26 g & 0

w57 & (1971) ;1=

2

X

V) o R FEEBNEY EH# & O IRic DWW T*

ZEOEEM - AEFBRT - BFEEART

&ﬁ%%*****

On the Reactions between Non-metallic Inclusion and Matrix

Metal in a Rimmed Steel

Kohji Miwa, Hideo HisaDA, Koin ITO, and Kokichi SANO

Synopsis:

Steel ingots are generally subjected to various heat treatments during processing to final products.

For example, those are annealed for a long time in a soaking pit prior to rolling.

In this period, there is

a possibility that some reactions between non-metallic inclusions and matrix around them can occur.
The reactions during annealing of ingot and slab of a rimmed steel were studied here by examining the
changes in composition of inclusions and matrix by means of the electron probe microanalyser. Results

obtained are as follows.

1) ‘When the ingot was annealed at the soaking temperature for a long time,

compositions of inclusions changed probably to attain the equilibrium with matrix at the temperature. The
magnitude of such changes varied with the position in ingot, hence it was supposed to depend on the rates
of solidification at each position. Some reactions may take place between inclusion and matrix and between
components of inclusion such as oxide and sulfide. 2) In the case of slab under similar treatment, inclusions
changed their shapes to spherical readily at above 1 300°C, and the compositions changed largely at 1 100°C

resulting in an increase of manganese concentration.

(Received May 21, 1970)
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. Sampling positions in a rimmed steel
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Fig. 2. Sampling positions in a slab and its
chemical composition.
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Table 1. Changes in composition of non-metallic inclusions ‘B5 and D5 by annealing at
1100°C for various times.
Annealing Oxide Sulfide Mn/Fe
time Mn Fe Mn Fe | s Oxide | Sulfide
‘ 1

g 0 hr 41 44 40 40 14 0-9 10
. O 1 50 - 30 42 40 16 1-7 11
© 2 49 29 49 14 19 17 3-5
A3 5 65 16 52 14 25 4-1 3-7
£ 7 62 13 50 11 27 48 46
&80 10 67 12 60 14 28 5'6 4-3
° 0 43 36 38 28 27 1-2 1-4
Ag& 7 68 10 54 8 25 68 68
Lge 10 69 7 56 9 27 9-9 62
SS%S 15 64 8 50 9 27 80 56

. — 28 —



YA FETESENMEMEBEKEDORBIZ2WT

29

“Photo. 1.

Table 2. Changes in composition of non-metallic inclusions in “skin” by annealing at

various temperatures.

(Mn, Fe)O

(Mn, Al, Fe)O

(Mn, FelS

(Mn, Fe)O

+

{Mn, Fe)s

(Mn, Fe)s

(Mn, Fe)O

Examples of inclusions in the ingot before annealing. (x400)

Oxide Sulfide Mn/Fe
Part. Condition

Mo | Fe | Mn | Fe | 8 | Al | Si | Oxide| Sulfide
: Before annealing — — 40 6 4 15 17 — 67
A 1300x 8 hr — — 32 8 5 15 17 — 4-0
1000x 8 hr — — 52 4 4 15 10 — 13-0
. Before annealing — — 60 9 5 9 7 1 — 6-7
B 1100 8 hr — — 54 8 5 6 9 — 69
1000x 8 hr — — 66 10 5 9 9 — 6°6
Before annealing — 63 5 6 3 10 — 12-6
C 1300x 8 hr 65 15 40 18 5 12 3 4-3 2:2
1100 10hr — — 63 6 5 9 3 — 10°5
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Table 3. Changes in composition of non-metallic inclusions in “center of rim” by

anneling at various temperatures.

Oxide Sulfide Mn/Fe
Part. Condition
Mn Fe Mn Fe S Oxide | Sulfide
Before annealing 65 15 44 15 25 4-3 2-9
A 1 300 ¢ 10hr 66 14 — — — 4-7 —
1 100 x 10hr 72 7 — — — 10-3 —
Before annealing 64 18 62 12 25 36 52
B 1 100 ¢ 10hr 72 9 71 8 15 8-0 8-9
1 000 10hr — — 64 9 10 — 71
Before annealing 63 16 55 13 21 39 4:2
D 1 300 10hr 63 17 71 8 15 3-7 8-9
1 100 10hr 67 7 60 7 14 96 8:6
Table 4. Changes in composition of non-metallic inclusions in “boundary of
rim/core” by annealing at various temperatures.
Oxide Sulfide Mn/Fe
Part. Condition
Mn Fe Mn Fe S Oxide | Sulfide
Before annealing 38 41 38 26 29 0-9 15
A 1 300 % 10hr 54 26 37 29 29 2-1 1'3
1 100 X 10hr 59 19 57 16 30 31 36
Before annealing 51 30 48 29 22 1-7 1-7
B 1 300 x 10hr 60 20 47 25 29 "3-0 1-9
1 100 x 10hr 63 19 54 18 32 33 30
Before annealing 45 38 44 28 29 1-2 1-6
D 1 300 x 10hr 64 14 55 14 30 4-6 3-9
1 100 x 10hr 73 9 64 9 30 8-1 7-1
Table 5. Changes in composition of non-metallic inclusions in “middle of core”
by annealing at various temperatures.
Oxide Sulfide Mn/Fe
Part. Condition
Mn Fe Mn Fe S Oxide | Sulfide
Before annealing 52 28 52 20 26 1-9 26
A 1 300 x 10hr 53 27 34 33 27 20 1-0
: 1100 x 10hr 66 14 56 9 34 47 6-2
Before annealin 40 41 38 33 14 1-0 1-2
B 1 100 % 10hr 67 12 60 14 28 5'6 4-3
1 000 % 10hr 67 10 50 10 37 67 5:0
Before annealing 43 36 38 28 27 1-2 1-4
D 1 300 10hr 65 15 54 19 24 43 2-8
1 100 % 10hr 69 7 56 9 37 9-9 62
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Fig. 4. The initial distributions of manganese and sulfur
in matrix around inclusion in specimen of D4.
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Fig. 5. Distributions of Mn and § in matrixjof D4 after
annealing at 1100°C for 10 hr.
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Table 6. Changes in composition of non-metallic inclusions in ‘‘center of core”
by annealing at various temperatures.
: . Oxide Sulfide Mn/Fe
Part. Condition
Mn Fe Mn Fe S Oxide | Sulfide
Before annealing 46 34 52 21 29 1-4 2:5
A 1300 x 10hr 48 23 47 26 25 2-1 1'8
Before annealing 46 29 33 36 20 1-6 09
B 1300 x 10hr 47 29 34 37 25 1-6 09
‘ 1100 10hr ‘63 13 61 8 30 4-8 7:6
Before annealing 43 36 46 27 25 1-2 1-7
D 1300 8 hr 67 14 47 22 28 4-8 2-1
1100x 8hr |- 50 28 45 —- 29 28 1-8 1-6
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Table 7. Changes in composition of
non-metallic inclusions in
slab corresponding to “center
of rim” by annealing at
various temperatures.

Conditions Mn " Fe
Before annealing 59°5 74
1 100°C x 10 hr 62-8 4:0
1300°Cx 10 hr 52:7 13:0
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Table 8.

Changes in composition of non-metallic inclusions in slab corresponding to

“boundary of rim/core” by annealing at various temperatures.

Condition Sulfide Oxide

Mn Fe S Mn ' Fe

Before annealing 45-7 18-9 346 48-0 240
1 100°C x 10hr 518 7-6 443 57-1 12-8

1 300°C x 15 min 382 20-1 31-8 49-0 16-1
lI3OO°C %X 30 min 38-5 203 290 47-5 18-8
1"300°C'x 1 hr 35-8 20-8 33-3 46-8 17-6
1'300°Cx 2 hr 42-0 234 264 55-0 20-4

1 300°C x 10hr 42-2 22-3 32:4 56-4 12-8
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Fig. 7. Solubility curve for sulfur in austenite
(calculated using E. 7. TURKDOGAN’S
results!®),
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