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Secondary effects in sampling ammonia 
during measurements in·a circulating 
fluidised-bed combustor 
H KASSMAN*,L-E AMA.ND** and B LECKNER** 

A previous paper presented the results of measuring the ammonia (NH
3
) concentration in the combustion 

chamber of a circulating fluidised-bed (CFB) boiler. Two sampling techniques were used: a gas-quenching (GQ) 
probe where the sample is quenched directly in the probe tip by a circulating trapper solution, and a gas-sampling 
probe connected to a Fourier-transform infra-red (FTIR) instrument. In this paper, an attempt is made to estimate 
the influence of potential secondary reactions with NH

3 
in the GQ probe tip by means of a plug-flow model. The 

calculations showed that heterogeneous and homogeneous reactions could be of importance to the accuracy of 
the measurement. This contradicts the almost identical results relative to the parallel FTIR measurement, and the 
conversion of NH

3 
is probably overestimated by the model. In addition, transients obtained during the FTIR 

measurement were used to study the accuracy of the gas-sampling probe. 

1 Introduction 

This paper is a sequel to a paper by .Amand et all, which 
presented the results of measuring the ammonia (NH3) 
and ethene concentration profiles in the combustion cham
ber of a circulating fluidised-bed (CFB) boiler. The boiler 
was operated in three air-staging conditions, with peat as a 
fuel and with the addition of lime. Two sampling tech
niquesl were used for analysing ammonia: a gas-quenching 
(GQ) probe2 where the sample was quenched directly in 
the probe tip by a circulating trapper solution, and a gas
sampling probe connected to a Fourier-transform infra-red 
(FTIR) instrument. 

A comparison of the concentration profiles of NH3 mea
sured by the two sampling procedures showed strikingly 
similar results (Fig.7 in Reference 1). This could be 
explained in two ways: either the measurement was correct 
for both methods, or they were influenced equally by sec
ondary reactions. It is not likely, however, that two probes 
with different sampling procedures are influenced by the 
same secondary reactions during operation under various 
air-staging conditions. Nevertheless, this paper deals with 
potential secondary reactions and measurement errors 
from the use of two sampling probes in measuring NH3 in 
a CFB boiler. The influence of potential secondary reac
tions with NH3 in the GQ probe tip was estimated by 
means of available kinetics3,4 and a simple plug-flow 
model. The theory for the model is presented below. The 
accuracy of the gas sampling probe was evaluated by the 
study of transients during the FTIR measurements, since 
this :method allows the storage of data every 30 seconds. 
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2 Theory 

2.1 The model 

It was assumed that the GQ probe tip could be described 
by three ideal plug-flow reactors in series (Fig.1) repre
senting a filter-cake (F), the uncooled quartz filter (Q), and 
homogeneous reactions (H) in an uncooled section before 
NH3 in the sampled gas was quenched. In F and Q there 
were only heterogeneous reactions, and in H only homo
geneous ones. The reaction rate r in a plug-flow reactor, 
assuming a first-order rate expression, is: 

r = -dC/dt = k * C (1) 

which on integration gives: 

C/C
0

= exp(-k* t) (2) 

where C1 is the concentration after the time t (s), C0 is the
original concentration and k (s-1) represents the first
order rate constant. Based on catalyst mass, the unit of the 
rate constant k becomes (m3 s-1 kg-1) and that of the 
space time T' (m-3 sl kgl). The rate constant can be calcu
lated from the Arrhenius equation: 

k =A* exp (-E)RT) (3) 

where Ea is the activation energy, A is the pre-exponential 
factor and Tis the temperature (K). 

The NH3 concentration in the combustor is C0, and CF 
after passing the filter-cake, C0 after passing the quartz fil
ter, and finally the concentration becomes CH before being 
quenched by the trapper solution. The rate expressions for 
F and Q are based on the masses of the filter-cake and the 
quartz filter, where k

p and k
0 

are the rate constants, and T 1 
F

and T1 

Q are the space times. The reactor H was divided into 
small plug-flow reactors in series to describe the tempera
ture fall, with a different rate expression for each drop in 
temperature Ti. The rate constant kHi can be inserted into 
Eqn (2) together with the residence time Ti for each plug
flow reactor. 
















