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ABSTRACT 

The goal of the first year's work of this project was to 
characterize the evolution of gaseous sulfur and chlorine species during 
coal pyrolysis and combustion. Two techniques were developed to 
identify the gaseous species and to determine gas evolution profiles: 
(1) temperature-programmed heating and gas-combustion in conjunction 
with a quadrupole gas analyzer (QGA), and (2) thermogravimetry in 
combination with Fourier transform infrared analysis (TG-FTIR). 

Using the pyrolysis-QGA system, samples of coal were heated from 
ambient temperature to 800°C at a rate of 20°C/min in the pyrolysis 
chamber under a nitrogen atmosphere; The volatile products were carried 
with the nitrogen flow to the combustion chamber which was maintained at 
850°C under a constant flow of oxygen. For Illinois coals (I8C-I0l, -
103, and -109), HCl was the only chlorine species identified by the QGA. 
The HCl release profiles for the coals showed a broad peak between 
250°C and 600°C with a maximum at 445°C. Neutron activation analysis 
of pyrolysis residues showed that 98 percent of the chlorine in raw coal 
was volatilized. Thus, it may be inferred that the chlorine in Illinois 
coals is released rapidly as HC1, not as sodium chloride (NaCl), during 
combustion in a utility/industrial boiler. In contrast to chlorine, the 
sulfur release profile for IBC-I09 showed three peaks: the first sulfur 
peak at about 350°C was probably derived from elemental sulfur, the 
main peak at 475°C corresponded to the release of organic sulfur, and 
the third peak at 600°C resulted from the decomposition of pyrite. The 
low-temperature peak was absent for fresh samples. Sulfur dioxide (S02) 
was the major sulfur species in combustion gases under an oxidizing 
condition; additional gaseous sulfur species (COS and H2S) were observed 
when the atmosphere was changed to a reducing condition. 

The TG-FTIR and TG-IC techniques were used to characterize 
gaseous species that were evolved during pyrolysis and combustion of 
Illinois coals. Gas evolution profiles of sulfur (H2S, S02' and COS), 
chlorine (HC1), and nitrogen (NH3 and HCN) species were determined. COS 
may be formed by the reactions of CO and CO2 with H2S in the gas phase 
and by the reaction of CO with pyrite. 
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