BRI

)1 ey S Bk 7
KAWASAKI STEEL GIHO
Vol.11 (1979) No.2

FRfb#k 2 PV T PSR A A 00 e P s L OV RE
Properties and Performances of Various Iron Oxide Catalysts for the Reduction of Nitric
Oxide with NH3
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Synopsis :

A study was made to apply iron oxides obtained as by-products in the treatment
proceses of waste pickle liquor in steel works to catalysts for the reduction of nitric oxide
with ammonia. The characteristics of various kinds of a-Fe203 particles were measured
by conventional methods and the catalytic activity was tested by using a flow reactor
(ID.: 26mm) under atmospheric pressure at 250° ~400°C. Pore volume, mean pore
radius, and surface area of these catalysts (compacting pressure: 0.5t/cm**2) ranged
from 0.185~0.545cm**3/g, 160~791A, and 8.8~71.3m**2/g, respectively. There was
no simple relationship between catalytic activity and surface area in these catalysts.
However, when the catalysts were prepared from o -FeOOH, the catalytic activity
decreased with an increase of the surface area. The activity and selectivity of these
catalysts depended on the initial content of SO4 which was considered to exist as iron
(IM) sulfate. A few kinds of « -Fe203 could be used as a catalyst support by supporting
FeS04, V205 and so on. In these supportes catalysts, V205/Fe203 had the highest
activity. The rate of NO reduction with NH3 was roughly showed as a first order
reaction with NO, and the rate-controlling step was the diffusion of the reactant

through the catalyst pores.
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Synopsis:

A study was made to apply iron oxides cbtained as by products in the treatment processes of waste pickle liquor in stee]
works to catalysts for the reduction of nitric oxide with ammeonia.

The characteristics of various kinds of a-Fe,C, particles were measured by conventional methods and the catalytic
actwity was tested by using a flow reactor (I.D.: 26mm) under atmospheric pressure at 250° ~ 400°C.

Pore volume, mean pore radius, and surface area of these catalysts {compacting pressure: 0.5t/cm® ) ranged from 0.185 ~
0.545cm’ /g, 160 ~ 79] A, and 8.8 ~ 71.3m1fg4 respectively.  There was no simple relationship between catalytic activity
and surface area in these calalysts. However, when the catalysts were prepared from o-FeQOH, the catalytic activity
decreased with an increase of the surface area. The activily and selectivity of these catalysts depended on the initial
content of SO, which was considered to exist as iron {III) sulfate. A few kinds of o Fe, O, could be used as a catalyst
support by supporting FeSO,, V, O, and sc on. In these supported catalysts, V, Q, /Fe, O, had the highest activity. The
rate of NO reduction with NH, was roughly showed as a first order reaction with NO, and the rate-controliing step was the

diffusion of the reactant through the catalyst pores.
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Table 1 Catalysts* used
No. ")ymbul Raw material
1 | BC Roasted a Fe,0, obtained from
FeCl; in waste HCi
2z | WKH a-Fe,0, obtained from FeS0,
‘ iin waste H,50, by a wet method
3 | FRC { a-FeOOH obtaind from FeS0,
in waste H,50,
4 |52 a-FeQOH prepared from FeCl,
in the laboeratory
5 | IBF a Fe(OOH obtained from FeS0,
in waste H.50, and washed with
water one time
6 | 4BF «-FeOOH ohtained from FeS0,
in waste H,50, and washed
with water four times
7 N1 aFeOOH obtained by the same
way as No.6 but different in
lot
B | FeS0,/WKH | FeS0,-TH,0 and No.2
9 | Fe50,/N 1 | FeSO,-7H,0 and No.7
10 | Cul)/N-1 CuNO,-3H,0) and No.7
I V,00N 1 ! NH,VO; and No.7
AN catalysts were calcined at 400°C except No.

711 for 3h and pelletting pressure was 0.5t/em?
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Table 2 Crystallite shape and average size of some

Fe,0, particles

No. | Sign | Crystallite | /()" | aipd™] D{)™
1 | BC Granule 0.2} 0.13 0.093
2 | WKH | Granule .15 0.12 0.076
3 1 FRC | Needle .().26 .05 0.064
4 | 5-2 Needle 0.40 0.02 0.050
5h | 1BF | Needle 0.68 0.10 0.147
=4 ={Zf 0 n

«x ¢ —iZalin
vee alon o)

n =30
Symhols, ¢ and ¢ stand for short and leng diameter
respectively and were measured by electron micro-
scopic observation.
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Elcctron micrographs of various iron oxide particles

Characteristics of cataiyst particles
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_ Catalyst | Pore valume ! Mean pore Sgl.s.ﬁrlece' App.density | NO conversion rate at
No. | Sign fem'/g; radius [A] |area® tm?/gl lgiem? 250°C {g-molig -cat.h!
1| ne 0.350 60 n.s 1.79 Cpg210
2 | WKH 0.185 420 8.8 2.50 2.64x10 °
3 | FRC 0.595 191 30.4 1.25 3.48x10 *°
§ | 2 0.570 160 71.3 1.34 2.09x10 °
5 |iBF 0.427 751 16.8 1.45 4.31%10 "
6 |4BF 0.510 360 28.3 1.45 40710 °
7 N-1 0.508 383 27.0 1.34 j.ez-ln ¢
v Calculated by graphical integration of Penetration curves
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Table 4 Analytical results of sulfur and ammonium
in iron oxide catalysts prepared from

goethite
Sample S{%) | 50,1%) INH, ugig)

1BF 1.34 3.99 0.55
IBF calcined at 500

e lfor 3h 1.35 3.94 0.02
4BF .49 1.47 0.02
4BF calcined at 500

“C for 3h 0.55 1.64 0.02
N-1 0.55 1.63 0.03
N-1 calcined at 500

‘C for 3h 0.60 1.76 0.02

All the samples contain Fe (II) less than 0.1%
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