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In the present work we have characterized nm-sized uranium particles that were synthesized 

by us according to Wang et al. [1] for experimental biotest purposes. Particles were produced 

according to two different synthesis routes that was reported to yield 1) spherical UO2 

particles (average diameter 100 nm with subunits ~15 nm) and 2) U3O8 rods (500-1500 nm in 

length with subunits ~80-100 nm). The key objective of the work was therefore to 

characterize these particles with respect to crystalline structure and oxidation state of U. The 

particles produced by us were characterized by transmission electron microscopy (TEM), 

environmental scanning electron microscopy (ESEM) at the Norwegian University of Life 

Sciences, while micro-x-ray diffraction (XRD) and micro-X-absorption near-edge structure 

(XANES) were performed at HASYLAB. 

 

The XRD measurements were performed with a focussed 31 keV monochromatic x-ray 

microbeam (40x23µm
2
). This beam was obtained by employing a 200 period Mo/Si 

multilayer monochromator with mean layer thickness of 2.98 nm for energy band selection 

(ΔE/E=1%) and a single-bounce elliptical capillary for beam focusing. A MarCCD camera 

(2K×2K, 80µm pixel size) at approx. 20 cm behind the sample, was used for collecting 

diffraction patterns in transmission mode, along with 2 XRF detectors (Vortex; silicon drift 

detectors), positioned at 90 degrees relative to the primary X-ray beam, for simultaneous 

detection of the XRF signal. 

 

During the XANES measurements a focussed monochromatic x-ray beam was used, where 

the beam was obtained using a Si111 monochromator and the same capillary and comparable 

divergence as during µ-XRF/XRD measurements. The step-size of the monochromator was 

5eV in the 17006eV-17136eV range and 0.5 in the 17136 eV-17386eV range, with a sampling 

time of 1s for each step. 
 

 

Figure 1. Diffractograms of the powder produced according to synthesis route 1 (left) and route 2 
(right). Synthesis route 1 unambiguously yielded UO2, while the peak resolution of the diffractograms 



for the particles with higher average oxidation state (route 2) did not allow us to determine whether the 

phase was U3O8 or UO3. 

The agglomerates of spherical U particles produced through synthesis route 1 were 

unambiguously determined to be UO2 (µ-XRD). It was more difficult to determine the 

speciation of the synthesis route 2 particles. The diffractograms from several spots on the 

sample coincided with those of both U3O8 and UO3, thus further analysis is needed to 

determine the exact U speciation. Processing of XANES data is ongoing. 

 

To conclude, nm-sized uranium particles have successfully been synthesized and 

characterised using a combination of TEM, ESEM and synchrotron based μ-

XRF/XRD/XANES. Aliquots of the particles characterised in the present work have 

subsequently been used in exposure experiments involving earth worms and fish eggs. 
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