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Background

¸ Coal based power plants contribute 
¸ 2/3rd of the countryôs sulfur dioxide (SO2) emissions
¸ 1/5th of the nitrogen oxides (NOx) emissions
¸ over 1/3rd of the mercury emissions
¸ 36% of U.S. carbon dioxide (CO2) emissions 

¸ Advanced power generation cycles, such as the Integrated 
Gasification Combined Cycle (IGCC), are likely to replace 
conventional pulverized-coal combustion plants 
¸ Higher efficiency and lower emissions.  
¸ IGCCs use a gasifier to convert coal into fuel gas and use a combined 

cycle power generation block to generate electricity 

¸ In IGCC it is far easier and less expensive to remove impurities 
when they are at high pressure (before the turbine) and 
concentrated in the hot coal gas 

¸ This is true not only of minor components such as sulfur, 
nitrogen and metals, but of carbon (CO2) as well
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Warm Temperature CO2 Capture
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Project Objectives

¸ TDA is developing a pressure-swing sorbent for CO2

removal from coal-derived synthesis gas 

¸ Sorbent features
¸ Very fast absorption/regeneration kinetics
¸ Small energy requirement for regeneration
¸ Relatively high CO2 capacity
¸ Low cost
¸ Long-life and high durability
¸ Easy/safe disposal

¸ Preliminary experiments at the bench-scale also shows 
that stable, long-term operation of the sorbent is also 
feasible provided higher operating pressures (e.g., 450 
psia or higher for typical IGCC plants) 
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Low Pressure TGA Tests
T=150-220oC, PCO2 = 0.66 bar (Adsorption), 

Regeneration under N2

¸ TDA’s low temperature CO2 sorbent achieves 

reasonably high regenerable capacity at 150-

220oC range (0.36% wt. to 1.2% wt.)

¸ CO2 partial pressures in TGA tests was an order 

of magnitude lower than the actual operation 

¸ Higher capacity and higher temperature 

operation is possible with increased pressure
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Long-term Stability
T=180-220oC, PCO2 = 0.66 bar (Adsorption), 

Regeneration under N2
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¸ TDA carried out over 650 

cycles using the TGA 

(more testing is underway)

¸ Full-cycle time = 10 min

¸ Adsorption time = 3 min

¸ Regeneration time = 7 min

¸ The sorbent maintained a 

stable capacity with no 

signs of degradation

¸ Small degradation at the 

180oC is correlated to a 

gradual increase in the 

temperature
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¸ Sorbent maintains capacity for more than 1650 cycles
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Flow Experiments

¸ 30 cc of sorbent (in the form of 1/16” 

pellets) were evaluated in 1” reactor

H2 19.10%

O2 0.00%

N2 61.20%

CH4 0.80%

CO 1.20%

CO2 17.70%

Syngas Composition
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Typical Test Profile
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Warm Temperature CO2 Sorbent

¸ TDA sorbent achieved a capacity 

of 0.17g of CO2 per g of sorbent

T= 180oC

CO2 Pressure=38 psia

17.7% vol. CO2, 215 psia

T= 180oC

CO2 Pressure=0 psia

He, 100 psia
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¸ The sorbent is regenerated at the 

same temperature at 100 psia
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Physical Properties

¸ TDA sorbent is prepared 

in the form of 1/8” pellets 

using a 2” screw extruder 

with the following 

properties

¸ It is thermally stable up 

to 600oC

Sample (lbs/mm)

1 4.8

2 4.5

3 3.8

4 3.2

5 3.7

N2 BET 

(m
2
/g)

Total Pore 

Volume (cc/g)

Micropore 

Volume 

(cc/g)

455 0.24 0.19

Crush Strength

¸ Bonnot 2” 

laboratory    SS 

screw extruder 

¸ 1/8” and 1/4” dies
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Heat of CO2 Adsorption

¸ At a given pressure the extent of adsorption is determined by the value of K; 
depending on temperature (T) and the enthalpy (heat) of adsorption (- H):

¸ The magnitude of adsorption enthalpy reflects the strength of binding of the 
adsorbate to the substrate

¸ Langmuir isotherm is a simple model that assumes the surface of the 
adsorbent is covered by monolayer of adsorbate (in this case CO2) 
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¸ At low partial pressures of CO2 this 
approximates to Henry’s Law

¸ The heat of adsorption is calculated as 
5.4 kcal/mol using Henry’s Law 
approximation for the adsorption 
equilibrium temperatures under 
representative conditions

2COKPq
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Rate of Adsorption 

¸ The rate of adsorption is very rapid and increases with increase in 
temperature

13
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Multiple Cycle Tests 

¸ The sorbent showed stable performance in bench-scale tests under 
simulated synthesis gas for over 40 cycles
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Impact of Sulfur
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CO2 breakthrough curves before and after exposure to 1,000 ppmv of sulfur

¸ CO2 capacity is unaffected by exposure to H2S and the H2S desorbed 
along with the CO2
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Hg and As Adsorption 
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¸ Hg and As breakthrough curves with surface modified TDA’s warm 
temperature CO2 sorbent 
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Removal of Trace Contaminants
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¸ The high surface area microporous CO2 sorbent modified with 
different functional groups to capture trace contaminants 
simultaneously at warm gas temperatures ~ 430F

Contaminant Sorbent Capcity

Hg 0.04%

NH3 1.08%

H2S 7.75%

HCl 4.91%

HCN 0.78%

AsH3 2.79%
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Conclusions
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¸ TDA’s CO2 sorbent removes CO2 via physical adsorption (no covalent bond 
formation but relatively strong affinity) from both synthesis gas and flue 
gas up to 300oC

¸ The energy needed to regenerate our sorbent (5.4 kcal per mol of CO2) is 
much lower than 

¸ Chemical absorbents (e.g., 29.9 kcal/mol CO2 for sodium carbonate) or 

¸ Amine-based solvents (e.g., 14.2 kcal/mol CO2 for monoethanolamine)

¸ TDA’s sorbent can be regenerated isothermally and CO2 could be 
recovered at pressure (~150 psia)  

¸ The high surface area and favorable porosity of the sorbent also provides 
a unique platform to introduce additional functionality

¸ to remove trace metals (e.g., Hg, As) or 

¸ to catalyze the water-gas-shift (WGS) reaction

¸ The overall efficiency loss will be 13.9% which is lower than Selexol based 
CO2 capture systems


