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1 ' On the Nqn—metallic Inclusions in Segregated Zone in
| | Low Carbon Rimmed Steel Ingot.

(Study of non-metallic inclusions in low carbon rimmed steel—IIT)

'Koz6 MoRINAGA, Kazutomo KITAGAWA,  Susumu SATO,
Saichi Izum1 and Takeshi HiromoTO

Synopsis: :

‘ In the !st report, the 1nﬂuence of mclusmns on the formability of a rimmed steel sheet
' ’ was studied, and it was shown that the formability of a steel sheet was injured by a large
sulphide existing in the position correspond to the segregated zone in the ingot top.

In this report, in order to making clear the origin of such inclusions and how to eliminate
them, the shapes, distribution and deformation of inclusions at the segregated zone in the
ingot top during slabbing were observed: Moreover, author studied the influence of refining
and deoxxda’uon process on the cleanliness of the segregated zone. The conclusions of Ist

~and 2nd report were as follows:

1) 1In the segregated zone at the ingot top, the network of the large flaked type sulph1de '
‘rich in FeS is found. : ,

It was considered that these inclusions suffer a few fractures during rolling process, for
they change from FeS to-MnS by soaking and reheating.. Those large sulphides 1n]ured the
formability of the steel sheet.

2) The cleanliness of ingot top is closely connected with the segregation and it is mainly
influenced by the [S] and [O] in ladle. ,

3) In order to decrease the large sulphide mentioned in lst report, the S-content in the
segregated zone should be kept under 0°10% in the check analysis of slab, as the ladle [Mn]

is about 0O* 30% - (Received 18 Mar. 1936)
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Table 1. Chem1ca1 analysis of ladle and the deoxidation practice of tested ingot
and slab for investigation of 1nc1u51ons in segregated zone.
(a) Ingot
; Chemical analysis of ladle [9,] Deoxidizer [g/t]
C | Mn S Si P |Fe-Mn for ladle| Al for ladle Al for mold
007 0°28 0+031 0°005 0+007 3925 ' 105 48
(b) Slab.
Chemical analysis of ladle [9] ; Deoxidizer [g/t]
c Mn s Si | P |Fe-Mn for ladle| Al for ladle | Al for mold
007 035 0°021 0+01 0°014 4220 549 27
Table 2. Operation data on the 200t basic open hearth furnace, chemical analysis

‘ of ladle and deoxidation practice of tested heats.

Operation data on ‘the 200t basic open hearth furnace

Charging material Pig ratio Charge to Oksrgen F uél,;
Refining process, ) - g[(y] tap injected heavy oil "
' Lime [ kg /t]| Ore[ kg /t] ? [h] [Nm#/t] | [1/t]
Oxygen steelmaking - . 47 41 77 7 344 3
‘Ore method = 45 110 67 1 0 . 50
Cheﬁiical analysis of ladle (fne’an value) [%] Deoxidizer for ladle
c ’ Mo | S [ si J 0 Fe-Mn [kg/t] Al [g/t]
008 ‘ 0°35 0025 l 0+0t l 00400 5 80
220 mm X 20mm QWi % T 53 & FIH L T .
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in Photo. 2

KL L, /\mﬂib"c\z‘é ¥, OO E%bif\%

FEILLDERRHEDRDOLNENE S ThHhDH. —E

DREERICLDE, OO NEDHR DL NED
W, SF = v JGITET 0°10% BALTH%. RERIT
%rm_z@@mﬁﬁf%ﬂ:ﬁﬁﬁwabrawah
72 MnS(FeS)- MnO(FeO) Z2ON TN R DD
B3, ZOBEONEMEIEE LD DRI TIEA L
#Ekﬁmv BOTRIRCER SN TV 5. LRI o

PAEMIVE, RHTESISV T < 29 TAKIbiaoT

%E‘EL’C\DKM‘% ZORBERTEL, EHRTHIL

T3,
(i) 25 TEHIC, 254 LBECMBELD S
ENLOLREEDCS O EEbIvs A0 —ﬁ@ﬁ]‘iﬁi’m

%/\%ktixﬁﬁj(*"@%ﬁxfﬁzﬁ MR RD NG,

ATEPIVESBEC 3 BRIR T B B 2, X7€THAM%

RS E%u%®%%#rkfﬁbm01§<W@fw

5.

(2) R, BEBSHopE

(R R 5B X5 & R OTESE

I, B LTRSS T BATERS S RICHHEL

THD, ZhEONEMBMTOMTHICELEL 5 X

ETHERE LS L LBREOT, BT, Theo

0105
8 °
,§ | o
~§ s
2 | CC
.% 006 x x 7 x
E - ; Oxygen o
2 Ore X
§ a04 x
S ™ x

[ .
003 oM 905 . 006 - 007 o008 207

NEMCE LETHS, BBAtoYBLTEEL, 38
YT AE TR R B DM R & L 7e. TIEFERIE I,

(@Kﬁ&kﬁbf;ﬁﬁ&@%ﬂéwEnMcfét

&, BRELAHEC X 0 BRI & FEicouv

T, WA 25 FENIO], [S], [Mnl &4 E%@‘

FEE BB L. UTF, ToERCOVWTHET S
2%, [Mn] OEEICow TR, HELSEESELN
DD TEET 5.

AHFAEOHRIZE D &, %E&&@ REETUE, HSWET
O [0] BIEEEHEOFD, [S1 BIMEGHEDHNEL
BO7ops, HEHATERBCINABEE B CHlE U 7GR
i, m%ﬁ®ﬁﬁéMMKM [OI&ENBEERECES X
&'é‘?ﬁ%‘%ﬂﬁ ETHD. Flg- 3K

—%, WETFARTIEI01R; HSEThimEk
LSRRI CBEZ I 5 050 IE, T T DI FRAY

DOEAC LD TRERIC L S [01ROEZRITH I &

H3orhoic. Fig. 4 W [0] & & 25 7 DEHERMAID>

EHE L OBIfRZ R L. FAXIZ X5 L, MEMIOTESS

"fw before tap (%)

Effect of [O] before tap on cleanhnes
of sample from furnace.

v
o

b
w

: 08 - = -

g [

£ Owgen. o
2 Ore.

=

<O o

s X

g

! . o x |%

% o4 : x—:g - ‘x—d—-o

§ o xx

¥ o X Ox

b % x 8 o

g 02\

g .

§ ;

S 4

0 o207 202 003 ao4 005 eos
0) in ladle (%)
Fig. 4. Effect of [O] in ladle on cleanliness

of .sample from slab top.

DERER L7z

a\

e



y

1:\'\, &

WY & FRRBERTRONERCOVT a 1777

o6

a5
-
xR .
< X
R i x x
2 04 - - x XX
R ’ X
X X 1
S o x ’ x
& 03 x ° 1%
M .
-~
g g x ° x
$ 0z, :
g
£ Oxygen o
3
§ Ore b
3 al
0 1 [l L i N - i

20 22 24 2 28 30 22 3¢
(S) in ladle. (W07 %)
Fig. 5. Effect of [S] in ladle on cleanliness
of sample from slab top.

BEECSZSBERRE LA THE Y, RIRDHEIC
L X BHEEFRD LI S

DX, WO L0 B BT T % 2%,
[S1BDXE, +O%ERMBICELERLIR, 27T
BEEECOLUSLVWHERSXET XS THS. Fig.
5125 T OIEEHOESE LHMS 1 ROBREZRL

7. ZRIC XD LR T TEEROEIEERBMRS 18R

BRE <, BB L GEEETIL, LATROE AR
CHEL DTS, T OMBEOER, HMoISIRED
% rF—-EmCH 5. nk, FREORRTE, HMER
B X OBREET O/NBIREE TIE, BRILIA I3 & A ZERD
BT, BEECEIETISIROMELHE L TEN
Sfz. THEED L, RESERIRDTESD.

Lk, HEE»B2R9 TETOMOI0], [SI0EEE

O EEEOBGRE BRI L R RE B, INHEE LD

5L, 27 TEBEAOHEREICHL T, BMISIES

FURMBIOIESAHEL S LIEL, MHMOPED, X

LCIS1nHE L LThbbhd X5 Ths. BRALS]
L0125 JTHBEIOBEEFECE X ETEELRES

| ERTRLEOSRRAT, 27 TEHHOMEECS X

2 BB IRMIS 1 RARE LA <, [OIBTENT
w5, B ' '
Y =0°064+569[S1+3°06[0]

z o TY AT TEBHMOBEE (%] 2H5bL,
[0], [S] BN IThEMasiTH (%] TH 5.

Wi, BEEEBOBETH DS, RAKE, BEFHEE
OF — RITONTIFR DR DT, BREMEEA OB AVIFT
S ORI X > TR, THBRR DR, ST iE

060
e . |° N
- N . . (e}
5 o0 Oygen. 0 |
3 Ore. x
3 o o M.
5 mol—* %%
& o "
. ‘K X Q X
% 430 x‘ O __X Io x l
‘ % r—o X X o l X x
kS ] © g X x
§ a0 X
S w0
.0 20 30 £ < 50 60 - v

‘ Deoxydizer for ffrould; Al (g/2)

Fig. 6. Effect of deoxydizer for ‘mold on
cleanliness of sample from slab top.

FolEE D SR SN DT, £ LT, T T TIRERERT
v o s Al o8RRI E 5T 5. Fig. 6 ©
25 TELGAIOEIRE L5 AL AR L OBRETRL
72, FM2SHER Al AROEMIAS THEEEIORE

BELRLATDHT LPDIS.

Iv. & =
Db, 81D, 828D @3l T, EELTY A

mF%%ﬁ%@@%@ﬁﬁ%@ﬁﬁ%%;ﬁ%@ﬁmx;

E#ﬁ%,m%%ﬁ®%%%%ﬁbtﬁﬁéﬁﬁbk.
U$,Ch%®%%&%lﬁ93x6%2ﬁ@&®%@_
e BRRET L 72V, ETIRIRERIT S JOCEROE
téﬁﬁ%@é@%i&wr&mﬁf.'

'%%%Eﬁﬁ%%;@ﬁﬁwﬁﬁw(%lﬁ~%3ﬁ
ETCOMRDELD)

a) #0 H }

(1) (EERIFE 1) FeS, FeS-MnS(FeS): fF
%MKS@%mLt%%K,7V~9%&&Lf@iﬁ-
ﬁb,%aﬂ%ﬁﬁbfwé.géwwawﬂ,Egm
~wﬂ(%Kmumyﬂgm%@%%wané.)ﬁg
DhOHBE. S OEFECFTTIE, HIRD FeS-MnS
mﬁ)%%b%hé.MIMSmﬁmexmﬂy
ﬁﬁwzﬁﬁE%T,%%ﬁ%ﬁﬁfﬁ<¢%%m%ﬂ'
ﬁb%iﬂ%b%hé.E@3%6mzﬁﬁw%@ﬁg
.

(i) [EH FeO- Al,O5-MnO-2MnO-SiOz:  ERiK
@5@ﬁ&%fkﬁ%ﬁﬂ@%@ﬁ%<,154A%®
f@@%1Wy~%mn®%@ﬁ%5n,m&@ﬁw%
ﬁ%fﬁ@%S&%m:w%@ﬁ%<%b%%%.C@
wOLOTHEENLTVSD Hercynite OKXX310~15

— 27 —




1778 S % = g§’49“¢5 (1963) #12B

sEEOAES L 0ns .

b) 257 - |

(1) PERHH 1) FeS-MnS(FeS): FeS M
DL OEBHE VED BIF, WPHTED LR b DICH,
BL T MnS OBIERE <, BAHMRKIL LAEEL T
578, FEIEC X LA Ak <8 Bikg BRL T
5. BEX 50~100p, EX 4~10p (KiCiL, 20~30p
DHEDLRDHLND) BET, ZOBONENREENR
HTBOIEAS TDSF = v £ 5HFE (10mm$ R
X DFEHRR) T 0°1% Lk O WS T H B, n)
MnS (FeS)-MnO(FeO): %44 ¥ niE fEHAIC (0=
RPHT, B 40~180p, [EX 4~10p BEEODL O
DAY & RDEND. FHICISEDL O, WEO
EFEGELT NS, o o

T (i) R FeO-A1203—Mn0—2MnO-SiOg‘: Her-
cynite WO D D L ABLBEZHEOTWEE, £
M DEANLEIE SN, BRD 15 il 5T
. WEOBEMBEETE<BOLNEDIE, BEX 100
~200p, EX 8pfREDSOT, Hercynited K XX
VI 10~15p BETH 5. ' o
c) # AR .

(1) RERITEE 4) MnS(FeS): EIE TN
THBIIXB Db 05, LIZLIERD SRS, BX50~
100p, JEE 5p Dlbok S 7% b QUK O Tk 5
WEE525. COBMOKBNENHIRDOS F = » &
SHFEAS 0°040% BAETE b b5,

a) ZOMDONEY MnS(FeS)-MnO(FeO) 7 £ o
PSR SN > A TV B OB b BB
B, FOKEXE, BX 25x U, EX5x DT0d
DPREE EDTVS.

(i) EE Becl, FEo7c ALOs ROAZEMM
JEIE BRI DT, #kY Y 7 — b o T ARt
AT DOREED LI, T OEDITENHIHIER DR D
TTRE DS DJRE & 755 T W B34 5 5 . '

DT, IR 22BL R FAESE Be e
S
(1) EEREFSONEYD
CWIED X5 0T, SBRIRERTERICIIR T 4 AEED THy
HiEh7e X5 ieBkik MnS(FeS)-MnO (FeO) —AafitE
YIDMIC, 7 L — 2 R AR & 72V =M OB L3 i H
REBRL TSR GETD L3t —F, H1
WP THE L 72 XS Ko T HICBREE S ET

AAEWVE, FRERALB I T 5 KBFH LT, 2he

DRI L BESHRI S N D 0%, BIED SEIRED
BRIV, BB, INEYTIC 31T DL S X OVRIE T

X 5HEPNTEWTINZ BND DT, THDEELE
B FNER S, £ 2 T & IR A e o
B b T 5.

(a) @ 38

WRTI, LWESBEDOH WS I 7L~ 2Rk

FeS LU 7 AR E 7o 12— 0 L 405t 4 5 E B

BELUTHETS C L2ER LI, COBORERD
BERE, V) s REBCHEFERBER O (ST OBt & &
DETBEHRC X>C, RFPICEE ICE N S RT3 AET
(Mn JZRHTL7RV), Mn/S DEAB/NS 7 57,

FeS% & < 2 TRMILMBMRO—REORFIL 7LV -5

REFHL 2B D LEZBNED. —F, SOHFE
#HA T, MnS ML VHRREEDTVS. Kk,
CORD T v — 2 IRATEDIVIRL A DM DA i L
THR IR DT, & KRB EET 5 E@mE .
(b) =57 - |
AT TOREGALWE, oL & gL <, MnS
DEVEDE L, BHFIKEL 77 L~ 2IkD FeS-MnS

(FeS)NEMTHS. 2T TikI 52 OBODAIEND

FELCOWTRRD XS5z 2i3Ex2bh 5. (a) Tk

NIz X5 REIT X O%%ﬁﬁ)%blét 7z FeS oF{hL 7z

Bt HEYFNTOMBIC X ) FeS—>MnS 0%l
S, MnS OEIENEL LY, ORI 523,
BHTERD S A3\ 720 5E LI MS 10 F Tk 25
TIFELRAENDTHS 5. Swinoen SPVIHA TR
DIz FeS OBELL e N e M DIEIE 1T D\ C i ERA
NTD MnS+Fe—>FeS+Mn FISOEARSL - &%
HMEL TV B8, KFEBEOREER, Z0X5 mEEDHE

CATEREZ D LB .

WIENTEMDER DIRINE, REBROFERTIE, 7 v
~ 2 4ko> FeS-MnS(FeS) f-7e4it, 1E&A EHBE
FEIT X B AETAERD S X 5 Th 55, FikoMnS
(FeS)-MnO(FeO)  HIAEMIERE 35~50 4 Db D
PES 4~10p BELR VMM, S 25 TETOET
REITFFELVERRICR DTN S.

LY T XS RO T ) o e UEERET S
EENTEMIRES 100, FE 5pBEN EORMEOK
BB (MnS) Ths. —F, MR BRI

U7z FeS OBILL 727 L — 2 SO/ ik g stdi N

T MnS ~OZLAMITL, MATRRILL, FEET5
PRI XD CHMF S NG L7 < 25 TIe i b 3kin =
NCk b (FeSDREETIIBMIITIC X >THM =n 5%
BEDBHBD). O LMD, TOBDANLEMIEFEY K
BOEFRE TSNS TS 5. T, W
TZOEDORBGACH DTN S R BBEROS F = »

e



l\‘%

\”/”’

kY A FHSBERITEOAER L 2NT ' 1779

o
Q
T

-

N —— r=08372. ® Py
% ’ 1751'2"85

N1 y,017 o ®

~ L X 3 1 L ]

= v |_—e

8

oy 20—’.’/.'

70

R
! ! 1 1 1 |
0 20 30 40 0 60 0 80 90 10 WO 20 10 KO
Sin stab. -~ (x1073%)

'Fig. 7. Relation of sulphur analysis between

coil and slab.

b SHHE 0°04% 1% Fig.7 WRTRC LD ERT TO
SF = 7 5HFED 0°10% WML, 71— IRDOFeS-

- MnS(FeS) NAENDB L BRD LN BEME LR —BT

5.

PLED T k2 HEIROI T B E % 3 LE TR
FAL VSRR O R IRITIRICHTHL L 7= FeS &Ll
AEWCERR T 5 L% bN%. MaS(FeS)-MnO
(FeO) ROMNIEWL, ZTHFho OB TiEcE

b B, FERRTHEITE DO LEL LN, #iR

CIEHFEVEELRIEIRVDOTHEASS.

WiT, 52 WD THE L SRERO ALOs RATEN
B AL R BIERERAEDC OV, ELLTMILIE X
LEW E WS BlAIBHE X TRV, ‘

r OB O DML R X N2 5 7T OARIIEICE
7738 D T, Hercynite OIS WEISMELE X > TIE
LA CERRTERZ R TV, X OMmOEITI,
EEETRCE L VWERR TR IPECER SN TS,
L0 5 AW ORE, ks DR ML TV B
RIS EW & ALOs RATEW OB C DEFRED R
X MED X 5D EEZ DN, TOBONTEMNL,

B I IRIC 72 B IR BTE CRERR TR OB DIEHL

ALOsRIT FHEXN T TRONS X5 7% ALOs &
NEMS BRI AR b0 LEZ LS.
HTDALOs FNEMDORESINLEZLDLEAT TD

SUNE O FEAE BT, HercynitelX ik 0 l#ESh, %
DR T OEONENOIRIC I XIS TERES R ITE

fFiSnTW5HDLEbS.

(2) 8, REBEHORE

WA OBIFEC I ST, RREHOR
B OWTHBETD.

W.(2) 1) THAR XD W AEROFER TS
HOBEECEEYE TS OERMIS1L[01T, HE
OEEIFELLT [S] OBELLTEDNDLOTS

%. figs, [O1L[STOREEIIISIEDAEL 0]
RN TV S, Y A FEOAFEME, E& LT

G YOI R B — WRIRBR A R DN ICERE L

7o D&, BREGRICH T2 kI A B 3s J OV
SRR DT o o0 [S 123 MBR OBEE R & U THTHS
Licd D& OBES»BEDOTVWEHDT, ZOHM L&
Vi & LC[0] & [SIOURMEER T OB Lo THEL

s, &< HIBROATER DS KOTRE L AR

Br & OMICEHERBIR 5 b 0 FXOND. —iE
i@, U & RIBLOSREEICIEIE S ORITAEL, O
FREIEAROICILIOIDORIGICED ) R T T Iy
- U B IUBMIS T X o THEEh s LamBhT
Wh. —F, AEEOHERTIE, WREREOESEL
BB [S] & [01 CXoTHESRTWS. ZOHED
(01D WHEBLMORIMET TR, VI TT Iy
LR IETHREE LD L, HLEEE H © HRE
25, £ LUTRIICTERINT V52 & BB
5. FMRC 21, H7 ALRAROREICOVTLE
z i, M. (2)-il) THA7FERIE Al ORLESHRIT
159 2y 7oy e v OBLAREITZ B LT 2T
X5b0EFBEZLNDG.

LoXdE, WMREROAENE, ELLT, SEIT
CEIOoTHEINEDT, ThALONENEZRSTHIT
13, BURISIOE TR IOY 3oy 7oy ay0a b
b vl EDORWERESTESLETH S, & JITHRD
ITHE RS 5 3 E TR LI O [Mn] 52

0 30%BEDIEL, AT TDSF = v I HITHN010%

DT % BT 3 B BRI B B 00 T BEER 0D iR {RAT 56
DS BARC OEMTFICES X5 BTHMRISIZIEL L
En b

V.

) 2 FSRBLIRES O IR RIS ONEM O, S ik
T OO FEIE LT DT 7e S N LI O E
BFiC s XIS THEE, DmEtorEEREL, MWD
DR L R LT, RORREST.

(1) U & FIRBLTER O RERITRICIE, FeSTEA
7RO T L~ 2 ROB L ERE BRL T D
DORBEDOND. T IBOMTEWMEQE‘@EEP?@%%

i

5 Y OEANEuC o T FeS 45 MnS ~EZELTHD

<, EEAECETNRAOEL, B 1Y THRE LM
ROINT IR ET S8 2 KAH L) s &L Fxbh
5.
(2) SEHETELREIOFE R S RiT L B BR2 &
n, & L’Cﬁﬁ%[S]h’lZﬁ[O]T{C;:O’C?\Z%“éﬁ/bé.

— 29 —'




1780 o B o - TR (1:963) ®m128

(3) (1) THRREBOWILZ BT 5 1ix, B 2) #K, KEE, FHE: & &8, 49(1963)11, p. 1663

IMnl 23 9 0°30% OBA, RERITEOS 23, = 3) miB, B gked, 41 (1955) 4, p. 430

57\\@9“; v 7 HTEC, 0710% BT 75 &5 5) J. H. WuitLey: J. Iron & Steel Inst.
IS1 & X001 hEaay bo—UTBhER LS. (U.K.), 144 (1941) 2, p. 9
CORHE, ELRGGH SHUSKTIIRTESEAE o) &F, R, EE: HhGE¥AH,
MRS v — S OIRFBIEDO—TR L LTIk iz 25 (1961), p. 328

LDTH%. Zﬁ%@iﬁﬁ&i&)?’:“)f, 5 2 LG T & 7) T. Swinpen and W. W. STEVENSON:

DI W= T D% R SUBERLET e
| x B o 8) RN, £, 48 (1962) 6, p. 9
1) %ik de)Il, 8, #k, [RA: Sk &8, 49 (1963), 9) F. B. Pickering: J. Iron & Steel Inst.
p. 1079 _ . _ (U.K.), 189 (1958), p. 148 -

Fe-Ni &40 v o414 FEBICE XIZT
AT & 6T O
o H =Tk o# A

Effect of Plastic Deformation and Stress on Martensite
- Transformation in Fe-Ni Alloy.

Yozo Hoso1 and Yoshito KawAraM1

‘Synopsm
. The form, shape and hardness of martensite structure transformed from strained austenite
were investigated for an Fe-31°7%Ni alloy in order to make clear the strengthening mechanism
«of\ste‘el by ausforming treatment. From the results of hardening characteristics of marten-
site plates and of the change in X-ray diffraction lines from martensite and austenite due to
.deformation before transformation to martensite and also microscopic observation of the struc-
ture, it was confirmed that a strengthening. by ausforming could be attributed to both the
refinement of martensite structure and the change in the internal strain of martensite induced
by austenite deformation- prior to transformation.

The study was also extended to the determination of the influence of apphed stress on
‘martensite transformation. Ms was raised by tensile stress at the rate of 1°6°C/kg /mm? in
the te'mperatur_e. range . between —45°C and —30°C and at 0°16°C/kg /mm? in the temperature
range between —51°C and —45°C. It was found that the rate of 1°6°C/kg /mm?® showed good
agreement with the result obtained from the calculation of stress dependence on Ms by
Cohen’s treatment. A discussion was also made to estimate the relation between the energy
to initiate martensite transformanon and the energy to deform the material under an applied
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