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1. Abstract

In this paper we will summarise our current findings on the purification of Oxyfuel-derived CO2, give new results 
from experimental work currently being carried out, and present our path forward to develop this technology from 

pilot to demo scale.  

Oxyfuel combustion in a coal -fired power station produces a raw CO2 product containing contaminants such as 
water vapour plus oxygen, nitrogen and argon derived from the excess oxygen for combustion, impurities in the 

oxygen used, and any air leakage into the system.  There are also acid gases present, such as SO3,  SO2, HCl and 
NOX produced as byproducts of combustion.  The overall process for purifying the CO2 takes the impure CO2 from 

the power boiler and cools it to condense water vapour, remove traces of ash and dissolve soluble gases such as SO3

and HCl.  The cooled, raw CO2 is then compressed to about 30 bar and the CO2 is purified by partial liquefaction 

and phase separation.  

Prior to Air Products work first presented in 2006, little attention had been given to the removal of S Ox, NOx and 
mercury compounds in this process.  Indeed, in previously published work the assumption has been that most of the 

NO present in the CO2 feed would leave with the inert gas while NO2 would leave with the liquid CO2.  It had also 
been generally accepted that the SO2 present in the raw CO2 stream would leave with the CO2.  

At GHGT8 Air Products presented reactions that gave a path-way for SO2 to be removed as H2SO4 and NO and 

NO2 to be removed as HNO3 during the compression of the raw CO2 from the Oxyfuel combustion process.  This 
patented process is now widely known as Air Products’ sour compression process.  At GHGT9 we presented initial 

results from the Oxycoal-UK project in which these reactions were studied experimentally to provide the important 
reaction kinetic information at elevated pressure that was so far missing from the literature.  This experimental work 

was carried out at lab scale in Imperial College London using synthetic flue gas, and then using actual flue gas via a 
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sidestream from Doosan Babcock’s 160kW coal-fired oxyfuel rig.  From these experimental results it was clear that 

the main reaction pathways are viable and the rates of reaction sufficient to produce the desired results:  SOx and 
NOx removal by compression and contact with water.  Some of our modelling assumptions have since needed minor 

modification to match these experimental results, however the model was in general a very close approximation.  
Since we are seeing H2SO4 and HNO3 together in the condensate whilst there is still some SO2 left in the gas stream, 

the assumption of the fast rate of the Lead Chamber reaction compared to the nitric acid reactions needs to be 
reassessed, and thus taking advantage of this improvement has been the focus of recent work.  At GHGT10 we 

presented further results on experimental work on improving our understanding of the sour compression process.

In 2008 Air Products was awarded a U.S. Department of Energy (DOE) project to design and construct its 
proprietary CO2 purification system for slip stream pilot-scale tests at the site of a 15 MWth tangentially-fired (T-

fi red) oxycombustion test facility.  The two-year project is part of DOE’s furthering development of new and cost-
effective technologies for the capture of CO2 from the existing fleet of U.S. coal-fi red power plants.  This project 

allowed us to better understand the sour compression reactions at a larger scale than the Imperial College work, with 
real Oxyfuel-derived CO2, using a vapour-liquid contacting device equivalent to that forseen for the full scale plant, 

and so will allow the reactions to be studied subject to the expected mass transfer characteristic of the full-scale 
equipment.  

In March 2009 Air Products announced that they will install a slip stream pilot plant to demonstrate its 

proprietary Oxyfuel purification technology at Vattenfall's research and development facility in Schwarze Pumpe, 
Germany.  The initial results of this project will be presented in a separate paper co-authored by Air Products and 

Vattenfall.  At the Schwarze Pumpe facility Air Products is taking flue gas directly from Vattenfall's 30 MWth wall-
fi red Oxyfuel boiler to demonstrate SO2 and NOx removal of Oxyfuel-derived CO2 during compression and impurity 

removal, in particular oxygen. In addition, it will incorporate novel membrane technology, targeting carbon capture 
rates as high as 98 percent. This pilot is demonstrating the sour compression technology at around the 1 MWth 

scale, plus purification with inerts and oxygen removal using the CO2 product as the refrigerant, together with other
aspects of Air Products’Oxyfuel Purification Technology, such as the use of a membrane to recover CO2 and oxygen 

normally lost with the inerts stream.  

In order to further enhanced our understanding of the sour compression process, in late 2010 Air Products 
commissioned a purpose built lab that will be used for studying the sour compression reactions in more detail than 

previous experimental work.  This scale of fundamental laboratory work is critical to supporting a successful 
demonstration of Oxyfuel CO2 purification technology.

In this paper we will present results from our DOE project, discuss improvements we have made in our 

understanding of the reaction mechanism due to the DOE results and ongoing lab work, including the early results 
from the pilot plant at Schwarze Pumpe, and we will discuss our plans for further development of the technology.  
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