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Project Overview

Funding:
— DOE: §764,964
— The University of Akron: $192,838

Date: 2/21/2007 —2/20/2010
Project participant: FirstEnergy
Overall Project Objectives:

— The objective of this project 1s to develop a low cost CO, capture
technology by integration of metal monoliths with grafted amine sorbent.

— Phase I objective: Develop highly efficient CO, absorbents.

e The performance of the amine-grafted zeolite should be above 1,500 umol/g
for CO, capture and above 1,000 umol/g for SO, capture.

— Phase II objective: Develop a pilot scale CO, absorption system.



Technology Fundamentals/Backgrounds
Metal Monolithic Amine-Grafted Zeolites for CO, Capture
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Unique features:

*High CO, adsorption
capacity.

*Accelerated removal of
the heat of adsorption.

*Low regeneration heat
duty (i.e., low heat
capacity of immobilized
amine, zeolite, and metal
monolith).

*[Low cost immobilized
amine sorbent.




Thermal Cycling
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Progress and Current Status

Objectives: (1) = 1300 wmol/g-
sorbent with simulate flue gas and
(11) pellet with SV of 3000 hr!
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Tubular Testing
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One gram scale tubular adsorber
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Bed Temperature (°C)

Cycle 1

IR Intensity of 2349 cm”
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Repeated Cycles
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Repeated Cycles

pmol CO,/ g- Heat T4 Tieo  Thax
Cycle sorbent released (°C) (°C) (°C)
--- 2357 --- --- 98 104
1 3941 69.4 29 91 91
2 4930 55.7 25 89 91
3 5956 61.7 24 86 88
4 2812 54.0 26 104 116
5 1151 14.4 28 84 97
6 502 15.1 26 72 80




Experimental Section: High Temperature Impregnation

| Sample preparation
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Experimental Setup and Preliminary Results
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IR Intensity (a. u.)

DRIFTS single beam spectra of amine-grafted APTS-SBA-15
sample and commercial SA9-T sample
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Table 3. CO; Desorption Characteristics
TPD in He flow TPD in He/HzO flow

amount of peak heat of CO; amount of peak Heat of CO;
CO;des. temp. desorption CO;des. temp. desorption
wmol'g) (K) (kl/mel]  (umoligl (K]  (kJ/mol]

Fresh 227 303 6.67 308 375 4.54

1158 (C-N-C)

1250 (CH, wag)

SA9-

\ \ Ly \ \ \ .
3600 3200 2800 2400 2000 1600 1200 800 IstReg. 331 303 1096 357 368 390
Wave number (cm-) 2ndReg 247 370 704 406 356 322

“In-Situ Infrared Study of CO, Adsorption on SBA-15 Grafted with -
(Aminopropyl)- triethoxysilane”, A. C. C. Chang, S. S. C. Chuang, M. Gray, and
Y. Soong. Enerev&Fuels. 17 (2). 468 -473. 2003.



Results and Discussion: Pretreatment

- 20 wt% amine-silica

- Difference plot (right) magnified changes occurred on the sample; amine bands

increased while bicarbonate species decreased
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Quantum Chemistry
Ab Initio Calculation-Gaussian 03

Monodentate Carbonate
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(a)

IR Intensity

Benzene Absorption/desorption — characterization of
amines/beta-zeolite

2
=
A
G
O
55 z
b =
pi= °
— N EI
T O
=2 SRR
gg O\NCOO OO
OO — p— —]
Ao :

~&=¢-1479 C-C Stretch

§§

H H

HQN/\/N\/\H/\/N\/\NHQ

T 15 min

Ar 7 min

3 min

1 min
Benzene

r

!

1

Amine
Liquid Benzene e
Gaseous Benzene

4000

I .
3500

| ! | ! |
3000 2500 2000

Wavenumber (crn'l)

|
1500

|
1000

Benzene exposure for
2 min

Gas phase benzene
removed by Ar

Small changes can be
observed at 3740 and
1971 cm’!



Benzene absorption/desorption
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Carbon Dioxide Capture from Flue Gas
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Plan for future
testing/development/commercialization

e Testing:
— Fine-tuning the composition of the amines on the oxide
surface.

— Characterization: elemental analysis, benzene
adsorption/desorption.

e Development
— Build a one-Kg scale CO, adsorption/desorption unit.

e Commercialization after successful
demonstration of a 10 kg scale unit.
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