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Reduction of Fine Particle of Iron Oxides by H.,-H,O Mixture

Yoshio NAKANO, Masaru IsHIDA, and Takashi SHIRAI

Synopsis:

Small a-hematite particles with mean diameter of 8:1 u were reduced at 900°C in a gas stream of hydrogen

and water—vapour.

The investigation was forcused on the effect of water-vapour on the reduction of wiis-

tite. The appearance of product iron, its growth, and the change of pore shapes were examined with both

scanning electron and optical microscopes.
change of the solid sample due to the reduction.

The reduction rate was obtained by measuring the weight

When the partial pressure of water-vapour was, less than 0-32 atm, the reduction rate was first order

to the hydrogen partial pressure.
on the surface of wiistite particle.
After that, the reduction proceeded shell-likely.

Under those conditions, many spots of metallic iron could be observed
Then, they covered the whole surface in the early stage of reduction.

However, when the partial pressure of water—vapour was more than 0-32 atm, the reduction was re—
tarded significantly by the water-vapour, especially at low fractional reduction, although the reduction

temperature was as high as 900°C. This gave remarkably sigmoid reducing curves.

Under those con-

ditions, a part of the outer surface of wiistite particle was not covered with metallic iron, even when the

reduction already proceeded into the inner part of wiistite particle.

It could be concluded that this kind

of partial growth of product iron was one of the important factors to make the reducing curves sigmoid.
(Received June 6, 1973)
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Table 1.

Mean diameter of a-hematite particles by various definitions.

Definition Mean diameter ()

Number, length mean diameter Dy= X faDp/ 2 fr 7°9

Number, surface mean diameter D ps= Vm 8-6

Mean diameter calculated from Eq. (1) D p;=6/S; 05 8-1
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Fig. 1. Size distribution of a-hematite particles
from photograph.
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1) Needle valve

2) Capillary flow meter
3) Manometer

4) Four-way valve

5) Saturator

6) Reactor

7) Fluidized-bed bath
8) Recorder

9) SCR voltage regulator
10) Kanthal wire heater
11) Thermocouple

Fig. 2. Outline of experimental apparatus.
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b) Qualtz reactor
5) Silicon-rubber plug
6) Transparent qualtz tube
7) Sample powder

a) Fluidized-bed bath
1) Recorder
2) SCR voltage regulator
3) Perforated plate
4) Thermocouple

Fig. 3. Details of fluidized-bed bath and qualtz
reactor.
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1) Recorder
2) SCR voltage reguator
3) Mantle heater y

Fig. 4.

4) Thermocouple
5) Kanthal wire heater

Dteails of water—vapour saturator.
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Fig. 5. Effect of sample weight on fractional

reduction.
IO — T T I
CE" é Condition
/(]), " P"z= I'Oatm [
Jﬁfﬁ T =900°%
\I, / Key v Wi
< J/(’ cm*{NTP)/sec| mg [
< 20 -
_g "‘l:[/ (@] 27 ~25
(&)
2 05 20 ~
8 e 20 ) o5,
— 20 L
5 o 10 25
=
£ |
o 20
w o 27 ~25H
o [T T T [ |
0 5 10

Reaction time, t {min)

Fig. 6. Effect of gas velocity and direction of gas
stream on fractional reduction.
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Fig. 7. Effect of the partial pressure of water-
vapour on the reduction of hematite in
H,-H,O mixture at 900°C.
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Fig. 8. Effect of the partial pressure of water-
vapour on the reduction of hematite in
H,-H,O mixture at 900°C.
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Fig. 9. Effect of partial pressure of water-vapour
on the reduction rate of wiistite.
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a) X=042 b) X=080

Photo. 2. Surface structure after partial reduction
at 900°C in pure hydrogen
(Pyg,=1'0 atm, Py,p=0 atm).
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Photo. 3. Surface structure after partial reduction
at 900°C in H,-H,O mixture (Py,=
0°663 atm, Py,;=0:337 atm).
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a) X=039 b) X=051

Photo. 4. Surface structure after partial reduction
at 9J6°C in H,-H,O mixture (Py,=
0'672 atm, Py,,=0'328 atm).

—

Photo. 5. Wastite surface structure after partial
reduction of a-hematite at 900°C in
H,-H,O mixture (Py,=0'24 atm,
PH20=0'76 atm).
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Photo. 6. Magnetite surface structure after partial
reduction of a-hematite at 900°C in H,-
Hy;O mixture (Py,=0-17 atm, Py,o=
0-83 atm).
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Photo. 7. Sectional view of samples after partial
reduction at 900°C in pure hydrogen
(Py,=1-0 atm, Pu,0=0 atm).
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b) X=0-70

Photo. 8. Sectional view of samples after partial
reduction in H,-H,O mixture (Pg,=
0:633 atm, Py,0=0-337 atm).
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a-Fe, O3 ¥rF-DHFEEFAE [cm?/g]
T=RIGiRE [°C)
t =GR [min, sec]
v =K H RHEE [ecm3(N.T.P)/sec]
ume=a/MNEBHLEE [cm/sec]
Wi=RISAIORFDOEEZ [mg]
X=a-Fe,O3 » 5 Fe ORGEMBIC BT 5ETE
(-1
Xwi=Fe;-yO i 5 Fe O G 313 5iRmE[—]
ps=a—Fe, O3 i FOBE [g/cm?d]
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