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Individual Analysis of Nonmetallic Inclusions in Steel
by Using the Gallium Focused Ion Beam Secondary Ion Mass Spectrometry

Bunbunoshin Tomivasu, Akihiro Inami, Masakazu Ase and Yoshimasa NIHEI

Synopsis :

Nonmetallic inclusions frequently exert a lot of unfavorable influences on the quality of steel. The size of nonmetallic

inclusions in current steel products is less than a few um in diameter. It is desirable to make clear the origin and
generation process of such small particles of nonmetallic inclusion. In order to measure the shape, size, composition and
inner elemental distribution, development of characterization methods for each inclusion particle is required.

By employing a gallium focused ion beam (FIB) as a primary ion beam of secondary ion mass spectrometry (SIMS),
the particle analysis with high spatial resolution is easily achieved. In this paper, we present the novel individual analysis

of nonmetallic inclusions in steel by gallium FIB SIMS.

We analyzed in two ways the nonmetallic inclusion particles segregated by electron beam melting. (1)By cross-
sectioning of the particle using a gallium FIB, elemental maps of cross-section were obtained. The elements were
distributed inhomogeneously on the cross-section. (2)We carried out the compositional analysis for several particles
individually. Ten particles were analyzed by the shave-off analysis and the multivariate cluster analysis. Based on the
composition of each particle, the inclusions were classified into six types.

Key words : individual analysis ; non metallic inclusion ; gallium focused ion beam ; secondary ion mass spectrometry ; multivariate

cluster analysis.
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Table 1. Chemical component of the steel.

C Si Mn P .S Ni Cr Mo Cu Al
1.015 0.23 0.35 0.009 0.001 0.04 1.47 0.01 0.07 0.016
(wt. %)
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Fig. 1. Schematic diagram of the submicron secon-
dary ion mass spectrometry.
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Fig. 2. Schematic diagram of the three dimensional
analysis.
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Fig. 3. Procedure of cross-sectioning of single inclu-
sion.

Table 2. Relative sensitivity factor for each ele-
ment in oxide matrix.
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Fig. 4. Comparison of Shave-off mode with conven-
tional mode.
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Fig. 5. Images of a single inclusion before cross-
sectioning.
(a)Secondary electron image, (b)Sketch of
the image(a), (c)Total secondary ion image,
(d)?*” Al*image, (e)*°Ca*image, (f)**Fetimage.,
Scale bar=10g m.
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Fig. 6. Images of a cross-section of single inclusion.
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Fig. 8. Results of median cluster analysis for 30
inclusion particles.

Table 5. Cluster analysis of several different kinds
of inclusions.

. Number of
Cluster MgO Al O, Sio, Ca0 particles
1 15. 76. 0.0 8.88 6
2 0.0 76. 0.0 24.2 7
3 8.4 74. 6.7 10.8 8
4 0.0 70. 6.1 24.1 6
5 16. 77. 6.6 0.00 2
6 1.9 25. 0.0 73.6 1
(wt. %)
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