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On the Primary Inclus1ons in Steels of Fe-Cr O System.
| Akira ADAcHI and -Nobuya IW'AMOIO -

Synopsis: - ' 0
The 1mportance of inclusions has unquestionably been overemphasrzed in many cases

- The number of investigations has been large, but in most. cases too many varlables have

_been present to allow definite conclusions to be drawn.

Three excellent reports on this subject have been lately published: one by H. M. Caex & ‘

J. Curpman, another by .D. C.. HILTY, Ww. D FORGENG & R. L FOLKMAN and a . third. by w.
KocH, J. Brucu & H. RoubE.

In order to obtain a satlsfactory solution to the mclusxon problem, the followmg three ques— .

tions must be answered:. - e e : :
1) What types of inclusions are formed under this experimental condltlon?
2) What caused many disagreements found between the above descnbed three papers" )
3) What is the process of transformation? : ‘ ‘
Furthermore, it was necessary to establish consrstent 1dent1fy1ng methods for inclusions.
We applied new resolving analyses using. electron dlffractron with higher accelerated voltages
and using electron probe X-ray micro-analyzer.

It was important to estabhsh the foundation for promotmg further 1nvest1gat10ns about -

complex systems. : - : Los

.~ In the first report, we simply described What sorts of 1nclusmns could be 0bta1ned when
molten alloy was rapidly solidified. : .

The work done during this investigation' may be summarized as follows

¢

1. The structures of thus formed mclusmns are d1v1ded into three groups by Varymg chro—r

“mium contents:
1) Slightly distorted iron chromite (c/a 0°97 or 0°95) only
2) Slightly distorted iron chromite (c/a= 0°95 & 0° 89) and Cr:0s :

“The shapes of inclusions depénd upon the various conditions, viz. Oxygen potential
under the experimental condition, and- the influence of co-existing elements, -solidifying
velocities, etc

3. In our results, formed iron chromite appeared Wlth distorted structures, more or less, in
all the steels, and the distortion degrees increased with a varying amount of chromium
addition. ' )

4. The diffraction patterns reflected by isolated addition residues showed diffused aspects.

5. Lattice constants of the distorted iron chromite increased with an 1ncrease in the chro—
mium contents.

6. The causes of distortion for the iron chromite should be studied in more details.

(Received 2 Apr 1964)
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Table 1. Chemical analysis of electrolytlc
iron (%).

c Si | Mn P ‘S (0)
0°008 0°006 0°015 0°004 0*013 | 00112 ‘
Table 2. Chemical analysis of ferro-chromium

(%).
C Si Cr P S
0°020 0°230 62°00 0°02 0°*006
Table 3. Oxygen content of each run molten
at 1650°C before and after ferro-chro-
mium addition (%).
Nominal k .
Cr 2, 3 8 13 18
Before | 0°0450 | 0°0477 | 0°0470 | 0°0472'
After | 0°0435 | 0.0352 0°0189 | 00266
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TSRS I AN BEREL ®, 15mmg¢ X230

7 BUEBUE X PtRh20%-PtRh
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Table 4. Xfray analysis of isolated residues.

Nominal

Cre 3 5 8 13 18
c/a=|¢c/a=|c/a=|c/a=] ¢c/a=
0°97 | 0°95 0°95 0°89 | 0°89
Iron . Iron - & Iron iron

chromite {chromite c/a chromite | chromite
—0°89 & weak|& weak
" Iron Cr:03 | Cr:0;
chromite
& weak
Cr:03

~Table 5. Lattice parameters of distorted iron .

chromite.

- Nominal Cr% | 3 | 5 | 8 |18 | 18"~
Distortion | 0°97 | 0°95 | 0°95 ‘
degree of & ‘
iron chromite 0°89 | 0°89 | 0°89. .

8°421| 8505

8°505
&

‘ ao(A)

87693| 8°693| 8°740

III. 8 B # &

(1) XBEFER _

B TR O X MBS H1Z, Table 4 RSN
TW5. TOFERTC LRSS &, KEROEA, 3%LL
k ko y o afmAcAER S iron chromite (FeO-
Cr:0s) VX, M HREELRITESL (Hhkk c/a TERT
3) BETHC LA LS. Lind, FOBRER,
LY n A BT o THREBATC (BRI iR <)

KT B EHFRENK. Tihbb, 3% v A&HEHD

4 iron chromite 13 ¢/a=0'97 5B HEZHFHL

TR, 5~8% 2 v ASEMCEV T, ¢/a=0"95

nHBLEY DL, XbIC 13~18 7 u & 1T TH,
c/a=0"89 M HEHREEA L TERIND T L, ki
DEFDSPRED. BREOL, T ORI
DA TWIENDS, 8~9% DFEISICT ¢/a=0"95DH D &
c/a=0°89 Db D LFERFICARIND T &bk,

10mmHg OEET CHREZBM LA, TmH

— RS R IR L T B R B LB, 5% -
My a s BTHB bbb T, RO ¢/a=0957
LT HEE% iron chromite BFRXF, ¢/a=0'97 OFE

BEODL DD T EBbrok.

Eou A EEMCAERE D iz c/a=0"89 DELE
TS b O, D. C. HiLty # O/DIC X2 THREE
B CryOs(c/a=088~086) LHALT 5 & Bbh D
73, CrgOs OMFFRIX ASTM L X > THRASN TRV D
T, 7 Z Tk iron chromite Fe,Cr3—,0s D x DB D
INSWVWHDEFE LI, .

&2 v ARIROMENER OBRALE L, T EHZ

‘ﬁﬁbfﬁbh@ﬁ,T@msf%b;%?@ﬁ@ﬁa;

o ABKICE B0 T, RE LT IFRBPDS .
F < Table 6 1T, HHERE®D d-{B L FXTRED,

FEHEE L L CRENT VA2, Zhpbdbbrd

E &, ARSI DD diffuse LTWH T L
@ﬁghg,c@%@mowﬂm%ﬁwmﬁ%féﬁ,
MOERERD, TRbb 2% Vo s GHMEREA

& 7 — VEETHUELRRET, BFMEH TELONCE
P BB 0RO 2 RCHHEOND T e B LRI
D, ZOHEHRBEELT, ERESHTORNEDH, 8
EROFERCO LY —HERLILOLEX DD, JE

e d -EOBELE S 2BEOFED b OPRIBHCAR .

EHNTWEDD, FERINP2T IRk bDLBILE

s, TR OEHTRO D IOV Tl

BEhRIEE SR, ‘
£ 7 v A SEROBRMEEERVThS, 2:55A
Dd-EZTRLTVD T EIE, ¢/a=0"95 OTELEDD

ORHTIEBRDLERESNTVEDOTRENVHOFIE

Bdhicx, TOERFEECEMFHESERE TS
HDTHS.

X@EIEE, K7s 0/ b diffuse F 5 70T, # -

FHEEEOBE CHELERT 5D OIFE L, 4£5k
" iron-chromite OHTEHN I v AEHELHLL T,
Table 5 ICRINTVS.Z DELD,iron chromite®

Ts oA BRRIC T, kXA L E b h.

IRYETRBSE DEIZET, Y uk 5°6% D EEEETHM
;@%%K,&%hﬁﬁﬁéhkmmﬁbr,Xﬁ%ﬁf
BEEEAETF CRERE . B/ e sGEMTH
& B ot Elnhoiz.

Table 6 ([ HIFRHE O XIRFHMTHER DS, CraO® & =

#£> iron chromite, Cr:0s &3FtbL TAREINTWVS.
F 7 Fig. | WARHBESEMS v 2 BORLITH LD
T, FOX5RTLTErr, S DICIEEEE LA RKE
TCHI R OF T FRRIE & AR OB L2 RIS &
FTHBEIETVS. ZOHE, ASTM FHEEL LT
o iron chromite @ d =1"91A 231D, KEBR T
BEbNeb i, TRTHELbNEVOPMLILS.
(2) RrEMEEEER :
BRHHBEARATICCEHE L HRIRO XS T
$5. BRETETHREELTT SO, HBELELY S T
L OTIBA LA Cri05 OXREHFEE LT3 T
Lix, D. C. Hity Z0fh®< G. SiEBerT u E. PLo-
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Table 6. Interplanar spacings and relative intensities of isolated residues.
Nominal Cro 3 , 5 FeO-Cr,051®
I dA) (hk1) I dA) (hk1) I dA)| (k1)
w ¥ 2°967 220 vw 3017 220 50 2°95 220
S 2°947 | 202 . w 2°937 202 100 251 311
v s 2520 1314+ S 2552 131+ 50 2°08 400
w ©2°483 113 m - 2°458 113 . 75 1°91 331
w* | 2°103 | 400 w* | 20497 | 222 - 25 1°71 422
v w¥ 2°051 004 w 2*111 400 75 1°61 511, 333
w 1°710 242 m 2074 ? 75 1449 440
m 1°634 151+ v w*¥ 2°032 004
W 1°611 333 w* 14722 242
Vw 14581 115 m 1°634 1514
w 1°488 440 VW 1*611 333
s * 1472 404 vw 1566 115
m¥* 1°502 440
g ¥ 1468 404
m 1284 353
8 . 13
gl *e ss we /\/\/\ e oo oo SN\
‘ I d (&) (hkl) | (hkl)|(hkl) I d (A) (hkl1l) [(hkl1) | (hkl)
w ¥ 2957 202 vw 3°090 220
vVw 2°659 104 VW 2°978
w 2°591 . 131 w¥ 2°892 202
s 2°558 131+ VW 2°659 104
v w¥ 2°476 113 , vs 2°594 131+
vwW 2*174 400 113 Vvw 2*558 131+
w* 2°119 400 VW 2°486 110
w 1°635 151 v w* 2°389 222 !
m* 2°031 004 w ¥ 2°362 113
vwW 1°815 024 w 2°173 400
VW 1°728 242 vwW 1811 - 024
w¥ 1°673 151 116 VW 12737 242
vw 2°083 ? m* 1662 1514 116
v w 12605 333 VW 1+603 330
v wk 1537 440 w 1°539 440
m* 1°502 440 vw 1°505 440
/ VW 1°468 404 ' 214 wk 1°465- 214 404
3 VW 1442 404 m¥* 1°443 404
’\d) 18 Cr;03!2 Cr30.»
e ae o /\/\ /\/\/\ se ee o
I dA) | (hk1) | (k1) | (hk1) I | dA) |(Ak 1) I |da) |[(hk1)
w 3°096 220 100 2°666 104 3 3°05 220
vVw 3024 %6 2480 110 4 2°86 202 |
w 2°911 202 12 2264 006 10 2°58 131
VW 2°662 104 38 2°176 113 2 2°39 222
v s 2603 131 9 2048 202 1 2°34 113 |
VW 2°576 39 1815 024 6 2*16 400 o
vw 2°558 131+ 90 1°672 116 2 1°90 004 -
v w¥ 2°493 110 13 1°579 122 3 1°725 242
- w* 2411 222 25 1°465 214 9 1*655 151
L] m 2°184 400 2 | 1500 333
; vw 1815 ’ 024 6 1525 440
: w¥ 1°740 242 ’ 8 1°432 404
4 s * 1672 151 116
E " vw 1607 333 * jllustrates diffused profile
: w* 1°544 440 + shows deviated state
: vw 1488 v s : very strong
E' VW 1.461 214 s Strong
¥ . . .
S 1*449 404 1:; Iggg{um reflected intensity
‘Vvw:)very weak
— 23 —
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c/é:-O.?5 S| m: m M M M c/a=0°89 0)%‘1"5%%’ ~.ir°nF
Iron chromite V.V W RN W VZ\ W Pra7=a s - _ chromite 93G5 X 55
w QW N - ~ S I N N MR § S g
(5% Cr) | § !@ 33 §‘°‘ |§ . §] 2 “TST’:E ¥ 8 L RRETT, BUOBERE L
3% o , T a . —_—_
(5% n B3 . S 7S DL, BEHEZLDT LS Th
.M0ll§;;/%r W . w, frw M v %. G. SieBERT U E. PLOCK-
T g ~ - 2 ~ )y ~~ i~ N . - . .
¢2-097 " § ’ § &R SRS 8% sl I W@ INGERY  DFtEk L7, HBEER
Tonchomite IS S| - 7| S i i (EES 0 NN I e ey
— ERLE 1N 3
Standard ) N
iron chromite » - D%, Cr;04 LHFIT TS
Cobe - |® ) R s 1S IS - rEE—HKLEVbDLkbb
Fel-Cr, 0; o < NS K] 3 8 . ’
& < ~ o3 %Lé J
‘ [~ . -
(18% Cr) v s o Photo. 1 1, &HREEDD
% Cr ; M A . } R ' i !
]C/a 2089; WV W v ‘Z VW W v W T ’ @ZP!;Q’ ?@f‘[ﬁ@r‘fﬁﬂk@ 4) D>
gaﬂcigzmz e Vlv I Vlv l VIV J I 1 V\i 7 I Vi/ prismatic [ZTH L Tw <IRIL
T S T Bl
I3%c0r) R ] IR ST S s &I M3 LB LDTHHRDO B DT c/a=
da-087 VS 5w SRS dSw Wy & §§M§V§ W§ v§ § N L
Iron-chrome-Fww 1S ¥ Bwy - VAR IS Ig. N S 0 8IDELELZDPFTHHDEL
<o) S PAR T | . . | =z
. ; ) ZTCHIWVWhDEBbis.
: &‘\ 2 . = = = S 2 2 ~ o~ — s . . . )
gre 8 SERY §eF L oS EE SRR Z ORERED S OBHUL T,
% 089 M N §S§'°'M§ & @.Sg@x TS M I/ST e . i N
Zron chromite | ?V §TV }/7? ’ Q1}17/ WVI MZ IZQ WW xQ Q% Q}ZQQW ‘ ELERY P Aﬁ%bnﬂﬂ@%{%
& Cray W lW { HAredbbbhsb.
B | N I I N Rt SN
' S Photo. 2 X, MUK EI v
7S . : .
o i e AYRIIIC T, SRR S T
chromic W
oxiide ‘ w ‘ W RORNEBBESFEEZ LD LT
s | l 5L DTHSH. TOTEE, B
r1aare . ° :
chromic oxlde —@ mass Th, &>
! ~ -~ - ~ THE—CHWT &2 —fFjE LT
18- BN 3 S S S L e
N S S 3 N N ’: ) l LB LTCWS.
W w- 9 70 80 %0 W (3) EHPEMSEISER

Fig.
oxide. ; ) ) ) :
CKINGERPDEIEH L 72T & £, Cr:O3& B Ch LD
DErBEbhs. LaLish, AsABoBasLr 08I
I DI T E b 0. ZOERBIRRMS v »
CEHKITE D0 T, WINT S hbaaote. A%
FHT AR BV R BRI RA e ok & Lo e &

QAR o ' A
Iron chromite DJEIkIX, N = LB, RO

oxygen potential®, FEULEED, FUBOWRELID,

HETRCHELC 5D DLEZLND.

Iron chromite ¥, RXTICT MEE 5 FEERIET

FEEONTEHRETRT S O8RS0, BREEEET
5250, COBEE, XENCERENNSWE
&, FRETEOERRCRFEER LBV EWV S EEE

1. Comparison of d'iffrac,t.i'on__pétterns and relative intensities
of each residue with standard iron chromite and chromic

Photo. 3 X, 10mmHg T
CHEBL LIRS v s SR,
A Ehic iron chromite o>
REHIEFRERZ LD LTVS. 1

RS OBe, RAREOHEARIOELL

(4) BT UEHGHEERS O CICHIRRB TR

Photo. 4, 5, 6 ¥EF MBI CTHES L, it}
PEWHRB OFRE O HREE LOL TV 5.

200kV  OIMREER b b\ T OFIREEETL, B
BT D T & Bbroredd, BT ATREDDDBEL
7o HHE OB ZHK CEFFEDOD O, E7e XAREHT
GEELN D & X B AT I ot X 5 1T, CrOs OFEHTIE iron
chromite 1< &~ Tr-30> Lpofe. HRAERL, B
gl SMH 3°5 B TH 5.

Photo. 7 I, ’FeO-Crzos @ diffraction pattern

$ 
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H%hfwé%@®hﬁ1%%ﬁfw ‘
SHHER» D, WAk Shis iron chromlte iR
f%ﬁ@ihﬂ wiE 5, E%LTV% &ﬁb#

Under crossed nicols., X200 (2/3)
Photo. 1. . Separating process of needle-like
inclusion from isotropic mass.

ZLBLCTVS. FeO-CrsOs OIRATHAN: & & 8

micrograph »5bH52%. s Under cros;éd nicols . X200 (3) oo
(5) E.PM.A. T XA@BIER ‘ Photo. 2. Mlcrograph showmg un- umfornuty
A DZ & <, AEHDOH— mass @t}:,b%{g&gjmgg . . in a small residue;”

DARE—I Mol &, ¥, MEBEOBKET X
7@%*M%ﬁﬁ,Xﬁfﬁ%btﬁ%%@ﬁ@@ﬁ1
BRTEBCOVEEN»D, I5IEs o ad g
@[ﬁ] (XHREFEER 25, iron chromited & A j LT
W5) DIBHIRE VAW IC oV, E.P.M.A. T
MEEmBL 7.
~ Photo. 8 X, FTICHCONINEDE, %@ﬁ@’l‘ﬁ
{EFRZRL TR D, @IFELS Table 7 whizz ST
Ww5. :
ia)c EHD, S LHBISNE DL BT, W Photo. 3. Characteristic angular shape of iron
ﬁEE’JV%“ — mass DRI T DT, LRIAEETS ‘ chromite. X200 (2/3)
5Lwvz b Z5PBRB.
i (HFAEEEY, B X-
v MA-M1 BCH%.
’ (6) U aiiffsd
Table 8 1%, BAEHHTE
ﬁmémT%MLL
Cr:0s & FeO 37 udy
MERELDLTVS.

B DD, KRED ' ' e o X300 (2/3)

iron chromite & &5 _Photo.4, 5 & é.. Electron-micrographs. of isolated inclusions.

5 25 —
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IV, BROBEEUEROEBEOLE

- sow A-BRFEFRO, BICHEANERTEAL T, &

KPBEE L OWRERE ST, MRSNFERINTE

o,

BEOOBRELHRC H M. Cuen & J. CHIPMAN O
PELSE S D, 1595°C LT 5°5% LATO 2 0 A &7HM
Tk FeO-Cra05 23, FhBARiCTiE Cr:0s BE5E
MWTHbdERL L. -

BEDOL D X<BIAS T Vv B RFIETIZ,

"D. C. HiLty %@f&@@ﬁ%fxgm}t#éé

ZDFRLT, £k
NEmMOEEE, -
nA%m%KLhﬁ
,Mﬁﬁﬁ@%

/% .

%) :‘Zji'aa iron
,chrormte, @ BA
'7’“ A t 3 b, (/8]
CI'3O4 DPMEREINS
PHELTVS.
L FODL, w.
- Kocr # 0 ik
2T, i LEER
BRI L RS
HEAEE L TOM

RPIR ST,
ZOWEREEDIC
NAEY DEYLEL
Photo. 7. Diffraction pattern 2 X LT OB
of iron chromite. (200kV) = TR

E,ﬁﬁ§%b>i’bf\z‘ %

Table 7.. Analysis by E.P.M.A.
(inclusion from.5% Cr steel)

Position Fe -~ Cr Si Mn
‘Matrix 936 | 64 | 14 0°7
A 4°9 | 25°5 10°1 1°2
B S 35%6 24°2 3°0 0*9

>Tab1e 8. Chemical analysis

£ (1964) #8145

, X 500 (2/3
Photo. 8. Iron chromite analysed by
E.P.M. A oo :

2, AREEOBRE, KEMVmwzei»@%;ﬁa
BET B L OXTWBDHT, bfric, 7osbEER

B 11~18% DPEIT, ¢/a=0"925 LHBHEDDL D

BZTED, BS54 74 28HSBRCTAL LES
c/a=0'88 DBHREDL DL Cry0s 1B L TV5.

ZDOBLEDS OVE, Crg0q ITFE W & ORXTWBET

T, Cr;0s EHEIEL TWinL.
IO TIE, -7 v A-FEERMCERS L

BEBLHEINTED S, AWHE OB, Wiy v s BT

L%#OTM&B@%%ﬁﬁwﬁﬁﬁa & Mo
7z. iron chromite ¥, AEERD 7 v A%?ﬁi@ i pH
T, FRUBALBETERSIND C Lovbr D,
o v A BRI OTELENSEARINGZLD
bixoiz. 5°5% LD v AEFM T, XEAET»
SRS M T Ho7ht Cr0s DD SN, T O

%y, H. M. Cuexn & J. CHIPMAN DERPEAET
5 DUCTHILTY ORI IRERD T E i T 7 CrgO

X, B uASERORACE L ESHEALT D. C,
HiLty FOMDOHE LiEE —F LRV, BFElk
S @o=8"69A DIEDEXFIHEOLDOLELE L5 T

(These values don’t express wt.%, but illu-
strate relative intensities compared with
each pure metal)

of isolated residues (%).

Nominal Cr% } { E 8 13 18 c.f. ‘natural FeO-Crz0s
E Calcted. Analysis
FeO 36 } 264 | 184 74 - 3 32 33
Cr:0s | 64 | 76 | st 92+6 97 68 67

— 26
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BB, WFERT, 7o sRMBHRITELROTAE
ey, ZozZ &% iron chromite ?D Fe iz Cr 3%
EPbOTV DT BTN OLBLLDELEILND.
iron chromite WBIL TV, HEMW OIRAERHAZE S5
LEERESND LS5 1C, 1300°C TTEBEELNTVS
iron ¢hromite %3, (ZE#E D iron chromite & Z L7 D,
EBESE/BEREBER, {L¥ERES, O BHT 57
R H5. bhbhOWMBEERECSHER>DD, #l
thiz 2R X L7 iron chromite PMEUERED 575k L C
WHRRFED S X B

LbBA, ABREFONENCHL T OWETH

D, NEMIBBT X VBRIV TFRLORE LT
505 L, ERTEROIEHMST7ICE Tinbh 5ES
HBRINTE WD, B OB 2Tn5EE
Zz2 oD h, WMHEEREOXENHRO broadness 2>

BELTHTH, TRELETOREND, BE— mass D
LA DCIAEI L & 5 U TV AR~ RERT
Ww5L, EPMA. X 5EIFHR, SHRErSES

SEEOHHIE , STEOMTFERICD L SHERPSD,
DD D IR B . : ‘

‘M. H. FRANCOMBIDD DT\ %5 T & {,iron chro-
mite VXFIRIC T FEEZ AT, —183°C WTEF
PHEEZ VT, WREOBWES SR & B8, K
WFE T CAERM Sz iron chromite OE LI L CiE
BRSO APODBEEINLENETHLS.

iron chromite /¥, XX HEERZL DD, e
Yo s DEREBEMEOBEREMDIZFLONDINETD
55. Eiz, HENEDORREC X 2BHTERR, T
T _T, MY CEEEZRTEVIERED I, E#d
Kl ote s ) 3 75\ LIIEREIC R L7t kb & o
T ORAD D, silicate BAEWHICERI T, &
ERCETEREROSEE D, SDTXORE D KR

silicate 2SR5 &\ 5 WHEMERSE 2 BB L, stoi-

chiometric L2 5 DREE HbETEEINS D
ERDHAHS.

iron chromite OELOFEREMHIHICE L Tix, &5
TR DI RER, Tbb, hiEFRETeEELRX
LA OBEIE, % RGHIEE ORIES LT L 2
5hb.

V. ¥ |
' Fe-Cr-O RIMICAR X5 R{LHWBNTEN % &1 5 7=
®, 3, 5, 8, 13 I 18% 7 u aflARFHLT oV

T, BEHMHBEEZ LT, TOMHERELZE, 1D
DONEWCOWT, XiEREY - EFEE - E.P.M.A. ©

i

X DR - BAMSEEIER OO R J u i Lok R
1) RN 0 2RMBICL72ADT, 3N
~FHEEINS. ' _ '
Thbb, 3~5% & v sfficiE, c/a=0°97 it L
095 OBHREXH TS iron chromite DOHZZARKT
5. ' : o

Fiz, 8~9%7Y v AHITIX, ¢/a=0°95 OB LELH
&% iron chromite & c/a=0°89 ®» Cr;04 IZEE{LIE
53 DL Cry03 BREFRINS. o

13~18% » v AAICHE, ¢/a=0"89 Db DE Cri04
BERINS. IR

2) iron chromite O IKIX, oxygen potential,'
I TRCGREEE, TOMOPEE IS BbboLE
ZBN5. R

3) D. C. HiLty D2 DR 7z & i L 72Cr04
TIPS b DORTER SN2, 7 v ARMER X 2T
bi,‘ distorted iron chromite FIRRE N, Cr:033 &
375 X5 Th5B.

AEBRTERK XN iron chromite 1%, &rhdixn
i, BAKELGEEZR L. ERXOBELEE S 0
LARMBCEELTVWE LD ERPbNS. :

5) HHIRE O XfRETHRIE, FHY diffuse $5Z &
PRENTHS, B D. C. HiLty % OMDOIER LT

X5, YarSHRD8~% O& AT broadness

Beb T L HESERETHOREVS X5 Lk
<, $TRTOHAFIW sharp ThpD7c.

6) iron chromite(Fé,Crs_,0s) OHRTFELIL,
wARMEEAICE DD T, RELLDHXSTHS.

7) iron chromite DEALDRFECHEL TRI B
H BB LET D 5. ‘

8) NEMOAEFMBCEL T, BREVERIEE
o5z, ’

AR ERTTHRED, SREBPIERZ VIR
7o BB gk AR, EREIAN - (LFH T CEh
BN I T F BUERAR FR L BZE R, B BARE OMEE
B a7 I T AR R B LA SRR - IMRTEZB)
B S IR ORI BV AHEERV RV R
PR RE BRI AT - LB REIR - LB —#d% -
KRB E <L L BT R
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On the Behaviors of Sulfides and Relative Nonmetallic
Tnclusions F.ormed. in Steél
" Toru ARAKI, -Haruhiko HirAI,

Yukio MATSUSHITA and Tom KARASUDANI

Synopsis: :

The effects of varied elements on the behaviors of sulfides and relattve nonmetalhc inclu-
sions in a resulfurized steel were morphologically investigated using small scale ingots,
-‘whose compositions were based on 0°19 C killed steels with and without Cr and/or Mo.

At the same time the effects of deoxidizing conditions before solidification were ‘studied, e.
g of various grades of Al killed conditions and vacuum meltmg process. :

The morphological observation of sulfides etc. was mainly carried out with the microscope;
in addition 'the results were certified by the qualification with the electron probe X-ray
micro-analyser and the 1dent1ﬁcat1on of electrolyzed residues of inclusions by the X-ray .

dlffractlon method.

The obtained - results were as follows:

. In the case of low carbon steels, the increased S content makes FeS coalesce and float
up without forming a network, while-the increased C content easﬂy forms an FeS network
on the primary grain boundaries.

2. The increased Mo content up to 2% has a tendency to change the FeS phase to MnS

“when precipitated in primary crystals, although there exists no increased concentration of
‘Mo in the sulfides.’ ‘ : '

3.. In the case of Cr- -containing steels, the studled morphological aspects of sulﬁdes and
selenides were notably affected by the -deoxidizing conditions before solidified. Those
onenomena can presumably be interpreted from tne relations between the natures of deo-

o x1dat10n products and the nucléation of sulfides.

- 4. Many kinds of sulfide and selenide inclusions occurring in various conditions were analyzed
qualitatively with respect to the effect of Mo and also to the hot plasticity. A relation
was observed between the compositions and crystal structures of sulfides and their plasti-

cities also in acévord with the Mo contents. : “(Received 2 Apr. ‘1%4)
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