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Description

Oxides of nitrogen (NO,) form in pulverized coal boilers in two general ways: the
combustion of volatiles and the combustion of char. Current combustion control
technologies, such as low-NOx burners and staged combustion, minimize NO,
formed from volatiles combustion, but have limited influence on char-derived
NO,. Little is known about minimizing NO, that forms from char combustion
downstream of the main combustion zone. A competing mix of homogeneous and
heterogeneous chemical reactions occurs, some of which consume NO, which has
complicated previous efforts to understand the relevant chemical steps. Furthermore,
most previous laboratory investigations have explored char-NO, formation under
fluidized-bed conditions with large particles, low heating rates, and low temperatures
relative to pulverized coal combustion conditions.
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Accomplishments

An effective technique was developed for generating high-quality pulverized coal
char using the MFC and a large cyclone collector. The char was shown to have the
same combustion rate in the CCL as char generated in situ from direct injection of
coal particles into the CCL. Experiments co-fed solid potassium bromide (KBr)
and solid sodium carbonate (Na,CO;) with coal and char particles to scavenge
gas-phase radicals. Both agents were found to inhibit CO oxidation, and to affect
the NO production, but the use of KBr introduced a liquid coating on the reacting
char particles, and the inhibition chemistry of Na,CO; is not well established.
Consequently, gas-phase hydrobromic acid (HBr) was adopted as the best available
scavenging radical. Experiments with the addition of HBr showed the inhibition of
CO oxidation without affecting char oxidation, or the rate of NO reduction on
the char. The addition of HBr increased NO concentrations during char oxidation at
lower temperatures (900 °C) and decreased NO concentrations at higher temperatures
(1,300 °C). Preliminary modeling results suggest that the reburn of NO in the
reacting char boundary layer (via an H atom route) may be important at lower

temperatures.
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Measured profiles of NO in the MFC as a function of residence time after char injection,
with and without the addition of 920 ppm HBr for 900 °C and 1,300 °C.
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