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WELCOME TO
The 4th International Congress on

300

3D Materials Science 20]3

On behalf of The Minerals, Metals & Materials Society (TMS), we are pleased to welcome you to the fourth
iteration of the International Congress on 3D Materials Science (3DMS 2018). This multi-disciplinary meeting
distills the most current knowledge regarding 3D materials science into one conference, enabling you to
fast-forward your materials research impact. We hope you will take every opportunity during this week to
immerse yourself in this unique, highly focused technical meeting where you have the chance to learn from
and network with other 3D materials science experts. The 3DMS 2018 technical program will include plenary
and invited lectures as well as oral and poster presentations including a wide range of topic areas, covering
the most critical and rapidly growing areas of 3D materials science.

We look forward to an exciting congress and thank you for your participation in 3DMS 2018!

Warmest regards from the organizing committee:

ORGANIZING COMMITTEE

Chair: Hugh Simons,
Technical University of Denmark (DTU), Denmark

McLean Echlin,
University of California, Santa Barbara, USA

Satoshi Hata,
Kyushu University, Japan

Henning Poulson,
Technical University of Denmark (DTU), Denmark

David Rowenhorst,
Naval Research Laboratory, USA

Peter Voorhees,
Northwestern University, USA

INTERNATIONAL ADVISORY COMMITTEE

Dominique Bernard,
Institute of Condensed Matter, France

Annika Borgenstam,
KTH Royal Institute of Technology, Sweden

Timothy Burnett,
The University of Manchester, United Kingdom

Nik Chawla,
Arizona State University, USA

Oana Cojocaru-Miredin,
Institute of Physics, RWTH Aachen, Germany

Stephen Hall,
Lund University, Sweden

Hiroshi Jinnai,
Tohoku University, Japan

Emmanuelle Marquis,
University of Michigan, USA

Mitsuhiro Murayama,
Virginia Polytechnic Institute and State University, USA

Anthony Rollet,
Carnegie Mellon University, USA

www.tms.org/3DMS2018 3



ABOUT THE CONGRESS

REGISTRATION
Your registration badge ensures admission to each
of these events:
e Technical and poster sessions
Sunday welcome reception
Monday poster reception
Tuesday dinner event*
Refreshment breaks during session
intermissions

*Please note that while one ticket for the congress dinner is included,

registration was required for this event through the congress
registration form. Check at the registration desk for more information.

REGISTRATION HOURS

On Sunday, June 10, the registration desk will
be located outside the Salon at the Beach Hotel
Marienlyst at the following times:

5:00 p.m. to 7:30 p.m.

From Monday, June 11, through Wednesday,

June 13, the registration desk will be located in
Arcade, Prismen, at the Kulturveerftet (Culture Yard)
Conference Center at the following times:

Monday 7:00 a.m. to 6:00 p.m.
Tuesday 7:30 a.m. to 6:00 p.m.
Wednesday 7:30 a.m.to 4:20 p.m.

Sunday

Please note that all times are in
Central European Summer Time (CEST) +0200 UTC.

TECHNICAL SESSIONS

All oral presentations will be held in the Store Scene
and Lille Scene at the Kulturveerftet (Culture Yard)
Conference Center. All poster presentation will be
held in the Store Scene. See the Technical Program
section on pages 11-43 for room locations.

INTERNET ACCESS

Complimentary internet access is available for
attendees in some public areas of the hotel and

in all hotel guest rooms. Complimentary internet
access is also available at the Kulturveerftet (Culture
Yard) Conference Center. The username is KV-
publikum and no password is required.

EXHIBITION HOURS
The exhibition will be located in Store Scene at the
Kulturveerftet (Culture Yard) Conference Center.

Monday 3:20 p.m. to 3:50 p.m. and
6:30 p.m. to 7:30 p.m.
Tuesday 10:00 a.m. to 10:30 a.m. and

3:20 p.m. to 3:50 p.m.
Wednesday 9:50 a.m. to 10:20 a.m.
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NETWORKING & SOCIAL EVENTS

WELCOME RECEPTION

The Welcome Reception will be held on Sunday,
June 10, from 6:30 p.m. to 7:30 p.m. in the Salon
at the Beach Hotel Marienlyst.

POSTER RECEPTION

A networking reception for poster and exhibit
viewing is planned for Monday, June 11, from
6:30 p.m. to 7:30 p.m. in the Store Scene at the
Kulturveerftet (Culture Yard) Conference Center.
Don’t miss this great networking opportunity!

CONGRESS DINNER

The 3DMS 2018 dinner event will be held on
Tuesday, June 12, from 6:30 p.m. to 8:30 p.m.
Please note that while one ticket for the congress
dinner is included, registration was required for
this event through the congress registration form.
Onsite ticket sales are based on availability. Check
with TMS staff at the registration desk for more
information.

KULTURV ARFTET (CULTURE YARD)
CONFERENCE CENTER

BEACH HOTEL
MARIENLYST

The Kulturveerftet (Culture Yard) Conference Center,
the congress program location, is a multi-cultural
house situated in Helsingar (Elsinore)—a historic
town at the top of North Zealand overlooking the
strait between Denmark and Sweden. Built into the
town'’s old shipyard, the Culture Yard gives you every
opportunity to explore the vibrant culture of Elsinore.
For more information, visit https://kuto.dk.

and Sunday reception and registration location, is

a 4-star seaside hotel complete with a spa, casino,
and wellness area. It offers its own dining options
and is also situated near central Elsinore, where you
can find an assortment of other shopping and dining
options. Also within walking distance are wooded
trails, a small boat marina, and the historic Kronborg
Castle, the setting for Shakespeare’s Hamlet. For
more information, visit www.marienlyst.dk/en.home/.
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PLENARY SPEAKERS

Tresa M. Pollock, University
of California, Santa Barbara
Presentation Title:
“Challenges in Acquisition

of Statistically Significant
Multimodal 3D Data for
Property Prediction”

About the Speaker: Tresa M.
Pollock is the Alcoa Professor
of Materials at the University
of California, Santa Barbara. She graduated with a
B.S. from Purdue University in 1984, and a Ph.D.
from Massachusetts Institute of Technology in 1989.
Pollock was employed at General Electric Aircraft
Engines from 1989 to 1991, where she conducted
research and development on high temperature
alloys for aircraft turbine engines. She was a
professor in the Department of Materials Science
and Engineering at Carnegie Mellon University
from 1991 to 1999 and the University of Michigan
from 2000 to 2010. Her current research focuses

on processing and properties of structural materials
and coatings and on the use of ultrafast lasers

for microfabrication, tomography and materials
diagnostics. Pollock was elected to the U.S. National
Academy of Engineering in 2005, is a Fellow of TMS
and ASM International, serves as principal of the
Metallurgical and Materials Transactions family of
journals, and was the 2005 TMS President.

4 N\ Henry Proudhon, Mines
Paristech, Centre des
Matériaux
Presentation Title:
“Polycrystalline Materials in 4
Dimensions”
About the Speaker: Henry
Proudhon graduated in 2001
- | from Ecole Centrale de Lyon
in France in mechanical
engineering. He received his Ph. D. in material
science in 2005 from INSA Lyon working on
investigating fatigue cracking mechanisms with
synchrotron x-ray tomography. He then went to
the University of British Columbia to work with
Warren Poole on ultrafine-grained materials and
the Bauschinger effect. In 2007, he joined CNRS,
the French national research institute for science,
at Centre des Matériaux MINES ParisTech to
carry out his research on three dimensional study
of deformation and fracture in polycrystalline

materials: from synchrotron x-ray investigations to
computational mechanics. In 2015 he defended

his habilitation thesis and also was associated to
the DiffAbs beamline at the SOLEIL synchrotron
near Paris. Last year he was a visiting researcher
at the University of California, Santa Barbara in
Tresa Pollock’s research group, to work on Ni-based
superalloys and TiAl alloys. Back in Europe, he
continues to work to improve structural materials
with partners like Safran, Dassault Aviation

or Arkema. He has coauthored more than 50
publications in international peer reviewed journal
and received several award such as the FEMS/TMS
Young Leaders International Scholar award in 2016.

Stéphane Roux, National
Center for Scientific Research
Presentation Title: “Imaging
Mechanical Models”

About the Speaker:
Stéphane Roux graduated
from Ecole Polytechnique in
1983 and the Ecole Nationale
des Ponts et Chaussées
(ENPC) in 1985. He received
his Ph.D. in mechanical engineering from the ENPC
in 1990. As a CNRS research professor, he was
successively at Ecole Supérieure de Physique et
Chimie Industrielles de la Ville de Paris (ESPCI), at
the joint CNRS/Saint-Gobain Research Laboratory,
and currently, he is at the Laboratory of Mechanics
and Technology at Ecole Normale Supérieure de
Paris-Saclay. Roux holds seven patents, and is

the author of more than 350 publications. In 2006,
he received the Silver Medal in Information and
Engineering Sciences from the CNRS. His current
research activities are in theory at the service of
experimental mechanics—the development of
image-based measurements in solid mechanics,
aimed to deliver quantitative evaluation of
mechanical properties with the least uncertainties.
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SPONSORS & EXHIBITORS

TMS would like to thank the following Corporate Sponsors and Exhibitors
for their gracious support of the event:

PLATINUM SPONSOR

ZEISS Microscopy

is the world’s only
one-stop manufacturer
of light, electron,
X-ray, and ion
microscope systems
and offers solutions
for correlative
microscopy. The
portfolio compromises
products and services
for the life sciences and materials research as well
as for industry, education and clinical practice. The
business group is headquartered in Jena. Additional
production and development sites are located in
Oberkochen, Goéttingen, and Munich, as well as

in Cambridge in the UK, and in Peabody, MA, and
Pleasanton, CA, in the USA. The business group

is allocated to the Research & Quality Technology
segment. Around 6,300 employees work for the
segment, generating revenue totaling €1.5 billion in
fiscal year 2016/17.

SILVER SPONSOR

¥, xnovotech

Xnovotech Technology ApS specializes in the
development of innovative 3D X-ray imaging
solutions for engineers and scientists with

emphasis on 3D crystallographic imaging tools for
applications within engineering, materials sciences
and geosciences. The 3D crystallographic imaging
solution GrainMapper3D™, available as part of the
LabDCT™ module on the ZEISS Xradia 520 Versa
X-ray Microscope, enables non-destructive studies
of microstructural evolution in the home lab. With full
access to 3D grain morphology and crystallographic
orientations, GrainMapper3D opens unigue
possibilities for the study of damage, deformation
and growth mechanisms related to 3D materials
science.

BRONZE SPONSORS

Bruker microCT
develops and produces a
wide range of high-end
nano- and micro-
tomography instruments
for material research, life science and in-vivo
preclinical studies. Building on more than thirty-five
years’ experience, Bruker microCT made the first
commercial desktop microCT scanner in 1996.
Today our SkyScan scanners reach a spatial
resolution in the sub-micron range. Bruker microCT
is part of the Bruker Corporation, a global market
and technology leader in materials research, life
science and quality control instrumentation. Our
goal is enabling scientists to make breakthrough
discoveries and develop new applications that
improve the quality of human life. Today, worldwide
more than 6,000 employees are working on this
permanent challenge at over 90 locations on all

continents.
%/
\/ GRAPHICS software for the
analysis and
visualization of industrial computed tomography
(CT) data. Software like the extendable high-end
solution VGSTUDIO MAX help companies find out
as much about their products as possible—and
non-destructively at that. In 2016, for example, more
than 70% of the “Fortune Global 500” companies
worldwide in the automotive and electronics
industries were using Volume Graphics solutions
for quality control, metrology, damage analysis, and
product development. Industrial CT provides the
basis for this, as CT scans reveal every aspect of a
component. Volume Graphics was founded in 1997
in Heidelberg, Germany, where our headquarters
still are today. Subsidiaries are located in the USA,
Japan, China, and Singapore.

Volume Graphics

VOLUME develops leading

Bronze and Tabletop Sponsors
Continued on Next Page

www.tms.org/3DMS2018
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SPONSORS & EXHIBITORS

, XRE is a new
f ( X R E alternative for 3D X-ray
- imaging - Dynamic
solutions for your lab.
Founded as a spinoff from Ghent University in
Belgium, XRE develops leading-edge 3D X-ray
micro-computed tomography (micro-CT) systems
designed to meet specific application demands,
combined with a suite of software solutions that
facilitate 3D image acquisition, reconstruction,
visualization, quantification and collaboration. XRE'’s
micro-CT products, UniTOM, CoreTOM and
DynaTOM, exhibit leadership in dynamic micro-CT
imaging in the laboratory, enabling the study of
materials evolution under various sample
environments (in situ). Such non-destructive imaging
technologies have proven essential for research
markets including materials research, geosciences,
industrial parts, life sciences and others. In March
2018, XRE proudly became part of TESCAN, a
leading global supplier of microscopy systems, via
acquisition. This will accelerate XRE'’s ability to
serve a growing international micro-CT community.

TABLETOP SPONSOR
Math2Market GmbH from
M AT H Kaiserslautern was spun off six
2 MIARKET VYearsago from the Fraunhofer
Institute for Industrial
Mathematics (ITWM) in Kaiserslautern. The
founders of the company are also the developers of
the scientific software GeoDict - The Digital Material
Laboratory, developed and distributed by
Math2Market GmbH and already bearing this name
since 2001. Our company, with its innovative ideas
and close cooperation with its customers, has
managed to continuously improve the software and
increase the number of employees to around 40.
Through our dedicated, competent employees and
distributors in America and Asia, we offer our more
than 150 customers worldwide personal contacts.
They are happy to advise and support you in your
research and development questions.

THE WORI L’D COMES s Submit an Abstract
Today for TMS2019!
-

2019

148" Annuall-Meetmg & Exhibition

March 10-14, 2019
San Antonio, Texas, USA

www.tms.org/TMS2019

//’\\

#TMSAnnualMeeting

More than 80 technical symposia are
planned in 15 topic areas, including:

()= REWAS
DGM | &

Abstracts Due July 1, 2018

Co-Located with TMS2019 and focusing
on the theme, Manufacturing the Circular
Materials Economy

Lightweight Metals Programming
planned by TMS and the German
Materials Society (DGM)
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BADGES

All attendees must wear registration badges at all
times during the congress to ensure admission to
events included in the paid fee, such as technical
sessions, exhibition, and receptions.

REFUNDS

The deadline for all refunds was May 8, 2018. No
refunds will be issued at the congress. Fees and
tickets are nonrefundable.

CELL PHONE USE

In consideration of attendees and presenters, we
kindly request that you minimize disturbances by
setting all cell phones and other devices on “silent”
while in meeting rooms.

ATTENDEES WITH DISABILITIES
TMS is headquartered in the United
States of America and complies with the
Americans with Disabilities Act (ADA) for
all events. The ADA prohibits discrimination
against, and promotes public accessibility for, those
with disabilities. We ask those requiring specific
equipment or services to contact TMS Meeting
Services at mtgserv@tms.org in advance.

ANTI-HARASSMENT

In all activities, TMS is committed to providing
a professional environment free of harassment,
disrespectful behavior, or other unprofessional
conduct.

TMS policy prohibits conduct that is disrespectful,
unprofessional, or harassing as related to any number
of factors including, but not limited to, religion, ethnicity,
gender, national origin or ancestry, physical or mental
disability, physical appearance, medical condition,
partner status, age, sexual orientation, military and
veteran status, or any other characteristic protected

by relevant federal, state or local law or ordinance or
regulation.

Failure to comply with this policy could lead to censure
from the TMS Board of Directors, potential legal action,
or other actions.

Anyone who witnesses prohibited conduct or who

is the target of prohibited verbal or physical conduct
should notify a TMS staff member as soon as possible
following the incident. It is the duty of the individual
reporting the prohibited conduct to make a timely and
accurate complaint so that the issue can be resolved
swiftly.

PHOTOGRAPHY AND RECORDING

TMS reserves the right
@@@ to all audio and video

reproduction of presentations
at TMS-sponsored meetings. By registering for this
meeting, all attendees acknowledge that they may
be photographed by TMS personnel while at events
and that those photos may be used for promotional
purposes, in and on TMS publications and websites,
and on social media sites.

Any recording of sessions (audio, video, still
photography, etc.) intended for personal use,
distribution, publication, or copyright without the
express written consent of TMS and the individual
authors is strictly prohibited. Attendees violating this
policy may be asked to leave the session.

ANTITRUST COMPLIANCE

TMS complies with the antitrust laws of the United
States. Attendees are encouraged to consult with
their own corporate counsel for further guidance in
complying with U.S. and foreign antitrust laws and
regulations.

TMS DIVERSITY AND INCLUSION STATEMENT

The Minerals, Metals & Materials Society (TMS) is
committed to advancing diversity in the minerals,
metals, and materials professions, and to promoting
an inclusive professional culture that welcomes and
engages all who seek to contribute to the field. TMS
recognizes that a diverse minerals, metals, and
materials workforce is critical to ensuring that all
viewpoints, perspectives, and talents are brought to
bear in addressing complex science and engineering
challenges. To build and nurture this diverse
professional community, TMS welcomes and actively
engages the participation of underrepresented
groups in all of its initiatives and endeavors.

www.tms.org/3DMS2018 9



EMERGENCY PROCEDURES

The chances of an emergency situation occurring

at 3ADMS 2018 are quite small. However, being
prepared to react effectively in case of an incident

is the most critical step in ensuring the health and
safety of yourself and those around you. Please take
a few moments to review the maps of the Beach
Hotel Marienlyst and the Kulturveerftet (Culture
Yard) Conference Center printed in this program (on
page 51). When you enter each building, familiarize
yourself with the exits and the stairs leading to those
exits. When you arrive at your session or event
location, look for the emergency exits that are in
closest proximity to you.

STAYING FOR THE TOUR?

If you registered for the Max IV Laboratory Tour,
please note the following important information:

When: Thursday, June 14, 2018

Where: Lund, Sweden

Departure Time: Depart from Beach Hotel
Marienlyst at 11:00 a.m.

Return Time: Arrive at Beach Hotel Marienlyst at
6:00 p.m.

Registration includes transportation to and from
Beach Hotel Marienlyst and a tour of the Max
IV facility. For more information on the Max IV
Laboratory, visit the Lab Tour page at
www.tms.org/3DMS2018.

Please note that the deadline to register was
May 28, 2018. Tickets for this event can no
longer be purchased.

In case of a fire at the Kulturvaerftet (Culture Yard)
Conference Center, all attendees will be advised in
Danish and English to leave the building through
the nearest fire exit. The staff at the Culture Yard is
trained to get their guests out of the building, and
there is a fully automatic fire warning system.

In case of an emergency, contact one of the Culture
Yard staff members who will contact the appropriate
authority. The emergency number in Denmark

is 1-1-2 (corresponding to 9—1-1 in the United
States).

Please note that all times are in
Central European Summer Time (CEST) +0200 UTC.
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TECHNICAL PROGRAM

Monday Plenary

Monday AM
June 11, 2018

Room: Store Scene
Location: Kulturveerftet (Culture Yard)
Conference Center

Session Chair: To Be Announced

8:00 AM Plenary
Imaging Mechanical Models: Stéphane Roux?;
CRNS/University Paris-Saclay

Digital Volume Correlation (DVC) consists in a non-rigid registration of
3D images of materials. When successive images of a specimen under
load are processed, space-time displacement can be measured, and
from them mechanical properties can be inferred through mechanical
identification. Tomographic image reconstruction, DVC and identification
are three inverse problems that share a number of similarities. Moreover
they can be combined by pairs and even into a single procedure with
radiographs as input and mechanical properties as output. The fusion of
these operations results in a net gain in fidelity and efficiency, allowing
kinematic or mechanical models to be used as regularizations to help
solving the inverse problem. Additionally, it also opens the door to model
reduction techniques to further optimize the entire process. This “grand
unification” will be illustrated through different examples showing that a
mechanical test classically performed in one week, can be completed in
a few minutes with a similar quality.

8:45 AM Question and Answer Period
9:00 AM Break

1ENS Paris-Saclay/

New Experimental and Analysis Methods |

Room: Lille Scene
Location: Kulturveerftet (Culture Yard)
Conference Center

Monday AM
June 11, 2018

Session Chair: To Be Announced

9:10 AM Invited
Advances in Neutron Imaging for Bulk Microstructure Investigations
and Future Capabilities at the European Spallation Source: Robin
Woracek!; Nikolay Kardjilov?; Andre Hilger?; Markus Strobl®; Anton
Tremsin*; *European Spallation Source; 2Helmholtz Zentrum Berlin; 3Paul
Scherrer Institut; “University of California at Berkeley

The European Spallation Source in Lund, Sweden, will be the most
powerful neutron source for materials research. Among the first eight
instruments that start user operation in 2023 are the imaging beamline
ODIN and the engineering diffractometer BEER. In order to unlock the
tremendous potential from this long pulse neutron source for 3D material
characterization, novel methods are under constant development. This
presentation will outline the current and future possibilities of neutron
imaging for engineering materials research at existing spallation and
reactor sources. Recent scientific and methodological highlights obtained
by the authors will be shown, including 3D phase mapping in rectangular
TRIP steel under torsional deformation and visualization of hydrogen
embrittlement and blistering in iron samples.

9:40 AM
3D Microstructural Mapping Using Neutron Time-of-flight
Transmission Imaging: Joe Kelleher?; *Engin-X, ISIS, STFC

Electron, X-ray and neutron diffraction are widely recognised as
complementary techniques, each best suited to a different range of
length scales and sample materials. Of these, EBSD is now routinely
used to map crystal orientations on a 2D surface and X-ray DCT can
reconstruct microstructures in samples with sub-millimetre dimensions,

Please note that all times are in
Central European Summer Time (CEST) +0200 UTC.

but so far the potential of neutrons to map larger volumes remains
relatively unexplored. A particular strength of neutron-based crystal
orientation determination is the ability to use time-of-flight transmission
spectra to obtain orientation for a crystallite from a small number of
projections, which can also reduce the need to match up the grains
visible in the transmitted data to diffraction spots outside the transmitted
beam. Accordingly, we present a method for 3D microstructural mapping
in a coarse-grained nickel superalloy that demonstrates the advantages
of neutron based approach for this type of problem.

10:00 AM Break

10:30 AM
Three Dimensional Polarimetric Neutron Tomography of Magnetic
Fields: Morten Sales!; Markus Strobl?; Takenao Shinohara®, Anton
Tremsin*, Anders Dahl®; Sgren Schmidt!; Department of Physics,
Technical University of Denmark; 2Laboratory for Neutron Scattering and
Imaging, Paul Scherrer Institute; 2J-PARC Center, Japan Atomic Energy
Agency; *Space Sciences Laboratory, University of California at Berkeley;
SDepartment of Applied Mathematics and Computer Science, Technical
University of Denmark

We present our successful demonstration of Time-of-Flight Three
Dimensional Polarimetric Neutron Tomography (ToF 3DPNT) for the
non-destructive measurement and reconstruction of three dimensional
magnetic field strengths and directions, a technique capable of extracting
hitherto unmeasurable properties from bulk samples. Using a state-of-
the-art polarimetric set-up for ToF neutron instrumentation at the J-PARC
RADEN beamline, Japan, in combination with a newly developed
reconstruction algorithm, we have measured and reconstructed the
magnetic field generated by a current carrying solenoid.Furthermore,
we present the current status of reconstruction techniques applicable to
stronger magnetic fields such as those in a crystal with multiple magnetic
domains. Such techniques utilise the ToF information in combination
with a forward model to get around the issue of phase wrapping, where
neutron precess by more than 180°.

10:50 AM
Fast In Situ Nanotomography at ESRF: Julie Villanova!; Richi Kumar?;
Rémi Daudin?; Pierre Lhuissier?; David Jauffres?; Christophe L. Martin?;
Rémi Tucoulou!; Luc Salvo?,, ESRF - The European Synchrotron;
2SIMAP Univ. Grenoble Alpes-CNRS

In the framework of the European Synchrotron Radiation Facility
(ESRF) upgrade program, the new nano-analysis beamline ID16B has
been recently built to accommodate several micro-analytical techniques
(XRF, XANES, XRD) combined with magnified tomography. The beamline
configuration offers an improved lateral resolution (50 nm) and a larger
flexibility capable of in-situ experiments. In this work, we present the
development of a fast in situ nanoimaging set-up[1] that allows high
temperature experiments to be performed with an unprecedented
combination of nanometer pixel size (<100nm) and fast acquisition
(<10s). Several on-going material investigations: ceramics sintering and
light alloys high temperature mechanical deformation will illustrate the
capabilities of the technique. We will discuss the actual challenges and
limitations of this breakthrough in materials science in situ characterization
as well as future possibilities offered by the EBS upgrade program at the
ESRF[1] J. Villanova et al., Materials Today 20 (2017), 354-359.

11:10 AM
Lensless Imaging with a Lens: Anders Pedersen?; Virginie Chamard?;
Carsten Detlefs®; Henning Poulsen®; *Technical University of Denmark;
2Institut Fresnel; *(ESRF

Non-destructive characterization in 3D of polycrystals on all length
scales is one of the grand challenges of materials science. X-rays have
favorable properties, such as being able to penetrate bulk samples of
relevant materials. We have earlier introduced 3DXRD/DCT and dark
field microscopy that produces detailed maps of grains and domains with
a resolution of 2 um and 100 nm, respectively. Here we demonstrate
a new technique capable of imaging small regions inside mm-sized
bulk samples with a spatial resolution of 20 nm. To allow this we utilize
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coherent X-ray diffraction in combination with an objective lens. We
present simulated data that shows better resolution than a standard
imaging setup and is more resilient against lens manufacturing errors.
We will introduce the method, show preliminary experimental results, and
discuss its applications in materials science.

11:30 AM
In Situ High-temperature X-ray Microtomography at the Elettra
Synchrotron Facility Using a Newly Designed Induction Furnace:
Marko Kudrna Prasek!; Mattia Pistone? Don Baker!; Nicola Sodini®
Nicoletta Marinoni*; Gabriele Lanzafame®; Lucia Mancini®; McGill
University; 2University of Lausanne (UNIL); ®Sincrotrone Trieste S.C.p.A.;
“Universita degli Studi di Milano

An induction furnace was designed for in situX-ray microtomography
(mCT) at the SYRMEP beamline of Sincrotrone Elettra, with special
attention placed on flexibility, precise temperature control and the ability
to operate for long durations, -all crucial for many materials science and
geoscience applications. We present several applications of this furnace:
1) Platinum (Pt) nugget growth was studied at high-temperature due
to the importance of Pt ore deposits in rocks and Pt nuggets in glass
synthesis; 2) Plagioclase nucleation and growth was investigated at high
temperature due to the presence of plagioclase in many rock-types; And,
3) clays were studied during firing to track their reactions during the high
temperature treatment used to produce ceramics. In situ high-resolution
synchrotron X-ray mCT studies with this type of furnace combined with
the potential of phase-contrast imaging are a newly available and highly
promising tool to study high-temperature processes in materials directly
in 3D.

11:50 AM
Mapping Grain Morphology and Orientation by Laboratory
Diffraction Contrast Tomography: Nicolas Gueninchault!; Florian
Bachmann?; Hrishikesh Bale?; Kenneth Nielsen'; Jun Sun'; Christian
Holzner!; Leah Lavery?; Erik Lauridsen?; *Xnovo Technology ApS; 2Carl
Zeiss X-ray Microscopy Inc

Recent developments of the Laboratory Diffraction Contrast
Tomography (LabDCT) technique have extended its capabilities to
include full reconstruction of the 3D grain structure, including both grain
morphology and crystallographic orientation. LabDCT makes use of high-
resolution diffraction images acquired on a ZEISS Xradia 520 Versa X-ray
microscope. The diffraction signals are based on polychromatic X-rays
and acquired in a special Laue-focusing geometry that helps increase
the signal-to-noise ratio. The 3D crystallographic imaging capabilities
of LabDCT complements the structural data obtained by traditional
absorption-based tomography and together they provide unprecedented
insight into materials structure. We will present a selection of LabDCT
results with particularly emphasis on its non-destructive operation. We
will discuss boundary conditions of the current implementation, compare
with conventional synchrotron approaches, point to the future of the
technique and discuss ways in which this can be correlatively coupled
to related techniques for better understanding of materials structure
evolution in 3D.

Phase Transformations, Particle Coarsening, Grain
Growth, and Recrystallization |

Monday AM
June 11, 2018

Room: Store Scene
Location: Kulturveerftet (Culture Yard)
Conference Center

Session Chair: To Be Announced

9:10 AM Invited

Application of Characterization, Modelling, and Analytics towards
Understanding Process-structure Linkages in Metallic 3D Printing:
Michael Groeber?; *Air Force Research Laboratory

TECHNICAL PROGRAM

We will present methods for combining process monitoring, thermal
modeling and microstructure characterization together to draw process-
to-structure relationships in metal additive manufacturing. The talk
discusses heterogeneities in the local processing conditions within
additively manufactured components and how they affect the resulting
material structure. Methods for registering and fusing disparate data
sources are presented and some effort is made to discuss the utility of
different data sources for specific microstructural features of interest. The
talk will highlight the need for improved understanding of metallic additive
manufacturing processes and show that combining experimental data
with modelling and advanced data processing and analytics methods will
accelerate that understanding.

9:40 AM
Dark Field X-ray Microscopy Study of Heat Treatment of Fe-Si and
Fe-Si-Sn Alloys: Can Yildirim*; Nikolas Mavrikakis?; Melanie Gauvin3;
Phil Cook?; Mustafacan Kutsal*; Ashley Bucsek*; Henning Poulsen?;
Wahib Saikaly®; Roger Hubert?; Carsten Detlefs?; 'European Synchrotron
Radiation  Facility; 2Aix-Marseille  University, Institut Matériaux
Microélectronique Nanosciences de Provence-IM2NP; 2Onderzoeks
Centrum voor de Aanwending van Staal; “Colorado School of Mines;
STechnical University of Denmark

Properties of engineering materials can be improved by controlling
various microstructural developments in heat treatment processes. Here,
we study the effect of Snin recovery and recrystallization of cold rolled Fe-
3%Si binary and Fe-3%Si-0.1%Sn ternary alloys by means of 3D X-ray
diffraction (3DXRD) and dark field X-ray microscopy (DFXM). DFXM is
a non-destructive technique that allows 3D mapping of orientation and
lattice strain with 100 nm spatial and 0.001° angular resolution within
individual grains embedded in bulk samples. We investigate grains
with the <111> direction parallel to the normal direction of cold rolling.
Surprisingly, the recrystallized grains in both binary and ternary alloys
show internal low angle boundary networks. We discuss the role of
Sn during recovery and how it affects the subsequent recrystallization
process. Our results also show that deformed grains feature sub-micron
size deformation bands both in as-cold rolled and recovered states.

10:00 AM Break

10:30 AM
Understanding the Relationship Between Microstructure Evolution
and Macroscopic Behavior in NiTi Martensite Reorientation: Ashley
Bucsek!; Darren Pagan?; Darren Dale?; J.-Y. Peter Ko?; Aaron Stebner?;
!Colorado School of Mines; 2Cornell High Energy Synchrotron Source
Together with phase transformation, the diffusionless rearrangement
of crystallographic twins enables the functional behaviors of the vast
majority of ferroic and multiferroic materials. As a result, understanding
twin mobility is critical to the success of a wide variety of society-
improving technologies driven by ferroic and multiferroic materials. In
the case of ferroelastic alloys, or shape memory alloys (SMAs), the
mobile twins exist in the martensite phase and is thus referred to as
martensite reorientation. As a study into twin reorientation, we performed
stress-induced reorientation experiments on martensitic NiTi SMAs
using near-field and far-field 3D X-ray diffraction (3DXRD) and digital
image correlation (DIC). The results reveal the microstructure evolution
behind two types of macroscopic localized deformation bands. These
bands proceed through the sample in sequence, exist on a specific
crystallographic plane, and both result in and are assisted by the elastic
misorientation of the lattice.
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TECHNICAL PROGRAM

10:50 AM
Understanding Grain Growth in 3D: Microstructural Evolution of
Nickel during Multiple Annealing Stages Using Three-dimensional
X-ray Microscopy: Aditi Bhattacharya'; C.M. Hefferan?; S-F. Li%; J. Lind%;
Y-F. Shen?; R.M. Suter?; G.S. Rohrer?; *Carnegie Mellon University; ?R. J.
Lee Group; ®Ditto Inc.; “Lawence Livermore National Laboratory
Near-field High Energy X-ray Diffraction Microscopy(nf-HEDM), a
non-destructive, synchrotron based 3D characterization technique was
used to track the microstructural evolution of high purity polycrystalline
Nickel annealed at 800°C and measurements were taken at five
different times separated by 30 minute intervals. The temporal changes
in crystallographic orientation, grain size and misorientation in the
microstructure were measured over the different anneal states. Our
algorithm tracks each grain during annealing and matches them based
on orientation and spatial location, thereby allowing detailed analysis of
the grain boundary (GB) character distribution, the relative GB energies,
and the GB curvature distribution at each step during the interrupted
thermal annealing. Our results have been compared with established
theories of grain growth and we discuss the topological nature of grain
boundary network like the Aboav-Weaire law, but in 3D. The present work
attempts to demonstrate a correspondence between a grain’s growth
trajectory and its neighborhood.

11:10 AM
Nanoscale 4D Microstructural Evolution of Precipitates in Aluminum
Alloys using Transmission X-ray Microscopy (TXM): C. Shashank
Kaira!; Tyler Stannard?; Vincent De Andrade?; Francesco De Carlo?
Nikhilesh Chawla; *Arizona State University; 2Advanced Photon Source
The complex distribution of different precipitate morphology can play
a significant role in controlling the mechanical response of precipitation-
strengthened alloys. It is well known that conventional characterization
techniques like transmission electron microscopy and atom probe
tomography have significant shortcomings in terms of their destructive
nature and inability to sample a statistically relevant region. In this
study, 3D X-ray nanotomography using Transmission X-ray Microscopy
(TXM) has been employed to quantify, in detail, the evolution of the
microstructure in an Al-3.5Cu alloy. Owing to its high spatial resolution,
non-destructive nature and quick acquisition time, high temperature in
situ studies were conducted to better understand the aging phenomena
and the transformation reactions involved, in 3D. This technique was
coupled with techniques like EBSD and micropillar compression, that
allowed us to establish accurate structure-property relationships to better
predict the alloy’s deformation behavior.

11:30 AM
Parameter Estimation for Multi-phase-field Simulation Using
Ensemble Kalman Filter: Akinori Yamanaka!; Yuri Maeda!; Kengo
Sasaki'; Tokyo University of Agriculture and Technology

In order to simulate the microstructure evolutions quantitatively
using the multi-phase-field (MPF) model, we need to identify material
parameters used in the MPF simulations from experimental data.
Recently, direct observation of microstructure evolution processes has
been possible using new experimental techniques like X-ray tomography.
If the material parameters used for the MPF simulations can be estimated
from the data obtained by such experimental techniques, the accuracy
of the MPF simulations will be significantly improved. In this study, we
propose a data assimilation (DA) methodology for estimating material
parameters used for the 3D MPF simulation using the ensemble Kalman
Filter (EnKF). The EnKF-based DA methodology is applied to estimate
the anisotropic grain boundary mobility used in the 3D MPF simulation
of polycrystalline grain growth. In this presentation, we show that our DA
methodology can estimate the cusp of grain boundary mobility from a
time-evolving 3D polycrystalline grain distribution.

11:50 AM
The Dynamics of Complex Two-phase Mixtures During Coarsening:
From Dendritic to Bicontinuous Mixtures: Yue Sun*; William Andrews?;
Katsuyo Thornton?; Peter Voorhees?; !Northwestern  University;
2University of Michigan

A combined theoretical and experimental approach is used to examine
the nature of the coarsening process in morphologically and topologically
complex two-phase microstructures found following dendritic solidification
and in nanoporous gold. We examine the coarsening dynamics in three
dimensions as a function of time using X-ray tomography and simulation.
Using the two-point spatial correlations of the solid-liquid interfacial
curvature, we show why dendritic solid-liquid mixtures exhibit classical
13 kinetics for the average length scale, yet are not self-similar as theory
predicts. Large-scale simulations of coarsening in bicontinuous mixtures
under both surface or bulk diffusion have been performed to determine
the interfacial shape distributions that can then be compared to the
experimentally measured distributions to understand the nature of the
coarsening process in these systems.

Energy Materials |

Monday PM
June 11, 2018

Room: Store Scene
Location: Kulturveerftet (Culture Yard)
Conference Center

Session Chair: To Be Announced

1:30 PM Invited
CINEMA - the allianCe for ImagiNg and Modelling of Energy
Applications: Jens Andreasen?; Anders Dahl; Henning Sgrensen?; Lars
Mikkelsen?; Erik Lauridsen?; Brian Vinter?; Carsten Gundlach?; Rajmund
Mokso*; Henning Poulsen?; ‘Technical University of Denmark; 2University
of Copenhagen; *Xnovo Technologies; *“MAX IV Laboratory

CINEMA is a strategic research alliance that focuses on development
of in situ X-ray imaging and modelling of energy materials, with 15
PhDs and 5 post docs dedicated to the effort. The scope of CINEMA
will be presented and an overview of the most important results, within
development of in situ equipment for 3D imaging, and in analysis tools for
quantification and modelling of 3D data. The tools developed are generic
to most 3D imaging modalities and are disseminated to facilities such as
MAXIV, through the Centre for quantification of imaging data from MAX IV
(QIM), and to other fields, including electron imaging in a new European
Innovative Training Network, MUMMERING. The methodology of 3D
imaging, analysis and modelling is taught at an annual summer school
CINEMAX, and through an interactive e-learning course eCINEMA, that
will launch in 2018. Tools learned and applied in Jupyter notebooks will
be demonstrated.

2:00 PM
High-resolution Mapping of Bismuth Ferrite-based Multiferroics
by X-ray Diffraction Computed Tomography: Marta Majkut!; Hugh
Simons?; Tadej Rojac®; Andreja Bencan Golob?®; Jeppe Ormstrup?; John
Daniels*; Jonathan Wright!; European Synchrotron Radiation Facility;
2Technical University of Denmark; 2Jozef Stefan Institute; “University of
New South Wales

Bismuth ferrite-based ceramics are multiferroics with interesting
properties such as an electric-field-induced phase transformation that
results in large macroscopic strain, thus making these materials attractive
candidates for electromechanical applications. As in many polycrystalline
materials, such macroscopic responses are highly influenced by grain-
scale heterogeneities and intergranular interactions, and their study
benefits from grain-resolved characterisation techniques such as three-
dimensional X-ray diffraction (3DXRD). While 3DXRD has successfully
been applied to coarse-grained materials, fine-grained materials such as
bismuth-ferrite have proven challenging due to limited spatial resolution
and a ‘powder-like’ diffraction pattern in which diffraction spots cannot be
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resolved. The nano-focus end-station at beamline ID11 at the ESRF offers
a solution with an X-ray diffraction computed tomography approach using
a ~200 nm x 200 nm focussed beam. We present the high-resolution
grain map of a bismuth-ferrite ceramic highlighting microstructure and
grain neighbourhood properties, and the impact on studies of other sub-
micron scale materials and phenomena.

2:20 PM
Sulphur Evolution Before and After Cycling in Lithium-sulphur
Batteries Revealed by High Resolution X-ray Tomography: Shao-
Gang Wang?; Lei Zhang?; *Institute of Metal Research, Chinese Academy
of Sciences

Li-S batteries are considered to be a promising next generation high
energy electrochemical energy storage system. The specific capacity and
energy density of Li-S batteries is strongly related to its sulphur loading
(mg cm-2) and sulphur content (wt. %). Ingenious design of 3D electrode
structures can simultaneously improve the sulphur loading and sulphur
content while keep good electrochemical properties for high performance
Li-S batteries. In this talk, four elaborate 3D electrode microstructures
such as a 3D hybrid graphene hierarchical network macrostructure will
be presented. Multi-scale in-situ and ex-situ ultra-high resolution lab-
based 3D X-ray tomography techniques with the pixel size from 65 nm to
20 um were explored to reveal the 3D and 4D evolution characteristics of
sulphur in these state-of-the art electrodes before and after cycling. Our
results would lay insight on the design and development of high specific
capacity, high specific energy density and long life Li-S batteries.

2:40 PM
3D Characterization of Nuclear Fuels by Neutron Diffraction and
Energy-resolved Neutron Imaging: Kenneth McClellant; Anton
Tremsin?; Adrian Losko!; Sven Vogel*; Los Alamos National Laboratory;
2University of California Berkeley

3D characterization of nuclear fuels pre- and post-irradiation is of
paramount importance to maximize the knowledge gain from expensive
irradiation tests. Due to the heavy elements present in ceramic (U-O,
U-Si, U-N, U-C etc.) or metallic (U-Mo, U-Pu-Zr etc.) fuels, X-ray and
synchrotron 