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CO, Production from Coal

Coal Consumption/CO, Production - CO, is identified as a

_ leading anthropogenic
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* Significant portion of CO, is
emitted from coal
combustion
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* Chemical looping
combustion (CLC) is a
potential solution
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Chemical Looping Combustion
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7 = Challenges:
1. Oxygen carrier performance

Fuel Air Reactor

Reactor (Oxidizer)

* Intrinsic redox activity
(Reducer)

* Physical and chemical stability

e Reaction with solid fuels

T 2. Reactor design

Carbonaceous Fuels

Reactions:
MeO, + Fuel —» Me+ H,0 + CO, (reducer)
Me +1/20, (Air) — MeO, (oxidizer)

Fan, L.-S. Chemical Looping Systems for Fossil Energy Conversions, 2010

Chemical Looping with Oxygen
Uncoupling (CLOU

Key Concepts:

1. Gaseous oxygen released from
metal oxide lattice at high T;

Enhanced reaction rate between
gaseous oxygen and coal
char/volatiles

Oxygen Carriers:

e Cu, Co, and Mn oxides are known
oxygen uncoupling materials

Challenges:

* Cost and environmental impacts

* Less than optimal thermal properties
(Mn/Co)

 Low melting point (Cu)

Proposed Approach

Mixed-Oxide Samples
—— - Covering a Large Material —— -
| Design Space
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Phase
Characterization at
various Py,

Kinetics and
Mechanism Studies,
correlation with Py,

Strength and Attrition
Resistance Testing

Data verification and |
correlation *

DFT Calculations: Calibration
Po; phase behavior,
hardness, stability

I Objective function for
optimization, data verification

MD and metaheuristic
optimizations:
Promising OCs

v Synthesis and testing

Optimized OC and reliable
optimization strategy

1. Experimental: Mixed Mn-Fe and Co-Fe
oxides, perovskite, and perovskite
composites

2. Simulation: ab-initio/DFT and molecular
dynamics (MD) simulations, genetic
algorithm for material screening

Fe-Mn and Fe-Co Oxides
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Mixed oxides with desired phases formed, increasing the concentration of Co and Mn in the mixed
oxides reduces their initial oxygen donation temperature
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Perovskite supports decrease the oxygen donation temperature of the mixed oxides, they also
affect the redox activity of the oxygen carriers

Screening of Perovskites

Perovskite Synthesis

Abbreviation

CaMnO; Sol-gel

CM

BaMnO; Sol-gel

BM

CaMng sFe(,05 Sol-gel

CMF

Cao'gBao.gMnotheo.203 Sol—gel

CBMF

CaMno_gNi().203 Sol-gel

CMN

Cao_gBao_zMno_gNio.zo3 Sol—gel

CBMN

CaMng 3Co0g-03 Sol-gel

CMC

Cao'gBaolgMno_3C00,203 Sol—gel

CBMC

CaMno‘gV0_203 SOl-gCl

CMV

C&o_gB&o,zMH@,gVo,zOg, Sol—gel

CBMV

CaMn0.8A10.203 Sol—gel

CMA

Ca()_gBaoleno_gAlo.203 Sol-gel

CBMA

Lattice parameters can be refined to
confirm A and B-site dopants
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Database

a (A)

3279

b (A)

7.4438

¢ (A)

5.2583

Volume (108 pm3)

206.63

Perovskite Characterizations

Oxygen Uncoupling

CaMnO, perovskite exhibits 40% or

| N more uncoupling weight loss at 900 °C
| B site dopants, e.qg. Fe, enhances the
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recyclability of the oxygen carriers
Ba addition stabilizes the perovskite
structure

CMF CBMF CMN CBMN CMC CBMC CMV CMA
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Simulation Studies

Ab-initio Calculation Values Case Study with LaFeO; 4

Expected oxygen vacancy concentrations at various T
and P,

Vacancy formation energy

DFT energy difference between two phases Po, at phase boundary

Stability of the oxide material in redox reactions and
(potentially) attrition resistance

Lattice parameter change after vacancy creation

Energy barrier for vacancy migration Ease for O% and electron migrations

Bond population and volume Material hardness and attrition resistance

0, Partial Pressure

Data from Mizusaki et al., Journal of Physical Chemistry, 1985

Significant information can be obtained from DFT
simulations. When DFT is used to calibrate MD, efficient 1 LaFeO, = 1 LaFeO, , + 102
algorithms can be developed g g 2

AG T Edefected o Eperfect + 5lLlO Structure DFT energy (eV) DFT energy \::\t/t;out entropy
,Ll02 (P02 ’ T) — ,Ll02 (PO, TO) + G(PO, T) . G(PO, TO) + kT ln( POS ) LaFeO, ;¢ Wltl’;l defect -151.316723 . -151.338344 -
\E\H\l\hﬁh”ﬁﬁw‘q‘z’75 Wit% dEfeEE"NHNH\‘H\NHNHNHNHN\“‘”‘“E\%\ﬁ\\%ﬁm\%\%\%a\‘%‘5‘ % “”‘“;\%\ﬁ\%ﬂN.Hﬁ\%ﬁ\%ml%\"%‘”H‘H”‘””‘“" %
Perfect O1 Vacancy 02 Vacancy Temperature | DFT-estimated | P,, extrapolated from
(°C) P, (atm) experiments (atm)
4.75E-31 2.87E-31
1.21E-27 1.22E-27
8.74E-25 1.55E-24
Lattice Experimentally
DFT Calculated .
parameters determined
5535 o B
5.599 5.652
7.888 7.854

DFT predicts equilibrium oxygen partial pressure with reasonable accuracy

Conclusions

Co and Mn containing mixed oxides of various structures are prepared;

Perovskite supports can notably affect the CLOU properties of Co/Mn
containing spinel and bixbyites;

Dopants can stabilize CaMnO; parent perovskite;

DFT can be effective to predict material properties using first principle.
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