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Oxidation of Aluminum in Molten Iron by Impurity Oxygen in Argon
Minoru Sasase and Yoshinori Axiyama

Synopsis

: Oxidation rate of aluminum in molten iron by impurity oxygen in argon is observed in order to take information on

evolving nonmetallic inclusion as well as nozzle blocking of continuous casting apparatus. The aluminum is oxidized by
argon containing oxygen above 107 Pa in oxygen partial pressure.
Rate determining step of the oxidation in the case of no convection is diffusion process in an oxide layer generated

at the surface of the molten iron.

In the case of specimen with convection, the step is chemical reaction process. The rate is expressed as a second
order reaction for aluminum content. Apparent activation energy of the reaction is -1224 kJ/mol. It is discussed that
the apparent activation energy corresponds to enthalpy change of the oxidation reaction.

Key words : molten iron ; nonmetallic inclusion ; argon ; oxygen ; reaction rate ; diffusion ; convection.

1. #&

il

NEMOW R KRS U5 L, MEMDERZBHILT
BIODRR L, MEMOHIEFIEHDOMITL D 5, HiHE
DIFFEIZIE, A7 270 & 2P OAIOFHERLIZET 2 b
DHE VO FLR AR L E G EBIHE 2O RTER
dNBLILY, T 5 BAREMIRES S
IR B2 MY ESBAEY N ERESRIL I NI,
ZONER IR R LA MIT-> T2 OWMEELR L,
BOLIGEEI##4 T LT\ 37, 2 D% A AREHH 2N CciBFE
T2 RE L, BHWCHFE»IThbn T 5,

TN, MEREED 2 CIEEER LT[ v a s
XnBHEBIED—BE LT, Are— v FiEEIZ X 2 EHT O
ADOBRALIEED RS W Tv 5, &7, BWMOBEY
BEJCArZHEHIRCHC2 I E 2, Ly L, &EES
DRBRTIE, RUNIHMINTHERSI N T 3 EHEAr
HORHMEER 1L L T10-%Pa (=10 atm) BRETH
b, TEMNZS TOBREOHMEDArM¥HEHIN T2 LT
3L, EMFOAIYEELT 2 REMED D B, 2D X D LRI
DOHT, Aric & 50 FEYOF B BT 2 BiZe ik f 2 Bl
DLDTIZESDOWMEIDH 259, PHMEET L 25
DAIDHEBLIZ D TOFRIZBEAE RV, 22T, &
WS Ar PHlitiE 3R LIEEAR OAID G & EEREHET
Lo~z LEHBE LT

2. RBR5E

FERBE OIS # Fig 112" T, NEE30mm, ##840mm,
3 150mmDBERE 7 v 2 F 3 DI EHE B EK1240g
AN, IT0ZMNE2mm, HMEOmMm, & 31000mmD 7T
WIFBIRISENCRET 5, RIDED L TIRArOH AN
ERBTNIFE, 7Y AL, BEAREE L E
PHET A ) arTaRBTHUETY 3, MBI X v R
— N —HBRIZ & 5 10, ArBEAF X NEFE4mm, SME6mmD
T FETH 5 BEICHL E TIRAEARE (KTl
Injection nozzle) DEHa % % DIFEIFIZE S, 2 29 6 A4
W RIEE Y SEC LTI "PafaE il L Ar(UUTFE
BREEAT) X EEWNC—EMB TR LAL, EfFEkHER L 72
%, AUREVEMSEEDH0.3 ~ 0.4 mass%i 3L )
HEX I mmOARY & ) A Fa—T 1285 D0 T, BT
A LIEBRLIC,

ArdfT O HUEE R R, B LI &RBMgT v 7O KRB
PRI LI THEILIL, T bbb, ArOTE Y IEHE
CHIEIL T acw, RIMBOBE X EFECHIET S 2 L
o T, MEDHRRELHRT 52 LTS, 121
L, AHPIBERIRES 1 %FHED b DI, FiE % B
FILICO, LRI 283 L CAr2iRA L TEIZ Artp
DEEFRE, ArBEAZO AL L KRS O DHE%
RUNEREMELZ AT AMEL U T, EHMCHEIEL

TR 744 A128 R4 PR T7ES H26HRHE (Received on Apr. 12, 1995 ; Accepted on May 26, 1995)
*  TFTEIHEKY¥ (Chiba Institute of Technology, 275 Narashino-shi Tsudanuma 2-17-1)
* 2 TEITHAPFRERE (B KEFEER$M (BR)) (Graduate student, Chiba Institute of Technology, Now Daido Steel Co.)



“\(10)

Fig. 1. Schematic illustration of experimental appa-
ratus. (1) Silicone rubber stopper (2) Sampling
hole (3) Reaction tube made of mullite (4)
Injection nozzle made of alumina (5) Alumina
crucible (6) Molten iron (7) Heating element
(8) Refractory fire brick (9) Gas outlet (10)
Thermocouple

720 BRALBRLELIFI TR Lo T 5 SR Ar O i & 1350ml/
mint L7, RIGEBH» O HIAre 7 ) —XF— i8S, 3
ENDE N #1013hPaizff- 12,
BELTC3AlPEETAESER LT LBRELE
AT rArx &> CEMIT TRIGS ¥ 35ACE, ArEA
ORI ERLBRERET L R 2 D MR ICEL & D
= L7z, AriiEI250ml/min, ArfF OBRFIEIXIELAED
HWET 1 Pa, BEDEMAFN 2 & 2 FZBR Y 2000Pat L7,
EEI121560°C, RIGHERI1230,603% & f120min & L 72, KIS
BEGARERT I S R Ar 2 AU R A Aric ) b e 2 1ole s
POL LT, tD YAtk RIS HODOBERSESANOR
EAELELL L 5D 2mine BT 555, ZOREIZK
SRR EA STV 5, ATERBIRISR, FOREREZY
bR SR EArEE SR TG L, W L 12aB 2 e
A L TR TRETMOBTTIET VI=U st
BAET V=D LDRESMERE LTI
BHINTUAESPOAIL AR EHT HArL
PSS ¥ A AL, ArEAE O RIRZIESHROEE £
TTFA LI, ORI, BHPAEORECIET 5 3
TIRArEAZDO LY LI ) 2 TLRMEICES, &
BiEEAr® i L, IrEDBEECELIZG, ArEAE DR
PR ESOBEMECRET 2 LB T Y, FRCArD
NEIEOBESELF LD Y VML Iz, ArOTERIX
200,3003% & f470ml/mint 23 & 5, =A7mw—a2

T T RDOTHBEER I L BIEHFTOT v I =V L DL

—STHEIIERECRIE L, B LA EQAIETDArH O
FTEEIZSE L LT270,1% X ¢ 107“PaffL & L7293,
BT AR % R A BRIZ122000PafdE T b lE L e, FE
BRIBEEIIIE L A EDT1600°CHRET H b, BEKRAEZFA~
ZERCRR b 15503 & (f1650°CAHHE & L 72, ANBREE OZALIL,
R P HSMInBIZ o ) A Fa—TTHRCEY, TOULZED
k%L, Zr a7 R u— v SIRREIC & Y BRAIEET v
I=TAEDCTHNTAI LIZL Y LENT,

3. RBBERELUER

3.1 WMOAHBIEDOArPOBREIENE

3 ¥, BEhOAIArT OTMPIEER L RT 5208 5
D ERFERT 3709, Ar¥AE DL K0, dmass% D Al%
GHT 51600°COEHDIENE  TANTAr2IKAA L HS
CArEAE AN LS AESHB O TOAr P ORE R %8kt
BICRIE LT, IESNICAr2WoAALED 5 L, KISELEFN
OfHECERBELICEBRR PR TRBRESEIIECET
L, EAArh OBERHE RS, FI2minf2BET5X 1071
2 65X 10" BPaDRITIRE—EDME & & 5, £ DIRKI2057 [
HELY, COMESERZRLAEEHL >0, &
72, BMEBArYEAT AL, BIBEFEYSS Lo TH
T B2 E bBEIN, COBOBODEBRESEX, &
WM EYEETAArPEA LD L BERICTH 5,
WO DOBEFED —EEIZ - 124D AN L HODAr+H®
BFES5E %, Table 1 2R T, 2 OO O DOBESEIL,
B DALNBE D). Imass % RE DR, EE1IDALOs L
Pt AEER DT ICHL T A, LYo T, JTOERER
1, ArfP O MR R TIESPDAIL R LT 52 b %

ALTw 3,
3.2 BRoLLWARSEORIE

Fig.2\Z, 1560°COEHED It B 1PaD A HIMIER R #
SETAArPEMIE TRIDS 12D, EHP OEIE
7ni=9 4 (LT, SolAD) LEERETZ VI =T & (LT,
Insol. A) DIEES M E R LI, TOXIE, EE»GALW
Az A-72E 2 A Inso ANRE D BB TH 2 ALIEDD 5
i, Thbb, BEECInsoLAIDIBHEEOH B 2 L &

Table 1. Oxygen partial pressure in Ar at inlet and

outlet.
No. Po, at inlet Po, at outlet
(Pa) (Pa)
101 1.8x10-** 5.9X107%®
102 0.96 5.8 X107
103 3.7X1071® 1.4X10-1
104 5.3X10°* 4.2X10712
105 1.6 1.6X10712
106 6.0x10715 3.3x107*®
107 1.6 4.2X10°1
108 9.7x101s 8.4X107™

Flow rate=470ml/min, Temp.=1605 to 1610°C,
Reaction time=5 to 20min, Initial Al content=10.4%.
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Fig. 2. Distribution of soluble and insoluble alumi-
num contents in specimen without convec-
tion.
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Fig. 3. Relation between width of oxidized layer and
diffusion time.
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