines.

Element Analytical line
Fe Fe II 271.4 mm
Mn Mn IT 293.3nm
Si Sil 212.4 nm
C clI 193.1 nm
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Fig. 3. Influence of atmosphere on each spectral
intensity and intensity ratio to BG 220.5nm.
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Fig. 4. Intensity-time curve in various-
atmospheres.
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Fig. 5. Influence of Ar flow rate on each spectral
intensity and intensity ratio to BG 220.5nm.
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Fig. 6. Influence of laser energy on each
spectral intensity.
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Fig. 8. Influence of laser energy on each intensity
ratio to Fe T 271.4 nm and intensity ratio to BG

220.5 nm.
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Fig. 9. Calibration curves.
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Table 5. Relative errors in values of analysis.

Average value of

. Coeflicient c
Line pair negression  of decision, relative orror, %
2
T 1 unit 4 unit
Mn II 293.3
FenII 271 422 »=1.601x0-4289  0.980 8.26 6.50
Si1  212.4
Fell 214 ::: »=1.985x0-1586  0.978 12.7 8.40
1 193.1
LI 198.1nm o gorx0.1780  0.956 20.0 14.9

Fe 1I 271.4nm
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Table 6. Coefficient of variations in relative intensity and intensity ratio.

Spectral line Line pair

Sample . Mn II 293.3 nm SiI 212.4nm CI 193.1nm

Fe II 271.4nm ™Mn II 293.3nm Si I 212.4nm ' C II 193.1 nm Fe 1T 271.40m Fe II 271 . 4nm Fe IT 271 4 om
$S5401 0.0253 ©0.0353 0.0389 0.0563 0.0252 0.0181 0.0437
SS402 0.0140 0.0234 0.0259 0.0299 0.0232 0.0221 0.0265
55403 0.0108 0.0249 0.0279 0.0251 0.0241 0.0233 0.0194
S5S404 0.0115 0.0372 0.0324 0.0464 0.0408 : 0.0250 0.0390
53405 0.0192 0.0273 0.0215 0.0362 0.0113 0.0261 0.0297
Average 0.0162 0.0276 0.0293 0.0338 0.0249 0.0229 0.0313
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Fig. 10. Intensity-time curves for Mn J[ 293.3 nm.
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Fig. 11. Intensity-time curves for Si I 212.4 nm,
C 1 193.1nm and Fe ITI 271.4 nm.
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Rl, (RFRFhDARZ F ABRBEDES DL
ORI bR, () IXE#ECII kD bRL0OT,
ZEFRC(1) X D ZODMBDERFEA LD, ThEE
2L LCRLEDDTHS. Fig. 11 iwR$ Si]212.4
nm, GT193.1nm, Fel[271.4nm OBAIZAEEDFHLE

TEOLh () 0B b DR ERT.

FTHEED BG RN H 40ps ¥, BAMED 1
~2ps (IR BDHZENFEBLTONE, —F, 5 A
7 b, BERENRETLROARNZ b AR LR
feb, SiT 212.4nm f 50 us 7 MnJ293.3 nm
D 80 us ETIEN DB, “hbDERL 0, BG ol
FEANRZ P EBTEEOBARZ b A LT LM
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D, OTCZDOEmMKRA A vESIIRE LTELIE,
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ROAF VP BHECIRFHREFESTVRB W & F £
B, BEEALZ P ADFRKRER PR OB AT S 2D
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2~3 2, 20 s TI1E 5~ 945D SN oMM ERIh
7o, EFh, X612 30ps, 40ps » 5, 35 E—ESN |
TS,
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Py ATV ARV —F R X LEEKSEETO C, S, Mn 0 ZX5 K54 871
Table 7. SN ratio at each integration interval.
SN ratio
Spectral line C"(’if)’“ /(1) (2/(1)
’ (1) Total (2) After 10 us (3) After 20 ps
CI193.1nm 0.058 0.593 1.75 3.57 6.02 2.95
0.67 1.83 5.31 10.4 5.64 2.90
1.06 2.14 6.32 12.3 5.74 2.95
1.29 (2.45) (7.34) (14.9) (6.07) (3.00)
Mn IT 293.3 nm 0.19 (0.461) (1.25) (3.03) (6.58) (2.71)
0.52 0.908 2.26 5.03 5.54 2.49
1.00 1.49 3.99 8.76 5.88 2.68
1.28 2.05 5.99 15.1 7.38 2.92
Si I212.4nm 0.27 (0.142) (0.603) (1.33) 9.34) (4.25)
0.59 0.451 1.28 2.62 5.80 2.84
1.04 0.576 1.81 4.07 7.07 3.14
1.38 0.687

1.99 4.48 6.59 2.90

gempteto G, Si, Mn S¥TCEHRB T 5 56 ORE &Mt
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