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Background 

ANSTO maintains a national nuclear forensics capability as part of Australia’s international commitment to non-proliferation and nuclear security. The capability is constantly seeking to expand and improve analytical 

capabilities to respond to investigative questions from law enforcement following nuclear forensic incidents. In any nuclear forensic examination, it may be essential to characterise the sample/s at a broad range of scales, 

from bulk composition to microscopic structures to obtain clues on the manufacture, use and handling of the material over its history. At ANSTO, microscopic characterisation of nuclear material may include Synchrotron-

based X-ray fluorescence microscopy (SXFM) of small sub-samples (down to micron sized particles) while bulk samples may be prepared for microscopic analysis using resin-mounted and polished cross-sections for scanning 

electron microscopy-energy dispersive spectroscopy (SEM-EDS), scanning electron microscopy x-ray mapping (SEM XRM) and micro particle induced X-ray emission spectroscopy (µPIXE). 

Microscopic elemental, isotopic and chemical structure mapping of nuclear materials for nuclear 

forensic profiling 

Nuclear forensics is the examination of nuclear or other radioactive materials in support of legal investigations or national security. The analysis of nuclear material to obtain isotopic, chemical or 

physical data characteristics, or ‘signatures’, is aimed at identifying what the materials are, how, when, and where the materials were made, and what were their intended uses. The Nuclear 

Forensics team at ANSTO has been utilising expertise in microscopic analysis methods over the last decade. Presented here is a case study where microscopic signatures were key to answering 

the investigative question concerning two unknown nuclear forensic samples. Also presented are analysis results on environmental radioactive particles as examples of the application of 

microanalysis techniques available at ANSTO.  

Analytical techniques 

A range of analytical techniques are available at ANSTO to analyse bulk elemental composition of nuclear material e.g. radiometric analysis (gamma or alpha spectrometry) or mass spectrometry (ICP-MS/AMS). ANSTO also 

has the capability to examine at the microscopic level. Three such techniques are SEM-EDS, µPIXE and SXFM. These 3 techniques are all non-destructive elemental analysis techniques which operate under the same basic 

principle: a high energy beam of ionizing radiation is directed into a sample where it excites X-rays that are characteristic of the elemental composition of the sample. Some differences between the three techniques are 

outlined in Table 1. Each method has different advantages in terms of sensitivity as compared to instrument access, ease of mounting and analysis time. Technique selection therefore requires consideration of urgency 

against sensitivity and precision.  
Table 1.  A comparison of analytical parameters of three microanalysis techniques available at ANSTO (Young, E., et. al. SPERA Conference 2018)  

Case study: CMX-5 Nuclear Forensics Exercise - 

Do two unknown pellet samples originate from 

the same facility?  

Example of radioactive particle analysis – particles from Taranaki area  

µPIXE SXFM SEM-EDS 

Technique Beam type Beam energy Penetration depth (based on Fe matrix) Spatial resolution Elemental range Detection limit 

SEM-EDS Electrons 15 keV < 1 µm at 15 keV 

 

1 nm (SEM imaging); ~ 1 µm 
(EDS) 

 

Z ≥ 5 – 92 in principle however for lighter elements (Z ≤ 
10) quantification is difficult; Carbon cannot be 
quantified if the sample requires C coating 

~ 0.1 wt% (1000 ppm) 

µPIXE Protons 3 MeV ~ 35 µm at 3 MeV Beam spot ≤ 1 µm; imaging 
resolution = 256 x 256 pixels 

Z ≥ 11 ~ 0.01 wt% (100 ppm) 
for trace elements 

SXFM X-rays 18 keV + 150 µm at 18 keV ~ 1 µm Generally Z ≥ 13 ~0.001 wt% (10ppm) 

Analysis of discrete individual particles within each pellet (using large geometry (LG)-SIMS) found that Sample A had an enrichment of 1% U-235 with no indication of blending (i.e. all particles measured were 1% U-235 ) whereas in Sample 
B, ~ 90% of the U particles were depleted to 0.3% U-235 and 10% were enriched to ~ 4.5% U-235 indicating blending of materials to deliver a bulk pellet enrichment of 1%, identical to Sample A [Taylor et. al. JRNC 2020]. This finding 
highlights the usefulness of particle analysis.  

Accelerator mass spectrometry (AMS) was 
conducted on the  samples and the swipes 
of the vials. The measured U-236/U-238 
results (right) suggested that the samples 
were handled in an environment containing 
U material with an isotopic content 
inconsistent with the pellet material 

Each laboratory received two low enriched 
uranium (LEU) pellets (shown below) 

A 

A 

B 

B 

ANSTO’s nuclear forensic capability, along 
with 19 other international nuclear forensic 
laboratories, participated in a nuclear 
forensic exercise, CMX-5 

ANSTO’s Nuclear Forensics team plans to apply the microanalysis techniques highlighted above (SEM-EDS, µPIXE, SXFM) to nuclear forensic samples. The combination of these microanalysis techniques can reveal  information which is useful 
for deconvolution of the history of formation of nuclear materials. We also plan to develop the capability to conduct microanalysis on bulk samples using focussed ion beam (FIB)-SEM based time of flight secondary ion mass spectrometer (ToF-
SIMS) for isotopic and elemental analysis and for depth profiling to enable examination of surface modifications. 

Liz Keegan (liz.keegan@ansto.gov.au), David Child (david.child@ansto.gov.au) 
 

 

ANSTO has conducted particle analysis of nuclear materials from 
weapon test sites for environmental studies 

Shown here are SEM-EDS, µPIXE and SXRF results on particles separated from 
soils gathered from the Taranaki area at the former Maralinga nuclear weapons 
testing site, South Australia. The different sensitivities and resolution of the 3 
techniques  can be used to obtain complementary information:  

SEM can reveal very small surface (<1 µm) microstructures and their 

elemental composition which is unable to be discerned by other techniques, 
but it is unable to reveal bulk composition of larger inclusions.  

µPIXE can detect variations in elemental composition across a particle. These 
images show Pu, U, Sb and Fe on a ~50 µm particle (Young, E., et. al. SPERA 
Conference 2018). 

SXFM provides elemental composition to a greater depth (X-rays penetrate 150 

µm at 18 keV). Shown here are SXFM images of a particle fragment  giving Pb, 

Pu, Ca, Fe, U and W distribution (Ikeda-Ohno, A., et. al., 2016. Environ Sci 
Technol 50, 9098-9104). The SXFM results also allow for XANES analysis which 
provides elemental speciation data.  

A section of each pellet was mounted in resin for SEM analysis. SEM backscatter images of the 2 pellets are 
shown above. Differences during pellet manufacture (blending, crushing, mixing and pressing processes) 

generated variations in the microstructure. Both pellets had very similar bulk trace element signatures. Accurate 

measurements of trace Co, Cr, Fe, Mg, Mn and Ni content within the U materials provided the participating 
laboratories with potentially useful information about powder/pellet fabrication processes which could be linked to 
the origin of the materials 

Future capability development 

Following physical examination (top) 
and other non-destructive analysis, 
both pellets were sub-sampled by 
cutting the pellets as shown (middle). 
The vials containing the pellets were 
wiped to collect particles (bottom)  

SEM-EDS results from a particle fragment separated from soils 

gathered from the Taranaki area at the former Maralinga nuclear 

weapons testing site (unpublished data, ANSTO)  


