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Relationship between Morphology of Nonmetallic Inclusion in Solidified Steel Evaluated
by Fractal Dimension Analysis and Oxygen Concentration of Its Molten State

Satoshi YAMASHITA, Takeshi OGURA, Sonoko ISHIMURA and Minoru SASABE

Synopsis : Relation between morphology of nonmetallic inclusion in solidified steel and oxygen content in its molten state is examined. The oxygen

content in the molten steel is observed by an oxygen sensor with solid electrolyte. It is revealed that morphology of the nonmetallic inclusion

can be expressed by fractal dimension and fractal length. The larger oxygen content gives the larger fractal length. The fractal dimension of

each nonmetallic inclusion is about 1.2. The fractal dimension is not affected by oxygen content in molten steel.
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@ Heater(Kanthal super)
@ Crucible(Al,0;)

@ Alumina tube

@ Water bath

® Thermocouple (PR-type)
® Thermometer

@ Digital voltmeter
Recorder

® Oxygen sensor (Cr/Cr,0,)
@@ Molybdenum wire

Fig. 1. Schematic illustration of the furnace for melting
steel.
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Fig. 2. An explanation of the procedure to obtain a fractal
dimension by the box counting method.
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Fig. 3. Single sphere inclusion named I-type.
(added Al: 0.01 mass%, retention time: 10min, in
middle part of solidified steel)

Fig. 4. Inclusion coagulated with sphere and/or cubic par-

ticles, named II-type.
(added Al: 0.05mass%, retention time: 2min, in
middle part of solidified steel)
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Fig. 5. Emission pattern inclusion named III-type.
(added Al: 0.05mass%, retention time: 2min, in
bottom part of solidified steel)

Fig. 6. Example of dendritic inclusion named I'V-type.
(added Al: 0.1 mass%, retention time: 2min, in
middle part of solidified steel)
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Fig. 7. Chain constructed of sphere particles named V-
type.
(added Al: 0.1 mass%, retention time: 10min, in
upper part of solidified steel)
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Fig. 8. Relationship between logarithm of sieve size, d,
and logarithm of number of sieve, N.
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oXygen Sensor.
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Fig. 13. Relation between deoxidation amount and fractal
length.

Table 1. Results of fractal dimension analysis for non-
metallic inclusion.

Type of inclusion Fractal iimension Fractall_length Correlationrcoefﬁcient
1-Type 0.92 * 0.07 856 = 7.11 0.987 *+ 0.09
I-Type 1.16 %= 0.05 135 %= 20 0.997 % 0.01
m-Type 1.26 = 0.10 242 + 84 0.997 + 0.01
NV-Type 1.34 = 0.18 293 = 86 0.998 =+ 0.01
V-Type 1.19 = 0.10 36.3 = 35 0.997 = 0.01

I -Type : Single sphere

I -Type : Coagulated with sphere and/or cubic particles
M -Type : Emission pattern

IV-Type : Dendritic pattern

V -Type : Chain with sphere particles
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