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Outline

Research motivation and approach

• Background of protonic ceramic electrochemical cells (PCEC)

• Our approach on hydrogen and fuel cell technologies

R&D status and major accomplishments

• Interfacial engineering 

• Electrode microstructure improvement

• Cell component development

Future Plan

• PCEC in temperature ≤ 300 oC

• Large cell interfacial and component engineering

• CO2 capture and natural gas upgrading
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Research motivation and approach

Bi, Lei, Samir Boulfrad, and Enrico Traversa. Chemical Society Reviews 43, no. 24 (2014): 8255-8270.
Journal of Materials Chemistry A 8, no. 29 (2020): 14600-14608.

Concept diagram of applications of a sustainable 

energy system based on SOEC/SOFC technology.

❑ The intermittency and variability of renewable energies create challenges for operators to efficiently manage the grid.

❑ Solid oxide cells can act as an energy storage/conversion device to reduce the stress on peak shaving.
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Protonic ceramic electrochemical cells (PCECs) 

in fuel cell mode and electrolysis mode

PCEC advantages

• Lower operation temperature 

(400-600 oC)

• Relatively lower activation 

energy

• No requirement on gas 

separation

• No partial oxidation of the 

Ni-based electrode.



Research motivation and approach

❑ Poor bonding between oxygen 

electrode and electrolyte because of 

high sintering temperature of proton 

conductor.
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Interfacial 
Engineering

Electrode 
microstructure 
improvement

New cell 
component 

development

Our approach Goal

❑ Sluggish electrode kinetics for 

oxygen reduction reaction and water 

oxidation reaction at reduced 

temperature.

Issues in PCEC

❑ Unproven stability under extreme 

conditions. 

• Fully recover intrinsic 

conductivity of electrolyte

• Improved hydrogen production rate 

and power output

• High cell durability

Acid etch

3D engineering
• Mass and charge transfer balance

• High power output and improved 

hydrogen production rate

Triple conducting 

oxide

• Extend triple phase boundaries 

to electrode

• High chemical stability 

without alkaline metal doping



R&D status and major accomplishments

Bian, Wenjuan, Wei Wu, Dong Ding et al. Nature 604, no. 7906 (2022): 479-485.5

❑ Well-annealed electrolyte surface was removed by acid etch.

❑ The acid etch creates a rough electrolyte surface, with improved 

oxygen electrode/electrolyte connect area and bonding strength.

❑ New phases was formed between oxygen electrode and acid-

treated electrolyte.

❑ The segregated Y was removed by acid etch, improving electrolyte 

conductivity.

Schematic of acid etch process

Unetched electrolyte

Acid-etched electrolyte



R&D status and major accomplishments

❑ Improved long-term durability at 30% steam 

concentration and 600 oC.

❑ High current density during long-term testing.
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After etching, electrolyte was fully recovered and 

reached its intrinsic, theoretical value in bulk 

samples.

This work
This work
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New phase

Bian, Wenjuan, Wei Wu, Dong Ding et al. Nature 604, no. 7906 (2022): 479-485.

Top 1 output power in PCECs.

Operation temperature does down to 350 oC.



R&D status and major accomplishments

Bian, Wenjuan et al.  Advanced Functional Materials 31, no. 33 (2021): 2102907.

Bian, Wenjuan et al. Advanced Functional Materials 30, no. 19 (2020): 1910096.

Compared with a cell using a conventional

sponge‐like cathode, 3D engineering

improves the cathode ORR by 41% at

400 °C with a peak power density of 0.410

W cm−2.
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The charge and mass transfer were

facilitated by a novel ultra-porous 3D ceramic 

textile (3DCT) in SOEC/SOFCs.

Triple conducting oxides extend triple phase 

boundaries from the electrolyte/electrode 

interface into the electrode bulk

Ding, Hanping, Wei Wu, Chao Jiang, Yong Ding, Wenjuan Bian, et al. Nature communications 11, no. 1 (2020): 1-11.



R&D status and major accomplishments

(a) Mixed O2− and electron conducting electrode.

(b) Triple (H+, O2−, and electron) conducting electrode.

❑ We proposed triple conducting oxides PNC and A-deficient PBCC as oxygen electrodes in PCEC to.

❑ Electrolyte thickness of PCEC was decreased to ~7µm  by wet powder spraying.

❑ A protonic ceramic membrane reactor was proposed to direct convert ethane to hydrogen and ethylene.

1. Nature communications 11, no. 1 (2020): 1-11.    3. Journal of Power Sources Advances 11 (2021): 100067.
2. ACS Catalysis 11, no. 19 (2021): 12194-12202.   4. Journal of Materials Chemistry A 8, no. 29 (2020): 14600-14608.

Peak power density and electrolysis current density 

comparison of A-deficient PBCC and PBCC. 

PNC: PrNi0.5Co0.5O3-δ

PBCC: PrBa0.8Ca0.2Co2O6-δ

Proton conducting thin electrolyte fabricated 

by wet powder spraying. 
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Further Lower operation temperature

Improve CO2 capture efficiency and 
realize natural gas upgrading

Advanced manufacture

Future and aspirations

Push PCEC to work at lower temperature ≤ 300 oC

1. Realize the utilization of the nuclear heat waste.

2. Match industrial process.

3. Consume less heat.

4. Improve cell stability.

Thermal energy produced in nuclear reactions.

~33%, converted to 

electricity

~67%, released into 

oceans, rivers, and 

air.

Heat from 

nuclear reaction
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Future and aspirations

𝑈𝐶𝑂2
𝑚𝑒𝑎𝑠=

𝑥𝐶𝑂2
𝑖𝑛 −𝑥𝐶𝑂2

𝑜𝑢𝑡 (𝑥𝑁2
𝑖𝑛 /𝑥𝑁2

𝑜𝑢𝑡)

𝑥𝐶𝑂2
𝑖𝑛

𝑡𝐶𝑂3= ≈
𝑈𝐶𝑂2
𝑚𝑒𝑎𝑠

𝑈𝐶𝑂2
𝑖𝑑𝑒𝑎𝑙

C2H6 C2H4+2H++2e-

As an electrode in ethane side, high 

porosity triple conducting oxides will 

promote the catalytic process. 

Utilization of CO2

Steady state CO2 transference number.
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Stainless steel 

manifold with 

gas in/outlets

Sealant

Silver mesh

Large scale cell testing

Apply the interfacial and component engineering on natural gas upgrading and electrochemical CO2 capture.

Integrate interfacial engineering and optimized component to large cell for high output power. 

Energy & Environmental Science, 11(7), 1710-1716.
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Materials (IF=18.81), ACS Nano (IF=15.88), Applied Materials Today (IF=10), and so on.

2. 25 total publication and 1 patent
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