HOKKAIDO UNIVERSITY

Title WRRFEEBNEDDOEME ERROFE : HHORRFEEENEN. F28R
Author (s) AR, ¥th; Matsubara, Kaichi
Citation BB KRB TEMMARS, 27, 53-59
Issue Date 1961-11-30
Doc URL https://hdl. handle.net/2115/40687
Type departmental bulletin paper
File Information 27 53-60. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




AR IEEG B ANAEY O E M & k3 D g

(Hrh DRI R EATEY 28 2 4)
(AN B i i

Effect of carbon content in steel on plate-like
inclusion and its identification

(Plate-like inclusion in steel—-Report 2)

Kaichi MATSUBARA

Abstract

Identification of plate-like inclusion in steel was conducted by chemical reagents and
by an electron probe microanalyser. In order to check the results of the two methods
mentioned above, the relationship between the amount of the inclusion and the content of
manganese and sulphur in ingots was Investigated.

As a second step, the temperatures at which the inclusion in both high and low carbon
steels, commence to precipitate during cooling and to disolve during heating, were care-
fully measured.

The results obtained from the investigations were as follows :

(1) The plate-like inclusion precipitated at 1000°C or over consisted of both FeS and
MnS, but when under 1000°C, the inclusion tends to be enriched by manganese.

(2) The occurrence of precipitation of the inclusion in steel should be satisfied by the
following conditions :

(a) The existence of manganese and sulphur is essential.
(b) The content of manganese is less than 0.9%
(c) The ratio of Mn/S is less than 15.

(3) The temperature of precipitation of the inclusion is nearly constant (1180-1200°C),
regardless of the carbon content in steel.

(4) The temperature of disolving of the inclusion in steel with poor content of man-
ganese {(under 0.09%) is 1290°C, independently of the carbon content. When the manganese
content is aproximately 0.3%, however, this temperature increases from 1320 to 1400°C with
a decrease in the carbon content from 0.9 to 0.14%.
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Fig. 1. Variation of manganese content between an inclusion and
matrix of a specimen.
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Fig. 2. Variation of sulphur content between an inclusion and

matrix of a specimen.
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Fig. 3. Variation of iron content between an inclusion and matrix
of a specimen.



56 wmoOE @ W 4

Photo. 1. Microstructure of the
specimen of Fig. 1. A trace
indicates area in which Mn
analyses were made.
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Photo. 2. Microstructure of the
specimen of Fig. 2. A trace
indicates area in which S
analyses were made.
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Photo. 3. Microstructucture of the
specimen of Fig. 3. A trace
indicates area in which Fe
analyses were made.
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Table 1. Chemical analyses of Ni-Cr steel and relation with the inclusion

Mn/S Mn } S C Si P Ni Cr Inclusion
0.4 0.20 0.441 0.26 0.46 0.018 i 1.72 0.38 very few
1.7 0.18 0.104 0.14 0.42 0.017 1.70 0.38 few
31 0.24 0.077 0.16 0.61 0.025 1.74 041 many
6.9 0.22 0.032 0.16 0.46 0.020 1.76 0.40 few

15.0 0.24 0.016 0.16 0.65 0.021 [ 1.76 0.40 nil
‘ ;

Table 2. Chemical analyses of C steel and relation with the inclusion

Mn/S Mn S C Si P Inclusion

0 ir 0.056 0.06 0.36 0.007 nil
0.5 0.03 0.062 0.11 0.34 0.009 nil
2.6 0.15 0.058 0.11 0.34 0.009 few
3.6 0.20 0.055 0.08 0.21 0.011 many
6.4 0.40 0.062 0.10 0.38 0.007 few

23.7 0.90 0.038 0.10 0.25 0.011 nil
0.5 0.22 0410 0.20 0.35 0.008 very few

MR NSCr i, CHLSN S E—DERER L, Mn/S kb 3§ POk /e P23
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Table 3. Chemical composition of specimens and temperatures of
precipitation and solution

Specimen C Si Mn P 5 Mn/S Tempsfr e Tempoefr e
o (22) (%) (25) (26) (25) precipitation solution
H1 0.77 0.39 0.09 0.005 0.022 4.1 1190 1290
H2 0.73 0.38 0.28 0.005 0.037 7.6 1180 1320
H3 0.78 0.41 0.41 0.005 0.085 4.3 1180 1330
H4 0.89 0.39 1.36 0.005 0.446 3.0 — —
M1 0.29 0.37 0.09 0.005 0.020 4.5 1200 1285
M2 0.36 0.38 0.32 0.005 0.048 6.9 1180 1370
M3 0.31 0.42 0.35 0.005 0.098 3.6 1190 1370
M4 0.49 0.39 1.36 0.005 0.466 2.9 — —
L2 0.14 0.33 0.29 0.009 0.030 9.7 1200 1370
L3 0.20 0.32 0.25 0.009 0.071 3.6 1180 1400

BrfEie >0 T, Mn & SoOFRIzg (H4), M4) #iEdke s, 002~0.10% S, 0.10~
0.40% Mn BEOHFHTE, HH CEE IR SRR B O BT R FE 3 1180~1200°C O RIC AR

Mn & S DZ 0 (H4), (M4) #§ TREBIRNMIEY O FAERYD 5 OB HEEZFT & 28D,
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M, Mn 81% Dl E&HFMAET 2 & Mn/S 38 Th o THBRAMERRERENED &
BEhits,
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Do B, Mn & SOFEIKEN(H4), M4) #iid ERo &5 BB chibdhid, $S0.02%,
Mn 0.09% &R (H 1), (M 1) 0O @ FHREE 3o #1iC < 5 ~NTHEAR® 1290°C [ o 7F
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