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Effectiveness Factor of Porous Reduced Iron Pellets in Water Gas Shift

Reaction

Fengman SHEN, Reijiro TAKAHASHI and Jun-ichiro Y AGI

Synopsis :

In the process of the gas phase reaction on porous catalysts, all the surface area is not used for the reac-

tion because of the gaseous diffusion resistance inside the particle of catalysts.

For the rate expression of

such reaction, the effectiveness factor of porous catalyst is often used. However, in some cases it is diffi-

cult to obtain the value of effectiveness factor.

In this study, the non-linear expression of reaction rate for water gas shift reaction was converted into
linear form by introducing Taylor’s expansion and the equation for calculating the effectiveness factor of

porous reduced iron pellets was derived.

The effect of the following factors on the effectiveness factor was discussed. They were the tempera-
ture at which the porous reduced iron pellets were prepared, the pressure and the temperature under which

the water gas shift reaction took place, the pore structure and impurity of the pellet.

The observed and

calculated effectiveness factors showed similar trend. Namely, the effectiveness factor increased with in-
creasing the temperature for the preperation of porous reduced pellets, with increasing the reaction press-
ure and with decreasing the temperature for water gas shift reaction.

In the measurement of the effectiveness factor with industrial pellets, about 10 times larger value than
the theoretical one was obtained. This discrepancy was reasonably explained by the effect of impurity in

the pellet.

Key words : effectiveness factor; porous catalyst; water gas shift reaction ; reduced iron pellet; impurity.
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Table 1. Experimental conditions.

Kinds of catalyst A : Reduced at 873 K
B : Reduced at 1073 K
C : Reduced at 1 273 K
Pressure P, (MPa) 0.13~0.81
Temperature T, (K) 673~1073
'}/ =

Ratio of inlet gas composition zHZ/xCOZ, (—)80/20~90/10
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Fig. 1. Effect of pressure on effectiveness factor
observed for various catalysts.

(a) Reduced at 873K (b) Reduced at 1073 K (c) Reduced at 1273 K (d) Unreduced hematite pellet
Photo. 1. Structure of pellet reduced with hydrogen at various temperature and unreduced hematite pellet.



992 & M T84 (1992) T B

DEHRLIET DL, BTHOANTSY 1 NIBETHS
7S, RIS E O BAILSER L 72 2 b h s, F 7,

BICHE DS E AT EHLEDV K E S o T b, KiE
BILHENL » POMILES A 2RO L 2 — 5 — THlE
La#R % Fig. 2 1R F. B~ L » F oMILES A
(Photo. 1 (d)) L #T 2 &, WFROBITHESL » b

0.8 T

Cat. C
06 {1273k}
04}

0.2+ L\'
0.0 =

| Cat. B i
o6 {1073Kk|
a 047 T
o
S o2l -
A
04+ Cat. A B
{873 K}
0.0 - - .
0.4 Hematite
pellet
0.2 r ) E
0‘0 1 AA_A_A
0.01 0.1 1.0 10.0 100
D (pm)

Fig. 2. Pore size distributions in various reduced
iron pellets and unreduced hematite pellet.
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profile in porous pellet.



KEEA A S bR B B SILVERTER Y v MO F DR 993

== koppSv {f(PA,o) - f (pA,O) pA,O}

— kapp Svf' (pA,O) Py ( 6 )
Lo, (4)RIFRDOLX I IZEITS.
&p, 2 dp, )
(dr2 _;..___dr _BOPA+AO ................. (7)

I,
Ao =— (kappRTSy/D)f(pag) = f (Pag) Paol
By’ = —(kappRTSV/Ds)f’ (PA,O)

BEREME LT,

B.C.r=R,, p,= py, oorroremeeeeenseeeees (8)
r=0, dpA/dr=0 .................................... (g)
ZZT, R, ERLVy FOEE (m) THD, p,, BXL >

FEFEICBITA A OFE (Pa) Thb.
(TR %L E, "Ly POREICBITSL AT R
DOHEAEARRO L ) IO .

(5]
d’f r= R,

=p,[1+ <m0/m1>2]%<(

m )_1)

tanh (m;)

72750, mo= R,(Ao/p,,) """

my Z(RpB())
LILEMBEOADRR I EFEIC LY EFHIRE) RO L
Itk END,

47R,2D,/RT (dp,/dr), g,

T T (4/3) 7R,Sy(Run).
22T, (Rya), REMIBIALEETH D, (12)
HKTREINA.
(Rya)s=—

Eapp 1f(a0) — F (Pag) Paol

- kappf’ (pA.O) Py, e (]2)
(10) 8 L (12)R 2 QODRICRAT B &, (13)KTE
ShaLILERTHAL v MBEOFDRBES RO
5.

HET I B
7 m; \ tanh (m;) my

b1, my & Thiele P TH Y, TofEs (14)5NTH

........................ (13)

Hhb.
my = R,[— (kappRTSuf  (pag)/D)]V2 wooeere: (14)

4. BHRBORESLIUEE

4:1 INFGA—F—DRE

(14)5t T S 1L % Thiele B DO % K 5124,
Table 2 RT3 A— ¥ —DLETH5B. A, B, C
i B B o, [ILE € 1& JIS M8716 HKiIC & %
HEfETHH, FHMILE D, HEHTE S I3IKERD
YA —THIEL-ETHA. T/, FHHILER
Fig. 2 R L MALES i SR ETH H. KT
E D H AL BT W T id Knudsen JEEK & 7 FHLER O
WHEZEEL WS, IhoDEICET 2 LILEH®KD
BERT Ck & Cy DIHEXIY "2 o5HLAZDBDT
H5.

H IR D, (m%/s) DEIZ2> VT, (15)RK¥?
POHEETS.

D,= (DeK—l + DeM—l)—l
2 2T, D% & Knudsen A AMLEREL (m?/s), Dy i3
SFADIBEE (m¥/s) THH, £hEh(16)K'7
BXU(1B)R LN KDONS.

D% = 100+ Cx* ( %Ha/ D, + % COs/ Dg.co,) !

Di;=97-(D/2)-(T/M)'?
Ao, D THMILE (m), TIXEE (K), M3 it
HADGFETHA.

D‘-’M: CM'DHZ,COZ ..................................... (18)
Z T, K AMEIBRE Dy,co,' 1

1X 1077 TH"®

DHZ,C02= (P/101 325)'(‘4{21/3 + Uco21/3)2
.(MH2*1 + Mcoz—l)l/z .............. (19)
K PEESH (Pa), v i3 iEHFACHETAER (—)
(o4, =7.07, vco,=26.9)'" TH2%.

—F, HADHIE p \C2 W TIHRD K HXE R
RIGH AAS Hy & COp 2213 Th - T, MEIERB O
FEC CHy ARSI a7, Th3KET A >
7 MU (1)RAHEITT A L RS, (200 TEKRS D

Table 2. Parameters for calculation of effectiveness factor.
Catalyst kinds Reduction Apparent density Porosity Average Specific Structure factor for  Structure factor for
ataly temperature (by JIS M8716) (by JIS M8716) diameter of pore  surface area Knudsen diffusion Molecular diffusion
T(K) o (g/em®) (%) D (um) S (m%/g) Cx(—) Cy(—)
A 873 2.56 62.2 0.5 0.7522 0.03% 0.10Y
B 1073 2.74 60.0 1.2 0.1882 0.04% 0.19%9
C 1273 2.79 58.8 3.5 0.0618 0.10% 0.249%7

% Estimated value
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Fig. 4. Effect of pressure on effectiveness factor
observed and calculated in various catalysts.
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observed one.
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a) Pellet near the surface
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b) X-ray analysis in points A, B and C by EPMA
Photo. 2. Photograph of impurity in the pellet (C) reduced with hydrogen at 1 273 K.

a) Linear X-ray analysis with Ca-Kqa
b) Area X-ray analysis with Fe-Ka
c) Area X-ray analysis with Si-Ka

Photo. 3. Distribution of Ca, Fe and Si on the pellet (C) reduced with hydrogen at 1 273 K by EPMA.
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Table 3. Composition of two kinds of pellet made
of reagents and physical properties of the pellets
after reduction.

Component of green pellet (%) Properties of catalyst

Cata(liyst A 1 "
kinds N . . pparent densit, orosity
n Fe03 CaO  SiOp g/ emd) A%
D 100.00 - — 3.95 49.8
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0.5 T T T T T T
0.4 -
—_—
2 o3t -
£
~ 0.2 | .
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0.1 4
0_0 ! i 1 1 .
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Fig. 7. Cumulative specific surface area of syn-

thetic pellets, D and E reduced by H, at 1 073 K.
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Photo. 4. Photograph of two kinds of pellet, D and E reduced by H, at 1 073 K.
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Fig. 8. Relation of reaction rates and the ratio
with pressure for catalysts D and E at 1 873 K.
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