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Analysis of Rate of Reduction of Porous Wustite Pellets with
Hydrogen on the Basis of Zone-Reaction Models
Tateo Usul, Munckazu OHMI and Eiji YAMAMURA
Synopsis :

Porous wustite pellets were reduced with hydrogen at 900°C, and reduction curves, position of reaction
zone and local fractional-reduction profiles were measured.

Basic equation for the grain model was re-examined and solved as it was (unsteady numerical solution),
and under quasi-steady (quasi-steady numerical one) and moreover linearization approximations (quasi—
steady analytical one). When kinetic parameters are selected suitably in each case, measured reduction
curves and reaction zone behavior are comparatively well reproduced by the calculated results.

When the unsteady numerical solution is calculated, reducible oxygen density is divided by M to reduce
the computation time; the error at M2 000 is within a permissible range, although the solution most
faithful to the basic equation is obtained at M=1. Comparison between the unsteady and the quasi—
steady numerical solutions shows that the latter is an approximate solution having rather good accuracy.
The quasi-steady analytical solution is better than the others from practical viewpoint, because its com-
putation time is the shortest and degree of agreement between the measured and the calculated results

is nearly the same among the three.
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Fig. 1. Schematic representation of experimental
apparatus.
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Photo. 1. Microstructures of partially reduced wustite pellets.
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Fig. 2. Comparison between experimental and
computed results of the reaction zone R-F and
the reduction curve F-f.
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Table 1 /R LB OEE S 2 —% k,, D, D
xR+ sr e, RESvy b, BESRV, FELI,
FEEHEBERDORT M=50000 D 3 DF2FH fds B
WEEh TV B8, M=2000 % X0t 200 DA D k,, D,
HIREERERO LD LBERTCTHA L, Fhbo
k. i, D, OF/IME, RAMBEELHEXT, BEEENED

Table 1. List of values of chemical reaction rate constant k,, effective diffusivity D,
(tortuosity factor z), Thiele’s modulus ¢ and computation time #.5, for each solution.
Reagent pellet Acid pellet
ke (cm/s) | De (cm?/s) [z (—) ] | ¢(—) | tepu (s) | ke (cm/s) | De (cm?/s) [z (—) ] | ¢ (—) |tepu(s)
M= 200(—)| - 011 0.82~1.8 [2.9] 14.2 | 6700 .
U“S‘easd{u::::‘e"c‘" 2000 0.11 0.95~2.1 [2.5] 13.2 670 0.048 0.45~0.84 [7.2] 1.9 | 1240
o 50 000 0.25 5.5~12 [0, 43] 8.3 22 0.12 2.5~4.7  [L3] 8.0 41

Quasi-steady numerical solution 0.11 0.88~2.0 [2.7] 13.7 16 0. 045 0.40~0.74 [8.2] 12.2 27
Quasi-steady analytical solution 0.07 D ®=1.0, D,*=3.0| 10.3 1 0. 032 D.=0.34, De®=1.7 | 11.2 1
Unreacted-core shrinking model 6.2 11 — 2.4 6.0 —_
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Fig. 5. Comparison between measured and cal-
culated distribution profiles of local fractional-
reduction f.
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Fig. 6. Comparison between measured and cal-
culated distribution profiles of local fractional-
reduction f.
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Fig. 7. Variations of reduction time ¢ and its
error E with the value M, computed under the
experimental conditions for the reagent pellet by
using its kinetic parameters at A=200.
(Unsteady numerical solution)
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Fig. 8. Variations of distribution profiles of local
fractional-reduction and hydrogen concentration
with the value M, calculated under the same con-
ditions as in Fig. 7.

(Unsteady numerical solution)

1.0
0.8
/' ——Eaq.(6)
oc /| ———-2elat=0
T N :’_: / —— 9DQ/8R= 0
T / wreeere Y€ Ci, ) [ D =0
N j/amﬂ
0.4 / L
0.01
0.2
%
o 1
0 2 4

t (min)

Fig. 9. Influences of the terms d¢/0t, 9D,/0R or
0(eCy,) /0t in Eq.(6) upon the reduction curve
computed under the same conditions as in Fig. 7.
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