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Kinetics of Reduction Step of Wustite to Iron in Gaseous Reduction

of Quaternary Calcium Ferrite

Synopsis :

Takayuki MAEDA and Yoichi ONo

As a fundamental study for clarifying the reduction phenomena of sintered ore in a blast furnace,
quaternary calcium ferrite was synthesized from chemical reagents of Fe;O3, CaCO;, SiOz, and Al;O;
and the kinetic behavior at the final stage of reduction of the quaternary calcium ferrite with CO and H,

gas was studied.
The results obtained are summarized as follows :

(1) Reduction rate increased with an increase in temperature both in CO and H; reductions. The
increase of reduction rate with temperature was not very large above 900°C but it was remarkably large

between 800°C and 900°C.

(2) Reduction at 900°C and above proceeded topochemically both in macro- and microstructures. At
800°C, the reduction did not proceed topochemically but rather homogeneously.

(3) Reduction data at 900°C and above were analyzed based on the unreacted-core model.

Reduction

curves calculated by using the rate parameters obtained by the analysis agreed with the observed data very
well. Temperature dependencies of the chemical reaction rate constant kc and the effective diffusivity
in the product layer De were given by following equations :

keco = exp (13.28—164.9X10°/RT) (m/s) (1173~1273K)

Deco = exp (—7.16—32.07X10°/RT) (m*/s) (1173~1273K)

kcy, = exp (3.62—55.83x10°/RT) (m/s) (1173~1273K)

Deyy, = exp (—3.61—53.91X10°%/RT) (m?*/s) (1173~1273K)
Key words : quaternary calcium ferrite; sinter; reduction rate; kinetic analysis; unreacted-core model;

chemical reaction; diffusivity.
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Fig. 1. Reduction curves of quaternary calcium
ferrite to ‘FeO’ with CO-CO, gas mixture.
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Fig. 2. X-ray diffraction pattern after reduction
with CO-CO; gas mixtures of indicated composi-
tions.
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Fig. 3. Reduction curves of quaternary calcium
ferrite to Fe with H, gas.
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Table 1. Chemical composition of sample as mixed
(mass% ).

FesO3 CaO Si0y AlyO3 Ca0/Si0;

65.0 23.3 7.8 3.9 3.0
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Fig. 4. Reduction curves of ‘FeQ’ to Fe with CO
gas. Comparison of reduction curves calculated by
the unreacted-core model with observed data.
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Fig. 5. Reduction curves of ‘FeQ’ to Fe with Ho

gas. Comparison of reduction curves calculated by
the unreacted-core model with observed data.
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Photo. 2. Microstructure of sample partially
reduced at 1000°C with CO gas.
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a: product layer
b: reaction interface
c: wustite layer

Photo. 3. Microstructure of sample partially

reduced at 900°C with CO gas.

a, b: outside of reaction intreface
c, d: inside of reaction interface

Photo. 4. Microstructure of sample partially

reduced at 800°C with CO gas.
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Fig. 6. Mixed-control plots for the reduction step
of ‘FeO’ to Fe with CO gas.
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keco = exp (13.28 — 164.9 X 10%/RT )(m/s)
(1173~1273K)
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Deco = exp (— 7.16 — 32.07 X 103/RT )(m?*/s)

(1173~1273K)
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Fig. 9. Mixed-control plots for the reduction step
of ‘FeQ’ to Fe with H; gas.
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Table 2. Comparison of rate parameters between
CO reduction and H, reduction.

Temperature (°C) kH2/ kOO0 Dé2/ DtV Dhig-t10/ Dco-coy
900 4.3 3.6 4.8
950 3.2 4.1 4.8
1000 1.8 4.3 4.8

key, = exp (3.62 — 55.83 X 103/RT )(m/s)
(1173~1273K)

Fig. 11 X0, RFEHTH LN De id, BV v
FoENREDHTHDEDLST, 2Ca0-Fe,0; DH#) 4.3 15
Ko TWABI EMyHD. $7, Ded Arrhenius %l
DRERGEHEERL, ZOREKERITROL ) ICES
ns.

Dey, = exp (— 3.61 — 53.91 X 103/RT )(m?/s)

(1173~1273K)
5:6 HEE/NTA—2—0 COBITE H, BITULDLEE:
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Table 2 2R3,

INH XY, KHEENTA—F—d Hy BIEDH A
COBTLIEINDBKRKEVWZ LR A, 35612, Hy BIC
? ket 1000°C T CO BILNZh o 1.8 f%, 900°C T
4320, BURELSTHELZ20ELRELSLS
A d 5H. —7, Hy BITD De i3 CO EILD 3.6~
43T, 2O ke LRZDBEBRLEEICL-Th T
DEbLBRW, T/, Thit Hi-H,0 R CO-CO, 2
BN ADOMENEURBO L ZIERILTH L. D
Z ki, ERBREOSRILHEES CO ELs Hy, BL Tl
BEAERLETHAHIEEZRLTNA,

6. # £

AZRANT T 8T 274 D FeO 568Dt
BT HERED CO U Hy A2 X BETHEER% 800°C
» 6 1000°C DiRFEFF TITV, REITHEEH O RBE
BIEE R U8 TTHLER O SERSRER S E OIS B TR MR 0 —
AR E T VI X DB EIT, ROKwmrBe.

1)900°C L LD RETCRIL Y 1To 28B4, B
v UmICh I 7 OMIcy PR I A NICHETT A,
800°C TEILRAT-2A, BLid~wsuomicd I 7o
BHZE PR IV ETET, BRI ETT
. $7, BICHIEKIE Hy, BT E COBILTEWVIIRS

ny, £<FALTh5.

2)900°C, 950°C, 1000°C iZ B} ABETTERTFT— ¥
% —HRERSCALE 7V TR L 73R8 5 -3 <
FA—F— %L TEECRD - ETTEMR T Hy, B
Jo, COBILE HICEIMHEE X<~ LA T4, #2
TR O N7ALE S E L E B ke B ORI EPIA %)
IHRER De DIREKRIFN & L TROK L1572

keco = exp (13.28 — 164.9 X 103/RT ) (m/s)

(1173~1273K)
Deco = exp (— 7.16 — 32.07 X 10%/RT )(m?%/s)
(1173~1273K)
key, = exp (3.62—55.83 X 103/RT)(m/s)
(1173~1273K)
Deyy, = exp (— 3.61 — 53.91 X 103/ RT ) (m?/s)
(1173~1273K)

BbyICRa, RFELEDLIHLNERRF%
L T 7272723 B ARRSk (4K ) 55 = Heatr i se P s e 78
2y y — R, IO— BRI 0N N E G,
F7, EBREFELEo T KEREAEAZKRE
(B NISEEKk (b)) WWiEHoBELRLEI Y.
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