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Reduction Rate of Molten Iron Oxide by the Solid Carbon or
the Carbon in Molten Iron

Akira SATO, Goro ARAGANE, Kazushige KAMIHIRA and Shiro YOSHIMATSU

Synopsis :

The reduction rates of molten iron oxide by the solid carbon or the carbon in molten iron were measured,
in order to collect basic data on the smelting reduction process which consists of blowing powder iron ore
and powder coal into molten iron bath with oxygen gas for a partial combustion. Molten iron oxide in a steel
or an alumina crucible was reduced by a rotating carbon rod. The carbon in molten iron in an alumina cruci-
ble was reacted with molten iron oxide which was melted in a steel container beforehand. The reduction
rates were calculated from the amount of CO gas evolved. The following results were obtained :

(1) The reduction rates of molten iron oxide by the solid carbon were 0.21—0.82X10" % mol-FeO/em?-s
at 1420-1620°C, and the activation energy of the reaction were 75 and 31 kcal/mol for a steel and alumina
crucibles, respectively.

(2) The reduction rates of molten iron oxide by the carbon in molten iron were 1.1 — 3.3 X 10~
mol-FeO/cm?-s at 1 420-1 620°C, and the activation energy of the reaction was 44 kcal/mol.

(3) It was concluded that the reaction rate between the solid iron oxide and the carbon in molten iron
was the highest among reactions between the solid or the molten iron oxide and the solid carbon, the carbon
in molten iron, CO, or H; gas.
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Fig. 1. Experimental apparatus for the reduction
of molten iron oxide by the solid carbon.
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Fig. 2. Experimental apparatus for the reduction
of molten iron oxide by the carbon in molten iron.
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Fig. 3. Amount of CO gas evolution and the time
during the reduction by the solid carbon.
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Fig. 8. Amount of CO gas evolution and the time
during the reduction by the carbon in molten iron.
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Table 2. Researches on the reduction rate of molten iron oxide by the solid carbon.

i Reduction rate Activation
?;2:?; Reductant Iron oxide Tem;zgg;ture Area ?stlg;ated —4 energy
om (mol-FeO/cm?.s) (kcal/mol)
Konbakov Graphite FeO 1450 Unknown 4.81 38
(1960) crucible 0.3¢g - 1600 5.53
RUIDJONKOV Graphite FeO 1450 Unknown 3.94 —
(1960) crucible 0.3g
SUGATA ' Graphite Molten SiOg
(1972) rod —69%FeO 1 350 31.4 0.09 40
—78%FeO 1400 28.6 0.19
—69%FeO 1450 31.4 0.23
TAKAHASHI Graphite Fey0O3 ore 1410 ~30 0.20 56
(1975) crucible 12¢g 1570 ~30 0.79
SASAKI Graphite FeO 1400 ~25 0.11 52
(1978) crucible 10g 1500 ~25 0.26
1600 ~25 0.56
Ca0-SiOy )
—80% FeO10 g 1400 ~25 0.50 20-30
—80% FeO10 g : 1500 ~25 0.72
—80% FeO10 g 1600 ~25 0.99
TSUKIHASHI Graphite Fes03 ore 1400 ~9 '0.26 —
(1982) crucible 10g 1500 ~ 9 0.42
Present work Graphite rod Molten FeO in 1470 ~ 7 0.42 31
6 rpm alumina crucible 1520 ~7 0.54
1620 ~7 0.82-
Molten FeO in 1420 ~ 7 0.21 75
steel crucible 1470 ~17 0.41
1500 ~ 7 0.61
Table 3. Researches on the reduction rate of molten iron oxide by the carbon in molten iron.
. Reduction rate Activation
1(\Yuthe§ Reductant Iron oxide Tem}zgéa)ture Area(estzl)mated 04 energy
ear em (mol-FeO/cm?.s) (kcal/mol)
DaANcy 4.3wt%C FeO 0.5g 1430 ~1 31.73 43
(1951) 50g 1500 ~1 34.80
1610 ~1 86.99
Fes04 0.5g 1580 ~1 34.80 37
1650 ~1 48.99
MAC RAE Sat. C FeyO3 3 g 1335 ~3 4.03 27-44
(1965) 600g - 1450 ~3 3.80
LLoyD 4.15wt%C Fey03 0.7¢ 1400 0.54 7.94 56
(1975) 200 g 1600 0.44 50.12
Sato Sat. C FeO 20 g 1420 ~7.7 3.55 42
(1981) 1500 g ’ 1520 ~7.7 5.18
1620 ~7.7 8.58
Fe304 30 g 1420 ~8.6 5.41 23
1520 ~8.6 8.35
1620 ~8.6 10.48
Fes03 15¢g 1420 ~7.3 5.82 23
1520 ~7.3 8.13
1620 ~7.3 11.68
TSUKIHASHI 3wt%C FeyO30re 10 g 1500 ~6 2.32 —
(1982) 100 g
Present work 3-4.5wt%C Molten FeQ 1470 19.6 1.19 44
1500 g (50 g) 1520 19.6 1.73
1620 19.6 3.30
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WO, BRIBRTTEICBW TR, BETRRFEEZFHLT
BVWEBTEEYEALAI LK, BUEENETERT S
ZENTEL. BIEETOET S, BHEPRFICIDE
B LSO BITHENRRKTH Y, ORI EHRKICH
ATr2ehEIns.

6. #

PRELE & R % kP AR S A LR RLE TR O 2
Br—y 2VETHHINT, ERBLEOBERKEL X
VBSERRRCIABRTHEEYE L. @BLUT IV
I+ 5o OB EERRE R IZEL, B
CO H2AEND, FERZICLABTHEE L RO, 7
V3 F BT O L SR CRE L - BRLER & DUS
24, BECO FAENDS, BHRIPRFICLHETHE
Erkol. BonEREIDTOL) THA.

(1) AR Lk O R R EIC X B BITHE X, 1420~
1620°C 12 B T, 0.21 ~ 0.82 X 10 ~ *mol-FeO/
emZs THH, BHPREFCIALETLEEET 1.1~3.3
%1074 mol-FeO/cm?:s THD7z.

my

(2)BLEOEBE LT AV E— ik, WBLTT N3
F BT OEBEBLGOBKRECLLETT, 75
B & U 31 keal/mol, #HFERF R FE I K B EICT 44 keal/
mol THo7-.

(3)ERRE, B#PREKE, CO Tk H, FRAICK
BRI DBITTLO 2 00T, EHFPREICL D EITTHE
ERARRKTHLI ERbLD. L L, BERPKREIS
& A ERER LS ORI, AT RFEIC K S ERIER
L8k DBICEE XL 0 E{, FRB X OWEDOERICE & [H
R, BEPRE, CO BXUH, ¥ A% & oFHEiA
HEDI L, BHEITOLIARRTHHLRERENS.
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