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Abstract

To understand the nature of the rate-controlling process in reduction of iron oxide with
hydrogen, the effective diffusivity for the equimolar counterdiffusion of hydrogen and water
vapor through the porous iron hollow cylinder were measured at temperature from 700°C to
1000°C. The ratio of effective diffusivity to molecular diffusivity, Dess/Dy. .m0, increase with
increasing reduction temperature. At 1000°C, the diffusivity ratio approaches (.35, the value
calculated for an idealized pore structure. The activation energy of diffusion is 16.49 kcal.
The reduction rate of iron oxide with hydrogen was shown to be limited to a great extent
by the diffusion of hydrogen and water vapor through the porous iron layer.
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Fig. 1. The Porous Iron Hollow Cylinder Sample
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Nomenclature

A : Cross sectional area of the porous iron
hollow cylinder (cm?)

C : Concentration of hydrogen (g-mole/cm?)
C¥, : Concentration of hydrogen in Fe—FeO
equilibrium composition (g-mole/cm3)

Ci, : Concentration of hydrogen in bulk-gas
stream (g-mole/cm3)

A4C=C;,—C}%, « (g-mole/cm3)

Dy, _m.0 ¢ Molecular intradiffusion coefficient
(cm?/sec)

D.s; : Effective diffusion coefficient for the
equimolar counterdiffusion of H,—H,0
through the porous iron hollow cylinder
(cm?/sec)

F : transfer rate of hydrogen(or water vapor)
per unit length of the porous iron hollow
cylinder (g-mole/cm-sec)

ks + Mass transfer coefficient at surface of
the porous iron hollow cylinder (cm/sec)

l=ry,—r; : thickness of the porous iron layer
(cm)

siatzet MI16TH X 33 1978 6%

My, : molecular weight of hydrogen (—)

Mu.o : molecular weight of water. (=)

Ny, : mole fraction of H, in bulk-gas stream
(=)

N3, : mole fraction of H, at iron-wustite equi-
librium (—)

P : total pressure (atm)

R : gas constant

7 : Radius of the porous iron hollow cylinder
(mm)

ri : Inside radius of the porous iron hollow
cylinder (mm)

7o : Outside radius of the porous iron hollow
cylinder (mm)

Re : Reynolds number [—)

Sc : Schmidt number (—)

Sh : Sherwood number [—)

w : Oxygen removal per unit volume of iron
oxide (g-atm/cm?)

a, 8,7 : Experimental constant

¢ : Porosity of the porous iron hollow cylinder
(-3

¢ : Reduction time (sec)

& : Shape factor of the porous iron hollow
cylinder (—)

o : average collision diameter (A)

Q : Collision integral
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