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Kinetic Study for Deoxidation of Molten Iron with Alurnin_um
in the Combined Alumina-Silica Crucibles

Kyozi NARANISHI and Hiroshi Oo1

Synopsis:

The deoxidation of molten iron with aluminum was investigated by using an alumina crucible, the
inner wall of which was partially covered with silica.

The deoxidation rate is analized on the basis of the kinetic theory with the following assumptions; (a) The
deoxidation products (Al,O;) are nucleated homogeneously in the bulk of molten iron. Their agglomera-
tion and growth are completed within about one minute after the aluminum addition. (b) Molten iron
in the crucible follows the well-known flow pattern in the high frequency induction furnace. (c) The
rising-out of the deoxidation products obeyed by the Stokes law takes place only in a thin layer close to the
free surface of molten iron. (d) The deoxidation products are also separated through adsorption by the
silica wall, This process is considered to take place through the bulk flow and the Brownian motion in a
thin layer close to the side surface of molten iron. ) '

These assumptions lead to the rate equation given as [%O]=[%O]%exp—#t/(1+B¢/£)?, which is
quantitatively in good agreement with the experiments.

Here, ¢ is the time after the completion of the agglomeration and growth, [%O]° and [%O] the oxygen
concentration at t=0 and t=t¢ respectively, £ the constant determined by the size distributions of the de-
oxidation products at t=0, B the constant associated with the Stokes law, and % represents the constant
concerning to the adsorption process. o

(Received Spet. 14, 1968)
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Fig. 3. Size distributions of alumina in molten

iron at one minute after aluminum addi-
tion (1/2 silica crucible).
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Fig. 5. Flow pattern of molten iron in the
high frequency induction furnace.
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Fig. 7. Relation between final oxygen contents
of molten iron and area fraction of silica
in the side wall of the combined crucible.

RICOWTOERIENIS (68) KicEEND/T 2 — &

S, Se BXIWR S RPELL. Tihbh
§1=07533 -reermieienie e (74)
Sy=19"9% 1074 ceemrmmeciiirerneiiiiceainnieneee e (75)
533-2;3X10—4 PO €74

LD InsoEEFAWT (68) —t%%zﬂlﬁﬂék&%k
Fig. 7i@/R L7z
ETEO, GDEBIKTO~THR LM TH
D0, KB D OEEERE No' & ALO; VY KEED B
DOEEFERE No LOHIXONATE 2L LNS.
No/No'=8;— Sa' /Sy' =1°248;/Sy— 12483~ (77)
ZHIZTORD S AL T R%EEFS
No/Ng'DX0-21  weevevnnreeneiennenciaaenienneneee (78)
TbbRAMr LOMEREDN 2 H LY KEEL D
DEFREBICHICLTED, BERELTONMY FKED
HENSHEOEE LN U TABERTES.
CDEFRORETHR LD DR EILT 5.
rﬁhxk2/432"y;0'533 .....(79)
56y, 61y, 6GHXLv B, 2, vE, EIEELCID

o=17% % TYRCRAT I 0 BPFETES. 7

b,
xp=10-3cm =10 -eeeevmrmmrenenneinnninaneans (80)
LD, SRBERIC X 0 I PITAERT 5 AlOs Kif-OF

— 39 —



468 % & W

% 55 4 (1969) 6%

BREY 10p ToHIE (79 XG0 O ERNEH BRANC

FEEHIND LT S.

I RDOE T TR/ T & L AlOy vy FEED HYESKR
PFARLERETITERAL THRBEVOTENTSME» D
DEERICH>VTORZERT .

(72) XA EEE X b EHET L

S =85— 1248, =16"4X 104 - eevceriiniiiins (81)
ks, B, GDRXXY v, 2' BE o=1, W=
5'5kg, Mo=16, D,=8x10"5cm2sec~! 7z ¥% (712) K
BLZRA L TRHAREK 31 HIBEKEERIRE Co' 23K
DIEBYR LS.

Co'=1-5%X10-8mol/cm3=3 3 ppm-:----: (82)

B Rz B RERATIEKTME» LIESF~BATS
BERME No' BREVGBDRTELLND.

Ny'=4-5%X10-% mol/sec

=0-7x10-¢g /‘S‘CC%’O-OSCma/ SEC rereerees (83)
—5 Ar FAFEL Scc/sec Th 5O THRIRIRE 4
% DBEFICHTET 5.

HARR» OHEINDIERE L « OFMRIT, =%
BL Fig. 7 TROLNETEL allxT 5EEwT—
LTW5S., ZOZERELBITRESHIT IS ALO;
DIER E NEBRET XD ALO; DEREBNNT XL T
FEEmEENSAON B & LA EOEEELFELE
lz\.n

MIEEEZIT X v Ptk 5 AlOs ORI E 7oV
LEBRLIO—FHEDDHDITIIGORIDI0pTRITH
B Hnv. Zhii Al Ihnig 1 mingRi6Rs OISR E
BECBRTEL~3p THHT L, FIW Al Fnk
X DI T 5 Al L ODBRMEIC N TESR
{LDBEOBEMEIIZE LBV EZE L LNEDTHER
Hixais D k&L, Lo 2T3p X KEM ALO,
HWFOERBPFINE L LR EOEAL» SIFERYR
ETHA5.

(76) R SEEEIE L LTOT VT F Y FORENI/N
IVEWSEREBEB LN, ThIIEBRKTHROLVY
REEDOPREIERHEREFE LS.

5. & ®

A ¥ TR BV CIRERAERD O &k b D5 EELTER
DR b~ AOF LG HBERITME Ty RENDER
—BEEBC I OCETTHEWIFLVET LR
D3, SiO. BRI R LT 1009, ALO; BTt LT 0%
DORFEREZRE LT ALO;-SiO, T|E LY Ktk b Al
GEOERRRL FERL, EFEFICILSHBETI
LT EF. :

L L ALO; BiFickf LT SiO: BEE ALO; BET{R
ELI N LORFEHEOHEICOVT L ORLEELFEEL
THDLESDD.

WY KEBED Si0y & ALO; 78 ALOs ¥ ey L TR
CHEROEE LD ChARBREC TS RIEEND &
Ex HNBHHEIC ALO; & OEWEAREH=F VX — 5
bH5. Tibb ALO; & 8i0; & lmol HRJET S L
ZIERARBEBTF VE—~ 4F° 13 1600°C itk T
—35kecal/ mol 5% b, BEMHRINSMBOMKH
CaO, MgO 7t FItHRTELLKEW. —F ALOs i
DENIDBLAA0THS. LichoT SiO, BErxtl
T ALO I F I3 H CRIE S5 —5 ALO BEiC 5\ T
BRE TR VE— DS LrRELZ S| Sk THRENN
ATV, Lo TSIOBIZ R L TIE =1 ¥7- ALO;
B LTRe=02LBWVWTRKABLZVWTHAH. EHIT
Si0; BT ARAERER 1 L BT SR E L TSiO %5
1600°C iz 35\ TraEIEAIkABIC B » ALO; KT & D
RMERNK & Lo TRECSINT 5 EES FHHS
F—E D ALO W FITxt U Tix ALOs Bt ki35 X D B
HWIFEEREETS. Ch S5OEMAD LAFTEIC KT
HRGERE e DEERXRYTHAS.

DEREREFNTRbHLRTF L L TOALO; DFE—
WEBESZYTHD L LB B2, RYITE
SkERICIARR U7 BEE O VY REEA OIKEIA RS B G 2 72
BLTCWL30r LTHERLOEEERmZERL TA
r5.

ZOBREOED B4 XM DL,

8D |
nh

—50/5t=2nrha\/

LR CRBEREREXMBOLSIIRCERI N
LRUE]REZ D> GHRZRITLTE)X2ES.

lnC/Co——'—Zﬂ:.m ‘/ 8zD7zv s

W I BEESEEERn E a DTG RTE L BNS.

— _Z\/ 8Dov ...
T/a—_ r xh

ceeeeen (85)

craveeenee (86)

=T D,=8x10-%cm?2sec~!, r=4'9cm, A=10"1cm,
v=34cmsec~! 7 FE AL T(86)R&FMETNiL(87)
Rehb.

mfa=—110X1074(SeC™1) verrererernnianinn i (87)

W GHE» HE LD FEE —15°2X104(sec~1)
KRB LTNTE0ZEBHD. —HINEMRTFOBREE
F i LicB8oCEHE S iz (63) ROMBH{EE —8-8X
10-4(sec-!) THEEMEE OFR—BIH 17 fEic + &4
V. Tbb@NRRIERFRIIVEBLTCRAETHY

— 40 —

4



b\

FAIF-VYHBEELY XL DAIGEOEERBTE 469

BEOEZLEFTVOEBREIPICIV—EERRT. £
7o EENE R e L TASTRE S E TS poREE L
“TYEv Y KEMO roughness 123 &5 FERTFEFERH
OWMMEEE LI EPEZ LIS,
|: & EFroRYiEs SEMAIE A SHEICE AT SH]
KHHESECT 50 L WAEESTEINDS. »
EEHERM KD 2 WITIREIRIINA 7 ST @E Y e b DR
BAT5 i vEAReF e UNRERLY RBMCE
BLxkbDET s, Ok EHEEEICHT SBE,
EWRE, REBAASEL SoEETIREFricl
FBOTUTOT & HEEIND. 72 LEESME LT
i Al 2flick o7z,

) EREOXE REEEZEHmIA)R L) (88)
RTRINS.

m=dIn [%O)/dt=—28/E—4rrG2'va/ V- (88)
(6), IPRAXxXY
B=nr2g(pre— pa1,05) /189 V cveeirmieniinnenn (89)

TH5. WEBEMCEVCEERE /N 50T
s, —F BRI UHEERIBAEIC LA SRV E
BRI EBRBEEPRL, ELBELOBMBERIRER
Sz Al L ODBEBFIER/NE s LinSo T4
BRERIONENOTFEREBKERS. DLICOG)R
XD ERMNEILDBRDOADE I IHIB, EBHAL
TRELA[UNTNDG. —FH @) RDOEHTE 2 HIZ B\
T REEREZHFLFEC =1 L B3 541, A2
%2 EOBERTIEN T XoTEbd bhs. (15), (18)
R b

2'—'_1_‘\/ 2kT ~lz—-—......;.'........
"V 6apz 20

sevaeneees (90)

THHPOALPTT>REEDITAI->REED. LI
HoTB) RNATE 2 FIXEEOHEIIME-OTKELEA
i~ EREBREEESmIZEEO LR L L DI
BRINTRBOEE ST 5.

(m) ALO; WiFOREFEORE FHREFEZTHKREL
THERIRD T & NS LD DT @) AAELHE ]
FRAIWKREL LD, —FHE 2EHD % K543 (90) K H
bErx 555 T =2000°K, A =300cm, » =10cm/sec,
7 =005 poise L EERAFTIEODRE 4D, 220
TR paBALET5.

2.2 canvan
VvV x

Al=x-+ U 1))

LEBOT £>1p ThIE FoRIEORTIoKE

B LETAHTERERDT L Al FnE 2% L Bt
EALDHETLEVTD 2=3p ThorkrrExzh
i, BUBHNT 2>1p ORHREREINDITHAS. B

2T @) RDGIDHE 21THE TR >N TKE LG~
T, REBEREEHRMT F>KRELEHICAKKELRD
HRES T % .

() Eor#E (88), 0RX X HIBOWE v 238
T HERERE PR T 5 LB, THS.

(=) WMERIOEAFE SEBONREA%Z—EITRA
ThiE Al L OoEfafmEME LAERKT S ALO; Ofr
BIRNEL LS. Licss>TEORRMR I D REEREIK
TT2b0LBALNGEEADIZIBFEL.

(F) ZhHORBMPHEREIIIC RV TORLT S
DITIE, MEEE & AR bR T S, BRE b E
ZoWTHHEESHhbvhEi by, b LA KEEE
DEEPDLHECIRBREHOBRERIZT 69 XLv
A', B' KL L TOYRTELZLNS.

1/ B’
T \1 Ve Y ) ......... (92)

L7232 CHORGE v 5K E L 7T rh B R IR
BLRD. ThhbbdHBRHEOD & TIIEEDOETICH
DTIEOREZ K> AN EEX TV T EHPET
H5-

[7%.0]1=

6. & - =

EREESEEFE I B\ T ALO-SIO; 4 LY KN
wekg Al Bl L TE 5 Bl BRghifa, BLERER
ALO; WFHA b — 7 AQEEGECINEZ THEOIRN &
TV EEOTTAY KEEL@HEL, vV FMOomit
WU CTIRFBESEHIND DD ELFEE LIE F T LichH
DTFEELHBET B ENTER. BOhERET
ETNEDTOLER0THS.

1) BRERAERE e 5 B TE T E# D ALOy REFHRIES
MIREE x, no, & ZEHKELTODRKHES .

n=ngexp —E&x? PP ¢ 2 )

2) BEEEDT e — - 8% — IS BVIREEE
TWRA b= ZDFLGRERIMKRILT 5.

[01°, *DRR% 0 & LTHEERA ¢ OBERER
[220]1 & Tk Res Al IBEOCTSEVIRIIICR DD
2.

[%01=1%01°%exp— ¢t/ (1 -+ pt/E)% +eeee- 9D
2R LBRA L~ ZARNTRET 2 EH, ¢ 1% ALO ¥

CFONY KEA~DEHEE L VY KEOBRTEREOEEE

CEHTHD. v ) HEORIEREZ 1 & L ALO B DX
Nae0 T ERTERFERE X —FLik.

4) RELF LoD, HEEEEHR m(=d In[%
01/dt)y ~DFELFHE Si0; VWY KT 57:1 ORET



470 & & i

HY ALO3 WY FDEE 0: 1 OHBCHOK.

S) MKERFBRC X HBS%OBYENAHLELSTIIBHO
Al BEPEVER D RITHE S 23, Al BEOETIZo
NP CDOBERMBLBELS IR LEN DD D
TERBREEVERIND. 0L X0 EHBEE(%O]
X

[760]1=1600(No+No") /W (p+ Bxp?) -+ (95)
EFT, T WOIASKER, o ISSREECXY
BAHRICART 5 ALO; ORI, No' BEMEH»SOBE
MEEA No WY RENLDENTHS.

6) REBRBREZBEBEBEEDIV Y REE~OYREEE L
UL B LR TERV.

7) AFEBR LW —FEHSBRENBRCERINNEE
T Al 2 5EHE A LS EEER 2L L oo+ 57ER
TR T LR X VB RBRLEL LN TES.

A EER DBFT IR L T R e RS BAITRA ST
BILR—HE OB e B L2 EL BB L ETE
1.5 12 B U CAMEORERLHT E izl

B 55 4 (1969) %65

HE BRI AR SR LIRS EM R L
LiFET.

x 73

1) J. Cureman: Basic Open Hearth Steelmaking,
(1951), p. 622, AIME.

2) Ax{b¥4®: L2Es, (1958), p. 109, fE

3) i, TR, 8F: BE&E¥SEE, 31(1967)
7, p. 881~887

4) A. A. Romanov and V. G. Kocuecarov: Fiz.
Akad. Nauk SSSR, Met i Gorn. Delo., (1964)

4, p. 41 .
5) H. KNUppEL et al al.: Arch. Eisenhtittenw., 33
(1962) 11, p. 729~743

6) M. yon SmoLucHOwskl: Ann. Physik, 21(1906)
4, p. 756~780 "
7) R. Byrow~etal.: Transport Phenomena, (1960),

p. 537, John Wiley and Sons. Inc.

8) ¥, Eh: $ 8, 51 (1965) 1, p. 19~38
9) JUFm, wEAa: LW, 52(1966) 10, p. 1460~
1462 :

£34.97

. 982.23] 211/ [ b2

=X TRRALDERELEREHE 2V F —D
BELERIRIE"

S fiE] A -

EEFEHE™ - Mg

The Electrochemical Measurement of the Standard Free
Energy of Formation of Niobium Oxides

Teruyoshi HIRAOKA, Nobuo SANO and Yukio MATSUSHITA

Synopsis:

A modified cell arrangement has been used particularly for the purpose of mcasurmg the standard free
energy of formation of low oxygen potential oxides of niobium.

The cell used were as follows;

I Nb, NbO|ThO.-Y,04|Cr, Cr,0O,

IIL. NbO, NbO,;|ThO:~Y,O43|Cr, Cr,O,4

III.  NbO;, NbyO;|ThO,-Y,0,|Cr, Cr,0,

The results may be expressed by the following relations;

46?2 ~=—99500+20"7T (4500) cal/ mol (1177~1388°K)

4G°  =—184500+38"77(&500) cal/ mol (1117~1361°K)
2 N -

463 ——440200+94° 1T (:500) cal/ mol (1050~1300°K)
2Vs
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