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CN-COMPOUNDS FORMATION OVER AlZO3 SUPPORTED Pt AND Rh CATALYSTS

IN THE REDUCTION OF NO WITH PROPYLENE AND HZ—CO

*
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Large amounts of hydrogen cyanide (HCN), acetonitrile, acrylo-
nitrile, and propionitrile were formed in the reduction of NO with
propylene and HZ-CO over AlZO3 supported Pt and Rh catalysts. Rh
was more active in both the reduction of NO and the formation of HCN
and nitriles than Pt. Propylene employed as a reducing agent was
more reactive in the conversion of NO into HCN than HZ—CO.

Air pollutants of NOX, CO, and hydrocarbons emitted from automotive vehicles have
decreased remarkably, owing to recent progress in emission control techniques such as
engine modification and catalytic systems. Research on catalytic systems for
exhaust-gas treatment has now been extended to other pollutants emitted as a result
of catalytic treatment of the three major pollutants (NOX, CO, and hydrocarbons).
Hydrogen cyanide (HCN) was recently found in exhaust gas, which was emitted under
conditions of fuel-rich combustion from vehicles equipped with three-way catalysts
containing Pt and Rh.l_s) HCN formation took place in the reduction of NO with HZ—
CO over various noble-metal supported catalysts.4_7) We studied the reduction of
NO with propylene (C3H6) as a hydrocarbon over Al O3 supported Pt and/or Rh catalysts

for automotive exhaust-gas treatment, and found that organic nitriles as well as HCN

were formed in the system. In addition, the reduction of NO with HZ-CO was also
carried out to elucidate the mechanism for the formation of HCN and organic nitriles.
Three kinds of catalysts (Pt—Rh/Al Pt/Al 37 and Rh/Ales) were prepared by

1mpregnat10n of ¥- AlZO3 (Sumitomo Chemlcal Co. Ltd type X-7; 2-3 mm$, BET surface
area 170 m /g) with aqueous solutions of H PtCl6 and RhC13, followed by calcination at
600°C for 3 h, prior to the reaction at 300—600°C. Contents of Pt and Rh were 0.05
and 0.002%, respectively. The reaction was studied in a conventional fixed-bed
reactor (13 mm¢ i.d., quartz glass). A reactant mixture of NO- C3H6 or NO-HZ-CO
diluted with N2 was fed continuously to ca. 3 ml (1.5 + 0.1 g) of each catalyst.

Space velocity of 50,000 h_1 was employed in all experiments. NO was analyzéd by

a chemiluminescent NO analyzer (Thermoelectron Model 10A). CN-compounds (HCN and
organic nitriles) and C3 g were separated with a 2 m-glass column of Chromosorb 101,
and analyzed by a flame thermionic detector (Shimadzu Model FTD-7), which can
selectively detect materials containing both C and N atoms such as acetonitrile and
pyridine. The calibration of the detector with respect to CN-compounds was carried

out in the same way as described in the 1iterature.8) HZ’ CO, and CH4 were
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Fig. 1 Temperature dependence of the forma- the reduction of NO with mixtures of
tion of HCN (—=0-), CHSCN (---0-1), C,HZCN H, (1%) and CO over Pt-Rh/AIZO3 (o),
(==v--), and CZHSCN (-++-w---2) in the reduction Pt/A1203 (®), and Rh/AlZO3 (0) at
of NO (3,000 ppm) with propylene (3,000 ppm) 500°C as a function of CO concentra-
over Pt-Rh/AlZOS. tion introduced.

separated with a 1 m-column of molecular sieve 5A, and analyzed by a TCD and a FID.

Reduction of NO with CSE6 Considerable amounts of acetonitrile (CHSCN),
acrylonitrile (CZHSCN)’ and propionitrile (CZHSCN) together with HCN were formed in
the reduction of NO with C3H6 over Pt-Rh/A1203, as shown in Fig. 1. Organic

nitriles (CH3CN, C2H3CN, and C HSCN) were formed mainly at lower temperatures.

2
At progressively higher temperatures, the amounts of organic nitriles formed decreased

while the amount of HCN increased. For instance, the amounts of HCN, CHSCN,

CZHSCN’ and CZHSCN formed at 350°C were 30, 80, 42, and 11 ppm, while those formed at

600°C were 200, 35, 5, and 1 ppm, respectively. The conversion of NO and C3H6
reached 70-80% at 400°C. The amounts of CN-compounds formed over Pt—Rh/AlZOS, Pt/

A1203, and Rh/AlZO3 at 400°C and apparent activation energies for their formation are

summarized in Table 1. The apparent activation energies were obtained for Pt-Rh/

A1203 and Rh/A1203 at 300-350°C and for Pt/AlZO3 at 450—-600°C. The amounts of CN-

compounds formed over Rh/A1203 and their activation energies were similar to those
over Pt—Rh/AIZOS. On the contrary, the amounts of them formed over Pt/A1203 were
much smaller than those over Pt-Rh/A1203 and Rh/AlZOS. The conversion of NO and
C3H6 over Pt/AlZO3 was less than 30% at all the temperatures studied. These
indicate that Pt/AlZO3 was less active in both the reduction of NO with C3H6 and the
formation of CN-compounds from them. Moreover, the activation energies obtained

for Pt/A1203 were different from those for the other two catalysts. These results
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Table 1 Amounts of CN-compounds formed over Pt and Rh supported

catalysts and their apparent activation energiesa)

metal supported on Al,04

CN-compound

Pt-Rh Rh Pt

HCN 7821 (32 )9 145 ( 32 ) 9 ( 24)
CH ,CN 128 (31 ) 138 ( 32) 5 (14 )
C,H,CN 43 (29 ) 56 (32 ) 2 (14)
C,H CN 15 ( 29 ) 20 ( 32) 1 (15)

a) reactant gas; NO 3,000 ppm, C3H6 3,000 ppm
b) amount of CN-compound formed at 400°C, ppm

c) apparent activation energy for the formation, kcal/mol

lead us to conclude that Rh metal supported on A1203 plays an important role in the
formation of CN-compounds.

Reduction of NO with HZ—CO It is necessary to compare the reactivity of C3H6

with that of HZ-CO in the conversion of NO into CN-compounds, because automotive
exhausts contain H2 and CO along with hydrocarbons as reducing agents. Only HCN
was found as a CN-compound in the reduction with HZ-CO over the three catalysts.
The amounts of HCN formed increased with increasing H2 and CO concentrations
introduced. Fig. 2 shows HCN formed at 500°C as a function of CO concentration.
In contrast with the results using CSHG’ the amount of HCN formed from a mixture
containing 1% of H2 and 3% of CO was as low as 5 ppm, indicating that a mixture of

H,-CO was less reactive than C,H_., in the conversion of NO into HCN.

2 376

The mechanism for the formation of CZHSCN’ CHBCN, and HCN in ammoxidation of

C3H6 has been widely discussed in many literatures. NO formed from oxidation of
NHS may react with allyl or further dehydrogenated species formed from CSH6.9’10)
It is well known that a HZ—CO mixture is converted into CH4 over Pt and Rh supported

11)

Al1,0 and that CHOH species is postulated as an intermediate. In our systen,

>
itzwgs confirmed that 3 ppm of CH4 was produced from a mixture of H, (1%) and CO (3%)
in the absence of NO. However, the amount of CH, decreased to 0.5 ppm and HCN was
formed from the mixture in the presence of NO. It is, therefore, considered that
HCN may be formed through the reaction of NO with CHXO species formed over the

surface from H2 and CO.

The authors are indebted to Drs. K. Egi and T. Ibusuki for encouragement and
helpful discussions, and also thank to Mr S. Takahashi for preparation of instruments.



734

Chemistry Letters, 1980

References
1) G. A. Lavoie, J. B. Heywood, and J. C. Keck, Combust. Sci. Technol., 1, 313
(1970) .
2) R. L. Bradow and F. D. Stump, Soc. Autom. Eng. Tech. Pap., 770369 (1977).
3) K. Mizuno, T. Kamuki, and M. Suzuki, Pollution, in press.
4) R. J. H. Voorhoeve, C. K. Patel, L. E. Trimble, and R. J. Kerl, Science, 190, 149
(1975).
5) F. M. Dunlevey and C. H. Lee, ibid., 192, 809 (1976).
6) R. J. H. Voorhoeve, C. K. Patel, L. E. Trimble, R. J. Kerl, and P. K. Gallagher,
J. Catal., 45, 297 (1976).
7) W. B. Williamson and M. Shelef, Am. Chem. Soc. Meet., Chicago, Aug. 1977,
Preprints-Symposia, Div. of Petrol. Chem., 22, No. 4, 1270 (1977).
)} H. Kaji and H.Nakano, Preprints of Jidisha Gijutsu-kai, 781A, 265 (1978).
9) F. Zidan, G. Pajonk, J. E. Germain, and S. J. Teichner, J. Catal., 52, 133 (1978).
10) P. G. Menon, ibid., 59, 314 (1979).
11) M. A. Vannice, ibid., 37, 449, 462 (1975).

(Received March 29, 1980)



