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Abstract

The formation process of manganese sulfide in y-solidified high carbon steel was
investigated, and a comparison was run with that of J-solidified low carbon steel.

Sulfides in high carbon steel were classified into the following two categories from
the formatiom kinetics. One was a eutectic sulfide crystallized in the final period of
the solidification. Another was sulfide precipitated from solid steel during and after
the solidification. This classification was common with the case of low carbon steel
and therefore it was concluded that whether the primary solid phase was J&-iron or y
—iron it did not have any effect on the formation kinetics of sulfide.

The amount of sulfides formed through each kinetic process, however, differed
apparently between both steels: eutectic sulfides were favorable in high carbon steel
and precipitated sulfides were remarkable in low carbon steel. This tendency was
explained by the fact that the solubility of manganese sulfide to steel decreased steeply

as a result of §—y transformation.
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Table 1 Chemical compositions. (wt%)

steel C Si Mn P S Sol. Al} Cr
A 0.58 | 0.02 | 0.31 | 0.021 | 0.033 | 0.07 -
B 0.57 | 0.04 | 0.56 | 0.019 | 0.028 | 0.03 -
C 0.59 | 0.05 | 1.22 | 0.020 | 0.027 | 0.08 -
D 1.01 | 0.03 | 0.66 | 0.018 | 0.032 | 0.12 -
E 0.56 | 0.08 | 0.38 | 0.020 | 0.025 | 0.04 | 4.88

B REHE X 5700 3~4C/cm OREARYETHMEE T E T LRI, ks, HHM
EEVL 0.5C/min T 5, MIERE T CHRINLEBIL 2030 EFER»L T H~TIER 5]
E I NBEH KRR A S e, S OBFICET AL 1s DLATH D, 2ok A L FE
BT VR E s, B ciBER 2o mmX &3 3mm, BIHI0gTHH, A
Az Table 1 ic/mR L7ciB 0 T A, fe B oW BEVEHIE O & S drd, 7o bk B ot BEUE
LEUALE D BRI S,
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Photo. 1 Classification of MnS. (a)
type N, (b) type C.
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Fig. 1 Relation between the volume
fraction of MnS and the measured
position.
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—FFAEE TS ed E T HACEEARNLEL, TofE Fig. 10X 5T b E~ MnS
DR ENET D, Th@P 2z, BEAROBRINLIE LT oMK L CHii—1e, e
HEhLDs B & H A +5 mm OEFICRE LT,
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LoD X 5 iR AR C MR S AR & LT o TR T3, Lich - T 1A SIIET
KEMCR U (Ed oot 28> Tuwb LBbhs, b, SEEEHSc
[#OOIEELEEZE2BRLDOT, [HEMMIBESRICE T KRERELRI /LT
BAHY, Thdz, KERTIIMnS OFEL Y bHMEERLC, UHO X 5 cERTIESL D
% type C(Colony type), [FLMIFD X 5 1CHNIF#T 5 b D% type N(Non-colony type)
LU, ThZThof{EH% Photo. 112777,

2, 3 TrF 74 g 5Btz MnS % 0#&ET

MnS D4 MO EERRE CE U LZEEITLED 3 7 nfiT &L BEELBERADH 0, MnS oK%
RS 55 2T, COBRAYERMCHUET 22 LPREETHDL, TP 2 KERTILI 7 nif
WoKTFERTITLRE LT, RITELAKEL, TORESMHIT vV FI4 FBREBLERSHIGET S
&, MnS oSO MICE 2 5 EN I/ NI W2 i E D&M RT3 2 L5 Cr 23
Ehtc, 1.0C,/ min TEEIE 1 1000CHHE S 7z 5% Créi (Table 1 © ESR) o #fekrimhk
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4.5 mmx4.5mm OFEIHEAE, 50 xm EfET CrigEo XMA 58217750, BESHARAH
Wiz, Tods XMA o 4efbit, IEBEE 25 kV, FHRIEFRF 0.04 xA, HALLRIERRE 10 s
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EO MnS A WEL T, I 27 affHt & MnS 540 Bk E BRI KD I,
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Fig. 213, 0.6%C, 0.3~1.2% Mn i (Table 11 A, B, C#) icoTE S MnS o
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Fig. 2 The number and volume fraction of
MnS vs. the quenching temperature.
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Fig. 3 The number and volume fraction of
MnS vs. the quenching temperature.
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BERTHLG|XHEEH, ABRRESCEML TS, LaL, TOHEE (FEXR) i1 type C 1o
T s0cd i,

BEKRTESRICKTS type C MnS (type Ce MnS) o {4fEE 13 Mn EBE L L il <
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GREEITCEBEL LI REL Lo TWBD, FOBOLHLBEICEITS type C o#EINES e
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e, CEENMEMNT S CONTHAT AEALRT,
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Photo. 4 Effects of C and Mn on type C. MnS morphology. These steel were
quenched from 1000°C.
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R TiEh 505, KE X056 ROBEFICER S i L B s AR MnS 232 r = =25
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—%, type N MnS o fRéix Photo. 1 iwfREFIH 7R LI X 5 WERINCIIEK & A Kl
INDHD, WThoics W THEBIHaFETHD, CHEIOCMIBERK L -> THEDOES
DAL B LV O EANEERD bind - 1o,
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Fig. 412 5% Créfio> Cr B E 454N % 7R~ 1, Photo. 5 E DLW L 7e X 512, FHEE
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imEEos X IR L Tu 5,

Fig. 512 Cr 2o 44 s MnS S0 BIRTH b, type C MnS 735 v F 7 1 +BfEICHEY
F 55 CrifEsd bbb REBEIBELTWA I ¥R LT b .type N MnS 38134
et EAYHRT A L REETH B, TN T A rhbEi S EEC S e
HFLELTHD, type C LB ZOHHEBNTELVWHRY AT 5,

7e35, Cridtype N 72 b ONCERERR T #i1c k15 type C 3 7B type Co DAL A & T HIH
FTAERALNDHC L, BIOBERG 4um B Eo MnS R FRRIERSE LT LisEDid,

_— ofm Photo. 5 Microstructure correspondiinjcgw
:’ D:III:D m W/A B3 - to Fig. 4. Dark portion is
-43 43~  45- 49- 53- 57— 6I- interdendritic space.

Concentration of Cr (wt®)

Fig. 4 Cr iso-concentration contours. The
bold contour shows the mean Cr con-
centration.
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Fig. 5 Relation between Cr concentration
and number of MnS.

Fig. 5 /R ah T\ 5 type Cidiz b A & type Ce TH Y, F7-type N & Cr 20 L Ty Fous
TN B LI b A e fr s T B,

4. & &

Fig. 6 iR L7 X 512, Fe-Mn-S 3 STRRERI 317 5 £ 54511 C B RS k- Fe = —

°leMn

Fig. 6 Schema of eutectic lines (liquid —
iron+sulfide) at the Fe-Mn-S
system and Fe-Mn-S-C system. C
contents in Figure indicate those
of iron phase conjugated with
eutectic liquid. (After Ito et al®)
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%, LLFoEZIZ BT MnS o) &3S+ 5,

RESE, didr MnS OISO T OPIEL T isbh CTE LD, TALOFERITTT MnS
DRME BT A L) BT L T b, H21E, Dahl 593 1 8k X OB LR EhRE
EGE L OHERIGC X b, $IIEAWE E L TR SRS &R~k L, Fredriksson
O N AMRREG, MR SIS X 540 EHB L, X 51 Flemings 543,
T8 ITEBIL Tvt Dahl o832 3iF L, MBI TirE C, &S, & SHCiIwsi,
A MEGEIC S U T B i Y TH B b B,

LasL, 3. 3ETRL Fig 568607k 51, type N (Sims o [ 8, HIEI M) 13
FUR S A OB S SR SML T4, Fhd iz, EEORBBICES obid, =
AHo type N (ZEEOWIC B VTR IR T e hidic bion i3 th 50, Fig. 210
31X type N OJEBBIAE K EECEET sEmOML- type COZTA IO EVEGIFEL
TefERe 5 2T b, 61, type NIBER TRICAERIET S LV ) B/E, B IUFRE
B SR HER T v F 54 bPL B E 5 LV S BIZERED, St - T3
B LR THL, CRHOFESLL, type N MnS »MERFEH OB S LR U < BAHER
HYThHDEEEZDI L L > TOLEHEWCHBEINLETHS S,

& Z AT, type N MnS 2EH AN HED 72 50F, 7 OBBE AR 5 #o S B o
BIEELTRE R BV, vy 8T 5 S oFEBES MniBEoBimc o T L, RBE
EAEMBZ L b2 L <ambnTus® 2hdz, & Mndliz L+ % MnS g&234
T2 EFBE N, Fig 2k 5 type Nz o FA@E Y OBEEZRL TV A R LI L3
i, Cd Mn LEU < type N OFEBRA A S 288 L2Eo, o #i1 v #c b~ T SEBER
DK EVTD, BEFIZ 6 b vy ~OERYAEU S 0.26%CHMTind & L ORE L cHEEr64
o MnS 2T 5 &2 bh, BEZ O, KIIBEE LT v F 24 MEM X 0 b 3
T P type N 3B E WO BERMMES R TV AP BGTIc X B &, KRERCTHV0.
6%C # & BERBERCELRIEER T, ThUMCHET 550 E110.25%C e tb
TULB AT, fe o THTHE MnS BA A T 5125 Th 5, 2hicH L Ctype N MnS 23k
AT 1.0% CEltr y B R L, s e <Bhit, 2ok o, CEEW IS type N oy
HEOEIZOROARE & WIS THM IS D, i, CiiMn oEEEY K& T59
ZEPGHRNERA LS, Mn OFEREYEREIY, TS OEBRAY A XL RLEHRL
Blonthsbs, Ub~TE@mh, AERTELR type N MnS 0%8ny, TXTzh
DEEE DB TH D EELDLZ LR L - TFERLBRRUT L LaTcE L,

Wiz, type C MnS OBV TRE T %, type C 2RO E V-6 type Ce &
type Co Il 5 & Lk T ~fehy, type Co (XSO BERER T BcHlins & & 8 X U
BRI+ 2 8EF) 2 type N EELIL T 5 2 L &b, BEMin o ch s o bk
WeEHTHDH, —H, type Co MnS OERIIBRERcH D, coz L Fig 5koRL
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Fig. 7 Relation between the amount of
residual melt and volume fraction of
type Cy MnS in the 0.6%C-1.2%Mn
steel. Existence frequency of liquid
phase=(number of fields with liquid
phase) x 100/(total number of field).

type Cg 237 v 17 A + BIHO SR EERCHEEST D L0 ) HAiEE & L BT 5, Photo. 22
RLTC X 5, BEEHE T BT KA L7ciicid type Ce MnS 23800 MnS S/ &5 L CHE S h,
oz ik type Co pNBEHEFTRICRBEREBRK L8 L Qo 2 S HERIZ w5, Fig. 743, B
FFI I35 type Ce MnS O FHEE L RBEBRE M BE I N HE L OBHRTH Y, type Ce
OEMEBEOWL B LRI THZ EHRL T 5,

IhLDFERY G, type Co MnS 3B E R RBERE»DRBE L EEZBRED,
Fe-Mn-S %® % X 0f Fe-Mn-S-C R ORFEERNC B\~ C, #2005 & 3 % MBL o 8 7 B E 5k i
MnS % &4 A2 RICERBRIEDHTH 5,

PLER~TE X 5w, BRFZMC RS MnS O RER IMERZMOBE L AEWCR LT
H Y, type Co IR EULI & - T, Fiotype Cp & type N (XEEH 2 HOMT Y & L TRELE
NDH I EMB ST - R,

sk, Ci3MnS 2 HE2: SHENCERE SH 5 LEbh T E e, RKERIIC R EHEKRT
HFEER, Thbb Cixtype Co (IEKMEY) O EELL, type N (MELICHHY) 2@ X
HEEVIERYE 2 CWE, 7ok, 3. 28T~k o, CEBENS b E4o type Ce
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BT O LA HUGMHT 5 b D0dH 5,
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o, REBRICHECH ORE O R B O 0 HT R L O R iU 7o B A BT SE I B
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