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Report: 

As specified in the proposal, the users performed an in situ indentation experiment with the indentation device 

(provided to the beamline ID13 during the LTP MI-1355) using a diamond tip coated with nanocrystalline 

diamond using chemical vapour deposition. Following the deposition the indenter tips edges were cut by focused 

ion beam milling to ensure uniform contact during testing. A set of SEM images of the tip is presented in Fig. 1. 

 

 
Figure 1: SEM images of the indenter tip from the side (a) and top (b). A uniform diamond coating of 3.7 µm thickness 

was deposited on the single-crystalline dimaond wedge, therefore the resulting radius of the tip is 5.7 µm (a). The side 

faces were polished by focused ion beam milling leading to 80 µm width (b) of the tip in beam direction. 

 

The tip was mounted in the holder presented in Fig. 2a and pre-aligned using the optical microscope present at 

the ID13 beamline. Additionally a test imprint on Al was conducted to ensure alignment parallel to the indenter 

frame. Careful adjustment of the alignment was done by a set of absorption scans at different rotations around 

the z-axis to optimize the positioning of the tip. Afterwards the misalignment of the tip was corrected using the 



 

ball-head screws on the tip holder. In Fig. 2b, an absorption scan of the tip confirming the suitable alignment of 

the diamond tip is presented. 

 

 
Figure 2: (a) The indenter tip mounted in the tip holder. The three ball head screws are used for fine tuning the alignment 

of the tip when installed in the tips cage. (b) Absorption scan of the tip after alignment using the rotation axes of the ID13 

beamline and the ball-head screws. 

 

In total 5 samples of different elastic-plastic behaviour and hardness were in situ tested during the experiment. 

Each indentation experiment was carried out in 6 steps, (i) before loading, (ii) at loads of 0.2, 0.5, 1.0 and 2.0 N 

loads and (iii) after the experiment. A typical load-displacement curve is shown in Fig. 3a. In Fig. 3b-f the results 

obtained from SAXS and WAXS data during indentation of a bulk nanostructured high-entropy alloy at a load 

of 0.5 N are presented. 

The diffuse scattering around the beam stop is integrated for every acquisition and then used to compound a 

micrograph sensitive primarily to electron density variations (Fig. 3b). Here, the tip and the smaple can be easily 

identified, as well as the sample surface due to its higher roughness and the interface between the single-

crystalline diamond and the nanocrystalline dimaond deposited by CVD. Additionally, averaged FWHM 

distributions are evaluated from the data (Fig. 3c) showing an highly localised FWHM increase attributed to the 

high gradients of stresses of 1st (Fig. 3d-f) order within the X-ray gauge volume.  

Furthermore, for every 2D map σyy, σyz and σzz distributaions (Fig. 3d-f) are evaluated giving new and 

unprecedented insights into the stress transfer across the indenter-sample interface. 



 

 
Figure 3: Results obtained from SAXS and WAXS data during indentation of a bulk nanostructured high-entropy 

alloy: the load-displacement curve (a) and the data obtained at a load of 0.5N (b-f) as indicated by the arrow. In 

(b) a SAXS micrograph compounded from the diffuse scattering around the beam stop for each acquisition is 

presented showing the indenter tip in contact with the sample, while in (c) average FWHM distributions from 

diamond and the HEA sample are shown. σyy, σyz and σzz distributaions at 0.5 N load for both the diamond tip 

and the HEA sample are presented in (d-f), respectively.  


