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ABSTRACT 

The overall objective of this research was to produce a carbon-based sorbent from Illinois 
bituminous coal capable o(efficiently removing H2S from hot coal gas streams. The goal 
was to produce a regenerable carbon-based sorbent having a H2S adsorption capacity and 
fixed-bed breakthrough time comparable to current leading sorbents, but having a lower 
sorbent and/or process cost. Although, the use of carbon for hot gas cleanup has 
significant potential, the possibility of using carbon-based materials to remove sulfur 
containing gases from the products of coal gasification has been overlooked as other 
sorbents such as zinc ferrite, zinc titanate and copper oxides have been extensively studied. 
Carbon has several advantages compared to metal-based hot gas cleanup sorbents: 1) the 
harsh coal gas environment should not affect the properties of the carbon during operation 
(carbon will not gasify in a reducing atmosphere at temperatures less than 800"C), 2) 
carbon, itself, adsorbs large quantities of H2S, meaning that it could be used as an active 
support for metals such as copper and zinc which also adsorb H2S; most metal-based 
sorbents have an inert support matrix, sometimes constituting up to 60% of the mass of the 
sorbent, 3) carbon will not chemically spall unlike metal-based sorbents and it is more 
physically stable, since there is little or no volumetric change in a carbon-based sorbent due 
to sulfur loading, and 4) coal, which is used to make the carbon-based sorbents, is a very 
inexpensive starting material. 

Results of this project have shown that carbon-based sorbents are capable of adsorbing 
H2S at sulfur loadings of up to 20 weight percent sulfur from a simulated coal gas stream. 
Fixed-bed breakthrough curves were obtained for many types of carbon-based sorbents 
using simulated coal gas streams containing 0.5% H2S, and varying concentrations of CO, 
C02, H2, H20, and N2 at a temperature of 550°C, pressures ranging from 1 to 10 atm, and 
a space velocity of -2000 h-l. Breakthrough times to 200 ppm v effluent H2S concentration 
ranged from 10 min to 450 min, depending on the carbon sorbent used and the influent gas 
composition. Breakthrough times for some of the carbon sorbents were comparable to 
some metal-based sorbents. Many methods of carbon sorbent regeneration were 
investigated and two methods showed much promise for regenerating the carbon sorbents. 
Adsorption/regeneration cycle tests were also performed on the most promising sorbents to 
determine the effect of regeneration on subsequent adsorption cycles. Results of 
adsorption and regeneration experiments are encouraging and show that carbon may be a 
viable hot gas cleanup sorbent. 
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