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Two Strategies

“Thermodynamic” “Kinetic”

TABLE I. Thermal stabilization of nanocrystalline materials by the TABLE II. Thermal stabilization of nanocrystalline materials by the

thermodynamic mechanism of solute segregation to grain boundaries. kinetic mechanism of Zener Pinning by nanoscale particles.

Material Solute addition Maximum 7/7,, Reference Material Particle Maximum 7/Tr, ~ Reference
: Al (99.9%) Al,O5, Al4C3 ~5 nm 0.78 43

N1 6, 13at.% W 0.49, 0.58 24 Fe-10 wt% Al ALOs, AIN >0.68 40

Co 1.1 at.% P 0.42 30 Fe-10 wt% Al ALO, 0.75 44

Fe 14 at.% Zr 0.59-0.65 31,32 Cu5at%Zr  ZrOy, ZiC ~8 nm 0.86 )

Fe-Cr 1-4 at.% Zr 0.65 33 AI-7.5 wt% Mg ALOs, Al,Cs 0.78 45

Ni 3.6 at.% P 0.34 29 AlgsFe;Ti,Cry AlgFe, Al,sFe,, 0.77 41

Y 5-20 at.% F 0.36-0.42 35 AlsTi, Al;5Crs

RuAl ~15 at.% Fe 0.55 36 Mg-12 wt% Cu  Mg,Cu 0.76 46

T10, 0.34 mol% Ca <0.55 37 Cu-at.% Nb Nb 0.86 47

Ni-W and Ni-P Alloys Impurity Particles...

Koch CC, Scattergood RO, Saber M, Kotan H. ] Mater Res 2013;28:1785.



Processing Impurities

Oxygen from plating
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Impurity Sultur in Ni
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How often does segregation increase grain growth rate? -




Ni-W Background
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Ni-W Phase Diagram
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Electroplated Ni-W: Initial Analysis

Several unknown phases > Do not match phase diagram -
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Bright phase is Ni,

identified as intermetallic Ni

1S Mis

Ni,W.C




Ternary DFT phase diagrams
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Ni,WC (and others) in sputtered films

Impurity phases may be more common than realized

arbide Oxides & Small Ar Pores
Large Ar Pores




Ar pores pin grain growth?




Dark phase is W-rich oxide

30} . Ni Matrix
- W Mo, -

10 Mo Lo |

Counts (x10°)

X-Ray Energy (keV




Nanoscale oxides pin grain growth?

Grain Radius = 30 nm
Particle Radius = 3 nm

Measured Volume Fraction = 3%

- What volume fraction do we need?
r 3nm
feritical = T =
5R  150nm

R.D. Doherty, Mater. Sci. Forum 715-716 (2012) 1-12.
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WOx Segregation
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Finding the oxides




earch for W-segregation
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A few open questions...

1.Is Ni-W an isolated example?

2.How pure is pure and do we care?

3.Can we dope nanograin materials with “impurities”?
4.Do we trust our computational models?

5.Are all nanocrystalline grain boundaries equal?

6.Can we truly characterize nanocrystalline microstructures?




