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Advanced Materials and Manufacturing
• Our modern world is enabled by technologies which depend

on a sophisticated understanding of advanced materials and
processes to manufacture “stuff” to enable:
– Transportation (automobiles, aircraft, ships, spacecraft, etc.)
– Buildings
– Infrastructure (power grid, pipelines, roads, tunnels, bridges, etc.)
– Energy production (fossil, nuclear, hydro, wind, tide, solar, etc.)
– Energy storage, etc.

• To better understand new materials and processes we apply a

host of characterization tools, including neutron scattering
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What is special about neutron scattering?
• Only short-range nuclear interactions: very penetrating in most

materials and they do not heat up or damage your sample

• Wavelengths are comparable to inter-atomic spacings, so

good probe of crystal structure

• Energies are comparable to normal modes (phonons, diffusive

modes, molecular vibrations), so good probe of dynamics

• Interactions are strongly dependent on isotope, so labeling is

possible, contrast can be varied, etc., to study specific
constituents in a phase

• Magnetic moment enables study of magnetic structures
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Ok, so why don’t we use neutrons all the time?
• If neutron scattering is a new concept to you, it is because you

don’t get trained in neutron scattering experiments at a typical
university lab because the places that can do this are few.

• Neutron scattering experiments generally require substantial

beam fluxes that are only achieved at large-scale research
reactors or accelerator facilities.

• The US Department of Energy funds such facilities and enables

university and industry access through “user programs”.
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ORNL is home to two of the world’s most powerful neutron sources

• Capable of supporting ~800 experiments/year across 30 beamlines
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So… what sort of structural materials
problems can we solve with neutrons?
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1. Structure (including
PDF, Phase Analysis)

Quantitative phase analysis of neutron
diffraction data from Li1.2Mn0.55Ni0.15Co0.10O2
lithium-ion battery cathode conducted on
POWGEN (SNS)

Mohanty et al., Chem Mater 25 4046 (2013)
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2. Reaction Pathways and
Kinetics (in-situ)

In-situ crystallization study of Zr56Cu36Al8
and Zr46Cu46Al8 conducted on NOMAD
(SNS)

Lan et al., APL 105 201906 (2014)

3. Preferred Orientation
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4. Residual Stress Mapping

Pole figures for Al-2%Mg: (a) cold rolled and (b) annealed
showing the recrystallization texture collected on
VULCAN (SNS)

Residual stresses mapped in pipe with dissimilar metal
weld and overlay (ferritic and austenitic) using 4mm
cube gauge volume on NRSF2 (HFIR)

Stoica et al., J Appl Cryst (2014) 47 2019

Woo et al. MSEA 528 8021(2011)

5. Mechanical Response
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6. Microstructure (Porosity,
Precipitates, etc)

Effect of temperature and multiaxial (torsion + tension)
loading on NiTi shape memory alloy – data collected at
VULCAN (SNS)

Evolution of nanoprecipitates in a beta-Ti alloy – data
collected at GP-SANS (HFIR)

Benafan et al. Rev Sci Instrum 85 103901 (2014)

Coakley et al. J Alloys Compounds 623 146 (2015)

Neutrons are well suited to the study of structural materials
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400 lb Ti-6Al-4V jet engine fan
blade hub

F414A jet engine nickel superalloy
stator vane segment

Shape memory alloys under
applied multiaxial loading

Welded 2195 aerospace aluminumlithium alloy

Welded steel cruciform samples

Materials under Extreme Conditions (in-situ)
Friction stirring welding

Running engine
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In-situ processing

Mechano-synthesis

Multiaxial loading at high temperature!
• Multimodal capabilities

enable studies of materials
response under processing
and/or operating conditions

Effect of temperature and multiaxial (torsion + tension) loading on NiTi shape memory alloy

Benafan et al. Rev Sci Instrum 85 103901 (2014)
12

Neutron data also helps us understand the mechanics of
conventional engineering structures like bridge cables

Adrian Brugger (Columbia University) uses
VULCAN to study the load redistribution in
suspension bridge cable wire bundles.
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7. Bulk structure (radiography, tomography)
Conventional Methods

Microscopy, x-ray
radiography/tomography

Why neutrons?
Nondestructive
Not limited to near-surface region
Samples do not need to be crystalline
Different contrast (compared with x-ray)
Specialized sample environments (load
frames, pressure cells)

Potential instruments
VENUS (future SNS)
Imaging (HFIR)

Neutron radiograph of an Inconel turbine blade made by
additive manufacturing – data collected at Imaging
(HFIR)

Watkins et al. AM&P 171 23 (March 2013)
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The future: two in-progress SNS upgrades will accelerate
scientific progress and deliver new capabilities
PPU project: Double
the power of the
existing accelerator
structure

STS project: Build the
second target
station with initial
suite of beam lines

• First Target Station
(FTS) is optimized for
thermal neutrons

• Optimized for cold
neutrons

• Increases the
brightness of beams
of pulsed neutrons
• Provides new
science capabilities
for atomic resolution
and fast dynamics
• Provides a platform
for STS
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• World-leading
peak brightness
• Provides new
science
capabilities for
measurements
across broader
ranges of temporal
and length scales,
real-time, and
smaller samples

So… consider using working with the national labs to
expand the scope of your research (and career)
How to become a neutron user:
General User Program (GU):
Beamtime is allocated through peer-reviewed User Program
Two call for proposals each year (next deadline Feb/Mar 2020)
Note that many techniques are very competitive and oversubscribed!
Limited “mail in” is available on POWGEN, NOMAD, VISION, SANS
Recommend to work with Instrument Scientists to write a strong proposal
If you are awarded time, you will travel to Oak Ridge and run your experiments at our
facility. We will train you in the operation of the instruments and assist in data analysis.
Also note that we offer summer undergraduate research programs, and many other
undergraduate and graduate student research opportunities. Check the website!
Consider applying for a postdoctoral fellowship at ORNL.
Check the website: http://jobs.ornl.gov
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