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ABSTRACT 

Combined combustion of coal and natural gas offers advantages compared to burning coal 
or natural gas alone. For example, low volatile coals (or chars) derived from treatment or 
gasification processes can be of limited use due to their poor flammability characteristics. 
However, the use of natural gas in conjunction with the solid fuel can provide the 
necessary "volatiles" to enhance the combustion. Also, natural gas provides a clean 
cofiring fuel source which can enhance the usefulness of coals with high sulfur content. 
Addition of natural gas may reduce SOx emissions through increased sulfur retention in the 
ash and reduce NOx emissions by varying local stoichiometry and temperature levels. This 
research program addresses the contributions and the mechanisms of cofrring natural gas 
with Illinois coal through studies of particle ignition, burning rates and ash characterization. 

A Drop Tube Furnace Facility (DTFF) is used which allows detailed measurements of coal 
particle combustion under well-controlled conditions. The DTFF can simulate conditions 
existing locally in an actual combustor. Operating characteristics include the use of 
particles in the 50 to 200 micron size range, particle heating rates greater than 104 K/sec, 
gas temperatures from 1200 to 1700 K, variable gas composition and particle residence 
times from 5 msec to 1 sec. The combustion characteristics of single coal particles are 
determined through a novel set of diagnostic techniques including simultaneous 
measurements of. particle morphology, temperature and velocity. Imaging of particle shape 
enables the determination of particle surface area and, therefore, a more accurate 
quantification of particle burning rate. In addition collection and analysis of solid samples 
provide data on sulfur retention and carbon burnout. 

Addition of natural gas is shown to enhance the ignition of low volatile coals (or chars) so 
that the ignition quality (as measured by ignition delay) of these fuels is equivalent or better 
than conventional coals. The ignition results are readily explained with a thennal model 
which properly predicts the ignition enhancement by natural gas. In simple tenns the 
model states that the energy released by the combustion of natural gas provides energy to 
the coal particles which raises their temperatures to the ignition point more rapidly. 

Particle temperature and imaging measurements (for surface area determination) are used to 
calculate particle burning rates. The results indicate that natural gas addition has little effect 
on particle burning rate as long as oxygen concentration is held constant. This is due to the 
fact that the methane is consumed well before the char combustion process begins. 

Measurements of sulfur retention in the ash indicate that natural gas addition can increase 
sulfur retention in the ash (and thereby reduce SOx emissions) under some conditions. 
Increased sulfur retention with methane addition is evident for coals with predominantly 
organic sulfur but not for coals with predominantly pyritic sulfur. No correlation of 
methane enhanced sulfur retention with alkali content of the coal was observed. 

This project is funded by the U. S. Department of Energy (PETe) and by the 
Illinois Department of Energy and Natural Resources as part of their cost
shared programs. 
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