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2020          Projection Objective and Tasks

Objective:
Develop membrane stack and module for air separation and
oxygen production using ceramic hollow fiber membrane
technology

Strategic alignment of project to Fossil Energy objectives

• Cost of Energy and Carbon Dioxide (CO2) Capture

• Using pure oxygen instead of air for combustion of power plant 
produces CO2, no need to separate nitrogen from down stream;

• Can reduce the cost and simplify the system for CO2 capture.

• Power Plant Efficiency Improvements

• Pure oxygen instead of air increases efficiency of power plant;

• Cost-effective, reliable technologies to improve the efficiency of 
coal-fired power plants.
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Current Status

Materials processing
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Current Status
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Performance test
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Characterization

10% volume change➔ delamination and component fractures

Room Temperature

Hexagonal➔Tetragonal➔Cubic

Decrease T

Increase T

• High valance elements doped into B-site Nb5+, Zr4+, Ti4+ ,etc.

• Reason: Increase electrostatic repulsion between BO6 octahedra

• Problems: 20 mol% of Ti is needed to substitute Co/Fe

Early Research:

P. Shen, et al, The Journal of Physical Chemistry C, 114, 22338 (2010).
J. Tong, et al, J. Membr. Sci., 203, 175 (2002).
J. Tong, et al, Sep. Purif. Technol., 32, 289 (2003).

BaCoO3-� family Tradeoff of activity-stability BaCo0.7Fe0.3O3-δ
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Characterization
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 Yb3+(VI) = 0.868 Å > Fe4+(VI) = 0.585 Å

 Electronegativity Yb (1.1) < Co(1.7), Fe(1.8)

 Induce a slightly lower valance of B-site cations

 Facilitate formation of ��
��, bulk diffusion and surface exchange process

BaCo0.7Fe0.3O3-δ

Ytterbium (Yb)

t = 1 → Cubic

BaCo0.7Fe0.3-xYbxO3-δ

1. Tolerance Factor

2. Electronic Structure

Structure

Kinetic property
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Characterization

BaCo0.7Fe0.3-xYbxO3-δ

1. Crystal Structure: x = 0, 0.05, 0.10 and 0.15

XRD patterns of BCF, BCFYb5, BCFYb10 and BCFYb15

Problem: Hexagonal➔Tetragonal➔Cubic

Decrease T

Increase T

x=0.05 x=0.10 x=0.15

a (Å) 4.1042(7) 4.1153(5) 4.1367(7)

V(Å3) 69.136(56) 69.698(00) 70.791(99)

GOF (�2) 4.59 4.93 4.92

RF (%) 3.15 2.57 2.56

Rwp (%) 3.59 3.77 3.82

Yb3+(VI) = 0.868 Å

Fe4+(VI) = 0.585 Å

Lattice Expansion

Rietveld refinement result of sample BCFYb10
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Characterization

2. Sintering ability and Electrical conductivity

Yb05 1190 oC Yb10 1220 oC Yb15 1260 oC

Yb doping inhibits densification of the bulk

9



Characterization

2. Sintering ability and Electrical conductivity

Yb05 Yb15

Yb10

Fluctuation at 450 oC ��
× + 2ℎ� → ��

�� +
1

2
��

−� − � − � −

Electronegativity Yb (1.1) < Co(1.7), Fe(1.8)

More oxygen vacancies −� − ��
�� − � −×× 10



Characterization

3. Compatibility and Best sintering temperature

Yb10-SDC mixtures sinter at 1150 oC in air for 5 h.

1050 oC 1100 oC 1150 oC

Electrolyte: Sm0.2Ce0.8O1.9 (SDC)

Cathode: BCFYb10

SDC

BCFYb10

BCFYb10

11



Characterization

4. Electrochemical Performance

EIS profiles of Yb5, Yb10 and Yb15

650 oC

Distribution of relaxation times (DRTs) Polarization resistance of BCFYb

Yb05 Yb15

Yb10

Lower electronegativity of Yb More oxygen vacancies
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Characterization

5. Oxygen Reduction Reaction activity

Pathway of cathode reaction in a 
porous mixed conducting cathode.

Cathode: 

�� ∈ ���

��

� = 1

� = 0.5

� = 0.25

Indicator

link to specific rate-limiting step
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Characterization

High frequency

m = 0.5

��,�� → 2���

Low frequency

m = 0.25

��� + 2�� +  ��
�� → ��

×

Ea = ~ 1.0 eV Ea = ~ 0.09 eV

Polarization resistance vs. Oxygen partial pressure
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Disclaimer:
This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or any agency
thereof.


