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Kinetics of Water Gas Shift Reaction with the Catalysts

of Metallic Iron and Nickel

Fengman SHEN, Reijiro TAKAHASHI and Jun-ichiro YAGI

Synopsis :

An attempt was made to clarify the reaction mechanism and to determine the rate parameters for water

gas shift reaction with solid metal as catalyst.

surface of metal catalyst played an important role.

For the reaction, the influence of gaseous adsorption on the
In the present work, both lumpy iron and spherical

nickel were used as catalysts and the rate of water gas shift reaction was observed at pressure range of

0.13 to 1.01 MPa.

Adsorption of gas species was experimentally found to surpress the reaction.

The rate

equation of water gas shift reaction was derived on the basis of the Temkin’s adsorption theory as follows :

(pCOZPHz —Pco pHZO/K)
P"co, P "H,

T Tco, = Rapp

The parameters of k,,,, m and n in the above equation were determined from the results of experiments.
Calculated values based on the rate equation agreed well with observed data.
The order of catalytic activity of various catalysts at 873K in the basis of unit area and unit time was

found as follows :

Lumpy iron>> Spherical nickel >Reduced iron pellet (reduced at 1273 K by hydrogen)
Key words : water gas shift reaction; catalytic reaction; metallic catalyst; rate equation; gas adsorption;

catalytic activity.
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Photo. 1. Photographs of lumpy iron a) and spherical nickel b) catalysts used
for experiments.
Table 1. Experimental conditions. & -11.0 j Y
Int?. Temp. | 673K 873K
a S| Ni sphere or Fe lum
%e:r?;l))elzr:zture T(K) *® 573'(1973e P ‘\"E -12.0F 1st 4 o 4
Pressure P(MPa) 0.13~1.11 e ' 8 2nd A Y
Flow rate of gas G(m¥/s) 8.33X107° 2 ° 2
gatio of‘ti.nlet gas/ 7—) 1.5~9.0 DN g
Hoight of packed bed H(cm) 21~2.9 S -13.0t ]
Diameter of reaction tube D(cem) 4.2 — g
Void of packed bed e(—) 0.43(Ni), 0.45(Fe) g
< -14.0 Y =20 g 1
) o o
FELVWEERSEME Table 1 ISRY. FIbEEEKS E-wo , . . .
SOWEHEDOIEE 2 RO L7720, UCRE—FEDFRET 5.0 52 5.4 5.6 5.8 6.0
T, KT ADEN &b aw, KEF 2T 7 MUBD log Pr (Pa)
PO 2 J5E L7z, BUSEEE reo, DEMMMES D KIS Fig. 1. Reproducibility of experimental data by
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Fig. 2. Effect of pressure on log X with iron
catalyst.

OB BT HRE OB L EATI LW I EFHLRT
H5.
3-2 Langmuir-Hinshelwood BB E XK & 51%#S
AR il 5 KOS o B 7 B o fig 1 i2 Langmuir-Hin-
shelwood ¥4 (L\f%, L-HFEMELMET) K (RS
nTwsn, AR TRUTIORT ZOoODHET, EERE
E L-HBEHECHBETE 2 20E» ¢ RET 5.
E—nNiER, aEOARDH AN Langmuir B T
HoHE LT, RELFERLHPHET B EKE L LGED
L-H BRI X o TEE LA Ko#EERE(2) TR
ns.
k, (PH2 Pco, — PcoP HZO/K)
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Fig. 3. Relationship between X' and (X2 pg)
with iron catalyst.
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Table 2. Heats of chemisorption of gases on
metals®.

AH, (kJ/mol)
Metal "
COq H,O CcO H;
Iron 280 274 192 142
Nickel 222 223 176 155

* Calculated values
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Fig. 4. Relationship between logX and 7

(=xH2/xco2).
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£
- \\_Ni
g e N
511 re 0.28 N
Ni 0.23 °
5‘0 1 I 1 i
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log Peo, (Pa)
Fig. 5. Relationship between log py, and
log pco,-
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log X (mol (COy) s'2Pa?)
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log Py (Pa)

Fig. 6. Relationship between log X and log Pr
with iron catalyst.
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42 &, Fig. 5 WRT &) 2 BEHEEIEONS. &
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= VR DEE 0.23 O RT.
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Fig. 7. Relationship between logX and log Pr

with nickel catalyst.
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Fig. 8. Relationship between index of pressure
and temperature.
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Fig. 9. Relationship between log(p "o, p"Hz)

and log X with iron catalyst.
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Fig. 10. Relationship between log(p™co, P n,)

and log X with nickel catalyst.
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86 N BB EE E K log k,,, D iREKH L Fig.
1R, WhSEMMEDEE 973K, = v 7 Vi
DA 63K TOF— 7 2R LMl B L=y 7
WERBEIZ DWW TB S N FEER T — ¥ 13 Arrhenius U2
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0.0 T L) T
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Fig. 11. Temperature dependencies of apparent
rate constants of water gas shift reaction with
catalysts.
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Fig. 12. Between specific heat of solid iron and
nickel from data of Bari, et al.'”’.
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Table 3. The values of k,,,, m and n in the rate
equation (10).

Catalyst | m(—=)| n{(=)| kepp(mol(COz) s~ -m™2-Pam*""2)
Fe 0.49 1.73 6.40 exp (—32450/RT)
Ni 0.44 1.89 4.81 exp (—23900/RT)
-2
- 10+ Temp,
= -0-873K
i 0-773K
Pid ->-673K o
S 3 ?
S 107} > ]
—
o
= F
: Cat. Fe
4s > )
[« X %} -4
[ 10 -4 1 -3 L-2
10 10 10

reay (mol(CO,) s'm?)

Fig. 13. Comparison of calculated reaction rate
with observed one in packed bed of iron as catalyst.
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@

L0

© 10 ' -
10™ 103 10

réac (mol (C0z) s7m?)

Fig. 14. Comparison of calculated reaction rate
with observed one in packed bed of nickel as
catalyst.

Ll ot —7, BEEOHAEICE, 973K LT ORKE
#HETEP T OEMLT RV F—1x 32.45kI/mol & 72
n, EERTFI 6.40 mol (COy)+s '*m 2:-Pam""" % &
o7,

DEOBFIc LB T A—F—DfEX LD
< Table 3R L. ShSDNRF A= —%HWT,
(10U ESVCTKREF 2 ¥ 7 PRULOEE X HEET S
ZENTES.

4-2 KEHRAY 7 PRIGRERDR LS

LSBT T 556 O D RER OZ LM % RE

—11 . 0 T T
Cat.
-O- Fe
-+ Ni
-~ Pellet -
{1273K Hp)

T=873K

-12.0

-13.0¢

-14.0¢

log X (mol (CO,) s'W2Pa?)

-15.0 ‘
5.0 5.4 5.8 6.2

log Py (Pa)

Fig. 15. Comparison of catalytic activity of
different catalysts.
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