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Formation of Manganese Sulfide in Low Carbon Steel
Yoichi 1TO, Noboru YONEZAWA, and Kaichi MATSUBARA
Synopsis:

Steels containing 0.25%, carbon, 0.03%, sulfur and 0.3 to 1.2% manganese were melted and quenched
at various temperatures between the final stage of solidification and 400°C. The number, volume
fraction and distribution of sulfides were investigated in connection with the grain boundary _and

dendritic structure.

Sulfides were grouped into two categories; the first was crystallized by a eutectic reaction and the
second was precipitated from solid steel. The increase in manganese content and cooling rate was
favorable to the formation of eutectic sulfides. These were mainly distributed at grain boundaries and
interdendritic regions. On the other hand, precipitated sulfides increased in number as the manganese
content and cooling rate decreased. These sulfides were classified into the colony type and non-colony
type. The former was observed mostly at grain boundaries, and the latter tended to be precipitated

within grains and dendrite arms.
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(a) Colony type sulflde (type C).
(b) Non-colony type sulfide (type N).
Photo. 1. Classification of sulfides.
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Fig. 1. The distribution of sulfides in series 6M
ingot quenched at 700°C. (Size of sulfides: >

1.5 )
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Table 1. The compositions and cooling rates
of samples.

Composition (wt.9%) Cooling
Series rate
Si Mn P S Sol. Al Cr (°C/min)

3M 0.2¢ <0.02 0.29 0.014 0.026 0.07 — 0.5
M 0.25 <0.02 0.61 0.019 0.030 0.06 — 0.5
12M 0.23 <0.02 1.15 0.018 0.028 0.06 — 0.5
6M-CL 0.26 0.03 0.65 0.0i8 0.032 0.11 — 0.2~4.4
CR 0.26 <0.02 0.32 0.019 0.025 ¢.1l1 5.31 1.0
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Fig. 2. The number and volume fraction of type
C sulfides in ingots quenched at various temper-
atures. (Size of sulfides: >1.5 p)
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Fig. 3. The number and volume fraction of type
N sulfides in ingots quenched at various temper-
atures. (Size of sulfides: >1.5 u)
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Photo. 2. Type C sulfides coexisting with melt in
the series 6M ingot quenched at 1420°C. The
fine sulfide colony was crystallized during quench-
ing.

Photo. 3. Eutectic colony type sulfides (type Cg).

Ml;hrc'oto. 4.>*‘Pr;3”(.:‘i"pit;t‘t.3d colony type" §-I>11>Hdes
(type Cp).
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Photo. 5. Coexistence of iype Cg and type VCP
sulfides in the series 3M ingot quenched at 1150

°C. A few type Cp sulfides are observed at upper
left part.
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(a) Series 3M ingot quenched at 1 000°C,
(b) Series 12M ingot quenched at 1000°C.

Photo. 6. The morphology change of type Cg
sulfides with increasing manganese content in steel.
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Fig. 4. Schematic diagram of the Fe-Mn-S system.
Points X and Y represent initial compositions, re-
spectively. Line m,-k-m, is a miscibility gap, and
lines e,-p, e,~p and e;-p are eutectic lines.
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Fig. 5. Relation between the cooling rate and
number of sulfides in series 6M-CL ingots quench-
ed at (A) 1350°C, (B) 1200°C and (C)
1000°C. (Size of sulfides : >1.5 )
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Fig. 6. Relation between the cooling rate and
volume fraction of sulfides in series 6M-CL ingots
guenched at (A) 1350°C, (B) 1200°C and (C)
1000°C. (Size of sulfides: >1.5 y)

PIEER A & 0 T2 & 53808, T /e bl HIHE O/
JWRkEHR EBRECh D, 1000°C 7654 LicRET
12 Fig. 6(C) O X 5c@HhuE Vg & CRF o6k
BENIKEWEVLEFBRITI/IcDOT W5,

N OEBERIVThOSLRELSVTHE
HEENPNEL b ohTHmT 5. CofEn:, N
Bt BREE OB TH D, Lich>2TE O
EXVEHEABECEEIhS Z s v ENSROER
ThHbH, 1000°C 2 H&EE LcREHC 1T 5 NEIGE LY
DI CEHOLE LR U WHEE & L dweignd 5.
L L, 1350°C f X0t 1200°C o 3R CiasisE
BERFR 0.5°C/min 3 X ° 1.0°C/min 8% 2 &+
A UL TED, Thidd oty RIERNSE L
FokREE (]9 1.5p) FTRERTERIDOLILDTHS
5. Db Ce Bl thchdy, CpRE
JUNRLEHEAFTEH TS S &\ 5 BIET TR
BREOZUELEMT B E LI, FHIHECSEL B8
EROBHEE OFENER LBV BECKREVWZ L
RLTVB.

Fig. 5 KXV 6bLHLM X 5, BHEERC
BENBOMEEECIEEY 52 5. Flxi¥ 1000°C
rham LicREiconWT, @b 535 CRIFL
WOEEERDB &, BHEE 0.2°C/min T3

— 95 —



EREFCH Y 5 MnS FAEYOHRKER 1575

I\ T 66%, EERCEWT 80% THhHDE R L,
4.4°C/min TR ExhLh 0% B IV 2H I EL L.
DX S5 ICBIHEEOHINT, MOBROMEECS KD
Er by 5L Ebhhb CHE YO LR T %.
3.3 BItYWORHEERRBRDORAR

Photo. 3 KX 5 mRbhic X5, D Csg &
F I Cp D= v = — 1 3HERNA L BEREARY R
THHLTUB L 5IcBbhs. 20X hiltihos
MR RO E b b TdEE L kv T h
%, AETRCHER IUNEFLYINAE LB S h
LHEYERBNCHAE L.

Fig. 7 34 —AF 34 + ORRB IFHADOERE
heofm+sEEDN 3 ¢ U Eofifbipf s, 400 Fok
FERHHET 2000~2 200 HEFIZI>7c0TC FE L HBR
ThH, AETHEA LYY - X3MfIL Fig. 2 5
B bhis X 5ic 1350°C 26 1300°C TR 5
T35, 8o, 1300°C cHEI N CRRILHILE
LAEN CE BITHY, FD5% 32% HER ECERE
LT, BHSGE o T Cp BT 5709,
CHRF oI+ 54, Fht L bR AMKIY
DEIE LML, 1200°C = 47%, 1100°C T 55%
CE L, BHRCHAIBEHET, —EBRIhik
LR T BB ERE T 5 &, 1300°0C 555
1200°C ¥ cHHTHRICHE IS Ce B i 4 ©
60% Ll LAY, E7c 1200°C 255 1100°C ORTIE %
DIFEAETRTHRRCHETE o it s,

—7, NEG LRI 5 EE0x 1300°C €
bt 6% wiEicv. Larl, ZOEHSRIEBED
Tz ohc#inL, 1200°C ¢ 10%, 1 100°C ¢
13 22% PRRTEEIW . COEEYCROEA L

1000

Type C
l Type N

800F at boundary

200 [

Number of Sulfide (cm™)

1300
Quenching Temperature (°C)

Fig. 7. Numbers of sulfides observed at austenite
grain boundaries and within grains in series 3M
ingot. (Size of sulfides : >3 p)
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Fig. 9. The number of sulfides observed in each
range of chromium content in series CR ingot.
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