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Reactive Air Brazes Can Be Made in Air w/o Flux, But Have Iss
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Porous Nickel Layers Can Be Used To Promote Silver We
and Spreading on Ceramics

Sapphire Nickel

Parket al, ActaMaterialia, v199 p551 (2020). 3
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Without Porous Ni With Porous Ni

Hu et al., ScriptaMaterialia, v196 p113767 (2021). 4
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Porous Nickel Layers Can Be Used Instead of

ReactiveAir Brazes to Bond Metals to Ceramics
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Porous Nickel Layers Can Also Be Used For
CeramicCeramic Bonding
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Ni is Green, Pores are Black, Sapphire is Gray, and Silver is Transparent
This 3D X-Ray Tomographic Reconstruction was Obtained at Argonne National Laboratory
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Patterned Silver Circuits Can Also Be Made by Infiltratin

Molten Silver Into a Pr&atterned Nickel Network
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As-printed As-fabricated Air/850°C,5 hrs
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L KQOutline

1. Motivation

2. Porous Interlayers that Both:

1. Promote Ag Wetting
2. Inhibit Stainless Steel Surface Oxide Formation

3. Conclusions
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Wetting Promoting Interlayer Phase Diagram Characteris

A The Interlayer Must Remain Solid Well Above the Ag Melting Temperature ¢f962
A To Promote Ag Wetting, There Must Be Some Ag Solubility in the Interlayer Material

ATo Ensure the Interlayer Doesndt Disar
The Interlayer Should NOT have Complete Solid Solution with Ag

Binary alloy phase diagrams Ag-Ni Binary alloy phase diagrams Ag-Pt
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Chemical Gettering Interlayer Phase Diagram Characteri

A To Have a Chance of Serving as an Effective Surface Oxide Getter, the Interlayer Me
Should Form Intermetallics with Stainless Steel Oxide Scale Cations (AftdCr,
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Interlayer Mechanical Property Considerations

A Interlayer Reaction Products Must Have Similar or Greater Ductility than Ni
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NI and PtAre Likely Good Interlayer Materials, Others Ma
Also Be Possible

Gaseous at room and elevated temperature Lower melting point than Ag

No aluminide phases . Potentially brittle aluminide phases
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Ag-NI and AgPt Electrical Contacts Perform Significantl

Better Than Conventional
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Ag-NI and AgPt Stainless Steel Joints Have Strengths Sin

Or Greater, Than Those Made With-@&gO
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8 20 40 60 80
5 O I= Ag—(,uo AFFbS|L Fbe (As—Produced) = —lnln(]/b)—— 91n(c)+17.9 5 0
1a Ag-Cu0 AFFSS|CFFSS (Air Anncaled) -Inn{1/S)=-4.0n(c)+15.8 i
4.5 1 A Ag-CuO AFFSS|CFFSS (Redox Cycled) -InIn(1/8¥=-3.7In(c)+9.9 [ 4.5
1 = Ap-Ni AFFSS|CFFSS (As-Produced) -Inin(1/8)=-7.6In(c}+20.4 [
4.0+ O  Ag-Ni AFFSS|CFFSS (Air Annealed) -Inln(1/8)=-63In(5)+232 | 4.0
1 = Ag-Ni AFFSSICFFSS (Redox Cycled) -Inln(1/8)=-111In(c)}+33.1[
3 ale ® Ag-Pt AFFSS|CFFSS (As-Produced) -Inln(1/8)=-6.5In(c)+19.2 | 3 <
1 © Ag-Pt AFFSS|CFFSS (Air Annealed) Anln(1/8)=-4.2In(c)+17.2 [
3.0+ ® Ag-Pt AFFSS|CFFSS (Redox Cycled) -Intn(1/8)=-8.3In(c)+26.2 [ 3.0
2.5 2.5
@D 50l :
L 2.0 2.0
— J |
~—
= 1.5 -1.5
E ] L
= 1.0 1.0
0.5- 0.5
0.0- 0.0
-0.5 - --0.5
-1.04 --1.0
T T T T T
2.0 2.5 3.0 35 4.0 4.5
In(c) (In(MPa))

AFFSS = AluminaForming Stainless Steel, CFFSS = Chroftaming Stainless Steel

Hu et al, J. ElectrochemSoc., Submitte025). 17



e IR ERT
Ag-CuOProduces Defective Joints with Thick Cu®@}, Layers

As-Produced Ag-CuO braze SEM images and EDS line scans
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Since It Was Made In Air, the AGQUOMI cr ost r uc:

Change Much With 300hrs in 6%D Air

Air-Annealed Ag-CuO braze SEM images and EDS line scans
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The CuALO, Spinel in Oxidized or A$roduced AgCuO Joints Breaks
Down with Redox Cycling

Redox-Cycled Ag-CuO braze SEM images and EDS line scans
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Ag-NI Produces Dense AFFSS to CFFSS Electrical Cont

As-Produced Ag-Ni braze SEM images and EDS line scans
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NI Getters Al During 30Grsof 650°C Sir,

Reducing the Thickness of the Alumina Scale
Air-Annealed Ag-Ni braze SEM and EDS line scan
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The NIAl,Cr),O, Spinel in Oxidized AgNi Joints Breaks
Down with Redox Cycling

Redox-Cycled Ag-Ni braze SEM images and EDS line scans
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Ag-Pt Produces Dense AFFSS to CFFSS Electrical Cont
Pt Getters Al During Manufacturing

As-Produced Ag25Pt braze SEM images and EDS line scans
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Ag-Pt Contacts Have Regions That Are@d-Free
After 300hrsin 65C0°C Air, Most of Pt Dissolves into the Ac

Air-Annealed Ag25Pt braze SEM images and EDS line scans
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Due to Solid Solution Embrittlement Caused by Pt Dissolvi

Into the Ag, AgPt Braze Joints Do Not Survive Redox Cyclir

Pt Likely Also Catalyzes Water Pocket Formation at the Gr
Boundaries

Hu et al, J. ElectrochemSoc., Submitted2025). 26



