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Defect Nucleation in Crystalline Metals

Image removed due to copyright restrictions.
Please see Fig. 9a,b,c in [1].
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Big Picture

» Defect nucleation plays an important role in defect-free material volumes or if system
sizeis reduced to the submicron level
 The stress required to nucleate a disocation homogeneously sets an upper bound for the

effectiveness of our strengthening mechanisms

» Understanding defect nucleation is part of the puzzle for understanding the breakdown

of Hall-Petch scaling in nanocrystalline materials

Hardness (GPa)

Courtesy Elsevier, Inc.,
http://www.sciencedirect.com.

-
o

Used with permission.
’ LS i LR | ¥ BB ELE ELS
L S &
“_H
L
00

B Ni-W, present study .'\.\ °
® Ni-W, Yamasakietal. g Q ‘ PY
@® Ni-W, Schuh et al M
@ Ni Erbetal ‘e,
@® Ni, Hughes et al. .
@ Ni, Ebrahimi et al.
M i aaaal 1 s g aaaal " L4 i 1 a3

Grain size (nm)

Hardness as afunction of grain size. [2]

Image removed due to copyright restrictions.
Please see Fig. 1b,c in [3].

Defect nucleation from grain boundaries. [3]
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Microscopic mechanism

* When a bond breaks in shear, a new
bond will usually form immediately
afterwards between the new atomic
neighbors. This process of bond
breaking and reformation controls
defect nucleation.

Image removed due to copyright restrictions.

Please see Fig. 3 in [4].
» The stress needed to cause such an

event should correspond to the
theoretical shear strength we
calculated in class.

* A defect should nucleate when this
stress is reached to relieve the high
strain energy built up at this point In-situ TEM micrographs from [4],

illustrating the response of an Al grain to
nanoindentation.
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Prediction & Optimization

Defect nucleation should occur when our shear stress is maximum
and near the theoretical shear stress.
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Nucleation of dislocation at z=0.78ain bubble

Shear stress plot along the depth of the indented
raft model. [6]

material by using 2D indentation model. [5]

2D material analogs (bubble raft models), molecular dynamics simulations,
and in-situ TEM indentation all support the predicted result.
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