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Effect of Sulfur Content and Solidification Variables on Morphology
and Distribution of Sulfide in Steel Ingots

Hisashi TAKADA, Isamu BEssHO, and Takamichi ITO

Synopsis:

The morphology and distribution of sulfide in steel ingot have a close connection with chemical com-
position of steel and solidification variables. Using steels containing 0.004, 0.01, 0.05, 0.10, and 0.639,S,
the authors have investigated the effects of sulfur content and solidification variables on the morphology
and distribution of sulfide.

The results obtained are summarized as follows:

1) Morphologies of sulfides are dependent on sulfur content. In the range of sulfur content up to
0.01%, type I sulfide is found and with more than 0.05% sulfur, type II sulfide is observed. The higher
the sulfur content, the larger the area of type II sulfide.

2) Large dendritic sulfide (type D) as a primary phase is observed in the specimens containing 0.63%,
S and 2.88% Mn, and its size is dependent on the cooling rate.

3) TFrom the observation of three dimensional morphology of sulfide using a scanning electron micro-
scope, it is found that type II sulfide is dendritic and type II and Type D sulfides are occasionally inter-
connected.

4) The size and spacing are expressed as a function of the cooling rate, V in °C/min,

1) Average size of type I sulfide, 4 in pm; d=13.9 V030

ii) Average spacing of rod-like (type II) sulfide, 2 in pm; 2=10.7 V-0-30

iit)  Average size of rod-like (type II) sulfide, &’ in pm; d’=2.9 V-9-22 The average size of rod-like

(type II) sulfide is smaller than that of type I at the same cooling rate.

5) Type I and type 11 sulfides are located in interdendritic spaces, on the other hand, type D sulfides

are distributed randomly.
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Table 1. Chemical composition of specimens (wt 95).

C Si Mn | P | S Cu | Ni I o Mo | V g O |Sol Al i“ASI"l'
i ! i
! | 0.58 0.004 | | | “ i | ?
0.25% 0.061 | 2 i 0.012 ¢ - 0.066 !; 3.64 i 0.14 ' ©0.47 ' 0.08 | 0.0016 ; 0.005| 0.00l
{ 2.88 | 0.63 | U i |
§ | J
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Fig. 1. Experimental apparatus.
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Fig. 3. Interpretation of symbols, A ana D.
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Photo. 1. Dendritic structures of steels containing 0.019%, 0.10%, and 0.63% sulfur

(V : 6~7°C/ min).
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(Fe-(Mn, Fe)S) GO EEEXT Y FI74 MRk
B E HDOTWHEVZESE. ZOFL FI4 RIS
¥¥ Photo. 1 OSBRI S, KEFMICEVLE
FEDEERAT 5. ZOEMOMAEIENEEITRT
L, BIEESK XL b L, KELLS.
3.2 —ABIEZRTYEZA MF—LeAR=22F
0.004~0.10%S K5 —KT7T—24 - A= 7
LSHERE L OBGAERT & Fig. 6 00X 510k d. B
FEEONRTIFRPRKEVD, —RT7— 4+ AR—2 57
ESHEHLEE BT Hicoh, KEL KD Ein, —K
Febh - A= TR T 5SS EOFEIGEALR
B hivizv.
0.004~0.10% S O BT D TIRT — b « AR~
T ESINEE L OBRETRT L Fig. 7T DEBDT

100 v
ot 02 3 05 07 10 20 30 S0 7010 20

Cooling Rate (°C/min)

Fig. 7. Relation between secondary dendrite arm
spacing and cooling rate.
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Photo. 4. Scanning electron micrograph
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i =5 7 : e
(¢ (d)
Photo. 5. Scanning electron micrograph
(V:0.37°C/ min, S:0.63%).
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Table 2. Point analysis of (Mn, Fe) S by EPMA,

MnS

Type of | Mn Fe S |/ —==| Mn/S
sulfide | (%) | (%) | (%) Mn(So/ﬂL)FeS (in steel)
o
56.4 | 4.232.6| 93.0 60
Type I |58.5| 3.5|34.3| 94.4 60
59.0| 3.1|346, 9.1 60
60.5| 1.4(34.3' 97.8 4.6
Type D | 59.1 | 0.8(34.6| 98.7 4.6
5] 0.5134.8! 99,2 4.6
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Fig. 8. Relation between average size of type |
sulfide and cooling rate.
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Fig. 9. Relation between number of type I
sulfide and cooling rate.
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kx : IR X O S ELRE
g : [EAEE
ik @O(S 1 0.05%) BXG @(S :0.10%) OEEH
W% Fig. 5 Wi d (EEsiefis LT fun=0.8,

Table 3. Comparison between measured and calculated value of fraction of eutectic sulfide.

Calculated value (fraction)
Chemical composition Measured value - . T
No. (wt %) (fraction) | Kvin 0.8 Kma 0.7
K 0.02 Ks i 0.1
Mn 1.46
1 0.028 0.07 0.07
| S 0.05
Mn 2.30 B
2 0.100 0.18 0.17
S 0.10
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WEOHILYWOHREBL IS A IEIHESEE L BEZKHEOEE IO VT 1327

Type I Type 1

S: 0004 ~ 00! % $:005~0.10%

[ i

Dark region : dendrite axis

Photo. 9. Location of sulfide in relation

ks=0.02 ZFlVTWwd). (1) XEMAvcikazzR
LA, Mn XS ownwFheroxfs: LChik
MEOETIFERUETH D, £/ Table 3 »Hba %
X o, FHomefas LT Auu=0.7, ks=0.1 ZH]
WTd, IGEROEIRIZEAErDLIV.
MEEWREREX 0D 1/2~1/3 hS Lo 85 DE
e LT, i) HEkREERERORE 7 D &/NE
LTw%. ii) (Fe-(Mn,Fe)S) Ik DALE A 5EHH
KRWTIRMFRERRDWRAEESDS. i) EEATO
B 0 LoD ETREE S ER X D REL LD
T Ll EREZLLRS.

3-3-3 REMEKE ORIS

type I, type T I X type DD Offi{bsi 2 oy
K Bo4 o EDOEIICEE LT 52 2 EE M
EOBETHE LY. TOEELYTRT L Photo.9 D&
BV THY, type 1 BXU type | OFWILIDIIFED
S WEN $7bb 7 K34 b Bifflic FELTW
5. —%, type D OBLIMIT FI74 FORBTERX
OB & 2 BRI RN HFE LTV 5. type T @
WAL O EEFICBEI LT, ype 1 OF{L¥idas
ER/NXVEIT facet KOG SRR L, FREDH
KOER S BEE DK E LD THACBER L7z D
THY, IEEE 2T 27cbDTHBETHEXLH
HBHW. L, 0.63% S 0PI BWTEL» L X
51z (Photo. 9), type I OFMbd facet KOS
(ARFHOBLWIER, T7abb7r F74 ~ O
KHILELTHD, type I OF(bhoSRDOES (BT

Light region : interdendritic space

to dendritic structure (transverse section).

HEE LT, TOARRBARETHLLETHORRYTH
D, ZONAEI Photo. 5 (d) DX LD TND EL#E
Zbh5.

F7z, Fr K74+ OBEOHRLERIC IV TR b2
FE LIS WIS EIZE SN B 25, Zhid facet JROERS
DTN Mn 5 X NS BRI G LT LE Dicre
DTREV»PEEZLNS. ZOXSEBRRITAGHERC
BWTHEHEXNATHEIY, L—F 754 MBI BN
T, aw=—45% (colony boundary) ZliA4—2FF
4 FDEHULPRD LRIEV.

FOGEEMIC ER A2 S IIFT /85 2 — &2 — & LTI
3.1 Wik k5 G/R BMEYHREEZEZLNDEN, GH
—EDFH T B CIBEEE P K S ThE, R
[, SRELEE X OYRE & SE L Ol Ak b Lok X
v, BEEEIREL/L2TEY G/R OEIX/IEL K
5. FTibb, CHR—ET R\ TEHEEEIHKE VEFIT
type T OFILPMOTRRT, SkoEMEEFUT < H
Lk oTHYD, type 1 OF(bLi L REHBOIIEDE
XX, FEMETHEOTEBRV P EEZLNS.

4. & a2
BEEE2EECKETELIEEL 2 U FE2 AV,
0.004, 0.01, 0.05, 0.10 35X~ 0.63%S % & ¥psHHh
ORI OWEE, Sk bOCERMG X ETSE
LEFA&HOREC S EHAELL. TORBRRROLE
DTH5.
(1) whibihoRagk, SEH 0.01% LRtk T
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(2) 0.63%S, 2.88%Mn DEEHZ IV T, FI5
ELTHRHLAEEZEILNSET Y FI4 MROAEATE
¥ (type D) BEIZEIh, TOK & IIIRHEE K
HT 5.

(3) EEREFHEESEZAVT type I 5 X type
Dot o= KT #IE Liz. TOBER, (Fe-
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