
o 

Project Title: 

FINAL TECHNICAL REPORT 
September 1, 1994 through August 31, 1995 

leCI 
lIBRAr~~y 

ORGANIC SULFUR REMOV AL FROM COAL WITH SUPER
AND SUB CRITICAL WATER 

ICCI Project Number: 94-l/1.1C-7 
Principal Investigator: 
Other Investigators: 

Project Manager: 

Dr. Peter K.K. Louie, EERC 
Mr. Ronald C. Timpe, EERC 
Dr. Steven B. Hawthorne, EERC 
Dr. Ken Ho, ICCI 

ABSTRACT 

The search for a feasible method of precombustion sulfur removal from coal has received 
much attention through the years with little success to date. The primary barrier to 
success in this area has been the removal of organic sulfur. However, recently small, 
methodic significant steps have been made in this project toward organic sulfur removal 
with supercritical water extraction. The current project at the Energy & Environmental 
Research Center (EERC) has demonstrated that 50% of the organic sulfur could be 
removed from physically cleaned IBC-101, an Illinois coal that has ca. 70% organic 
sulfur. Recovery of coal mass and energy has been shown to be 78 % and 72 %, 
respectively, although no effort has been made to optimize this aspect of the study. 
Supercritical water is an extremely effective fluid for the removal of organic sulfur from 
coals. Based on other preliminary results at the EERC, up to two-thirds of total sulfur 
can be removed under milder extraction conditions by simply controlling the extraction 
temperature and pressure. 

Extracts from extractions using a larger-scale, multigram (up to 50-gram capacity) 
'; reactor during the past quarter were collected for tar recovery by simple liquid-liquid 
" extraction. The pH of the extract increased with time, making it necessary to adjust the 

'pH of the older samples from pH 5.5 to pH < 2 to accomplish effective liquid-liquid 
extraction. An earlier, smaller-scale sample at pH -4.9 was extracted without pH 
adjustment, and the tar was effectively and efficiently removed. Twenty percent of the 
coal mass was recovered, and the water was clear, colorless, and nearly odorless. Mass 
and energy recovery of the fuel following sulfur reduction were 64 % and 72 % , 
respectively. Scaleup of the supercritical fluid extraction (SFE) method of sulfur removal 
was begun by increasing the sample size from 50 mg to nearly 1 gram and then 5 grams, 
10 grams, and as large as 30 grams. Conditions for extractions of the multigram samples 
gave better results than with the milligram-sized samples. The multigram extractions 
gave more reproducible results, and the extracted samples were typically 20%-30% 
lower in sulfur than with the smaller samples. Coal recovery was typically 69 wt% for 
IBC-101 and 71 wt% IBC-110 while energy recoveries were 76% and 71 %, 
respectively, with approximately one-third of the recovered energy coming from the 
liquid and two-thirds from the solid. Extractions of IBC-IlO resulted in a product with 
1.06 wt% sulfur, which corresponds to approximately 1.61b of SO/MMBtu. 
















































