
, ) 

Project Title: 

1 

FINAL TECHNICAL REPORT 
September 1, 1990 through August 31, 1991 

New Reagents for Coal Desulfurization 

Project Coordinator: Dr. David H. Buchanan 
Eastern Illinois University 

Other Investigators: Dr. Stanislaw Kalembasa, EIU 
Ms. Donna Olson, EIU 
Mr. Shan Wang, EIU 
Ms. Linda Warfel, EIU 

Project Monitor: Dr. Daniel D. Banerjee, CRSC 

ABSTRACT 

Screening of new reagents and reactions for pre-combustion desulfurization of 
Illinois coal was the goal of this project. In this exploratory study we examined modifica
tions of mild desulfurization reactions, found to work with model organosulfur com
pounds, to improve sulfur removal and reduce reagent cost. Reagent screening and 
development reactions utilized substituted thiophenes plus aryl and alkyl sulfides as the 
initial models for organic sulfur compounds in coal. Organosulfur compounds in solvent 
extracts of Illinois coals were used as second generation target compounds. 

Transition metal salts reduced with NaBH4 in aqueous ethanol converted dibenzo
thiophene to biphenyl in up to 31 % yield in two hours at 50°C. The most active salt was 
nickel chloride which produced the reagent refelTed to as 'nickel boride' in the literature. 
Thiophene was completely desulfurized by this reagent. However benzothiophene, 
benzyl sulfide and octyl sulfide were converted to hydrocarbons in lower amounts than 
was DBT. Nickel aluminum alloy reduced by NaOH in ethanol also desulfurized these 
compounds but in lower conversions and thiols as well as hydrocarbons were found in the . 
reaction mixtures. Both nickel based reagents desulfurized THF soluble fractions of me 
coals. In the best case, Ni/Al/NaOH in aqueous THF reduced the sulfur content of the 
THF extract from IBC-I 05 by 66%. Reactions of both nickel reagents with coal fractions 
were more effective in THF than in ethanol solvent. All data with both model com
pounds and coal fractions suggest that the active reagents were insoluble materials, 
probably hydrogen gas adsorbed on finely divided metallic nickel produced during the 
course of the reaction. 

Minerals found in Illinois coals were reduced with NaBHJn aqueous ethanol to reagents 
with a small amount of desulfurization activity toward uBT. The most active system 
was a heavily oxidized sink fraction from a sink/float separation of Illinois No.6 coal. Up 
to 13% of 2-phenylthiophenol and biphenyl were found when this material was the 
reagent source for DBT desulfurization. Minerals in THF insoluble residues of mc coals 
gave up to 2% desulfurization in a similar reaction. 

H-Fe(CO)4 produced from Fe(CO)5 by reaction with NaOH or NaBH4 in the presence of 
dibenzothiophene or benzothiophene produced small amounts of new compounds and left 
large amounts of unreacted starting material and gave no evidence of hydrocarbon 
products. 

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