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Fig. 2-2 Schematic diagram of concentration
profile for a typical zone reaction

model
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Table 5-1 Mean diameter of a-hematite particles
by various definitions

Definition Mean diameter (A&).
" Number, length mean diameter Ty = Tfa Dp/}:fu 6.3
Number, surface mean diameter Dps =£fn Ds/xt 6.8

Mean diameter calculated

=6 8.1
from Eg. (1) T /5 i i

Photo. 5-l,kScanning electron micrograph
' ’ of the original sample (fine

o-hematite particles)
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Photo. 5-2 Surface structure after partial reduction
at 900 °C in pure hydrogen (PH = 1.0 atm,

2
PHzo 0 atm)

0.80

= 0.38 b) X.. = 0.45 c) X

HI HI

‘Photo. 5-3 Surface structure after partial reduction

at 900 °C in H, - H,O mixture (PH = 0.663 atm,
P. = 0.337 atm) 2

H20



a) XHI = 0.39

b) XHI = 0.51

Photo. 5-4 Surface structure after partial reduction
at 900°C in H,*H.O mi’.xture'(PH = 0.672 atm,

2 72

PHZO 0.328 atm)

Photo. 5-5 Wustite surface

structure after partial
reduction of o ~hematite at
900°C in H,-H.,O0 mixture

2 72
(PH = 0.24 atm, P =0.76

2 H,0

2

Photo. 5-6 Magnetite surface
structure after partial .
reduction of ¢ -hematite at

900°C in Hz—Hzo mixture

atm) (PH = 0,17 atm,

0.83 atm)
2 ;

P =
H20
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a) XHI = 0.35 b)

XHI = 0.73

Photo. 5-7 Sectional view of samples after partial

reduction at 900°C in pure hydrogen
0 atm)
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Photo. 5-8 Sectional view of samples after partial

reduction in H2—H O mixture

2
(PH = 0.633 atm, P = 0.337 atm)
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Fig. 5-20 Effect of partial pressure of water vapor on
the reduction rate of magnetite to wustite
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Fig. 5-21 Effect of partial pressure of water-vapor
on the reduction rate of hematlte powder,
when reduced directly to iron
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Fig. 5-22 Effect of partial pressure of water vapor on
the reduction rate of prereduced magnetite,

when reduced subsequently to iron
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Fig. 5-23 Effect of partial pressure of water vapor
' on the reduction rate of prereduced wustite,
Fe0 890, when reduced subsequently to iron
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Fig. 5-24 Effect of partial pressure of water vapor
on the reduction rate of prereduced wustite,

F 0, when reduced subsequently to iron
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a) xk

Photo. 5-9

gy = 0.63 b) X, = 0.87

Sectional views after partial reduction of

hematite powder, when reduced directly by the
/(P + P ) = 0.0152 and
2O H, HZO

b) P, /(P, + P_ ) = 0.293
H20 H2 HZO

mixture of a) PH

a) X = 0.64 b) X = 0.78

Photo. 5-10

HI HI

Sectional views after partial reduction of
prereduced magnetite, when reduced subsequently

by the mixture of a) Py O/(PH2 + PHZO) = 0.0152

2
and b) P /(P + P ) = 0.293
H20 H2 !HZO
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a) XHI = 0.58 b) XHI = 0.73

Photo. 5-11 Sectional views after partial reduction of

prereduced wustite, Feo 89O, when reduced
subsequently by the mixture of a) P, ./ (P
HZO Hz
+ PH O) = 0.0152 and b) PH 0/(PH +'PH O)‘
2 2 2 2
= 0,293

a) XHI = 0.60 b) XHI = 0.86

Photo. 5-12 Sectional views after partial reduction of
prereduced wustite, FeO 950, when reduced

subsequently by the mixture of a) P O/(PH
2 2
+ P ) = 0.0152 and b) P /(P + P, )
H20 HZO H2 H2
= 0,293
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Cross-sectional view of powder bed at 80 min.
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Fig. 8-2 Cross-~sectional view and fractional reduction
profile within the partially reduced bed of
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Nomenclature

&

a - = stoichiometric coefficient for component A, a; or
b = similarly for A, or B t -1
CA = concentration of reactant gas; cAc at the reaction
surface; CAe‘at equilibrium [mol/cm3]
CSO = oxygen concentration in the hematite powder bed
[O-atom/cm3]
Cor Cl;p’ czféz = gtructural constants which are dependent only
on the structure of porous solid (-1, l[cem], [cmz]
Dy n = binary diffusion coefficient for the gas pair Ai~A.
15 . > 2%
in free gas space [em® /sec]
(DAlAj)eff = effective ordinary diffusivity of the pair gi—Aj
in porous solid = cODAiAj | [em®/sec]
DzA = dynamic effective diffusivity based on Xp for binary
gas system, DeA hased on PA [cm™/sec]
DZX = dynamic effective diffusivity based on Xp in multi-
‘ component gas mixture; D2§ based on PA [cmz/sec]
DZizO = effective diffusivity under isobaric condition
[cmz/sec]
Dp = diameter of dJd-hematite particles measured from
photograph { }L}
Bpl = number, length mean diameter of d-hematite particles
Bps = gimilarly for number, surface mean diameter
‘ [ p]
_pé = mean diameter of d-hematite particles calculated
from surface area » [ p,]
dXHI/dt = reduction rate [sec—l]
, 5 o
. — 2
H = hydrodynamic term = c2rp p/ Mo [cm /sec]
Ke- = equilibrium constant
K = Knudsen diffusivity of gas A,
By - 1/2 * 2
= c,r_ (RT/M, ) [cm™/sec]
1™p Ai
k =

rate constant based on surface reaction [em/sec]
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i

rate constant for forward reaction

ksb = similarly for backward reaction [cm/sec]
rate constant based on volume
molecular weight of gas component Ai [g/mol]

total flux of gas A; through porous solid [mol/cmz.sec]

total pressure; P for its average value [dyn/cmzl
partial preésure of gas A, | [dyn/cm2]
surface area of d-hematite particles obtained by
kripton absorption method {sz/Q]

gas constant [erg/deg+mol]
mean pore radius of the porous solid [cm]
cross-sectional area of powder bed [cm2]
temperature , [ec, °KI]
reaction time ' ’ | ~ [sec, min]
minimum fluidization velocity ;  [cm/sec]
volumetric gas velocity (cm3(N.T;P.)/éec]‘
initialvweight of sample [mg]
fractional reduction from Fe203,to Fe [ -]
fractional reduction from Eel_y() to Fe [ -1

mole fraction of gas Ai ¢ Xp o at the reaction surface,
XAie at equilibrium + [ -1
coefficient of nonstoichiometry in wustite [ -1
height of iron-oxide powder bed [mm, cm]
‘depth from the bed surface [, cm]

position of pressure probe within the powder bed
[mm, cm]
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{Subscript)

H =

M =

componeht“of éaé
at the reaction interfééé
at equilibrium |
hematite

inert gaé such as NZ' Ar, and He:; or ‘¥'iron 
magnetite
in ﬁhe free gas space above the packed bed

wustite
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