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ABSTRACT 

Two aspects of gas injection in the flue gas entrance of the eyelene as a means of 

reducing nitrous oxide (NzO) emissions from circulating fluidized bed (CFB) hoilers 

were investigated. The first was the possible influence of an increased gas temperantre 

on sulphur capture. Full-seale experiments showed that under normal operating 

conditlons sulphur capture is unaffected from afterburning at injection fuel ratios up to 

18%. There seems however to be an upper limit in eyelene oudet temperature of about 

l 000°C w hen operating at 5% O z and 950°C at 2% Oz respectively. A bov e these 

temperatures, SOz emissions tends to increase, reflecting a reemission. The practical 

impact of this limit is small, since NzO reduction ratios of 80-85% are achieved at 

temperatures below the limit. 

The seeond aspect was a possible reduction in efficiency of afterbuming through 

radical quenching ofparticles. Calculations were perfonned, using a C1/Cz/C3/N 

chemical kinetic scheme, including heterogeneons reaction of radieals with earbon on 

the particle surface as weil as recombination on the surface. Input concentrations of 

gas components and particles as weil as particle-size distribution and flow rates were 

taken from full-seale experiments. The calculations showed that partide quenching of 

radieals had little influence on N20 levels at lean conditions. At near-stoichiometric 

conditions, the impact is more pronounced. Also for NO concentrations, partide 

quenching has a negligible effect at lean conditions. At low oxygen contents, the 

presence of particles potentially improves the NO reduction that can be obtained in the 

cyclone. Partide quenching could not however explain differences between earlier 

calculations and full-seale experiments. The agreement between present calculations 

and experimental data was on the contrary good, due to inclusion of revised kinetic 

data for the NzO +OH reaction. 
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l. INTRODUCTION 

Emissions ofnitrous oxide (NzO) have become a subject of public cancern during the 

last few years. Nitrous oxide contributes both to the greenhouse effect and to the 

depletion ofstratospheric ozone (Badr and Probert 1993). Coal combustion in 

fluidized beds has been shown to be potentially on e of the major anthropogenic 

sources of the rising atmospheric concentrations ofNzO. Therefore efforts have to be 

made to decrease the N z O levels from fluidized bed combustion (FBC). Two recent 

reviews campile the present knowledge ofNzO emissions, especially from combustion 

sources (Mann et al. 1992, Hayhurst and Lawrence 1992). 

In an earlier study, it was shown that injecting liquid petroleum gas (LPG) upstream of 

the eyelene of a circulating fluidized bed eaused the N20 levels to decrease 

significantly (Gustavsson and Leckner 1992). N20 reduction ratios between 60 and 

95% were achieved, depending on hoiler operating conditions. 

The experiments were conducted with a "clean" sand bed in the CFB, i.e. no limestene 

was present. Limestene is normallly added to a CFB for sulphur capture reasons. The 

efficiency of this capture is temperature dependent, and sulphur ma y be reemitted if the 

temperature after the combustor is raised too much. Since the primary effect of gas 

injection is raising the temperature, this possible drawback has to be investigated. 

Therefore an experimental program where gas injection was used when operating a 

CFB with a high sulphur coal and limestorre addition was conducted. The results are 

presented in this report. 

Furthermore, earlier computer simulations of the homogeneous gas-phase chemistry 

showed that higher N20 reduction ratios than 60% should have been possible 

(Leckner and Gustavsson 1991). The computer simulations did not, however, include 

possible interactions between particles and species in the gas phase, e. g. radical 

quenching on the partide surfaces. In order to estimate the influence ofparticles, 

computer simulations including such reactions have been performed. Results from 

these calculations are also presented in this report. 



2. EXPERIMENTAL- INFLUENCE ON SOz EMISSIONS 

2.1 The hoiler 

The experiments were carried out in the 12 MW CFB at Chalmers University of 

Technology. The hoiler as weil as the gas analysis system and the gas injection system 

is described elsewhere (Gustavsson and Ledmer 1992) The principal features of the 

boiler are shown in Fig.l. 
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Fig. 1. The 12 MW CFB Boiler at Chalmers University ofTechnology 

L Fuel feed chute 
2. Bottom plate 
3. Secondary air ini et at 2.2 ruetres 
4. Cyclone 
5. Partide return leg 
6. Partide seal 
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2.2 The experimental program 

The purpose of the project was primarily to investigate the effect on SOz emission of 

gas injection for NzO reduction. Experiments were run at bed temperatures of 850, 

890 and 900°C and Oz contents in the flue gases from the bed of 5% and 2%. The 

bo il er load was 8 MW. In each case a reference test without gas injection and a test 

with an injection fuel ratio (IFR = energy in the injected gas divided by energy in the 

primary fuel) of about 18% were ron. Since injection of gas at, for example, JFR= 

lO% earresponds to a decrease of Oz in the fl.ue gases of about 1.3%, additional air 

was introduced after the cyclone outJet in the caSes of Oz = 2% in order to avoid 

excessive CO levels in the flue gases. The experimental conelitians in each case are 

summarized in Table l. 

Table l. Experimental conditions 

Test No Bedtemp Ozintlue Additional 
o c gases from air 

the bed,% 
l 850 5 No 
2 850 2 Yes 
3 890 5 No 
4 890 2 Yes 
5 900 5 No 

The primary fuel was a bituminous coal with a high sulphur content, hereafter referred 

to as HS coal. The characteristics of the coal are given in Table 2. 

Table 2. Properties of primary fuel, % 

Combustibles 82.6 
Moisture 9,8 

Ash (drv basis) 7.6 
Carbon (amf) 84.7 
Hydrogen (amf) 5.9 
Qxvgen (amf) 5.1 
Nitrogen (amf) 1.6 
Sulphur (amf) 2.7 
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The sulphur content of the coal yields SOz levels of ab out 1500 p pm in the fl u e gases 

without limestone. During the experiments limestorre was added to the bed 

corresponding to a Ca/S ratio of about 2, and the emission therefore was lower. 

2.3 Resnits 
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The results are presented tagether with those from earlier experiments which were run 

with a low sulphur coal (hereafter referred to as LS coal), and limestorre addition to 

the bed corresponding to a Ca/S ratio of l. 5. 

In Fig. 2 the SOz emissions as a function of eyelene outlet temperature are shown for 

cases where Oz = 5%. 
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Fig.2 SOz emissions vs eyelene outlet temperature. 
LS ~ low sulphur coal, HS ~ high sulphur coal. 

Limestorre added to the bed in all cases. 

Fuel injection resulting in a cyclone outJet temperature ofabout lOQOOC at a bed 

temperature of 890°C did not give a higher S02 emission than at a cyclone outlet 

temperature of about 850°C. When the bed temperature was raised to 9QQOC, giving 

cyclone outJet temperatures of l018-1027oc, the S~ emissions increased slightly 

from about 315 to about 350 ppm S02 (6% 02). This means that sulphur capture 

begins to be affected by reemission of S02. In the experiments with low sulphur coal, 



no SOz reemission was recorded at eyelene outlet temperatures up to 970°C. Since 

the reemission should be more obvious at low SOz levels (Lyngfelt and Ledmer 

1993), this supports that the temperature limit for SOz reemission under the present 

conditions is in the vicinity of lOOooc. 

The same phenomenon was verified in a case when operating at Oz = 2% and a bed 

temperature of8900C. This is shown in Fig, 3. 
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Fig.3. SOz emissions vs eyelene outlet temperature. 
LS ~ low sulphur coal, HS ~ high sulphur coal. 

Limestorre added in all cases. 

In this case the effect is evident at a eyelene outlet temperature of9690C, Le. lower 

than in the cases with Oz = 5%. Although only one experiment was run atthese 

conditions with the high sulphur coal, the lower temperature limit is verified in the 

experiments with low sulphur coal. In this case a cyclone outJet temperature of95QOC 

in the 02 = 2% case gives a slightly increased so2 emission, while in the 02 = 5% 

ca se a cyclone outlet temperature of 97QOC does not cause the same effect. 

2.4 Discussion 

The experiments showed that under normal operating conditions, i. e. bed temperature 

of 850-89QOC and injection fuel ratios below 18%, there is no negative impact from 
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the temperature rise in the cyclone on sulphur capture. However, it can be stated that 

there seems to be an upper lirnit to how much injection fuel could be used without the 

sulphur capture being affected. The present experiments indicate that the eyelene 

outlet temperature should not exceed =950°C when operating at Oz = 2% or 

=l 000°C w hen operating at Oz :;;;;: 5% respectively. 

7 

In practice however, this limit seems to have little importance, since NzO reduction 

ratios of 80% and above are achieved at eyelene outlet temperatures below the SOz 

reemission limit. This can be seen from Figs. 4 and 5, where NzO emissions are shown 

as a function of eyelene outlet temperature for the same experiments as in Figs. 2 

and3. 
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Fig. 4 NzO emissions vs eyelene outlet temperature. 
LS = low sulphur coal, HS = high sulphur coal. 

Limestone added in all cases. 
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Fig. 5 NzO emissions vs eyelene outlet temperature. 
LS = low sulphur coal, HS = high sulphur coal. 

Limestene added in all cases. 

It shall also be noted that the SOz reemission was only observed in cases with bed 

temperatures of 890 or 900°C. Whether the limits in cyclone outlet temperature are 

the same at a bed temperature of 85QOC as in the 890/9000C cases could not be 

established du e to limited capacity of the gas injection system. 

2.5 Conclusions 

The following conclusions can be made from the experiments: 

l. Under normal operating conditions the sulphur capture is unaffected from 

afterburning at injection fuel rarlos below 18%. 

2. There is an upper linrit in eyelene outlet temperature where the SOz emission 

begins to increase. This limit is about lOQQOC at 5% Oz and about 950°C at 2% 

Oz. 

3. The existence of the upper limit is not a serious drawback to fuel injection, since 

NzO reduction ratios of 80-95% are achieved at temperatures below the limit for 

SOz reemission. 

8 



4. It was not possible to assess whether the limit in the eyelene outlet temperature is 

independent ofbed temperature or not. 

3. CALCULATIONS- THE INFLUENCE OF PARTICLES ON N20 

REDUCTION 

9 

Earl i er calculations with a chemica1 kinetic mod el including C 1 and C z chemistry as 

weil as nitrogen chemistry indicated that NzO reduction ratios exceeding 90% should 

be possible at IFR = 1 O% with methane as injection fuel (Leckner and Gustavsson 

1992). In full-seale experiments, the N z O reduction ratios were limited to 50-60% at 

injection fuel ratios of:::::l2% (Leck:ner and Gustavsson 1991). In further experiments 

the relation between injection fuel ratio and NzO reduction ratio in practice was 

veri:fied (Gustavsson and Ledener 1992). It was found necessary to investigate the 

cause of the significant difference, in order to assess the NzO reduction potential of the 

fuel injection technology. 

Overprediction by the kinetic model of the NzO destruction efficiency in the eyelene 

can be attributed to several factors, including 

• mixing effects 

• effects of particles 

• inadequacies in the reaction mechanism 

Part of the discrepancy observed by Ledmer and Gustavsson (1992) can be explained 

by mixing effects. In the calculations, the cyclone was approximated by a mixed-flow 

reactor. Even though measurements indicated that gas concentrations were relatively 

hqmogeneous across the cyclone, fluid dyrrarnies and mixing would be expected to 

have some irnpact on the chemistry, limiting the NzO reduction efficiency. Assessment 

of the extent of the mixing effects is difficult, however, and is outside the scope of the 

present work. 

The presence of particles in the eyelene could concievably influence NzO reduction by 

quenching radicals. Even though the partide concentration in the cyclone of the CFB is 

lower than in the riser section, it may still be high enough for heterogeneous processes 

to have an impact. Heterogeneous removal of radieals have been shown to have a 

significant impact on the gas phase chemistry under conditions with high partide 

toadings and slow chemistry (Peck et al. 1991 ). 
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Finally, inadequades in the kinetic rnadel mayhave contributed to the discrepancy. In 

the present work, the reaction mechanism has been updated. Specifically, the N z O 

reaction subset has been revised according to recent experimental results (Glarborg et 

al. 1993). 

3.1 Numerical procedure 

Perfectly stirred reaeter (PSR) calculations were perfonned using the CHEMKIN 

software (Kee et al. 1989, Glarborg et al. 1986) and the thermodynamic data were 

taken from the Sandia Thermodynamic Database (Kee et al. 1987) supplemented with 

other sources (Dagaut et al. 1992). To describe the detailed combustion chemistry a 

chemical kinetic medel was employed. The rnadel consists of a C1/Cz/C3-hydrocarbon 

oxidation mechanism and a mechanism describing the nitrogen chemistry, including 

hydraearbon/nitrogen interactions. 

The hydraearbon oxidation mechanism was adopted from the work ofDagaut and 

coworkers (Dagaut et al. 1992, Dagaut et al., 1991 a, b, c), who have developed a 

kinetic model for C1-C3 hydrocarbons. Their mechanism has been tested against a 

wide range of experimental data for oxidation ofCJ4, C2H4, C2H6 and C3Hg. To 

this mechanism a number of CH and C reactions was ad d ed in order to obtain a 

complete subset deselibing the CHi radical chemistry. The rate eonstants forthese 

reactions were taken from Kilpirren et al. (1992). 

The nitrogen chemistry and the subset for hydrocarbonlnitrogen interactions were 

adopted from the review ofMiller and Bowman (1989), except for a few modifications 

as noted in Kilpirren et al. (1992) and Glarborg et al. (1992). 

The N20 reaction subset was taken from Glarborg et al. (1993). N20 is destroyed by 

thermal dissociation 

N20+M-:_N2 +0+M (R!) 

or by reaction with radieals 

N20+H ;:': N2 +OH (R2) 

N20+H ;:': NH +NO (-R3) 
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(R4) 

N20+0;:: NO+NO (R5) 

N20+0H;:: N z +H02 (R6) 

The rate eonstant for N z O dissociation (R l) is fair ly weil established for the important 

collision parmers (Nz, HzO, Oz, COz) in the present temperaturerange (Glarborg et 

al. 1993). The NzO +H reaction is weil established over a large temperaturerange 

(Marshall et al. 1987) while only high temperature results are avallable for the 

NzO +O reaction. The relative importance of (R4) and (R5) was recently re-evaluated 

by Davidson et al. (1991). Their results indicate a significantly lower activation energy 

for reaction (R4) than previously estimated, making the product channel to N z+ Oz 

darninating at moderate temperatures. 

The most important moclification in the NzO subset cancerns the NzO +OH reaction 

(R6) for which a very slow rate, k,;= 2 •1012exp(-20000KIT) cm'mote·ls·1 now is 

used. Theoretical work (Miller et al. 1993) indicates that the barrler height for this 

reaction is approximately 40 kcal/mole, and recent experimental results (Glarborg et al. 

1993) confinn that the re action is negligible in the present temperature r ange . 

. Compared to the estimated rate eonstant used in previously modeling, 2• l 01Zexp 

( -SOOOK!T) cmlmote-1 s-1 the present value is mo re than four orders of magnirude 

slower in the present temperature range. 

The collision rates between particles and H, O, OH, and HOz were calculated from a 

kinetic theory. The collision frequency , Z k, for collision between the k'th species and 

the particles is z= v k npar <J, where v k= .J 3RT l M" is the average speed of species k, 

~ar is the partide number density, and cr.::.1tr;,.r is the collision cross section. 

Table 3 shows the coal partide size distribution, measured in the secondary cyclone 

and at the bag filter. The partide sizes and the size distribution in the cyclone are 

represented by a weighted average of these measurements. 
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Table 3. Particle-size distribution in the secondary eyelene and in the bag filter. 
Mass flow from secondazy eyelene 78% of total mass flow; from bag 
filter 22% of total mass flow. 

Partide Fraction Fraction Average Average Particle conc. 
diameter, from from fraction,% partide 4/3 rp 

um cyclone,% filter,% radius, um "'fiuarO' 

o- 4.8 2.3 19.3 6.1 1.2 180/T 

4.8-7.2 7.9 27.6 12.3 3 145/T 

7.2- 10.8 11.0 28.0 14.8 4.5 117/T 

10.8- 16.6 16.0 23.2 17.6 6.85 91/T 

16.6-25-2 17.8 1.7 14.2 10.45 48/T 

25.2- 38.7 17.5 0.2 13.7 16.0 30/T 

38.7- 49 5.5 - 4.3 21.9 7/T 

49-56 2.6 - 2.0 26.3 3/T 

>56 19.4 - 15.1 38.7 14/T 

The heterogeneons removal rate for the radieals are kr e m = z q, where q is the collision 

efficiency. The re are two pathways for radical conswnption on the surface: l) hetero

geneons reaction with earbon on the partide surface, and 2) recombination on the 

partide surface. The total collision efficiency is the sum of the reaction prohability and 

the recombination prohability. 

Peck et al. (1991) estimated that the combined reaction and recombination prohability 

for radieals on char particles are high, close to the collision frequency. Following Peck 

et al. we use the following removal efficiencies: q0 = 0.5,q8 = q08 = q80 = 0.3. 
' 

Calculations were performed for cases with 02 = 4.8, 4.0, 3,3 and 2,6% (wet gases) 

and for temperatures in the interval 800 - 11 00°C. In the standard c ase the partide 

concentration was taken to be 9 g/mn3 as calculated from the sum of partide flows 

from the secondary cyclone and the baghouse filter. In order to study the relative 

influence calculations were als o perfonned for particle concentrations of O, 2, 5 and 

l O times the reference concentration. In the calculations inlet concentrations of N z O, 

NO an CO were taken as 150, 80 and 90 ppm respectively, reflecting measured valnes 

without fuel injection at 5% 02 and a bed temperature of 850°C. The C3Hg 

concentration was taken as 0.5%, corresponding to an LPG injection fuel ratio of 17%. 
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3.2 Results and discussion 

hl Fig.6, NzO concentrations in the PSR exit are plotted as a function of temperature. 

V alues both without particles present and with a partide concentration of 9 g/m0 3 are 

shown. 

s 
Q. 
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Q.100 
• o .. z 
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\ 
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Gas teDnperature, ·c 

Fig.6 Calculated NzO concentrations in the PSR exit 
vs temperature. Inlet concentration: 150 ppm. 

The strong influence of temperature on NzO concentrations is clear, as verified by 

numerous investigations, both experimentally and through calculations (Åmand and 

Andersson 1989, Åmandet al. 1990, Leckner and Åmand 1992, Moritomi et al. 1991, 

Hiltunenet al. 1991, Shimizu et al. 1991, Kilpinen and Hupa 1991). 

Reaction path analysis of the calculations allow us to determine the important removal 

steps for NzO lUlder these conditions. The significance of the different NzO reactions 

depends to some extent on temperature and Oz concentratio n. However, under the 

range of conditions investigated, the N20 +H reaction (R2) is consistend y the main 

removal step for N20. (R2) is most important at low oxygen concentrations (where 

the H atom level is comparatively high) and at lower temperatures. As the temperature 

increases, the thermal dissociation of N20 becomes significant, and at high excess air 

ratioseven the fairly slow N20 +O reaction (R4, R5) contributes to the decay of 

N20. 
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The influence of particles is very small under le an conditions. At a concentration of 9 

g/mn3, partide quenching of radieals only increase the N20 levels by 3-5 ppm. This is 

not a significant amount campared to absolute levels of30-100 ppm in the 5% Oz 
case, dependent on temperature. The influence of particles earresponds to a 

temperature decrease of 10-lSOC, which is readily compensated for in a CFB 

combustor. 

However, as the oxygen concentration decreases, the impact of radical quenching on 

the particles becomes more pronounced. Due to the high diffusivity of H atoms, the 

removal rate for this radical is comparatively fast. Under lean conditions, hydrogen 

atom concentrations are small and H reacts primarily with Oz. At lower oxygen 

concentrations, H atoms become more importantas chain carrierand the 

heterogeneons removal of H has alarger impact on model predictions. Specifically, the 

removal of H atoms inhibits consumptionofN20 by H inreaction (R2). 

The updated reaction mechanism and particularly the changes made in the N20 

reaction subset compared to the previous mode l (Leckner and Gustavsson, 1991) have 

some consequences for the rnadel predictions. The most irnportant change is the use of 

a very slow rate for N20 + OH, as disenssed above. 
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Fig. 7 Comparison between medel predietians with 

fast and slow rate estimate for the reaction 

N20+0H;::: N02 +H02 
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Figure 7 shows comparison between model prediedons carried out with the old fast 

rate estimate and the new lower value for (R6). The largest difference between model 

predietians occur under lean conditions where the ratio between OH and H radieals is 

comparatively high. Under the se conditions the use of a high rate for (R6) decrease the 

prediered NzO concentration by 30-70%. As the Ozlevel decreases, the OH radical 

becomes less linportant as chain carrier. Thereby, the NzO +H reaction becomes the 

deminating NzO removal reaction, regardless of the rate used for (R6). 

In Fig.8, NzO levels areshownasa function of Oz concentrations. The earrelation 

between high excess-air ratio and high NzO levels are verified, as found by other 

investigators (Åmand and Andersson 1989, Åmandet al. 1990, Leckner and Åmand 

1992). 
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C.. tOO 
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o 

Fig.S Calculated NzO concentrations in the PSR exit vs 
oxygen content. Inlet concentration: 150 ppm. 

To futther illicit the influence of particles under lean conditions, Fig.9, shows NzO 

levels in the PSR exit as a function of partide concentration in the 5% 02 case. 

The N20 concentration slowly increases with increasing partide concentrations, but 

the influence is quite small. Even at a partide concentration of five times the measured 

valne, the increase in N20 concentration is only 10- 15 ppm. The in:fluence seems to 

be a little stronger at low temperatures than at high, but the order of magnitude is still 

the same. 
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Fig.9 Calculated NzO concentrations in the PSR exit vs 
partide concentration. Inlet concentration: 150 ppm. 
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Accordin.g to the present calculations both partide effects and inadequacies in the NzO 

subset of the reaction mechanism may have contributed to the difference between 

earlier calculations and experimental result&. Furthennore, the earlier calculations were 

performed with a kinetic scheme mainly including C1 and Cz chernistry in addition to 

nitrogen chemistry. Correspondingly, methane (CH4) was taken as the injection fuel in 

these calculations, while LPG (propane) mostly was used in the experiments. In the 

present calculations, the mode! includes C3 chemistry, and simulation of LPG injection 

is therefore possible. Considering these improvements it is therefore interesting to 

campare data from full-seale experiments with calculation results. Fig.lO shows such a 

comparison, where results from experiments with injection fuel ratios of about 16-18% 

are included, roughly corresponding to the case used in the calculations. 

In Fig.lO the calculated results have been transformed toppmin drygases at 6%, in 

order to be comparable to measured valnes. The comparison is made for cases where 

the Oz content is about 5%, since the PSR inlet NzO concentration of 150 ppm 

reflects this experimental case. The agreement between calculated and measured N20 

values is good, hearing in mind that small deviations in experimental conditions, e.g. 

bed temperature, may influence recorded N20 levels. Though the number of 

experimental data is limited, this strongly suppotts the relevance of the chemical kinetic 

model which has been used. This is especially clear when camparing to earlier 

calculations where differences against experimental data were much greater. The 

reason for this is, as discussed below, the revised kinetic data for NzO destruction 

reactions which has been included in the present kinetic model. 
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It is also interesting to look at what the medel prediets about NO levels. In Fig.ll 

calculated NO emissions are shown as a function of Oz concentration in PSR inlet. 
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Fig. 11 Calculated NO concentrations in 
the PSR exit vs. oxygen content. 

Inlet concentrations: 80 ppm. 
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The lower the excess-air ratio, the lower NO emissions are calculated for the gas 

injection. This is especially clear in the cases of Oz "=' 2.6% and temperatures about 

900-1 000°C. At this O z con tent, the combustion of LPG is nearly stoichiometric and 

effects close to reburning are calculated even at these low temperatures. 

Fonnation and destruction of NO in the eyelene results from a complex competition 

between various formation and destruction paths, particularly at low Oz 

concentrations. NO is destroyed by hydrocarbon radicals, primarily HCCO, and 

converted rnaini y to hydrogen cyanide, HCN. HCN can subsequently be converted to 

Nz or oxidized back to NO. Under low excess air condirlons some HCN (5-lOppm) is 

emitted from the cyclone, according to our calculations. It must be emphasized that 

this interaction between NO and the propane oxidation chemistry, which takes place at 

low Ozlevels, is not weil understoodat these temperatures, and the model predietians 

can only serve as rough estimates. 

NO can also be fonned from NzO, mainly bythereaction 

NzO+H-:.NH+NO (-R3) 

Under low excess air conditions, (-R3) is an important source of NO, partly 

counterbalancing the destruction of NO by hydraearbon radicals. 

The impact of particles on the model predietians of NO is shown in Fig. 12. Under 

high excess air conditions, radical quenching by particles has a negligible effect on the 

NO concentrations. However, as for NzO, the predicted impact of particles increase as 

the Ozlevel decrease. At low oxygen concentrations the presence of particles 

potentially improves the NO reduction that can be obtained in the cyclone. The effect 

can partly be attributed to the diminished importance of (-R3) as source of NOwhen H 

atoms are removed by the particles. 

In Fig.l3, calculated NO levels in the cases where Oz = 4.8 resp 2.6% are shown as a 

function of temperature. For comparison, experimental values from cases where Oz = 
5% are included, since the PSR inlet NO concentration of 80 ppm reflects these cases. 

As for NzO calculations, the agreement between calculated and measured values is 

good. Also in terms of NO levels, the chemical kinetic medel is therefore supported by 

experimental data. 
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3.3 Conclusions 

The following conclusions can be made from the calculations: 

l. At a partide concentration of 9 g/m0 3, reflecting normal CFB operation, partide 

quenching of radieals only increase the NzO levels by a few ppm's. This means that 

partide quenching of radieals is of minor importance at normal operating 

conditions. At near-stoichiometric conditions, the influence is more pronounced. 

2. The influence of particles on NO concentration is also small at lean conditions. At 

lo w oxygen contents, the presence of parides potentially improves the NO 

reduction that can be obtained in the cyclone. 

3. The influence of partide quenching of radieals is slightly dependent on partide 

concentration. The dependence is however small, only eausing 10-15 ppm higher 

NzO levels at a concentration of 45 g/m0 3 than without particles. 

4. The agreement between experimental and calculated N20 valnes is good in 

contrast to earlier calculations. This is due mainly to the inclusion of new kinetic 

data for the N20 +OH reaction. 
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