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1. Abstract

During oxy-firing a significant volume of flue gas must be recycled in order to maint ain similar heat fl ux and 

fl ame temperatures to air fi red combustion.  The recycled flue gas may be withdrawn from the effluent before or 
after particulate removal, and before or after sulfur dioxide removal.  Furthermore, even with particulate removal 

using electrostatic precipitation may still allow a large fraction of ultra-fine particles to re-enter the combustion 
chamber, and these might well have significant effects on the size segregated composition of the ash airborne 

aerosol. The objective of this research was to determine how the composition of the recycled flue gas influenced the 
ash aerosol chemistry during oxycoal combustion.  To this end our existing 100kW (nominal) oxy-coal combustor 

described in previous papers, was modified in the following manner:

1. An oversized high volume, high temperature, and low pressure recirculation blower with its own (internal) 
recycle loop allowed dirty particle laden flue gas to be reintroduced into the combustion chamber. 

2. A second high pressure blower, also with its own recycle loop, that could not tolerate particle laden gas, 

was utilized to overcome the higher pressure drop of a bag house, condenser, and/or the SO2 scrubber.

3. The particle free flue gas from the bag house might be passed through a condenser to remove the water of 
combustion, or through an SO2 scrubber to reduce water vapor and SO2 before being reintroduced into the 

furnace.

The ash aerosol chemistry was determined for three coals under oxy-fi ring with flue gas recycle. They were a) 
Utah low sulfur bituminous, b) PRB sub-bituminous, and c) Illinois high sulfur bituminous coal.  This allowed for a 

wide range of coal types as well as representation of two highly utilized coals in the US, the PRB and Illinois.  Each 
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coal was tested with all contaminants present in the flue gas, and then again with a key component removed from 

the flue gas.  
A 32% +/- 2% oxygen fi ring rate was examined.  This closely matches the calculated adiabatic fl ame 

temperatures for air firing and is similar to most literature studies for ease of comparison. The special two blower 
FGR configuration allowed the following 6 conditions to be examined:

1. Utah coal without any contamination removal.

2. Utah coal with particle removal utilizing the bag house.
3. PRB coal without any contamination removal.

4. PRB coal with moisture and particle removal from recycled the flue gas.
5. Illinois coal without any contamination removal.

6. Illinois coal with SO2, moisture, and particle removal from the recycled flue gas.

Results are presented for size segregated aerosol composition as collected using an isokinetic dilution probe 
followed by a Berner Low Pressure Impactor. Ash aerosol size distribution was also measured by scanning mobility 

particle sizer (SMPS) for ultrafine particles and aerosol particle sizer (APS) for the coarser mode up to 10 μm.
At the date of submittal of this abstract, all the experiments above have been completed and samples have been 

collected and await chemical analysis.  SMPS and APS data await final analysis.  The final presentation will present 
these data and compare each run to each other and also to results from previous work for once through CO2 instead 

of actual flue gas addition.


