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Decarburization Reaction of Molten Iron of Low Carbon Concentration

with Solid Oxides

HAN Yetao, Tadashi SAWADA, Masakazu KATO and Masamichi SANO

Synopsis :

A kinetic study has been made on decarburization of molten iron of low carbon and oxygen concentrations
with solid oxides. Electrolytic iron was melted in a MgO, Al;05 or CaO crucible. The mass of iron and
the initial carbon concentration were varied between 137 and 627 g and between 30 and 480 ppm. The initial
oxygen concentration was below 50 ppm, and oxygen for the decarburization was supplied by the crucible
oxide. Experiments were made with blowing argon gas (1000 Nem®/min) onto the melt surface at 1580°C.

The rate of decarburization decreases in the order of MgO, Al;O3 and CaO and is almost independent of
the stirring condition of the bath. For carbon concentration >100 ppm, the rate of decarburization does
not change with the initial carbon concentration. From these results, it is considered that the rate is con-
trolled by the dissociation reaction of oxide. For carbon concentration <100 ppm, the rate decreases with
decreasing carbon concentration. In this case, the rate is presumed to be controlled by the dissociation
reaction of oxide, formation reaction of CO at crucible-melt interface and CO mass transfer. A mathe-
matical model is proposed to explain the rate of decarburization.

Key words : molten iron ; decarburization ; solid oxide ; crucible ; dissociation reaction ; low carbon steel.
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1 Lance

2 Magnesia pipe

3 Alumina pipe

4 Crucible

5 Alumina crucible
6 6 Molten iron

7 7 Thermocouple
g 8 Carbon resistance
9 Gas outlet

Fig. 1. Experimental apparatus.
Table 1. Dimension and porosity of crucible.
Crucible  Inner diameter (mm) Outer diameter (mm)  Porosity
MgO 38 50 20%
Al,04 40 47 ~0
Ca0 40 50 Porous
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Fig. 2. Change in carbon and oxygen concentra-
tions with time.
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Fig. 3. Comparison of decarburization rates using
MgO and Al,0; crucibles.
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Fig. 4. Effect of stirring condition on decarbu-
rization rate.
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Fig. 5. Effect of mass of iron on decarburization
rate.
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Fig. 6. Relation between decarburization rate and
interfacial reaction area.
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Fig. 7. Comparison of decarburization rates with

and without MgO disk on the melt surface.
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Fig. 8. Effect of repetition of experiment using
the same crucible on decarburization rate.
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Photograph of MgO crucibles after de-
carburization experiment.

Table 2. Experimental conditions of S-5, S-23
and S-37.

Run Wre (g) {ppm C} [ppm O] Py, (atm)
S-5 424 105—8 28~121 4.3%1073
S-23 404 277179 ~20 0
S5-37 505 209—133 ~20 0
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Fig. 9. Relation between decarburization rate and

carbon concentration (MgO crucible).

" A‘an WFe -~ 4009
v Ar 1000Ncm3/min
Q
[e)
54.0‘
%3.0- A °® on
S 20 abd, @™ A A
O oo A ® oo A
'Ul 10 "00 A g [ X A
! I I ]
0 100 200 300 400
CppmC1
Fig. 10. Relation between decarburization rate

and carbon concentration { Al,O; crucible).
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Fig. 11. Comparison of decarburization rates us-

ing MgO, Al,05 and CaO crucibles.
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Fig. 12. Relation between decarburization rate

and decarburized amount (MgO crucible).
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Fig. 13. Relation between decarburization rate

and decarburizad amount (Al,O3 crucible).
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BRETOEREIC L > THHEES NSNS
B, BHIZ, TIZTE CODWEBEL BERERD—
DELTEEL, BREELEMPHIIROL S IZEKT.

chkl—kZCMgCO* ..................................... (15)

:k’R( CCCO*_PCO/mco) ........................ (16)
ST, Kpid(12)RCcH5ioNnDb. T2, Peo=0¢&
L7z, B, Co* BEBEHKAKRDBE Co &) KE VA,
BHhOBEEIREIZIIIT - EIR oA LD, 22T’
BHPANOBEZOWERES EH L, TP JHb=0
ET 5.

%8B, Al,O; 521F0H4E, Fig. 13 128w THR®E
EDREH2ENKEVED, L OEYRETE LV,
T, BURBUGRIERF O Bk Al IBEAS K EBR TR
BAHIEILEBEEZONS. LA 5T, AlLOs 10X
BEBOBRIED T F AL SHONIERETH 5.
3:10 BREISETIVICEZEEREREERERD

&

Fig. 14 124%, KEIEES 100 ppm LLEIC BT B HiK
BOGE 7 M K BEHERR L EBRFEROLELRT. &
MR RRE B A EBRBRIFAEHR L LK
L, BREEEARRIGEFVICE ) XCHATELZ L

B ogEmycig, BIRLZK D0, Mg OERBARI B40, (14)RXOM
FERR S Lz \w2%, Fig 12 X0 Cyg & Ce,—Co IHBIT 2 &
HEShS.
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ki =28X10% mot/cm2s
kg=40X10 cmé/mol-s
— Cal.

600 MgO Wre~400g

Ar1000Ncm3/min

0 20 40 60
Time (min)

Fig. 14. Comparison of decarburization rates by
calculation with experimental results in the range

of [ppm C]>100.

Bol MO Wee ~400g ki =28X1(58mo£1cm7~s
Ar 1000Ncm3/min  kz=40X10 cm”/mol-s

o kr=20X10 cm®/mol-s
£100 — Cal.
Q
[«
[}

50

0 20 _ 40 60
Time(min)

Fig. 15. Comparison of decarburization rates by
calculation with experimental results in the range
of [ppm C]<100.

Bhhb.

Fig. 15 2BV T, KFEEA 100 ppm LT D54
D EHEREERBERY BT S, FIRTE, h & k
R FEIREEAS 100 ppm L EOBA LRI LEERER L 7.
$7:, AHFOEEER k', & 20 cm*/mol-s & L7z,
Fig. 15 & 0, #HRFRE 2 2L ¢ &EBRERG
HE/RIIEICHTH I DR S.

KERKIGEFVIZBWTI, BHFO Mg DEL
TR DRENEE ZREDENREORVELICF LV L
RELL. LaL, EBICIZESRDLSD Mg OEED
HN, MgiBEE 22 NEVWEZEXLNA, LD 5T,
Mg R 3 A SR TG, BOREL KT T 720,

EHE V72 (15) 0 BUGHEBE 3 ky 1 ARTERITAT L
TOHBHIETH 5.

4. # E ]

BARRILH 1 & 5 B EOR TR O B R RO 12 B
THEERWERZ T, EBRERLCETVIZLS
SHERR T EBRE L, UTokmz5s.

(1) #ESFoRE L D20 TH o EAKE{LY (MgO,
AlLO;, Ca0) L DORIGIZE Y 10 ppm LT DR FERE
¥ TGO H#ITT 5.

(2)B20T-BBRECTHER L CO F 2, $ILE
B2FIBVWTHAEDIZEEBL THRESAS.

(3)AEkh o FEEE AT 100 ppm KL LIS B W T,
iR, #HA R ERE KT, BRRRELT
TRBRBCHAL TR L, BRERED ETIZ—E
E D, Lo T, BlkE A R o B BOs X -
THREShDEEZLND.

(4)BP O R FIREEH 100 ppm LT OBE, Biik
HEIRFREORYEEDIKT TS, Lod s,
Hi 5 S (X BRAL D O BB RO, BRI - TE SR RIS B
% CO ARG LY CO DYERBENIC L » THM S
nobeffEEshs.

(5 ) FEMRBRIL (- X % B0 BLKBOGE 7V 2 ERK
L, EBHER* X (CHBT A LD TAL,

KRB O -3, CHERFHREE % B
(No. 02453057) DIEBh% i) 7-.
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