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The effect of counter anions on the catalytic activities
of cupric and ferric ions, when salts of them are used as
catalysts for the reduction of nitric oxide with ammonia, was
investigated., The order of the co=-catalyst activity of the

2~ 2=

counter anions investigated is Br~, C1~, SO4 , and 07 ,

The removal of nitrogen oxides from flue gas involves important and complex
problems.1~3) Among various techniqges proposed for reducing nitrogen oxides
emissions, catalytic reduction of nitric oxide with ammonia has been considered
to be one of the most favorable methods in the reduction of NO emissions from
stationary combustion equipments.4~7) In this ammonia method, metal oxide
supported catalysts such as Cu0O (or Fe203, or V205) on gamma-~alumina are now
practically applied. These catalysts are currently used at reaction temperatures
above 300°C., From economical point of view, however, catalysts which are active
at lower femperatures are desirable, The present authors have been trying to
find new type of catalysts having higher activity at temperatures as low as
possible., The activity of metal sulfate catalysts in the lower temperature
region has been shown higher than that of metal oxide catalysts.s) This fact
seems to indicate that the anions of those metal compounds affect the catalytic
activity of NO reduction to some extent. Upon this idea, the. counter anions
were varied, from oxides and sulfates, to chlorides and bromides, The halide

catalysts showed higher activities than those of the oxide and sulfate catalysts,
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The catalysts employed in this work were prepared by impregnating preformed
gamma-alumina spheres ( 1.5 mm in diameter, surface area 250 mz/g, average pore
radius 58 &, alkali content less than 0.01 wt% ) with aqueous solutions of
metal halides or metal sulfates, After the impregnation, the catalysts were
dried for 3 hr at 120 °C, and then calcined in air at 200 °C for 3 hr. Metal
oxide catalysts were prepared by calcining in air at 500 °C, The cation content
in these catalysts was kept constant so as to be able to examine definite effect
of anions., Activity measurements were carried out using a conventional flow
reactor ( 25 mm in diameter ) under space velocity of 15,000 nrt, As a standard
feedstream, the gas mixture consisting of NO 300 ppm, NH3 450 ppm, 0, 5 vol%,
water vapor 9.2 vol%, 802 200 ppm, and N, balance gas was used, Analysis of NO
and NH3 were made by means of chemiluminescence type NOx analyzer and chemical

method indicated in JIS-K-0091, respectively.
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FIG. 1. EFFECT OF ANIONS ON CATALYTIC ACTIVITY OVER COPPER SALT SUPPORTED

CATALYSTS.
Gas Composition ¢ NO 300 ppm, NH, 450 ppm, 02 5 vol %, H20
SO2 200 ppm, N2 balance .
Space Velocity : 15,000 hr .

9.2 vol %,

In the reaction of NO removal, it was observed that the activities of the
catalysts increased with the increase of cation content and were saturated

over a certain cation content.
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The copper content in CuO-A1203, CuSO4-A1203, and-CuClz—Alzo3 were 8 wt%,
In the case of CuBrz-A1203, the activity curve has already reached the
saturation region at 8 wt%. Accordingly the cupric ion content of 4.7 wt¥% was
used when comparing the difference between the anion effects of Br~ and (17
on the catalytic activities of CuBr2 and CuC12 catalysts. The effect of anions
on the catalytic activity is shown in Fig. 1. In the lower temperature region,
the activity of CuClz-Alzo3 catalyst was higher than those ovauSO4-A1203 and
CuO-A1203 catalysts. The activity of CuBrz-A1203 catalyst was the highest.,
Therefore, the activity order of the catalysts used was, CuBr, 2 Cu012 > CuSO4
> Cu0, Similar experiments were made using iron catalysts. Figure 2 shows
the results obtained by ferric salts supported on gamma-alumina., The order of
the activity of ferric salts was found to be FeBrg > FeClg > Fe2(304)3 > Fey04.
This order agrees with that obtained with cupric salts. From the above results,

it is considered that the order of co-catalytic activities is, Br~, Cl7, 3042';

and 02-.
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FIG. 2. EFFECT OF ANIONS ON CATALYTIC ACTIVITY OVER IRON SALT SUPPORTED
CATALYSTS .
Gas Composition : NO 300 ppm, NH3 450 ppm, 02 5 vol %, H20 9,2 vol %,

N2 balance.

Space Velocity : 15,000 hel.
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As for other transition metal compounds, effects of anions on the catalytic
activity could not be confirmed because of instabilities of metal halides at
reaction temperatures. Although the above conclusion has been obtained with
only cupric and ferric salts, it may be possible to say that the weaker the
electronegativity of the element which forms the counter anion is, the higher

is the co-catalyst activity.
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