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Morphology Control of MnS in Steel during Solidification

Katsunari Owawa, Hiroshi Ounrtani, Kiyohito Isuiba and Taiji Nismizawa

Synopsis : The morphology of MnS formed by solidification in steels and its modification by alloying of Al, Si, C and Ti have been
investigated by means of optical and scanning electron microscopy.

The morphology of MnS formed after the primary crystallization of Fe phase can be classified into (i ) droplet MnS
formed by monotectic reaction, (ii) rod-like MnS formed by eutectic reaction and (iii) fish-born type MnS formed by
irregular eutectic reaction. The morphology of primarily formed MnS in high sulfur concentration has been observed
to be (iv) spherical, ( v) dendritic and (vi) angular depending on the additional elements and melting atmosphere.

The mechanism of MnS formation has been discussed on the basis of the phase diagram information. It has been
shown that the spherical shape of the primary and secondary solidified MnS is formed through the metastable reactions.
The eutectic, dendritic and angular MnS are formed by the stable reactions, where the dispersed particles like TiN and

Al,O; with high melting temperature act as nucleants of MnS crystals.

The addition of C and Si promotes the stable

reactions by enlarging the temperature difference between the eutectic and monotectic points.
Key words : manganese sulfide ; inclusion ; morphology ; solidification ; phase diagram ; metastable reaction.
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Table 1. Content of oxygen and nitrogen in typical

specimens(mass%).
Mn S X (0] N Atmosphere
(2.5) (1.3) — 0.0135 0.0005 Ar
(1.0) 0.3) Si(1.0) 0.0048 0.0004 Ar
(1.0) 0.3) Al(0.1) 0.0017 0.0011 Ar
1.0) 0.3 A1(0.2) | 0.0004 0.0008 Ar
(2.5) (1.0) Ti(0.1) 0.0014 0.0396 N.

( )charged value
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Fig. 1. Monotectic MnS
(a) optical micrograph (Fe-1%Mn-0.3%S-0.
1% Ti) and (b) scanning electron micrograph
(Fe-1%Mn-0.3%S).

Fig. 2. Rod-like eutectic MnS in Fe-1%Mn-0.3%S-
0.19%Ti, melted under N,
(a) optical micrograph and (b) scanning elec-
tron micrograph.
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Fig. 3. Irregular eutectic MnS
(a) optical micrograph (Fe-19%Mn-0.39%S-
19%C) and (b) scanning electron micrograph
(Fe-19%Mn-0.3%S-5%Si).
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Fig. 4. Morphology of MnS in hypo-eutectic (or-
monotectic) specimens containing C, Si, Al
and Ti.
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Fig. 5. Primary spherical MnS in Fe-2.59%Mn-1.3%
S-0.3%C
(a) optical micrograph and (b) scanning elec-
tron micrograph.

Fig. 6. Primary dendritic MnS
(a) optical micrograph (Fe-4%Mn-29;S-0.
5% A1-0.3%C) and (b) scanning electron
micrograph (Fe-2.5%Mn-1.3%S-0.59%Al).
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Fig. 7. Primary angular MnS
(a) optical micrograph (Fe-2.5%Mn-1.3%S5-
196 Al) and (b) scanning electron micrograph
(Fe-25%Mn-1.3%S-0.5%Al-0.1Ti, melted
under N,)
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Fig. 8. Morphology of primary MnS in hyper-
eutectic (or-monotectic) specimens cotaining
C, Si, Al and Ti.
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Fig. 9. Schmatic diagrams for the Fe-MnS pseudo
-binary in stable and metastable systems
(a) phase diagram and (b) free energy dia-
gram at T,.
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Fig. 10. Phase equilibria in the Fe-rich region of Fe

-MnS pseudo-binary system, estimated
from the data on solubility of MnS in
molten iron.
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Table 2. Estimation of interfacial energy between
liquid Fe and MnS from the data on vari-

ous interfaces.
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Fig. 11. Estimation of interfacial energy between
Fe(L) and MnS(L) from the data on inter-

face between Fe(L) and slag (MnO-SiO,-
Ca0O-MnS).

47

Interface Energy/N+m™! Reference

lig. Fe/liq. MnS 0.2(estimated) (14)
lig. Fe/lig. MnO-SiO,-CaOQ| 0.7 (14)
lig. Cu/ligq. Cu,S 0.1 (16)
lig. Fe/solid MnS 0.6(estimated)

lig. Fe/solid Al,O, 1.8 (18)
lig. Cu,S/sol. Fe 0.47 (16)
lig. FeS/sol. Fe 0.4 a7
liq. Fe/sol. Fe 0.2 (15)
sol. Fe/sol. MnS 1.0 a7
sol. Fe/sol. Fe

(randam grain boundary) 0.85 1e)
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Fig. 12. Rod-like eutectic MnS developed from (a)
cubic TiN in Fe-19%Mn-0.3955-0.1% Ti and
(b) primary angular MnS in Fe-2.5%Mn-
1.39%S-0.59%A1-0.195Ti melted under N,.



I 628

% & $BVol. 80(1994) No. 8

L’CMnS (s) pidh L, Bz GEMnSHERLIZEE LS

o FEBRIIFig12 (a) ZaRLIZE 3, A HEKTING
%naalﬁvb’ GRAER LT LR G O A BRI MnSHT LIZ LIE
BEEAI NI, 2 7CFigl2 (b) &, ¥ % 6 { TiN&&H¥E
A b ELTaih LUK DO#EMDS (s) 6, #
LU THRELIERESMaSOBITH 5,

LEFRMS (s) DIAERBNITRMAEL b b BEREROFH
FxhEFzon, Mghdh T 2 I5MERYTLI NS L
[RIFR, RSP Fed H bRV I EWVRETH 5, REFFI
BYE S 5 B, By, SO S F¥ET 5 L, TIN
HiEx b (, ALO; DT Z LT KR, TiO, R Si0, 1k, 206 H
HROBAILFed b b #200°CE V5, MnO LiIEfRE LA 5 & Fe
DRESLITF 31920, oy, Ti (ArFHER) DM
TR H"MnS (L,) DIERY 4 b L L THE 5 Fig.
1@DE 5 CHERERDBSRMaSHER LIz LD LFE
Lhs,
4+4°2 FelDEEEIRERT = & 2 HERMnS (s) DK

C, Si#@lmmd 5 L, Fig. 4, 8ZRT & 5 iofkdt i,
FUFZ4 MK, AKkD 5 IR S MnSHAER L 12,
CLSIHIFefHDRIEZZE L (T3, 2/, pighPDSE
FOERBZHEITINETH 5, 2 DI, Fe-MnSHE 2
JCRD 2 WAEFEER (L, +L,) »Ek L, ¥, FefHod
MOBBWRE (L5, 2DHESR, Fig 13 RRBIZRT &
5142, KERDI S e’ L #ELRE RO db mim’ DIREZEHTK
s 3,

BNFEE LB L, 1 %BCEEHMLICFe-1 %Mn-0.3
%S-1%CRTIL, HAE LRBESDOEITKIOCCE £ 5, 5
52T, BWRETKRELRBHEPELC L VIR Y ERERDR
MRS ETE T, BEROELKIGHVERT A EHLL
b,

Fe - Mn-S stable

_____ Fe-Mn-S metastable
—-—-- Fe-Mn-S + C(Si) stable

metastable

—- Fe - Mn - S + C(Si)

g -
’S_’ ' F ' m ‘I i :
\A/Le ! |
L AT T il
T T T T A
! |
Fe MnS

Fig. 13. Changes in phase equilibria in the Fe-MnS
pseudo-binary system by alloying C or Si.
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