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Background
• High chromium multi-component nickel base alloys
provide desired high temperature strength and
corrosion resistance for applications in nuclear power
industries.
• Weldability of these alloys is strongly affected by
variations in composition.
• Current commercial nickel base filler metals can be
susceptible to solidification cracking, especially under
high-restraint conditions.
• Solidification cracking (Figure 1) can result in reduced
strength and corrosion resistance of the welds,
compromising the safety of nuclear operators.
• Interstitial elements (carbon, nitrogen) along with
carbide and nitride forming elements have been
shown to strongly affect weld microstructure and
properties in nickel base filler metals.
• The effect and interaction of interstitials and alloying
elements on weld solidification and solidification
cracking is not well understood.

• Thermal analysis reported increasing
• Volume fraction shows effect of alloying
solidification temperature range (STR) as
elements on Nb-rich phase formation
eutectic temperature decreased
• C, N, Nb promoted Nb-rich phase
• Increasing STR indicates poor weldability
formation
• Ti limited Nb-rich phase formation

Motivation
Solidification cracking compromises weld properties. A
better understanding of the effect and interaction of
interstitial and alloying elements in nickel base alloys
may explain heat-to-heat weldability variations
experienced in industry and will allow filler metals to be
compositionally modified to prevent solidification
cracking, especially under high-restraint conditions.

• Samples with high eutectic temperatures, • Samples with low eutectic temperatures,
low STR exhibited NbC formation in
high STR exhibited Laves phase
interdendritic regions
formation
• Large phase fraction of Nb-rich phase
• Moderate Nb-rich phase fraction with
recorded, but no Laves present in system
Laves phase present
• C, Nb expected to reduce solidification
• Ti, Si, and Mg found to promote Laves
cracking susceptibility
phase formation, expected to increase
solidification cracking susceptibility
Figure 1. Example of solidification cracks formed during
welding, with intermetallic Laves forming at the crack tip.

Objectives & Approach
• Determine single and interactive effects of interstitial
(C, N) and alloying elements on weld microstructure
(phase formation) and weldability (solidification
cracking) in filler metal 52i using experimental and
computational methods
• Accurately predict resultant phase fractions and
solidification temperature ranges by combining
ThermoCalc results with a neural network (Figure 2)
• Perform thermal analysis and microstructural
characterization on experimentally fabricated
compositions to determine alloying effects on
weldability
• Perform weldability testing and refine predictive model

• Select compositions from optimal range to verify the effect of alloying elements on
weldability
• Effects of C, N, Nb, Ti, Si, and Mg isolated to determine solidification cracking
susceptibility via longitudinal Varestraint test

Conclusions
• Predictive model was used to determine suitable compositions for experimental fabrication
• Thermal analysis and microstructural characterization determined effect of alloying
elements on solidification behavior
• Samples with high C & Nb exhibited small STR, large NbC phase fraction:
expected to reduce solidification cracking susceptibility
• Samples with low C, high Nb, Ti, Si, and Mg exhibited large STR, promoted Laves
phase formation: expected to increase solidification cracking susceptibility

Future Work
• Fabricate suitable alloys into plate form for longitudinal Varestraint testing
• Confirm predictive model from experimental weldability and microstructural characterization
results

Figure 2. Neural Network (left)
employed to predict phase fractions
and solidification temperature range of
above composition ranges
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