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Analysis of Reduction Kinetics of Dense Wustite Foils in CO-H,
Gas Mixtures by Mathematical Model with Water-gas Shift Reaction

Takeaki MURAYAMA, Kiyoshi KAwAKAMI and Yaichi ONO

Synopsis :

A mathematical model for the kinetics of reduction of wustite with CO-H, gas mixtures was developed
based on the unreacted—core model. In this model, (i) the water—gas shift reaction with reduced iron as
a catalyst was taken into consideration, and (ii) the diffusion rates of gases through the gas—film and the
product iron layer were evaluated from the STEFAN-MAXWELL equations for multi-component diffusion.

Reduction experiments of dense wustite foils with CO-H, gas mixtures were carried out at 1 000°C and
the data obtained were analyzed by the above-mentioned mathematical model with the following results.

(1) The effect of the water—gas shift reaction on the reduction kinetics was negligibly small.

(ii) Relation between the reduction rate and gas composition showed negative deviation from the
additivity, i.e. a linear combination of the rates of reduction with the pure component gases. It was at-
tributed to the predominant contribution to the overall reaction resistance of the diffusional resistances

through the gas—film and the product iron layer.
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Fig. 1. Reduction curves for CO-H, reduction of

dense wustite foils at 1000°C with various gas

composition.

Full lines show the theoretical curves calculated

by taking the water-gas shift reaction into con-

sideration. Dot-dash lines are calculated by assum-

ing the partial equilibrium of the water-gas shift

reaction,
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Fig. 2. Reduction curves for CO-H, reduction of
dense wustite foils at 1000°C. Marks, |l and @,
indicate that samples were preliminarily reduced
with pure H, for 10s. Full lines show the theo-
retical curves calculated by taking the water-gas
shift reaction into consideration.

Hy (%)

Fig. 3. Effect of gas composition on the reduction
rate (at F=0.5) of dense wustite foils at 1 000°C.
Broken lines show the contributions of CO and
H, to the overall reduction rate. Full and dot-
dash lines refer to the caption of Fig. 1.
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nents in the gas-film and the reduced iron layer
calculated at F=0.5 for CO-H, reduction of a
dense wustite foil at 1 000°C. Full and dot-dash
lines refer to the caption of Fig. 1.
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Fig. 5. Effects of gas composition on the gas-film
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=0.5.
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FeFAYACTERT L. FORBR, ko Eibh
>t

(1) KEHRT7 b RIGOBETEFRTE 5 ED
X,

(2) BITEEO N ABRE~ORFERIMEE, DA
AR5, FoBANT 7 AEES T OEREBC R
HIBENROFENKRE VLD THS.

£ =
C: #2r0x L %BE (mol/cmsd)
Cj: » A% j oW (mol/cm?)
C3, C5 Ci o jorn Ak, RERE, RIECFE
st 5 EE (mol/cmd)
Ci: |4 joFeEEE (mol/cmd)
Dyj: o jOERBEBAEDHILBHEE (cm?/s)
Djp: j-k 2BRHFRH 2D TIREFEHK (cm?/s)
Djp: RO FRHTAHO RS ] D2RSALSIEERK
(effective binary diffusivity) (cm?/s)
do: v A& 4+ OBERTEHERE (g-atm/cm?)
F:R®ux (-)
KCO: KH2: vxzx4 b CO & TGs Hz ﬁﬁi@qzﬁ
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K (-)

Ky:AkthEn A2y 7 FPRIGOFPHER (—)

chO, kCHz v 224 o CO R TC» Hz ﬁi@ﬁﬁﬂﬁ
ERICEEEH (cm/s)

Krjskgi: RO JO# ABBEAYEBBHFEK (cm/s)

kp: kEF A7 FRIBEOEEEK
(mol/s-cm3- atm?)

L:RqKHoREFEZ (cm)

N By j oBEEELED = L FHE
( mol/ cm?-5s)

ﬁCCOs ﬁcﬂz P ARAL LMD (]()—H2 &%ﬁxk&;éﬁ
Tt sd CO c1sBTHEE, Hoc s 85%
#EE (mol/s)

1°ccos %, t VA2 4 L Ol CO, # Hyiw L 28 5%
#EE (mol/s)

fo: VAL AL P LOBEREEE (mol/s)

fiy 2 K¥EH A7 PRIGOEE (mol/s)

bj i 5 j D4 E (atm)

S:AMHoOEREH (cm?)

T:8E (K)

t cBER (s)

u :H AWE (cm/s)

Vr: % 2iiiE (cm3/s)

Xj Ry JoEALER (&)

X5, X5, X§ e Ry j ow 2aktk, REEE, KERE
Wk sersrk (—)

x RBOBLEREETLSREFMOERE (cm)

X AHOPOLALREREE COMEE (cm)
X RBOBL,ALETE COER (cm)
Tw:KEF¥ A7 FRIGEDHEE (mol/cm3-s)
0cos Ouyy 0: ¥ A% 4 + offi CO, # H,, CO-H, &

BEHARIDBRCER LCEBONEHE ()
p P HAFE (g/cm?)
g #AKEE (g/cm-s)
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