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On the Reduction Model of Porous Iron-Oxide Pellet

Synopsis:

Yukiaki HARA

As typical reaction models used in the analysis of gaseous reduction of porous iron-oxide pellet, the
unreacted—core model, intermediate model, parallel model, and homogeneous-reaction model are notic-
ed. The intermediate model in which the distribution of reduction degree in the reaction zone is
neglected is useful to know the effect of gas penetration into the unreacted-core, since the model gives
an analytical solution. The parallel model which allows the parallel proceeding of the chemical reac-
tion and gaseous diffusion in the reaction zone is the most adequate one for actual conditions, though
analytical solution could not be obtained. However, if Thiele’s modulus ¢ defined as r,[3k. (1+1/K)
(1—e,)/ (reD, ,)1'/2, is more than 20, the same type of equation to the unreacted-core model could be

applied approximately.

In the case of very large intraparticle diffusivity, the homogeneous-reaction

model is to be realized, but it is to be considered that the applicability of the model is very scarce as

far as the shell and core structure exist.
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Fig. 1. Typical reaction models on gas-solid
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Fig. 2. Reaction model of porous pellet,
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Table 1. Recalculated results of coefficients from the lmeamty of plotts in Fig. 10.
o 100 | 50 30 ” 20 10
D, cm2/sec  0°3500 | 0-3500 0-3500 . 0-3500 ' 0-3500
ke cm/sec. 01426 | 03565 0-1283 0-05704 . 0-01426
0p sec |  0-283 0-279 0-271 0-260 o
dc sec 0-010 0:015 0-025 0-040 ;
* D, cm?/sec| 0355 0-360 0-371 . 0-386 ‘
D',/D, —  1on 1028 1:060 1-103
* ke cm/secl 2652 17-68  10°61 6-63
kc/ke — 187 496 | 827 1162
|
cm/ sec -
(KcD)12/(1+1/K ) 154 7-70 4-62 3-08 1-54
Yo — 108 21-6 L 360 54-0 108-0
K c/ke/yo — 1-73 2-30 2-30 215
* D'y and k’g are recalculated values.
I EFNVEBA LA CLERTCEDENVES.
ﬁ - . » L) — < —t. )
01 02 03 04 05 06 07 08 0875095 Fig- 100 Fo oy b T RRIGKE 715 RLT 5 5
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S pd
N /5/ Dy, ke 35X O Fi0 i€ 70 %58 FI Liia o B
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= ozl 'Of /4 DKL 3o DI HELLTH D
kK // | KD dy B HEN LT T DIREREDT B2 o
. i 4f- T2 BT AT b 5 S ICE B LT % 5. 6 =100
[\
of t / B, 0o & 0 DI, BIEE A RS BN IETE
T 7,0,// HREFZ L5050, TOYEDWITI L D, ORI
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Fig. 10. Graphical check for applicability of

unrea

cted-core model.
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Fig. 11. Semilog plotts of fractional reduction in

the parallel rhodel.
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{ftLTH0, Kk F=090¢ £3% TH%. LTITK
EaoEsY 22) Rick b R=005~10 OFiMH & T
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Fig. 12. Comparison of profiles of fractional reduc-
tion with various functions on D,.
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Table 2. Comparison of recalculated coefficients
at the various types of D,.

é {30 30 | 30
Type of D, Const. B-¢ B.¢2
cm?/ sec 0-350 0°360~| 0° 134~
D, 0-700 | 0-700
j — 1':00 | 228 |5-22
ke cm/sec 01283 | 0-1123 | 0-0491
do — 0-7367 | 2'947 | 0°7367
dp sec | 0°271 | 0-715 | 0-270
fc sec [ 00025 | 0-150 [ 0-100
Oc/@p+0c) 0085 | 0-174 | 0-270
* D', cm?/sec | 0°371 | 0-562 | 0:370
D',/D, , — 1060 | 0-805 | 0530
* ke cm/sec | 10°61 7-073 | 2°650
k'c/ke — 827 [62:7 |540
cm/ sec
(KeD)12/ (1+1/K) 462 | 405 177
Yo 360 | 360 | 360
k' c/keyo — 2:30 1:74 150

* D'c and k'g are recalculated values.
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Fig. 13, Estimated values of ¢ for hydrogen redu-
ction of porus pellet.
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