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 Nonmetallic Inclusion in Fe-Mn-O System and Fe-Cr-O System.

Kiyoshi SEGAWA, Shivé W ATANABE
Takashi FuxuvyAMA and Hiroshi HARAGUCHI

Synopsis:

The preparation, analysis, and microscopic examination of two series of ingots, made by
adding oxygen and manganese or chromium to 6kg pure iron melt, are described.” The ana-
lysis includes the chemical analysis of ingots, and chemical and X-ray analysis of non-meta-
llic-inclusions extracted by alcoholic-iodine or electrolytic method, and the estimation of
chemical compositions of inclusions by an electron probe mlcroanalyser

The following results are obtained. :

1) The product of deoxidation of iron by manganese is found to be a double oxide (Fe
Mn) O, the composition of which wvaries continuously with increasing manganese content in
‘an ingot. L

~ The m1croscop1c appearance of inclusions in polished metal sect1on varies from round to
irregular particle with increasing MnO content of (Fe-Mn)O. :
.72) The deoxidation product by chromium varies with chromium content in an ingot.
" FeO:-Cry0;3 . is  formed in an ingot contammg less than 59 Cr, and Crp0; is formed in one

- containing more. than 5%, Cr. Both of them have very similar appearance.
3) Though (Fe Mn)O which is low in MnO is deformed a little, (Fe-Mn)O which is high

in MnO, FeO-Cr;0; and Cry0; is not deformed by hot working.
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Table 1. Experimental results.
Ingot Metal analysis (th%)
c si Mn P s Cu Al o O before gleoxxda’uon
wto%
M-1 0°01 0°01 0°13 0006 0°009 0°008 0°008 0°119 0°134
- M-2 001 0°03 0-34 0°006 0°013 0°008 0°008 0124 0°184
- M-3 001 002 072 | 0°006 0010 0°008 0°008 0°074 0*116
M-4 0°007 0°02 1°30 0004 0°*009 0008 0°008 0°049 0165
M-5 001 0°02 2°00 0°003 0°011 0008 0°008 0°036 0°160
Inclusion analysis
ot
Ing Chemical analysis of alcoholic-iodin residues Results of E.P.M.A.
SiO; Al:0, FeO MnO  |Amounts | Total FeO MnO Total
% %. % - % wt% 02 9% %
M-1 0°5 06 87°5 11°4 077702 | . 0°173 83 4 87
M-2 06 10 700 284 0*6152 0°140 61 18 79
M-3 12 16 304 . 668 0°2988 0°069 17 96 113
M-4 127 157 11+7 60°0 0°0600 0°018 (79) (35) 114
M-5 10°0 v 100 348 442 0°0520 0016 30 92 122
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Table 2. Experimental results.

Metal analysis (wt%) 8 befo_re
Ingot ro. ical _
, addtion Chemical compo
C ’S- - Mn . ‘ V\«'t% 8102 . A1203
i S Cr (0] ) % A
Cc-1 0009 07012 001 0°007. (gjgzg) 0108 0° 141 1°3 - 77
C-2 0+008 0-018 | _ 0°01 07007 <g:g§§> 0067 | — 1°5 60
c-3 | o012 0°020 0°00 0°008 (8:?52) 0°071 — 3%9 67
C-4 0°012 0030 0°00 0°011 (2:82) 0027 0°125 | 83 22°9
C-5 0°021 "~ 0°033 0°01 0+012 915 0*014 0°133 4+7 110
C-6 0°024 0°023 0°03 0°013 | 16°19 0°030 0°112 6°5 272
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Fe-Mn-0 % L O° FeCrO
.
Inclusion analysis
ces . . . ' X-ray diffraction
sition of residues isolated electrolytically Results of E.P.M.A. pattern
MnO FeO Cr;0; |Amounts | Total FeO Cr;0; _ Total
% % % wt% 0% % ' % j
. oy . . . 1)y 99 7 106
1+1 751 14-8 01677 0°044 2) 34 66 100 FeO-Cr:03 and
Trace 77°5. 150 | 0°2115 0"054 40 55 95 Fe;Op strong
¢ \‘ 4 24°8 65°0 ‘072019 0+063 32 51 83 FeO-Cr0; strong
v 1. FeO-Cr,0; moderate
Vi . . . .
7 - 11°0 58°8 »O 0638 0°023 42 57 99 and Cr:0s weak
4 6°0 78°3 0°1310 0°044 7 11 118 Cr;0; weak-
3°8 143 48°2 0°0419 0°015 7 95 102 Cr,03 strong
RO, Table 2 OFEER XD Cr0s
“ THDHT ERbPERP T FeO ZEEL T
v '

(a) Ingot C-1, (b) Ingot C- 2 (c) Ingot C-3, (d) Ingot C-4,
(£f) Ingot C-5, (g) Ingot C-6 x500

(e) Ingot C-4 x200

(h) Ingot C-6 )
Photo. 3. Nonmetallic inclusions in ingots C-1, C-2,

C-3, C-4, C-5 and C-é.
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Photo. 4. Deformation of nonmetallic inclusions
by hot-rolling. X500 (1/2)
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Hivry 5% Kocu DI XiuE, Crigibio
SRS EIEEE I X0 T 5 05 d b ABTHE
b Cre&BFHEIcX Y FeO:Cry0; F7zix CriO4 23
Boh, BReThE FeO-Cro0; %721% Cr:0s THL
haditlE&ELTw5.

AR TIEASER S UHE Lo, Rl

FoEREREMBEA 5 1% FeO-Cre0s F 721k Cr:0s 23500

Tw5. DboiER»S Cr BEEALR OERIC oW T
EELTHES. o
 Pig. 4 O L SARERIERNE, 1600°C IT31F HHER
» Cr-O EFHECITSEVE AHLH DT 0D, R
EVEL TV BRI Cr 2 A5 & Cric X DB
RUSES, % ORREIR LT —RATEM 75 D < TF
ELCHmo Cr &0 &, EEPEEGESL DL
L EabhB. COMER WYL S LB LA

X DERUABREEESESELL TW ST, R

BUs 2R L TV B A O R IR DR TFIC X %
FAE DRI WA X TR 5 IRATEW TS &%

25N 5. I OITRANEDNE, Table 2 DfEERNPL.

ZCEIETIE (Fe,Cr)s0s 7B fREHLTWT,
o Cr BHESSRVHEITE, BE LTYRER
FeQ-Cr;05 & ULTHHL TL %523, CrERELkd L
(Fe, Crs0s 12k1F % Fe Hl&nEAdL, WRESLEEE
IR A €A VOB TIRIARLELRDT Cre0s WHELT
FHET5b0EHEZLND.

IV. #&

| mEA ST Mn 70k Cr CHiER L ABRIC AR
T BBV TOERELT I8V K OBREE
7z

il

1) Mn JiRRIC & B BERAERYE, (Fe, Mn)O Elis

- RTHRO Mo §H BB S {5 Lt WA TERHIC

55 MnO OEEHBEATS.

2) (Fe,Mn)O EEHERDOEIRE, MnO A7
AL FeO Wl THRETIRIRTH 5. MnO 24 <
755 ENTEMORLEIIE < o THBLBERITITH L
T35 OPNTEM TS MANE R 72 53 ]IV RA C NSRS &
RV EHEREZETSD. '

3) SERONENOWIRE %5 & MnO DTN

FIIRLRER L T 528, —fxic (Fe, Mn)O EVAA
I
Yo~

BRLBIEwR b,

4) Cr BiERIT X B AERMIIt o Cr EHges
T EE Y EeO & FeO-Crp0; &3 fFEL T
593, 5% Cr fBETIX FeO:-Cr0; 78 9% Cr BLET
W Cre0s 2MERL TV 5. Zhbo s v AR{LHOT]-
Kz, ELLLRLLPTWTRETAHBIONEDE LT
PRI EIEL TV 555, BRI THIEE T % & FeO-Cre0s.
TREEE ZE1, CrOs 1IEFEEZEL TV,

5) (FeO-Cry03 % Cry0s [FEETH T & EZT+
T LTV B0 LS. Mk Cr0y BEMZK
LT BHIE, BUEIC Ko TRIRIGES 8D, 2O
SREFAEVIEL LD TV 5D = 7 n HETHED LN
5. '
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