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United States NO, Regulation History
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Figure 2. Overview of Combustion NO,

Applications
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NO, formation and destruction
mechanisms
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Prior work

« Mpyerson, Taylor and Faunce “Ignition limits and products of the
multistage flames of propane-nitrogen dioxide mixtures” Sixth
Symposium (International) on Combustion, The Combustion Institute,
Pittsburgh, PA p154 (1957)

— Showed that NO reacts with hydrocarbons via free radical
reactions and is thereby destroyed.

 Reed, R.D. “Process for the disposal of nitrogen dioxide”, John
Zink Company, U.S. Patent 1,274,637 (1969)

— Led to the John Zink Thermal Oxidizer (for nitric acid waste
gases, NO,)
« Separate, external, unit for incinerating NO,,

» Could be operated in the “decolorizing mode” (forming
NO) or “oxidizing (actually, total reduction) mode”
(forming N,).
* Reburning

— In-situ, post-flame, incineration of pollutants formed in the
primary zone. The flue gas is “burned again”.



REDUCTION OF SULFUR TRIOXIDE AND NITROGEN OXIDES
BY SECONDARY FUEL INJECTION
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Reburning for SO, destruction.




SO, reduction by reburning
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Why no reburning patents?

“There is no money in pollution control”.

“This company is not in the business of making
burners”.

Therefore, publication in the open literature was
allowed.
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NO reduction by reburning: effect of
primary NO level
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Application of reburning for lower NOx in practical
coal burners (IFRF)
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NO Reduction, %

Fuel lean reburning

(Miller, Touti, Becker and Wendt, Proc. Combust Inst, 27, 3189,1998)
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Conclusions

Reburning (i.e. in-furnace NO reduction) was conceived
through fundamental research 1969-1972

Was vigorously pursued by MHI 1970’s on.
Picked up by EPA and DOE 1980’s

Mechanisms, new applications of reburning developed 1980’s-
1990’s

Advanced to field demonstrations in US 1980’s on
Field applications in Europe 1990’s
Field applications in US (Clean Coal) 1990’s to present.
Future 2004 on
— Promising?
— Uncertain?
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