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This work establishes the ability to conduct digital image correlation (DIC) investigations at length
scales that elucidate slip system activation and quantification as the primary deformation mechanism in
polycrystalline materials. DIC allows for a computational method of strain field measurements using
multiple images to track random speckle patterns on material surfaces. Self-assembling gold
nanoparticles provide sub-micron resolution speckle patterns to study microstructure influences on
deformation using scanning electron microscopy (SEM). The complex microstructures in aerospace
grade aluminum give rise to varied deformation fields, which can be studied using electron backscatter
diffraction (EBSD). Specimen preparation techniques, speckle patterns, and image correlation analysis
are discussed. Experimental identification of strains at grain level can help validate computational
crystal plasticity finite element models, which in turn provide better predictive computational models.

Component failure is a result of deformation accumulating in small regions within a part. In fact, strain
localization is a precursor to material failure. In this research, the fundamentals of strain localization are
enabled through the set-up of a unique experimental analysis. The microstructure attributes, especially
grain boundaries (GBs), are responsible for heterogeneous deformation. As defects within the
microstructure localizes deformation and leads to incompatible strain. DIC represents a powerful tool
when combined with characterization of the microstructure, to assess the heterogeneous deformation,
damage mechanisms, or fatigue behavior [1-3].

In the following research, a specimen is constructed (Fig. 1a), polished, and fiducial marks are placed on
the specimen in the form of microhardness indents to establish a spatial reference for microanalysis (Fig
1b). The spatial crystallographic orientations are measured via EBSD and overlaid on the specimen
according to the fiducial marks in Fig. 1c. A gold nanoparticle speckle pattern is applied to the material
as shown in Fig. 2 according to the novel procedure developed by Kammers and Daly [4]. For this
technique, the sample is hydroxylated to increase the oxide and hydroxide groups via a basic solution
bath. The specimen is incubated in silane for 1 day and then a colloidal gold solution for a week to
attach silane linker molecules and gold nanoparticles to the functionalized silane molecules,
respectively. Reference images of the speckle pattern are taken at 5000x in the SEM via a grid of 6x5
images (24.79 x 18.6 um per image) within the 100 pm by 100 um fiducial markers, as shown in Fig. 3a.
The Al specimen was loaded and unloaded exhibiting a 1.4% residual strain. Images of the deformed
speckle pattern were acquired and the deformation was correlated using VIC-2D software.

The strain fields of DIC are superimposed on the crystallographic orientation (Fig. 3b), thus elucidating
the GBs in the material. Further, through the crystallographic orientations, the slip planes and GBs are
indexed [1]. The results allowed for quantification of local plastic deformation relative to the material’s
microstructure, in the form of slip bands and represented resolution necessary to display slip system
activation. The results are important, as localization of deformation at the slip band level is crucial to
failure processes, such as fatigue. Further, the results display spacing in between slip bands, the amount
of deformation accommodated by each slip band, and the discontinuous nature of slip.
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Figure 1. (a) Al specimen. (b) Microhardness indentations displaying fiducial marks to elucidate regions
of interest. (c) Superimposed information of crystallographic orientations via EBSD.
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Figure 2. Gold nanoparticle surface layer preparation (a) Standard oxide and hydroxide groups. (b)
Increased oxide and hydroxide groups after basic solution bath. (¢) Silane linker molecules after
MPMDMS bath. (d) Gold nanoparticles attach to functionalized silane molecules.
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Figure 3. (a) 100 pum by 100 um region of interest — 30 images acquired at 5000x. (b) Concurrent
measurements of material deformation via DIC in % axial strain and crystallographic orientations via
EBSD to measure 1.4% residual strain.
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