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Abstract. Dark-field imaging is a novel method to detect structures in porous 
materials well below the spatial resolution of the imaging system. This fact can be 
used to image transport of liquids in such materials, which is of importance in 
numerous applications like improving the durability of building materials, 
improving the understanding of pore scale processes in enhanced oil recovery and 
carbon capture sequestration, optimising polyelectrolyte membrane fuel cells, etc.  
 In this project two different dark-field imaging systems based on Talbot-Lau 
interferometers with micro- and macro-focus tube sources are compared and 
assessed against the imaging capabilities of a standard micro-focus CT system based 
on absorption. This comparison is done on examples from investigations on building 
materials like, e.g., concrete, mortar or limestone. The focus will be on liquid 
transport inside these materials, which is important to understand the drying and 
wetting behaviour and associated degradation processes, e.g., shrinkage 
accompanied by crack formation and chemical reactions due to the ingress of 
harmful substances. 

 

Introduction  

When building materials like mortars are subjected to drying, moisture gradients 
develop between the drying surface and the inside of the specimen. As a consequence, the 
mortar will tend to shrink differently in the cross section and internal stresses will develop, 
which might lead to cracks at the drying surface. In addition, the overall shrinkage of the 
mortar can lead to macro-cracking in case of external restraint. The macroscopic cracking 
observed in the praxis and in laboratory tests is therefore the result of this complex 
interplay between external and internal restraint to volume changes, stress relaxation, 
surface cracking and micro-cracking. 

It is therefore of high interest to understand the drying process on the microscale. So 
far it was however only possible to image the water distribution in porous materials on the 
microscale by using contrast agents, which alter the physical and chemical interactions of 
water with the porous matrix.  
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Imaging Method 

 
Imaging based on ultra-small-angle scattering is called X-ray dark-field imaging, 

similar to optical dark field imaging. It visualises the strength of the multiple-scattering at 
the material’s microstructure, well below the spatial imaging-resolution of the X-ray system 
[1] [2] [3]. Water inside the pores of the material reduces the multiple-scattering since the 
difference of the refractive index between material and pores is reduced [4]. This method is 
therefore well suited to image water-ingress into porous materials. The dark-field images 
are acquired by a X-ray Talbot-Lau grating interferometer (see figure 1) [5], which 
simultaneously gives the absorption-, phase-contrast- and dark-field image of an object. 
The simultaneous acquisition of three radiographs with different contrasts represents a key 
advantage of this technique, together with the possibility of implementing it with standard 
industrial X-ray sources. 

 

 
 

Figure 1: Principle setup of a Talbot-interferometer. The first grating acts as a phase-shifting grating generating 
an interference pattern. The second grating in front of the detector is an analyser grating to measure the 
interference pattern with the help of a phase-stepping procedure. 

 
 
Results 

 
In order to prove the feasibility and the potential of X-ray dark-field imaging of 

water in a porous material a water capillary uptake and a drying experiment with mortar 
samples and a Talbot-Lau interferometer was designed. Liquid capillary uptake consists in 
the unsaturated flow driven by capillary forces at boundaries between liquid and bulk. 
Mortar was chosen as test material because of the relevance of water transport in several 
processes related with its microstructural development during cement hydration and with its 
durability.  

 
Figure 2 shows dark-field images of two different mortar samples at different 

setups. Both images were taken at 80 kV using interferometers with a design energy of 
45 keV. These images show that both samples have microstructure, but in the right image it 
is more homogeneous whereas in the left image the distribution is less uniform.  
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Figure 2: two dark-field images of a mortar sample, both taken at 80 kV.  

Left: Empa setup, right: on a similar setup at TU Munich. Image obtained with support of F. Prade and F. Pfeiffer, 
Dept. of Physics and Institute for Medical Engineering, Technical University Munich. 

 

 
Figure 3: Water-uptake experiment at Empa. Left: absorption radiography, right: dark-field image.  

The water line is indicated. Both images were taken at 80 kV. 

In Figure 3 a capillary water uptake experiment is shown where the lowest part of the 
mortar is immersed into a water basin. The left image shows a standard absorption 
radiograph, whereas the right image depicts a dark-field image of the same sample. In the 
left absorption image one nicely sees the water surface of the basin. The right dark-field 
image shows however that in the bottom left part the pores started to fill with water and that 
therefore the scattering power of the sample was reduced which is shown as lower grey-
scale values. This result confirms similar measurements already published in [4].  

 
The same method can also be used to image drying phenomena of mortar. This is 

shown in Figure 4. On the left side the sample is shown in a wet state, on the right side after 
a drying period of 39 days in a desiccator. The small black spheres correspond to glass 
beads which were introduced to mimic aggregates, but without taking up water themselves. 
Both images were taken with a resolution of 48 µm and 721 projections over 360 degrees. 
The drying is clearly visible in a much higher grey-scale value in the right picture.  

 

water line 
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Figure 4: Dark-field CT cross-sections of a mortar sample with glass-glass beads as sands, taken at 80 kV.  

Left: wet sample, right: dry sample. 

These images show that X-ray dark-field imaging has a high potential to visualise 
water distribution in porous materials. It is therefore expected that it will help materials 
scientists to better understand transport phenomena in these materials and hence will have a 
high impact in many fields ranging from building materials over geology to wood science.   
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