
Reprinted from ENERGY & FUELS, 1993, 7. 
Copyright© 1993 by the American Chemical Society and reprinted by permission of the copyright owner. 1097 

Formation of N20 in a Circulating Fluidized-Bed Combustor 

L.-E. Amand* and B. Leckner 

Department of Energy Conversion, Chalmers University of Technology, 
S-412 96 Goteborg, Sweden

Received June 8, 1993. Revised Manuscript Received July 29, 1993® 

Formation of N20 was studied in a circulating fluidized bed boiler by means of injection of CH3CN, 
NH3, or NO to various locations in the combustion chamber. The resulting changes in the emissions 
of NO and N20 were registered and the formation of N20 was estimated by means of the measured 
reduction (from similar experiments with injection of N20 to the combustion chamber). This was 
done while burning fuels with high as well as low volatile content: wood chips, bituminous coal and 
metallurgical coke. The results show that homogeneous gas-phase reactions are important for the 
formation of N20 despite the high particle loading in the combustion chamber. Cyanides show a 
higher tendency to form N20 than ammonia. The concentration of NO and char are also important 
factors contributing to the formation of N20. 

Introduction 

Formation and destruction of N20 in connection to 
combustion in fluidized bed have been intensively studied 
during the last few years and a number of reviews have 
been published.1-3 Furthermore, the problem of N20 has 
been treated in a series of biannual workshops.4----6 Ex
tensive experimental work has been carried out on small 
laboratory-scale fluidized bed reactors 7,

8 as well as on larger 
test facilities such as the 12 MWth circulating fluidized 
bed (CFB) boiler at Chalmers University of Technology. 9,10 

Recently, the reduction of N20 has been studied by 
injecting N 20 into the combustion chamber of this boiler.11 

In conjunction with the reduction tests, formation of N20 
was investigated, by similarly injecting various species that 
could contribute to the formation of N20. This is the 
subject of the present paper, which is focused on the 
formation of N20. 

Formation of N20 

The reaction mechanisms presented below are selected 
to be the most relevant ones for the present work. All 
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reactions where lime or sulfur are involved have been 
excluded, since the full-scale experiments were carried 
out with low-sulfur fuels using a bed of silica sand. 

Homogeneous Formation ofN20. The formation of 
N20 from injection of HCN, NHa, and CHaCN (CHaCN 
decomposes into cyano species) into flames was first 
studied by Kramlich et al.12 with the interest focused on 
pulverized coal flames. Modeling of the kinetics of the 
homogeneous reactions involving formation and destruc
tion of N20 under fluidized bed conditions was carried 
out by Kilpinen and Hupa,13 and extensive measurements
in a laboratory reactor combined with kinetic modeling 
were made by Hulgaard.14 The basis for modeling in the 
works quoted is the reaction kinetic mechanism of Glarborg 
et al,15 but in the latter works13·14 a number of revisions 
and modifications were included, among them those 
suggested by Miller and Bowman.16 It was shown that 
under conditions of fluidized bed combustion the pre
dominant path to N20 is 

HCN+ O-NCO + H (Rl) 

(R2) 

Amines can also form N20, although the yield is smaller 
than that of formation from cyanides, 

(R3) 

(R4) 

Heterogeneous Formation of N20 Involving Char. 
Three mechanisms for formation of N20 related to char 
have been proposed:12 (1) oxidation of char nitrogen to 
N20 (Ml); (2) formation of N20 as a byproduct of NO 
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