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Gasification 
Technologies

Sulfur Sorption Modeling and Applications
 
Background

Integrated coal gasification combined cycle (IGCC) power plants represent a highly 
efficient and environmentally friendly way to generate electricity.  The technology 
is thus a key technology for the 21st century.  During the coal gasification process, 
H

2
 and CO are produced in a high temperature gas stream along with other gases 

such as H
2
S.  The H

2
S must be removed before combustion or it forms sulfur oxides 

that pollute the air.  The objective of this project is to develop an accurate, rapid 
model to simulate a circulating fluid bed (CFB) and transport reactor that contains 
a reactant that selectively combines with the H

2
S, removing it from the gas stream.  

In order to reach this objective, NETL is establishing the current knowledge base, 
identifying operating regimes and transitions and conducting sensitivity analysis of 
key parameters.

 
Accomplishments

A mathematical model that simulates hot gas desulfurization (HGD) processes in a 
transport reactor was developed by integrating hydrodynamic and sulfidation kinetic 
submodels.  This was used to simulate the reactor hydrodynamics as three regions: 
acceleration, fully developed and deceleration zones.  Experimental parameters 
that went into the simulation were extracted from over 100 cold flow tests based 
upon scaling laws for CFB reactors.  The model was one dimensional, plug flow 
and included the variable property grain model.  The model was validated against 
experimental data obtained using pilot- and bench-scale transport reactors (GPDU, 
Transport Reactor).  Good agreement between the predicted and experimental data 
was obtained.  Several conference reports and a peer reviewed journal articles that 
describe the work have been published. 
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Benefits 
Successful completion of this project will result in a simulator that can be used to support 
the Eastman-RTI project that is developing warm gas clean-up.    This support comes 
from an improved ability to understand the hydrodynamics and chemistry of both 
warm and hot gas clean-up.  The simulator can also be used to model reactor scale-up 
issues by predicting the performance of specific process configurations and operational 
adjustments.  It can also be used to predict performance in larger conceptual systems and 
evaluate the impact of changes in both system configuration and heat integration in 
the transport absorber and regenerator.
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