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Abstract

A general rate expression basad on a proposed reaction model has been developed to describe
‘the rate-controlling process in reduction of porous iron oxide with hydrogen. Transport fluxes
in the external boundary layer and the porous iron layer and kinetic flux at the unreduced
core surface are considered simultaneously in driving the rate equation in gaseous reduction of
iron oxide.

Quoting the experimental data appeared on the literatures, the developed rate equation was
exmined to consider the rate-controlling step for the reduction of iron oxide. Such analysis
showed that the interface reaction is the controlling step for the particle sizes smaller than
about lcm in diameter, while the gaseous diffusion is the controlling step for the larger
particles. It was found that mass transfer of gas to the surface on the reduction rate can be
neglected.

From the mathematical analysis on the reluction rate of iron oxide, the range of particle
sizes in which the effect of the diffusion rate is greater than that of the interface reaction
rate was also determined.
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Table 1. Parameter for Rate of Reduction of Fe,0; in H.
\m\te\mp'\{ 700°C 800°C | 900°C | 1000°C
K. 0. 389 0. 465 0.546 0.622

Cy % 10° (mole/cm?) 1.252 1.136 1.039 0.957

Doyu,0 (cm?/sec) 7.033 8.333 9.583 1.0

Do, 1, (cm?/sec) 5,43 6.45 7.38 8.35

Dj,u,0(cm?/sec) 1.758 2. 083 2.396 2.75

Dy,g,(cm?/sec) 1.3575 1.6125 1.845 2.0875
T 2.0 2.0 2.0 2.0
4 0.5 0.5 0.5 0.5
15, (poise) 1.95x 1074 2.08x107* 2.21x107* 2.34:X107
41,0 (poise) 3.43X107* 3.87x107* 4,23X107* 4.56107
.Flow of H, (liter/min) 2.0 2.0 2.0 4.0
@ 4.7298 6.1398 7.4418 9.0281
38 0. 4548 0. 6052 0.7654 0.9471
k. (cm/sec) 1.0 3.817 8.970 29.517
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A,, A, : Surface area of partice per unit vol-

ume of reaction bed(cm?.cm=3)

C : H, concentration of bulk gaszs(mole
cm™?)

-C’ : H,O concentration of bulk gases(mole
cm™?)

+Cr : H, concentration of particle surface

(mole cm™3)
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(mole cm~3)

C : H, concentration of reduction layer
(mole em=?)

Cy : H;O concentration of reacting inter-
face(mole cm~3)

Dn,; : Molecular diffusion coefficient of spe-
cies 7(cm? sec™!)

Ds,;  : Effective diffusion coefficient of spe-

cies 7 in porous iron layer(cm? sec™?)
ki, ks, k), B : Reaction Rate constant(sec™?!)

ke : Reaction rate constant(cm sec™')

ke : Mass transfer coefficient in gas film
(cm sec™!)

K. : Equilibrium constant

My, M, : Molecular weight

n : Concentration of reactant(mole)

P : Reactor pressure(atm)

q : Conversion of iron oxide

Vr : Volume of reaction bed(cm?)

x : Distance from the origin in spherical
coordinates(cm)

X: : Core radius, distance from origin to
reaction interface(cm)

Xy : External radius of oxide(cm)

a : Coefficient defined by Equation(23)

B : Coefficient defined by Equation(24)

4 : Reaction rate (mole cm™2 s2¢c™!)

€ : Void fraction of iron oxide

€ : Void fraction of metallic iron

7 : Reaction time(szc)

B¢ : Interface reaction time(ssc)

0o : Diffusion time(szc)

od : Time for complets reduction(szc)

Ou : Film mass transfer time(szc)

freia1 - Overall reaction time(sec)

u : Gas viscosity (g-cm~! sec™!)

0 : Concentration of reducible oxygen in
oxide(g-atom O cm~2)

T : Tortuosity factor for effective diffu-

sivity
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