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Deoxidation of Molten Iron with Magnesium Vapour Produced In-situ by Carbothermic Reduction of Magnesia
Jiayi SHAN, Keiji OKUMURA, Mamoru KUWABARA and Masamichi SANO

R

Synopsis : A new method of deoxidation of molten iron has been developed with magnesium vapour produced in-situ by carbothermic reduction of
magnesia. Pellets of magnesia and carbon powders were charged into an alumina porous tube, which was immersed into the iron melt. The
tube had one hole of 1mm in diameter, through which Mg vapour and CO gas produced by the carbothermic reduction of MgO were injected
into the melt together with Ar carrier gas. The partial pressure of Mg vapour in the injected gas bubble changed with pellet mass, temperature
and Ar carrier gas flow rate. The deoxidation rate increased with increasing pellet mass and temperature. The deoxidation product MgO float-
ed up to the free melt surface with the bubble and also reacted with Al,O; of the immersion tube. The reoxidation reaction of Mg vapour by
CO gas in the bubble occurred and the deoxidation efficiency of Mg decreased to some extent.

A mathematical kinetic model of the deoxidation with Mg vapour was constructed. The amount of oxygen reacted with Mg is greater dur-
ing the bubble formation period than during the bubble ascent period. At higher oxygen concentration, the overall deoxidation rate is con-
trolled by the Mg vapour supply; i.e., the rate of carbothermic reduction of magnesia, while at lower oxygen concentration by the mass trans-
fers of Mg vapour in the bubble and oxygen in the melt.
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Fig. 1. Experimental apparatus.
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Fig. 2. Effect of Ar flow rate on reduction ratio of pellet
after 1h and calculated average Mg vapour pres-
sure in injected gas bubble.
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Fig. 3. Changes in total oxygen concentration in molten
iron with time for different initial oxygen concen-
trations.

Fig. 4. Photographs of outer surface of alumina immersion
tube after experiment.
(@) T. [Oliga =555 ppm: (b) T. [Olyiia= 194 ppm.
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Fig. 5. Changes in total oxygen and magnesium concen-
trations in molten iron with time for different pellet
masses.
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Fig. 6. Changes in total oxygen and carbon concentrations
in molten iron with time for different experimental
temperatures.
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Fig. 8. Changes in calculated oxygen concentration with
time for different magnesium vapour pressures.

x=hto

hL
2

Distance from
nozzle exit
(m)

Nozzle exit 0

P mg moder = 0.14atm |

t=tr;x=0 tr

Time during
bubble formation
O]

T

Nozzle exit

t=0;x=0 O

006 009 012

P vgs, P Men (atm)
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(—RSHR) L BITRBUTHEML, 512, =T,
[0 £[0] (FA#R) FIZTF L L->Thkh, ERFIZIZ
FEIF—EIZRZhTHWB Z e bh 5, [IaEROYIHIC
BWTIL, Py & P, B K U[O1L [OLICEL DB &H
5, BERRISIIMgD # 2 I BESE L BBED 2 2 LY
BREBICIOXEIh TR I LAb2%, LirL, Y
T4 A KESERT 5 L 2121, KIEHD Mg IidREE
IRIXHB I TE D, JW@PNOMgOEAKERE, §4&
b5 MgODRFBILKIEA, EERDBENKIGEHE®EL T
WEZERHLNTH S,

[0] (=100 ppm)HMEWVB A I3, K@D XU L
FEFIZBVT Y, Py & Py, (Fig. 9), B L U[O]E [O],
(Fig10)i2£2d D, [A LRFICLHBAEITL TS
Z&, BKUMgDH AIESE L BED X 2 LAWE
BREHVRBRISOEEBRE TS B Z L 8bh» 5, BREE
A[0]=50ppm & & 5 IZ{K< & B &, Fig.lo&k D, [0]=
0ppm TH D, HBRISIZMED X 2 LUWEREIZLD
BEINBILEPHLHILTH S,

B, DL EOBEBERRICOBEEMEIZETERE, &K
St HE &M T (dpe=9mm, X @D & A ¥ B 1,=03s,
Prgmoda=0-14am)IZ DV THAE N 58D T, ThHDFK
HHrEDBZ L XIZ3, BRERRELENLT S0, Higkat
THEMEND D,

50 100

200 300

[O]., [O]i, [O] (ppm)

Fig. 10. Changes in calculated oxygen concentrations in equilibrium with bulk and interfacial magnesium vapour pressures in
bubble during formation and ascent periods for various bulk oxygen concentrations.
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5. EBBEDERENDIEH

PEoEBER»MHo2A XD IC, HEERETIE
MgO DR FEEEITEE 13/N & <, BHRICERHFBE2ET 5,
L7z 5> C, ERICARHBELCHT 52012, Zok
RMAETRT3RENH B, ZhTTIZ, FESLITMgOC
NULy bRIZEY, 25 7BRKPDERMT S, »20I3E
TEANCERR 0% TS, Z&5 LItk GEILEEH
FME$TBZEEMOMITLE /2, MgOCRL v b &
Bl BHBEELDELTEILIZEDMgODEITLEE
ZIRHBIENTES, 51z, KEORDDIZ, AP?
EHETAZIEICED, MgODOBRTLHEEHEF L <3
5T L HERL TS,

PEizkd, MgOOBBTLRIGE#IBE TS LITX-
T, BHOWKBREEMME R NTE, EFEADIL
RAMBTEIC LS LRI S,

6. &

HLWEAZD Mgl 7 1 £ 2 12D TOREBNIE
TFot. BBRICHBWTIZ, MgOCRV v P &AL
ALO; (F7:13Mg0) BARESHPIZREL, TOHEEL
Mg EREArF v ) TH AL & GICBHPIZTGAAR, B
BrhoBmE, RE, MgOBRRBEORKEELZHEL -,
EEREMGIS, BRSEE400g, ¥IHIEEREE 750~200 ppm,
<Ly FEE090~3.00g, ¥+ VT HAFE 50~33.3X
107" Nm¥ /s DEFE TEL X872, EBRBERIZOVLTHER
MEREMA, UTOREEHE-

(1) MgODRFIRBEBILRIIZ LD ZDHFBE L 7= Mg
RRUCKBBHOBERMTRETDH D, I DBLEREE X Mg
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AROBHEHE 2L KidEh B,

(2) MgODBTLIREEEL, HHAXLV Yy FVEEE %S
FBZLICkD, MgEROEBBRE NI , ESOMB
BoyEEEh s,

(3) HEBRMgZEROBERSERIT, REEOME, £
B, BHPOBEBERE, XLy NVERIIKTFL, AFER
ZHTTIE77~29% TH - 7=,

(4) HEEEHMOMORBXWEELLBITFLTIL, &
ZVIEALORBELRIDT 728, BHPICEET S
MgO T EMNIIERIZ D 2,

(5) MgZEKRIZX3B#OBBEKIES, MgZERDSE
FOWMEBE EBIROBHPIOWEBBORAREE L
T, RISETVEMEL-, Zh&D,

i) SYAEBFFORBRISDOFENIEFIZKEN,

72, —Hle LT, BEHPIZREAZThI3KREPD
Mg 73 E Pyg moga=0-14atm IZ DWW T, IE RO BRI
ARSI L2, TOHR,

i) VS OREERE A E A ((0]1>200 ppm), BiEEHE
BiiMg B OBIGRE I L XEEh 3,

i) AN OMBFEE H[0]=100ppm DIHFE , BHEERIE
I Mg L BEEDORE - X AL RENOWEBRE DR
AEEL LD,

iv) B#hOBEREAMN0]=50ppm & & 51K & 3
L, BWEERIGIIBED 2 2 LA EREEE L &
%,

v) REhoMgERECOIZLY —HHERILE N, Mg
DB ESME T 5,

HEEDBHSPIZk ST,

KFRO—EHIZ, CMEFENREMB S (FHBIAR
(B) (2)11555192) Ik frbhr7=Z L #8L, #ELEL
E3c

it =5
A L Eya- 2 2 VREE (m?)
da() CEEAZBOTERLAEEIL A Y (M)
dy L & diF (m)
dgy T BEEOL ) 7 4 25 ERT BYIHKIEE (m)
d, TREEOA ) T 4 Z1E (m)
Dgpg - RIBH D Mg DILBEREL (m/s)
Do B OBREOUAREK (mYs)
fo IASHOBEOERRE (-)
g D EIIMEE (m/s?)
hy D REEORBEREE (m)
kong  © TP O Mg OWEFREBREL (m/s)
ko D ESHROBEROWBEREIRE (/s)
Kygo - FEER (1/atm/%)
M, I BEROIEF & (kg/mol)
N FEXEEMICET 3 EROUEK
(=4V A pgrid’ [(Py+ P ghy)) (—)
Ppch T &yEHR D Ar D EILE (mol)
Moo - TAAHID CODEILE (mol)
Mgs Syarh o Mg D EILE (mol)
nyg, - HEDOKEDOEREFIC I 5 Mg ORISR (mol)
ng DESF OBRFEE DO ELK (mol)
no,s TMAOREDOERICAS, CREZINIBRFETOE
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8)

10)
11)
12)

13)

14)
15)
16)
17)

18)
19)
20)
21)
22)
23)
24)

25)

26)

JLEL (mol)
D ESPOBERE (ppm)
D AR D Mg S & E#E 5 BRRIRE (ppm)

via - PHABRRE (ppm)

DRV A A VREOEEREE (ppm)

T FHESHET] (atm)

DEEBRKERD 5RO B SR EIAF M B K Eh 0T Mg
S (atm)

D SyaH D Mg 7 E (atm)

DRI X A LREIZ BT B Mg BE (atm)

TEFAGETHOAZBSHANR XA N S KA D Mg
IE (atm)

DIREEEWRICB T 3HHE (atm)

DAr¥F v U 7 H ZAFHER (Nm'/s)

D Mg ZARDFIHEFGRE (Nm'/s)

CREBLRICIBTAMgER L BYVHBRELORIEE Y
EREL 2K EAR T ZAFE (m'fs)

! [AETEE (m®- atm/K/mol)

IRE (K)

LR (s)

L [ADENEERERE (s)

LR EFEE (m/s)

(EREFWmY)

DHEERRIONL v FOHE (kg)

DHEEREONL v POHER (kg)

CBGPOBREE (%)

TRE- A ALK EOBREE (%)

D KE0 AR (m)

DI EWGAL H R DB (kg/m®)

BHBOEE (kg/md)

: FAHRTI (N/m)

: Mg DHERIEE (%)

T NL oy hOETTE (%)

X 73
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