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Innovative 3D to 4D Imaging to Advance

Science and Industry

From research to industry, ZEISS X-ray microscopes (XRM)
are uniquely architected to facilitate quantitative under-
standing of microstructure under both ambient and in situ
environmental conditions without destroying the sample.
This enables imaging and tomography of microstructures
as well as micro- and nano-structural evolution under a
variety of conditions.

Our synchrotron heritage enabled us to develop superior
lab-based XRM. The ZEISS Xradia Versa family, at true
submicron spatial resolution 700 nm and minimum
achievable voxel* size 70 nm, and the ZEISS Xradia Ultra
family at 50 nm resolution and 16 nm voxel* are a new
caliber of 3D X-ray microscope. These systems offer a
distinct set of unique technological advantages beyond
the limits of conventional micro- and nano-CT.

* Voxel (sometimes referred to as “nominal resolution” or “detail detectability”)
is a geometric term that contributes to but does not determine resolution,
and is provided here only for comparison. ZEISS specifies on spatial resolution,
the most meaningful measurement of instrument resolution.

What do ZEISS Xradia X-ray microscopes provide?
m Synchrotron Advancements to Laboratory — ongoing
advancements and optical designs for 3D tomography
are translated to the laboratory microscope systems
for high resolution imaging, achieving spatial resolution
down to 50nm

m Non-destructive Imaging — image the interior of a
sample when physical sample cross-sectioning may
cause undesirable, even unknown, damage to

precious specimens

m 2D to 3D Datasets — XRM results are more than an
image, but also a 3D quantitative dataset that can
be used to complement computational models for
iterative property-structure relationship analysis

m Superior Image Contrast — advanced synchrotron-based
optics transferred to the laboratory system enable
unparalleled phase contrast for low-Z (atomic number),
low-density, and biological materials

m /n situ to 4D Experiments — the ability to observe at
high resolution the evolution of defects, such as
cracks and voids, as a function of time and varying
environmental conditions, by incorporating in situ

experimental apparatuses

On the cover (Clockwise from top left) Jaw of a black bear, segmented carbonate rock, mobile phone camera lens assembly, solid oxide fuel cell (SOFC).
All samples imaged on ZEISS Xradia 520 Versa, except SOFC, imaged on ZEISS Xradia 810 Ultra.
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Xradia Versa architecture natively uses a two-stage magnification (geometric plus optical) technique to uniquely provide submicron resolution
at large working distances, known as resolution at a distance (RaaD), for a large range of sample sizes.
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The architecture of Xradia Ultra is conceptually equivalent to an optical microscope or a transmission electron microscope (TEM).
This architecture is also called transmission X-ray microscope, or TXM.

ZEISS Xradia X-ray Solutions

ZEISS Xradia 410 Versa ZEISS Xradia 800 Ultra
ZEISS Xradia 510 Versa ZEISS Xradia 810 Ultra
ZEISS Xradia 520 Versa



Publications Reference

Global Scientific Impact of ZEISS X-ray Microscopes
ZEISS X-ray microscopy in the laboratory was born from
developments in the synchrotron community over the past
few decades. Synchrotron facilities across the world continue
to push the limits of tomographic imaging in temporal,
spatial, and energy resolution, and laboratory systems are

Peer-reviewed XRM Publications

now benefiting from this fertile “proving ground” for new
detector and focusing optic technologies. This document
provides a sample of hundreds of published research
accounts from X-ray microscopy users around the world
and their applications across diverse fields of research.
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Source: Google Scholar (only publications where XRM model name is referenced are counted)

Where are they from? ZEISS Xradia X-ray microscopy authors publish from around the world.
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Note: Publications using the ZEISS Ultra family are designated with “Ultra” label in the third column. The remainder were carried out using the ZEISS Versa family.

Materials Science
Energy Materials

Publications

Notes / Samples

Andisheh-Tadbir, M., Orfino, F. P,, Kjeang, E.
Three-dimensional phase segregation of micro-porous layers for
fuel cells by nano-scale X-ray computed tomography.

Fuel cell; micro-porous layer; carbon nanoparticle

J. Power Sources 310, 61-69 (2016). PTFE PEFC
DOI: 10.1016/j.jpowsour.2016.02.001 Ultra
Babu, S. K., Chung, H. T., Wu, G., Zelenay, P, Litster, S. ZEISS Xradia 800 Ultra imaged PEFC section to its parameters.

Modeling Hierarchical Non-Precious Metal Catalyst Cathodes for Then, generated model of sub-resolution features using XRM

PEFCs Using Multi-Scale X-ray CT Imaging. results as constraints

ECS Trans. 64, 281-292 (2014). PEFC
DOI: 10.1149/06403.0281ecst Ultra
Babu, S. K., Litster, S. Created track-etched polycarbonate structure, and used

Vertically-Oriented Polymer Electrolyte Nanofiber Catalyst Support ZEISS Xradia 800 Ultra to characterize 3D pore geometries

for Fuel Cells.

ECS Trans. 58, 1137-1144 (2013). PEFC
DOI: 10.1149/05801.1137ecst Ultra
Babu, S. K., Mohamed, A. I., Whitacre, J. F, Litster, S. Li-ion battery cathode; imaged with both X-ray absorption

Multiple imaging mode X-ray computed tomography for distinguishing and Zernike phase contrast to separate phases

active and inactive phases in lithium-ion battery cathodes.

J. Power Sources 283, 314-319 (2015). Batteries
DOI: 10.1016/j.jpowsour.2015.02.086 Ultra

Chen, Y., Zhang, Y., Lin, Y., Yang, Z., Su, D., Han, M., Chen, F.
Direct-methane solid oxide fuel cells with hierarchically porous Ni-based
anode deposited with nanocatalyst layer. Nano Enaergy (2014).

DOI: 10.1016/j.nanoen.2014.08.016

Thin nano samaria doped ceria (SDC)
catalyst layer can effectively prevent coking.

SOFC

Chung, D.-W., Shearing, P. R., Brandon, N. P, Harris, S. J., Garcia, R. E. LMO cathode imaged on ZEISS Xradia 410 Versa (formerly MicroXCT-400);
Particle Size Polydispersity in Li-lon Batteries. results used to model microstructure and understand the effects of particle
J. Electrochem. Soc. 161, A422-A430 (2014). size distributions on electrochemistry
DOI: 10.1149/2.097403jes Batteries
Eastwood, D. S., Bradley, R. S., Tarig, F., Cooper, S. J., Taiwo, O. O., Gelb, J., Laboratory ZEISS Xradia 800 Ultra (formerly nanoXCT-100) used to
Merkle, A., Brett, D. J. L., Brandon, N. P, Withers, P. J., Lee, P. D., Shearing, P. R. image a battery anode; first demonstration of Zernike phase contrast
The application of phase contrast X-ray techniques for imaging Li-ion battery for imaging nano-scale features in a Li-battery
electrodes. 324, 118-123, Nucl. Instr. Meth. Phys. Res. B (2014). Batteries
DOI: 10.1016/j.nimb.2013.08.066 Ultra
Eastwood, D. S., Yufit, F., Gelb, J., Gu, A., Bradley, R. S., Harris, S. J., ZEISS Xradia Versa XRM system was used for
Brett, D. J. L., Brandon, N. P, Lee, P. D., Withers, P. J., Shearing, P. R. repeated 3D imaging of an Li-battery in operand,
Batteries: Lithiation-Induced Dilation Mapping in a Lithium-lon Battery allowing study of microstructural evolution in
Electrode by 3D X-Ray Microscopy and Digital Volume Correlation, the working coin cell.
Adv. Energy Mater. 4, (2014).
DOI: 10.1002/aenm.201470016

Batteries

Epting, W. K., Gelb, J., Litster, S.

Resolving the Three-Dimensional Microstructure of Polymer Electrolyte Fuel Cell
Electrodes using Nanometer-Scale X-ray Computed Tomography.

Adv. Funct. Mater. 22, 555-560 (2012).

DOI: 10.1002/2Fadfm.201101525

High-resolution (50 nm with ZEISS Xradia 800 Ultra),

non-destructive imaging of the three-dimensional

(3D) microstructures provides important new

information on the size and form of the catalyst

particle agglomerates and pore spaces PEFC
Ultra

Epting, W. K., Litster, S.

Effects of an agglomerate size distribution on the PEFC agglomerate model.
Int. J. Hydrogen Energy 37, 8505-8511 (2012).

DOI: 10.1016/j.ijhydene.2012.02.099

Nanoscale X-ray tomography microstructural data used for agglomerate

size distribution
PEFC
Ultra
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Finegan, D. P. et al. Characterising the structural properties of polymer separators
for lithium-ion batteries in 3D using phase contrast X-ray microscopy.

Phase contrast X-ray microscopy used to capture microstructures of
commercial monolayer, tri-layer, and ceramic-coated lithium-ion battery

Journal of Power Sources 333, 184-192 (2016). polymer separator Batteries
DOI: 10.1016/j.jpowsour.2016.09.132 Ultra
Garzon, F. H., Lau, S. H., Davey, J. R., Borup, R. XRM revealed a redistribution of Pt within the cathode,
Micro And Nano X-Ray Tomography of PEM Fuel Cell Membranes migration of Pt into the electrolyte membrane and significant amounts
After Transient Operation. of carbon corrosion
ECS Trans. 11, 1139-1149 (2007).
DOI: 10.1149/1.2781026 PEFC
Gonzalez, J., Sun, K., Huang, M., Dillon, S., Chasiotis, I., Lambros, J. Tin battery electrode imaged before and after the first charge cycle;
X-ray microtomography characterization of Sn particle evolution during quantified volumetric expansion of Sn-rich particles
lithiation/delithiation in lithium ion batteries.
J. Power Sources 285, 205-209 (2015).
DOI: 10.1016/2Fj.jpowsour.2015.03.093 Batteries
Gonzalez, J., Sun, K., Huang, M., Lambros, J., Dillon, S., Chasiotis, I. Microbattery cell built for testing in operando within the XRM;
Three dimensional studies of particle failure in silicon based composite imaged silicon battery electrode before and after the first charge cycle;
electrodes for lithium ion batteries. quantified volumetric expansion of Si-rich particles and bulk electrode
J. Power Sources 269, 334-343 (2014).
DOI: 10.1016/j.jpowsour.2014.07.001 Batteries
Heenan, T. M. M., Brett, D. J. L. & Shearing, P. R.
Mapping electrochemical activity in solid oxide fuel cells.
Materials Today 20, 155-156 (2017).
DOI: 10.1016/j.mattod.2017.03.015
SOFC
Ultra
1zzo, J. R., Joshi, A. S., Grew, K. N., Chiu, W. K. S., Tkachuk, A., 3D representation of microstructure is used to calculate true structural
Wang, S. H., Yun, W. parameters; simulation of multicomponent mass transport and
Nondestructive Reconstruction and Analysis of SOFC Anodes Using X-ray electrochemical reactions in the anode microstructure using the XRM
Computed Tomography at Sub-50 nm Resolution. data as geometric input illustrate the impact on SOFC modeling
J. Electrochem. Soc. 155, B504—B508 (2008). SOFC
DOI: 10.1149/2F1.2895067 Ultra
Jhong, H.-R. (Molly), Brushett, F. R., Yin, L., Stevenson, D. M., Kenis, P. J. A. XRM for detailed characterization of the architecture and buried
Combining Structural and Electrochemical Analysis of Electrodes Using interfaces of fuel cell electrodes in a non-destructive fashion
Micro-Computed Tomography and a Microfluidic Fuel Cell.
J. Electrochem. Soc. 159, B292—B298 (2012).
DOI: 10.1149/2.033203jes Fuel cell
Kehrwald, D., Shearing, P. R., Brandon, N. P, Sinha, P. K., Harris, S. J. Generated ideal model for tortuosity and compared to XRM data;
Local Tortuosity Inhomogeneities in a Lithium Battery Composite Electrode. found significant local deviations in the tortuosity and estimated the
J. Electrochem. Soc. 158, A1393-A1399 (2011). impact on the battery charge/discharge behavior Batteries
DOI: 10.1149/2.079112jes Ultra
Khajeh-Hosseini-Dalasm, N., Sasabe, T., Tokumasu, T., Pasaogullari, U. In situ 3D compression study for heterogeneity in structure relative
Effects of polytetrafluoroethylene treatment and compression on gas diffusion to fiber orientation; data is used for PEFC numerical transport models
layer microstructure using high-resolution X-ray computed tomography. to include the effects of PTFE treatment and non-uniform compression
J. Power Sources 266, 213-221 (2014).
DOI: 10.1016/j.jpowsour.2014.05.004 PEFC
Kinefuchi, I., Oyama, J., Yokoyama, K., Kubo, N., Tokumasu, T., Matsumoto, Y. Gas transport simulation based on XRM data
Direct Simulation Monte Carlo Analysis of Gas Transport in Microporous
Structure Based on X-ray Computed Tomography.
ECS Trans. 58, 71-78 (2013). PEFC
DOI: 10.1149/05801.007 1ecst Ultra
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Kotaka, T., Aoki, O., Shiomi, T., Fukuyama, Y., Kubo, N., Tabuchi, Y.
The Influence of Micro Structure of the GDL and MPL on the Mass
Transport in PEFC.

Diagnostics and phenomena - porous transport layers

ECS Trans. 41, 439-448 (2011). PEFC
DOI:10.1149/1.3635578 Ultra
Kotaka, T., Tabuchi, Y., Mukherjee, P. P. Structural data of gas diffusion media were obtained by XRM

Microstructural analysis of mass transport phenomena in gas diffusion

media for high current density operation in PEM fuel cells.

J. Power Sources 280, 231-239 (2015). PEFC
DOI: 10.1016/2Fj.jpowsour.2015.01.111 Ultra
Kumar, Arjun S., et al. Zernike phase contrast

Image segmentation of nanoscale Zernike phase contrast X-ray computed

tomography images.

J. Appl. Phys.117.18 (2015): 183102. PEFC
DOI: 10.1063/1.4919835 Ultra

Lim, C., Yan, B., Yin, L., Zhu, L.

Simulation of diffusion-induced stress using reconstructed electrodes
particle structures generated by micro/nano-CT.

Electrochimica Acta 75, 279-287 (2012).

DOI: 10.1016/j.electacta.2012.04.120

Imaged battery cathode and anode and generated a virtual model of the battery
from the results; simulated volumetric expansions and quantified local stress
induced as a result of expansion
Batteries
Ultra

Lim, C., Yan, B., Yin, L., Zhu, L.

Geometric Characteristics of Three Dimensional Reconstructed Anode
Electrodes of Lithium lon Batteries.

Energies 7, 2558-2572 (2014).

DOI: 10.3390/en7042558

Quantified porosity, pore size distribution, and tortuosity;
compared fresh anode versus cycled

Batteries

Litster, S., Epting, W. K., Wargo, E. A., Kalidindi, S. R. Kumbur, E. C.
Morphological Analyses of Polymer Electrolyte Fuel Cell Electrodes with
Nano-Scale Computed Tomography Imaging.

Fuel Cells 13, 935-945 (2013).

DOI: 10.1002/fuce.201300008

3D nano-CT data was analyzed according to
several morphological characteristics, with particular
focus on various effective pore diameters used in
modeling gas diffusion in the Knudsen transition
regime, which is prevalent in PEFC catalyst layers
PEFC
Ultra

Litster, S., Hess, K., Epting, W., Gelb, J.

Catalyst Layer Analysis: Nanoscale X-ray CT, Spatially-Resolved
In Situ Microscale Diagnostics, and Modeling.

ECS Trans. 41, 409-418 (2011).

DOI: 10.1149/1.3635575

Framework combines 50 nm resolution XRM, spatially-resolved in situ
measurements with microstructured catalyst layer scaffold diagnostics,
and porous electrode modeling
PEFC
Ultra

Mandal, P, Litster, S.

Morphological Analysis of Polymer Electrolyte Fuel Cell Electrode Using High
Resolution X-ray Computed Tomography and Subsequent Performance Analysis.
ECS Trans. 58, 481-488 (2013).

DOI: 10.1149/05801.0481ecst

GDE fabricated from the same catalyst layer slurry (ink) as the imaged
samples were electrochemically evaluated in a PEFC

PEFC

Odaya, S., Phillips, R.K., Sharma, Y., Bellerive, J., Phillion, A.B., Hoorfar, M.
X-ray Tomographic Analysis of Porosity Distributions in Gas Diffusion Layers
of Proton Exchange Membrane Fuel Cells.

Electrochimica Acta 152, 464-472 (2015).

DOI: 10.1016/j.electacta.2014.11.143

Proton exchange membrane fuel cell, gas diffusion layer,
porosity, image analysis

PEFC

Pattanotai, T., Watanabe, H., Okazaki, K.

Effects of particle aspect ratio on pyrolysis and gasification of anisotropic
wood cylinder.

Fuel 150, 162-168 (2015).

DOI: 10.1016/2Fj.fuel.2015.02.017

Visualized the 3D anisotropic structure of chars with various aspect ratios

Other
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Saucedo-Mora, L., Lowe, T, Zhao, S., Lee, P.D., Mummery, PM., Marrow, TJ.,
In situ observation of mechanical damage within a SiC-SiC ceramic

matrix composite

J. Nuclear Materials, 481, 13, (2016).

DOI: 10.1016/j.jnucmat.2016.09.007

Ceramic matrix composite

Wu, Z., Sun, L., Wan, P, Li, J.,, Hu, Z. Wang, J.

In situ foam-gelcasting fabrication and properties of highly porous
y-Y2Si207 ceramic with multiple pore structures.

Scripta Materialia (2015).

DOI: 10.1016/j.scriptamat.2015.02.024

Building Materials

Publication

Porous y-Y2Si207 ceramic; microstructure;
mechanical property; thermal conductivity

Foam-gelcasting

Notes / Samples

Baniassadi, M., Safdari, M., Garmestani, H., Ahzi, S., Geubelle, P. H., Remond, Y.
An optimum approximation of n-point correlation functions of random
heterogeneous material systems.

J. Chem. Phys. 140(7), 074905. (2014)

Created a system of correlation functions to describe a highly
varied material system; validated model against a real fibrous
microstructure, as imaged by XRM

DOI: 10.1063/1.4865966 Modeling
Bossa, N., Chaurand, P, Vicente, J., Borschneck, D., Levard, C., Used Versa & Ultra XRM to characterize leached-cement.

Aguerre-Chariol, O. Rose, J. Noted an increase in porosity in both cases, showed that

Micro- and nano-X-ray computed-tomography: A step forward in the nanoXCT provided increased image fidelity to capture the

characterization of the pore network of a leached cement paste. smaller details near the sample surface.

Cement and Concrete Research 67, 138—147 (2015). Cement

DOI: 10.1016/2Fj.cemconres.2014.08.007

Ultra Versa

Cepuritis, R., Wigum, B. J., Garboczi, E. J., Mertsell, E. Jacobsen, S.

Filler from crushed aggregate for concrete: Pore structure, specific surface,
particle shape and size distribution.

Cement and Concrete Composites (2014).

Used Versa to image concrete filler particles and compare to SEM results;
compared particles on the basis of 3D shape.

DOI: 10.1016/j.cemconcomp.2014.03.010 Concrete
Ducman, V., Korat, L., Legat, A. Mirti¢, B. Compared particle porosities after different high-temperature

X-ray micro-tomography investigation of the foaming process in thermal treatments using Versa XRM; Found that longer dwell

the system of waste glass—silica mud-MnO2. times in heating lead to fewer — but larger — pores.

Materials Characterization 86, 316-321 (2013).

DOI: 10.1016/j.matchar.2013.10.021 Waste glass

Garcia, A., Austin, C. J. Jelfs, J.

Mechanical properties of asphalt mixture containing sunflower oil capsules.
J. Cleaner Production 118, 124-132 (2016).

DOI: 10.1016/j.jclepro.2016.01.072

Self-healing asphalt

Wang, D., Wang, L., Gu, X., Zhou, G.

Effect of Basalt Fiber on the Asphalt Binder and Mastic at Low Temperature.
J. Materials in Civil Engineering 25(3), 355-364. (2013)

DOI: 10.1061/(ASCE)MT.1943-5533.0000605

Examined structural properties of mastic (sealant) using Versa XRM.
Used XRM resultsto generate a model for further simulation-based
mechanical testing.
Asphalt binder

Wicklein, B., Kocjan, A., Salazar-Alvarez, G., Carosio, F.,

Camino, G., Antonietti, M., Bergstrom, L.

Thermally insulating and fire-retardant lightweight anisotropic foams
based on nanocellulose and graphene oxide.

Nat Nano 277-283 (2014).

DOI: 10.1038/nnano.2014.248

Used Versa to characterize the pore
geometries within a thermal insulation foam.
Found that pores run parallel to the freezing
direction and pore density at the bottom was similar to that at the top.
Further analysis with SEM.
Lightweight foams
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Zhang, M. livkoy, A. P.

Micromechanical modelling of deformation and fracture of hydrating
cement paste using X-ray computed tomography characterisation.
Composites Part B: Engineering 88, 6472 (2016).

DOI: 10.1016/j.compositesb.2015.11.007

Zofka, A., Paliukaité, M., Vaitkus, A., Maliszewska, D., Josen, R., Bernier, A.
Laboratory study on the influence of casting on properties of ultra-high
performance fibre reinforced concrete (UHPFRC) specimens.

J. Civil Engineering and Management 20, 380-388 (2014).

DOI: 10.3846/13923730.2014.913680

Thin Films / Coatings

Publication

Used Versa 410 to characterize the porosity in cement at various
stages in the curing process. Focused on pore size distribution,
where it was found that the pores get smaller with longer cure times.
Cement paste
Used XRM to map the fiber orientation within a fiber reinforced
concrete specimen. Found that one specimen exhibited random fiber

orientations, while the other exhibited unfavorable fiber orientations.

Fiber-reinforced concrete

Notes / Samples

Ahmadian, S., Browning, A. & Jordan, E. H.

Three-dimensional X-ray micro-computed tomography of cracks
in a furnace cycled air plasma sprayed thermal barrier coating.
Scripta Materialia 97, 13-16 (2015).

DOI: 10.1016/j.scriptamat.2014.10.026

Cheng, S., Huang, H., Ovtar, S., Simonsen, S. B., Chen, M.,

Zhang, W., Segaard, M., Kaiser, A., Hendriksen, P. V. Chen, C.
High-Performance Microchanneled Asymmetric Gd 0.1 Ce 0.9 O 1.95-8 —
La 0.6 Sr 0.4 FeO 3_§ -Based Membranes for Oxygen Separation

ACS Applied Materials Interfaces 8, 4548-4560 (2016).

DOI: 10.1021/acsami.5b10714

Cordes, N. L., Havrilla, G. J., Usoy, I. O., Obrey, K. A. Patterson, B. M.
Non-destructive elemental quantification of polymer-embedded

thin films using laboratory based X-ray techniques.

Spectrochimica Acta Part B: Atomic Spectroscopy 101, 320-329 (2014).
DOI: 10.1016/2Fj.sab.2014.09.016

Niese, S. et al.

Fabrication of Customizable Wedged Multilayer Laue Lenses
by Adding a Stress Layer.

Thin Solid Films, 571, 2, (2014).

Thermal barrier coating
Dual-phase composite membranes; electrical conductivity relaxation;
mass transfer polarization; phase inversion; surface exchange;
thermodynamic calculation
Dual phase composite membrane
Confocal micro-X-ray fluorescence; X-ray nanotomography;
embedded thin films

Polymer thin films

X-ray optics; diffractive optics; X-ray microscopy; multilayers;
stress layer; sputter deposition

DOI:10.1016/j.tsf.2014.02.095 Laue lenses
Catalyst / Nuclear

Publication Notes / Samples

Bari, K., Osarinmwian, C., Lépez-Honorato, E., Abram, T. J. Computed X-ray tomography at a resolution of 0.7 um

Characterization of the porosity in TRISO coated fuel particles and was used to quantify the porosity of each layer.

its effect on the relative thermal diffusivity.

Nuclear Engineering and Design, 265, 668-674, (2013).

DOI: 10.1016/j.nucengdes.2013.08.067 TRISO

Chen, Y. et al.

Direct-methane solid oxide fuel cells with hierarchically porous Ni-based anode
deposited with nanocatalyst layer.

Nano Energy 10, 1-9, (2014).

DOI: 10.1016/j.nanoen.2014.08.016

Thin nano samaria doped ceria (SDC) catalyst layer can
effectively prevent coking.

Catalyst for fuel cell
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Cordes, N. L. et al.

Three Dimensional Subsurface Elemental Identification of Minerals using
Confocal Micro X-ray Fluorescence and Micro X-ray Computed Tomography.
Spectrochimica Acta Part B: Atomic Spectroscopy, 103-104, 144-154, (2014).
DOI:10.1016/j.5ab.2014.12.006

Coupling of confocal X-ray fluorescence spectroscopy and
X-ray computed tomography

Confocal XRF

Ghiji, M., Goldsworthy, L., Brandner, P. A., Garaniya, V. Hield, P.
Numerical and experimental investigation of early stage diesel sprays.
Fuel 175, 274-286 (2016).

DOI: 10.1016/j.fuel.2016.02.040

High-pressure diesel spray; primary atomization; near-nozzle flow;
In-nozzle turbulence; large eddy simulation; Eulerian/VOF

Nozzle flow

Giraldez, E. M. et al.

Fabrication and Metrology Challenges in Making Thin, Hollow, Silver Spherical
Halfraum Targets for EPEC Experiments on the National Ignition Facility.
Fusion Science and Technology 63, 242-246 (2013).

DOI: 10.13182/FST20-42

National Ignition Facility (NIF)

Halfraum targets

Jhong, H.-R., Brushett, F. R. & Kenis, P. J.

The Effects of Catalyst Layer Deposition Methodology on Electrode Performance.
Advanced Energy Materials, 3, 589, (2013).

DOI: 10.1002/aenm.201200759

Catalyst deposition;energy conversion and storage;
microfluidic fuel cell; X-ray computed tomography;
CO2 reduction
Catalyst layer for fuel cell

Lowe, T. et al.

Microstructural analysis of TRISO particles using multi-scale X-ray
computed tomography.

J. Nuclear Materials 461, 29-36 (2015).
DOI:10.1016/j.jnucmat.2015.02.034

Multi-scale investigation of interior structure of TRISO particles

TRISO

Versa Ultra

Novaék, V. et al.

Effect of cavities and cracks on diffusivity in coated catalyst layer.
Catalysis Today 216, 142—149 (2013).

DOI: 10.1016/j.cattod.2013.07.002

Coating of commercial LNT monolith was scanned in 3D

Catalyst coating

Pura, J. et al.

Investigation of degradation mechanism of palladium—nickel wires
during oxidation of ammonia.

Catalysis Today 208, 48-55 (2013).

DOI: 10.1016/j.cattod.2012.11.014

Precious metal; catalysis

Snead, L. L. et al.

Stability of SiC-matrix microencapsulated fuel constituents at
relevant LWR conditions.

J. Nuclear Materials (2013).

DOI: 10.1016/j.jnucmat.2013.09.056

Paper addresses certain key feasibility issues facing the
application of SiC-matrix microencapsulated fuels for
light water reactor application

Terrani, K. A. et al.

Progress on matrix SiC processing and properties for fully ceramic
microencapsulated fuel form.

J. Nuclear Materials 457, 9-17 (2015).

DOI: 10.1016/j.jnucmat.2014.10.034

X-ray radiographs of pellets were produced to examine
the distribution of particles in the matrix

Microencapsulated fuel form

Van Norman, S. A., Tringe, J. W., Sain, J. D., Yang, R., Falconer, J. L., Weimer, A. W.
Using atomic layer deposited tungsten to increase thermal conductivity of a
packed bed.

Appl. Phys. Lett. 106, 153102 (2015).

DOI: 10.1063/1.4917309

Understanding thermal properties of packed beds is essential
for developing thermally conductive supports as alternatives
to structured supports

Catalysts
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Materials Science
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Hattori, V., Falgout, L., Lee, W., Jung, S.Y., Poon, E., Lee, J. W., Rogers, J. A.
Multifunctional Skin-Like Electronics for Quantitative, Clinical Monitoring

of Cutaneous Wound Healing.

Advanced Healthcare Materials 3(10), 1597-1607, (2014).

DOI: 10.1002/adhm.201400073

Wound monitoring; clinical study; skin-like;
multifunctional; epidermal electronics

Wearable devices

Koh, A., Gutbrod, S. R., Meyers, J. D., Lu, C., Webb, R. C., Shin, G,, Li, Y.,
Kang, S.-K., Huang, Y., Efimoy, I. R. Rogers, J. A.

Ultrathin Injectable Sensors of Temperature, Thermal Conductivity,

and Heat Capacity for Cardiac Ablation Monitoring.

Advanced Healthcare Materials 5, 373-381 (2016).

DOI: 10.1002/adhm.201500451

A) X-ray tomographic images
of an actuator/sensor;

B) picture of completed system
in a twisted configuration

Wearable devices

Kong, L., Rudack, A. C., Krueger, P, Zschech, E., Arkalgud, S. Diebold, A. C.
3D-interconnect: Visualization of extrusion and voids induced in copper-filled
through-silicon vias (TSVs) at various temperatures using X-ray microscopy.

Through-silicon vias imaged by nanoscale X-ray tomography;
void inspection; copper extrusion; defects; thermal stress

Microelectronic Engineering 92, 24-28 (2012). TSV
DOI: 10.1016/2Fj.mee.2011.04.012 Ultra
Kong, L. W,, Lloyd, J. R., Yeap, K. B., Zschech, E., Rudack, A., Liehr, M. Diebold, A. 4D annealing study of through-silicon vias (TSV) using

Applying x-ray microscopy and finite element modeling to identify the nanoscale X-ray tomography

mechanism of stress-assisted void growth in through-silicon vias.

J. Applied Physics 110, 53502-53502-7 (2011). TSV
DOI: 10.1063/2F1.3629988 Ultra

Naman, O. T., New-Tolley, M. R., Lwin, R., Tuniz, A., Al-Janabi, A. H.,
Karatchevtseva, I., Fleming, S. C., Kuhimey, B. T., Argyros, A.

Indefinite Media Based on Wire Array Metamaterials for the THz and Mid-IR.
Advanced Optical Materials 1(12), 971-977, (2013).

DOI: 10.1002/adom.201300402

Metamaterials; indium wires with polymer coating

Metamaterials

Niese, S., Krueger, P. Zschech, E.

NanoXCT—A HighEResolution Technique For TSV Characterization.
AIP Conference Proceedings 1378, 168-173 (2011).

DOI: 10.1063/1.3615703

Lab-based non-desctructive XRM used to localize defects
in copper TSVs for 3D IC integration.
TSV
Ultra

Schurch, R., Rowland, S. M., Bradley, R. S. Withers, P. J.
Imaging and analysis techniques for electrical trees using
X-ray computed tomography.

IEEE Transactions on Dielectrics and

Electrical Insulation 21, 53—63 (2014).

DOI: 10.1109/TDEI.2013.003911

Degradation in polymeric high voltage insulation

Electrical trees
Ultra

Zhang, Y., Wang, S., Li, X,, Fan, J. A., Xu, S., Song, Y. M.,

Choi, K, Yeo, W., Lee, W., Nazaar, S., Lu, B, Yin, L., Hwang, K.,
Rogers, J., Huang, Y.

Experimental and Theoretical Studies of Serpentine Microstructures
Bonded To Prestrained Elastomers for Stretchable Electronics.
Advanced Functional Materials 24(14), 2028-2037, (2013).

DOI: 10.1002/adfm.201302957

Flexible electronics

Zschech, E., Yun, W. Schneider, G.

High-resolution X-ray imaging—a powerful nondestructive technique
for applications in semiconductor industry.

Appl. Phys. A 92, 423-429 (2008).

DOI: 10.1007/500339-008-4551-x

Failure analysis

Semiconductor
Ultra
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Moisture diffusion under hydrostatic pressure in composites.
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X-ray micro-tomography is used and reveals a high level
of porosity in the hand lay-up composite.

Water diffusion

Islam, M. S. Tong, L.

Influence of pinning on static strength of co-cured metal-GFRP

hybrid single lap joints.

Composites Part A: Applied Science and Manufacturing 84, 196-208 (2016).

Hybrid, polymer-matrix composites (PMCs),
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Mechanical characterisation of carbon fibre-PEEK manufactured by
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2D and 3D imaging of fatigue failure mechanisms of 3D woven composites.
Composites Part A: Applied Science and Manufacturing 77, 37-49 (2015).
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cracking and virtual slice
of debonding cracks

Fiber, fatigue failure

Caty, O., Ibarroule, P, Herbreteau, M., Rebillat, R., Maire, E., Vignoles, G. L.
Application of X-ray computed micro-tomography to the study of damage
and oxidation kinetics of thermostructural composites.

Nuclear Instruments and Methods in Physics Research Section B:
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Czabaj, M. W.,, Riccio, M. L. Whitacre, W. W.

Numerical reconstruction of graphite/epoxy composite microstructure
based on sub-micron resolution X-ray computed tomography.
Composites Science and Technology 105, 174182 (2014).
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Graphite

Joffe, R., Madsen, B., Nattinen, Kalle, Miettinen, Arttu

Strength of cellulosic fiber/starch acetate composites with variable
fiber and plasticizer content.

Journal of Composite Materials, 0021998314528734, (2014).
DOI: 10.1177/0021998314528734

Cellulosic fibers, starch acetate, plasticizer,
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Joffre, T., Miettinen, A., Berthold, F. Kristofer Gamstedt, E. Micro-structural parameters used in modeling of composite

X-ray micro-computed tomography investigation of fibre length strength were obtained from optical observations and indirect

degradation during the processing steps of short-fibre composites. measurements and some of these parameters were qualitatively

Composites Science and Technology (2014). verified by X-ray microtomography

DOI: 10.1016/j.compscitech.2014.10.011 Short-fiber

Li, Q.

Carbon nanotube reinforced porous magnesium composite:
3D nondestructive microstructure characterization using x-ray
micro-computed tomography.

Materials Letters 133, 83—-86 (2014).

DOI: 10.1016/j.matlet.2014.06.146

XRM was utilized to investigate 3D microstructure of porous
magnesium composite reinforced by multi-walled carbon
nanotubes and measure overall porosity

Carbon nanotube

Patrick, J. F., Hart, K. R., Krull, B. P, Diesendruck, C. E., Moore, J. S.,
White, S. R., Sottos, N. R.

Continuous Self-Healing Life Cycle in Vascularized Structural Composites.

Adv. Mater. 26, 4302-4308 (2014).
DOI: 10.1002/adma.201400248

XRM used to visualize 3D microvascular
channels to optimize incorporation
into different composite layers

Self-healing
Yoshimura, A., Hosoya, R., Koyanagi, J. Ogasawara, T. Measure the fiber orientation in CFRP laminates from XRM
X-ray computed tomography used to measure fiber orientation and digital image correlation (DIC)
in CFRP laminates.
Advanced Composite Materials 0, 1-12 (2014).
DOI: 10.1080/09243046.2014.959240 CRFP
Alemi-Ardakani, M., Milani, A. S., Yannacopoulos, S., Bichler, L., XRM reveals local failure modes and
Trudel-Boucher, D., Shokouhi, G., Borazghi, H. damage quantification for different
Microtomographic Analysis of Impact Damage in FRP Composite structure types
Laminates: A Comparative Study.
Advances in Materials Science and Engineering, 2013.
DOI: 10.1155/2013/521860 OPEN ACCESS

Laminates

Charnvanichborikarn, S., Shin, S. J., Worsley, M. A, Tran, I. C,,

Willey, T. M., van Buuren, T., Felter, T. E., Colvin, J. D., Kucheyey, S. O.
Nanoporous Cu-C Composites Based on Carbon-Nanotube Aerogels.
J. Mater. Chem. A (2013).

DOI: 10.1039/C3TA14303A

XRM in 2D radiography

Carbon nanotube aerogel

Chinga-Carrasco, G., Solheim, O., Lenes, M. Larsen, A.

A method for estimating the fibre length in fibre-PLA composites.
Journal of Microscopy 250, 15-20 (2013).

DOI: 10.1111/jmi.12012

Image analysis, pulp fibres, SEM, x-ray microtomography.

Pulp fiber

Grabian, J., Gawdzinska, K., Wojnar, L. Przetakiewicz, W.

An Application of Computer Tomography for Structure Characterization
of Metallic-Ceramic Composite Foam.

Solid State Phenomena 197, 226231 (2013).

DOI: 10.4028/www.scientific.net/SSP.197.226

Aluminum (Al), Metal-Ceramic Composites, Metallic Foam

Metal-ceramic
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Cordes, N. L. et al.

Three Dimensional Subsurface Elemental Identification of
Minerals using Confocal Micro X-ray Fluorescence and
Micro X-ray Computed Tomography.

Spectrochimica Acta Part B: Atomic Spectroscopy,
103-104, 144-154, (2014).
DOI:10.1016/j.5ab.2014.12.006

Rao, A.G., Deshmukh, V.P,, Lavery, L.L., Bale, H.

3D investigation of the microstructural modification in hypereutectic
aluminum silicon (Al-30Si) alloy.

Microscopy & Analysis (2017)
www.microscopy-analysis.com/editorials/editorial-listings/
3d-investigation-microstructural-modification-hypereutectic-aluminum

Bidola, P. et al.
Application of sensitive, high-resolution imaging at a commercial

lab-based X-ray micro-CT system using propagation-based phase retrieval.

Journal of Microscopy 266, 211-220 (2017).
DOI: 10.1111/jmi.12530

Lavery, L., Merkle, A. Gelb, J.

3D X-ray Microscopy: A New High Resolution Tomographic
Technology for Biological Specimens.

Microscopy and Microanalysis 21, 925-926 (2015).

DOI: 10.1017/51431927615005425

Lavery, L. L., Gelb, J., Merkle, A. P. Steinbach, A.

X-Ray Microscopy for Hierarchical Multi-Scale Materials.
Microscopy Today 22, 16-21 (2014).

DOI: 10.1017/5155192951400056X

Merkle, A.

Automated correlative tomography using XRM and FIB-SEM

to span length scales and modalities in 3D materials.

Microscopy Analysis (2015).
Www.microscopy-analysis.com/magazine/issues/automated-
correlative-tomography-using-xrm-and-fib-sem-span-length-scales-and

Coupling of confocal X-ray fluorescence spectroscopy
and X-ray computed tomography

Aluminum-silicon

Confocal XRF

Phase-contrast imaging

Phase-contrast imaging

XRM overview

XRM overview

XRM overview
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Howe, R., Shahbazmohamadi, S., Bass, R. Singh, P.
Digital evaluation and replication of period wind instruments:

the role of micro-computed tomography and additive manufacturing.

XRM data used to replicate musical mouthpieces that
no longer exist from methods like CNC milling and
3D printing/additive manufacturing.

Early Music cau091 (2014). 3D printing
DOI: 10.1093/em/cau091 Music
Marschallinger, R., Hofmann, P, Daxner-Hock, G. & Ketcham, R. A. XRM used to create digital models

Solid modeling of fossil small mammal teeth.

Computers & Geosciences 37, 1364-1371 (2011).

DOI: 10.1016/j.cage0.2010.07.011 Fossil
Penney, D. et al.

The Oldest Fossil Pirate Spider (Araneae: Mimetidae), in Uppermost

Eocene Indian Amber, Imaged Using X-ray Computed Tomography.

Arachnology 15, 299-302 (2012).

DOI: 10.13156/arac.2012.15.9.299 Fossil

Urban, D. J. et al.

Conjoined Twins in a Wild Bat: A Case Report.
Acta Chiropterologica 17, 189-192 (2015).
DOI: 10.3161/15081109ACC2015.17.1.016

Museum specimen

27


https://doi.org/10.1016/j.cageo.2010.07.011
https://doi.org/10.1016/j.cageo.2010.07.011
https://doi.org/10.1016/j.cageo.2010.07.011
https://doi.org/10.1016/j.cageo.2010.07.011
https://doi.org/10.13156/arac.2012.15.9.299
https://doi.org/10.13156/arac.2012.15.9.299
https://doi.org/10.13156/arac.2012.15.9.299
https://doi.org/10.13156/arac.2012.15.9.299
https://doi.org/10.13156/arac.2012.15.9.299
https://doi.org/10.3161/15081109ACC2015.17.1.016
https://doi.org/10.3161/15081109ACC2015.17.1.016
https://doi.org/10.3161/15081109ACC2015.17.1.016
https://doi.org/10.3161/15081109ACC2015.17.1.016

Geosciences

Publication Notes / Samples

Jenniskens, P, Fries, M. D., Yin, Q.-Z., Zolensky, M., Krot, A. N.,
Sandford, S. A., Sears, D., Beauford, R., Ebel, D. S., Friedrich, J. M.,
Magashima, K., ... Worden, S. P.

Radar-Enabled Recovery of the Sutter’s Mill Meteorite,

a Carbonaceous Chondrite Regolith Breccia.

Science, 338(6114), 1583-1587, (2012).

DOI: 10.1126/science.1227163

Mungall, J. E., Brenan, J. M., Godel, B., Barnes, S. J. Gaillard, F.
Transport of metals and sulphur in magmas by flotation of sulphide
melt on vapour bubbles.

Nature Geosci 8, 216—219 (2015).

DOI: 10.1038/nge02373

Popova, O. P, Jenniskens, P., Emel’yanenko, V., Kartashova, A., Biryukov, E.,
Khaibrakhmanov, S., Shuvalov, V., Rybnov, Y., Dudorov, A., ... Chelyabinsk, T.
Airburst, Damage Assessment, Meteorite Recovery, and Characterization.
Science, 342(6162), 1069-1073, (2013).

DOI: 10.1126/science. 1242642

Lowrey, J.R., Ivanic, T.J., Wyman, D.A., Roberts, M.P.
Platy pyroxene: new insights into spinifex texture.

Journal of Petrology, egx069.
DOI: 10.1093/petrology/egx069
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Pang, X., Maxson, J. K., Cuello Jimenez, W., Singh, J. P, Morgan, R. G.
Microscale Characterization of Field and Laboratory Foamed Cement by
Use of X-Ray Microcomputed Tomography.

Society of Petroleum Engineers (October 2017).
DOI:10.2118/180278-PA
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Shang, Y., Lebedev, M., Sarmadivaleh, M., Barifcani, A., Rahman, T., Iglauer, S.
Swelling effect on coal micro structure and associated permeability reduction.
Fuel, October 2016, Pages 568-576.

DOI: 10.1016/j.fuel.2016.06.026
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Mathew, J., Mandal, A., WArett, J., Williams, M.A., Chakraborty, M., Srirangam, P.
X-ray tomography studies on porosity and particle size distribution in cast in-situ
Al-Cu-TiB2 semi-solid forged composites.

Materials Characterization, August 2016, Pages 57-64.

DOI: 10.1016/j.matchar.2016.05.010
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