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Modified Method for the Determination of the Parameters Included in
the Mixed-control Rate Equation of Unreacted-core Model

Synopsis:

Takeaki MIURAYAMA and Yisichi ONO

To determine rate parameters for the gaseous reduction of an iron oxide pellet, mixed—control plot pro—
posed by T. Yact and Y. Ono (Trans. ISIJ, 8 (1968), 377.) has been widely used. The method, how-
ever, can not be properly applied to the case where the reduction is retarded at the beginning. In this pa—
per, a modified method to avoid any influence of the initial delay of reduction on the mixed-control plot
is proposed. In this method a straight line representing the mixed—control plot is drawn to pass through
an observed data point (t=¢;,, F=F,) other than the initial point. The point (t=t;, F=F,) is selected
so that the value of F, may be relatively low and the mean relative residual of the calculated reaction time

from the observed time, 4¢,, can be minimum.
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Fig. 1. Example of initial delay of reduction.
Arrow stands for the beginning of replacement of
N, gas with CO-CO, gas mixture in the reaction
tube. Time zero represents the actual starting
point of reduction.
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Fig. 2. Mixed control plot ot Y vs. X for the de-
termination of %, and D;. (The upper four scales
of fractional reduction F represent the range of the
plot for four different values of F,.)

— 73 —



1480 8 r % 67 4 (1981) 9=

7z CO-CO, BAEHF AR X BEE~<v ., FOBRMT &
BILOF— 20 ZFR L. ¥, »RAEEADEED
RE kr Offiiz Ranz 59 OFp 5 KD bhs EIZIY
FIHD IR LA 09 R fEH L.

ERETF — 2 W AROMBEE A L, FEEE (¢, FHO
ExEL T2 T, Ds, ke, A, DEZEFRD, FHEEED &
D FHeoWTERE RN L A

3. =}

RO A LTt B 2 T olckha b A /e
3ODHBC DT EDERY LU TER~N5.

Fig. 3~5 & fKEWi 3 oD HBED BILEMES 7
T Kef, SHEMBEYRDLORMHE LAEE S 2 —
# DERAFBOFEE TRDIETHB. ¥k, Fig. 3~
S LA LBEU LI EHTRITY T2 i b
T, Kem335h83207 —A%4d Uit kOEH

1.0
Case 1
8l FexyO=Fe
0. 1000°C W, =3.563g
1.65Nl/min re =0.608cm
T 0.6 Ry=098atm €, =0212

k¢ =6.04cm/sec

Lines: calculated
o :observed

w 04

0.2

1 | 1 ] |
% —6 20 30 40 56 61 70 80
Time (min) '
—441=0minfi=0  ,te.=0min,Ds=0755cmZfsec ke =1.275cmisec
—— 2 006 Q626 0490 1714

Fig. 3. Comparison of the observed reduction curve
of wustite to iron with the two curves calculated
from Eq. (4) by using the values of (0 min, 0) and
(2 min, 0.06) for (¢,, F,).
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Fig. 4. Comparison of the observed reduction curve
of wustite to iron with the four curves calculated
from Eq. (4) by using the values of (0min, 0),
(10 min, 0.353), (15min, 0.479), and (30 min,
0.728) for (¢, F,) respectively.
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Fig. 5. Comparison of the observed reduction curve
of wustite to iron with the two curves calculated
from Eq. (4) by using the values of (Omin, 0)
and (9min, 0.361) for (¢, F,) respectively.
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Fig. 7. Mixed control plot for the determination
of k; and D;. (Case 2)
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Fig. 8. Mixed control plot for the determination
of &, and D;. (Case 3)
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Fig. 10. Relation between diffusion coeficient in the
product layer, D; and reference fractional reduction,
F,. The symbol O designates the point which cor-
responds to the minimum of . At,.
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Fig. 12. Relation between starting reaction time
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reduction, F;. The symbol O designates the point
which corresponds to the minimum of 4t,.
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