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Rate of Reduction of Iron Oxide Pellets with Hydrogen

Reijiro 'TAKAHASHI, Jun-ichiro YAGI, and Yasuo OMORI

Synopsis:

In order to analyse the reduction process in the metallurgical reactor, a reduction rate of single iron
oxide pellet was expressed by a mathematical model and the rate parameters were determined.
Unreacted core model was employed to the reduction of the iron oxide pellet with hydrogen in the

‘ temperature range of 1100°~1 400°K.

The activation energy of the pellet used was about 26 kcal/mol.

The calculated reduction curves

based on this model almost coincided with the observed data under various operating conditions; those

are reduction temperatures, diameters of the pellet, and compositions of the reducing gas.

Further—

more, in the case where one of the experimental conditions was altered during the reduction, the
calculated reduction curves were nearly consistent with the observed data.
It was found from these results that the reduction model in this paper could apply to process ana-

lysis of metallurgical reactor.

(Received Nov. 10, 1970)
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Table 1. Chemical composition of iron oxide pellets.
Element T-Fe FeO Si0; CaO AL Oy MgO S
wt(%) 65-07 1-37 4-04 0-62 1-23 0-58 0-004
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: O-ring seal
: Cooling water

1
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4 : Pt-wire
5
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7

: Gas outlet
(to burner)

8 : Electric furnace
9 : Sample

10 : Alumina ball

11 : Gas inlet

12 : Thermocouple

Fig. 1. Experimental apparatus.
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Photo. 1. Cross sections of partially reduced pellets at 1 132°K.
(a) f=03 (b) f=0'5 (c) /=08

— 4

Ao



-y

>

~1

A~

L«

s

BRIESk_ v v } ©OKEEETT RS #E 1599

e

T
1345 / °© )
Ao 1

Y, /fﬁr:a 132 (°K)
(]
04 od 7 D/
ﬁ///r
Py

08

o
)
[l
~Q
N

Fractional reduction (=)
o
~

Calculoted curves

© e 0 & Experimental data

(o] 10 2N 30 40 50 60 70
Time {min)

Fig. 2. Comparison of the experimental data with
the calculated reduction curves according
to the unreacted core model.,
Experimental conditions:
pu,=0"4(pn,=0"6) (=), V=>50(NI/ min),
dp=1-2(cm)
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Fig. 3. Unreacted core model.
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Table 2.

Calculated values of mass transfer coefficient through gaseous

film under the various reducing temperatures.

T u dy D Re, Sec Sh ks
(°K) (cm/min) {cm) (cm?/min) (=) (— (=) (cm/min)
1132 4500 | 1'20 510 43 0-24 4-5 1900
1233 4 900 1-20 600 41 0-24 4-4 2 200
1345 5300 1-19 690 39 0-23 4-3 2 500
1417 5600 1-19 770 38 0-23 4-3 2700

Experimental conditions: pg,=0'4(Py,=0'6) (—), D¢=7'7(cm), V=>50(Ni/min)
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Fig. 4. Effect of the flow rate of gas on the
reduction curves.
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Fig. 5. Plots of the experimental data by (¢t—t5)/F
vs. 3F—2F? (pg,=0'4(pn,=06) (),
V=>50(N!// min) and dp=1'2(cm)).
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C :BITH ZAD SV JEE (mol Hy/ cmd)

C*,Ci, Cs 1 &TTH Z2DOFH, RIGHE, ~v v hlxm
JEEE (mol Hy/cm?)
D : 5 2D yEEFEE (cm?/ min)

I

Dy : {1 F Pk GRg (cm?/ min)

D, : RISHME (cm)

dy: RV vy FORFENEE (mol Fe;Og/ cm?)

dp: RV y FOBEEE (g/cmd)

dy: RV y FEFE (cm)

Fi=l=(= ) (=)

FoFi: (14, (5)RERES

S EITE (-)

K (D)XoFhERHK (—)

ko RSEEER (cm/ min)
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Q : A RE (cm®/ min)-
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R BTG EE (mol Hp/ min)
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S¢: v =23 v b (=p/pD)y (=)
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ty @ A AR RHGE R A EE T 5 A O R TTRERH
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v HZFHE (cm/ min)
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E B ()
p P HADEE (g/cm?)
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