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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? 

•	 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

 

•	 Non-destructive Imaging – image the interior of a 

	 sample when physical sample cross-sectioning may 

	 cause undesirable, even unknown, damage to 

	 precious specimens

•	 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

•	 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

•	 In 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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ZEISS Xradia Versa technology – Dual-stage optical architecture

ZEISS Xradia Ultra technology – Optical architecture 

ZEISS Xradia X-ray Solutions 

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.

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. 

ZEISS Xradia 410 Versa 
ZEISS Xradia 510 Versa 
ZEISS Xradia 520 Versa

ZEISS Xradia 800 Ultra 
ZEISS Xradia 810 Ultra
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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 

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. 

Peer-reviewed XRM Publications

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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Materials Science

Energy Materials

Publications

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. 
J. Power Sources 310, 61–69 (2016).
DOI: 10.1016/j.jpowsour.2016.02.001 
	
Babu, S. K., Chung, H. T., Wu, G., Zelenay, P., Litster, S. 
Modeling Hierarchical Non-Precious Metal Catalyst Cathodes for 
PEFCs Using Multi-Scale X-ray CT Imaging. 
ECS Trans. 64, 281–292 (2014). 
DOI: 10.1149/06403.0281ecst

Babu, S. K., Litster, S. 
Vertically-Oriented Polymer Electrolyte Nanofiber Catalyst Support 
for Fuel Cells. 
ECS Trans. 58, 1137–1144 (2013).  
DOI: 10.1149/05801.1137ecst

Babu, S. K., Mohamed, A. I., Whitacre, J. F., Litster, S. 
Multiple imaging mode X-ray computed tomography for distinguishing 
active and inactive phases in lithium-ion battery cathodes.  
J. Power Sources 283, 314–319 (2015). 
DOI: 10.1016/j.jpowsour.2015.02.086
	
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

Chung, D.-W., Shearing, P. R., Brandon, N. P., Harris, S. J., García, R. E. 
Particle Size Polydispersity in Li-Ion Batteries. 
J. Electrochem. Soc. 161, A422–A430 (2014).  
DOI: 10.1149/2.097403jes

Eastwood, D. S., Bradley, R. S., Tariq, F., Cooper, S. J., Taiwo, O. O., Gelb, J., 
Merkle, A., Brett, D. J. L., Brandon, N. P., Withers, P. J., Lee, P. D., Shearing, P. R.  
The application of phase contrast X-ray techniques for imaging Li-ion battery 
electrodes. 324, 118-123, Nucl. Instr. Meth. Phys. Res. B (2014). 
DOI: 10.1016/j.nimb.2013.08.066
	
Eastwood, D. S., Yufit, F., Gelb, J., Gu, A., Bradley, R. S., Harris, S. J.,  
Brett, D. J. L., Brandon, N. P., Lee, P. D., Withers, P. J., Shearing, P. R. 
Batteries: Lithiation-Induced Dilation Mapping in a Lithium-Ion Battery 
Electrode by 3D X-Ray Microscopy and Digital Volume Correlation,  
Adv. Energy Mater. 4, (2014). 
DOI: 10.1002/aenm.201470016

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 	
 

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

Notes / Samples

Fuel cell; micro-porous layer; carbon nanoparticle

						    
						      PTFE    PEFC
						      Ultra

ZEISS Xradia 800 Ultra imaged PEFC section to its parameters. 
Then, generated model of sub-resolution features using XRM 
results as constraints	
						      PEFC
						      Ultra

Created track-etched polycarbonate structure, and used 
ZEISS Xradia 800 Ultra to characterize 3D pore geometries

			   			   PEFC
						      Ultra

Li-ion battery cathode; imaged with both X-ray absorption 
and Zernike phase contrast to separate phases	
	
						      Batteries
						      Ultra

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

						      SOFC

LMO cathode imaged on ZEISS Xradia 410 Versa (formerly MicroXCT-400); 
results used to model microstructure and understand the effects of particle 
size distributions on electrochemistry	
						      Batteries
	
Laboratory ZEISS Xradia 800 Ultra (formerly nanoXCT-100) used to
image a battery anode; first demonstration of Zernike phase contrast 
for imaging nano-scale features in a Li-battery	
						      Batteries
						      Ultra

	 ZEISS Xradia Versa XRM system was used for 
	 repeated 3D imaging of an Li-battery in operand, 		
	 allowing study of microstructural evolution in  
	 the working coin cell.
	

						      Batteries

		  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

Nanoscale X-ray tomography microstructural data used for agglomerate 
size distribution 	
						      PEFC
						      Ultra

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.

http://dx.doi.org/10.1016%2Fj.jpowsour.2016.02.001
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.02.001
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.02.001
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.02.001
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.02.001
http://dx.doi.org/10.1149/06403.0281ecst
http://dx.doi.org/10.1149/06403.0281ecst
http://dx.doi.org/10.1149/06403.0281ecst
http://dx.doi.org/10.1149/06403.0281ecst
http://dx.doi.org/10.1149/06403.0281ecst
http://dx.doi.org/10.1016%2FS1876-3804(15)30005-7
http://dx.doi.org/10.1016%2FS1876-3804(15)30005-7
http://dx.doi.org/10.1016%2FS1876-3804(15)30005-7
http://dx.doi.org/10.1016%2FS1876-3804(15)30005-7
http://dx.doi.org/10.1016%2FS1876-3804(15)30005-7
http://dx.doi.org/10.1016/j.jpowsour.2015.02.086
http://dx.doi.org/10.1016/j.jpowsour.2015.02.086
http://dx.doi.org/10.1016/j.jpowsour.2015.02.086
http://dx.doi.org/10.1016/j.jpowsour.2015.02.086
http://dx.doi.org/10.1016/j.jpowsour.2015.02.086
http://dx.doi.org/10.1016/j.nanoen.2014.08.016
http://dx.doi.org/10.1016/j.nanoen.2014.08.016
http://dx.doi.org/10.1016/j.nanoen.2014.08.016
http://dx.doi.org/10.1016/j.nanoen.2014.08.016
http://dx.doi.org/10.1149/2.097403jes
http://dx.doi.org/10.1149/2.097403jes
http://dx.doi.org/10.1149/2.097403jes
http://dx.doi.org/10.1149/2.097403jes
http://dx.doi.org/10.1016%2Fj.nimb.2013.08.066
http://dx.doi.org/10.1016%2Fj.nimb.2013.08.066
http://dx.doi.org/10.1016%2Fj.nimb.2013.08.066
http://dx.doi.org/10.1016%2Fj.nimb.2013.08.066
http://dx.doi.org/10.1016%2Fj.nimb.2013.08.066
http://dx.doi.org/10.1002/aenm.201470016
http://dx.doi.org/10.1002/aenm.201470016
http://dx.doi.org/10.1002/aenm.201470016
http://dx.doi.org/10.1002/aenm.201470016
http://dx.doi.org/10.1002/aenm.201470016
http://dx.doi.org/10.1002/aenm.201470016
http://dx.doi.org/10.1002%2Fadfm.201101525
http://dx.doi.org/10.1002%2Fadfm.201101525
http://dx.doi.org/10.1002%2Fadfm.201101525
http://dx.doi.org/10.1002%2Fadfm.201101525
http://dx.doi.org/10.1002%2Fadfm.201101525
http://dx.doi.org/doi:10.1016/j.ijhydene.2012.02.099
http://dx.doi.org/doi:10.1016/j.ijhydene.2012.02.099
http://dx.doi.org/doi:10.1016/j.ijhydene.2012.02.099
http://dx.doi.org/doi:10.1016/j.ijhydene.2012.02.099
http://dx.doi.org/10.1016%2Fj.nimb.2013.08.066
http://dx.doi.org/10.1002/aenm.201470016
http://dx.doi.org/10.1002%2Fadfm.201101525
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Materials Science

Energy Materials (continued)

Publications

Finegan, D. P. et al. Characterising the structural properties of polymer separators 
for lithium-ion batteries in 3D using phase contrast X-ray microscopy. 
Journal of Power Sources 333, 184–192 (2016). 
DOI: 10.1016/j.jpowsour.2016.09.132

Garzon, F. H., Lau, S. H., Davey, J. R., Borup, R. 
Micro And Nano X-Ray Tomography of PEM Fuel Cell Membranes 
After Transient Operation. 
ECS Trans. 11, 1139–1149 (2007). 
DOI: 10.1149/1.2781026

Gonzalez, J., Sun, K., Huang, M., Dillon, S., Chasiotis, I., Lambros, J. 
X-ray microtomography characterization of Sn particle evolution during 
lithiation/delithiation in lithium ion batteries.  
J. Power Sources 285, 205–209 (2015).
DOI: 10.1016/2Fj.jpowsour.2015.03.093

Gonzalez, J., Sun, K., Huang, M., Lambros, J., Dillon, S., Chasiotis, I. 
Three dimensional studies of particle failure in silicon based composite 
electrodes for lithium ion batteries. 
J. Power Sources 269, 334–343 (2014). 
DOI: 10.1016/j.jpowsour.2014.07.001

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

Izzo, J. R., Joshi, A. S., Grew, K. N., Chiu, W. K. S., Tkachuk, A., 
Wang, S. H., Yun, W. 
Nondestructive Reconstruction and Analysis of SOFC Anodes Using X-ray 
Computed Tomography at Sub-50 nm Resolution. 
J. Electrochem. Soc. 155, B504–B508 (2008).
DOI: 10.1149/2F1.2895067 
	
Jhong, H.-R. (Molly), Brushett, F. R., Yin, L., Stevenson, D. M., Kenis, P. J. A. 
Combining Structural and Electrochemical Analysis of Electrodes Using 
Micro-Computed Tomography and a Microfluidic Fuel Cell. 
J. Electrochem. Soc. 159, B292–B298 (2012). 
DOI: 10.1149/2.033203jes

Kehrwald, D., Shearing, P. R., Brandon, N. P., Sinha, P. K., Harris, S. J. 
Local Tortuosity Inhomogeneities in a Lithium Battery Composite Electrode. 
J. Electrochem. Soc. 158, A1393–A1399 (2011). 
DOI: 10.1149/2.079112jes

Khajeh-Hosseini-Dalasm, N., Sasabe, T., Tokumasu, T., Pasaogullari, U. 
Effects of polytetrafluoroethylene treatment and compression on gas diffusion 
layer microstructure using high-resolution X-ray computed tomography. 
J. Power Sources 266, 213–221 (2014).
DOI: 10.1016/j.jpowsour.2014.05.004 

Kinefuchi, I., Oyama, J., Yokoyama, K., Kubo, N., Tokumasu, T., Matsumoto, Y. 
Direct Simulation Monte Carlo Analysis of Gas Transport in Microporous 
Structure Based on X-ray Computed Tomography. 
ECS Trans. 58, 71–78 (2013). 
DOI: 10.1149/05801.0071ecst

Notes / Samples

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

XRM revealed a redistribution of Pt within the cathode, 
migration of Pt into the electrolyte membrane and significant amounts 
of carbon corrosion	

						      PEFC

Tin battery electrode imaged before and after the first charge cycle; 
quantified volumetric expansion of Sn-rich particles	
		
	
						      Batteries

Microbattery cell built for testing in operando within the XRM; 
imaged silicon battery electrode before and after the first charge cycle; 
quantified volumetric expansion of Si-rich particles and bulk electrode
		
						      Batteries

		

						      SOFC
						      Ultra
	
3D representation of microstructure is used to calculate true structural 
parameters; simulation of multicomponent mass transport and 
electrochemical reactions in the anode microstructure using the XRM 
data as geometric input illustrate the impact on SOFC modeling	
						      SOFC    
						      Ultra

XRM for detailed characterization of the architecture and buried 
interfaces of fuel cell electrodes in a non-destructive fashion	
		
		
						      Fuel cell

Generated ideal model for tortuosity and compared to XRM data; 
found significant local deviations in the tortuosity and estimated the 
impact on the battery charge/discharge behavior		  Batteries
						      Ultra

In situ 3D compression study for heterogeneity in structure relative 
to fiber orientation; data is used for PEFC numerical transport models 
to include the effects of PTFE treatment and non-uniform compression
		
						      PEFC

Gas transport simulation based on XRM data	

						      PEFC
						      Ultra

https://doi.org/10.1016/j.jpowsour.2016.09.132
https://doi.org/10.1016/j.jpowsour.2016.09.132
https://doi.org/10.1016/j.jpowsour.2016.09.132
https://doi.org/10.1016/j.jpowsour.2016.09.132
http://dx.doi.org/10.1149/1.2781026
http://dx.doi.org/10.1149/1.2781026
http://dx.doi.org/10.1149/1.2781026
http://dx.doi.org/10.1149/1.2781026
http://dx.doi.org/10.1149/1.2781026
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.03.093
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.03.093
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.03.093
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.03.093
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.03.093
http://dx.doi.org/10.1016/j.jpowsour.2014.07.001
http://dx.doi.org/10.1016/j.jpowsour.2014.07.001
http://dx.doi.org/10.1016/j.jpowsour.2014.07.001
http://dx.doi.org/10.1016/j.jpowsour.2014.07.001
http://dx.doi.org/10.1016/j.jpowsour.2014.07.001
https://doi.org/10.1016/j.mattod.2017.03.015
https://doi.org/10.1016/j.mattod.2017.03.015
https://doi.org/10.1016/j.mattod.2017.03.015
https://doi.org/10.1016/j.mattod.2017.03.015
http://dx.doi.org/10.1149%2F1.2895067
http://dx.doi.org/10.1149%2F1.2895067
http://dx.doi.org/10.1149%2F1.2895067
http://dx.doi.org/10.1149%2F1.2895067
http://dx.doi.org/10.1149%2F1.2895067
http://dx.doi.org/10.1149%2F1.2895067
http://dx.doi.org/10.1149/2.033203jes
http://dx.doi.org/10.1149/2.033203jes
http://dx.doi.org/10.1149/2.033203jes
http://dx.doi.org/10.1149/2.033203jes
http://dx.doi.org/10.1149/2.033203jes
http://dx.doi.org/10.1149/2.079112jes
http://dx.doi.org/10.1149/2.079112jes
http://dx.doi.org/10.1149/2.079112jes
http://dx.doi.org/10.1149/2.079112jes
http://dx.doi.org/10.1016/j.jpowsour.2014.05.004
http://dx.doi.org/10.1016/j.jpowsour.2014.05.004
http://dx.doi.org/10.1016/j.jpowsour.2014.05.004
http://dx.doi.org/10.1016/j.jpowsour.2014.05.004
http://dx.doi.org/10.1016/j.jpowsour.2014.05.004
http://dx.doi.org/10.1149/05801.0071ecst
http://dx.doi.org/10.1149/05801.0071ecst
http://dx.doi.org/10.1149/05801.0071ecst
http://dx.doi.org/10.1149/05801.0071ecst
http://dx.doi.org/10.1149/05801.0071ecst
https://doi.org/10.1016/j.mattod.2017.03.015
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Materials Science

Energy Materials (continued)

Publications

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. 
ECS Trans. 41, 439–448 (2011). 
DOI:10.1149/1.3635578

Kotaka, T., Tabuchi, Y., Mukherjee, P. P. 
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).
DOI: 10.1016/2Fj.jpowsour.2015.01.111
	
Kumar, Arjun S., et al. 
Image segmentation of nanoscale Zernike phase contrast X-ray computed 
tomography images. 
J. Appl. Phys.117.18 (2015): 183102.
DOI: 10.1063/1.4919835 
	
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

Lim, C., Yan, B., Yin, L., Zhu, L. 
Geometric Characteristics of Three Dimensional Reconstructed Anode 
Electrodes of Lithium Ion Batteries. 
Energies 7, 2558–2572 (2014). 
DOI: 10.3390/en7042558
	
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
 

	
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

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
	
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

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

Notes / Samples

Diagnostics and phenomena - porous transport layers	

						      PEFC
						      Ultra

Structural data of gas diffusion media were obtained by XRM	

						      PEFC
						      Ultra

Zernike phase contrast	

						      PEFC
						      Ultra

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

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

						      Batteries
	
		  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

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

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

						      PEFC

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

						      PEFC

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

						      Other

http://dx.doi.org/10.1149/1.3635578
http://dx.doi.org/10.1149/1.3635578
http://dx.doi.org/10.1149/1.3635578
http://dx.doi.org/10.1149/1.3635578
http://dx.doi.org/10.1149/1.3635578
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.01.111
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.01.111
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.01.111
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.01.111
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.01.111
http://dx.doi.org/10.1063/1.4919835
http://dx.doi.org/10.1063/1.4919835
http://dx.doi.org/10.1063/1.4919835
http://dx.doi.org/10.1063/1.4919835
http://dx.doi.org/10.1063/1.4919835
http://dx.doi.org/10.1016/j.electacta.2012.04.120
http://dx.doi.org/10.1016/j.electacta.2012.04.120
http://dx.doi.org/10.1016/j.electacta.2012.04.120
http://dx.doi.org/10.1016/j.electacta.2012.04.120
http://dx.doi.org/10.1016/j.electacta.2012.04.120
http://dx.doi.org/10.3390/en7042558
http://dx.doi.org/10.3390/en7042558
http://dx.doi.org/10.3390/en7042558
http://dx.doi.org/10.3390/en7042558
http://dx.doi.org/10.3390/en7042558
http://dx.doi.org/doi:10.1002/fuce.201300008
http://dx.doi.org/doi:10.1002/fuce.201300008
http://dx.doi.org/doi:10.1002/fuce.201300008
http://dx.doi.org/doi:10.1002/fuce.201300008
http://dx.doi.org/doi:10.1002/fuce.201300008
http://dx.doi.org/10.1149/1.3635575
http://dx.doi.org/10.1149/1.3635575
http://dx.doi.org/10.1149/1.3635575
http://dx.doi.org/10.1149/1.3635575
http://dx.doi.org/10.1149/1.3635575
http://dx.doi.org/10.1016%2Fj.fuel.2015.02.017
http://dx.doi.org/10.1016%2Fj.fuel.2015.02.017
http://dx.doi.org/10.1016%2Fj.fuel.2015.02.017
http://dx.doi.org/10.1016%2Fj.fuel.2015.02.017
http://dx.doi.org/10.1016%2Fj.fuel.2015.02.017
http://dx.doi.org/10.1016/j.electacta.2014.11.143
http://dx.doi.org/10.1016/j.electacta.2014.11.143
http://dx.doi.org/10.1016/j.electacta.2014.11.143
http://dx.doi.org/10.1016/j.electacta.2014.11.143
http://dx.doi.org/10.1016/j.electacta.2014.11.143
http://dx.doi.org/10.1016%2Fj.fuel.2015.02.017
http://dx.doi.org/10.1016%2Fj.fuel.2015.02.017
http://dx.doi.org/10.1016%2Fj.fuel.2015.02.017
http://dx.doi.org/10.1016%2Fj.fuel.2015.02.017
http://dx.doi.org/10.1016%2Fj.fuel.2015.02.017
http://dx.doi.org/doi:10.1002/fuce.201300008


Publications Reference

9

Materials Science

Energy Materials (continued)

Publications

Paz-Garcia, J. M., Taiwo, O. O., Tudisco, E., Finegan, D. P., Shearing, P. R., 
Brett, D. J. L., Hall, S. A. 
4D analysis of the microstructural evolution of Si-based electrodes during 
lithiation: Time-lapse X-ray imaging and digital volume correlation. 
J. Power Sources 320, 196–203 (2016).
DOI: 10.1016/j.jpowsour.2016.04.076
	
Pokhrel, A., El Hannach, M., Orfino, F. P., Dutta, M., Kjeang, E. 
Failure analysis of fuel cell electrodes using three-dimensional multi-length 
scale X-ray computed tomography. 
J. Power Sources 329, 330–338 (2016).
DOI: 10.1016/j.jpowsour.2016.08.092

Sasabe, T., Inoue, G., Tsushima, S., Hirai, S., Tokumasu, T., Pasaogullari, U. 
Investigation on Effect of PTFE Treatment on GDL Micro-structure by 
High-resolution X-ray CT. 
ECS Trans. 50, 735–744 (2013).
DOI: 10.1149/05002.0735ecst

Shearing, P. R., Brandon, N. P., Gelb, J., Bradley, R., Withers, P. J., 
Marquis, A. J., Cooper, S., Harris, S. J. 
Multi Length Scale Microstructural Investigations of a Commercially 
Available Li-Ion Battery Electrode. 
J. Electrochem. Soc. 159, A1023–A1027 (2012).
DOI: 10.1149/2F2.053207jes 

Shearing, P. R., Gelb, J.  Brandon, N. P. X-ray nano computerised tomography of 
SOFC electrodes using a focused ion beam sample-preparation technique. 
Journal of the European Ceramic Society 30, 1809–1814 (2010). 
DOI: 10.1016/j.jeurceramsoc.2010.02.004
	
Song, R., Fang, R., Wen, L., Shi, Y., Wang, S., Li, F. 
A trilayer separator with dual function for high performance 
lithium–sulfur batteries.
 J. Power Sources 301, 179–186 (2016).
DOI: 10.1016/j.jpowsour.2015.10.007 
	
Spernjak, D., Fairweather, J., Mukundan, R., Rockward, T., Borup, R. L. 
Influence of the microporous layer on carbon corrosion in the catalyst 
layerof a polymer electrolyte membrane fuel cell. 
J. Power Sources 214, 386–398 (2012). 
DOI: 10.1016/j.jpowsour.2012.04.086

Tjaden, B., Finegan, D. P., Lane, J., Brett, D. J. L. & Shearing, P. R. 
Contradictory concepts in tortuosity determination in porous media in 
electrochemical devices. 
Chemical Engineering Science 166, 235–245 (2017).
DOI: 10.1016/j.ces.2017.03.051
	
Tjaden, B. et al. 
The application of 3D imaging techniques, simulation and diffusion 
experiments to explore transport properties in porous oxygen transport 
membrane support materials. 
Solid State Ionics 288, 315–321 (2016).
DOI: 10.1016/j.ssi.2016.01.030 

Notes / Samples

Silicon battery at various states of charge; used digital volume correlation 
to map microstructure changes associated with lithiation  delithiation	

		

						      Batteries

		

		
      		

						      SOFC

Micro-structure of the GDL was visualized by high-resolution 
X-ray computed tomography 	

						      PEFC

XRM survey: Versa XRM measured bulk structure and bulk porosity, 
Ultra XRM measured localized porosity, tortuosity, and volume-specific 
surface area, and Synchrotron XRM was needed for mapping defects 
within the particles	
						      Batteries
						      Versa    Ultra

Fuel cells, X-ray methods, microstructure, focused ion beam, SOFC	

						      SOFC

Battery separator in imaged in its “aged” state	

						      Batteries

PEM fuel cell, carbon corrosion, catalyst layer, microporous layer, 
current distribution, degradation mechanisms	

						      PEFC

Correlative tortuosity determinations via X-ray tomography 
and diffusion cell experiments	

						      Ultra

Comparison of advanced tomography techniques, 
simulation and diffusion cell experiments to calculate tortuosity 
of a porous support layer of an oxygen transport membrane	

						      Ultra

http://dx.doi.org/10.1016%2Fj.jpowsour.2016.04.076
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.04.076
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.04.076
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.04.076
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.04.076
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.04.076
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.08.092
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.08.092
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.08.092
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.08.092
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.08.092
http://dx.doi.org/10.1149/05002.0735ecst
http://dx.doi.org/10.1149/05002.0735ecst
http://dx.doi.org/10.1149/05002.0735ecst
http://dx.doi.org/10.1149/05002.0735ecst
http://dx.doi.org/10.1149/05002.0735ecst
http://dx.doi.org/10.1149%2F2.053207jes
http://dx.doi.org/10.1149%2F2.053207jes
http://dx.doi.org/10.1149%2F2.053207jes
http://dx.doi.org/10.1149%2F2.053207jes
http://dx.doi.org/10.1149%2F2.053207jes
http://dx.doi.org/10.1149%2F2.053207jes
http://dx.doi.org/doi:10.1016/j.jeurceramsoc.2010.02.004
http://dx.doi.org/doi:10.1016/j.jeurceramsoc.2010.02.004
http://dx.doi.org/doi:10.1016/j.jeurceramsoc.2010.02.004
http://dx.doi.org/doi:10.1016/j.jeurceramsoc.2010.02.004
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.10.007
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.10.007
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.10.007
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.10.007
http://dx.doi.org/10.1016%2Fj.jpowsour.2015.10.007
http://dx.doi.org/doi:10.1016/j.jpowsour.2012.04.086
http://dx.doi.org/doi:10.1016/j.jpowsour.2012.04.086
http://dx.doi.org/doi:10.1016/j.jpowsour.2012.04.086
http://dx.doi.org/doi:10.1016/j.jpowsour.2012.04.086
http://dx.doi.org/doi:10.1016/j.jpowsour.2012.04.086
https://doi.org/10.1016/j.ces.2017.03.051
https://doi.org/10.1016/j.ces.2017.03.051
https://doi.org/10.1016/j.ces.2017.03.051
https://doi.org/10.1016/j.ces.2017.03.051
https://doi.org/10.1016/j.ces.2017.03.051
https://doi.org/10.1016/j.ssi.2016.01.030
https://doi.org/10.1016/j.ssi.2016.01.030
https://doi.org/10.1016/j.ssi.2016.01.030
https://doi.org/10.1016/j.ssi.2016.01.030
https://doi.org/10.1016/j.ssi.2016.01.030
https://doi.org/10.1016/j.ssi.2016.01.030
http://dx.doi.org/10.1016%2Fj.jpowsour.2016.08.092


Publications Reference

10

Materials Science

Energy Materials (continued)

Publications

Wargo, E. A., Kotaka, T., Tabuchi, Y., Kumbur, E. C. 
Comparison of focused ion beam versus nano-scale X-ray computed 
tomography for resolving 3-D microstructures of porous fuel cell materials.
 J. Power Sources 241, 608–618 (2013). 
DOI: 10.1016/j.jpowsour.2013.04.153
	
Tariq, F., Kishimoto, M., Cooper, S. J., Shearing, P. R., Brandon, N. P. 
Advanced 3D Imaging and Analysis of SOFC Electrodes. 
ECS Trans. 57, 2553–2562 (2013). 
DOI: 10.1149/05701.2553ecst

Yan, B., Lim, C., Yin, L., Zhu, L. 
Simulation of heat generation in a reconstructed LiCoO2 cathode 
during galvanostatic discharge. 
Electrochimica Acta 100, 171–179 (2013). 
DOI: 10.1016/j.electacta.2013.03.132

Yan, B., Lim, C., Yin, L., Zhu, L. Three Dimensional Simulation of Galvanostatic 
Discharge of LiCoO2 Cathode Based on X-ray Nano-CT Images. J. Electrochem. 
Soc. 159, A1604–A1614 (2012).
DOI: 10.1149/2F2.024210jes 
	
Zhang, Y., Chen, Y., Chen, F. 
In situ quantification of solid oxide fuel cell electrode microstructure 
by electrochemical impedance spectroscopy.  
J. Power Sources 277, 277–285 (2015). 
DOI: 10.1016/j.jpowsour.2014.11.123

Zhou, G., Pei, S., Li, L., Wang, D.-W., Wang, S., Huang, K., Yin, L.-C., 
Li, F., Cheng, H.-M. 
A Graphene-Pure-Sulfur Sandwich Structure for Ultrafast, Long-Life 
Lithium-Sulfur Batteries. 
Adv. Mater. 26, 625–631 (2014).
DOI: 10.1002/adma.201302877 
	

Publication		
	
Alderson, A., Alderson, K.L., McDonald, S.A., Mottershead, B., 
Nazare, S., Withers, P.J., Yao, Y.T. 
Piezomorphic Materials. 
Macromol. Mater. Eng. 298, 318–327 (2013).
DOI: 10.1002/mame.201200028
	
Balachander, G. M., Balaji, S. A., Rangarajan, A., Chatterjee, K. 
Enhanced Metastatic Potential in a 3D Tissue Scaffold toward a 
Comprehensive in Vitro Model for Breast Cancer Metastasis. 
ACS Appl. Mater. Interfaces 7, 27810–27822 (2015).
DOI: 10.1021/acsami.5b09064 
	
Bosworth, L. A., Rathbone, S. R., Bradley, R. S., Cartmell, S. H. 
Dynamic loading of electrospun yarns guides mesenchymal stem cells 
towards a tendon lineage.  
J. Mech. Behav. Biomed. Mater. (2014). 
DOI: 10.1016/j.jmbbm.2014.07.009

Notes / Samples

Focused ion beam, nanotomography, microstructure, 
polymer electrolyte fuel cell	

						      PEFC

Modeling and simulation	

						      SOFC

Battery electrode section was imaged and results were used to 
generate a model for simulating heat generation within the battery
	
						      Batteries
						      Ultra

Used nanoXCT-100 to image a battery and generate a model 
of the microstructure, which was used for simulating discharge behaviors.		
						      Batteries
						      Ultra

	

						      SOFC

		

						      Batteries

Notes / Samples

Piezomorphic materials; ex-PTFE	
		

						      Polymer science

Breast cancer; cancer; mechanotransduction; metastasis; tissue scaffolds	

						      Tissue scaffold

Electrospun yarns; poly(ε-caprolactone)	

						      Biomaterials

Soft Materials & Biomaterials

http://dx.doi.org/doi:10.1016/j.jpowsour.2013.04.153
http://dx.doi.org/doi:10.1016/j.jpowsour.2013.04.153
http://dx.doi.org/doi:10.1016/j.jpowsour.2013.04.153
http://dx.doi.org/doi:10.1016/j.jpowsour.2013.04.153
http://dx.doi.org/doi:10.1016/j.jpowsour.2013.04.153
http://dx.doi.org/doi:10.1149/05701.2553ecst
http://dx.doi.org/doi:10.1149/05701.2553ecst
http://dx.doi.org/doi:10.1149/05701.2553ecst
http://dx.doi.org/doi:10.1149/05701.2553ecst
http://dx.doi.org/doi:10.1016/j.electacta.2013.03.132
http://dx.doi.org/doi:10.1016/j.electacta.2013.03.132
http://dx.doi.org/doi:10.1016/j.electacta.2013.03.132
http://dx.doi.org/doi:10.1016/j.electacta.2013.03.132
http://dx.doi.org/doi:10.1016/j.electacta.2013.03.132
http://dx.doi.org/10.1149%2F2.024210jes
http://dx.doi.org/10.1149%2F2.024210jes
http://dx.doi.org/10.1149%2F2.024210jes
http://dx.doi.org/10.1149%2F2.024210jes
http://dx.doi.org/10.1016/j.jpowsour.2014.11.123
http://dx.doi.org/10.1016/j.jpowsour.2014.11.123
http://dx.doi.org/10.1016/j.jpowsour.2014.11.123
http://dx.doi.org/10.1016/j.jpowsour.2014.11.123
http://dx.doi.org/10.1016/j.jpowsour.2014.11.123
http://dx.doi.org/10.1002%2Fadma.201302877
http://dx.doi.org/10.1002%2Fadma.201302877
http://dx.doi.org/10.1002%2Fadma.201302877
http://dx.doi.org/10.1002%2Fadma.201302877
http://dx.doi.org/10.1002%2Fadma.201302877
http://dx.doi.org/10.1002%2Fadma.201302877
http://dx.doi.org/10.1002/mame.201200028
http://dx.doi.org/10.1002/mame.201200028
http://dx.doi.org/10.1002/mame.201200028
http://dx.doi.org/10.1002/mame.201200028
http://dx.doi.org/10.1002/mame.201200028
http://dx.doi.org/10.1021%2Facsami.5b09064
http://dx.doi.org/10.1021%2Facsami.5b09064
http://dx.doi.org/10.1021%2Facsami.5b09064
http://dx.doi.org/10.1021%2Facsami.5b09064
http://dx.doi.org/10.1021%2Facsami.5b09064
http://dx.doi.org/10.1016/j.jmbbm.2014.07.009
http://dx.doi.org/10.1016/j.jmbbm.2014.07.009
http://dx.doi.org/10.1016/j.jmbbm.2014.07.009
http://dx.doi.org/10.1016/j.jmbbm.2014.07.009
http://dx.doi.org/10.1016/j.jmbbm.2014.07.009
http://dx.doi.org/10.1016/j.jpowsour.2014.11.123
http://dx.doi.org/10.1002%2Fadma.201302877


Publications Reference

11

Materials Science

Soft Materials & Biomaterials

Publication		
	
Bradley, R. S. & Withers, P. J. 
Correlative multiscale tomography of biological materials. 
MRS Bulletin 41, 549–556 (2016).
DOI: 10.1557/mrs.2016.137 

Bradley, R. S., Robinson, I. K. & Yusuf, M. 3D X-Ray Nanotomography of Cells 
Grown on Electrospun Scaffolds. Macromol. Biosci. 17, 2, (2017).
DOI: 10.1002/mabi.201600236   OPEN ACCESS

Caliari, S. R., Weisgerber, D. W., Grier, W. K., Mahmassani, Z., 
Boppart, M. D.,  Harley, B. A. C. 
Collagen Scaffolds Incorporating Coincident Gradations of Instructive 
Structural and Biochemical Cues for Osteotendinous Junction Engineering. 
Adv. Healthcare Mater. 4, 831 (2015). 
DOI: 10.1002/2Fadhm.201400809

Ciecierska, E., Jurczyk-Kowalska, M., Bazarnik, P., Gloc, M., 
Kulesza, M., Kowalski, M., Krauze, S., Lewandowska, M. 
Flammability, mechanical properties and structure of rigid polyurethane 
foams with different types of carbon reinforcing materials. 
Composite Structures 140, 67–76 (2016).
DOI: 10.1016/j.compstruct.2015.12.022

Costantini, M., Colosi, C., Mozetic, P., Jaroszewicz, J., Tosato, A., 
Rainer, A., Trombetta, M., Święszkowski, W., Dentini, M.  Barbetta, A. 
Correlation between porous texture and cell seeding efficiency of gas 
foaming and microfluidic foaming scaffolds. 
Mater. Sci. Eng. C 62, 668–677 (2016).
DOI: 10.1016/j.msec.2016.02.010
	
Costantini, M., Colosi, C., Jaroszewicz, J., Tosato, A., Święszkowski, W., 
Dentini, M., Garstecki, P., Barbetta, A. 
Microfluidic Foaming: A Powerful Tool for Tailoring the Morphological 
and Permeability Properties of Sponge-like Biopolymeric Scaffolds. 
ACS Appl. Mater. Interfaces 7, 23660–23671 (2015).
DOI: 10.1021/acsami.5b08221 

Divakaran, A. V., Torris A. T, A., Lele, A. K., Badiger, M. V. 
Porous PEG-PU hydrogels as potential biomaterials. 
Polym. Int. (2014). 
DOI:10.1002/pi.4802
	
Gergely, R. C. R., Pety, S.J., Krull, B.P., Patrick, J.F., Doan, T.Q., Coppola, A.M., 
Thakre, P.R., Sottos, N.R., Moore, J.S. 
Multidimensional Vascularized Polymers using Degradable Sacrificial Templates. 
Adv. Funct. Mater. (2014). 
DOI: 10.1002/adfm.201403670

He, H., Zhong, M., Konkolewicz, D., Yacatto, K., Rappold, T., Sugar, G., 
David, N. E., Gelb, J., Kotwal, N., Merkle, A., Matyjaszewski, K. 
Three-Dimensionally Ordered Macroporous Polymeric Materials by Colloidal 
Crystal Templating for Reversible CO2 Capture. 
Adv. Funct. Mater. 23, 4720–4728 (2013).
DOI: 10.1002/2Fadfm.201300401 

Notes / Samples

Correlative tomography		

						      Biomaterials
						      Versa    Ultra

		  Zernike phase contrast can be used for 
		  3D imaging of cells grown on electrospun 
		  polymer scaffolds
						      Scaffolds
						      Ultra

Bone; collagen; mesenchymal stem cells; 
orthopedic interfaces; tendon	

						      Tissue scaffold

Foams; polyurethane; carbon nanotubes; graphite	

						      Foam

Microfluidic foaming; porous scaffolds; 
cell seeding efficiency; bioreactor	

		
						      Scaffolds

Alginate; microfluidic foaming; ordered porous structure; scaffolds	

						      Scaffolds

Hydrogels; poly(ethylene glycol); polyurethane; porosity; permeability	

						      Hydrogels

Biopolymers; microfluidics; sacrificial templates; vascular

						      Biopolymers

	 “…this demonstration showed the feasibility of using 
	 nanoscale 3D XRM for the visualization of the 3D 
	 morphology of 3DOM materials down to 50 nm 
	 resolution (16 nm voxels), representing up to three 
	 orders of magnitude improved resolution from the 
	 previous micro-CT experiments.”
						      CO2 capture
						      Ultra

(continued)

https://doi.org/10.1557/mrs.2016.137
https://doi.org/10.1557/mrs.2016.137
https://doi.org/10.1557/mrs.2016.137
https://doi.org/10.1557/mrs.2016.137
http://dx.doi.org/10.1002/mabi.201600236
http://dx.doi.org/10.1002/mabi.201600236
http://dx.doi.org/10.1002/mabi.201600236
http://dx.doi.org/10.1002%2Fadhm.201400809
http://dx.doi.org/10.1002%2Fadhm.201400809
http://dx.doi.org/10.1002%2Fadhm.201400809
http://dx.doi.org/10.1002%2Fadhm.201400809
http://dx.doi.org/10.1002%2Fadhm.201400809
http://dx.doi.org/10.1002%2Fadhm.201400809
http://dx.doi.org/10.1016%2Fj.compstruct.2015.12.022
http://dx.doi.org/10.1016%2Fj.compstruct.2015.12.022
http://dx.doi.org/10.1016%2Fj.compstruct.2015.12.022
http://dx.doi.org/10.1016%2Fj.compstruct.2015.12.022
http://dx.doi.org/10.1016%2Fj.compstruct.2015.12.022
http://dx.doi.org/10.1016%2Fj.compstruct.2015.12.022
http://dx.doi.org/10.1016%2Fj.msec.2016.02.010
http://dx.doi.org/10.1016%2Fj.msec.2016.02.010
http://dx.doi.org/10.1016%2Fj.msec.2016.02.010
http://dx.doi.org/10.1016%2Fj.msec.2016.02.010
http://dx.doi.org/10.1016%2Fj.msec.2016.02.010
http://dx.doi.org/10.1016%2Fj.msec.2016.02.010
http://dx.doi.org/10.1021%2Facsami.5b08221
http://dx.doi.org/10.1021%2Facsami.5b08221
http://dx.doi.org/10.1021%2Facsami.5b08221
http://dx.doi.org/10.1021%2Facsami.5b08221
http://dx.doi.org/10.1021%2Facsami.5b08221
http://dx.doi.org/10.1021%2Facsami.5b08221
http://dx.doi.org/10.1002/pi.4802
http://dx.doi.org/10.1002/pi.4802
http://dx.doi.org/10.1002/pi.4802
http://dx.doi.org/10.1002/pi.4802
http://dx.doi.org/10.1002/adfm.201403670
http://dx.doi.org/10.1002/adfm.201403670
http://dx.doi.org/10.1002/adfm.201403670
http://dx.doi.org/10.1002/adfm.201403670
http://dx.doi.org/10.1002/adfm.201403670
http://dx.doi.org/10.1002%2Fadfm.201300401
http://dx.doi.org/10.1002%2Fadfm.201300401
http://dx.doi.org/10.1002%2Fadfm.201300401
http://dx.doi.org/10.1002%2Fadfm.201300401
http://dx.doi.org/10.1002%2Fadfm.201300401
http://dx.doi.org/10.1002%2Fadfm.201300401
http://dx.doi.org/10.1002/mabi.201600236
http://dx.doi.org/10.1002%2Fadfm.201300401


Publications Reference

12

Materials Science

Soft Materials & Biomaterials (continued)

Publication		
	
Jang, H. L., Lee, K., Kang, C. S., Lee, H. K., Ahn, H.-Y., Jeong, H.-Y., Park, S., 
Kim, S. C., Jin, K., Park, J., Yang, T.-Y., Kim, J. H., Shin, S. A., Han, H. N., 
Oh, K. H., Lee, H.-Y., Lim, J., Hong, K. S., Snead, M. L., Xu, J.  Nam, K. T. 
Biofunctionalized Ceramic with Self-Assembled Networks of Nanochannels. 
ACS Nano 9, 4447–4457 (2015).
DOI: 10.1021/acsnano.5b01052 

Jackiewicz, A., Jakubiak, S.  Gradoń, L. 
Analysis of the behavior of deposits in fibrous filters during non-steady 
state filtration using X-ray computed tomography. 
Separation and Purification Technology 156, 12–21 (2015).
DOI: 10.1016/2Fj.seppur.2015.10.004

Jaroszewicz, J., Kosowska, A., Hutmacher, D., Swieszkowski, W.  Moskalewski, S. 
Insight into characteristic features of cartilage growth plate as a physiological  
template for bone formation: CHARACTERISTIC FEATURES OF CARTILAGE 
GROWTH PLATE. 
J. Biomed. Mater. Res. A 104, 357–366 (2016). 
DOI: 10.1002/jbm.a.35575 

Jin, X., Shi, B., Zheng, L., Pei, X., Zhang, X., Sun, Z., … Jiang, L. 
Bio-Inspired Multifunctional Metallic Foams through the Fusion of 
Different Biological Solutions. 
Advanced Functional Materials 24(18), 2721–2726. (2014).
DOI: 10.1002/adfm.201304184

Kijewska, K., Głowala, P., Kowalska, J., Jemielity, J., Kaczyńska, K., 
Janiszewska, K., Stolarski, J., Blanchard, G. J., Kępińska, D., Lubelska, 
K., Wiktorska, K., Pisarek, M. Mazur, M. 
Gold-decorated polymer vessel structures as carriers of mRNA cap analogs. 
Polymer 57, 77–87 (2015).
DOI: 10.1016/2Fj.polymer.2014.12.019 

Kim, S. H., Shin, S.J., Lenhardt, J.M., Braun, T., Sain, J.D., Valdez, C.A., 
Leif, R.N., Kucheyev, S.O., Wu, K. J. J., Biener, J., Satcher Jr., J.H., Hamza, A.V. 
Deterministic Control over High-Z Doping of Polydicyclopentadiene-Based 
Aerogel Coatings. 
ACS Appl. Mater. Interfaces 5, 8111–8119 (2013).
DOI: 10.1021/am4021878

Kotoul, M. et al. 
Crack bridging modelling in Bioglass® based scaffolds reinforced by 
poly-vinyl alcohol/microfibrillated cellulose composite coating. 
Mechanics of Materials 110, 16–28 (2017).
DOI: 10.1016/j.mechmat.2017.04.004

Kumar, S., Azam, D., Raj, S., Kolanthai, E., Vasu, K. S., Sood, A. K.  Chatterjee, K. 
3D scaffold alters cellular response to graphene in a polymer composite for ortho-
pedic applications: 3D SCAFFOLD ALTERS CELLULAR RESPONSE TO GRAPHENE. 
J. Biomed. Mater. Res. Part B Appl. Biomater. 104, 732–749 (2016).
DOI: 10.1002/jbm.b.33549   OPEN ACCESS

Kumar, S.  Chatterjee, K. 
Strontium Eluting Graphene Hybrid Nanoparticles Augment  
Osteogenesis in 3D Tissue Scaffold. 
Nanoscale (2014). 
DOI: 10.1039/C4NR05060F

Li, S. et al. 
Nanocomposites of graphene nanoplatelets in natural rubber: 
microstructure and mechanisms of reinforcement. 
 J. Mater. Sci. 52, 9558–9572 (2017).
DOI: 10.1007/s10853-017-1144-0 

Notes / Samples

Bioinspired; ceramics; fluid transports; hierarchical structures; 
nanochannels; polymer agglomeration; pressure gradient sintering	

						      Biomaterials

Fibrous filter; deep bed filtration; particle distribution; melt-blown	

						      Membrane
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				    3D printing / Additive manufacturing
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		  Macrostructure characterization and materials 
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			   Block copolymer scaffolds
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						      Polymer science

Biodegradable polyurethane; scaffold; 
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						      Scaffolds - tissue

	 3D printing; biomimetic; hydrodynamics; 
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						      Aluminum
						      Ultra
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						      Steel
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flow simulations		
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high oxygen fluxes. J. Mem. Sci. 526, 323, (2017).
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Röding, M., Del Castillo, L.A., Nydén, M., Follink, B.
Microstructure of a granular amorphous silica ceramic synthesized 
by spark plasma sintering J. Microscopy (2016)
DOI: 10.1111/jmi.12442

Notes / Samples

Superconducting wire; MgB2; nanotomography, densification; 
Zernike phase contrast

		
						      Superconductor
						      Ultra

Pore microstructure of composite foams studied by X-ray microscopy.

Porous magnesium composite; Carbon nanotubes; 
Porosity; x-ray micro-computed tomography	
						      Carbon nanotubes

Carbon nanotube multi-yarn; X-ray nanotomography; 
phase contrast; FIB; SEM	

						      Carbon nanotubes

RDX-based nanocomposites; energetic materials; 
void and particle characterization by X-ray tomography	
						      Energetic materials
						      Ultra

Notes / Samples

				    Dual phase composite membrane

Study of strut failure modes and correlation to micromechanics models 

						      Cermet

3D structural analysis: spherical pores with bimodal pore size distribution 
and changes in proportion of large size cell and interconnectivity 	

		
						      Carbide Foams
	

						      Membrane

By combining 2D and 3D imaging techniques with advanced 
statistical materials modelling, we reach deeper insight into the 
material structure and use.	
						      Plasma sintering

Ceramics / Glass
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In situ observation of mechanical damage within a SiC-SiC ceramic  
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J. Nuclear Materials, 481, 13, (2016).
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Cement and Concrete Research 67, 138–147 (2015).
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DOI: 10.1016/j.cemconcomp.2014.03.010
	
Ducman, V., Korat, L., Legat, A.  Mirtič, B. 
X-ray micro-tomography investigation of the foaming process in 
the system of waste glass–silica mud–MnO2. 
Materials Characterization 86, 316–321 (2013). 
DOI: 10.1016/j.matchar.2013.10.021

Garcia, A., Austin, C. J.  Jelfs, J. 
Mechanical properties of asphalt mixture containing sunflower oil capsules. 
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Wicklein, B., Kocjan, A., Salazar-Alvarez, G., Carosio, F., 
Camino, G., Antonietti, M., Bergström, 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

Notes / Samples

				    Ceramic matrix composite 

Porous γ-Y2Si2O7 ceramic; microstructure; 
mechanical property; thermal conductivity	

						      Foam-gelcasting

Notes / Samples

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

						      Modeling

Used Versa & Ultra XRM to characterize leached-cement. 
Noted an increase in porosity in both cases, showed that 
nanoXCT provided increased image fidelity to capture the 
smaller details near the sample surface.	
						      Cement
						      Ultra   Versa

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

						      Concrete

Compared particle porosities after different high-temperature 
thermal treatments using Versa XRM; Found that longer dwell 
times in heating lead to fewer – but larger – pores. 	

						      Waste glass

						      Self-healing asphalt

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

			   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

Building Materials
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DOI: 10.1021/acsami.5b10714
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Fabrication of Customizable Wedged Multilayer Laue Lenses 
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Bari, K., Osarinmwian, C., López-Honorato, E.,  Abram, T. J. 
Characterization of the porosity in TRISO coated fuel particles and 
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Notes / Samples

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

				    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	

	
						      Laue lenses

Notes / Samples

Computed X-ray tomography at a resolution of 0.7 μm 
was used to quantify the porosity of each layer.	

						      TRISO

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

						      Catalyst for fuel cell
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Catalyst / Nuclear
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Microstructural analysis of TRISO particles using multi-scale X-ray 
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Novák, 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
	
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

Snead, L. L. et al. 
Stability of SiC-matrix microencapsulated fuel constituents at 
relevant LWR conditions. 
J. Nuclear Materials (2013).
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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).
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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

Notes / Samples

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

						      Confocal XRF

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

National Ignition Facility (NIF)	

						      Halfraum targets

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

Multi-scale investigation of interior structure of TRISO particles

	
						      TRISO
						      Versa    Ultra

Coating of commercial LNT monolith was scanned in 3D	

						      Catalyst coating

				    Precious metal; catalysis

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

						      TRISO

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

				    Microencapsulated fuel form

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

						      Catalysts
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