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Chemical Looping Combustion

e Anticipated benefits

1. Commercially accepted kinetics — coupling and potential uncoupling (free oxygen)
2. Thermal Stability, Lower degradation, and Lower Attrition loss

3. Favored thermodynamics for pure CO,

4. Opportunity to release of free oxygen for improvement of process kinetics;

5. Environmentally sound

6. Economic



Project Objectives (imit-1slide)

 Major Objective

1. Develop a series of advanced oxygen carriers for coal-fueled chemical
looping combustion;

2. Improve the oxygen-transfer capability;

3. Generate high purity of CO,;

4. Increase the reactivity, attrition-resistance and thermal stability in
redox cycles;

5. Achieve an auto-thermal heat balance;

e Secondary Objectives
1. Achieve 864-cycles (total 3-day (72 hours), residence time=5min/cycle)
in TG using gas fuels
2. Achieve the initial operation of selected oxygen carriers in a 10 kW
hot-model chemical looping combustion facility using gas fuels
3. Achieve multiply 20 cycles in a 100 W continuous fluidized bed using coal as

fuel



Project Funding

* Total Project Cost: S 300,000
e DOE Share: S 300,000
e Non-DOE Cost Share: none



Highlights of Project to Date

e Accomplished 300-cycles run of the 1t prepared oxygen carrier
sample (the residence time=5min/cycle) in TG using gas fuels

e Accomplished the 1%t oxygen carrier sample in a 10 kW CLC facility
using gas fuel (the accumulated time of 50 hours) using gas fuel

e Accomplished 20 cycles of the 15t oxygen carrier ina 100 W
continuous fluidized bed using coal as fuel

e Full setup of evaluation platform, including cold-model CLC facility,
100 W bench-scale and continuous-in/out fluidized bed CLC facility
and 10 kW CLC facility

e Full setup of oxygen carrier sample characterization tools

e Trained Ms students working on all aspects of CLC tests (Basic energy
analysis of CO, capture, Preparation and Evaluation of oxygen
carrier, Handling of Instrument and testing facility)



Highlights of Project to Date

Figure 1. SEM-EDS analysis of CLCA samples before and after TPR-TPO tests

Original CLCA samples CLCA sample after 50 cycles (Scheme 1)
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Highlights of Project to Date

Figure 2. SEM images of prepared oxygen carrier samples before and after TPR-TPO tests
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Highlights of Project to Date

Figure 3. XRD analysis oxygen carrier samples after tests
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Highlights of Project to Date

Figure 4 Schematic of lab-scale test facility on chemical looping combustion
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Highlights of Project to Date

Figure 5. Profiles of gas concentrations at the exit of fuel reactor
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Highlights of Project to Date

Figure 6-1. Crystal analysis of fresh and used
oxygen carrier samples (CLCA)
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Figure 6-2. SEM pictures of
performance-improved
oxygen carriers CACA (after
20 cycles operation)




Highlights of Project to Date

Figure 7. 10 kW Cold-model CLC facility
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Highlights of Project to Date

Figure 8. 10 kW CLC facility




Tasks — Overview

Task Task Description Task Duration Task
Funding

Project Management and Planning 12/01/2009 - S 25,000
11/30/2012
2  Preparation of Oxygen Carriers 12/01/2009 — $ 125,000
12/25/2011
3 Improvement of Chemical Formula of 12/01/2009 — $ 125,000
Oxygen Carriers, Finalization of Oxygen 6/30/2012
Carriers
4  Evaluation of Oxygen Carriers in a Cyclic 12/01/2010- $ 250,000
TGA Operation 12/30/2011

5 Conducting 10kW Model CLC Testing with 12/01/2012 - $ 200,000
Oxygen Carriers using gas Fuels 3/30/2012

6  Conducting 100W Model CLC Testing with 7/01/2009 - S 150,000
Oxygen Carriers using Coals 12/30/2011



Project Schedule

Year 2010 2011 2012
Quarter 1 3 4 3 2 3 4
Task 1.0 Project Management and Planning < >
Subtask 1.1 Project Management Plan >
Subtask 1.2 Project Management < »
Task 2.0 Preparation of Oxygen Carriers < >
Subtask 2.1 Development of Category 1
Oxygen Carriers ¢
Subtask 2.2 Development of Category 2
Oxygen carriers >
Subtask 2.3 Development of Category 3
Oxygen Carriers —>
Task 3.0 Selection of Oxygen Carriers < >
Subtask 3.1 Improvement of Chemical Formula
of Oxygen Carriers < >
Subtask 3.2 Finalization of Oxygen Carriers < »
Task 4.0 Evaluation of Oxygen Carriersin a
10 kW Hot-model CLC Facility < >
Subtask 4.1 Modification of a 10 kW Hot-model
CLC Facility -
Subtask 4.2 Conducting 10 kW Model CLC
Testing with Oxygen Carriers < >




Discussion

Major issues/problems (if applicable)

e Supporting material: y-Al,O, (higher cost, wasted larger
surface area and pore volume, thermal-unstable)

1. Solution1 (the 2"¥ oxygen carrier): clay material (cheaper, minimal
amounts of impurities decreasing thermal-stability and sulfur
retention and transfer to air reactor) (100 % complete)
2. Solution 2 (the 2" oxygen carrier): a-Al,O; (lower cost, thermally-
stable, optimized pore volume usage (60 % complete)
3. Solution 3 (the 3" oxygen carrier): bulk-mixing and hydro-thermal
preparation of CuO and a-Al,O, powders (20 % complete)



Discussion

Major issues/problems (if applicable)

e Coupling and Uncoupling
1. Coupling CLC (50 % complete)

enhancing material for the prevention of thermally-melting reduced copper,
accomplished the initial formula and trying the 2" formula

2. Uncoupling CLC (50 % complete)

kinetics of free oxygen release

measurement of free oxygen



Discussion

Major issues/problems (if applicable)

e 10 kW CLC facility And Sample Evaluation
1. Cold-model CLC (75 % complete)

flow dynamics — successful smooth operation of the dual-fluidized bed CLC
facility

2. Hot-model CLC (40 % complete)

Current status: 3 kW CLC operation

optimization of 10 kW CLC system setup and operation is on-going



Project Milestones

(Include HQ and project milestones)

METIE Actual
Completion | Completion
Date Date
The 1%t successful oxygen carrier sample 12/31/2010 12/31/2010
The 2" successful oxygen carrier sample 06/30/2011 03/30/2011
The 39 successful oxygen carrier sample 03/30/2012

10kW CH,-firing CLC operation using the 1%t oxygen carrier = 06/30.2011 Preliminary

sample test-
11/30/2010
100 W fluidized bed cyclic operation 2012 2011 (20

cycles)



Anticipated Efforts for the Coming Year

e The 15t Oxygen Carrier Sample will be evaluated in the 10 kW
CLC operation of over 6-8 hours

 The 2"¥and 3" Oxygen Carriers will be prepared, and their

multi-performance was evaluated using TG and 100 W
fluidized bed

e All samples will be characterized using XRD, BET, SEM and
Chemi-Sorp

e Optimization of sample formula will be continuously
conducted

e Ftc



Pl Contact Information

e |If you have any questions or would be interested in
collaboration please contact

wei-ping.pan@wku.edu

yan.cao@wku.edu
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