
I. --;. 

) 

-1-

FINAL TECHNICAL REPORT 
September 1, 1986 through August 31, 1987 

Project Title: Carbon Monoxide/Ethanol Desulfurization of Illinois High 
Sul fur Coal 

Project Coordinator: 
Other Investigators: 

Randall E. Hughes, ISGS 
Richard H. Shiley, ISGS 
Robin L. Warren, ISGS 
Kristi K. Brewer, ISGS 
Lawrence Wu, ISGS 
John R. Webster, Consultant 

ABSTRACT 

ICCI 
LIBR,4RY 

Recent experiments have been designed to refine estimates of material 
balance, revise forms-of-sulfur calculations, determine the reactions 
between reactor metals and reagents, and improve optimization of steps 1 
and 2. High-volatile chars containing 0.05 to 0.2 percent organic 
sulfur have been produced. These sulfur percentages meet all federal 
emission regulations. 

This contract year produced several significant results: 1) experiments 
with modern carbon-14-ethanol have shown that the worst-case loss of 
alcohol to coal at 400°C would be about $10 per ton, and later tests 
with carbon-12/carbon-13 show no loss at 400°, 475°, and 550°C; 2) use 
of 95 percent ethanol may cut alcohol costs in half and increase 
efficiency of step 2; 3) new chemical analyses and a complete recal­
culation of sulfur mass balances have confirmed that earlier estimates 
were correct--average predicted troilite in products = 1.41 percent S 
and extracted troilite = 1.42 percent S; 4) additions of iron sulfate to 
the coal have proven that, when these minerals are formed by oxidation 
of coal, CO/ethanol converts them rapidly to troilite; 5) all experiments 
and a recent DOE patent suggest that high levels of recovery of carbonyl 
sulfide and acetaldehyde are feasible; 6) experiments show that last 
year's TGA-based mass balances were correct; 7) major effort was also 
required for the Interim Final Report and for updated sulfur mass-
balance studies; 8) oldhamite (CaS) plays a significant role in the 
sulfur mass balance for certain samples; 9) several experiments are cur­
rently being run to determine ethanol losses to· coal and reactor parts 
and to capture gaseous products, although leaky reactors are a major 
problem; 10) reagent/reactor interactions have been shown to cause 2-4 
percent breakdown of ethanol to mainly acetaldehyde with minor methanol 
and acetone; 11) unfunded research at SIU-C and efforts funded by the 
Illinois Corn Marketing Board have shown further promise of ethanol/carbon 
monoxide mixtures, and magnetic removal of spent catalyts. 

Proposed research is designed to optimize the process, test the feasi­
bility of microwave-assist catalysis, control formation of CaS, examine 
"prep plant"- and aggregate flotation coals, and investigate new cataly-
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soon begin which will provide a continuous-flow reactor for future J research and development. 

Page 26 contains proprietary information. 
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