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Dissolution of Steel Cylinder into Liquid Fe-C Alloy

Mineo KosakA and Susumu Minowa

Synopsis:

Dissolution of solid steel cylinder into molten Fe-C alloy was investigated at the temperature from
1300°C to 1500°C.

In this paper, the viscosity and the density of the melt and the diffusion coefficient of carbon were
estimated from the literatures at the solid-liquid interface i. e. at the liquidus concentration of carbon,
Cr.

Nondimensional correlation for the mass-transfer was analysed using above estimated physical properties
and diffusion coeff.

Correlation for the rotated or static cylinder was obtained as follows:

Jo=(k/U) (S¢)#/*=0°064(Re) =02
102<<Re<C104: rotated cylinder
Sh=0-11(Gr-mx Sc)1/3
100 <Grem X Sc <1011 static cylinder

Utilizing the nondimensional correlation of a model test by benzoic acid-water system, the unknown rates of
stirring of molten Fe-C alloy melted by some laboratorial H. F. furnace could be roughly estimated from the
rates of dissolution of steel cylinder.
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Fig. 1. Explanatory diagram of carbon concentra-
tion near the solid-liquid interface.
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Table 1. Estimated viscosity, p, density, p, and

effective diffusion coefficient, D, at liqui-
dus concentration of carbon, Cr.

Temp. C. Visc;)sity Den;ity 31$510n
o o, 5
& W |G| gt | Bl
1534 0-00 715 72 52
1500 0-43 57, 71y 80
1493 0-51 5-8, 70 87,
1450 1-21 67 70, 9-5,
1400 1-83 7°6, 70, 96,
1350 246 9'17 705 871
1300 294 10-, 70, 82
1250 3-42 11'4 7'09 765
1200 3-86 12+, 71 72

Table 2. Chemical composition of steel, wt%

Steel (diam.)| C | Si | Ma | P | s

A(l5cmg)| 0-42| 0°26 | 074 | 0-011| 0-010
B(1-0cm@)| 0-15 | 0-02 | 0-44 | 0-022 | 0-016
C(1-0cmg)| 0-32 | 0-03 | 063 | 0-008 & 0-012
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V35 minlc btc. D7, FCEENCRIRRE /03K
BRRIREE O ER CIIES O — B R o R ERE
L, 7S cE 20 Td AT 5 X S sk
R4 b, R LERT S XD, —dr/dt OfE
T RTd~ t OEBEGOAERY BRI DT, HIH
OWEII X5 —dr/dt DIREREI/ NS VW EF AL
5. ny, EEEROBELCA by FTa v TR, BE
Wb Ol L R 2 L S @A L CEHBNZ1T7s
27z

6. BREZDEE

6.1 —dr/dt DRAEESV®, (NHRADREH

SrEER ¢ &M O PEEE 4 L R ENEREGRE
Fig. 9 & Fig. 10 1T ¥. I HOERBRTHWIHHOM
W, 5 00F, FEBRSML SR T Le. B
BB LI HEOIELDPERARE VA, VWTNOS

LA ERERABSLT S EFE XTI L, AT

Key Temp.°C' To,wt% U,Cm/s  Steel
rgr— + 1448 2'46 Static B8 -
x 1355 294 4 “
o 1405 385 K ”
A 1403 354 16'8 C
A 1393 438 359
Crucible Al Os
55x45 x 10 ¢m
X
e
©
o
12C

t{sec) o
Fig. 9. Typical relation between average diameter
of steel cylinder, 4 and immersed time ¢, in
SiC resistance furnace.
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Key Temp°C Co,wt %  H.Fsource Crucible

12 }— x 1402 386 N Hg~-qap. Al 05 —]
+ 1304 297 30~40ke B
o 1388 426 S bulb :
L] 1300 457 500ke Graphite
A 1451 314 S SCR Al O
- 1252 4353 32ke Graphite
1o J-\*r + |
\. +\+
‘Q\o AQ\

{cm)
=
O
/
»

NS \\%Q

06

Steel : C
\ Crucible : 63X53x100
A

os ; |
(¢] 40 80 120
t (sec)

Fig. 10. Typical relation between averaged diameter
of steel cylinder, 7, and immersed time, ¢,
in H. F. furnace.

ZDRABL —ddfdt=—2dr/dt 2SEFT B LHBTES.
—dr/dt BZEBROFEMH (BE, Co, BEAIOBHRT L)
XD TRELEET 2, ZhOOEBTI LR LB
BHPOBREC L 2T t= 0 DEEELL —dr=0 &
BHERDDOBEV. S SHIEEMFORRTIE, B
@ (ThbbdoRP) & HICEBBERSKLL
B ERDBH D2, TNETEELCHEOREEL
EREEURRRCE LT 5 tE L b, Bl
CTHEMRBGROBRL T 2B TLEZEEL T —dr/dt %
SED B LEDN GOl

70, BEHROKFRE Co I EBRFEER S OB EHE
ZEDTRRLEH, S OBFRLDRD, C, 1% 3
~8% BEOEKTEZRLE.

T, koL LT —dr/dt Bk bhizDT,
RIBFEEREZAVT, 30RO0ERITK T 5HWHE
BERE L OEZRD LD TH D, TTR2HTHES
&5, REZ (D) HOMER 2 (4) R
(DRLBEZBNTWS.

T, MADOERBEZETT 5 DICROER T
im0, Filobh, BREEE X L CKERMBATER (30
~40kC, 30kW) %L, ALO; 50iE (OD 8'5x
ID 7'5xH 15'0cm) ¢ Fe-C 44% 1'5kg #ED
‘T Fig. 9, Fig. 10 LAkRic —dr/dt OBPEZFLo
7o. ERRBET 14004:5°C CThH 5.

WE, BERORERIRE Co Lo B%ME~OEEY

100 |
Co: in wt % °
k=578%16" . T
75+ [
o - j°
/ k=429x on
9 50 o) - 7 x 1 y
- . |
R3]
N
° Key
1
25 |- o-drfgt =k In (|-%’:—%)
1 eq.(7) e f
* ~drfgt =k [C—=Cc !
:eq. (4) (C‘_c')
0 ]
100 I
" Co: in mol % 3
o/ k=574x10 *
. 7| =~
@ x
~
£ , k=429x0"
/
. 4 - |
© 50 O
" /| [
§ /$<x/ Crucible:
b‘ /élx Al,Q; (85%x75%x150¢cm)
25 |- of A Steel
s A in table. 2
o Fe-C dlloy I'Skg
/x ot 1400%5°C
OX
.0 L
(o] X6} 20 30
Cn - Co Co —Co '
n ( & ) (cL-c. )

Fig.11. Relation between —dr/dt and driving (con-
centration difference) term in eq. (4) and
eq. (7) at 1400+5°C in Hg-gap Type H.F.
furnace.

BMATEDHELELTEXD L, Bdhic —dr/dt & (4),
(MROREEHEE OBRI: Fig. 11 0 X5 Thok.
Fefil, 22T, Cp IT wt% & molo D 23FD %
EDTEEL THT. Fig. 1l @Xhif Co & hFIT
X5 K E~DERBEEINTNI VY, (4)REAVS
E(TI)RXDH 34% NSV E{EERS BT Ehbhb.
SR (XTI G MR (Fixbb, Cp—CL)/(CL—
COBR) DL &, ERBEGRILORBIAELLDT,
Co ODBEVEHRIZHIDTED—EHERDD T ENT
ERLABD2TWS. DX S5 CTRFLALER”2S, &
BTREMEMTHS (7)R B OID, witys ZHR
LChEDOSERZ{TDk. 2K L, ZOEBITEWT
FEOBBRRENL L 7 %RETH27DT, UTOER
CEWTAHLBE EEABEOREY RALULERD D &
Bbhs.
6.2 EAHFEARICLIEBRER

SiC HUF 2 {FER L, #@ (Table 2-B) M zEiRX
F RO ERONREMHZ Table 3 R$. #)
SEix 1300~1500°C DT 50°C T &1z 5~8 Aoz
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MAFE D Fe-C Bk~ OER . 991

Typical values of mass-transfer coeff., k, and related non-dimensional terms in

Table 3.
rotated cylinder.
Mean Exact
Exp. —dr/dtx103 | Cb kx 108 U L* -
t%"ép' No. t%nép. cm/ sec wt % | cm/sec jcm/sec cm Rex107% Se Jox10°
1500 | RLK-1 1502 17-7 2-43 8-45 18-7 0-852 | 1-84 99-9 9-68
RLR-6 1498 3-22 2-34 1-56 1-84| 0-910 | 0-193 18-1
1450 | RLL-3 1454 6-13 3-18 5-84 10-2 0-880 | 0-938 100 12-3
RLL-7 1451 11-9 2-40 157 38-4 0-735 | 2-96 855
1400 | RLM-3 1403 1-15 3-87 1-53 2:12 0935 | 0-183 113 16:8
RLN-1 1398 11-4 2-94 22°5 71'3 0-786 | 518 7-28
1350 | RLO-8 1352 1+56 3-62 3-83 7:24 | 0-974 | 0-°526 149 14-8
RLP-5 1347 2-17 3-17 12-3 33-3 0-873 | 2-24 10-3
1300 | RLQ-4 1306 0-301 3-99 1-06 2:20{ 0-973 | 0-150 173 14-9
RL S-2 1298 6-04 4-13 7°1 68-0 0-847 | 4-02 8-1

* averaged diam. of cylinder

Zfilok. ToEE, B°C BEOENERTIIL
» 1L, Table 1 O¥kff% A CEKTTEDTE 2T
DThDH. Ei, REEL(REMAETRERIZLD)
%, Fig. 9 /=13 Fig. 10 CTEBEAHRORI L 7RO
R EEERRAL, AREUL CoEZAVTEREL
7z

UL ED X 5 R st E R TR Dfcic, Table 3
OB S DMERTB I EHATFESh, &<~
dr/dt DREVEIRE, BRABEOCEETILZORL
nNpkED. ERAERTHVWCS2E (ALO; O
D5-5%ID 4'5xHI5cm, EEkEl 800g) xMEzMiE
OEB S T, EE N O, —dr/d T

i
1t e AG OLssoN, et of.
(|250 ~1500°C )
Carbon saturated
O _+
2-‘Q7;9 4 o %;:ooe4<Ref“
+ D™%ax (=]
.Nx X e !
2 - ox \y\ <]
i0 AR =
g 8F [l
QD sl Jp =0079! (Re) ~ o0
U
< |
= 4| Key Temp.°C Co Wi % L ,cm
32 o 1504 246-383 096068
~ X 14513 262325 088—073
S 2k A 140025 288—4'11 093 — 068
O 1349:3 356 —42l 097-086
+  |300+7 286-457  098—07TI
Tl
8 |-
6 |
1 1 ! ] 1 L 1 1
10° 2 4 6 810 2 4 6 810

Re=LUf/x

Fig. 12. Nondimensional correlation of mass-transfer
from rotated steel cylinder into liquid Fe-C
alloy. (forced convection)

W55 OO EELERTERVEFEZ DN B,
VWi, BEEREFE 2\ T OERITER 2T HHIIT
JD= (k/U) (SC)2/3=A . (Re)—m . (13)
A, m: FEIR
BEMTHL0LLT, £TOERBER % MEHE LT
Tt e Fig. 12 o X 5>t %k, Figo 12 i
R. G. OLssON, et al® m$EFE 4, Table | OFERIEZE
OTHIETH XY, by TRLE. KERO
mRE
Jo=(k/U)(8c)?2=0"064(Re) 702 -ernene (14)

DESTEEDLN, EHREOFIEET +£21% BE
Liote. ABOERIZ R G. Ousson, et al® [T H#L
FTBEE10% KEBED2TED, T b, HOEFEED
FERKRLNTVWSHDEE LN LA, KoM,
LIZELATRW. Ak (14) RIFHFELOBHS L b
X GEEIL T D

DX O, WEBENCET L ERITHEE, B
TN X LT BT, WMAFEOBHREEFIT
OCHECEEINTE D, IHIC Table 1 OFHIIE
PWBHE ORI ICER L THRERREZBILNT
LEEBL EMNTED.
63 BIEFAFCKDIRBER

SiC $&#HUF & vy, #f (Table 2-B) Mk & b0 &
FER TR OFERORENIHE Table 4177
zoPs, REELIHBOGREES 2 LD, TR
dp 13 Fig. 5 25, £EBICOVTHAE2T 7R
TAEF L.

—iCE T, BHRACEEEVERETOHE
RRTEFE L, T MEBECEET S, O
5 BT TOWMEBIICOWT, KO XS IRERITHE
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Table 4. Typical values of mass-transfer coeff., &£, and related non-dimensional

.terms in static cylinder.

Mean .
Exp. Exact Cb |—dr/dtx10% | kX103 L* Gr-m
teamp. ’ No. temp. °C| wt % cm/ sec cm/ sec cm 4p X102 X 10-8 Sc Sh
C | p
1500 SLG-3 1497 3-82 914 3-44 9-55 7°63 9-99 99-7 406
SLG-4 1503 - 3-78 9-12 3-42 4-74 7-48 1-19 2:00
1450 SLF-5 1448 2:45 1-85 2-33 10-28 1-89 2-21 100 2-51
' SLI-3 1449 2-40 1-63 2-13 673 1:81 0-594 1-51
1400 S1H-1 1403 4-25 2:73 3-05 6-86 5.53 1.49 - 113 2.17
' SLH-2 1405 3-85 2:35 2-94 3.37 4.22 0.135 1.02
1350 SLC-1 1355 2.94 0-322 1-70 9-07 0-865 0.361 149 1-77
SLD-6 1351 3.64 0-963 231 3-31 2-50 0.533 0-877
1300 SLK-2 1308 3.42 0.278 1'75 8-10 0-903 0-231 173 1-70
SLE-4 1301 3.60 0.383 1-78 9-05 1-34 0-457 - 1'91
* immersed length of cylinder
BRI BTV B 4 ]
Sh=A(Gr-mxSg)m---esverrerrereerminininnn (15) Key Temp. °C B, wi% L. em
=A[(glddpo o2/ p1t?) X D)jm (15)' 2L © 1500 £6 269—403 474 —1030
kKL/D=A[(gl3dp p%/ ) X (g /pD)]™ (15) X 1450t4  221—367 334—1028
Sh=kL/D: v v~ » F¥k A 190222 260—423  325- 878
. e /1 s = 1350%2 258—481  331—I102!
Gr-m=glddp p2/p> %5 v = ZHEBLE) 'g T e 1302:t6 320478  545—1025 |
VVEBE) & BB EN AR BRI B B 05, FR, 2 5L
.}
== - E - +5 AlZ A - N ’_/’0
émmk;nmrﬁﬁmﬁ,$m10ﬁu%movf = 4 Anclogy from heot trnster e o
Nu=0°59 (Gr-hXPr)t/s oecvveriiiuienninnn(16) % | Sh="013 (6r-mxsc)’s ’,”:j;‘/’/'
109> (Gr-hx Pr)> 10 .| e [
- m *, ©
Nu=0-12 (Gr-hx Pr)\s - (16)" e ol
-~ sh=011 (6rmas
102> (Gr-hx Pr) > 109 ,glg(4(/° e
Nu: %o e bk, Pr F3o b kK 2“
LAk - = > = ,' “n .47 = 1 A 1 L 1 1 1 I}
Creh 77 % = TRH(HEE) 10° 2 4 6 810° 2 4 & 810"

BHMEBEPEILL Tk D, FHOBED (16) XL <
6 REERTHTHAD EFBLTIV. FEHELD
BEER® CTRIEBIIRE b CRKOBRERICHIGTS
kmax B LLTD kyy D2 D% L DTHET LI
B, IR CIETFEE kay WKDOWT DR, FHEEZFED
72. Is ¥ Cp 78 & OWH WIEATIE & FIERIC Sk F (8
ZHEALTHB.

(YKL e > CellEsrx it wRT &,
Fig. BOXS5Ths. HOXdSCEREOIESDEETK
Z\h3, 1300~1500°C 1o k1) ¥ M X iEMRE
BCEWTh (16) ik GEBIL RS2 5T
5. AEBROFEREIR/N 2 FEEELB VT

Sh=0'11 (Gr-mxSc)¥3vsieeeereiniieninnni(17)
DEDWLELDDHLENTE, FIIEEIT +249, BE
g0z (INROFERI (16)" Rt L T§920%/8
TS, HELHIT (Gr-mXSc)V/B DR & 7x b B AL
MOFEZERL T 5. BIREC I 5 ERMROER

Gr-m xSc=(Lg4r2%p?)x (#/pp)

Fig. [3. Nondimensional correlation of mass-transfer
from static steel cylinder into liquid Fe-C
alloy (natural or free convection)

CIEEHEEAL 2> D DR HLIRPUA £ iR 5 BIRIC X 5550
FEEHES,S I DR EKPETHOT, Kb IEE
CHEN DY, AROBERTHT TITabN T B ER
TR E & GEILA LD EEZTIVTHDS. bt
ZICARMIROER TH . 5 DIFRFH LR —Th
D, kX 600~800g AIEFL 7.

BEHET 2701, UL Lo IT B W, BE 0T
bz MR U SERIER 2 (HE L T, #H OER % i
INELKBATERET DM, ELTREBITEEHAD
EREEL, CIREORRELZIE L TSR ORIR V-
FRETHD. TRUEMEE —dr/dt & CREORIRE
TIRTTTHRWICH, MEBIHRE~ O RO FE L
E2LND5OTHEEZER EOZRITHRE» WV SE
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CThHsH5. INLOECOPVWTREHNCHRFT e T
A.
6-4 BRAKFICKLLEZRER
EEEECHER SN TV AT, BREIEOERNIC
I, PRV DIEHEESNTWASZ LIZRMOM D T
BB, COBSOREOOXIRKEOVTHELEET
HE VBRI TV, bl 2, 3oflrb bk
LA X DI, BEkoRE U b SeE, BERKIC O
WIEEWTh, EFICEELEFLLD S 55, BEE
T, corH5UREBLAERMOEE, &BBFEI
RELE VTS FBOERICHEAIN TS, Fll, H.
KNGPPEL, et al®® [IEFEEAE O BIOK L) B
R, AEOFRMEERE Us #3tE L TWw55, EAL
i BEE S URESR, M50k THEMT
ENTTEE BN X BIVE DS, T OFEITITRMBED R
A4, KRBT 62 IV 63 BTALN XD
MR ITERER A FIR L CRIBEMCIEHoOEE Ue 2% ¥
5o EHLI. BRERORTE S, R E(E (Table
1) OEHEECIESES A, Hkeil T, SEEE
AP DR E AElET 5T LV ) S L B
50T, UTEBICERIIO>VWTE~ND.

6-4-1 {HEFEG

— T, EIRME oW EIT oV T TR, BE, SEERIT
w4 BFTR] OMEABENT

Jo=(k/U)(8c)¥3=0"664 (Re) =03 [Fifi

=
®

1O

Ol U ] O3
.\ h
O | OT
o Uo
L
/2 o o
@
O O
e — O
@ Crucible ® Induction coil

@ Steel cylinder @ Fe-C melt
U : estimated velocity of lig. Fe-C
Usg : surface velocity of liq. Fe-C
L : Characteristic length
h : height of liq. Fe-C caused by induction power see eq.(22)

Fig. 14. Schematic representation of induction fur-
nace and flow pattern of molten iron.

Jo=(k/U)(Sc)??=0-037 (Re) 02 FLif
DX HERTEGENE SN TV HH, EREFHOE
243, 7ok 213 Fig. 14 (RLA XS & _EMIR & Tm
WEMSHFELTER D, SHCEBO—EIPEETMAFIT
W5 DT, STLILEFTHR & VEE Z# . & ICHFROR
HERHGE TORNIC2WTIE, THVE TORRE,» L
AP FRITE . DR, RELTED BV,

WO XS EMEHOFERZFATL L.
Fisbb, LIHBRON 7 2AEP LRBNRBEDHSNT
w5 Fig.15(a) o X3 eEREE LR, KiOFL
Bio ok BFERME AT UERERETL 2. 20
£, JKIBVE 20°C XL, KOPiEER, 1B 3k
X b, ¥REGEE Wike o8OV CEIE L 7.
EEEER % Fig. 15(b)ICRT. ZOFRRICE D & Re<
5% 108 TI3iEE (18) RiCHEn 5 » Re>5x 100 T

®

(a)
. T
é /q (\\ '
L
T i
© e -
. 5208
(D Water tunk @ Benzoic acid cylinder
; (O7~18cm?)
@ Flow meter @ Parophin seal ,
_ | €
@ Gloss pipe ﬂ | Water flow
(20.32cm?®)
@ Pebble 10~25cm # U : Flow velocity
6 \
(b) Key L,cm
4 o 8—I12
4 -8
. a 2—a
ok p=0664 (Rel" eq (I9) ,
~%
Edale]
~
X
-2 \O\A (e}
¥ 10—- ‘}Q?A — S
® 81 TEQAXla o =05 (Re)
T T~ e
< L f ~LU7e F~rxega_
3 o2 e X )(‘Okow
: 4 k- u'0=0023“'3€\ O
" at 20°C '
S .
2 b AT 1005 CP j
#: 0998 9/ |
!
]OJ | 1 | [ ] ' 1 !
10° 2 4 6 810 2 4 6 8BIO

Fig. 15. Model test
(a) Schematic diagram of apparatus.
(b) Nondimensional correlation of mass-trans-
fer from benzoic acid cylinder into water
at 20°C.
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(18)" LAHLLKREZILY
Jo=0"115 (Re)=0 3 evrcemiiiierinniniaiinn (19)
Lis2lc. ReDREWHE TR A AE@EMEDOENAS,
WEABBTHhIL DV KELEETI O LEb 5.
WE, EFRIRRKEWEBELT, RoREEL 25
WEED /21 e D, &L THARD BRSO3
DWTHE 2% &, Fig. 15(b) oMM ELMCTH I
HEEBEXDBLENTED.
iU RE(INR%E, LLUNBECIOTIRD
FORELENOLAVEREBRELTER TS L
k = (0-664) (Re) ~05(Sc) ~2/3- U «o-vesveeree (20)
k=Ky-(u/p)%5(u/pD)-2/?
k =(0"115) (Re)-03(S¢g) ~2/3. U
o k=K (p/p)3(p/pD) 23
K, Kot EF
Ly, BRBFPCESVTH WEBESO&ERITTHEE S
RichTwb T3 L, ERICEX2TAONS k{EDIR
EC X 5ZibiE, (20), (20)' RoEE T X 52 L&A
LT3 TFTHS. HRTIERBRO—E (k{H) &
(20), (20)' K Table 1 OEfEZ VIVTEFEL 72§
R &% Arrhenius BREH VWK TS L Fig. l6 0 Xk
5THH, MEOFEIDFITEL LD (kEOHEH
bErERECOIUNBREL LDCORHERTEH &
ZART) OTERORERFETIFEINTWELDLE
bbb,
6-4-2 FERRFER
BEABEERELT, IXC4-2.21ECHRLE SEER
FRL, BB 2IFELLTA  AlLOy & (OD6°3XI
D5'3x H10°0cm), B: ALLO; & (5°5x4:5%15'0) %3
XUESH (6°3x5'3x10°0) o 3FEELHELERTE
B % fT7eDfc. EBIE 1300~1450°C T 50°C 33 X o8k

G 1300°C 1350 1400 1450
T T I
8 -
From eq-(20), (#/p)™ ('“/pa)‘g__
al- I .
E 2r From eq- (20)', (/"/,a)mz ('“/pp)%
$ o A e e ——
§
=~ 10 S
x 8F_, FQ o
6t FR | qe————
PR __ .
- T e
al
EN & °
—A i
2 -
o
64 62 - 60 58
I/7T x 10*

Fig. 16. Relation of observed masstransfer coeff., &,
and 1/7T in comparison with eq.(20) or eq.
(20)".
[EOBIFE & AT 2703, FHHICIIEE S OBERAO TR~
DT, TTTRELLT 400°C s 5HEIZECDV
Thi 5 Z LiIT§%. gk EII600~1000 g ZfFEF L 7.
EBREEOMARER I URRDO % Table 5 i«
Y. iR, BEDORD 1400°C It KT HFRET R E
B DEAH &EOTHEL 228, BRI BT

PMENFOBESTERLNOT, BICESEEELTHS

RETH5.

F7z, 1400°C IR WT, BEROCHRE, Cb, %ZiL
SETEREITAS &, (7)REOBHMRIZ Fig. 17 o X
5Thsd. ZZIIFER—DEERBILNLZ Ehb
L TERRTR 2>LBE CIES%o CEER UL S X T
WERHBR NSV EZZLND. 122U CIREE 1 %D,

Table 5. Typical values of mass-transfer coeff., &, and apparatus arrangement for
the experiment using H. F furnace (1300~1450°C)

k% 108 H. F. furnace
Exp. No. at 1400°C Cb, wt2, 2L, cm Crucible*
Source | Induction coillApplied power
HK 1-5 7-45 2:87—3-86 586 A He- OD9.5xH200 3-9
HL 1-5 548 3-14—4-13 | 9-98 B S G0 cm 4-2
HM 1-5 532 4-64—4-87 7-18 C ¢ (34turn) 3-8
t

EN 1-4 2-73 3-56—4-26 6-68 A , ) ) 3-7
EO 1-4 212 | 4-56—4-86 | 890 B Vac bulb |9 Oflg’ 0 3-8
EP 1-5 1-01 4-82-5-02 688 C ¢ 35
FQ 1-5 8.18 3-13—3-97 8.04 A . ) 3-8
FR 1-4 6.78 | 4-61—486| 7-46 C 3o 12 ?5;?3 0 37
FS 1-3 9.97 3-55—4-15 610 A ¢ 3:7

* A Al,O3 (OD6°3%xID5°3xXH10-0cm), B: Al;O3 (5'5%4°5%x150), C: graphite (6°3x5:3%x10.0)
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15 T T
Key Exp.No 4xI0° tm/sec  Crucible
o HK— | 745 Al Os
a HL-3 548 :
X E0 -2 1'37
v  FS—2 997 t
e  FR—I 678 Graphite
a HM—4 532 :
< 10
]
\E 1400 £4°C
= /
2 o )
by ®e
N )
® 5 e / a4
/ R 7 -
A d vd
b4 O’
, 7’
7/
/0
’ 1
QO
- %
- _ | X
o P
0 04 o8 2

in [1+(C—-C)/(C—C)]

Fig. 17. Variation of —dr/dt with carbon concentra-
tion of Fe-C alloy, Cy, according to eq.(7):

10 T
81" key HF
s x Hg-gap. 30~40 ke
A A Vae-buib 500 ke
ar o SCR 32 ke
k=120x10° U7
2| \
AN
° LFS
| 2 C°FQ
< 10 ,ox—?g
R v X
5 8 4L=279x10" U7 it
5, 6 \ /‘///
S A7
4 A/ \EO EN/\A
1 .,
\ /‘ “
EP
2+ ,/ at 1400°C
e
ol 1 1 LI I 1 L 14
| 2 4 6 810 2 4 6 810
Ue {cm/sec)

Fig. 18. Working curve for estimating unknown
velocity of liquid Fe-C, from Fig. 15(b).
at 1400°C.

FTCREBHROLIBHARE LE(EPT 50T, UKy
LCEEORBELEMTERL LD LELLND.

Wic, zbNIcABBIGEEL» S 1400°C kT %
ESOEE R HET owi, (200 K& (20" KT
Table | OFHEZRAT S ERDZABALNS.

k L0-5=2-79X 10-3QUo-5 )%ﬁﬁi(Q[)
k L0-3___—]-20X ]0—3U0~3 . %Lﬁ ............ (2])'

@D B I (21)' & & Table 5 OFERZILET S
& Fig. 18 ©X5Thy, FHTEHMELNGTSH Ue
(RF e BHEEC LB EETT)OEERRS DT LA
TE5. -

DLEDEERGER? D — ANV D T &

a) EEEERECREES Ue it k& {PEL, —i&
RS DN 513 E Ue BPRITK S

b) %80 CIRE, 3 X ESORE AR OHEHE T
13 Ue ~DBE LA/ E V.

¢) BALOEEERLAEES THBERMNLHEESE
FEL, BIEBEZ LTV,

KETHD. 2L, EBREP TR AEOELDENK
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Table 6. Comparison of estimated Ue, cm/sec from Fig. 18 and calculated
Us by eq, (22), (22)' at 1400°C.

H. F. furnace Hg-gap Vac.-bulb SCR
Exp. No. HK HL HM EN EO EP FQ FR FS
. 56 4-3 13
Ue from Fig. 18 22 19 14 (3:3) (2°6) (1.9) 28 21 33
Us fron eq (22), (22)' 63~58 30~28 110~-98
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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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