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Reduction Rate of Iron-Oxide Pellets Under Heating Series

Yoshiaki IcucH1, Akira Maxi, and Michio INOUYE

Synopsis :

Based on the fact that gas diffusibility (D./Dy,-u,0) of reduced iron depends on its reduction tem-
peratures remarkably, a mathematical model of diffusion rate through shell layer of reduced iron under

heating series was presented.

This model was examined by reduction experiments which were carried out in isothermal conditions

and heating series using ferric oxide pellet. By analyzing the rates of isothermal reduction by the

unreacted core model, parameters of chemical reaction constant &, and intraparticle diffusivity D, were

estimated as functions of reduction temperature.

The reduction rates under heating series were calculated by using a model in which the above para-
meters were substituted. Those calculated results agreed well with the experimental results.
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Table 1. Experimental conditions and various characters of pellets.

ﬁgz T w To Te 1— Te e ky D, k' D,’
No (,0 ( cm ) (gn_z) ( cm ) (cmz>
(atm) (°K) (g) (em) (cm) (—) (=) sec sec sec sec
1 1-0 876 | 2-5465 | 0-507 0-443 0-332 0-378 | 0-466 | 0-116 — —
2 1-0 887 | 2-8012 0-520 0-470 0-259 0422 0-452 0192 0-478 0-215
3 1-0 895 | 2-9580 0-531 0-493 0-201 0-471 0-489 0165 0-475 0-202
4 1-0 920 | 3-1729 0-545 (G-489 0-278 0-419 0-659 0-199 0-708 0-218
5 1:0 981 | 2:3152 0-488 0-436 — — 145 0-588 — —
6 1-0 983 | 2:5225 0-505 0455 0-269 0-425 1:23 0-441 1-28 0-506
7 1'0 984 | 2-8964 0-531 0-480 0-261 0-438 1-29 0-463 1-35 0-515
8 1-0 884 | 25661 0-511 0-470 0-218 0-528 1-18 0429 116 0-526
9 1-0 1022 | 2-8929 0-526 0-476 0-256 0-426 1-96 0572 199 0°686
10 1-0 1022 | 2-6897 0-510 0-458 0-272 0-402 2:10 0:650 2:16 0-758
11 1-0 1076 | 2-9251 0-529 0-470 0-296 0-403 3-45 1-14 — —
12 1-0 1080 | 1-7475 0-446 0-390 0-332 0-370 2-98 1-66 — —
13 1-0 1085 | 3-2875 0549 0-509 0-202 0°440 2-78 1-82 2-89 177
14 10 1088 | 3-0314 0-531 0-486 0-233 0-435 3-29 1-36 3-31 1-59
15 1'0 1137 | 3-1668 0-538 0-505 0-175 0475 5-39 1-76 5-52 1-86
16 10 1174 | 2-6155 0-509 0-475 0-186 0-482 767 6°61 —
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2. Graphical analysis of reduction rate of
iron-oxide pellet by mixed-control equa-—
tion (Contraction is considered).

Fig.

Reduction temperature (°C)

.900 850 800 750 700 650 600
, 0 J; T T ] T 1 1
08
(-]
= 06
§ go
§ o4
< \
'3 .
X, 02 * o
~
g o
o >3
2 _g2}——— o H, Controction A
° Zz"/\v’- 'Cso considered x
x M, Contraction o
-04 is_neglected 5\

06
085 09 095 100 o 15

/T x10* (°k™)

1'05
Fig. 3. Temperature dependence of chemical re-

action constant.
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FEERRICRTS, RUv .y bPOKEBRTOERE MR
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TCEARAIRE Y 600°C X 0 B\ EE & L.
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Table 2. Experimental conditions and various characters of pellets.

_dl Ts T, w Ty Poxide Te Piron 1 _(.’ﬁ)s

No. dt o s o To

(° C/min) °C; ‘E(C) (g) (cm) (g/cm?) (cm) (g/cm?) (-)
17 0-5 606 .'F 743 2-8160 0524 4-68 0-439 5'59 | 0414
18 1-0 606 814 2-8650 0527 4-67 0-446 541 0-396
19 2-5 656 894 3-0421 0534 4-76 0°450 559 0-405
20 50 611 1020 2-7638 0-521 4-66 0453 4-98 0-346
21 10 601 1040 2-8909 0-524 4-79 0-484 4-27 0-214
22 10 605 1040 2-7424 0-517 4-74 0:475 4-28 0-226
23 10 607 1040 2-5035 0-501 4-74 0-457 4-39 0-244
24 10 607 1040 2-7560 0-519 470 0-476 4-28 0-230
25 10 611 1040 2-6157 0-509 473 0-469 4-25 0-222
26 10 612 1040 2-4380 0-496 4-77 0-460 4-20 0-206
27 10 613 1040 3-0722 0-537 4-74 0-499 4-14 0-199
28 10 615 1040 3-0396 0-538 465 0-507 3-90 0-164
29 10 625 1040 2:9011 0-529 4-52 0-486 4-23 0-225
30 10 668 1040 2-7080 0-516 4-71 0-479 4-12 0-200
31 10 . 714 1040 25995 0-509 4-72 0-471 415 0-205
32 20 608 1040 2-7920 0-519 477 0-508 3-55 0062
33 20 625 1 060 2-6348 0-513 466 0-501 3:50 0-068
34 20 639 10_70 3-4723 0-560 4-73 0-556 3-37 0-019
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Fig. 10. Reproducibility of experimental results.
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Photo. 2. Scanning electron micrographs of fracture
surfaces of a reduced pellet (No 21) under
. heating series of 10°C/min.
(a) wunder exterior surface
(b) at central part

(B) 7 - x5‘4m

Temperature (°C)
Photo. 1. (a) Cross section of a partially reduced No. 31
pellet (reduction degree : 58°62,) 714 750 890 850 900 950 ) 000
(b) Microscopic aspects of cross section No. 27
(left to right : hematite, magnetite, -§R8%0 TI‘OO 750 8?%350 990,93’090
wustite and metallic iron) lO°C/rlnin /// //,"
Temperature (°C) -~ 08 7?'2;”0' 7 /’ ’4;
606 610 620 630 640 650 660 670 U >/ / No 27
o T T T T [ == 06 /27 1613
No. 17 T S Y/ Vi
~ o8 0’5 °C / min == 5 Y. A
T 08— 8oec == $osl M f
s =" S 4 Obtained by exper.
5% 7 £ oo /S coc, by modet 1
2 = 5 C. by model |
S o4 ,/ 2 / ——-— Calc. by model 2
% /// Obtaned by exper. 0 ' I |
'é 02 2 Calc. by method | | 0 500 I 000 1500 2000 2500
w —-— Calc. by nlwerhod 2 Reduction ‘time (sec)
OO 2 000 4 000 6000 8 000 Fig. 12. Comparison of reduction curves by cal-
Reduction time {sec) culation with experimental results.

Fig. 11. Comparison pf reduction curves by cal-
culation with experimental results.
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Fig. 13. Relation between volume contraction and
rate of temperature increase.
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Fig. 14. Effect of intraparticle diffusivity on the
rate of reduction under heating series.
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