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Distribution, Shape and Behaviour of
the Plate-like Inclusion

(The Plate-like inclusion in steel Report 1)

Iwao HaGciwara
Kaichi MATSUBARA

Abstract

It has been known that there are the plate-like inclusions in steel, but the detailed
study has not yet advanced.

At first, the distribution of the plate-like inclusions in a 75t Ni-Mo-V ingot was
microscopically investigated, and the shape of the inclusions on fractured specimens was
observed.

Secondarily, a plate-like inclusion with the form similar to the inclusions in large-
scale industrial ingots was produced in our laboratory in order to make a small and
homogeneous specimens.

The results obtained from the investigation are as follows:

(1) The plane of precipitation of the plate-like inclusion is oriented in the plane
{100} of the austenite grain.

2) The temperature of precipitation of the plate-like inclusion is in the range
between 850 and 1200°C.

(3) The plate-like inclusion is precipitated when the cooling speed is less than 50
°C/min.
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Photo. 1. The plate-like nonmetallic inclusions in Ni-Cr steel.
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Fig. 1. Heat treatment of the 75 t-ingot

Table 1. Distribution of the inclnsion in the 75 t-ingot

| Counts (Mean value)
Po_51(tr10tnbof1the Total count Columnar A-Segregation | V-Segregation |Negative segre-
HREOl RORD crystal zone zone zone gation zone
Top 732 12 121 37
2/3 height 1756 7 183 208
1/3 height 1261 28 132 101
Bottom 1973 202 175

X360 (x2/3) X672 (x2/3)

Photo. 2. Microstructure of Ni-Cr steel (Ingot No. 4)
Etchant-Oberhoffers’ reagent
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Photo. 3. The plate-like nonmetallic inclusions
on the fractured specimen
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Table 2. Chemical composition of materials

Materials c l sio| M| P s | Ni| oo 1 Cu ’ Mo
Ni-Cr steel 0.33 | 0.23 O.(;l 0.029 0.016 3.67 0.73 — tr.
» 0.15 0.19 0421 0.010] 0.024 1.58 0.88 — tr.
Electrolytic iron 0.02 tr. tr. 0.003 0.001 tr. tr. tr. —
Silicon 0.038 99.56 0.02 0.066 tr. — — e
Manganese 0.94 1.01 96.90 — — — e e e
Iron Sulphide FeS>7022

Table 3. Chemical composition of ingots

Ingot No. C Si Mn P S Ni Cr
1 0.23 1.05 0.20 0.021 0.042 1.37 0.76
2 0.17 1.27 0.31 0.014 0.032 1.55 0.76
3 0.18 1.80 0.36 0.021 0.034 1.46 0.75
4 0.22 1.43 0.32 0.010 0.040 1.52 0.79
5 0.21 1.61 0.17 0.021 0.046 1.33 0.75
6 0.20 1.10 0.17 0.017 0.044 1.26 0.76
7 0.38 0.30 0.24 0.014 0.026 1.51 0.78
8 0.28 0.56 0.22 0.013 0.055 1.48 0.75
9 0.44 0.46 0.23 0.012 0.027 1.22 0.77
10 0.25 1.20 0.33 0.011 0.040 1.53 0.79
11 0.23 1.23 0.32 0.009 0.034 1.52 0.80
12 0.24 1.06 0.32 0.011 0.035 1.55 0.80
13 0.17 0.17 0.33 0.012 0.031 1.55 0.80
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Table 4. Chemical composition of specimens

Specimen C 1 Si Mn P S Ni Cr

Ni-Cr steel 0.28 0.56 0.22 0.013 0.055 1.50 1.0
Ni-Cr steel 0.14 0.14 0.18 0.017 0.104 1.70 0.4
C steel 0.08 0.24 020 | 0.011 0.055 — -
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