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Summary: The mechanisms of powders or granular compaction depend heavily on particle size and shape, and 

the interaction between particles, which makes it complex to predict and model. Here quantitative in-situ studies 

of pharmaceutical powders with different particle geometry and size distribution have been carried out using x-ray 

microtomography and digital volume correlation.  

 
1. INTRODUCTION 

The compaction of powders or granular beds is an important process in a number of industrial applications, 

including additive manufacturing, sintering of metals or ceramics, and production of pharmaceutical tablets. 

The process of powder compression is complex and is generally explained by a four-stage model comprising 

initial particle rearrangement, particle fragmentation, particle plastic deformation and finally elastic deformation 

of the compact [1]. In order to obtain non-destructive, full-field density information, a number of researchers have 

applied x-ray microtomography (XMT) [2]. However, we can better understand the physics of the process by 

tracking deformations of different regions of the bed in-situ. Full three-dimensional measurements of the material 

deformation are possible using a technique called digital volume correlation (DVC) [3], which has been used for 

measurements of various materials and applications, including compaction behavior in granular materials [4]. 

 

2. EXPERIMENTAL METHOD 

Two pharmaceutical excipients of lactose powders with different grain geometry and size distribution were 

scanned during compaction using a Zeiss Xradia 510 Versa (Carl Zeiss X-ray Microscopy, Pleasanton, CA, USA). 

This imaging system combines flexibility with high resolution and high contrast capabilities. The maximum 

spatial resolution in terms of 10% MTF is 0.7 µm, while the spatial resolution in terms of voxel resolution 

(minimum voxel size) is 70 nm. The ZEISS Xradia 510 Versa system often referred to as a 3D x-ray microscope 

(XRM) and, analogous to a light microscope, has multiple detector objectives enabling sample imaging at a 

number of resolution and field of view pairings.  

In this study a 4x objective was used, resulting in a field of view (FOV) of 4.46 mm and the spatial resolution 4.42 

µm. The scans were carried out using a x-ray tube voltage of 70kV and a output effects of 6W. During each scan 

2201 projections were acquired with an exposure time of 5 seconds each, providing a total scan time of 

approximately 4 hours.  

The in-situ loading was carried out using a 5 kN compression/tensile stage (Deben CT5000TEC), and stepwise 

scanning were carried out along the load sequence 30N-139N-277N-554N-1108N-2217N, corresponding to the 

stresses 2MPa-10MPa-20MPa-40MPa-80MPa-160MPa. During the in-situ studies the powders are placed in a 

sample holder that has been specially designed for this purpose. The sample holder has a confinement tube made 

of PMMA with inner and outer diameter 4.2 mm and 6.0 mm, respectively. Moreover it has a base and top punch 

made of aluminum, where the diameter of the top punch is slightly smaller than the inner diameter of the PMMA 

tube (4.15 mm), to ensure smooth and frictionless force transmission. The initial height of the powder bed is 3.5 

mm for powder A and 4.0 mm for powder B.  

Quantitative characterization of the reconstructed 3D microstructure is carried out using 3D image analysis, which 

allows us to identify features of special interest, such as grains, pores and cracks, and form various statistical 

measures of the microstructure, including grain size distribution and porosity. Moreover, the three-dimensional 

deformation and strain in the material is measured using DVC. Here, the analysis is carried out based on two sets 

of data from XMT, captured from two different load states (before and after deformation). By repeating this 

procedure for the entire load cycle all intermediate states can be followed.  
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3. RESULTS AND DISCUSSION 

Fig.1(a-b) and Fig.1(d-e) show XMT scans of the two pharmaceutical powder materials, in the initial load state 

(30N). As can be seen in Fig.1(b) and Fig.1(e), the two powders differs both in terms of particle shape and 

particle size, where Powder A (1b) mainly consist of spherical particles that are smaller than the irregular shaped 

particles in Powder B (1e). It can also be seen that the particles in Powder A has an internal micro porosity. 

Fig.1(c) and Fig.1(f) show displacement fields for Powder A and Powder B after loading to 277N, respectively, 

obtained using DVC. The quiver plots (vectors) correspond to u- and w-displacements (x- and z-direction). The 

color representation correspond to the w-displacement (z-direction).  The results show clear differences in the 

response to the load between the two powders. We also see that the displacements near the walls for a certain 

height for Powder A (Fig. 1(c)) generally is larger than in the center of the bed, which is interesting, and opposite 

to previous studies where wall friction effects results in smaller displacements along the walls [4].  
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Figure 1. (a) and (d) show the XMT scans of the two pharmaceutical powder materials A and B, in the initial load state 

(30N), respectively. (b) and (e) show close-ups of the reconstructed microstructure for the two powders. (c) and (d) show 

displacement fields for Powder A and Powder B after loading to 277N, respectively, obtained using DVC. 


