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Effect of CaO and ALO, on the Oxidation Behavior of Reduced Iron

Yoshiaki Icucur and Michio INOUYE

Synopsis:

The effects of foreign oxides on the oxidation behavior of reduced iron are investigated and the
following results are obtained. The oxidation starting temperature of iron reduced from pure hematite
and hematite containing ALO,; or CaQ at 800°C are about 430°, 300° and 460°C, respectively. It is
found that oxidation of reduced iron apparently stop before being completely oxidized to ferric oxide,
when iron reduced from hematite containing a sufficient amount of CaO is oxidized at the temperature
higher than 600°C. The higher the oxidation temperature and the lower the water vapor pressure,

the lower the oxidation degree. Further, the oxidation degree depends on the content of CaQ and
shows the minimum at 1.25 mol% CaO. On the other hand, iron reduced from hematite containing
ALO; is oxidized towards the complete oxidation without the apparent stop of oxidation The porosity
of iron reduced from hematite containing CaO and ALQ, is practically the same and higher than the
critical porosity except the case of the extremely low content of CaO. The contraction during oxidation
of reduced pellets containing CaO and decrease of pore radius by the oxide built upon the wall of

pore are considered to be the cause of the apparent stop of oxidation.
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Fig. 1. Oxidation curves of reduced iron by 27
o, H,0-Ar gas mixture under heating series.
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Fig. 2-a. Oxidation curves of reduced iron by
279,H,0O-Ar gas mixture at various temperatures.
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Oxid.:27°%H,0 -Ar
Oxidation
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700°C

calculated

Fig. 2-b. Magnified figure of the initial period
of the oxidation curves shown in Fig. 2-a. The
calculated maximum rate of oxidation was shown
as calculated line.
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Fig. 3-a. Oxidation curves of reduced iron by
27%H,0-Ar gas mixture at various temperatures.
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Fig. 3-b. Magnified figure of the initial period
of the oxidation curves shown in Fig. 3-a. The
calculated maximum rate of oxidation was shown
as calculated line.
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Fig. 4-a. Oxidation curves of reduced iron by
279,H,0O-Ar at 800°C.
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Fig. 4-b. Magnified figure of the initial period
of the oxidation curves shown in Fig. 4-a. The
calculated maximum rate of oxidation was shown
as calculated line.
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(v) H, oSKfWIEKBARE

(vi) H, o»ASEALBOER

LRI 2 & 0 BE o BTk S H R Ou
TEHETS. T HO BEY B LURE*EX
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OBBOEHIUTIES A A+ v 0 B OISR BRI I oTHk %
5. Zhb 3 ODEEOBEKEMSY  Arrhenius #o
RTELESA, Wi 2 BoOEM=F ¥ -k 10k]/
mol BEDHETHSHDEXFLT, =7/ Fx14 b NEZIHK
T A8 74 v O BRIKERE © HEl =& v F X
230kJ/mol®, & 2 x £ + PP ikEcd B gk B EIRERE
OFEMAL=F AF — 1% 159k]/molTHB. ZhbDik

Photo. 1.
pellets.

]
(2a) 5.0 mol% CaO. Nonporous layer.
The sectional view of oxidized iron just below the exterior surface of reduced
Reduction : 800°C, H,, Oxidation : 800°C, 279,H,0O-Ar.

(b) 5.0 mol% Al;Oj3. Porous.
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51, BENOLHMBINLZ LIEREELI—KLT
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Table 1. Volume of iron oxide per 1 g-atom Fe
and critical porosity.

Specific volume Critical porosity

(cm3/g-atom Fe) (%)
Fe 7.09 —_
Fep.9240 12.7 44.2
Fe; O, 14.9 52.4
Fe,03 15.2 53.3

05

5.0 mol®.Ca0-Fe,04
Red.:800°C,H, , Oxid.:600°C

0.4} Hy0°% in oxidizing gas
27%

0 50 100
t (min)

Fig. 5. Effect of the water vapor concentration
in the oxidizing gas on the oxidation curves of
iron reduced from hematite containing 5.0 mold,
CaO.
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Oxide/l Metallic iron

layer

Original surface
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(b) A—A—e Pore

Oxide/l Metallic iron

layer

Fig. 6. Schematic diagram showing the change
of inside diameter of a pore in reduced iron by
the formation of iron oxide.
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LU CEEORRIZF 150s THH, BERAIMH LD
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Fig. 2-b, Fig. 3-b &, Zzh L 5.0mol%CaO-
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ENSDZMESHR, BIERREOBRE (L TR

EETED KIE BIZILOZR%E L D) » Table 1

KRINTOWBBEAGAR I DN EVhRE LI LD
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DIICETCH D RN HE, HE Eo%FLE %Y Table 2

inL7e. Ca0, ALO; ofindy o X 3%tz &

AERDRITV., Ele—HOd DX BRVCTETEOKIL

RIIBARAZILE L b KXV, BB ITEOIEIE

TLTRZ biithid &7LBAE Rz v By, Fig. 7

T, BLHORABOKELKIEL LTRLE, BT&0

#“H, FRBCEOBRTHEOBELR L. CaO 2w

Mlfc~=5 4 b ORITIC X OTER LB Tk

REBAPCH LY PL LTS, & ZBTEDEEL

R#ET EEETHZ Lo BAFRR % Rp2Z TR

5. i, EKRE®D CaO 2 Eir~<24  OBTIC

Table 2. Apparent density and porosity of iron reduced from hematite containing various amount of

CaO or AlLO,.

Kind of foreign oxide CaO Al O3 -
Amount (mol25) 0.31 0.63 1.25 2.5 5.0 7.5 2.5 5.0 7.5 —
Apparent density (8/cm?) 6.57 5.08 4.49 3.66 3.07 2.76 3.12 3.09 2.89 3.62
Porosity* (36) 15.4 34.6 42.3 52.6 60.3 64.1 60.3 60.3 62.8 53.8

#* Porosity was estimated by assuming the density of iron as '7.8 g/cm3.
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Fig. 7. Effect of foreign oxide on the volume
change of reduced iron during oxidation by 279,
- H,O-Ar gas mixture under heating series.
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