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Quantitative Analysis of Nonmetallic Inclusion in Steel

by X-Ray Microanalyser and Optical Microscope

Minoru Sasaxi, Hiroki HAMADA, Hiromu SOGA, and Ohiko KAMIMORT

Synopsis:

Oxide inclusions in a Fe-Cr-Ni steel sample were classified in four types; they are those composed
of mainly silicate glass, wollastonite and silicate glass, dendritic crystals and silicate glass, and the
aggregate of fine crystals. Main constituent phases were analysed by X-ray microanalyser to presume
the chemical composition of the inclusions. In addition, a correction method for estimating the
actual size distribution of spherical inclusions from that of sectional radii of the inclusions on polished
surface of steel was investigated. This method was applied to microscopic analysis of the inclusion

of each type in the steel sample.

These analytical results are discussed with relation to the steelmaking conitions.
(Received May 21, 1969)
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Table 1. Chemical composition of the steel sample.
Ni Cr Cu Ma | P S Si ¢ | o
9-0 1855 012 1-08 ’ 0-027 0-006 0-76 0-058 0-0104

Table 2. Analytical results of the oxide inclusion by chemical extraction method.

Chemical composition (%) Oxygen content*
Size (p) - (in steel, %)
MnO FeO CaO MgO Cr;Og Al O, Si0,
>120 43 — _ 1 — 14 42 0-00048
120~70 .23 — 16 1 12 10 38 0-00064
70~20 26 11 10 4 18 6 35 0-00113
<20 | ‘ (Mixed with much of chromium carbides) 0.00815%**
* Calculated value from the oxide content
** [Total oxygen] (% )—[oxygen contained in over 20 4 inclusions] (%)
Type 1 Type I Type Type I¥

a) Reflected light b) Transmitted light ¢) Transmitted light (crossed nicols)

Photo. 1. Microstructures of the typical inclusions. x 1000 (1/2)
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Table 3. Analytical results of the inclusions by X-ray microanalyser (%).

Inclusion Analysed phase MnQO | CaO | MgO Cr;O; | AlzOg | TigOg S10. Sum

IA Silicate glass 10 30 60 0-9 15 07 33 96

1B 4 19 16 4-2 58 75 25 40 95

1C 4 23 85 62 63 63 3-6 41 95

IA Silicate glass 15 24 - 52 35 73 1°5 39 95

IB 4 21 20 4-4 4-2 68 2:0 38 96

IA Silicate glass 25 — — 73| 24 2:0 36 94

B 4 23 — — 7-2 25 1'9 35 92

nc 4 30 34 — 6°5 17 16 34 93

ID ” 30 — — 12 14 2-4 40 98

WA Aggregate 42 07 | — 12 — 04 | 35 90

(7 )* C 7 ) (42) 0°6) — an (=) 0-4) | (33) (87)

VB ” 45 08 — 11 1°0. 0-4 31 89

(7)* C 7 ) (46) 07 - (12) 7| 04| G 91

*  With the sample scanning method
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R: actual radius, r;: sectional radius

Fig. 1.

Sectional radius of a sphere.
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Fig. 3. Results of microscopic analysis of the four
types inclusions in’ the steel sample.
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