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ABSTRACT 

To meet the stringent requirements of State and Federal regulations on 
the emissions of sulfur oxides from coal combustion facilities, the 
sulfur content of Illinois basin coals must be reduced considerably 
before the coal can be utilized. Many processes that claim to remove 
both pyritic and organic sulfur generally operate at relatively severe 
conditions, which destroys a fraction of the more desirable coal 
material. Ultrasound has been shown to increase the rates of some 
chemical reactions by many orders of magnitude at conditions much less 
severe than if the process were conducted without ultrasound. The 
overall objective of the work was to determine the efficacy of 
ultrasound for promoting chemical reactions that remove sulfu~ from coal 
in liquid phase at relatively mild conditions. 

Two model compounds (dibenzyl sulfide [DBS] and dibenzothiophene [DBT]) 
impregnated on a carbon substrate and the IBC-l01 coal from the Illinois 
Basin Coal Sample Program were used in this study. A number of agents, 
oxidizing chemicals and hydroperoxide precursors, were employed to react 
with sulfur species in a variety of liquid-phase media. Most of the 
desulfurization tests were conducted in a low-intensity ultrasonic bath 
unit and a pressurized bench-scale high-intensity ultrasonic unit. 

The results of tests with model coals showed that DBS can be oxidized to 
its oxides more readily than DBT. As much as 70% of the DBS and 9% of 
the DBT can be converted to their oxides at 75°C. Of the reagents 
tested, hydrogen peroxide (H202) and tert-butyl hydroperoxide (TBPO) in 
acetic acid (HOAc) solution with MO(CO)6 catalyst were the most 
effective for oxidation of DBS and DBT. 

Two most promising aqueous reagent systems for coal desulfurization were 
identified. They are H202/HOAC and TBPO/NaOH. An ultrasonic reactor 
run under 100 psig air pressure resulted in a reduction of 92% pyrite 
sulfur, 12% organic sulfur and 33% total sulfur. Hydroperoxide 
precursors as non-aqueous solvents, such as tetralin, with ultrasound 
under 100-200 psig oxygen pressure also convert a large amount of pyrite 
and remove a small amount of organic sulfur. 

Ultrasound apparently promotes desulfurization reactions through its 
kinetic effect of transporting oxidants onto the sulfur sites of the 
sample, although no specific sonochemical mechanisms are identified. A 
40% to 50% incre,ase in the rate of DBT conversion was observed. 
Potential ultrasonic desulfurization schemes were selected for future 
studies. The developed processes provide effective means for partial 
sulfur removal with only a slight alteration in the coal properties. 

(This project is funded by the Illinois Department of Energy and Natural 
Resources as part of its cost-shared program with the U. S. Department of 
Energy. ) 
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