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On the Variations of the Components in the Inclusion
Yasushi KoJiMA and Kokichi SANO

Synopsis:

After the equilibrium between molten iron and the systems FeO-MnO-S8iO; and FeO-MnO-CrO-SiO,
was established in the silica crucible at 1650°C, the temperature was lowered rapidly to 1550°C and
this temperature maintained till the equilibrium was attained again. The variations of the concentration
of the components in the liquid iron and slag were measured. The results obtained are summarized as follows:

1) MnO and FeO were reduced in the system FeO-MnO-SiO; slag by the excess silicon due to the
lowering temperature at more than 0-18% manganese in the liquid iron. The relation between reduction ratio
of MnO and the concentration of silica was estimated. Up to 0°18% manganese, this excess silicon, how-
ever, was not sufficient to deoxidize, MnO was not reduced in this case.

2) FeO, MnO and CrO were reduced in the system FeO-MnO-CrO-SiO; slag by the excess silicon
same as the system FeO-MnO-SiO; in the case of 5%Cr. But in cases of 9% and 149, Cr, the reduction
of these oxides did not occur. It was considered that the new phase was formed at the boundary of both
phases.

3) It was anticipated from the experimental results obtained above that the equilibrium between inclu-:
sion and molten iron was established fast. The mechanism of the formation of oxide inclusions composed
of FeO-MnO-SiQ, system were examined experimentally by addition of deoxidizers. The results showed
that if the processes of formation of oxide inclusions composed of FeO-MnO-SiO; system were examined
experimentally by addition of deoxidizers. The results showed that if the processes of formation of inclusions
could be known, based on the equilibrium data, the components of inclusion could be evaluated from
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the concentration of dissolved elements in the liquid iron.
(Received 26,1967 Jan.)

1. #5 =

AW L EF OB ORE BRI > W TRk, £<
DOHENPELZ DRI DO NWTIRENTE TV, EFER
BT A S TRV, B1LED XS BB THEDI»A
RENToOPEHETLONEETH D & FRFIT, Bk
PFET DN EW OB E ST 502 7 F ks s o
DI ELTHB.

PFNERRIC X 2 TR v U@L i
BERENNEME L THERCEET 2548, 5013
JPEE L DRGREHID 5 W MEBNIC N it ko<,
WMPIRAT BEE, T, BEBTRED LD THR
BT X DTS DT 5567 EBILRRANED H
Z DARKBRIC X2 TE OREMARCHESET 5.

EICEPICRA LB R ETRIERE VT Y
FLEEPRE L, WPICREBERET 5 TR
TENDS, ANEFNIENE VI EE LEES/NE LB
UIIET SRS, 22D X 3 ik,
R (ER) O L THERBRIAS </ g L oft
HRICOETIE L FIGBEL R T 5. LichioT
COEDOBALMIIERAPHETEOREDORELELLZ
FHTeHBEEBRE LS. BEE, NEDOHRK
EPDTHMLRDCTH, LOEFBELEET S DI
WETHD. TN EDOVHAOHBRIIELT LT &
L DEFBBIC XD TELSDOTE OERIEE & D
CEREC I > TE L BECEHIGE LR L TD,
REDNEG DR CEPNS PN EET S, Lich
D TSP ORRERITEDIRE 2 NN O » #E+
5 LVEIEEWHI L.

#5341 FeO-MnO-SiO, %5 & 0'FeO-MnO
~-CrO-8i0» /e Y HAFIR T » & L5 0 & OFAE
RO S|MEERTe ok, BHbOEE, <vF, ¥
OABXUEELTL TR I v o FeO, MnO,CrO,
Si0; o &, MEDRERGREZEO,r L. BE%Z
T S iBB BT OETEOBRER LA T »
THROEBES DIRERE DX 5 LT 2T
D EPLRNEDBED LS BMRZE LTI ore®E
=Lk,

¥7- Si-Mn StRBRENC X 0 R HAEM LiEE &
DIRERGR D Hby THEEL .

2. EEREELIUAE

FEHREBR LOHECOWTRTTERELLDDL
BERCTHS.

VY By KTV FRENY KORAY ) DHT
2B P L. £REBHICEE 208 FREL X R
EL, ¥ BEBREk B~ T, BRI oL, G—HE
B4 (Si=72%) %4 200 gHE L SICHIATIC N Y &
AJBA L. 7D VERSHRT 1650°C TRIGRS
lhr f3#5L, A7 5 -2 2 VEIORS 2 F8iIC R L
Bic. TOW%, BEERE 3mm OREE T B BT
KR TR LR E R L 7. BATORRHRIRE 2 8IC
BHOEEBT I8, EEBTCET BRI I~
1'Smin Thotc. (R TATTE DR CHE % 58k
> DI BREX L 72

EE e, PtRh(5%)-PtRh(20%) #WExia > ) b
REECTHEL CEFDPRE L CESHICTRo .

3. 2 B B B

REETIC & b > BILDOBEZ iV TOER
BT L EskR < o7 VIRE 1 %L T Cff ok, &£
BIZ20 D5 Vv—FPEHTE SV~ FivFnohs
% FeO-MnO-SiO; %2 7 5 7' LGl &% 1650°C T
BEZREL, HEATEHGEL -HERBFEOEES
UL, RECIRELZ TR EE 1550°C IR L EF G
HA I RIRES A PR S IR 1550°C K EE S &K
BRE BT L.

% 2 ¥~ Fix FeO-MnO-CrO-Si0; FA J v & &
Vask & O DIBEZ{T X 5IEE O 2 77,
W15 v—7F FeO-MnO-8i0; Rz T v & ik &
DREZELL DN TOEBFBERIIK DT LLTHS.
1550°C IE L 7o % € v hr & U C% ORTE O &
HRBRS DIREZLOBIREE | 7'V — Fic-5 & Fig. 1
~3WRLTc. COEPLHALM,R XS, BERT
# 5min FLATIIE, R T v ¥ LB E ORGHFE
ELZDDOLELILND.
BEROSITREEMEEC X DT> 0T, BER

BRI ELE LT E Y E DTV AMELIBRL T

HBEOMEL THRD NI,
HEEL EVIFUBTUOECREIAHEI L WS
IO DTELDTPELEBERVTCHIEED

RESETHRELCEBRIISTECEE L.
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Fig. 1. Run of manganese content after the tem-
perature was lowered from 1650°C to 1550°C.
Full lines show the melting which was carried
out contacting with silicate slags, and broken
lines show the melting without slags.
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Fig. 2. Run of silicon content after the temperature
was lowered from 1650°C to 1550°C.

WL T 0°19% Mn A#BWTEPIETRTL DR
ErbTreEnd sEnRAELLNS.
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LTERT 5. Thbbithrie {BHRER LCEFE
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Rz, LA, £OTNV—FEREDOT, AT v
FELTOEREDLDTHBRVDT, 27 v 7 LEkE
PR GE TR 2Th, BEECY U ORECEE
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DYV~ FLEEOTREBRTORENL, BFEREDOH
ThHot. BEREORVPIFTLHERC VI L
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Fig. 3. Run of oxygen content after the temperature
was lowered from 1650°C to 1550°C.

RIs LB LA TR LIS ~BRESIN DB ORIk
ST OTEHEEROERR v o H o OIRE DZE{LE
WEN S ERISERN TR NI, D. ZOHELF
WY A OWEL RN 15 min THho7c. 15

Ly KEE L ORGHSEEIGET HORMEELIZD
75, 3D WIRIBHFE D EIT X0 TA U B {thosEgkst
~NREEND. ThbOLEBELCELCOPERHITER
v LaL, BTOERD X EBREICET SR
% 10min THo7. LA 2 THARCREE OFE
THdHEFELLND.

%92 7 u—F FeO-MnO-CrO-SiO; R 7 v & LA
HLOREGERDEF N THD. Bl Vv—F LREERIC
1650°C CR 5 v ¥ & 2 Zv%& lhr ) ANV KB TH
2L RS LdTe. 1650°C TRUEN % SREVRIEI O
BB &4 X AR C AT 1550°C & T S 7B E
ORI R BRIR L 72

& TR ORI L% Table i —# L CRL 7.
Table 1 253527 X5, Cr JREBET TR
VIR, 2%, Mn BREMRTIIEEVIE EIRER
T L4752 C Si 2 Mn OIREZELISEFL V.

w5 132eic FeO-CrO-MnO-SiO; %2 T v & LA
S0 & DEEIT OV THREERTR 2. TOERRBRICE
Sz, Cr BEEA 5, 9, 14% oW T Si-Mn  DiRE
BiR % 1650°C 35X (8 1550°C =0T Fig. 4 iR

L. COMEEBRFER 2T 5 &0 X>TIS50
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Table 1. Variations of the concentrations of ele-
ments in liquid iron at the lowering
temperature.

Sa&gle Cr Si Mn O

11-1 4-70 0-255 0°340 0-0240
-2 4-81 0-238 0.412 0-0144
-3 4-77 0-233 0.435 0-0084
-4 — 0233 0.446 0-0076
-5 4-76 0176 0.457 0.0074

12-1 4-78 0-400 0590 0.0156
-2 4-77 0-372 0-630 0-0099
-3 4-85 0376 0-630 0-0058
-4 4-59 0.354 0:630 0-0056
-5 4-78 0342 0-670 0-0054

13-1| 512 0-788 | 0870 | 0-0083
-2 — 0-788 @ 0-885 0-0081
-3 — 0-788 0-:885 0-0047
-4 5-12 0-788 0-885 0-0033
-5 514 0-788 0-900 0-0039

21-1 9-08 0-460 0-350 0-0226
-5 9-14 0388 0-400 0-0099

22-1 8-87 0:750 0:648 0-0175
-5 8:80 0737 0-683 0-0065

23-1 862 1-281 | 0985 0-0108
-5 9-33 1-225 0:975 0-0050

31-1 14-71 0-900 0427 0-0288
-5 14-21 0-884 0-437 0-0098

32-1 13-55 1+505 0°863 0-0234
-5 13-97 1457 0-858 0-0101

~-1; 1650°C, -2; 1550°C, t=0, -3; t=5min,

-4; t=15min, ~-5; t=30min
D EMTES. fo& 21E Table 1 @ sample No.
11-5 43 Si & Mn ORERGHRINE &AL 1550°C F
BIEE & — L T\ %% sample No. 32-5 72X Cr %
LU Mn RESETNEE VIS & FHiRE» bk X {u
NTWB T LPRHBENS.

4. = ==

41 RS v TDREZEIZDNT

FWEE HIZ FeO-MnO-Si0; TR 5 v ¥ LB E
OO ERERR A 5~z Lz, Si, Mn, O O
DIREREEE Fig. 5 wiRL 1650°C DiEffEk I O
1550°C DERKIBELZTR L. MrHBLMT EL
1650°C 75 1550°C ~ LiRE # (4T X v 7c-&1CSi,
Mn, O OBGREBVWINLEOFERRE X —FHL T
W% Fig. 6 WiEfEAP Mn jRE & SiO: fafiz 7 » &
D FeO, MnODIREZRLI. A5 v FLBEHED
P EERAGR A RN L T 5 & Mn R —E 0O, BE

—— 1650°C I
——— I550°C

(0/0)

(si]

o 02 04 06 o8 o)
(Mn) (%)

Fig. 4. The effect of the concentration of mang-
anese on the solubility of silicon in the liquid
iron chromium alloy equilibrated with the
slags Fe-Mn-Cr-8iO; saturated with silica at
1550° and 1650°C. S
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Fig. 5. The effects of the variation of temperature on
the concentration of Si, Mn and O in the
liquid iron equilibrated with silica saturated
slags:

FETFIC &b 72T MnO i3l FeO i lbd 5.
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7% 1550°C CHHiic &R L. Fig. 6 O F#iaER
B OHEETHE, 2T v F Pt MnO x5
DI, EHHOMnIEASTRECHD EEZLLND.
UL LEBRBRIRL TWA LS, Mn 358
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Fig. 6. The effects of the variation of temperature
on the concentration of FeO and MnO in
silicate slags.

s ns, 1550°C 1GEL TH 5 30min @iz ovEiETd
OFETTE OIEEBR I SIS Ui FARREREMR & X <
—FHLTW%. Lisa2>TEERE» S MnO £ FeO
OUREE LR HET HRRTA LI DR OB DI &
s s,

23 v Zh (MnO) X

2(MnO) + [Si]e==2[Mn] + (S5iOg) ++-+--+=++-( 1)
ORI L2 TIERAPIGEILE 1vs. i { R
FeO X .
2(FeO) +[Si]z—=2[Fe] + (SiOg)+r-++-+-e: (2)
ORJSIC L2532 TEIICETS G, L7271,
23y ZHmo FeO, MnO OBREMETL,AkShi
SiOy M2 T v ST 5. BN Si0: IR T
v FRCEEFNC ) SIO; BHHTSLDEFELLN
B SR LIZE I, AT v 7 LIEE L 1650°C T
ST B D7o DAY 1550°C NRERE T LT &It XD
4o D HBHR S HER, FTL < FOTFHEBEGREZ BT 5.
T TMnigED 0°4% OBEIC> &k BAL 2@~
5.

T AL O N ILDIRE Fig. 5 256K
DEHITED.

temp.  (MnO)  (FeO)  (SiOy)
1650°C 350 15- 49-4.
1550°C  39-0 1000 - 510

L LTCEMEAEBEICT AR O X5 T HERTTR

Jy¥

4-1-1 (MnO) #EHpIceEL BN ENLVEE
(4) 2RC LoD THEEN SiO BA T v &
~NEBL VB
35:09% @ (MnO) 78 (FeO) OB XDT, Hh>
T 39°09% (1550°C OFHREE) Wis bR hidie s
. LiesioT (FeO) Bk & EREN5.
(MnO) =39-0x (35-0/39-0) =350
(FeO)=10x% (35-0/39-0) =90
SiO; DR F v F~OBEH»REVD TROZLEER

IRECLD.

{49-4/(35-0+9-0449'4)} X 100=53% |
(v) 2R LB oTERINI SiO 32T v F
mABET %S
(4) THELLIELBATS (FeO) &
AFe0=9'0—15-6=—6°6
Lo T 6'6% @ (FeO) OBWAIT X2 T ERSN
Fo Si0y # iz FERIEFTE RIS & Si0: 13 55% &
%5
4-1.2 (MnO) METLSNDHE
POIWCA Ty i (MnO) 28 30% BLE h iz
5k
(MnQ)=35"0x (1—0-30)=24"5
(FeO) =10 (24°5/39-5)=6"3
L#2oT 4AMnO=—10"5(=245-35'0), I X*
4FeO=—9°3(=63—15"6) BFEMPICETIN/T &
wies. (DB IC(2)RICL 2T SiOs 23EKE
NHORA T v Fh~BET 5 & SiO: IREEVT 6519 &
5. ZOXSEHERZ{TEOT (MnO) DETLE LA
5o Ztho SiO, REOMGRE Fig. 7 WRLT.
VR T RV Y BHTR T v 7% BRI U HII
DU LIRS R SiO: REEVY 63% TH 7. KD

100

a0 -

60

(Si0:) (%)

4OO 20 40 60 80 . 100

Reduction rate of MnO (%)
Fig. 7. The relation between the reduction rate of
MnO and the concentration of silica in
silicate slags.
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FHERTHEONAR S » VL TAERCE LN
RAT v VPRI RTCOBEREB»OTR LI, T8
MR ORBHRERNT, 25 v S OREMIC - SIS
UTHIE LB FEERDA 5 v 4 L4 FhEAS R b
SiO:; HTHID 72 dIRBIESSTE K 2D & 7oty —15 B TR

g2t _
MnO DIBITIT X h Mn B3 BN T B 25 2 o=

s AT 9 FEAZVOBREBENFNROBMICL D
FI2HOTMnO OFTLR,» LEBICKDS - LI TXE
T BREELALLOIT SO, IBE» D #E T D &
MnO DEITTRIZE 28% TH5. LrLRAT v ¥OK
BRI HHIT L T R TOMY— IR DR 5 v & & 13
ZALNEVOTHEMEOEMATOEECREbICH
VETTREZTRTIDOEELLNS.

LERZ v ' FeO 2 MnO OB E  SiO; i
ELOBBRIEODWTBLI I L TERS, —HiEsHbho
Mn, Si, O BBEBTCIS2TEDX S LEGAEE
L7789 OB 2DOWTHRETT 5.

Bk Si-O 3 X0 Mn-O offliciZk D = & & Fii
MBEILL T 5.

(8i0:)sar T2 [Si]4+2[0] vrereeovrmveenens (3)
log Ksi=—23100/T +7-591 -woneeeeee(4)
(MnO) == [Mn]+[O] c-eervrvererernnnns (5)

log (K'Mn-0) ~'=—12760/T +5'68 -.-(6)
T THERBEL S L AR EAT 7cbb Mo 5
75.04% THELTHD.

B Mo RE S 0°4% LW TYv Y # ffIz 5 o
FEFECH D Si BXOODMEE X 1650°C T3\ C
NI 07150 5 X0 0°0152% TH 5. 7o 1550°C
KBTI 0°110 35X R 0°00719 ThD. Lizpso
TIREBRTIC X2 CTOREE DAL 000792, (=0-0150
—0-0071%) T 5. OREEDRAHH DI SiO; DA
R X2TORfTiRbhi &35 L, Bk bicibe
Shiz Si 13 000069% THB. LiL Si ORISR
0°040%(=0150—0"110%) T& 5> LEREBICEESR
7o Si BB L 0°033% 75 FeO % MnO OETic
HBESNL DD LE L TNIERL SV,

Wt MnREEAS 0°189% LITFiCisvTid, BERT
CXB0DBLEMLERRENC Si OWEPEI VDK
ELB. LEBOTZOHERE, BEORS DD
CMn BEBINDZ LIS AHEERICHS VT
Mn JREESS 0°165% OBATIRIBER TIC X0 154
%ETHLL, TZORSED FeO DOEITE L UBEBRIT
FERENDEELZLNS.

0°18% DAEWIRWTR, TXTOERITIWCIHS
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Fig. 8. The effects of the variation of temperature
on the concentration of FeO and MnO in
silicate slags equilibrated with liquid Fe-5%
Cr alloy.
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Fig. 9. The effects of the variation of temperature
on the concentration of FeO and MnO in
silicate slags equilibrated with liquid Fe-995
Cr alloy.
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Fig. 10. The effects of the variation of temperature
on the concentration of FeO and MnQO in
silicate slags equilibrated with liquid Fe-14%;
Cr alloy. :

i Mn 23NN L SEICEtE LIc T <A T » #'hd MnO
BBILTINDEZEET LT 5.
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% Si EEOR/VE Fig. 5 LILBTNIEHL-TH
HEREL V- TOBE XL DKRE V. LIcp2>TFeOR
MnO OEFETLEDIKREL LS. THbHLIEFERRPD Mn ik
EOMMERREORI DL IREVT EEERER
BFELTWS. ATy #h MnO OBTIC & 72T
FeO 2% (Cr) H@mENn 5. (Cr) OFEITIT &2 TIHH
dc Cr 284 5. Mn OREORMINE» SPREL C
©°08~0°03% [Cr] WIHmM4 & ThH2EMPD Cr

OHFHIREDT D T D X 5 IR &2 5 R 538D
Lo,

59 Cr O%4, H£WEHE LT L { MnO OiEmHR
L, 299 4h SO, BELOMEBREFETL LI
(Cr) 232 7 o FCHET B WEHE 75 25RD
HZERTES. (Cr) BEWIRERTIC L7k RE
iz 7o vas, LacL FeO 2 MnO ORI & 782
T FeO-MnO-CrO-8iO; RiB#E A/ T 5 7o It MnO
OETRICHHIL TETEINH LD EFEEL CaHHEETT
7eote. EfAp XLz SiOp BFARTR I v FhICE
BT 5 LEELT MnO OExHEE SiO: RE & O
BEkie. & O§ERFig. 612/ L 7. FeO-MnO-S8iO;
ZOBELTEAE L.

149, Cr OPLSREZCIDOTA T v FOREZE{LIT
S DEAERTIIERD S Ny DFcZ & 3T Tl
Fo. Lo LR T 1650°C TR ORI RS
N RIBEM T 27> T 1550°C FHE RS KRILT 5
Fowicix Fig. 4 WWRL72X 5 Si BELLEATS
i LUz Mn piEn L 1550°C @ Si-Mn  gh#g Eo
BECE BITER v L LEBRERPRLT
VW5 X5 Si-Mn OIREEBMRIZE IS ROIREEAS 1550
°CIEL TH 7k 1650°C oItV fERRL T
5. ThhbbFEIRE XD AR O Si HEHEPICER
LTWwbZ Eickhsd. 2ol Si e dbiclcd
L2235 o 7 Hho FeO, MnO % CrO %ZEITT 5T
LT X D silica BIFNR 5 o & & FHT AR ORI
—FLzns, 14% Cr oFH TN e —HL v
ZEIERRSHBRTHS.

SicE e (1) ROFHEFIRDO T & {KDT T
LRTEB.

Kgj.Mn=05i0,8%n/8s1* @31 no

= (asio, }e - {@mnl}e/{asi}e + {@Mno}% - (7)
2T { e XV BB T v FE VAR E A TR
BHLBEOBORDOOERETT.

asio2 V¥ 1550°C ~DREETCESHLDPTAT v ¥
RIBED SO AL T 1B ISR T

asio,= {@sio,}e

—% Mn BE L ThE SR BRIBELRLITEL
1 T W ASEDHIC R R R LT 5 -

amn={@mn}e
Si REmMPIGARICFEETH5DT
asi> {asi}e
Thoiarb (7)) ROTPEEHRELMET 272Dk
HEIARSL LA id7e S,

amno<{amno}e
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72 (2) ROFHEEKEZRV5Z L1 X 2T FeO ©

PWTHFERRLERESE OIS, Thbb

areo<{areole

i CrO oW Th R EEREBEBLNS.

FeO, MnO, CrO AETENBZ LT X 2TEND
DL LdRID SiO: ML, £ OBt S
v 1% 8i0; & ‘FeO-MnO-CrO-SiO, & 2 }EIT 538
T5H. IDXSELT 5% Cr ORSEHER 2L
2. Ll 14% Cr DA Ledhit Ll e Lo
LT 2HITHEET B E{HET 57051 amno= {@mno)e
(FeO £ CrO oW TH [k Thaicwic, FHEHhEs
REFETH. Lind>T, Db &5 14%Cr
HEWIE FeO, MnO, CrO #2 Si K L2 TETTEND
TEWWEDT, RF v FEEHEDERTICLELEH L
AR SN Z MR 5 o FORERD T & 2@ 2k
ToDIT, TR LEOBEITHEFTLEVDD EEZ LN
5.

ZDXHWBEBRTICL2TA S » Y OETAESL
BV EE, FEERAERTT HRHCICEE DD S
FERPILIEB RIS LESBH Y, TR 5 v ¥ O
HHHIITRbliave, F—an3EEickE B
DIELRIED. ERERT O DTIBEHFEOREGIRED
WEPEBCEEINDZ itk B,

9% Cr DD 14% Cr OBRLSLFEBIC AT v &
HD MnO £ FeO 2METLINNINT &R EBER
AL TWS. 9%k XU 14% Cr OWFn bR
BIEFE o Si L ¥4 5icnicden 1550°C o E4iEs
FIRE X 027 RWE L DT 5.

42 NHEYERHLOBER
NEMOEFBIIIR DT & 4 BEBICXRILS 5.
a) BiEERIOWA, &6
b) PLEEHI L BRBEORIG, B F O oL K
c) BIDARK
d) k&, #t
DLEEAIAINELIZIC 3\ CrEEE A & 1540 & ORIz 3

WO —RFANC R D@BFIE & 75 5. 7o & x1E Al

10%,Si; 8x 102, Mn; 10 i & TH 5. HHHIER LS

THRERIOEBEADOTAEIT & 705 MiEHEE T ENS

BEEERNVIYERL D HIT X 2> CIFAR ISR T 5 o Tipafn

BRSNS Iefi e 5. T CREZLMBI|E L

T & BB E L s e —ERRERE, B

FE XML E—BHEONTIT I VT AR iRE

MEL DBEMEREVEELS. 20X 5 i:EEF

BV, B BRI 9 LU —E Tk,

BEIFIE L AR DWW TOBRITE P LIIE XN

BOGDANDY®DTL &1 X 2 CAIE WD 4 fR DR ES 1T >
WO R AER S, HE S DRI OER E
BEFIEE & ORI A S L. 80T TR
120~200 B\ b (RE= % 0% —% 1000 erg/ cm2ai4)
PR » homogeneous nucleation PFERETH % T & 7R
Liz. !

BREERE AT X 5 X 5 Tessillifs & B> CRE O
DIALRFITH BN S RAIEMON BLRER T X 515
FREE DA X BITH OB & WD 5007, +
L HRFED 1~3 DX S/l AR LLA
heterogeneous nucleation BEE LS. FlodTind
BLL T BATEWI~ DGR & 25T K PR © DR s
& homogeneous nucleation + 8752 CHEIH Xz iTiL
WiE B, | | |

BEEEAHR AR IREE DT DBXRE T, 1 2O X 5 i b
HYSFBRARAR ISR & I AE Y & 1580 & ORTiC it it
LT EXRERETT S0 EEIONS.

HLRERELAENERHG 2D 50, TiFLL
T LBE, BEEE LB LEE L CER LTI 0BF
T LIClREMS T TIRRELNS. Z 2 CREBICAE
MBER LN T—EDORE X TELELLES, N ED
LIGH & BT HIGET B ES PR OVWTERT 5.

—EDKE S THMBERNENEDH»Z LT 5 & T,
Storkes OEANC L7chS D EE X LN 5.

v=%( gj}'z )(pM—PS) ........................ (8)

v WFELEE, v NEDORE, 9 FE GRS,
oM, pst TEEEE L UNEMOEBE
CHE 10y ONEMOF LEELL 7cH52 T v =0-01
em/sec k75 Dais D EIAIIC BRI Y B & 0 L
Zbhb.

LZTLALOKE SONEWBIEN & IEFMOREE T
H5HDL L THERH M CEEET 502 BTL T
L.

BEBRTEAS v YROEDL L) 4 mm CIRERETIC
X 0 EHBMRS NG 1550°C CREICET B Tie
£ 15min JEEE L7:

ATy I EEREOBORISEINEEN L1550 O o
BIGI &< S < EBURR L BB OE X ik F olp
HIFERESRIC Tr 2t n b oMo SEE 2 sy
BL TOTEOMEDEET 5 LIRE L TR ISEE 25k
D5, -

JosTOUIEE # AV TR BURE 2 BIE L. it X
BT RSB A DREY bR OEA~TESKE L, ©
L TCRH ENBUOIOENED D THRESETT 5 & L
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NHEHDOMAELIT OV T 1005

7oo L7epd > THAMEMEREY 72 D OTTROBENIIEH
T BBOBEHCHGEL L —EThHD. ZOLSITLTE
7 10y ORNEDBFEEETDZECOREER T v &
LR & OFERER» SR B L LN TES. FHH
L7858 2~3sec IBEO T MM T FHIC ET5 2
LHBETED.

E SO i3 150t SEIE T Fe-Si JFRNEEE 2 fT78 VIR
FEFI A4 6min THELZ RIRL Z O O NEME
X#fpv4 207 F 544 —T, Ficx 2vilid s b
Ny PR XS ETR 2. NEDHRO SO D44
822 50% LLEH2DT, HH5IE ScHENCK!D 5T
IDOTRDONTEEMER T v J LBHRPOERRS & DO
OFEER T £ 2BV O B SUEH P DR
ZETEIC X0 Tkl L ORKR, HHTE EFTEBEOM
WWRFE—HAELNIC T L EHEL TS,

Ll 150t BFRIEHEEFIFTH L LEZLONDD
THMP OB ZIFEMEA 7 » FERIELTVD. L
7o DTS DA DRI TIE, STEWICIEEMER 5 »
FEREL TV AEBECHE T ARERRETRT IO LE
Zbhn. BEEENED & EREPBICEHERGRCH D
v, L ARNEWPOFEIREIREER 7 » 7T
PL7REEZRT EELDDOREUTHS.

MR THNIE Si-Mn OEEBGE, BEx S
g FEFHL TV HIAEAT O Si-Mn phfi(Fig. 4 £08)
AT hbbEMnilichh, HEMER T v EF
EREBRICH B BT ) DIRER 50% X DR &7
HERETHDH. NEMOER, KRV CTRESRA
LEBAL TS, BER T v S OBEOFHEiEKE
VT, PE{E & ERIED & < —F L Hh
ELTHE, RO ELEx2DBND. Fe-Si 23
AN, 2T 7 EEHE ORI ORIE
DFENCET HHNIC, NEW LVER (Si-Mn
DOIRERGA Si-Mn @it X D AH) &H»F
BHOELIZDDEZEZLND. T XD T
R NERRIE 2 T v F O%4E OFflEEk 2
WTEHE LB AP B TESL. Ll Th
LRl o8 & & HIT@Emk o Si b
L, #—tL,Si-Mn ghif oA FH ICIRERR
DI DI A TEI OHEIE SI0, £3509%
T30 :FEA0NG. EHLIINE
% AR OO E BRI DWW To—
EBOMREFTI Ok,

a8k 200g, FRFEIREL 0°07% DL A~
408 Si 2'5g AL 10sec % Fe-Mn(Mn
=50%) 12:0g AL 10sec £EIR %L

Lic. Zo%E Si 3EE—iEE L 7ch Fe-Mn i3
SEEICEEME T MniRE 50% 7> 54l (RED) ~T7< 1T
Lo 2T MniRERR L. L0 M BEIC ST
HERNENE X4 Va7 F T 49— THF LR,
50% Mn QFF TRAMNEDE MnO 0L TH 27, LH
L Mn &S 182, <X Mn0;72%,Si0s; 26%,FeO;
29%TdHD7z.

BREEEEIC X 5 Fe-Mn G4&£0BERE LIV TH
TTIAEMOMRTIERAR Si OREZRKE{ZIT
LbDEZEZLND. AREINTAED RO SIO, BEIE
Mn B ORI & & DR L T LM R S/
FIAEFZH L T, @R~ Fe-Mn (50%) %=
8'5g AL 20sec 1% Fe-Si (729%) 2'5g iifmL, 7
sec 1HEEIEEIR 2 U U A5 G E = 2 /o R L
FENEME TSI, CONEMIREDAD Si RE»EH
DTHTREmE (Z0BED Si DIREDRCHRE
SNt OLDOTHS. NEWOMAIT MnO; 58%,
FeO; 29, SiO.; 409 Tih 7.

TOBEONEDIIVERLCERZCOI RS TISIICE
gk DAL D DR D FRIK DT E I ~DZE(LDiE LT
BHLDEE LN

EE L R BE IR A~ ERRECTER SN Y ) v
(Si=15'6%, Mn=62-49,, C=1'819) 16g %A
L 15sec %@ L L Oficd lEnicit MOy
ez, MnO; 5475%, SiOg 41°39%, FeO; 5-29
THotz. TOHED VY v VAT ERE T R
PeEEEL A ER D BT, TONEYE MnjRED 2% D
L ADHDTHH Photo. 1 L7z, Si & Mn @

1. The aspect of inclusions under polarized light.
Si (15°69)-Mn (62'49,)-C(1.81 %) l6g,

20sec—solidified. %400 (3/4)
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MEHVOELENC 1:4 THTHLNELDERET S
E SRl D2TC 059% k5.
Si & Mn OEERANTNOMREERGREERAV5
XX oTEHEL S 5. . :
RAMACHANDRANID S\ I hiE, KR SiO.0 E &Iz
asi & amn WX 2TRBENBZ EERLI.
log asio,= — 685+ 12700/ T —0-5log (amn/as:)

asio, V& EE® Si, Mn DfEZRA VW3 & X2 T

0-67 ric%.

log Ksi=asi - 63/asio,

=——23100/T+5'68-‘--~~---~-~-‘--‘---~------(10)

(10) =iz 1600°C, asio,, asi ZRATHZ LW XD
ao #3kDHHB. Fi,

log areo=log ao— log @ocsaty ===+ =r- =+ an
OBGRS B ao WA BRDIZE, E72 2ocan K
TavrLor ¢ CHIPMAN!D DEZHRAT 5 & & k2T
areo=0'023 %18 %.

TUrRkDOGANID 51T X DT FeO-MnO-8i0, 3 TH A
T o FIEEITD areo RITITKDLNTH D, TN
EMOIREMRIT BT D areo0 DB L, are0<0-1
LB,

—EHNCTIEERME R T o & LB &SI H IS,
iSO E £ 5 RS ORI OIREE BRI OV TF
HERETRFEIE T b T <, BNENFEREZEEaD
BB ECEDTEHEELFTE2THLFTLLEL WER
BoD LIRSV ASE L R RERREHEET S T
LWRFHRETH B TOXITAE WO MK » 5 skdic
apeo & * ZNVESILETE LIS areo X 70 B XL
—F LT &iE, ERLANEDSIER TR < FE
FTHZLEERLTWD LFERTE S, LICHDTHED
ORISR —EE LAMTR D7 & & CEHEMEEFE T
ERENNEN TS Si-Mn REOCHEBR»L ) il
FIA T v VBT BFHFFE—ZEL LB TENE,
BEEPORS» SECNEMOMREHRET ST LA T
5.

ZHLETIE FeO-MnO-SiO:; FZAEWICDWTiA
OB EEEL TER, L LENICERLZNE
BB TH oD, Eio (1) TRELALITLE FeO-
MnO-CrO-8i0; FA 7 v FOT LA RIGLBIWFRD
NAEW ORI IS HH R DR PR DR HIIHEE T &g
V. XS BNEMIED XS IABRTEREIN S,
BT ENBRLEETHD.

o

5. %

FeO-MnO-8iO, %5 X 8 FeO-MnO-CrO-Si0, H

A7y U EE#E % 1650°C TREITIE b AINCIBE %
TS+ 1550°C THUYRE 2 KE S F i Ee Lo
720 TLTCAT v FEEMEOHORE OE{LE T
BRITKDEHBVTHS.

1) FeO-MnO-8i0; R F v FIXEEMTICL2T
MnO % FeO RBEHH Si i X2 0EILENS. MnO:
DETHE SiO: REOCEFEM O, L7 (Mn JREE
0-18%LL k). '

Mn REE2S 0°18% LATEBs\WTIdiEg Si ol
ELlE vt Mnic XoCBEng. LicdsoTL
DBAVER T v S MnO IHET XU,

2) FeO-MnO-CrO-8i0; %2 7 v 4" CI3iAsHh Cr
P55 %OEAE FeO-MnO-Si0y R EFMICA S v 4
> FeO, MnO, CrO s Si i X2 CGETE N
5. Ll CriRED 9% 3 X0 14% OB ICITRE
T X > TiETEhion. :

3) A Z v SOBRTTEED SNED LB & O OF
Rt DB LOETB LD L#EEXNS. FeO-MnO
-S5i0; TN EPDOEREHOE £ 1T D& Wit 27>
7oo X DRERNENOERBBEZE ST RS
D2 LR R IO TARK SN S NEDOMBR 2 H
ETHIERTRETHE ERF L. :
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