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• Brazing

• Method of joining materials

• Braze alloy melts to join parts

• Active Brazing

• Ceramic/metal joining (alumina to KovarTM)

• Redox reaction aids wetting of ceramic 

4 Al2O3 + 3 Zr ⇌ 3 ZrO2 + 4 Al

• Braze run-out causes parts to be scrapped

• Physical origins unclear

• Possible wetting transition

• Likely brought on by Al in braze alloy
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Braze Temperature Profile
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A. (930°C) 
Initial wetting by molten alloy

B. (932°C) 
Initial wetting 
complete

C. (980°C) 
Complete wetting & 
initial run out at ID

EDS of quenched samples
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Introduction Finite Element Modeling: Details

Experimental Validation

• Experimental measurement of wetting angle of 
silver on KovarTM 

• Quantified by summing observations at 32 
regions of the edge

• 1 = runout

• 0 = no runout

• Full runout arbitrarily set to 35

Minimal Run-Out; Run-Out Score = 0

Significant Run-Out; Run-Out Score ~ 32

Blob Formation; Run-Out Score = 35

Results
FEM Experiments

contact angle of 39.9o from 
experiments at braze 
temperature of 970oC

• FEM results match experiments well
• Boundary is linear with surface tension, curved with surface tension
• Currently working to include results from new, more accurate MD simulations
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Wetting Simulations with Molecular Dynamics (sample 
system)

• Metal with ceramic requires reactive potential.
• Developed new reaxFF potential
• Too slow to run for 100 ns
• Use Young’s equation instead

• Surface energy/tension are standard 
calculations

• Solid/liquid interfacial energy is more 
difficult

• Using two methods
• Double phantom wall
• Capillary fluctuations

Leroy & Muller-Plathe, J. Chem. Phys. 133, 044110 (2010)

Double phantom wall:  Push solid 
and liquid apart and measure 
forces

Hoyt, et al., Phys. Rev. Lett.  86, 5530 (2001)

Capillary fluctuations:  Fourier 
transform of surface contours 
gives stiffness and interfacial 
energy

Creating Constitutive Equations from  Molecular 
Dynamics 

P. Vianco et al. Welding Journal, 97 (2018)
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