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Precipitation Behavior of Manganese Sulfide in the Steel Transformed
from §-Ferrite to Austenite after Solidification

Yoichi ITO, Nobuhiro NARITA, and Kaichi MATSUBARA

Synopsis:

Three steels with carbon content below 0.04% and sulfur content of 0.03% having different manga-
nese contents of 0.3, 0.6 and 1.29, respectively, were quenched from various temperatures on cooling
subsequent to solidification. The number and volume fraction of manganese sulfides in those steels
were measured, and also the relation between the sulfide distridution and microsegregation was examin-
ed in a 19 Mo steel. Through these experiments, the precipitation behavior of sulfides in the steels
which transformed from d-ferrite to austenite after the completion of solidification was investigated.

The results were as follows:

(1) Sulfides were grouped into two categories, one crystallized by a eutectic reaction and the other
precipitated after solidification. The latter was observed in all steels used in this work, but the former
only in the 1.29, Mn steel.

(2) The crystallized sulfide, which was typical of colony type sulfides, coarsened remarkably in &-
ferrite, but hardly in austenite.

(3) A small number of sulfides were precipitated in §-ferrite, but after §-y transformation the
number increased steeply.

(4) The precipitated sulfides were classified into the colony type and non-colony type. The former
increased but the latter decreased with increasing cooling rate and decreasing manganese content.

(5) Most of the precipitated colony type sulfides were observed in the finally solidified region.
The distribution of fine non—colony type sulfides was roughly uniform, while that of coarse one con-

centrated in the solute-enriched region, like the colony type sulfides did.
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Table 1. The compositions (wt%) and cooling rates (°C/ min) of samples.

Series C Si Mn P S f Sol. Al Mo Cooling rate
3M 0.03 <0.02 0.30 0.019 0.028 0.12 — 0.2~.2.0
6M 0.02 <0.02 | 0.59 0.019 0.029 0.12 — 0.5
12M 0.03 <0.02 | 1.18 0.019 0.031 0.12 — 0.5
Mo 0.01 <0.02 | 0.28 0.017 0.028 0.11 1.07 1.0
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Fig. 6. Average size of colony type sulfide.
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Photo. 4. Colony type sulfides in 12M series séfnple
cooled at the rate of 4.5°C/min and
quenched from 1410°C (x1000)
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Photo. 5. Isoconcentration contour map of molyb-
denum in the longitudinal section of Mo
series sample quenched from 1000°C.
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Fig. 12, Relation between the number of sulfide

and distribution of molybdenum content
in Mo series sample quenched from 1000
°C.
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1.29Mn) 12 3s1F B b DM BB I EE D4 U s
HMRIE &, BEECA U5 BB O = BRI k5
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— 114 —



BEIEC -7 =251 oA -ATFF4 PTERTAMITHT 5 MnS ORBKRER 763

Ll 0 A B AP AT AL T B8, TR
EAEBEL UTch o7,
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Th SR THIE LA b DL, 7HTHH LALLM
R RER B LI R B g h o,

(4) SRTHHTHBEME 0.6% XU 1.2%
Mn $CHZIh, HBEOIFH>BITHMABRED S,
FORE S, BHEEIFE L NES, #Hv& Cp B
PR IR D,

(5) 0—r %k, 2H O Cr Bk JONRSITIH
L, OISO Mn REMEWIZEHETHS.
Cp BIAHEEOWIME /1T Mn BEDOEI L LD
wigiml, NBERohi#otEHRzRLc.

(6) Cp BIIRMKBERCEFTTHEAIHRL, N
My Cp BILTidavAy, AFEOCEE T R L. &
¥, NBoOSFEKESCLIOTREY, HXikb O
& BB ST T A A A DT

Wi hic, AEBRTHM LM OREL LU
DHFIE LTS 0e (BR) A ABERPT, EHERC
®L, FEREHELET.
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