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On-line Analysis of Molten Steel in Steel Making Processes
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Table 1.

Development for direct analysis of molten steel in 1950s to 1960s.

Methods of analysis

Performers

Spark and arc plasma emission spectrometry

IRSID'Y  Zavod. Lab.!?
Sheffield Univ.'¥ Battelle Lab.!¥

Direct analysis by emission spectrometry on
surface of molten metal

Laser emission spectrometry

National Research Institute for Metals'®

Ford Motor'® Battelle Lab.}?

Radiated emission from molten metal

Zavod. Lab.!®

Plasma emission spectrometry with particles generation

Towa State Univ.!¥® BSC'?
Battelle Lab?® ARLZ?) BISRA%?

Emission spectrometry with adhesive sampling

Battelle Lab.!¥

Table 2. Development for direct analysis of molten steel in 1980s.

Methods of analysis

Experiment at laboratory Experiment at actual furnace

Spark plasma emission spectrometry

Kobe Steel?®
Nippon Steel?¥

Laser emission spectrometry

Direct analysis by emission spec-
trometry on surface of molten metal

Los Alamos National Kawasaki Steel?®
Lab.?
Lehigh Univ.2®

Okayama Univ.2?

Electron beam excitation

ONERA3V

at hotspot

Measurement of emission spectrum

Nippon Steel®®

Laser excitation

Los Alamos National Lab.25

Plasma emission spectrometry with

particle generation Ar gas injection

Nippon Steel3239 BSC33

Spark excitation

Nippon Steel®®

Plasma emission spectrometry with chemical reactions aerosol generation NKK3®
Duisburg Univ.3®
Analysis by exhaust gas dust NKK3® NKK3

Measurement of equilibrium gas pressure

Nippon Steel*® Nippon Steel®D
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Fig. 13. Dehydrization pattern in RH process
observed by inert gas injection method*®.
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Table 3. Comparison of specification between on-site and conventional type of spectrometer®®.

On-site type A

On-site type B

Conventional type

Dimention (mm)
1100 W X785DX1420H
Radius of curvature of diffraction grating

750 W X1 100DX1 450H

1530 W X990DX 1 380H

500 mm 750 mm 1000 mm
Reciprocal linear dispersion
0.74 am/mm 0.33 nm/mm 0.47 nm/mm
Measuring system .
Simultaneous integration Simultaneous integration PDA-method
Pre-spark conditions
10 H 30pH 140w H
C 8uF 12.2uF 2.5uF
" 16" o
* Pulse height distribution analysis method
0.01
i on-site type
89 -
5
3 s
X"
0.001 |— .
R conventional type
i
*—34¢-—-’ "l JJJLILIL [V NN W S Y
0.01 0.10 1.0

Fig. 14. New sampler for on-site method of

analysis?9.
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Fig. 15. Comparison of accuracy between on-site
and conventional type analyzer*®.

Table 4. Analytical conditions of emission spec-
trometer?®”,

Dimension 1300W X1 150DX1 530H (mm)
Focal length 750 (mm)
Reciprocal linear 0.52 (nm/mm)

dispersion
Wavelength range
Element

168-500 (nm)

C, Si, Ma, P, S, Cu, Ni, Cr;, Crz, Mo, V, Ti,
Nb, B, Ca, Al* -

Pulse distribution analysis (A1*)

Measuring system "
Simultaneous integration { Except Al™)

* Soluble-aluminum and total-aluminum

ik 34 FRIOBEGHIIEE 2 RE S HLEHN
&%, Table 3 DK% RT. 4 44 NRIZET
o THTFRONEEIRDLENS, HFAELRET
B R & OB SRM S DB 3V F — PR
BRELRAL TV, SHERAORARMERS T
HBEEOCHOWMBEOEHRS * KB L 28R % Fig. 15
R RIRERTE A VA MRS RE O
BENRRE LD 0.1% UEOBRERTRIZIIRED
BESELN TS, BRI O 547 E THOfEIH
HIAHETCFEY6minl0s 2B L T2 DWEREDHE
BT 2min30s & KIRICOHREHPERE LTV, 2
DRERRMEHOBEREOM EANER EN T 5.
NKK T H HARRE L A 23 A P oRe
FATWEFICER L Tw5. NKK T Fig. 16 1237
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Table 5. Comparison of time for analysis?”.
Cooling — Handling — Cutting — Handling — Transfer * — Polishing — Analysis Total time
(Grinding) (Cooling)
(Cutting)
Conventional sample . 60 + 20 + 60 + 30 + 60 + 120 + 60 410 (s)
New disk sample 30 + 10 + 60 + 60 160 (s)

* From RH to analytical center

Pt
&
15 mm
50 mm '
l ——
—3 33 mm [K“ —>i 30 mm  je-

(A) Block Sample (B) Disk Sample

Fig. 16. Shape of samples®”.
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