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ABSTRACT 

By definition, the organic sulfur present in coal consists of sulfur 
atoms that are chemically bonded to carbon atoms. Therefore, chemical 
reactions that result in carbon-sulfur bond cleavage are an essential 
aspect of any protocol designed to remove organic sulfur from coal. 
Unfortunately, several classes of reactions that lead to carbon-sulfur 
bond cleavage are not well understood. Planned in this project "New 
Strategies for Breaking Carbon-Sulfur Bonds in Coal" are reactions in 
which organic free radicals and/or organic anions are allowed to react 
with physically cleaned Illinois coal, and sulfur-containing coal model 
compounds. In these reactions, parameters such as solvent and 
temperature will be varied in an attempt to maximize the degree of 
carbon-sulfur (C-S) bond cleavage. Also planned are determinations of 
the strengths of various carbon-sulfur (and other) bonds in coal model 
compounds and radical ions derived from coal model compounds. 

Summarized in this final report are summaries of our examinations, 
conducted during the past 12 months, of the following topics: 
-the reactions of organic radicals with benzyl phenyl sulfide (BPS) and 

diphenyl sulfide (hereafter referred to as phenylsulfide, PS) 
-the reactions of BPS and PS with NaOH, under various conditions 
-the reactions of BPS and PS with tin and nickel containing compounds 
-the reactions of BPS and PS with hydroperoxide 
·C-S, S-H, C-O, S-S, and C-H bond strength determinations in coal model 

compounds and compounds present in coal-derived liquids 

Results from these studies indicate that BPS, when allowed to react with 
selected oxygen- and nitrogen-centered free radicals at temperatures 
ranging from 180 0 C to 400 oC, in various solvents, undergoes substantial 
degradation. Some C-S bond cleavage, along with a sulfur-like odor, 
appears to result when BPS was allowed to react with the galvinoxyl free 
radical, at temperatures as low as 200 oC. Results from these studies 
indicate that PS is completely unreactive toward caustic and 
hydroperoxide at temperatures < 200 oC; BPS at times shows some 
degradation, when allowed to react with caustic at various temperatures 
(in various solvents). We have also embarked on a program that aims to 
quantify the reactivities of aromatic and aliphatic C-S bonds toward tin 
and nickel containing compounds. 

Results from these studies also have provided new facts concerning the 
strengths of C-S, S-S, S-H,C-O, and C-H bonds present in coal and coal 
model compounds. Hydrogen atom transfer reactions appear to play little 
or no role in the initial reactions of incipi~nt radical anions derived 
from coal model compounds. The BDE data that have resulted from these 
studies are the first of their kind. 

Five manuscripts and eight papers and presentations have resulted (in 
part) from the past year's CRSC support. 

9ICCITime
Typewritten Text
ICCI Project Number: 89/1.2A-4


























