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ÅIn stacks with anode -supported cells (ASC -SOFC), the contact is 

required to minimize the cathode -interconnect interfacial resistance.  

Need of Contacting for Different SOFC Stacks  

Cathode -Interconnect Interface in ASC SOFC Stacks  

Cathode -Current Collector Interface in All -Ceramic SOFC Stacks  

Cathode End Plate  

Cathode End Plate  

ÅIn all -ceramic stacks, the contact is required to minimize the interfacial 

resistance between the current collector plate and cathode end plate.  
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Contact Material Requirements  

Air  

ÅRequirements  for contact materials in ASC -SOFC and 

all -ceramic SOFC stacks are generally similar, including:  

ïLow material/processing cost  

ïHigh electrical conductivity  

ïMatch in coefficient of thermal 

expansion (CTE)  

ïAdequate stability and 

compatibility  

ïAppropriate sinterability  

ïGood bonding strength with 

adjacent stack components  

ïAbsence of volatile species  

Cathode -Interconnect Interface in 

ASC-SOFC Stacks  

Cathode -Current Collector Interface 

in All -Ceramic SOFC Stacks  

ÅAdditionally , a reasonable porosity level in the cathode -

side contact is needed in ASC stacks for maximizing the 

triple phase boundaries for cathodic  reaction.  



Different Contact Materials  

ÅWhile various materials for ferritic  alloy -cathode contacting have been 

studied, most developments have focused on (La,Sr)(Mn,Co,Fe,Ni,Cu)O3: 

ïDifficulty in balancing the electrical conductivity, CTE, sinterability  and 

chemical compatibility of the perovskites.  
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Material 
Type 

Example CTE  (×10-6 /K) 

(20-800̄ C) 

Conductivity  

(SÖcm-1, 800̄ C) 
Main Concern 

 Pt  10.0  Metallic High Cost  

Noble  Pd  12.3 Metallic High Cost 
Metal Au  16.6 Metallic High Cost 

 Ag 22.0 Metallic Volatility 
 (La0.8Sr0.2) CoO3-d  19.2 (20-1000̄ C) 1400 CTE Mismatch 

(La0.8Sr0.2)(Co0.5Fe0.5)O3-d  18.3 (20-1000̄ C) 340 CTE Mismatch 

Perovskite (La0.8Sr0.2)(Co0.5Mn0.5)O3-d  15.0 (20-1000̄ C) 190 CTE Mismatch 

(La0.8Sr0.2)MnO3  11.7 (20-1000̄ C) 170 Sinterability 

LaMn0.45Co0.35Cu0.2O3  13.9  80 Mn/Cu Migration 

 

Spinel 

MnCo2O4  9.7-14.4  24- 89  Sinterability 

Mn1.5Co1.5O4  10.6-11.6 55-68  Sinterability 

NiCo2O4  12.1  0.93  Sinterability 

NiFe2O4  11.8 0.3, 6.8, 17.1  Sinterability 

 Ni0.85Fe2.15O4  12.1 15.4 Sinterability 
 



Why (Ni,Fe)3O4- and (Mn,Co)3O4-Based Spinels  as 

Contact Material?  

ÅConductive spinels based on (Ni,Fe)3O4 and (Mn,Co)3O4, which 

have been extensively evaluated as interconnect coating, are 

also promising for contact application, based on electrical 

conductivity, CTE, chemical compatibility, etc.  
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ÅUnfortunately, the sinterability of spinels  is very poor (typically 

²1000 C̄), if metal oxides are used as the starting powders.  

ÅEmployment of metallic powders (instead of oxide powders) as the 

starting precursor will lower the sintering temperature via a reactive 

sintering mechanism called environmentally -assisted reactive 

sintering (EARS). 
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ÅIn EARS, with the participation of oxygen 

from air, the metallic powder precursor  will 

be oxidized and reacted to form a well -

sintered spinel at a reduced temperature 

(e.g., 900 C̄):  

 

 

             

 

 

Utilization of EARS for Reduced -Temperature 

Sintering of Spinel -Based Contact  

(c): A + 2BOy + (2-y)O2(g) = AB 2O4 + DH2 

ÅEnhanced sintering via EARS is likely due to:  

ïHeat released during the reaction;  

ïVolume expansion upon conversion of metal to 

metal oxide;  

ïFormation of highly -active surface nano -oxides;  

ïShorter diffusion distance when a pre -alloyed 

powder is employed.  
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(a) with a spinel  (S) powder  

(b) with a mixture of metal oxides  

(c) with metal and oxide powders  

(d) With two metal powders  

(e) With a pre -alloyed powder  

(d) & (e): A + 2B + 2O2(g) = AB 2O4 + DH3 

(b): AO x + 2BOy + (2- x-y)O2(g) = AB 2O4 + DH1 

DH3 > DH2  >> DH1 

Zhu et al., IJHE, 2018  
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Project Objectives  

ÅOptimization of the multi -component alloy precursor 

composition as contact material. The alloy compositions will be 

optimized via composition screening in the ( Ni,Fe,Co,X)3O4 and 

(Mn,Co,X)3O4 system , alloy design using physical metallurgy 

principles, and cost considerations. The desired alloy powders 

will be manufactured & characterized in detail.  

ÅDemonstration/validation of the contact layer performance in 

relevant SOFC stack environments. Long -term ASR behavior 

and in -stack performance of the contact layer in relevant stack 

operating environments, its microstructure, chemical 

compatibility & Cr -retaining capability will be evaluated.  

ÅFurther cost reduction and commercialization assessment .  

Approaches to further reducing the stack cost will be explored, 

such as co -sintering of the interconnect coating and contact 

layer. Cost analysis and scale -up assessment will be conducted 

for potential commercialization.  
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Compositional Design for Co -Mn Based 

Alloy Precursor  

ÅCo-31.76 wt .%Mn was selected as the 

baseline composition, which after 

thermal conversion would lead to the 

MnCo 2O4 spinel formation:  

VThe Co-31.76 wt .%Mn alloy has the 

single -phase fcc  structure at 900 C̄; 

VMnCo 2O4 has a cubic structure at 

both 800 and 20 C̄ 

    Mn2O3                Co/(Co+Mn)               Co3O4 

Phase Diagram  of  the Co-Mn-O System  in Air  

Phase Diagram  of  the Co-Mn System  

Huang, CALPHAD, 1989 
Golikov , J. Phys. Chem. Sol., 1985  
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ÅFe addition to the binary 

Co-Mn alloy for reducing 

the reaction layer growth;  

ÅCe doping for slowing 

down the Cr 2O3 scale 

growth on the alloy and 

improving the scale 

adhesion via ñreactive-

element effectò. 
The interface  of  (a) MnCo 2O4 (MC)/Cr2O3 & 

(b) MnCo1.7Fe0.3O4 (MCF)/Cr2O3 diffusion  

couple  after  900ºC for  300 h 

Alloy Compositions & Corresponding  Spinels  after Thermal Conversion  

(in  wt.%)  Co Mn Fe Ce Spinel Composition  

Alloy 1 68.21 31.79 ð ð MnCo2O4 

Alloy 2 64.72 31.80 3.23 ð MnCo1.9Fe0.1O4 

Alloy 3 64.72 31.77 3.23 0.41 MnCo1.895Fe0.1Ce0.005O4 

Talic , SSI, 2019 

Compositional Design for Co -Mn Based 

Alloy Precursor  
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Gas Atomization of Selected Alloys  

ÅA number of Co -Mn 

based compositions 

were selected for the 

powder preparation.  

ÅThe powders with the 

desired composition 

and particle size were 

manufactured using a 

semi -industrial gas 

atomizer.  
Gas Atomization System  

ÅChemical analysis of the collected powders was conducted at Dirats  

Lab - a close match with the targeted compositions was achieved.  

A lab -scale gas atomizer  is currently being 

installed at TTU under a DoD DURIP project.  



Thermal Conversion of Alloy Precursors  

ÅThree alloy powders and a Co+MnO 2 mixture were used as 

the precursor for synthesis of the desired spinel layer.  

ÅAfter screen printing, the precursor layer was sintered at 

900 C̄ for 2 h in air to convert it to the spinel layer.  

XRD Patterns of Different Precursors after Conversion  

ÅA single -phase 

(Mn,Co)3O4 (MCO) 

spinel layer was 

formed for all the 

precursors.  

ÅThe alloy 

precursors led to 

narrower peaks, 

indicating a more 

homogeneous 

composition.  



Microstructure of Converted Spinel Layer  

ÅThe MCO layer formed with the alloy powders was more 

dense, compared to that with Co+MnO 2. This is a result of 

more volume expansion with the alloy precursor.  

Cross -sectional View of the Spinel Layer Converted from 

Different Precursors: (a) Alloy 1 and (b) Co+MnO 2  

(a) 

(b) 
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Area-Specific Resistance (ASR) Measurement  

ÅA number of test cells were constructed, with the spinel -

forming contact precursor layer sandwiched between the 

ferritic alloy Crofer  22 APU and the LSM cathode.  

ÅThe test cells were spring -loaded and heated to and held 

at 900 C̄ for 2 h; after cooling down to 800 C̄, the cell ASR 

change during isothermal exposure at 800 C̄ in air  was 

monitored using a special 6 -cell test rig.  

Schematic of the ASR Test Cell and Test Configuration  



ÅThe higher cell ASR with the 

Co+MnO 2 precursor  is partially 

due to the higher porosities in 

the contact layer.  

 

Cell ASR with Different Metallic Contact Precursors  
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Cell ASR vs. Time at 800 C̄ in Air  

ÅThe ASR for Crofer /contact /LSM cells with the alloy precursors was 

much lower than that with the Co+MnO 2 precursor over the duration 

of the test.  

 

Cross Sections of Crofer /Contact/LSM 

cells with Different Contact Precursors  

(a) Alloy 1                  (b) Co+MnO 2 


