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Introduction 

It is of prime importance to reduce the emissions of methane (CH4) and nitrous 

oxide (N2O), whether they emanate from stationary sources such as livestock buildings. There 

are several methods for eliminating air pollutants, which can be grouped into two main 
categories. One category comprises separation-and-recovery techniques such as absorption or 

adsorption, and the other category comprises the so-called destruction techniques such as 

catalytic combustion or decompositon. These latter techniques are more effective when the 
pollutants are present in trace amounts, but this requires the use of heterogeneous catalysts. 

In livestock buildings, the concentration of N2O and CH4 emitted is not constant 

during the day or over the seasons [1]. To achieve the pollutants abatement, a process 

constituted by an adsorption step followed by a catalytic treatment is proposed. The adsorption 

unit will be capable of trapping efficiently and selectively N2O and CH4, whereas the catalytic 

system will be an oxidation or decomposition process. 
The aim of this project is to develop a simple and economical technology to treat 

catalytically N2O and CH4 emissions issued from farm buildings used for intensive livestock 

breeding, such as diary cattle.  
 

Materials and Methods 

  

 As an initial step, simple and well-identified supports are tested in order to measure 
the adsorption capacity for N2O and CH4. Special emphasis is placed on estimating the 

competitions for adsorption among the molecules that are present in the real exhaust gases 

issued from livestock buildings, such as water vapor, carbon dioxide, and ammonia. Innovative 

materials prepared using mixtures of several adsorbents are developed and hydrothermal 

syntheses are preferred in order to obtain systems of homogeneous composition. The 

desorption temperature of catalyst supports were measured using the methods of temperature 
programmed desorption (TPD).  

The breakthrough curves will allow determining the physical and kinetic parameters 

of the catalyst support. The total flow rates of gases, the temperature of catalytic unit, and the 
mass of adsorbents and catalysts are operating parameters that affect the global efficiency of 

the adsorption-reaction system and they will be used to compare the performance of materials.  

The catalysts commonly used for CH4 combustion and decomposition of N2O are 
shown in Table 1. The Ag/ZSM5 and Ag/Al2O3 catalysts were selected for the catalytic 

treatment of CH4 and N2O. They were prepared using the impregnation method or 

hydrothermal exchange. The crystal structure of catalysts was determined with X-ray powder 

diffraction (XRD). The BET surface areas were measured by N2 adsorption at 77oK and the 
content of silver was defined by ICP analysis.  

 

Table 1. Catalysts for CH4 combustion and N2O selective reduction.  
 

 Method Catalyst T (ºC) Ref 

CH4 

Impregnation Pd / Al2O3 473-873 [2] 

Impregnation Cr / Ce / Al2O3 300-480 [3] 

Co-precipitation Cr / Co 300-650 [4] 

Citrate sol–gel La2CuNiO6 400-700 [5] 

Impregnation Ag / ZSM5 300-700 [6] 

N2O 

Citrate sol–gel LaCo1−xFexO3  100-900 [7] 

Impregnation Ag / ZSM5 200-700 [6,8] 

Impregnation Fe / ZSM5 275-375 [9,10] 

The reduction and oxidation properties of catalysts were measured using the 
methods of temperature programmed reduction (TPR) and temperature programmed oxidation 

(TPO). Catalytic tests were performed for CH4 oxidation and N2O decomposition in a fixed 

bed reactor. A stream consisting of 100 ppmv of CH4, 20 ppmv of N2O and helium balance at a 

total flow rate of 100 ml/min was passed through the catalyst bed.  

 

Conclusion  

In this study, the influence of various parameters on the adsorption capacities like the nature of 
the adsorbent, the presence of water, CO2 and ammonia content in the gas stream are presented. 

Furthermore, we proposed and evaluated the integration of a desorption step followed by a 

catalytic phase for the abatement of CH4 and N2O in a synthetic gas effluent. We observed that 
the combination of adsorption-desorption and catalytic decomposition processes could be an 

interesting solution to treat greenhouse gases present in exhaust air. 
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