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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
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Notes / Samples
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nanochannels; polymer agglomeration; pressure gradient sintering 
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Fibrous filter; deep bed filtration; particle distribution; melt-blown 

      Membrane

Cartilage growth plate; 3D scaffold; mineralization; calcium deposits 

 

      Bone scaffold

Bio-inspired multifunctional metallic foams; surface engineering 
  

      Biomaterials

Polypyrrole; polymer capsules 

      Drug carriers

Aerogels; dicyclopentadiene; ring-opening metathesis polymerization (ROMP)

 
      Aerogels 
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Notes / Samples
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      Paper
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      Ultra
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out Finite-element analysis of stress distribution to aid anlaysis 
of long-term behavior  

    3D printing / Additive manufacturing

Magnesium phosphate; scaffold; strontium, 3D printing 

      Scaffolds - bone
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osteochondral tissue engineering; microsphere-based scaffold 

      Scaffolds
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Porous scaffolds based on freeze-dried cellulose nanofibers  
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 Liquid marble; surface science; 
 contact angles of liquid-liquid interfaces 
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      Foam

http://dx.doi.org/10.1007/s10570-014-0197-3
http://dx.doi.org/10.1007/s10570-014-0197-3
http://dx.doi.org/10.1007/s10570-014-0197-3
http://dx.doi.org/10.1007/s10570-014-0197-3
http://dx.doi.org/10.1007/s10570-014-0197-3
http://dx.doi.org/10.1016%2Fj.memsci.2013.11.044
http://dx.doi.org/10.1016%2Fj.memsci.2013.11.044
http://dx.doi.org/10.1016%2Fj.memsci.2013.11.044
http://dx.doi.org/10.1016%2Fj.memsci.2013.11.044
http://dx.doi.org/10.1016%2Fj.memsci.2013.11.044
http://dx.doi.org/10.1038/srep24871
http://dx.doi.org/10.1038/srep24871
http://dx.doi.org/10.1038/srep24871
http://dx.doi.org/10.1038/srep24871
http://dx.doi.org/10.1038/srep24871
http://dx.doi.org/10.1016%2Fj.actbio.2015.11.050
http://dx.doi.org/10.1016%2Fj.actbio.2015.11.050
http://dx.doi.org/10.1016%2Fj.actbio.2015.11.050
http://dx.doi.org/10.1016%2Fj.actbio.2015.11.050
http://dx.doi.org/10.1016%2Fj.actbio.2015.11.050
http://dx.doi.org/10.1002/bit.25145
http://dx.doi.org/10.1002/bit.25145
http://dx.doi.org/10.1002/bit.25145
http://dx.doi.org/10.1002/bit.25145
http://dx.doi.org/10.1002/bit.25145
http://dx.doi.org/10.1039%2FC6NR01356B
http://dx.doi.org/10.1039%2FC6NR01356B
http://dx.doi.org/10.1039%2FC6NR01356B
http://dx.doi.org/10.1039%2FC6NR01356B
http://dx.doi.org/10.1039%2FC6NR01356B
http://dx.doi.org/10.1039%2FC5RA27246G
http://dx.doi.org/10.1039%2FC5RA27246G
http://dx.doi.org/10.1039%2FC5RA27246G
http://dx.doi.org/10.1039%2FC5RA27246G
http://dx.doi.org/10.1039%2FC5RA27246G
http://dx.doi.org/10.1021/am4053943
http://dx.doi.org/10.1021/am4053943
http://dx.doi.org/10.1021/am4053943
http://dx.doi.org/10.1021/am4053943
http://dx.doi.org/10.1021/am4053943
http://dx.doi.org/10.1021/am4053943
http://dx.doi.org/10.1038%2Fsrep21777
http://dx.doi.org/10.1038%2Fsrep21777
http://dx.doi.org/10.1038%2Fsrep21777
http://dx.doi.org/10.1038%2Fsrep21777
http://dx.doi.org/10.1038%2Fsrep21777
http://dx.doi.org/10.1007/s10853-012-6965-2
http://dx.doi.org/10.1007/s10853-012-6965-2
http://dx.doi.org/10.1007/s10853-012-6965-2
http://dx.doi.org/10.1007/s10853-012-6965-2
http://dx.doi.org/10.1007/s10853-012-6965-2
http://dx.doi.org/10.1016%2Fj.memsci.2013.11.044
http://dx.doi.org/10.1038%2Fsrep21777


Publications Reference

14

Materials Science

Soft Materials & Biomaterials (continued)

Publication  
 
Poologasundarampillai, G., Wang, D., Li, S., Nakamura, J., Bradley, R., 
Lee, P. D., Stevens, M. M., McPhail, D. S., Tasuga, T., Jones, J. R. 
Cotton-wool-like bioactive glasses for bone regeneration. 
Acta Biomaterialia (2014)
DOI: 10.1016/j.actbio.2014.05.020   OPEN ACCESS
 
Sai, H., Tan, K. W., Hur, K., Asenath-Smith, E., Hovden, R., Jiang, Y., 
Riccio, M., Muller, D. A., Elser, V., Estroff, L. A., Gruner, S. M., Wiesner, U. 
Hierarchical Porous Polymer Scaffolds from Block Copolymers. 
Science 341(6145), 530–534. (2013)
DOI: 10.1126/science.1238159   OPEN ACCESS

 

Smolná, K., Gregor, T.  Kosek, J. 
Morphological analysis of high-impact polypropylene using X-ray 
microCT and AFM. 
Eur. Polym. J. (2013). 
DOI: 10.1016/j.eurpolymj.2013.08.030

Tsai, M.-C., Hung, K.-C., Hung, S.-C.  Hsu, S. 
Evaluation of biodegradable elastic scaffolds made of anionic polyurethane 
for cartilage tissue engineering. 
Colloids and Surfaces B: Biointerfaces 125, 34–44 (2015).
DOI: 10.1016/2Fj.colsurfb.2014.11.003

Wen, L., Weaver, J. C., Lauder, G. V. 
Biomimetic shark skin: design, fabrication and hydrodynamic function. 
The Journal of Experimental Biology 217(10), 1656–1666, (2014).
DOI: 10.1242/jeb.097097   OPEN ACCESS
 

Wickramanayake, S., Hopkinson, D., Myers, C., Hong, L., Feng, J., 
Seol, Y., Plasynski, D., Zeh, M., Luebke, D. 
Mechanically robust hollow fiber supported ionic liquid membranes 
for CO2 separation applications.
 J. Membrane Sci. (2014)
DOI: 10.1016/j.memsci.2014.07.015

Wilts, B. D. et al. 
Butterfly gyroid nanostructures as a time-frozen glimpse 
of intracellular membrane development. 
Science Advances 3, e1603119 (2017).
DOI: 10.1126%2Fsciadv.1603119 
 

Xia, Z., Villa, M. M., Wei, M. 
A biomimetic collagen–apatite scaffold with a multi-level 
lamellar structure for bone tissue engineering. 
J. Mater. Chem. B 2(14), 1998–2007. (2014).
DOI: 10.1039/C3TB21595D

Notes / Samples
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3-D cotton-wool-like structure; inorganic fibers 
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  Macrostructure characterization and materials 
  use as scaffold. 
  (A) Isosurface visualization. 
  (B) Skeletal networks for (A) of the polymeric (blue) 
  and the porous (red) regions.
 

   Block copolymer scaffolds

High-impact polypropylene particles; heterophase morphology

      Polymer science

Biodegradable polyurethane; scaffold; 
elasticity; degradation; cartilage 

      Scaffolds - tissue

 3D printing; biomimetic; hydrodynamics; 
 shark skin; denticle; robot 

  

      Biomemimetic
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Notes / Samples

XRM  for intricate porosity assessment 

    3D printing/additive manufacturing

12-hour investigation of 3D corrosion damage AA2099 aluminum alloy 

      Aluminum
      Ultra

Correlative tomography; multiscale and multi-instrument scheme 

      Versa    Ultra

      Steel

XRM can reveal the true foam structure, and provide a realistic 
computational domain and new insight for fluid and heat 
flow simulations  
  

      Metal foam

Materials for extreme environments 

      Copper

Cellular metal; advanced pore morphology foam; 
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      Steel
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      Tantalum
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Notes / Samples
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