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Nitrogen oxide conversion to nitrogen over Pt/Al
2
O

3
, Pd/Al

2
O

3
, Rh/Al

2
O

3
 catalysts was investigated. The

results of the catalytic activity investigations, with the iso-x method, showed that NO reduction by methane

occurs at a reasonable rate at the temperature range 200- 500
o
C. Alumina-supported Pd, Pt and Rh catalysts

have been compared for the selective reduction of NO to N
2
. All the catalysts showed good activity in NO

reduction by methane, giving around 80 – 90% N
2
 production. At moderate temperatures Pt is the most

active catalyst for the removal of NO.
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INTRODUCTION

Nitrogen oxide is a major atmospheric pollutant. It is

emitted primarily from transportation, industrial sources

resulting from the combustion of fossil fuels in stationary

sources such as industrial boilers, power plants, waste

incinerators, engines and gas turbines or from the decom-

position of a large number of organic products by light or

micro-organisms. NO has the ability to generate second-

ary contaminants through its interaction with other pri-

mary pollutants like carbonyl, alcohol radicals. For these

reasons, it contributes largely to a variety of environmen-

tal problems
1 – 3

. Nitrogen oxide plays a major role in the

photochemistry of the troposphere, the stratosphere and

reacts with photochemical pollutants such as ozone, for-

maldehyde, organic hydroperoxides and peroxyacyl nitrates

that are all very reactive. This is a very fast reaction,

generating more nitrogen oxides and organic nitrates.

During these reactions more carcinogenic products are

also formed. Hydrocarbons in polluted air show a high

reactivity towards intermediate species such as peroxides.

Nitrogen oxide emissions have become one of the greatest

challenges in environment protection. For this reason,

NO
x
 emissions are controlled. In respect of the severe

regulations imposed, car manufactures have had to de-

crease considerably the NO
x
 emissions from their vehi-

cles. This was achieved either through the action upon the

nitrogen contents of the oil or by a modification of the

engine's combustion chamber.

The conversion of nitrogen oxides is relatively easy.

From a thermodynamic point of view, the molecule NO

is unstable at lower temperatures. Accordingly, their cata-

lytic decomposition into nitrogen and oxygen is feasible

and expected to be one of the most efficient methods of

removing them from exhaust gases.

An alternative is the selective catalytic reduction of NO.

The SCR of NO by hydrocarbons is believed to be the most

promising way to eliminate nitrogen oxide. The main ad-

vantage of the corresponding reaction is the use of gas

mixture, very similar to that found in exhausts (Eq. 1).

4NO + CH
4
 = 2N

2
 + CO

2
 + 2H

2
O (1)

These processes opened new possibilities for the cata-

lytic elimination of NO from exhaust gases, and the types

of catalysts and the possible reductants are extremely

varied.

In this paper, various noble metal-loaded aluminum

oxides are examined for the selective catalytic reduction

of NO by methane.

EXPERIMENTAL

All catalysts were prepared by the DIM method described

in the literature
4 – 8

. The Al
2
O
3
 support obtained from Condea

(Germany) with the initial total surface area 216.8 m
2
/g was

sintered at 800
o
C for 6 hours in air.  After that procedure

the total surface area decreased to 86.2 m
2
/g. That support

was further used for the preparation of catalysts. In the

first stage of the DIM process, Al
2
O

3
 support was im-

mersed in a solution of 0.1 M EDTA for 30 minutes at

70
o
C. Then, the activated support was separated from the

water phase and dried in air for 3 hours at 115
o
C. The

dried support samples activated with EDTA were im-

mersed in an aqueous solution of suitable precursors. After

such procedure the samples were separated from the aque-

ous phase, dried in air at 115
o
C, and then calcined in air

at 550
o
C for 1.5 hour. Metals contents in the pre-reduced

samples were determined by the XRF method.

Chemisorption of hydrogen and catalyst's characteriza-
tion

The obtained oxide precursors of platinum, palladium

and rhodium catalysts were reduced in hydrogen at 500
o
C

for 45 minutes, and then they were examined for hydrogen

chemisorption in the static-volumetric apparatus ASAP

2010C at 110
o
C under hydrogen pressure 75 – 260 mm

Hg. The values of chemisorption were obtained using the

extrapolation of isotherm to zero hydrogen pressure. An

active surface area was calculated assuming chemisorption

stoichiometry Me(Pt, Rh)/H =1 and Pd/CO =1, and the

occupation of the area of 8.9A
2
 by one hydrogen/ carbon

oxide atom
9 – 10

. The main platinum, palladium and rho-

dium crystallite size was determined according to the

equations given in paper
11, 12

.

To characterize the catalysts, a specific BET surface

area, and the chemical phase composition were deter-

mined. The specific BET surface area was measured by

N
2
 adsorption using the ASAP 2010C instrument. The

phase composition of the catalysts was determined with

the XRF method (X-ray fluorescence) in the Department

of Analitycal Laboratory, Faculty of Chemistry of UMCS.
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Catalytic activity measurements

The catalytic activity measurements were performed in

a gradientless reactor based on the one described in
13

. The

feed gas mixture consisted of 1500 ppm NO, 4000 ppm

CH
4
 and He was used in both cases as balance. The

catalyst was pretreated in flowing helium at 500
o
C for 1

hour, whereas before the steady-state experiment was

annealed in the reaction mixture and consecutive meas-

urements were performed stepwise starting from 200 to

500
o
C. All kinetic experiments were carried out in an

atmosphere of helium, determining isothermally the rela-

tionship between the reaction rate of NO reduction and

the degree of NO conversion (iso-X)
14

. A TCD detector

was used to follow the total concentration of hydrocarbon

(CH
4
), nitrogen oxide (NO) and the N

2
 formation over

the tested catalysts. Temperature dependences of the reac-

tion rate as a function of NO conversion has been meas-

ured (for the respective degree of the conversion T=const).

From the functions of the reaction rate obtained from the

degree of NO conversion at the given temperatures, the

temperature dependence of the reaction rate at constant

degree of NO conversion for various catalysts has been

plotted.

RESULTS AND DISCUSSION

The contents of the active metal (Pt, Pd, Rh), disper-

sion and the calculated average metal particle sizes from

hydrogen chemisorption experiments are summarized in

Table 1.

The catalytic results at different temperatures for the

examined catalysts are shown in Figs. 1 – 3. A very dif-

ferent activity was observed for the various catalysts using.

The conversion to N
2
 is indicated in figures 4 – 6.

The activity of the Pd/Al as a function of temperature

for the reduction with CH4 is shown in Fig.1 – 6. The

total conversion of NO was achieved at 450
o
C. The Pt/Al

catalyst starts to exhibit the activity at a temperature as

low as 250
o
C. The activity was high in the temperature

range 350 – 500
o
C and the total conversion of NO was

achieved at 400
o
C. The Rh/Al catalyst was very active in

Table 1. The physico-chemical properties of the catalysts

the 400 – 500
o
C region, to give the total conversion of

NO at 450
o
C. The reaction rate and the activities for the

NO/CH
4
 reaction increase with increasing the tempera-

ture. The tested catalysts have significantly different ac-

tivities as shown in figures 1 – 3. The specific activities

for N
2
 production reflect this difference.

The Rh/Al is significantly less active than the other two

metals. Even in the more active state at high temperatures,

Figure 1. The relationship between the rate of NO conver-
sion and the crystallite size of metals in the exam-
ined catalysts at 500oC

Figure 2. The relationship between the rate of NO conver-
sion and the crystallite size of metals in the exam-
ined catalysts at 350oC

Figure 3. The relationship between the rate of NO conver-
sion and the crystallite size of metals in the exam-
ined catalysts at 200oC

Figure 4. The conversion of NO to N
2
 for a Pt/Al catalysts

as a function for temperature
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the Rh would have an activity comparable to that of Pd

but lower than that of Pt. However, the Rh catalysts are

very selective to N
2
 production. The selectivity of these

catalysts to N
2
 maintained above 85% at temperature

350
o
C. The order of the rate of NO reduction by methane

follows the sequence: Pt> Pd> Rh. Our results show that

the specific activity for the reduction of NO to N
2
 by CH

4

follows the sequence: Pt> Pd> Rh. For all the catalysts

the reduction of NO began between 200 – 250
o
C. For

higher temperatures, the extent of NO reduction decreased

slightly. The maximum productions of N
2
 coincided and

reached 90% with Rh, Pd and Pt at temperatures in the

interval 300 – 500
o
C. Among the catalysts tested, Pt was

the most active and selective in NO reduction. N
2
 produc-

tion attained its maximum (95%) at 450
o
C and decreased

slightly to 85% at 500
o
C. The Pt catalysts were more

active and selective than Pd by about 40%. It has been

reported that, in the case of Pt catalysts, an increased Pt

loading results in a decreased onset temperature of NO

reduction
15

. As the metal loading is increased, the activity

of the catalyst increases. The increase in the activity for

NO reduction with increasing the Pt content is related to

the particle size effect. Larger metal particles have higher

turnover frequencies than the smaller ones. This behavior

continues above 2% metal loading, as demonstrated by

the present result.

Figure 5. The conversion of NO to N
2
 for a Pd/Al catalysts

as a function for temperature

Figure 6. The conversion of NO to N
2
 for a Rh/Al catalyst

as a function for temperature

CONCLUSIONS

The results reported in this paper have demonstrated

that the activity of Pt, Pd or Rh for  the NO/CH
4
 reaction

follow the expected trend. We observe that Pt is the most

active catalyst for the NO/CH
4
 reaction, being an order

more active than Pd and Rh. It seems that the optimum

choice of the catalyst for the removal of NO and CH
4
 will

depend on the gas composition and the temperature.

The reduction of NO with methane is enjoying a lot of

attention, but the hydrothermal stability with a sustained

activity is still a troubling point for many current cata-

lysts.

However, the catalytic reduction offers the cleanest and

most direct approach to NO removal. For this approach

another breakthrough is needed to provide a catalyst with

substantial activity that can perform in the typical exhaust

atmosphere.
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