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Project Overview

Funding - Total Project $1,373,380
• DOE: $1,097,839
• Cost Share: $276,541

Project Performance Dates
• November 1, 2008 to October 31, 2011

Project Partners
• Babcock & Wilcox (B&W)
• Louisiana State University (LSU)
• Western Research Institute (WRI)

TDA Research, Inc is developing a material 
and process

• Dry, solid alkalized alumina regenerable physical 
sorbent

• Process design around that material
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Advantages of TDA’s Approach

• Low cost sorbent material
• Inexpensive raw materials
• Simple processing

• Low regeneration energy requirements
• Physically adsorbed CO2 can be readily absorbed and 

desorbed at lower energy requirements than chemical 
absorption

• Low pressure steam regeneration
• Rapid cycling
• Near isothermal operation

• Challenges:
• Minimize parasitic demands in system integration
• How does it work on a real coal derived flue gas?
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TDA’s System Design
• Adsorbents loosely bind 

CO2 to the surface
• Regeneration is fast and with low 

desorption energy requirement 
• High concentration of CO2 during 

desorption

• Adsorbents operate along 
a concentration gradient
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• They absorb more CO2 when the concentration is higher than when 
the concentration is lower.

• Optimum bed design is counter-flow 
• Maximizes the loading on the adsorbent by having the adsorbent 

contact the gas stream with the highest CO2 concentration at the end 
of its reactor residence time. 
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Sorbent Bed Schematic
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Project Status
• Project goal: 

Demonstrate CO2 capture system designed 
around TDA’s physical sorbent
Technical Progress:

• Sorbent evaluation in single fixed bed  
• Optimization to improve loading 

• Evaluation in presence of SO2

• New sorbent testing apparatus designed and 
being constructed

• Aspen analysis to calculate efficiency
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Sorbent Testing Apparatus

• 300 cc fixed bed 
reactor

• Automated equipment 
for unattended 
operation

• Online analyzer for 
continuous CO2, SO2
and humidity 
measurement

• Fixed bed apparatus 
has counter flow 
orientation for 
absorption and 
regeneration
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Sorbent Cycling Data

• Sorbents evaluated                                                    
over a range of                                                 
conditions
• varying space velocities,                                                       

temperatures, and cycle                                                            
times.

• Flue gas is simulated
• 13.8% CO2, 9% H2O, 77.2% N2
• Some experiment also include SO2

• Over 2000 cycles have been carried out
• Sorbent cycling is rapid with fast absorption 

and desorption times.
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Operation in Circulating System

• Fixed bed experiments 
with absorption & 
regeneration in counter-
flow to mimic commercial 
design

• Counterflow design will 
give continuous 
operation at low and high 
point and highest loading
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Effect of SO2

• SO2 is also an acidic gas and may compete with 
CO2 for adsorption on the sorbent

• Tests show CO2 loading not affected by SO2
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Firing Temperature Optimization

• Optimizing sorbent firing 
temperature improved 
sorbent   

• At firing temp1
• Loading: 1.2 wt% at 130 C
• Surface area: 90 m2/g
• Crush strength: 2.2 lb/mm

• At firing temp2
• Loading: 1.35 wt% at 130 C
• Surface area: 130 m2/g
• Crush strength: 3.2 lb/mm

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

100 120 140 160 180 200

Temperature (ºC)

GG855-37 firing temp1

GG855-37 firing temp 2

March 4, March 12 201

C
O

2 
lo

ad
in

g 
(w

t%
)



TDA
R e s e a r c h12

Sorbent Scale-up

• 15 gal of sorbent produced in TDA’s pilot plant 
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Bench-scale Apparatus 

• Designed to show continuous absorption 
and regeneration

– Current apparatus is single fixed bed which operates 
alternatively in absorption and regeneration

– New apparatus will show continuous low CO2 concentration in 
absorber outlet and and high concentration in CO2 in 
regeneration outlet gas

• Selected multiple fixed beds in series 
apparatus

– Simulates counter-flow
– Bed cycle between absorption and regeneration functions
– Gas flows in series across absorption (or regeneration) 

beds, rather than in parallel
– Fixed bed could be a viable commercial system 
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Series Fixed Bed Apparatus
7 bed system
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System Analysis

Steam

AEP’s Conesville Unit#5

Power CO2
2,200 psi

TDA 
CO2
Capture  
System

Aspen modeling developed based on retrofitting Conesville Unit #5 
433.7 MW plant, 10,393 tons/day CO2 generated
(DoE/NETL-401/110907)
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Summary of Modeling Results

• Aspen model of 90% capture on Conesville #5
• Regeneration with low pressure extraction steam

• Net power output with TDA CO2 capture was 
325.6 MW

• 24.9% efficiency loss - TDA CO2 capture process
• 30.3% efficiency loss - Amines (DoE/NETL-401/110907)

• Further ASPEN modeling to optimize system 
design and update with ongoing experimental 
results

• Full economics will be calculated
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Future Work

• Long-term cycling test on sorbent 
performance for 1500 hr

• Demonstrate sorbent in new apparatus 
with continuous absorption and 
regeneration functions 

• Update system analysis with experimental 
data and determine process economics

• Demonstrate system on coal derived flue 
gas at Western Research Institute
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Summary

• We are developing both a sorbent and 
process that uses the sorbent for post 
combustion CO2 capture coal fired power 
plants.

• Sorbent loading increased by sorbent 
optimization

• Improved from 0.4 wt% to 1.4 wt%.

• Sorbent tolerant of SO2
• Allows more flexibility for where SO2 handled

• Aspen modeling system analysis completed
• New sorbent testing apparatus designed
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About TDA

• Began operations in 1987
• Today

• 85 employees, over 60% with 
advanced degrees

• Facilities
• Combined 50,000 ft2 in Wheat Ridge 

and Golden, CO
Areas
• New materials development
• Processes for Energy/chemicals

• Business Model
• Perform R&D, primarily under 

government contract
• Secure intellectual property
• Commercializes technology by 

licensing, joint ventures, internal 
business units

Wheat Ridge Facility

Golden Facility
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