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What is 3D-XRD?

* Microscopy technique for characterizing
polycrystalline materials.

 Utilizes hard X-rays (30 — 100 keV) to
investigate the materials at the micro-
and nano- levels

* Works through Bragg condition.

* The final outputs are grain positions,
orientations and elastic strains/stresses
in three dimensions
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Background — Polycrystalline Materials
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Background — Diffraction Techniques
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Synchrotron-1: European Synchrotron Radiation Facility (ESRF), Grenoble, France
Beamline: ID11
Topic: Deformation Twinning (Masters)
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How 3D-XRD works? R

* This method was developed by
Henning Poulsen in 2004 [1].

* Electromagnetic radiation is
generated by acceleratjon of charged
particles (i.e. electrons)

* The x-ray beam is struck on the
sample through focusing techniques

* The scattered rays are collected on a
two-dimensional detector

* The sample stage is rotated to collect
diffraction patterns at all angles

* Objective: Study deformation
twinning in hexagonal close-packed o
(HCP) mEta|S mmsen,vol.s. Springer, 2004.

DISCOVERY
Canadian Centre canadien AT THE SPEED
Light de rayonnement OF LIGHT
7 Source synchrotron

Specimen

Planar
2D Detector



Canadian Centre canadien
Light de rayonnement
Source synchrotron

Data Processing — Indexing and Fitting
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Data processing: Assembling Layers and
Matching Across Loading Steps

Zirconium: Step-1
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Results

3D-XRD grain map of
zirconium at preload
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Comparison with EBSD Aa
Full 3D- .
Algorithm XRD Map “
- Find common largest grain. g 7
- Fix center of map. @
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12%

Comparison with

EBSD: Voronoi Maps

Neighborhood population of each
reconstructed map is compared to EBSD,

Number of
matched neighbors

Total Number of neighbors
measured in the EBSD grain map

MQF = x 100%

94%, 90%, 81%, 80% of grain neighbors
were matched for Voronoi and weighted
Voronoi EBSD and 3D-XRD respectively.
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Synchrotron-2: Cornell High Energy Synchrotron Source (CHESS), Cornell University, NY, US
Beamline: Forming and Shaping Technology (FAST)
Topic: Micromechanics of notched geometries (PhD)
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Experimental Setup

Experiments

* Objective: Acquire microstress distributions in the Beam
vicinity of notches and investigate the role of Source
microstructure.

e Study-1: 50 load-unload cycles on two pure zirconium
specimens with radial texture with two different notch
geometries.

* Study-2: 35 load-unload cycles on two pure zirconium
specimens with axial/soft texture with two different
notch geometries.

Data processing: Procedure similar to ESRF. Python
library: HEXRD

D,
Clecy, o

E

ST
Beam

P Schematic

Stop
Specimen = ‘#{@f{,_,_»—-’ N 3 > N / S

Planar _R=70 - < N1l N

Beam - an o )

_— e CHESS ) ' DISCOVERY

. " -~ ™ 8D 1 1 AT THE SPEED
Canadian Centre canadien -~ &]/
Light de rayonnement Te nsi I € R I g OF LIGHT
1 4 Source synchrotron l



Results (Asymmetrical Maps)

3D-XRD
grain maps
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Crystal Plasticity
Finite Element
Modelling (CPFE)
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Synchrotron-3: Canadian Light Source, Saskatoon, SK, CA
Beamline: Brockhouse X-ray Diffraction Sector (BXDS)
Topic: Commissioning the 3D-XRD technique
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Bringing 3D-XRD to the CLS mage Coaston

Establishing 3D-XRD

Gather Test Data Collection

Data Analysis

Equipment Measurements and Processing
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Where can | do 3D-XRD?
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Thank You
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