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ABSTRACT
The disproportionation of NO on HY~type zeolite was
carried out at 15°C by a pulsed microreactor. The
catalytic activity began to appear at the pretreatment
temperature 500°C and showed its maximum in the region
of 600 to 700°C. The Lewis acid sites of HY-type
zeolite seem to act as the active sites. TPD profiles
after the reaction were composed of three peaks. The
amount of peak p also showed its maximum at the
pretreatment temperature ca. 600°C.

Introduction

The disproportionation of NO (4NO = N,O0 + N,0,) on zeolites
was first reported by Addison and Barrer(l). Although a few
infrared studies(2,3) were made for elucidating the reaction
mechanism, the nature of the active sites was not established.
Later, the disproportionation of NO on MgHY-type zeolites with
different degrees of ion exchange was carried out by a pulsed
microreactor, and the concentration of the bare magnesium ions
located in the Site II of the faujasite structure was determin-
ed by the measurement of CO chemisorption, which was the tech-
nique used by Egerton and Stone(4). The results indicated
that the active sites for this reaction were magnesium ions
located on Site II of the MgHY~-type zeolites(5).

The disproportionation of NO on alkaline-earth metal oxides
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has been investigated by infrared spectroscopy(6) and by a puls-
ed microreactor (7). The results indicated that the dispro-
portionation of NO was catalyzed not only by the zeolites exchang-
ed with various metal ions, but also by alkaline-earth metal
oxides. The activity sequence was obtained as follows: MgO > CaO
> SrO > BaO. The disproportionation of NO on Y-type zeolites
exchanged with various metal ions has also been investigated(8).
The results indicated that alkaline-earth Y-type zeolites showed
high activity, and the order of catalytic activity was obtained
as follows: CaY > CdY > MgY > zZny > La¥> BeY> Na¥Y > LiY > KY > SrY >
BaY, AgY, HgY¥, FeY, AlY = 0. The surface of an HY-type zeolite,
if suitably activated, may possess both oxidizing and reducing
properties, and catalytic activity appears on elevating the
pretreatment temperature(9). The purpose of the present study
was to see whether an HY-type zeolite shows catalytic activity
for the disproportionation of NO.

Experimental

An NaY-type zeolite (SK-40) was ion-exchanged 16 times at 90°C
in 10% solutions of ammonium nitrate. The resultant NH.,Y-type
zeolite was washed 3 times by 0.1N ammonia solution and dried
overnight at 110°C. Chemical analysis of the sample was done
by flame spectrophotometry and gravimetry; it showed the unit-
cell composition corresponding to (NH.)se.,Na,., (Al0,) 5, (Si0,),,
nH, 0. The NH, Y-type zeolite was pressed into tablets,crushed,
and sized (32 ~60 mesh). The HY-type zeolite was prepared by
removal of ammonia from the NH, Y-type zeolite. The specific
surface area of the HY-type zeolite was calculated to be 1032 m
/g from the nitrogen adsorption isotherm. Measurement of cataly-
tic activity and the TPD profile were carried out as described in
the previous paper(8). The effluent gas of the TPD experiment
was analyzed with gas chromatography with Porapak T and a Molecular
Sieve 13X column kept at 50°C using He carrier gas.

Results and Discussion

Catalytic activity and pretreatment temperature

Fig. 1 shows the relationship between the catalytic activity
for the disproportionation reaction 4NO = N,0 + N,0,; and the
pretreatment temperature. The catalyst treated at 400°C showed no
activity, which coincided with the results obtained by Chao and
Lunsford(3). The catalytic activity increased with pretreatment
temperature from 500°C, to a broad maximum in the temperature
region 600 to 700°C; it decreased gradually with a further
increase in the pretreatment temperature, disappearing above 800
°C. X-ray examination showed that this decrease was due to the
collapse of crystalline structure.

Flockhart et alii suggested that an ESR study of the redox proper
ties of HY-type zeolites gave information about the nature of the
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sites responsible for oxidizing and reducing activities(10).
They reported that Perylene adsorbed on an activated HY zeolite
gave the nine-line spectrum attributed to the corresponding
cation rad1cal the maximum radical concentration occurrlng at
ca. 625°C. Since maximum reducing and oxidizing power in an
HY-type zeclite requires activation temperatures around 600°C,
dehydroxylation is necessary for the formation of the active
centers. They also described that electron-transfer activities
decrease with the collapse of its crystal structure at higher
temperatures(11l). It has also been reported that pretreatment
at temperatures above 500°C results in dehydroxylatlon and
formation of Lewis acid sites(12). It is ,therefore, reason-
able to consider that Lewis acid sites have effects upon the
disproportionation of NO.

TPD profile

TPD profiles were measured in order to get information about
adsorbed species staying on the catalyst surface after the re-
action. Fig. 2 shows the profile for a catalyst treated at 600
°C. The profile was composed of three peaks(a,B,y) which agreed
with that of Y-type zeolites exchanged with various metal ions(8).
It turned out from the gas analysis that peaks o and B were
mainly composed of NO and peak Y was N, O.

The previous paper suggested that peak a was considered as
the unreactive adsorbed NO and peak B seemed to be NO arising
from the dissociation of N,0, formed by the disproportionation:
N.0s — NO(peak 8) + NO, (NO, was adsorbed in NaOH-packed column).
Peak Yy was regarded as the more strongly bonded N,0(8). The
amount of peak B, therefore, could be regarded as the index of
N20s formed via disproportionation.

Fig. 3 shows the relationship between the peak area of g
and the pretreatment temperature. It is clear, from figures 1
and 3, that the peak area of B corresponds well to the catalytic
activity. In spite of the low resolution of the TPD peaks({c,B ,y
), quantltaflve analy51s of effluent gas of the catalyst treated
at 600°C was made in order to determine the reaction stoichi-
ometry. The results indicate that N, O_determined from pulse
reaction is calculated to be 1.15 x 10 ’ mol(a), N,O contribut-
ing to peak Yy is to be 1.9 x 10 ° mol(b), and N,0, formed by
the disproportiocnation is to be 1.1 x 107 mol(c) The alge-
braic sum of (a) and (b) nearly eguals (c), which means that the
amount of N,O formed by this reaction is about equal to that of
the N,0; formed. Therefore, these results indicate that N,0 (in
gas phase) and N,0, (on catalyst surface) were formed by the
disproportionation reaction 4NO = N,0 + N,O,.

Conclusion

It was confirmed that the disproportionation of NO occurred
on HY-type zeolite.
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