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Development of Separation and Evaluation Technique of Non-metallic
Inclusions in steel by Electron Beam Melting

Yoshio NURI and Kazusige UMEZAWA

Synopsis :

In order to evaluate amount, size, shape and composition of Non-Metallic Inclusions (NMI) in metal quick-
ly with high accuracy, an Electron Beam (EB) method was developed.

During melting of metal sample by EB, NMI floats on the top surface of the button-shape metal.
Suitable irradiation energy which does not change the original form of NMI was made clear. The results
by the present EB method were compared with those by conventional evaluation methods of NMI in metals,
and this method was found equivalent to microscopic and oxygen analysis methods.

This method was applied to commercial grade steels, and it was found that the EB method was effective
for various estimations in steel manufacturing, for example, for studying the effect of decrease of NMI dur-
ing continuous casting, various phenomena by determining the size, shape and composition of NMI, and qual-
ity of ultra high purity metals. Especially, this method was of benefit to aluminum-killed steels.

Key words : electron beam melting ; inclusion; irradiation energy; continuous casting; ultra high purity
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Fig. 1. Basic concept for evaluation of non-
metallic inclusions by electron beam.
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Fig. 2. Effect of electron-irradiation energy on
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Table 1. Chemical compositions of tested metals
(wt%).
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Fig. 3. Size distribution of inclusions in metal
before and after electron beam melting.
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Photo. 2. Effect of the electron irradiation energy on the size of oxide particles on EB specimens.
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Fig. 4. Relationship between the oxygen contents
of Al-killed steel before and after EB-melting.
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Fig. 5. Relationship between oxygen content and
specific oxide area of alumina inclusion.
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analysis.
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Table 2. Results of regression analysis of EB method and conventional evaluation methods of inclusions.

Evaluation method Optical microscopic . . Sampling position
of inclusion analysis T. [0} analysis Slime method of metal
Linear regression Y=0.158¢X+2.967¢ Y=0.108,X+1.644; —
Ladle
Correlation coefficient 0.994, 0.9774 —
Linear regression Y=0.055,X+3.791, Y=0.116;X—0.0175 Y=-0.0015X+9.1809
Tundish
Correlation coefficient 0.5877 0.903g —0.1415
Linear regression — Y=0.0065X+0.135; -
Slab
Correlation coefficient — 0.7445 —

Y : Amount of inclusions determined by EB method (mm?/g)

X : Number of inclusions determined by optical microscopic analysis (number/3.61 mm?), or total oxygen content (ppm), or amount of extracted inclu-

sions by slime method (mg/10 kg-steel)

Table 3. Required time of inclusion analysis by
electron beam method and optical microscopic
analysis (Number of sample : 30).

Time (min)
Method A B ¢ D
Preparation Melti Polisi M . Total
(Cutting eic.) elting olising |Measuring
Electron 90 140 0 130 360
beam (25%) (38.9%) (36.1%) {(100%)
Optical 330 0 990 570 1890
microscope (17.4%) (52.4%) | (30.2%) [(100%)
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A : Molten steel in the tundish (Al-killed steel) B : Tinplate
Analysis Shape of Composition (Oxide, %) Analysis Shape of Composition (Oxide, %)
number inclusion Al Ca number inclusion Al Ca
1 Granular 100 0 1 Granular 100 0
2 Non-granular 90.7 9.3 2 Non-granular 74.7 25.6
Photo. 3. SEM photographs and the compositions of inclusion on EB specimens.
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Fig. 9. Effect of temperature of molten steel in
the tundish and flux addition on the specific oxide
area.
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Fig. 11. Relationship between specific oxide area
determined by the EB method and total oxygen
content in steel before EB melting.
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