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Catalytic Activity of Reduced Iron Pellets for Water Gas Shift Reaction

Fengman SHEN, Reijiro TAKAHASHI and Jun-ichiro YAGI

Synopsis :

In order to investigate the catalytic activity of Reduced Iron Pellets (RIP) to the water gas shift
reaction, hematite pellets were reduced at different conditions of temperature (873K-1 273 K) and reducing
gas (Hz and CO) to make catalysts. Rate of water gas shift reaction was measured by detecting the con-
centration change of gas during shallow packed beds which consisted of the RIP as catalyst. Reaction
rate of the water gas shift reaction catalyzed with the RIP was apparently represented within the ex-
perimental conditions by the equation on the basis of mass action law. Apparent activation energy of the
rate constant measured was 8.2-24 kJ/mol for H; reduction and 23-45 kJ/mol for CO reduction respectively.

The RIP reduced at lower temperature or by H, gas was found to have higher catalytic activity than that
reduced at higher temperature or by CO gas. Another phenomenon obseved was the decrease in the cata-
lytic activity of the RIP when the experimental temperature for the water gas shift reaction exceeded the
temperature of reduction. According to the measurements of the physical properties of the RIP such as
pore size distribution, specific area and porosity, decay of the catalytic activity was caused by the change of

the physical properties of the catalysts, mainly decrease of specific area.
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distribution ; specific area ; porosity.
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Table 1. Chemical composition and density of iron oxide pellets.
Component T. Fe FeO CaO Si0g MgO Al;03 S Apparent density
mass % 64.43 0.26 2.62 2.83 0.06 0.48 0.007 0.043 3.84X10% kg/m*
Table 2. Reduction conditions for preparing catalysts from hematite pellets.
Catalyst A B C D E F G H
Reduction temperature (K) 873 973 1073 1173 1273 1073 1173 1273
Reduction gas 30} Hy Hy Hy Ho 80%C0-20%C0Os 90%CO-10%COy CcO
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Table 3. Experimental conditions for water gas
shift reaction.

Temperature T (K) 773-1073

Flow rate of gas Q (Nm%/s) 1.17%x107%,1.67x10 *
Inlet gas composition Hz-CO; (%) 92-8,88-12
Pressure P (MPa) 0.132

Height of packed bed H{cm) 3.0-6.0
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Fig. 4. Influence of both initial gas composition
and flow rate of gas on the apparent rate constants
of water gas shift reaction.
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catalyst reduced by carbon monoxide.
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¥, ALY 2B ZRE L ARG R L LB
FHEAMETH LI EERLTWA, IS HBOKRE
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5 ¥ B
KEEH 27 kS RAFTB TR L v b OfliER)
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Ly bOMBESHEIGETRES X URTY X OMEIC
FoTHRLY, BREEOBEBICX - TEbyBrI L%
RiL, ZOoBRREHEHLMZIL:. FELEHILUTO
Lo NA.

(1)BICEESL v P &M LB EOKREEY XL 7
FOBOBISEE* (3 )N TE L, £BLAATHRE
R RECEORERTHELEH I LA TE L.

(2)KiEH D\ iz Hy FATEIL SN2 L v b Ofil
BRHREIBEETH»L VI CO T RICEINER S AL
LD EENTKRKE,

(3)BILHENL v FEERLARTRE LV ERICT
B ERALE, HIFLES M, WERmEER LRV v F oY
Mg Z LT, MR AMET L 2.

(4)BILHKAL v b ORBERHF ML & LR EFE
WKHRFL TV,

BB AERLEOL ICH B E Vi n i E
A RF RGBT AFHIE R E ICE LB L B
7.

%B, R CHEREHEEMBE (BB 62 £
FESERIIZE( 1 )62850121) & - TiThh7:b D TH A
CEERLTCHELEERTS.

X 79

1) GAHEBGE, SEILTER, BEEMN: Fiu KR 3SR
i, 38 (1982), p.35

2) i 4TH, ERGHA, EHEE— Sk, 62 (1976),
p. 315

3 ) P. J. MESCHTER and H. J. GRABKE: Metall. Trans. AIME,
108 (1979), p. 323

4) G. C. CHINCHEN, R. H. LoGAN and M. S. SPENCER: Applied
Catalysis, 12 (1984), p. 97

5) R. N. SaHAY, K. PrRASAD, S. AHMED and N. B.
BHATTACHARYYA: Fertilizer Technology, 20 (1983), p. 79

6) B B, WRIZ, BIHF#F— TEFME 67
(1964), p. 1493

7) AREZE: BBRIRIERET (1970), p. 127 [AFITES
Rt ]

8 ) S. Kobama, A. MazuME, K. FukuBa and K. Fukur: Bull.
Chem. Soc. Jpn., 28 (1955), p. 318

9 ) Y. KaneExo and S. OKr: J. Res. Inst. Catalysis, Hokkaido
Univ., 15 (1967); p. 185

10) M. MasupA: J. Res. Inst. Catalysis, Hokkaido Univ., 24
(1976), p. 83

11) ¥4 fb% T4, 50 (1986), p. 598

12) SAEFLZAR, W B, JORNE—BER, KFHEEE: fihk#
YRS FEPTRR, 31 (1975), p. 98

13) J. SzEKELY, J. W. EVANS and H. Y. Soun: Gas-Solid
Reactions (1976), p. 54 [ Academic Press]



