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On the Behaviors of the Precipitated Sulfide Inclusions in Solid Steel.

Kaichi MIATSUBARA

Synopms L

In, order to make a systematlc survey on the behavior of sulfur in solid steel, the precipi-
tated sulfiide inclusions in' solid steel were studied microscopically through their heat treat-
ment and the electrolytically isolated sulfide inclusions were 1nvest1gated by the electron
“diffraction method and the electron probe method.

It was shown that sulfide inclusions were precipitated in solid steel below about IZOOOC,.‘

when the steel was cooled from the temperature above the solution temperdture of the pre-
cipitated sulfide inclusion at a slower rate than 60°C/min. The precipitated sulfide inclusions

‘had two forms: a plate-like inclusion which had a widmanstédtten structure and was preci- -

pitated on' plane {100}, of austenitic grain, and a very fine particle inclusion which was.
precipitated at the grain boundary of austenite. As the result of impact test over the tem-
perature range of 800°C to 1350°C of steels which were slow-cooled from 1405°C, it was found
that the brittleness of the steel below 1200°C was induced by precipitation hardening of
austenitic grain and reduction of grain boundary cohesmn and it did not vanish even at the
‘temperature below Ars;.

When the steel in which the premp1tat1on of sulfide 1nclu51ons had been suppressed by

rapid cooling from the high temperature was reheated at austenitizing temperature, the-

uncompleted plate-like inclusion at grain and the very fine particle inclusion at grain boun-
dary were precipitated.

When the steel in which the precipitation of sulfide inclusion had occurred through slow
cooling from a high temperature to the room temperature was reheated at austenitizing tem-
perature, the plate-like inclusion in it was decomposed rapidly to a very fine particle inclusion.

But when the steel which had been slow-cooled to the temperature of lower austenitic

region from the high temperature was reheated, the plate-like inclusion in it was not decom— :

posed and kept its shape up to the solution temperature.
The results of electron diffraction analysis and’ electron probe analys1s on the electroly-

. tically isolated plate-like sulfide inclusion show that the plate-like inclusion was composed of

single crystal of a~MnS solid solution containing 23 Wt% FeS and matched the lattice of
" austenite on plane {100},, and the phenomena of decomposition of the plate-like inclusion in
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reheated steel occurred due to lack of cohesmn between lattices of the plate-like inclusion

and refreshed austenite.

In the steel contammg up to about 0°7% manganese, precipitated sulfide inclusions were
observed, but in the steel with 0 03% manganese -they were in molten state at the tempera—
ture and migrated into grain Boundary of austenite.

-The solution temperature of the precipitated sulfide inclusion was affected by contents of

manganese and carbon in steel.

In low manganese steel (0°1%), the solution temperature

was 1290°C independently of content of carbon and in steel containing 0°2~0°4% manganese,
the ‘higher the carbon content of (0°1-0°8%C) steel the lower the solution temperature was

(1400-1320°C).

But, the precipitation temperature of sulfide inclusion was almost constant

(1180~1200°C), 1ndependent1y of contents of manganese and carbon in steel.
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<, TOWMHEERFEIrRIEMTHS. ZOHETTT
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Chenucal analy51s of Ni-Cr steel
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Table 1.

o,C | 9silooMn| %P | %S | %Ni | %Cr

-0°25.4-1°20 | 0°33 0-011 0040 1°53 0°79
0°23 | 1°23 { 0°32 0*009 | 0°034 152 0*80
0°24 | 1°06 | 0°32 0011 0035 155 | 0°80
0°17 { 017 | 0*33 0012 | 0°031 155 0°80

Table.2. Chemical composition of specimens.

SRS en) %C | %St |fiMn | %P | %S | %Ni | %Cr

Ni;ecerl 0°28 | 0°56 | 0°22 | 0°013] 0*055| 1°50 | 1°00
S .
7 | 021 | 1016 ] 0°17 | 0°021] 0°046| 1°33 |0°75

008 | 0°24 | 0°20 | 0*011| 0v088] — | —

steel
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(a) Sulfide inclusions at grain boundary

(b) Globular sulfide inclusions in grain

(c) Two-phase sulfide inclusions in grain

(d) Ring structure of sulfide inclusions in grain

Photo. 1. Sulfide inclusions in the steel water-quenched

from 1405°C.

CEETHE. ETINLOEZESCT %720 Table
1 DX 57 Ni-Cr /NEBE (500g)% # v < LR CIEMR

BLOEERBEHRE L (5°C/min) FIEDEEICEL 2
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DI R, 4T AECTIELIT VI () 0°3%
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FFTIEEE L OREE THHIL, %o HEC 0min

REEAST % 2 & OFRICE DITHIRES X 09 H,
W DRRE & MK E . MERaE R O b OFE I

VIRSERSRANED 5 X 0N v AR

 1400°C BLEA BARR L2230 ICiZ Photo. 1~4 iz
T XS R & RN ST BB LR S
Too MR E O HILDOBEEL LWIBE LI Db b
5%, WRICAHET 5L OEROB I 27+ ZHA
CDNEED FEO F(LY (Mn ©Aiy Fe-Mn-S
Photo. 1(a)) Thoie. —FERkIAICIE, Photo.!
(b) KRN X5 LEROR &t (Mn %\
Fe-Mn-S), Photo.1(c)DX > niBRAM (Mn 0%
v Fe-Mn-8) LHFEEHEMn 047 Fe-Mn-S)
ﬁ>B7ﬁ;%>:7FH@ﬁfE7@: DX PhotO.l(d)_ DR
THET HUHEFILD (M OBy Fe-Mn-S), £

TRRON5 X5 a8 (Photo.1(c) LREED

D) OBIMERSEELZ WO BRL CWizdo
LI ERn D) 2RO BARDORBEINE. Thb
OFALINED Ficm 25 RSN SHTHT 55k & X

B35 7 W R EE BB &1
ST LT s, T OIEEERL
WD L3R T HIRRENE, &
A 55 1200°C T OBHIDM
MRS D 2%, LOwIBRIT S

PIRE S EIGT L CBB) L CHLRK
DELEET S T LIRS, 3k
BSR4 DF 72 T BEIIIER
BRIRNES5ThHD.

UL UEiREs 5 1200°C DI %
TiRE Sh7cfidicid, Photo.
2 KFT X 5 ARRBRICH A A —
x%fd%%ﬁﬁ®{m@ﬂﬁm
widmanstétten ,H( W% BT
L, i eh & &8 i
Wit oHsEERsLz. T o
HCRBRI L O BT VR o SR
CEEFIRIE—5ED 1200°C 555
BB E v, THIEERT O S A1 11§960°C /
min THo7ID,

X 600 (1‘/2) :

_ X 320 (3/5)
Photo. 2. Plate-like sulfide inclusions pre-
cipitated on plane {100} of austenite:
slowly cooled from 1405°C to 1000°C.

Photo. 3. Very small plate-like sulfide in-
clusions and very fine particles of sulfide
inclusion: rapidly cooled from .1405°C to
900°C. X450 (3/5)
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L LB S 2 OFf FsEEE L, LT 950~900°C
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Bt ® 5 ViR RSE R FIRB L e LT E 57
DEEOLND. ILTHIEMD 800°C FTAWL, &
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DEBIKE U T AV, BN R L e 38
RCGBHOKRE X ORRF LD O BHES L, E70E
BB 900°C E THRIGHRL OIREIC 8 hr fRiFL 7o
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13 950°C DEERERIC 5T 1300°C YL F TOHE
DEBLHREL TS, LHrLAR S X OWE GRS
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£ BIEOEFERT L PP LATERDIDT, fiE
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Fig. 1. Impact value and bending angle versus

testing temperature for high and low
sulfur steels.
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800°C DERERIAE IR T h iz THHE3, £oRiR=
Fov 2~ HIERIE 1350°C 5 BIRESE T B IC >N TE
BRI R, 850°C Th R C kAR X 7245 Arg
ZREDTDETL TW5H. T 0. 950~850°C [ DRI =
FOVE—DAEERIT S 0°008% DIEA FURE VWL E
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GRS VWTE — X T A4 FOMEERHI2ERL
B LE R TEL R, —FEA LY (HS )
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L S0 70% BETH VEEEEZTL Toie. 3R
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IR LR & ET fHICRD TV h.  850~800
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TW5H, THiE Ars ZREC X 53D TH 5. 1150~
800°C MDA FER A IZRLARBT L, 950°C Kk 35 HS
RO oV —(ER L SHE TS 2% Th
v, BRIBARTD 54% Wl E T, MIRCLL T
BT ERFRLTWR.
PIEOFERVE, S 0°005% DA 4 T8l TIHEEA
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F”MTK&OT%%%H HEL W2 & 2RL T
5. @ 1200°C FHE O &S HEAAT I, BBt

%@ﬁ&ﬁ§&~ﬁbfﬁ%ﬁ@ﬁ%ﬁ%%@%ﬂﬁmi
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steel
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mm Lok T, che7rva o FEEGHO SIC ET

1430°C x20min DNk, 1000°C £ THERL, L0

EEiC 30min {7 U CREBAR LS % 5 A = e
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IR, SIC 47 (7 v T L BEK) T 650~1400°C
IR B I SR I BMR RS LIRS L 7.

HERA 1T X 5 BHOMBEITRD SRREEDS 0T
BHODT, LT oRFIRLICERT 5.
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Table 3. Chemical composition of specimens.

Spe- 1 94C | %Si [%Mn %P | %S | %Ni | %Cr

Ni-Cr
steel
C

023 | 1°05 0°18 | 0021} 0°042|-1°32 | 0°76

0°08 |} 0°21 | 0°20 | 0°011] 0°055| — —
4 0°16 1 015 | 0°16 | 0012} 0°033] — —

_ X910 (3/5)
Photo. 4, Decomposed plate-like inclusions
in the steel reheated to 800°C.
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L X910 (3/5)

Photo. 5. Microsegregation of sulfur around
sulfide inclusions in the steel reheated
to 800°C. Etched with picral.

X480 (3/5)
Photo. 6. Fine particles of sulfide inclusion
in the steel reheated to 900°C.

(a) Before reheating
Photo. 7. Growth of sulfide: inclusions at
grain boundary, in the steel reheated

. (b) _After reheating

to 900°C. X480 (1/2)

i, thr {RFOFETIE Photo. 4 R L S EsL
DR ORI LIS X AT Wiz, %7 Photo.5
CELNB XS, FHBROBEIMRELS (Ma
D%\> Fe-Mn-S), LGl ETicd 5
(Mn ©4A7\ Fe-Mn-S) 0kD3 O OFEFICIZE 2
I —VEBRCEOT, e oOMlcEZ LT SO ¥

5 HRERRMID

; X890 (3/5)

Photo. 8. Fine particles and small particles,
of sulfide inclusion in the steel reheated
to 1000°C.
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X 1680 (3/5)
Photo. 9. Plate-like sulfide inclusions in the
steel reheated to 1350°C.
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HERRSHIEER) L, £ORER | hr RS L
THARBI LI OEREMEE LT, & 7o BEVATREE OYsEk
X322 OB AISELT, % S8K% 1430°C X 30
minfip#hf% 1000°C F TRy L, 1000°C X 30min OfF
FHT X2 TR RIRB L4 2 BT H5 ik X T & DIRFEIT
FHRL, Z ORI 1 hr (R4S L THRIRFILI D
BREBEEL . : |

FEERORER, 1°4% O Mn 24T H4, M4 SIIHR

WAL OEEZRDIC VRO DI L AEE SRS, #T
HUBREE, BISTEEZ kD5 T LT X mhor. Ll

D 0°4% LT @ Mn % & Ledil T 3R binh> #ic

BlEssh, Thoo RHEER C, Mn BicBfx<
1180~1200°C Ot H > CIEIE—E L HinE&Niz. T
DFERITESE TR L 72 CHi, Ni-Crfl (2 HiZMR
DRER & b —F L, EEAGR LY OHT IR E 1IN O,
CEIEET—ED 1200°CHHED X 5 THSH. Ll
EVAREEVE Table 4 WA LM 5 X HICK XL THDT

Table 4. Chemical composition of specimens and temperatures of their

precipitation and solution.

Temperature

Temperature
Specimen %C %Si %Mn %P %S of pr%cépitation of sohétion
. o

H1 077 039 009 0°005 0022 1190 1290
H2 0°73 038 0°28 0*005 0°037 1180 1320
H3 0°78 041 0°41 0°005 0°085 1180 1330
H4 0°89 0*39 1°36 0*005 0446

M1 0°29 0°37 0°09 0°*005 0°020 1200 1285
M2 0*36 0°38 0°32 0*005 0°048 1180 1370
M3 0°31 0°42 0°35 0*005 0098 1190 1370
M4 049 0*39 1°36 0°*005 0°466

L2 0°14 0°33 0°29 0009 0°030° 1200 1370
L3 0°20 0°32 0°25 0009 0°071 1180 1400

)
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Mn 0°09%® H1, Ml OB ESIIICRBICERLRL &

D 1290°C {HiECH Y, —F Mn 0°25~0'41%, S

0°030~0°098% DHIFMN TIi C BROFENRD i, H
}#?%@nf 1320°C , {RRFMT 1400°C L HHREMI 0
LEREMOLPEFREESE B2 T,
DEDT B, v o # A RENE B OB
TINEMREE (1300~1350°C ) T HNBME A T IEE A ERE

AL T 5 Z L ZEBRL TV % . BRAMMER DERED

Hs En 42 H5WiE En 111 SHOBRESRP c 8 X
NIZERRITHY (a-MnS) ZF0BRWHITH D, B
BB & U CORRMA Y T2 0 THS 5.
Mn 1°4% 2SR O X 5 wEBAH{b o
THBBEINE» D720 T, IS5FNE D Mn 4
TRV R AR HRE U Tz, 72 Mn 23MREE A
R QBT L OEB %A 5 72 dic LI E [
FRIC 5800g D/NEYE%Z &% > < AL, 5°C /min
DEHERE TR RIS L 7. SMBEOMR % Table 5
R '
T DR, Mn 0°90% %&Te L4 i suikE L
DPEEENT, EEBERED DL bz, Lk
L 25kg @ SC49 $HsBRAF T8 0°7%Mn THilk
AL OFESREOIN TV B0 D, 0°7% (HENRE
EEGALITE OIRR TH 5 5. —75 Mn ORREEIC

WL, Lé §iCrsbai i o 73BN AR Lo
ABEBE XN, iﬁﬂkf*{tﬁ‘%@i; 1D S0, Zhix -

BLLLEHE L TEE»DEHE S5 St FeS &
750, ZORETIEBKD TS S - dWIRF b & 70D
PR CBE T 50 THAS.

Table 5. Chemical analysis of 500g-ingots.

Ingot %C %Si | %Mn %P %S

L4 010 025 0°*90 0*011 | 0°038
L5 011 0°34 . 003 0°009 | 0062

L6~ 0°06 0°36 tr 0°007 | 0*056
Table 6. Chemical composition of specimens.
Specl- | g | %si | %Mn| %P | %S

HS 0°28 030 0°56 0016 | 0°057
LS 028 0°29 0°50 0*016 | 0005

Sgl"gl“ %Cu | %Ni | %Cr | %Mo %V

HS 0°15 | 2°9 0°07 0°49 0*09
LS 015 2°90 | 0°07 048 010

HEET TS,

5. IKERILI DT R

TCCBRAZX 5 CE BIESSEHT 5 LHRFL
¥v31200~1000°C DRICHHIL, Lxd L BAF DI
TEREMERZTLOCLER, REXETTHENIT
HETHHE» D TR IBEZED T 1350°C it\vizD
THRREROTVWBETHD. Lo CER»HEM
BNz OBIRBE LI A — X 75 4 MRIGET S
& RBCHR TR CHETSE. CoX>kbHE
BT 36 BHCRBHAL I O R AER & % 2R 5 72,
LZRBENEZITIR Oty DIRREL 2T oL
T, WREEIZ, BFREHRLGEY, F2X#ivd e
TF T4~k BRELRS I :

B L LT Table 6 RRT LI LEE2EEDS
%&% Ni-Mo-V $2FEL, F—8WIcLoTH
44 (HS) BAROHRFHLDEIHIL, fhE
4 7 T 8(L S)EIE & A EHRFALION Lz b 0
f&or,;éﬁ%@ﬁ%%*%kfﬁﬁbrﬁ%ﬁm
MaEAUic. TOBRMMIT 6t HEMBIF iR L

T15t SMBRICEEES 210X210mm AT, ERET

SREEM B MNTIAD CTRE D B 14X 14X 65mmER & )
H U YOI & L. B3 Y Vo L RSO SIC
7 eRiEiFZ RV, BB RILI O 2 <7z %
—~ 27 F A MEOIWE 2 SRS LM E 10X10X60
mm I L CERERE & Lis. ‘
E%%ﬁ&m&%@%oﬁ&kﬁu,(w%&IV@
FRIVA+ 1% Tonn)) BFEK, 15X70mmERkR
B, 44§ X150mm SIVE TV > BREMEE, B
E10mA/cm?, E 200~300mA, ’%‘E%H#Faﬁ 80~100
hr, BfFE 20g, /KELF MY D ABBEOHTICX
2 IGE DR PERE, (B 6 %0 — DB IEETE R
(PH 4°4) OERIC X 5IHE ORI ORHETCE
Wi o7ens, BRI OB T IR O ERs
HEgETH Y, E IR R OBAB A X B8R TFO%
TS Lot
%ﬁm»&ﬁﬂ%%ﬁbfﬁﬁTémm,%ﬁﬁz@
& ZBIEERIEE 50T, HESHEAFAL &K

BIAEL T D ERIE L FEKCHRT D HEEA

Fo. Fibb 40§ X1500mm H 5 A B E S K

0% BREOHKZKZEE, RECEMRRZIEL T 2hr
HES LB KIRD, BMEE—1— CBLT 4hr
V% LIRS C, £ OBREERN LR UEHETHES
Z OERER 6 Bl T & EEFERH Lk
B L IRBREPELND.

C 5.1 rEEx
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' : X 1560 (3/5)
Photo. 10. Shadow picture-of 1solated plate-
11ke sulfide inclusions. '

X 1100 (1/2)

(a) Original shape
(b) Reheated to 1370°C without cooling below 1000°C

(e) Reheated to 870°C after cooling to the room
temperature from 1405°C

Photo. 11. Isolated plate-like sulfide
inclusions.

BB IEREEZE Ry PTRET, 274 FF 7
ZLKmT&%ﬁcﬁﬁLéﬁﬁwﬁfﬁﬁﬁg%ﬁm
o7z

wwﬁmm@%@%%%%6twa BT D
MR & BRI 5 FoediT,  1405°C X 30min—>Fy
—51000°C X2hr—7K&O#EsEEE HS 8, L S $icfT

o THA TR TR LI 2 4T HE X B e B A % Mo

gL 7. HS HokEdciky v v VEE (Photo.
10) WRT X5 mAKNOBEBRBSHEBLE S, Dk
O DOREHEOEVEE (Photo.11(a))d HWITH
Kz 2L CThoBBERELAH RS —F
L SHOEMEEER I O X 5 REBROFESR D
S, E70BE M OEER L TEIE Sh 5 IR

L OEXA 5~30p, RrFTOM 1pBETHE2 L

ﬁ%mﬁ%%Qﬁf—&L%%&§$@ﬁ%WﬁWR%
It cH 5 LBiE SN,

ZOED, BRF Lo BREE T O 1180°C 1T f
B U2 BB Sh R L, B L
THBEMARO D OOLBHESN. £ 72E0BMLHE
#algsx 900°C X6 hr OERHRRFFL 7280~ bHH L
TR IR, REDERNERD vy, 2
TR LoBEERE — B L TVvic. &
EH DS LT 1000°C T 3 S ECHRIRE L %
ST IR M BHT 5 & LR L ELICHERET
BT % &, WHRREOITIRE LA OFT HIEE (1200°C)
Bz ThF OBIR 2HFEL, BRI GH OEEIRE
(1400°C ) IE VY 1350°C 1T\ 722 TR B L AR D>
AL DT B2 &% SEITHRA 2. T REBOH
(EATE : 1405°C X 30min—>§Fé—1000°C X 30mm—>
1370°C X 1hr—7K&) 7 5 & T 72 Bk sRILm i
Photo. 11(b) ICEBND X 51T, FEHOREGSEL &
STHES L B H, LORHKE IEE OHT
Photo.11(a) it< BARS LBEICER{LL TS D
HERD BTz, '

Lo UK ER b % & Tl S18 & TR AR gz
?é&%@ﬁ—z?%%bﬁm%?é&ﬁ%ﬁﬁ*@m
RELA VS Sk 2 R TR LS O BB FIRBRILIIC
BRA 5T &% 3T, & OWEIDEREICH 5
(BYAEE : 1405°C X 30min—>§FRE—1000°C X 30min—>
K. 870°C X thr—7kidy) 75 BFEHHE S L7 URER
{t4#% Photo.11(c) RL TW5 2%, Photo.1l (b)
OEL L B o CERRK O hRICERzEL, —F
G E B RERRES O H HHRCERL TV D
OPEERE Nz, HEEE b TEE SR IR OBURER
vz, = OFERESZEE 2 SMEL oHaCEE T
LADEHELTINAS. XLEEMBRELREDT
900°C X 30minLEE o> §l7> B 2 ik S e BCRBRILI VT,
SHRMEASER L TROERRK 0% 4 < Kbh, T&
B EED I~2p MoOMEELMEERL T T
OIREED b OR WEE L CRETIE, ERTIESIL
N TFRF b & LTINS TH S 5.
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- Blko X 5 wEMRS S R L OIS D
R, BURTA L% SR OB O F 8 HiEE

DREBIC X DT BR5FBr 5 EBR LT
27z,

5-2 E?ﬁ@ﬁ&Xﬁ747m7f74ﬁ—Liéﬂ
E .
wwwmmwm@¢m¢m1~z;¢4b%%®
{100} Hiw widmanstitten JRICHHL, F—2F
4 MERET LRI IR EZE OV D EE XD
D, Ui LEEHURGU LD ORIk S i %
X T0o0T, BEBREZY DTS 70 IR
e ofs s 2 BEF HEFIEC X 2 TR, fate
v, HSIRZEE? S 1000°C TS L CTHRIKE L
TS EIoMr DBRIMSNTEEZ © <y TR
B, 52 FROMA vy e bDT U U LI
L CEER, SRR TEBED T EL O VR
IR 'E L 72 BFRMBIT 50KV BT,
FUIRRRE BB X O TRIE 21T o7, EHahi i
SEF . |

BlEER%Z Table 7 TR L 72. , -

E#RIE Photo. 12 IKRSND X 5 Mk RiEE 2
TR EE SR, a-MnS o (111), (220) EHic
FEY T HHTERG 3°015, 1°850A 2#<FL, Fo
ErOEHEED a-MnS EEET 505, HIRE b
VIa-MnS BiERBE2H T D LMEINS.

U U SHERE O BT T 1 B HUIRBR L D1 L2383k
P XE, BIRF L1 MnS 01321 FeS %
EUHEROPME LTV S, ZOELEET DI,
BRADE L RIRR L oW T X~ A4 s n 7+ 54
P~ XTI, REFEOFE L HRORE

Table 7. Lattice spacing measured from the

electron diffraction pattern of iso-
- lated plate-like inclusion.

Obsered value (From A.S.T.M. data)
Specimen a-MnS
d (A) |Intensity | 4 (A) I/, hkl
304 VS 3015 13 111
267 S 2612 100 200
189 VS 1+847 48 220
173 M
1°58 W 1575 6 311
, 1°509 19 222
1°33 M 1306 8 400
1°28 M
1°23 W . ‘
1°19 VW 1°168 19 420

Photo. '12. Electron diffraction pattern of
plate-like sulfide inclusions.

(b) Fe K,
Photo.13. Scanning images of plate-like
sulfide inclusion. X780 (3/5)

(a) Mn Ka

Y
ABREFREN 217027 b 0 LR UEMEEL ¢
Ry PTHT VT =0 ABEICET B IEL 23 0TH
5. Xiw4 2073 745~ 3P EEIEF TRON-
ALYSER %A L7z, BIEREIERRO X5 Liz. m
WEE; 20kV, Fu— JERK; 01l p A, HkE5:
LiF (B22d), HmHE: Y7L —v = VPSS, B

AUk Mgk H .

BRIt MnKe, FeKa D3E#EfA Photo.13
RS . Madgki{bthoLEe s+ 50w, Feix

T OREFRC B VTR AL TW5 & & 2

7o. Ll ;@%%NMS$%WT%6W%ﬁm%¢k
Fe OFET 5 2 L BSFER XL

BORBHALA DR RER T Mn, Fe oW TESIT AT
BORKER, T ThoB—EMEL LT Mn - 34°5
wt%, Fe 10°2 wt% LETEINn7c. HIRBRILEFe
ZEPE L7 MnS BiEGTh 05, XHEORN, ki
DEEL ML T FeS-MnS ZILRICE T 2 HIRER(L

— 29 —
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5174

@ M

Ve P % 8 Fe

Frg 2 Relatxon between the crystal” structures
i of plate -like sulﬁde 1nc1u31on and
austenlte. T

%@%ﬂ)@?%ﬁr%#é a "FeS 210 Wt%, -MnS 79°0

wit% 2150, #&Jﬂ}km%ﬁi{ TIEE AT FeS

%LthhST%ék%x%m%
5-3 TEEMOEE
ﬁ%ﬁ@m%;oxﬁv4au7f74ﬁ — 53T DOfE
8, BIRFL O T ¥s a-MnS (@=5" o24h, =
8, NaCl Bz AFHE)OE, $forhd v & @=
3+686A, 950°C , WLSLHE) DL LN L RER &
FaEThiE, #2754 b {100}HE EC a-MnS @
BFEBRCEW 5°17A ©o—0%> NaCl RIST
FOEE Fig. 2 0 Xk, e BIRmILT
B OBEABRFREEOTIE TS b0LZEAONS. &
72 Mn(1°30A) X0 &/INEVETEEEED Fe(127
Ay20z8 MnS (CEEFHIE, Vegard O¥:HlZ 5MnS
EA R OB FEEIRAST 5 & LS S Hh
ENRTIOFREA—ATF4 MH LB T & THESR
ORRB LD ERTTREL 755 5 - |
COBL BIRIEIERT (F—2FF4 ) pITHED
(MnSEWEHK) OV-SNpsOZHRIC X0 T ikREEZE
b hiddebihn b, MnSORBEROET as==p (727
°C), Be==7 (1100°C),. 7==08.(1138°C) &2 5

B3, ,—J{mﬁﬂ"o{%f*b‘fﬁ‘ Rt o o B L iz

%WC_Eﬁ%ﬁth%mﬁﬁm%@ﬁ%&rwnﬁ
<y i?‘:é S12BlEE X551 T 1350°C.tin 2 T HHRIK
ZREOTVDHLT LB MnS ORFEERBOFE I

DR CEFRETDH LTRSS,

0L Bbh %, LEPBOTH~ 27 + 4 FOER
(Ars, Ar', Ar') X2 TRETFOMMBEELZRLT

% L EABEREREY, ToRBOMEEMET

2, HBEVEIRE ORIIZ S OIkEL, BBIASEEER DT
TICEEA % o T RIRBE L O K 1T 25 b2 AUk
B, LA —2T7F 4 bBIFETH LS RIBETCERS
L SEFOBENAS LD, RIRFMLDEERERRE
— RS D DB
THH L 280K 2 4% Ars DITICHET S
T Bl X EEMEL 2B EE, RETF oA~ T
F A4 MES LR & OB ATRSEE STV S
k@‘Wﬁﬁm%@@@ﬁ§ﬁ<&f%@ﬁﬁﬁﬁﬁﬁ

S LTEBS.

Dbz 2 D572 CH (C.0°20%, Sio* 32%,
Mn 0'25%, P 0°009%, S 0°071%) % 1430°C X20
min OEENEME 1000°C £ TFEW, £ OIREIC20min
FEL TSR b R S8 7otk —HoRE
1% 610°C ¥ THE¥H LT 30min L 7o LREEE
TEXEDLDE, fiEIE 850°C F TRV LT 30minfi
B rREER RS e b 02 A ERE I & 1000°C
X 30minlZ HEEMRFHEIS L T, HORBi(L 0 O AR
RS 7. FEED ITEEY roe BB LRBICIR
4  BIRFRAL W 3BT (R T IRBRAL 4 D 7 D35S

i, 5 IREEEHER L 72RO PIC Piycé\ﬁﬁﬁlk%: L

ToRBRA L D BB STz,

F o bR DE 2 FHIEL FhE, 1430°C gkl T
+23 S & EE X 7B 2 G U THORFR LS ot &
BIRECHIEL 723 0%, ABMEL T r BUTHRskT 7
B, W ILBMaFIt — 2 F A D T ivbiu s h
B, ZOBERKFILETRT 5T Ths. 850°C
X 8hr HRElE 47752 73Uk I IE Photo. 14 I R b %

Photo. 14. Uncompleted plate-like sulfide
inclusions and very fine' particles of
sulfide inclusions in the steel reheat-
ed to 850°C after water quenching
from 1430°C. X450 (3/5)
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X 30T, MAROREL ARG & MR TR LD

PR ANEECHE SN, 5 1000°C X thr fn#ko

BT 850°C @iz b U CHRIRFRIL A D A4 X 53

BT DTVBEREREEARERL TR, ik

FRBEAL D BES .

DLk X 57 widmanstitten JROHT H¥ B
FOEREROTDCE & & & OTHIREZ(LT 55
VX, Er04£BFTHEDCEWTERMbhTWEVE S

ThHdH. £, HFMLOFRBMTHR S ITENT, 1 -

—> a BREOSFES R OBHIL, KBHHEOBRRE LDIT,

- R LR IR L X 5 2 L IIERIEWC L TH B,

6. ¥

il

BRE»SHH L =M oRibniy, MoOBERNCE

FR P X O T RAT, i S - RS RE b &,
SHOREECKRTE & bio SEBEECLELicX>T
A —ZFF A4 PR S CNCRL R BT U 72 v R
Bt o 2 BEREET S . RBSITEL U CEBER
b4 DEE & BIOTR 238 U CIEMEE, BROE, BT E

EdT, Xfv A4 7 uT7F 34 F -7 X OTEBL,

SHOBEENRE LTI 2 itk S OEBCHE—IFA %
EXxbDTH 5. ’

ESRMEERE»DBHT S &, Mn OARWEIL,
Mn OEWHLMAERLS U Q EEWREE TR, 21
En, BEOKTLEIRZLNSIE Mn, Cr, V X
i SWIR L CEILT 528, Zh HIEEBERGLY
D= e BEIMIA U7\, 1200°C £13E % 60°C /min A
TORETHRET S L, BRI widmanstitten
WeF—~27F4 o {100}, HIRITHL, &5ITHE
BN L O HESET 5. 82 2h & EBARL
WOR PN L AR OERTC IO TELWE
ILZR/RT X5y, F—AFF4 MR T OEREICS
HEhTd L OREOKREL R\ & & A EIREERRT
LOoTHL» R Sh.

EVARB I LIOREEL T ARG HIHATINET 284
X, InEAET OBRRE HSE ISR OMURBR L o &k
CRELSHEL, BRI OFRTEREEZET . F
b LM 4 — 2 7+ 4 MERBER D7 iid

DOIIRBR L, FEL CL D TRETH D CTEE

AL O EISIREME OBIRE % T2 Ok e o<
VB, —HTEINEETIC LSRR A U 7 SR OBURGR L
i3, A—RF 44 MUBEBREMESRINS & AR CES
LU TR FRBIEICZE T 5 & & b1, MR

BBV ERFCHBNET 5 b0 BEbhE. EbIC

FHBT 5 & BRI L 0~ N FIRBRA L —> Bk 3k

b L B LASETT L, 1405°C 1B T 5 & Z Ok
FRB L ZE L CTEFE L 20, JEEERR L
MHREF, BPICER L T Mn /A7 WL aMESs -
22T BT LRI L

TNy, REPME OB OBFRE CE
JETHEIKREL, Mn0'1% BEDK< L H T
RRBESECHETT 1290°CHHE, ¥7-Mn0°3~0°4%
REHTHWMTIE C 0°8% BEOHREMOHETH
1320°C DOEEIREZH L, WBH OB ENBNEE T 51
SHRICENE L, £ DHROWENT B\ CENFEF L D
W5 2 &AL LDk, Ll Mn 0°2~04
%ueBTHH, BREMCIRZLGFEEORTT 5
DN TREBIEERE <7t b 1400°C iiE+5. —HES
LM O HIREN, <o F v, RBCXHPELS
FFEIE—ED 1180~1200°C ORIt o7, Ew o #
VERCIRRL R IR0 7- 9k EWEAIRL 0 S0 Sh
7. THIIEkD DIEMRERA T X o THEE Shs S ik
D FeSL e D TRNALBET50THS 5. ¥k
Mn 0°9% Bl D~ 2 TR LIS EIE Sh
F, Mn 0°7% (HEXEERGH LD OMHIRRACH S >
LBbhb. ,

TR R OFENNENRH T B 1 B MUIRBRAL A DR AT i % fi2
T 57z, Wby ORI bin: BRESBESEEE
23 HE b, EBFRETC X DA, X4
ra7Fr 74P~ REREETE DR, L OREREIR
Bfbmix FeS 23 wt% % &HF 35 a-MnS [EBHED
WIRBHER T, 2—2FF4 o {100}, HiCELS
PROTHEL TV B LBHELP SN, 0y
BMRS RO RELIRIC X o TRk, 4 4 v EF 0B
DA —ZFF 4 MUBED ETARERD T EH, HIRGE
{EMORAHFRFORRNTHHT L w#mL, Ars 8
DOEMIT X HESNERER I X O A% O AR S EER T
EoTThEHRL .

KD ICDFBZERRCH L CTIRE, J#hEzBbo
ToALlE R TR CE B EZR L £ T
L hiT, Mo CEREER SV R A B ARRTEE
BUVERTICAIALE BVF 3. 7R AT i — 0o s a Rl
FEBCI>TALbhc b DT HH L2MARLE
F.
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