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Melting Rate of Iron Oxide Pellets into Iron Melt

Akira SATO, Ryuichi NAKAGAWA, Shiro YOSHIMATSU,

Akira Fukuzawa, and Tsupeshi OzAKI

Synopsis :

Iron oxide pellets being resistant to crushing into pieces on adding onto the iron melt were made
from iron oxide powder by pressing and sintering. The melting rate of pellets into iron melt and the
reducing rate of pellets by carbon in iron melt were obtained by measuring CO gas evolved. The
effects of the kind of iron oxide, oxide additives in pellets, temperature and carbon content of iron
melt on the melting rate, and the rate of reduction of solid iron oxides by carbon in iron melt were
investigated. The following results were obtained :

(1) The result using heated pellets showed that the heat transfer was not the rate-determining step.
The estimated diffusion layer of carbon in iron melt showed that the carbon transfer could be the
rate-determining step. Both the carbon transfer and the chemical reaction were estimated to control the
melting and reducing of iron oxide.

(2) The relation between the total reduction and the time was linear from about 20% to about
709 of the reduction, where solid iron oxides were reduced by carbon dissolved in iron melt.

(3) The apparent activation energies of melting of pellets into the carbon saturated iron melt were
35 for Fe,O,, 18 and 41 for Fe,O, above and below 1470°C, and further 44 and 79 kcal/mol for
FeO above and below 1470°C, respectively. :

(4) The melting rates of Fe,O4, FeyO,, and FeO pellets into the iron melt at 1 570°C were pro-
portional to the 0.57, 0.45, and 0.42 power of the carbon content in iron melt (wt 95), respectively.

The minimum volume cf CO gas evelved was obtained at about 295, C. 4
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Table 1. Density and porosity of pure iron oxide pellets.

Pressed at Sintered after pressing* Pressed after sintering**
4 t/cm? 6 t/cm? 4 t/cm? 6 t/cm? 4 t/cm? 6 t/cm?
g/em®| % | g/em?®| % | g/em?| 9% |g/em®| % |g/emd| 9% |g/emP| 9%
Fez()3 (15 g) Skksk ok A& . o . _ _ .
(special grade) 3.06| 41.7| 3.23| 38.4| 4.12( 21.4
Fe,O; (30g) . - _ _ _ _ 5
(ﬁrstagrade) — — 3.82| 27.1| 3.95 | 24.7
v FEF ETE
Fe,O, (30g) 3.02| 41.6 — — 3.95| 23.8 — — 3.80| 26.6 — —
~ FEH K
FeO (20g) 4.36 | 23.6 — = 4.05 | 29.0 — — — — — —

*:Fez03 : 1000°Cx1h in air, Fe3O4 and FeO : 1000°Cx1h in Ar gas.

#%* : Fe;03 : 1150°Cx4h in air, FegOy : 1150°Cx2h in Ar gas.
**% : used mainly in this report.
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Fig. 1. Relations among the volume of CO gas
evolved, the time, the temperature of
iron melt saturated with carbon and the
kind of iron oxide.
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. 2. Dependence of the time for melting of
pellets on temperature of iron melt sat-
urated with carbon and the kind of iron
oxide.
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Fig. 3. Dependence of the time for melting of
pellets on the carbon content in iron
melt at 1570°C and the kind of iron

oxide.
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Fig. 4. Dependence of the time for melting of
pellets into the carbon saturated iron
melt at 1520°C on the content of oxide
additives in Fe,O,; pellets.
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volume of GO gas evolved to the the-
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in iron melt at 1570°C.
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Fig. 8. Effect of the temperature of iron melt
saturated with carbon and the kind of
iron oxide on the relations between the
total reduction and the time.
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Table 2. Experimental results in references and the present work.

Author Iron oxide Iron melt Tem}oaerature Atmosphere Crucible z:nc;;\g.’tion
Ref. Kind o o wt % G C mmHg kcal/mol
Dancy FeO 0.5 50 sat. 1 300~1 610 100 MgO 43
(5) Fe, O, ” v v 1 580~1 840 v v 37
Mfglﬁ“ Fe,O, 3 600 sat. 1240~1450 | 2~600 Craphite | 27~44
Lloyd Fe,Oy 0.710 | 180~200 | 4.15 1 300~1 600 520 ALO, 56
(7)
0.333 0.05~ (
7 0.710 ” 4.15 1-600 ” ” -
Present Fe, Oy 15 1 500 sat. 1 32071 620 760 Graphite %g
Fe,O 30 4 4 4 Ve A
FeO 20 " ” 1 370~1 620 ” v 42
Fe,O4 15 ” 0.3-sat. 1570 4 AlLO,
Fe O, 30 4 4 y # 7 _
FeO 20 4 4 v i y
4 , 100
e Ca0-Si02 (1:1)
= o Ca0
N o Al20s3
€3 4 Mgo 50
o] v Si0O2
] | o |——FeO —
5 | < IW
B | > j
S 1 | e N——] c | '
o ¢ 50 - —ﬂ
£ | £ |
-— 3 A
= No 8 | AR
0 1 —a & o eabisssans
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Content of additives
in Fe:0s pellets (wt%.)

Fig. 10. Dependence of K, (reduction percent/s
from about 209, to about 709, of total
reduction) on the content of oxide ad-
ditives in pellets reduced with carbon
saturated iron melt at 1 520°C
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Fig. 11. Effect of the heating of pellets on the
relations between the total reduction
and the time. The heating of pellets
was performed by suspending them with
Pt wire at about 2cm above the iron

melt for 35min. (1320°C) and 2.5 min.
(1420°C).
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PERERC X 5BHOBHERTH ChHB LV LY
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of iron oxide pellets floated for 10 min
on the carbon saturated iron melt
(lower, not shown). (a) FeO at 1 320
°C and (b) Fe,O4-169 MgO at 1 520
°C
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Photo. 2. Electron and X-ray images at the melting interface of FeO pellet floated for 10
min on the carbon saturated iron melt (lower, not shown) at 1320°C. (a) Secondary
electron, (b) Back scattered electron, (c) Fe K,, (d) O K,.

Bt ofEE, =v.o b~ RNy, Béko RE
(1320°C~1620°C) §s X U ER T & OEFC VTR
=L, UToER*E.

(1) InZEe{esE~v. F DERBI T, Fe,0; %
J Ot FeOp i3 Lisv-d 0 X W BFEBSIVELEE
A L, FeO DEERT VN InEM LTI £nb,
BBEBRBEIEE Shi.

(2) BILEENH 20 2 bFy 70% T, BLEE
—SEThHY, EEBIEOBHPRETIDHELT,
¥ RIGEEOT R R I k.

(3) EGBEEORBTRECIDETICEWT,

BHOREOEABEIRIE TS &, REAMNBEKT
11 2~4x10-3cm, 1570°C, % 1%C © HakTit 8x
10-+em 2B Lh, BHEEAB CORRBHAEIEE
TE 2.

(4) REBFBHEP~DOBMOZIT OEHEL= £
A¥ix, Fe,Op Ti3 35 kcal/mol, FeO o 1470°C X
D EEE I CERK TR 18 3 XU 41 kcal/mol, FeO
D 1470°C L bh BEER IO KRR T 4 XU 79
kcal/mol 3 bhi-. 1470°C ToEM b= A0
Z8(brz, BbSEoWBbic X B LE L bhie. ’

(5) Fe,0y FeyOp 51T FeO =1y, > 1570
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(7) FeO =L, b 1320°C REMFBEZP~D
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Mg K., (c) Fe K,, (d) O K,.

EEREEY, BEAEE Fe & FeO ¢ ofEEBErANH
BLTZELET L. Fe,0,-8 % L8 16%MgO < L
v b @ 1520°C EEREUME A~ OB ERE L, BHRA
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