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On-line Analysis and Automatic Analysis in Steel Making Processes
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Table 1. Development for direct analysis of molten steel in 1950 s to 1960 s.

Methods Performers
Spark and arc plasma emission spectrometry IRSID'?, Zavod. Lab.!®,
Sheffield Univ.!¥, Battelle Lab.!5
Direct analysis by emission spectrometry on surface of | Laser emission spectrometry National Research Institute for Metals'®,
molten metal Ford Motor'”, Battelle Lab.!®
Radiated emission from molten metal Zavod. Lab.!V
Plasma emission spectrometry with particles generation Iowa State Univ.!?, BSC29,
Battelle Lab.2", ARL??, BISRA%
Emission spectrometry with adhesive sampling Battelle Lab.!Y
Table 2. Development for direct analysis of molten steel in 1980 s.
Methods Experiment at laboratory Experiment at actual furnace
Spark plasma emission spectrometry | Kobe Steel’¥), Nippon Steel?®
Laser emission spectrometry Los Alamos National Lab.%®, Lehigh | Kawasaki Steel?”
Direct analysis by emission spec- Univ.2?, QOkayama Univ.
trometry on surface of molten metal | Electron beam excitation ONERA3?
Measurement of emission spectrum Nippon Steel®!
at hotspot
Plasma emission spectrometry with | Laser excitation Los Alamos National Lab.2®
particle generation Ar gas injection Nippon Steel®3¥% BSC3
Spark excitation Nippon Steel?®
Plasma emission spectrometry with chemical reactions aerosol generation NKK39, Duisburg Univ.3?
Analysis by exhaust gas dust NKK3? NKK*®
Measurement of equilibrium gas pressure Nippon SteelV Nippon Steel*?
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Fig. 2. Schematic diagram of ultra fine particle
ICP system for direct analysis of molten steel®®’,
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Fig. 3. Relation between Mn concentration in mol-
ten iron and Mn/Fe absorbance ratio obtained with
direct analysis of dust by graphite furnace AAS™,
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Fig. 4. New sampler for on-site analysis of
molten steel’®’.
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Table 3. Comparison of specification between

on-site and conventional type of spectrometer®®,
On-site On-site Conventional
type A type B type
Dimention (mm)
1100 wx785d 750 wX 1100 d 1530 20X 990 d
X1420 h X1450 k X1380h
Radius of curvature of diffraction grating
500 mm 750 mm 1000 mm
Reciprocal linear dispersion
0.74 nm/mm 0.33 nm/mm 0.47 nm/mm

Measuring system

Simultaneous Simultaneous

PDA-method 1

integration integration

Pre-spark conditions
L 10uH 30 wH 140 uH
C 8uF 12.2 pF 2.5uF
R Gt o

t Pulse height distribution analysis method
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Fig. 5. On-line analysis system for plating
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Fig. 6. Block diagram of on-line analysis system
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Fig. 7. Block diagram of on-line analysis system by using filter paper for plating solution™’.
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Fig. 8. Schematic diagram of on-line X-ray
fluorescence analysis system for electro-plating
steel®.
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