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Formation of MnS-type Inclusion in Steel

Yoichi ITO, Noriyuki MASuMITSU, and Kaichi MATSUBARA

Syno psis:

The formation mechanism of MnS-type inclusion in steel was investigated on the basis of the ex-
perimental results with the effects of sulfur content and cooling rate on the morphology of sulfide,
the relation between the solidification structure and the distribution of sulfides, and the observation of
formation process of sulfide in steel quenched from various temperatures.

As the result, it became clear that the sulfide which formed an eutectic colony (type ][ according
to SiMs’ classification) was increased with the sulfur content in steel and the cooling rate, observed
mostly in the region solidified lastly and formed in contact with the melt at the final period of solidi-
fication, and also that the non-colony type sulfide (type I, type I and so on) was hardly affected
with the sulfur content in steel, decreased as an increase of cooling rate, observed mainly around a
dendrite and increased remarkably after the finish of solidification.

These results can be explained rationally by an idea that the colony type sulfide is formed by the
eutectic reaction while the non-colony type sulfide is formed as the precipitate from the solid steel.
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Table 1. The compositions (wt%) and cooling rates (°C/min)
of steel ingots prepared for the experiment.
Series C Si Mn P S Al (o) Cooling rate
A 0.28 0.47 0.79 0.020 0.013~0.063 0.09 0.0023 0.5
B 0.19 0.46 0.73 0.017 0.029 0.10 0.0029 0.14~2.2
C 0.24 0.04 0.70 0.018 0.030 0.07 — 0.5
D 0.17 0.01 0.72 0.165 0.053 — — 0.5

Table 2. The composition of blind feeder in a
60 t sand-casting. (Wt%)

C Si

Mn’ p S Al

0.26 | 0.43 0.006 | 0.020

0.74 } 0.011

p——— Z——%¢ Y 4AX

| —|
IOOmm

Photo. 1. Sulfur-print of the shadowed portion
in Fig. 1. :
The signs of A to H show the regions
prepared for the observation of sulfide.
X : Columnar crystal zone, Y : Branched
columnar crystal zone, Z : Equiaxed
crystal zone.
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Dimensions of the blind feeder in a 60
ton sand-casting.

The position of block cut out for the
experiment is indicated as a shadowed
portion. (Dimension : mm)

Fig. 1.
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(a) type I (x500), (b) type ¥ (x110)
(e) type H (x500), (d) type X (x500)
Photo. 2. The classification of sulfide shapes.
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Fig. 2. Number (A) and volume fraction (B)
of sulfides in the blind feeder.

The signs of A to H correspond to those
in Photo. 1.
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Fig. 3. Relation between number of sulfide and
sulfur content in steel.
(A) Numbers of type I colony and
the sulfide particle.
(B) Numbers of type T, type I and
type X sulfides.
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Fig. 4. Relation between volume fraction of
sulfide and sulfur content in steel.
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Fig. 5. Relation between number of sulfide and
cooling rate.
(A) Numbers of type II colony and
the sulfide particle.
(B) Numbers of type I, type [T and
type X sulfides.
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Fig. 6. Relation between volume fraction of
sulfide and cooling rate of steel.
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phorus in the longitudinal section parallel
to the primary dendrite arm.
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Photo. 3. The microstructure corresponding to
Fig. 7.
Dark portion is dendrite.

4000} M

O Type I
Type N

[)]
(o}
Q
(e}

(cm™)

2000F ] k

] ]
QM

0I0 Ol4 Oi7 020 025 -
-0I0 Zolg4 ~0i7 ~020 -025 -0.30 O30

Phosphorus Content (%)

1000}
600

i
¢
A

400

Number of Sulfide

200

Fig. 8. Relation between number of sulfide and
distribution of phosphorus content.
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Fig. 10. Relation between volume fraction of
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(a) Fine sulfide colony crystallized from the melt during quenching from 1450°C. (x175)

(b) Coexistence of type I colony (coarse colony) crystallized -already at the quenhcing
temperature (1 420°C) and fine sulfide colony crystallized during quenching. (X 175)

(c) Type T colony observed in the sample quenched 1200°C. (x100)

(d) Type I sulfide observed in the sample quenched from 1 200°C. (x500)

Photo. 4. The microstructures quenched from various temperatures.
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T ENTES.

type I RELTohF CREEIRTHWHREN
RS & LTk, DAL B X 5 @)dmat & FREDRIKS-

~ SON B X BHMERDIN DB, L BieELow DIV

type [ 23CH B\ Si WEHLEL, »OSBREDR
W IR E LT, FhshboEED EWVH Tk
HEERRBRIG IO TR IhD &) B2 REL
fo. REBRCHER U, Ticbbiti @i s 358K
RO R T, MnS mFEHTE Rk Logk+
MnS D3EFRIEDOHRTH Y, MWL DO L HEIR &
T 5By, type M b type II & RBRICIHAATY &%
T bisus. LieaioT type A EREOILS
RIS 22T, Fic type MA35HEsk S SIGIC 2T
BEh5 &5 BieeLow Loy, Zh BAERER &
FETDLDOTIRER. 33 THRL 5K, type N
7V S A+ OFOED BRBRIC T TE SBES
R, type I ZEHEORKERETCS . LThdz type
T T type N 052k v BECRE LEE
Z T HIE B, 3.4 FioMELBR OB D
BREYE2TED, ZOoFEEIHELLH LAERC
ST B Z L TE AL,

Fig. 9 & X" Fig. 10 1% type M LH LT3
2w = —HEEbY, Ticbd type NABEK TR
BXNEED, TOBEBENTR IO TR
DT ERRLTWAS. 0BT, Thboibiys Bl
W LR LIc T35 2 EET 5O TRl e
52530 ThDH. X TEEDLDRREN T HION
T D S BEBAEA L, TofER type NOHTHIT5
LE L i, ZDELT, BtYoHERLEZ S SEER
X OBHEEOFE, Tt LUt OoAm & BEHEE
DER T LT 5 ERERNFER R TE 208
& PLTFERE Licws, i oERCik SEBER G 2
DEHEDRKEVCR Mn DEEY—ER LTSI &,
Mn/S At 13~60 & IEGRYR o Tod Bkt & L CIE
FEIND Mo 2NN Ll EnD, Sof
BEMBIZISEBERCISOTHE VR LAV EEZ B
5. LIch 2 CTREOET & & bICERBEA 2 <Hi
THRYEI MO SEENRELLTH, BE—EE
B THAS. ZOHENT Fig. 4 © X >oCEMT BR
%. —7, BHERENKE L kD EENHYORITHEL
B0, BEEROBBERT OINBGEE /N I\ Iedfl 4 D
FHI+2EBEcERins. oM EHBEREN
AR Ui ST 238 2, R EHERE AT
5. Zhr BB ELEDLLhAHE ThH Y,
Fig. 5 (B) B X0 Fig. 6 2z ofH % LX< RLTW»
%.

BEOER TE T, S Mn OHFEEB L E DI
LI /& End, BE»#ETTIh, h
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AR MnS B A0 R HE 655

SOBEOESVEM S RETAZ A IRSE. £h
W 2 BERCHTHT AWM ST v ¥ 7 4 PSS
BRI B TINS5 &\ 5 R EoTH 5 5. Lo
L Fig. 8 @ type N BT 2R 13- 0FH & Rig
D, TV FSA rRLE BEIN L TE R AR
MTHRDEL b, B ORKEE IR M Hs2 T
PFBHBENS HAR RLTWS., 0k 5K BKER
B, Fibb type I M EH UTWA KT type
N oAig—oDHE il & LT, BEBR Lz S o—&
7% type 11 % PEK X982 OITINE I W -al B 220 &
n5. Lia L Fig. 10 @it X 5, BESET BB
% type T OBRBRB(NRZ Lz tuEETS L, B
KILIEG T Bk D A%k T4 ST 5 - L TE
V. &2 ATEE 51T 0.3%Mn,0.03%S & & iRIE K
IR\, 1400°C PlED7 =54+ (0) BTit
BEZET RIS Rohvh, +—AF 44
o) HECHEAIT S L SRS T &
ZERHLTWAS., 2Dz nbidriclNtkEeS
BE@EBELFEoz LxHLATHS. PEESMONER
F7egll (0.17%C) wEEghc o %, Ky
T EFEEIR, LiahoT o BE U sy
HEfbaai4 <, 7 @E LR ciad i o & e
Ihsb. Fig. 8 T type N 23 &< e b DI PRE
A 0.17~0.20% oEETHBZ Lk, 0.20%P LT
DI 0 B|E Lic L HE LT, *DHEEXRS Fig. 7
hHRDBHE 8% rich. —F, CREE 0.17% %
Fe-C —oRpeR™ L& 35 L, o@ET% BEHEZR
1k 8% LRwbh, WMHEIL L —FKTD. ZofERx
type N oZ7ins, 0 &E» L r BE~OBB Y KL
TW5EE25—20RHEEL2 LD TH 5.

Dl EotEx, type N BR{EH2 EASD SHH Lz
EEZD LR IOT, ARO—BOEREELFE e
SHBTEBZLERLTWS.

5.

BB L OB 5 2 5 SIBE 7 OB HIEE O
HE, B IOPEESHE SEEEE LRI 1D
EEWBRAYREL, IOLEEL OREN HAS LR
B ofREZE DY OMBLBRLY B LT, Kok
REBI. ERBILIIFOWEE U T type 1 (B
K type T (FEIR), type T (FAHR) 3 X0 type X
(PNER) o 4 8@E CHELeH, typel, type I %
IO typeX 3T OERCR T RBEOEE R
Lieoc, LT type N L#8%H+5.

(1) $Mo>SHEEH 0.013~0.063% DHFHIC I T

T

type T : SIEE ORI, FAEHE, =r=—%
BIOGERI TR OEMT 5.

type N :0.03%S % TixSEE ORI o THiL
PBIBAT B, ThETCi—Erihs. —HEE
BT S EETREE Lisyo.

(2) BHEEHN 0.14~2.2°C/min  OFH B
.
type I : AR OBEIMTHE G, BRILDE, = r=—
Kk X OGBRBERIFRLEmnT 5.

type N : GRALHBUTIEINT % 5%, BRI T 5.

(3) PoOBRENM LMD OHDHXBE LIFEER.

type T : v F35 4 PO P 3B EBELCHS
B, ThbbRERERCS S Hgxhs.

type N : PRENRRLECT VT 4 b LE» S,
P@E oM Oh CHRILHEIHEML, FvFs4 +
AR CTIRAR &7 %05, T OBIBRRBEE S A2 T
YT 5.

(4) VARLIREED S 0.5°C/min THIERE ¥ THH
%, 2% Loty rEg LR

type II : BREEIRENCIZER S kD, BEK T £ Chifk
W, =r = -, BERITE D CHEZCHEMNT 52,
BEKTEREIVWTRRIEF—ERRLS.

type N : type I L iziERIRHACE NS, BREET
L oA e, BERTHBEE OE Tt
B L ORBERFEE T 5.

D EofERT, type T 238D HEERIGIC XoT
sall L, %7 type N2EGEER-OIH LI E2 5
R EIOTHENCHAETSZ L TE 5.

Kb e, REBRCMHER UMM R >0
DEHTR LT T (BR) B AZRAT, SWEERTT
s, BLRERABmLET.
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