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The Study on the Isolation of Oxide Inclusions in Rimmed Steel by

Using Alcoholic-Iodine Solution Containing Na-Methylate
Haruo SHIMADA, Nobuo OBA and Tadamichi TAKEI

Synopsis:
The method for the complete isolation of the oxide inclusions from rimmed steel was studied. The results
obtained are as follows,
(1) In the case of using the generally applied alcoholic-iodine method, only a part of the oxide inclusions
can be isolated from rimmed steel.
(2) In the case of using the newly developed method using iodine-methanol solution containing a small
amounts of Na— alcoholate, the oxide inclusions can be almost isolated from rimmed steel.
(3) The oxide inclusions present in rimmed steel consist mainly of (Mn, Fe)O, which is enriched with

manganese.
(Received July 25, 1968)
1. 4 = WA BT B D FETHD THRERL E DS HEk» ba
s = WEF B L LT3 O ET LD — VRSO AR
SRR D ER LR L ERTH S BT 5 5 1R . R 4 ARSI TR
PO N s o SWEALITTRS

Y 4 RIRBOB b ek LS oREOA w7 S gk () BT PR
HEREREBHENR TV, ZRETY & FERAPORL wek UIERLER (M) BURTTE R T

— 89 —



190 % &

% 55 £ (1969) 2%
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TEREED /258 122 TW S DIEFIT, Bk &
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FEREBELIRNEDIE—MORBANEDERE, K
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WED Mn,Fe)O 25 L cdbD eHELR. Lo
DTED XS M E % FFIL T (Mn,Fe)O D43z
BEHIET 5 hRE Lic. X OFER, L&D Na-7 v
37— bEREFMLCEEDERZRfMLIcavE 2 F /)~
VBT VAT ) & FEIRICTRE T 2 B{bh o KERS
PGS LS TED T L RHILA. T FDEE
KOCIHERICOWVTHRET 5.
2. RBRRRBRSUICHER
2.1 RXEOIYVEAL/—IEICEB Y L KEPOE
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Table 1. Chemical composition of the specimen.

(%)

Mark| C Si Mn P S O*

A |o007|001]034] 0011 | 0-014 i 0-027

* determined by vacum fusion analysis

Lt afy 25mm ¢ oftsicinE Licns, §9204
X1lmm OMFRKICTI DL, @FE4&r 2 ) THEL
TR L. P OLEMEARIL Table 1 LT EE
DTH5.

2:1-2 FEBRFELSTITER

EFECHI L 723BHO Sg B L < AWML=z v FR 4
&2~ i (I 35g /2% 7 —v 250ml) ZFHVTT
NI HRAEBRUISHE S —ERBE R L @ RE
THUHEREL 2. BB OBAIEER 30°C I X U060
°C o@D EL, IVELAZ /- VBEROFARICIIEE
BAB2 ) —VEDEFTDOHRDE, ZHE4LE CaT2[H
BAKEE L 2d 0 EB L. 730580 iiERr
T RTCHBOEE S o kiEn»S 1hr &L
oo SHLCRERBAREEC XV T OhDERS %
FEBL. F0FERETable 212 LT B0 THD.
Table 2 DFER»LBHLML X 51T, BEDILESHT
MR OB FHEEDOZIC XD TEL < £k D ,30°C
THRLIEES, BED SITE »SEE TR DIEE
EIFEEERETROACEBERERIITIDELIL 22 E»E S
NICHEEPCRBRERILDORE DS L, kSO
X84 BEBDR DM BIED LN, LD
T 30°C AR T B LM A\ 2 S S8 B © L1 T

- Elgipojzs b5 60°C THMEUIBE, vA 24T

15 EDRFMIE TR BERE SN TV o3, BEDSH
W2 HEIFHE CROEBERIBEEEMETRD-EEE
EDQII/B3BETHL I OB{LMAIBET 5 2 &a3bds
D7z

%7z Table 2 X0, avFZ 2%/ - VBKRPDOKS
DEEL BTS20, 48 CaT2EBKEI LA # &
S —WERHRTLEETD, KK &2/ —vadRET
LA S LT, SIS T 2@t Rz
NIBEEE DT ok. ZOEREIR A% 2 —vd
[R5 izdd, BB WIENAK > % 7 — U E(EF
LTHDBEROFHERKE VDL L b BEVAE
5 < 2 ULKERED X 5 SEEMMES L E LB LY

Table 2. Effects of temperature and purification of methanol on the isolation of the
oxide inclusions from the rimmed steel (Table 1).

Temperature | Purification

Chemical composition of the residues (%)

Oxygen content

o .
calculated from the O (%) determined

of iodine | of the used . s by the vacuum
methanol | methanol | $i0, | ALOs | FeO | MnO | s | fiEmical analves | fusion analysis
30°C As received | 0°0013 | 0-0015 | 0-0580* 0'0395*I ¢-0035 0-0223* 0-027
Destilled 0-0014 | 0-0017 { 0-0614* 0-0462* 00044 0-0233* 4
60°C: As received | 00014 | 0-0014 | 0-0045 | 0-0285 | 0-0015 0°0086 4
Destilled 0-0011 | 0-0014 | 0-0069 | 0-0375 | 00021 0°0103 Vi

* Iron and manganese in the cementite simultaneously isolated are contained in the marked FeO and MnO value
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Diged

Bk X 9, {(ERDavEXZ /) —VETIEY LF
MR EET 5 (Mn,Fe)O 7x K DILEANT AL & 75 5
It SFERE L. LIch D2 TINSOREELEL
A hgky LRSI T D FEERE L. Tanb
avES L —IVIERIZL D (Mn,Fe)O O4fifidE &
L CHEICHEE T B 2 VLK REED & 5 T ERIEWE H5H
ELTwW53DEEEL, ThoOEMEMEOFIILD
Cica v REKC X BRICEHHRENHNT S L& H
PIL LT, IVEXE ) —VERPCT VAV EDER
FEINL TARE Bt O5BEibl ¢35 224
-

e, WINTAWMERIVESE ) — VEEOR
BaErHT L, LrbkGEF{TFET AL/~
CAERTHD L ERERIND. ZOEKEHETD
B EFEELLER, TVHVEBOTNVNIT— M TH
%5 Na-2F5=1t (BATF,Na-7va 35— b LEFRT %)
REOrBEYEEZ LN LB 2T oREELH
VCHRE S B O RIS R R L.

221 HEEOIFEORET

(1) Na-7,0235— MEHEOTR
SRR A 2 2 — v 100ml %Y = F L o RETIC
Lo Zhie&BEr bYvs lgebBTYomx, K

T -S54 LERZDOTF T LRELTRELL.

(2) Na-7 035~ MEROEE

Na-7 035 — MEROEIRI X 2T kA s h
T Ao, KENEFD XS5 KE{LT br2PE
L. ¥hbb Na-7ivaJ— bORMEEZ O~5mlD
BICZb g THRE Lca v E7 V2 — vidik a2 #elE
BT A3 D, EMCHFIR LR (Table 1)
$5 g BIBAL, BTHERID 60°C e/ flidCiil
PREARR U 7o, InsRUB S A O BHEIRRIE T < T L hre
L. BEWRSECOBBRFKRTHFAL., 24 /- T
Vg, BETOLHS %5 HL,FeO, MnO, AlLO;,
SiO, B L. ZNLOTERES Fig. 1 Ll
F. BB Na-7raJ— bEFMLAC D DT
BRERTEHEO D o4 FIROUWEDHRED LK. &
DIV —E o 3 J{LEBHG B L THE L0 TH
A5, Z0a yegkoSBITEm e Na-7 037 — ME
WOVRINE £ OBIGEE L bRB7DIC, XHIKOEDE
BR i T, TibbEMES gk aUEA X S —
BT AR LIS, FAL, FlEo 3 vk rhEn

The high velues of FeO at
the addition of No-alcoholoter
solution over 1'Omi ore
aitributed fo the impure iron
hydroxide formation.
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Fig. 1. Effect of the amounts  of Na-alcohlate
(Na 0.1g/100m! methanol) added to
the iodine-methyl alcohol on the isolation
of the oxide inclusions from the rimmed
steel.
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Table 3. Comparison of various aqueous solutions for washing the residue.
29, aqueous solution Chemical composition of the residue (%) FeO (%) as the
impurities in
Salts pH SiO; Al O, FeO MnO the residue
— — 0-0027 0-0022 0-0495 0-0808 0-0120
NH,-citrate 53 0-0017 0-0011 0-0126 0-0147 0-0012
NH,-citrate 8:0 0-0014 ‘ 0-0016 0-0275 0-0042 0-0018
Na-citrate 82 0-0031 ‘ 0-0012 0-0323 0-0830 0-0025
Na-tartrate 7-8 0-0015 J 0-0015 0-0311 0-0422 0-0018

AR O/KBRCBE S CHBRETH I b 27D T
B2 OFEEBIE OB X 5B RO 270D
7. 7 Table 1 ORBPLHHLA-EELSE
COFMTIFBL, 2%/ —VTHIELLE, KT1E
BEtE, /BT TN, VI UBF MY YL,
BEAEEST b)Y ADE 2 %IKIBWRTEA L DEAHEK
THETETNLRBEIEL, 51K T 2 E%kEE2TV,
DT BB IV BEPOERS 2 EE L. TOEREE
Table 31z L®»7.

Table 3 DEER» S, WTNOEREBREZFERAL TLA
HMIIT LA EELERRIGFTE MBI VBT T

oo
2 oos| \__ Q
o
(00:0]
0010
3
£ 0005 | \
w
0000
040
ol The high volues of FeO, MnO
= - contents at the temperoture of
£ oo}t 40° 50°C are ottributed 1o the
9 isolotion of (Fe,Mn)s C from
v 010+ the specimens at these temperotures.
000
In addition, the high volues of
£ OIor ——— e, the oxygen content colculated
Pe from the chemical analysis of
£ 005 :
= the residues at these temperctures
are olso otiributed to the
000 foct mentioned abave.
2 oomef T
3
I 00co
— -]
3 O‘QOZ - ————
g o.ooo 1 1 L L

40 50 60 70

Temperoture  (°C)

Fig. 2. The relation between the temperature of
the iodine-methyl alcohol containing Na-
alcohlate and the values calculated as the
oxides from the chemical analysis of the

" residue isolated, ‘

LREAERF M) U ABHEER US4 1IiE MnO O
ENPELUKEZLDL, TALOBREBRICLI2TIO
Bt BT 52 Lo, i, EEECs <
S b U U AR LB MnO 0 X 5 7
TREBEALNTHITREETHS Z EMNRDLNT.
LD TUBOERIIT AT/ UBF P02
YoIKIEWR AV TIRIFTH Z LT L7z,

(4) HHoOBEREECZE

BEMROD X i3 v ET VI — VBB DOEES K & B
e kb, Bibo —E82 o sh T
5. L2 THEOFH LW FEZRB LSS, T
LEE LN O RS2 EOREDIRE TRAeITH T
DR ESPEIVFEHMCKRIITSZEC L. ThbD
MR OBERBIEE 2 40°, 50°, 60°, 65°C LZEx /-3
SIS T 2BREPOLRSEEEL, BiL
WMITEL CL®» L. £08E% Fig. 2 L DT
R I DRT 65°CIEREOESIIE Fig. 3 LT X
STLERS GBI SR 752 2 2FRLAE. %
e BEE TS L BB X B2 5 o7,
T DFER 40°, 50°C BAOBAIIE A% 4 hoME
FRBRD LN, BILHA ORI ATELITIIERL
TWiEWZ ERBbhrofz. Lizh>T Fig. 2 @ 40°,

—

<—— Cooling water

Ar gos——>

Specimen

i ; Magnetic stirrer

Fig. 3. The apparatus for isolating the oxide in-
clusions from the rimmed steel at the boil-
ing temperature of the iodine-methanol.
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50°C ERDOPED FeO Bllidex o #4 FELTD
FeA RS HEENTEENL TV S. :
Fig. 2 LA LOFER X 0, BMEES 50°C BIT O5E
Wi+ 2 v 24 FOGEBBIRIHiicd, B»idoFeO
DOS5HE, BLXUHETKkD O(%) »EEEXZLDT
WEDHBEDLNDS. T SOBRERLE FHILMBIR
BEOBWIGELERL T DS {MEsHInTws 0

DD LD, (HBIREE 60°C L 65°C (b))

DL FeO D5 HE, SOEREEMSETL, KE
DD S ETRDCERZEVEEBRMEOHRER
WELLEBLTWS508EDLNS. E/l0OWED
MTRE ST ECIE L AL EREDLNT, BREPTE
2EA PDLSEARFMBIFELTWERVDOT, W
NOEHFTIRCE/L 2 MBS BT E 5 T Eh5bh

5.
(5) HpoEofitsifioTE
fEkDa vHE 2 2 — VEETRAROBERIEED EF-
WY, ES RO BIERRNE < kB LRt O
HEBROTE EB8Embh TS, SEOHFHETHE
BROERBERDLNE E S 0% L b5 diT;
Bl Rgoflgmi 2 2 Tt ot T 58k
{LHEZHEL 2. Rl oEMRE X 60°C kX
U65°C D=SED & L7 ZThHDfFER%E Table 4 i
L. : -
Table 4 DFER» S LI X 5T 65°CHEROEE
X 3 hr O TETRICHERAT SHImH
ADOENBENDHNOHEITVTRORE, KET
LI ENTL SELMBICIT L A FESRD NP

Table 4. The influence of the temperature of iodine-methanol containing Na-alcohlate and
the stirring time after dissolving specimens on the amounts of the oxide inclusions
isolated from rimmed steel (Table 1).
Conditi Chemical compositions of the residue isolated from Oxygen content
onditions rimmed steel (%) (%) calculated
Temperature [Stirring time . from the analysis
(QC) (hr) 8102 AlgOa FCO MnO S Of residue
60 1 0-0014 0-0022 0-0381 0-0858 0-0028 0-0289
0-0011 0-0023 0-0418 0-0850 0°0028 0-0293
60 9 00013 0-0022 0-0342 0-0860 0-0025 0-0280
0-0016 0-0024 0-0381 0-0790 0-0024 0-0273 .
60 3 0-0014 0-0022 0-0335 0-0785 0-0028 00271
0-0011 0-0023 0-0342 0-0815 0-0029 00278
65 1 0°0021 0-0018 0-0382 0-0820 0-0025 0-0279
0-0016 0°0024 0-0375 0-0795 0-0019 0-0276
65 2 0-0018 0-0020 0-0332 0-:0810 0-0014 00272
0-0017 0-0025 0°0365 0-0805 0-0020 00276
65 3 0-0012 0-0017 0-0318 0-0775 0-0016 0-0255
00015 0-0019 0-0352 0-0750 0-0013 0-0256
Table 5. Chemical composition of the spécimens (rimmed steel).
| o O (%) determined by
Mack | G (%) | Si () | Mn @ | P (@ S ) | vacuem Tusion analyse
B 0-09 0-007 0-50 0-008 0-014 0°025
C 0-05 0-011 0-32 0-012 0-017 0029
Table 6. The accuracy in the case of isolating the oxide inclusion from the rimmed steel
by using iodine-methanol containing Na-alcohlate.
Chemical composition of the residue isolated (%) Oxygen content (%)
Mark calculated from the
Si0, Al; Oy FeO MnO S analysis of the residue
0-0046 0-0038 0-0280 0-0732 0-0024 0-0257
B 0-0038 0-0035 0-0310 0-0745 00029 0-0259
0-0041 0-0041 0-0272 0-0715 0-0027 0-0251
0-0032 0-0036 0-0335 0-0865 0-0021 00294
C 0-0037 0-0039 0-0315 0-0890 0-0033 00293
0-0038 0-0040 0-0305 0-0855 0-0026 0-0288
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Stz l oo GEUEO{LSMAE Table 517, 4474 % % Table
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BEH Table 6 X9, EbDTCRIFLIBET, V4 F@EPD
EREHORITTRERE D 210 L CBbmothb 5 uHe o S
B >2ED IS EDHI.
BRIED MR
HOHHU® Na-7ra35 — bEEK L ml 2hnz TR
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BRI AT ED, TATLHAERES 100ml @ ‘ ‘ ‘ i
WETH 20min BERT 5. 2FC7 VT HAEE O e
RLBHELF v v TERETLFRLHS goMatils X o
VEERFERAL TH v » T&#BAD, 51 ZHE 910 min T
HM7NVT o HARBRT . DECT VT o HADKE )
FEEAER L CEREETHELEL, 55 LnY 65 |
°C ChRL TH2ERMPIZ T 5 X 228 HL, WR
BHPS LTI L B0 SRR AT 5. BBOSMRE
FEER L 7ci%, S50CHy I~2hr @Bipaikistd 5.
TIATEREHE, Fro FTEREVEIFL, b
STHCOFMICTESIFGATS. >FFfbicavE 2
DEBHEKRTEETAEZ )~V TEWELALE, KTI1HE
TR MUY LB (2%) T3~4[E, KTI~
2RIDIETHIFT 5. BERIEERIC IV ZDORhDLERES
2.2.53 %ﬁ&(ii L7 Y A b?ﬁ]ﬁi{q@%*ﬁ%% a) In the case of using iodine-methanol
N - . ’7|< b) In the case of using iodine-methanol. containing, Na-alcoholate
= ; FEEEIC DWW T T, ! $ . .
_%ﬁﬂ:d) < DR LTSV Vcﬁﬂj—éébp v VAE Photo. 1. The figures of the oxides inclusions(Mn, -
MR 2 MITOVT 65°C MR TR R B L, Fe) O isolated from the rimmed steel. N
DML 2BEPO RS 2R LEMbic 8L % 500(2/3)
4
L]
(Mn,Fe}O
Kea
K8
Photo. 2. X-ray diffraction pattern of the residue isolated from the rimmed steel (Table 1) by using
iodine-methyl alcohol containing Na-alcohlate. Analysis of X-ray diffraction pattern ‘
of the residue isolated from rimmed steel is described as follows. b
MnO ’ FeO
d (A) | Intensity d (A) yr d (A) nr
2-526 Medium 2-568 62 2-486 80
2-225 Strong 2-223 100 2:153 100
1-561 Medium 1-571 58 1-523 60 -
1-335 Medium 1-340 21 1-299 25
1:279 Medium 1-283 13 1-243 15
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