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On the Solid State Reactions between Mn-Fe Alloy

and Synthetic Sulfide Inclusion

Synopsis:

Hideo Hisapa, Kgin 110, and Kékichi SANO

In order to clarify the reactions between sulfide inclusion and matrix in rimmed steels at high temper—
atures, a synthetic sulfide slag was embeded into various Mn-Fe alloys and the solid state reactions between

them were studied at 1100°~1 450°C. Results obtained here are as follows. 1)
in the alloys by sulfur transfer from slag to surrounding matrix.

Sulfide were formed
Manganese concentration in matrix de—

creased rapidly. The region of precipitation of sulfide particles widened with increases of time and tem-—

perature and with the decrease of initial manganese concentration in matrix.
precipitation, sulfide precipitates coagulated to larger particles.
out precipitates in the neighborhood of the slag-metal interface.

2) Repeating solution and
As a result, there appeared a zone with-
3) The shapes and localities of precip-

itates were affected by oxygen concentration in alloy. When the oxygen concentration was very low,

precipitates appeared at the grain boundaries.

On the contrary, when the concentration was high,
_ precipitates appeared at random and were accompanied with some oxides. 4)

Silicon in alloy prevented

a little the sulfur transfer and the precipitation of sulfide.
(Received May 25, 1970)
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g. 1. Apparatus used for slag-making.
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Table 1. Composition of alloys used for

experiments.
Composition (%)
Alloy : .
Mn | S O Si

079, Mn-Fe 071 . 00030

0°'8¢, Mn-Fe 087 . 00052

12, Mn-Fe 1-37 - 0-0012

5% Mn-Fe 4-84 . 0-0080

1095 Mn-Fe 8-61 . G-010

0125 S-Fe 0-11 0-0010
0-2 ¢, S-Fe 0-18 0-0010
194 Si-Fe 0-0084 1-12

Mn-O-Fe(a)! 0-96 00035

: (b)| 0-88 i 00074

(c) 075 -« 00076

(d)| o0-88 o 1 0-0352

109% Mn-Fe Alloy

0°79% Mn-Fe Alloy

Photo. 1. Initial state of the boundary between

slag and metal (Slag: FeS).
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Fig. 3. Distribution of manganese in matrix (A)

and composition of precipitates (B) in 08
%Mn-Fe alloy after annealing at 1400°C

for 5 hr.
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and composition of precipitates (B) in 5%
Mn-Fe alloy after annealing at 1400°C
for 5 hr.
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F1g 5. Distribution of manganese in matrix (A)
and composition of precipitates (B)in 109
Mn-Fe alloy after annealing at 1400°C for
5 hr.
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(a) 1200°C (b) 1300°C (c) 1400°C
Photo. 2. Precipitates in 595Mn-Fe alloy after annealing at various temperatures for 5hr
(Slag : FeS).
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(a) 1000°C (b) 1100°C

(c) 1200°C (d) 1300°C

Photo. 3. Precipitates in 0°'8%Mn-Fe alloy after annealing at various temperatures

for 5 hr (Slag: FeS).

Table 2. Change of the composition of slag in 5% Mn-Fe alloy
by annealing at various temperatures.

% Bef‘;rrfneaﬁng 1 000°C x 5hr | 1 100°C x 5hr | 1200°C x5hr | 1300°C x5hr | 1400°C x 5hr
Mn 1°0 2:5 1-2 1-9 18 19°8
S 209 20-5 24-0 16-0 285 156
Fe 557 57-2 59°1 61-2 60-4 530
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Fig. 6. Distribution of manganes:
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Fig. 7. Relation between the annealing time and the

thickness of precipitation zone.
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Fig. 8. Distribution of sulfur in matrix (A) and

composition of precipitates (B) in 0-29;,

S-Fe alloy after annealing at | 250°C for

5 hr.
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Fig. 9. Composition of sulfide precipitates in 0°29,
S-Fe alloy after annealing at 1450°C for
5 hr.
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Photo. 6. Precipitates in Mn-O-Fe (d) alloy after annealing at 1450°C
for Shr (Slag : FeS).
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Photo. 7. Precipitates in Mn-O-Fe (a) alloy after annealing at 1 400°C
for 5hr (Slag : FeS).

FORIZED ST, L OWEHMI LTV LT LRES.
WBEEE A 1 300°C DL DA HEFTROIC bEE L
X 51, Turkbocan 50 LiviE, < OEEHFEL
T r 8D S OEMES T 25, BHEURED LR
E2TH S YRR LS. LarLl, 5% Mn-
Fe 3BHC 31T HEBRD X 51T 1 400°C OEB% 715D

T4 _(Photo. 2) R FHHOIEME, N TFOEET
BRI 2k TOE R EIERT, HEVELALD
TV, T, REHBS7 kS, —ERRLRE
INEFHBKRFICRINE Db ThD. Bh-BlA
SURME DEQITHIBT SR FITE NS VD, Th
AR X IR NI EE L TR F & DT w L.

— 85 —



234 g & 0 £

57 &£ (1971) §2=

1 J T r
Metol: Mn-O-Fe (a) @ \‘
Mn-0-Felc) = !
o0 |— Mn~0-Fe (d) -
Slag : FeS
&€ a0 q . s
1 /—4""_- ____ L
§ i‘/"",\/"”"
o | a
20 Preattd_]
|
/_l | ]
i
o}
1
40 - !
3 |
& : alg
= ot — *
» T e 1T "
20
- _a—8—
]
o}
a2
40 L
& ' —l
&2 20 Te~—a |
NP R P
o I
(o] 100 200 300 400 500 600
Distance from interface of slag and metal {x)
Fig. 10. Composition of precipitates in Mn-O-Ie

alloys of various oxygen concentrations
after annealing at 1400°C for 5 hr.
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Fig, 11. Distribution of sulfur and manganese in a

precipitate of 0'29,5-Fe alloy after an-
nealing at 1400°C for 5 hr.
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