
: Develop materials for co-capture of sulfur from airflow and chromium species originating from the metallic stack and BOP components

 Develop high surface area (HSA) getter materials and coatings to increase sulfur and chromium capture efficiency

 Design and develop in-situ sensors to monitor the getter lifetime

: The long term degradation of cathodes due to intrinsic and extrinsic impurities such as trace amounts of sulfur (75 ppb) and chromium vapors,

respectively, remains a major cause of irreversible performance losses in the SOFC power systems. Understanding of the cathode degradation due to sulfur in

the ambient air has attracted little attention until recently and formation of SrSO4 is observed at the electrode/electrolyte interface leading to ohmic and

polarization losses. Furthermore, humidified air aggravates corrosion and oxidation of chromium containing alloys that leads to higher chromium vapor pressure

compared to dry air. Cathode degradation arises from the gas phases such as CrO3 and CrO2(OH)2 generated from the metallic interconnects, and balance of

plant (BOP) components, H2O, CO2, and SOx/H2S present in the ambient air stream. Therefore, co-capture of chromium and sulfur before these species poison

the cathode is the key to mitigate the degradation and improve the SOFC stack lifetime to achieve technology readiness level of (TRL5).
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• Thermodynamics

• Density Function Theory(DFT)

• Physical properties

•High surface area, porosity

•Getter design optimization 

•Computational Fluid Dynamics (CFD)

•Cr & S transpiration test

• Electrochemical test

•Posttest characterization

•In-situ Cr sensor development for 

getter health monitoring 

•Industrial collaboration 

•Testing under industry specific 

system operating conditions

•Getter fabrication at large scale 

supports 
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Abstract: The proposed program will develop cost effective getters and sensors for co-capturing and monitoring chromium and sulfur impurities present in the

air stream entering solid oxide fuel cell power systems to mitigate cathode poisoning and related long term performance degradation. It is also the objective of

the proposed program to transfer the technology to solid oxide fuel cell (SOFC) industries. The sub-objectives of the program includes (a) identification and

optimization of materials chemistry for the co-capture of sulfur present in the airflow and the chromium species originating from the metallic stack and BOP

components, (b) synthesis of high surface area tailored getter materials and high surface area coatings (nanofiber and multi–modal nano particles for porous

coatings to increase capture efficiency and getter utilization), (c) design and develop in-situ sensors to monitor the getter lifetime (d) demonstrate the co-capture

technology under SOFC system operation condition at technology readiness level (TRL) 5. Getters will be fabricated and provided to SOFC industries.

Background 

References

Program objectives 

• J. A Schuler et al., J. Power Sources 201 (2012) 112-120.

• S.P Jiang and X. Chen, Int J Hydrogen Energy, 39, (2014) 505-531

• Minh NQ and Takahashi, Science and Technology of Ceramic Fuel Cells, Elsivier, 1995

• B. Hu, M. K. Mahapatra, M. Keane, H. Zhang, P. Singh, J. Power Sources 268 (2014) 404-413.

• B. Hu, M. K. Mahapatra, M. Keane, P. Singh, J. Power Sources 248 (2014) 196-204.

• S. P. Jiang, Sam Zhang and Y.D. Zhen, J. Mater. Res., 20 (2005) DOI: 10.1557/JMR.2005.0101

• Sheng-Yu Chen et al., ACS Appl. Mater. Interfaces 8 (2016), 7834-7842 DOI: 10.1021/acsami.6b00578

Acknowledgement 

Financial support from the USDOE Office of Fossil Energy grant DE-FOA-0001469 is 

acknowledged. The authors thank Dr. Rin Burke for helpful technical discussion.

• Smaller or negligible degradation 

• No changes in chemistry, interface 

and surface morphology 

• A-site dopant exolution, 

surface deposition

Chromium poisoning 

MO(s) +CrOx(OH)x (g)MCrO4 (s)

Sulfur poisoning 

MO(s) + SO2 (g)    MSO4 (s)

• Irreversible degradation

• High polarization losses  

• Interfacial deposition limits the 

oxygen access at the triple 

phase boundary (TPB) sites

Proposed approaches for the development of sulfur and

chromium co-getter
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Baseline: Negligible degradation of SOFC electrochemical cell under purified air, Chronological degradation: Different stages of degradation occurring over time in an electrochemical 

cell under the “ real world” air containing both extrinsic and intrinsic impurities through surface and interfacial compound formation

Schematic illustration demonstrating the rise of the sulfur and chromium poisoning leading to the long term irreversible degradation in SOFC systems 
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