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Why lowWhy low--Cr alloys as SOFC Cr alloys as SOFC 
interconnect material?interconnect material?

Currently, the metallic interconnects for intermediateCurrently, the metallic interconnects for intermediate--
temperature SOFC are the Crtemperature SOFC are the Cr22OO33--forming alloys such as forming alloys such as 
Ebrite, Ebrite, CroferCrofer, and Haynes 230 due to the electrically , and Haynes 230 due to the electrically 
conductive nature of Crconductive nature of Cr22OO33 compared to Alcompared to Al22OO33 and SiOand SiO22. . 
However, However, an inherent weakness of Cr2O3-forming alloys is 
the formation of volatile Cr species due to chromium 
evaporation, which will migrate to and thus poison the 
cathode, resulting in SOFC performance degradation. 
Two approaches can be taken to address this issue:

Surface coating approach
Alloy design approach
Low-Cr Fe-Ni alloys specifically tailored for SOFC 

interconnect application might resolve the Cr 
poisoning issue in SOFC stacks.



Alloy Design Strategies

CTE Match with Other Cell ComponentsCTE Match with Other Cell Components
Fe, Co, Ni, Mo, Fe, Co, Ni, Mo, NbNb, and Ti contents are being , and Ti contents are being 
controlled to maintain the CTE values of the controlled to maintain the CTE values of the 
new Fenew Fe--Ni alloys at the desired level.Ni alloys at the desired level.

Cr Volatility and Electrical Resistance Cr Volatility and Electrical Resistance 
of the Oxide Scalesof the Oxide Scales
In addition to controlling the FeIn addition to controlling the Fe--Ni ratio, other Ni ratio, other 
transition metals will be added to facilitate the transition metals will be added to facilitate the 
formation of highlyformation of highly--electrically conductive, Crelectrically conductive, Cr--
free outerfree outer--spinel layer. spinel layer. 

Oxidation Resistance of FeOxidation Resistance of Fe--Ni Alloys Ni Alloys 
By controlling the oxygenBy controlling the oxygen--active elements in active elements in 
the alloys, an inner layer of dense, protective, the alloys, an inner layer of dense, protective, 
and electrically conductive oxide (e.g. Crand electrically conductive oxide (e.g. Cr22OO33) ) 
will be formed underneath the spinel layer.will be formed underneath the spinel layer.

Outer Layer:
Cr-Free Spinel

Inner Layer:
Protective Oxide

Substrate: 
Fe-Ni Alloy 

Schematic of the Desirable 
Double-Layer Oxide Structure



Effect of Element X (in wt.%) on the Oxidation 
Behavior of Low-Cr Fe-Ni Alloys in Air at 800°C

An element XAn element X+ has has 
been identified which been identified which 
effectively controlled effectively controlled 
the oxidation kinetics the oxidation kinetics 
of the lowof the low--Cr FeCr Fe--Ni Ni 
alloys. alloys. 
The mass gain of the The mass gain of the 
alloys decreased with alloys decreased with 
the increase in X the increase in X 
content in the alloyscontent in the alloys
The oxidation The oxidation 
resistance of the alloys resistance of the alloys 
was notably improved was notably improved 
by the addition of X.by the addition of X.
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Oxidation kinetics of low-Cr Fe-Ni alloys 
with different X levels at 800°C in air

+ The exact alloy composition – proprietary information 



Effect of Element X on the Oxide Structure of 
Low-Cr Fe-Ni Alloys in Air at 800°C

(a) (b)

(c) (d)

5 μm 5 μm

5 μm 10 μm

Co3O4 Co3O4

(Fe,Co,Ni)3O4
Cr2O3

Cr2O3

Surface morphologies of the alloys with different X contents 
after oxidation for 3 weeks (a) 0; (b) 0.75; (c) 1.5; (d) 3.5



Effect of Element X on the Oxide Structure of 
Low-Cr Fe-Ni Alloys in Air at 800°C
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Cross-sections of the alloys with different X levels after 

oxidation for 3 weeks: (a) 0; (b) 0.75; (c) 1.5; (d) 3.5



Effect of Element X on Thermal Expansion 
Behavior of the Low-Cr Fe-Ni Alloys

Thermal Expansion vs. Temperature 
for the Low-Cr Fe-Ni Alloys (wt.%), as 
Compared to Other Cell Components

Element X was found 
to have negligible 
effect on the thermal 
expansion behavior of 
the low-Cr Fe-Ni alloys 

The CTE of the  low-Cr 
Fe-Ni alloys with 
different levels of X 
was close to that of 
other cell components

0

2

4

6

8

10

12

14

0 200 400 600 800 1000

Temperature (°C)

Electrolyte YSZ
Cathode LSM
Anode Ni+YSZ
3.5X
1.5X
0.75X

Th
er

m
al

 e
xp

an
si

on
  Δ

L/
L,

 1
0-3



Effect of X on the Scale ASR of Low-Cr Fe-Ni Alloys

Scale ASR of the low-Cr alloys with different X 
levels after oxidation for 3 weeks in air at 800°C

The ASR of the oxide 
scale developed on 
the low-Cr Fe-Ni 
alloys increased with 
the X content 

The alloy with 1.5%X 
exhibited lower scale 
ASR than Crofer 22 
APU
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Cyclic Oxidation of the Low-Cr Fe-Ni Alloy 

Oxidation kinetics of two Fe-Ni alloys after 
80 cycles (25-h cycle, 800°C, air cooling)

The mass gain of the 
low-Cr Fe-Ni based alloy 
was significantly lower 
than that of the Fe-50Ni 
alloy. 
No scale spallation was 
observed for both 
alloys, indicating good 
scale spallation
resistance for the Fe-Ni 
system.

Cr-free Spinel
Cr2O3

Low-Cr Fe-Ni based alloy
Fe-50Ni



Cr volatility Cr volatility of the new Feof the new Fe--Ni alloy was much lower Ni alloy was much lower 
than that of than that of CroferCrofer 22 APU22 APU

The Cr transport experiment was conducted at PNNL;
Experimental details: 800°Cx500 h, moist air with a velocity of 1.1 cm/s



SummarySummary
CTE (CTE (√√))
The CTE of the low Cr FeThe CTE of the low Cr Fe--Ni alloys is close to that of Ni alloys is close to that of 
other cell components.other cell components.

Oxidation Resistance (Oxidation Resistance (√√))
Effective alloying elements have been identified that Effective alloying elements have been identified that 
significantly improve oxidation resistance of lowsignificantly improve oxidation resistance of low--Cr Cr 
FeFe--Ni alloys.Ni alloys.

ASR (ASR (√√))
The ASR of the oxide scales formed on the new alloys The ASR of the oxide scales formed on the new alloys 
is comparable to that of current interconnect alloys.is comparable to that of current interconnect alloys.

Cr Volatility (Cr Volatility (√√))
The Cr transport rate for the new alloys is much lower The Cr transport rate for the new alloys is much lower 
than  that of than  that of CroferCrofer 22 APU.22 APU.



Current/Future WorkCurrent/Future Work
Current Work: OnCurrent Work: On--going Phase II Studygoing Phase II Study

Further Further Optimization of Alloy CompositionsOptimization of Alloy Compositions
Oxidation Tests in AnodeOxidation Tests in Anode-- & Dual& Dual--environment Atmospheresenvironment Atmospheres
Evaluation of Scale Evaluation of Scale SpallationSpallation Resistance of the New AlloysResistance of the New Alloys
Detailed Study of Alloy/Cathode Interaction/CompatibilityDetailed Study of Alloy/Cathode Interaction/Compatibility
Cell Testing with the New Interconnect AlloysCell Testing with the New Interconnect Alloys

Future Work: Future Work: 
ScaleScale--up of Alloy Production (in Collaboration with up of Alloy Production (in Collaboration with 
Commercial Alloy Producers)Commercial Alloy Producers)
Stack Testing with the New Interconnect Alloy (InStack Testing with the New Interconnect Alloy (In--house, house, 
National Laboratories, SECA Industrial Teams)National Laboratories, SECA Industrial Teams)
Evaluation of Other Properties (Forming, Tensile, Creep, etc.)Evaluation of Other Properties (Forming, Tensile, Creep, etc.)
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