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INTRODUCTION 

This paper deals with initial findings from the ongoing, three-year DOE program that began 
on 02/01/ 1995. The program involves computer simulation studies to aid in planning and 
conducting a series of experiments that will extend our knowledge of reburning process. The 
objective of this work is to find nitric oxide reduction effectiveness for various reburning fuels and 
identify both homogeneous and heterogeneous reaction mechanisms characterizing NO reduction. 

MODELING 

Computer simulation studies were conducted using the updated version of CHEMKIN 11 
(1994) package, acquired from Sandia National Laboratories'. A reaction mechanism involving 
hydrocarbon and nitrogen containing species was prepared to study reb~rnin$~; this mechanism is 
being updated constantly using the most recent An adiabatic system with constant 
pressure was employed to. define the reactor for NO reburning with methane.. The input 
concentrations for various reburning stiochiometric ratios (SR2d.7 to 1 .OS) were calculated and 
supplied to the program. The CHEMK.IN package handled the chemical reaction mechanism and 
then allowed VODE6 to calculate the temperature and species concentrations at various residence 
times. The program SENKJN was also used to solve this initial value problem and was found to give 
identical results. 

A typical input concentration for SR2d.7 represents 15.9% CO,, 1.83% 0,, lo00 ppm NO, 
5.38% CH,, and 76.79% inert gas. Similarly SR2d.9 would represent the composition of flue gas 
as 16.45% CO,, 1.87% O,, 1000 ppm NO, 2.14% methane and 79.42% N,/He. With varying SR2 
conditions the program was run for three residence times (0.1 s, 0.2 s and 0.3 s) at the reactor 
temperature of 1373 K. Having obtained the optimum residence time as 0.2 s, the program was run 
for three temperatures (1273 K, 1373 K and 1473 K) keeping the residence time as 0.2 s. The 
concentrations of NO, and N,O were found to be negligible for all the cases. The three significant 
nitrogen containing species were NO, HCN and NH,. 

RESULTS AND DISCUSSION 

Figures 1 through 3 show the exit concentrations of NO, HCN and NH, respectively for the 
reactor temperature of 1373 K at varying residence times, i.e., 0.1 s, 0.2 s and 0.3 s. It can be 
observed that the greatest reduction of NO into mainly HCN and to some extent NH, occurs at the 
reburning stiochiometric ratio of 0.9. This reduction is very significant since NO concentration 
decreased to 46 ppm at S W . 9  for the reaction conditions of 1373 K and 0.2 s (see Figure 1). This 
phenomenon is consistent with what other researchers have observed in the past3. Both HCN and 
NH, show opposite trend with NO. 
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The NO reduction at 0.2 s residence time is considerably higher than at 0.1 s for 
stoichiometric ratios ranging from 0.7 to 0.9. However, there is no difference in NO reduction above 
SR2 value of 0.9. It can also be noticed that NO reduction is not much higher for the residence time 
of 0.3 s when compared with the reduction at 0.2 s. This difference is insignificant. Hence 0.2 s is 
chosen to be the optimum residence time for the reaction. Also, the residence time of 0.2 s is 
appropriate for experimental runs to account for non-idealities and to ensure that the equilibrium 
reaction for NO reduction goes close to completion. 
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Figure 1. Effect of residence timc on NO exit concentration in reburning by mcthanc 
(Input NO Concentration: loo0 ppm; Reactor Temperature: 1373 K) --p * 
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Figure 3. Effccl of rcridcncc time on NHJ cxit concentration in =burning by methane 
(Input NO Conantration: 1000 ppm; Reactor Tempcratun: 1373 K) 
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Figure 4. 
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Figure 6. Effect of readof temperature on NH, exit Eooecnualion m rebuming by 
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Figures 4 through 6 depict the exit concentrations of NO, HCN, and NH, respectively for a 
residence time of 0.2 s for varying reactor temperature. The three temperatures are 1273 K, 1373 
K and 1473 K. The trends are similar for all reactor temperatures. The greatest reduction of NO 
occurs at SR2a.95 for lower temperatures (1273 K) and at SR2a.9 for higher temperatures (1373 
K and 1473 K). The concentration of HCN increases with increase in reactor temperature for the 
range 0.7 to (0.85-0.9) while it does the opposite for SR2 of 0.9-0.95. Probably this would mean that 
there is a shift in the mechanism at SR2 value in the neighborhood of 0.85-0.95. At SR2 < 0.9 the 
HCN formation is more from NO (70-80%). But above SW of 0.9, the NO+HCN mechanism is 
affected and hence the NO concentration increases and HCN concentration decreases. Both HCN 
and NH, show similar trend with SR2, that is, as long as HCN formation is more, there is a 
corresponding increase in NH,. This would mean a fragmental portion of HCN is always converted 
to NH, by some reaction. Above SR2=0.9 the HCN formation decreases and so does ammonia. 
Therefore it can postulated that NO reduction goes through a series reaction as follows: 
NWHCN+NH,. These results will be verified experimentally upon establishing the bench facility 
in the next few months. 

SELECTED REFERENCES 

1. Kee, R.J., Rupley, F.M. and Miller, J.A., Chemkin- E A Fortran Chemical Kinetics Package for 
the Analysis of Gas Phase Chemical Kinetics, Sandia Report No. SAND 89-8009E3, April 1994. 
2. Kumpaty, S.K. and Subramaian, K., PETC Technical Progress Report- First Quarter 1995, 
USDOE Contract DE-FG22-95PC94254. 
3. Kilpinen, P., Glarborg, P. and Hupa, M., Reburning Chemistry: A Kinetic Modeling Study, Ind. 
Eng. Chem. Res., 1992, Vol. 31, pp. 1477-1490. 
4. Baulch, D.L. and etal., Summary Table of Evaluated Kinetic Data for Combustion Modeling: 
Supplement 1, Combustion and Flame, Vol. 98, 1994, pp. 59-79. 
5. Lindstedt, R.P., Lockwood, F.C. and Selim, M.A., Detailed Kinetic Modeling of Chemistry and 
Temperature Effects on Ammonia Oxidation, Combust. Sci. and Tech., Vol. 99, 1994, pp.253-276. 
6. Byrne, G.D. and Dean, A.M., The Numerical Solution of Some Kinetic Models with Vode and 
Chemkin H, Computers Chem., Vol. 17, 1993, pp. 297-302. 

ACKNOWLEDGEMENTS 

This work was made possible by the financial support of the U.S. Department of Energy 
under Contract No. DE-FG22-95PC94254. The authors wish to express appreciation to the Sandia 
National Laboraroties for technical guidance in the application of CHEMKIN. 


