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Introduction
¸ Oxy-combustion of coal is a promising approach to control CO2 emissions 

from new and existing coal-fired power plants  

¸ Coal is burned with a mixture of oxygen and re-circulated flue gas 

(principally CO2) to eliminate or greatly reduce the presence of atmospheric 

nitrogen in the flue gas

¸ A dedicated air separation plant provides oxygen to the boiler

¸ The resulting flue gas is comprised of primarily CO2 and H2O vapor along with 

small amounts of N2 and O2, and trace gases like SO2, and NOX

¸ Due to the lower amount of impurities, the flue gas can be processed 

relatively easily to enrich the CO2 content for sequestration

Water
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Commercial Oxygen Production

¸ Commercially, oxygen
is separated from air
by:
¸ Cryogenic distillation
¸ Pressure Swing 

Adsorption 
¸ Membrane

permeation
¸ Water electrolysis (at

very small-scale)

¸ Atmospheric air is the
feedstock for all large-
scale commercial
oxygen production
processes

 

¸ At large scale cryogenic separation is the most cost effective air
separation method and produces O2 at $30-35/ton
¸ 2,500 tons/day oxygen production capacity at 99.9% purity are

readily achievable with the state-of-the-art plants

Source: Kobayashi, 1988.
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Impact of ASU on an Oxy-fired PC Plant 

Air-fired Oxy-fired

¸ One of the main impediments to the oxy-combustion process is the high 
cost of oxygen 

¸ A recent study by Alstom Power shows that the ASU requires 18% of the 
energy output of a 210 MW oxy-fired PC plant 
¸ Cryogenic air separation is a highly energy intensive process
¸ Operational inefficiencies due to low temperature operation (~80 K) 

Source: Nsakala, 2007.
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Alternatives to Cryogenic Separation
¸ PSA

¸ Operation at cryogenic temperature is avoided
¸ The adsorbent is selective to N2 not O2, therefore most of the 

energy input to the compression process cannot be recovered 
during the regeneration of the adsorbed N2 at low pressure

¸ PSA can at best provide 93% pure O2 product

¸ Membranes
¸ Low Temperature Membranes (hollow fiber polymeric membranes)

ï Polysulfones or polyamides permeate O2 faster than N2

ï Low purity
ï High cost

¸ High Temperature Membranes (oxygen ion transfer membranes)

¸ Chemical Sorbents
¸ Various metal oxide based sorbents can undergo oxidation-

reduction cycles (e.g., perovskites)
¸ The key is the ability to extract oxygen
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Application of Air Separation Sorbents 

to Oxy-combustion Process 

¸ Multiple beds (a minimum of two) are needed to supply a 
continuous flow of O2

¸ One absorbs oxygen while the other regenerates and supplies O2 to 
the oxy-firing process

¸ Flow selection valves can be used to switch the bed function

¸ Sorbent circulation can also be used to eliminate valves
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Sorbent Requirements 

¸ System facts
¸ 550 MW PC plant requires 3.32 kmol/sec O2 flow (384 ton/hr O2) 

Source: Fossil Energy Power Plant Desk Reference, Klara, 2007.

Sorbent Capacity Full Cycle Time Sorbent Required Volume

(% wt.) (min) (metric ton) (CF)

1% 60 38200 1,348,842 

2% 60 19100 674,421    

4% 60 9550 337,211    

1% 10 6367 224,807    

2% 10 3183 112,404    

4% 10 1592 56,202      

¸ Sorbent requirements
¸ High oxygen capacity
¸ Very fast absorption/regeneration kinetics
¸ Long-life and high durability
¸ Low cost
¸ Easy/safe disposal
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TDAôs AirSepTM Sorbent

¸ TDAôs AirSepTM sorbent 
uses a mixed metal oxide 
phase to remove oxygen 
from air at high temperature

¸ The sorbent is regenerated 
under an inert gas at the 
same temperature and 
pressure 

¸ The oxidation-reduction 
process is similar to that of 
a Chemical Looping 
Combustion System, but 
oxygen is not consumed 
but released as a product 
¸ No direct contact with 

fuel

¸ The oxidized phase is meta-
stable and a small change 
in chemical potential could 
lead to its auto-reduction
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Re-circulating Sorbent Reactors

  

Riser air
Bulk Air

Air from Gas    

Turbine Compressor

Vitiated air to gas 

turbine combustor

Oxygen/steam 

mixture to 

purification

Superheated 

Steam

Oxidation 

Reactor
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Shows solid 

movement

 

¸ Thanks to isobaric operation and 

compatibility of the absorption and 

regeneration flows,  we used circulating 

bed design to eliminate valves
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Quick (and Dirty) TGA Tests

Heating Under N2

Absorption

Regen.

N2 Flow N2 FlowO
2

F
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w

¸ TDAôs AirSepTM sorbent achieves 4.27% wt. oxygen capacity (lb O2

per lb sorbent) at 800oC at a cycle time of 15 min
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Sorbent Cycling at Constant T and P

¸ TGA analysis 

showed that sorbent 

can be regenerated 

by partial pressure 

swing
¸ Switching the flow 

from O2 to N2 under 

isothermal and 

isobaric conditions

¸ At 10 min full-cycle, 

sorbent achieves 

3.63% wt. oxygen 

uptake

¸ Sorbent maintained its capacity over 1,000 absorption-

regeneration cycles with no signs of degradation
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Sorbent Cycling at 700oC

¸ TDAôs AirSepTM sorbent achieves 1.11% wt. oxygen capacity (lb O2

per lb sorbent) at 700oC at a cycle time of 15 min
¸ Versus 4.27% wt. at 800oC at 15 minute full-cycle
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Bench-scale Tests
¸ Sorbent performance was 

evaluated in a flow apparatus

¸ Fixed-bed tests

¸ Fast fluidized-bed tests

¸ Reactor was 3ò OD and 4 ft tall 

¸ Up to 300 g of sorbent was tested 

under representative conditions

¸ Absorption

¸ Air

¸ T= 450-800oC

¸ P= up to 20 atm

¸ Regeneration

¸ N2

¸ CO2

¸ Steam

¸ T= 650-800oC

¸ P= 1 to 20 atm


