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Multimodal imaging has seen an increasing interest in microanalysis and microscopy.  Light microscopy 

and electron microscopy are the two main pillars in correlative imaging in microanalysis.  More 

advanced chemical imaging tools, especially time-of-flight secondary ion mass spectrometry (ToF-

SIMS) as a powerful imaging mass spectrometry technique, has been introduced into the repertoire of 

imaging and spectroscopy modalities in addition to electron microscopy tools such as scanning electron 

microscopy (SEM) and transmission electron microscopy (TEM) [1].  

 

Sample preparation is a critical step to enable multimodal imaging of the same specimen.  The sequence 

of sample analysis is another crucial factor to consider in achieving successful results [2].  In this talk, 

we will show recent multimodal imaging results of irradiated aluminide-coated stainless steel cladding 

samples from a tritium-producing burnable absorber rod (TPBAR) in a light water reactor to probe the 

evolving material interfaces and light element distributions on and near the surface of the irradiated 

material. 

 

Because the cladding materials of interest have been exposed to neutron irradiation, sample handling is 

challenging.  Proper experimental procedures were established to reduce potential hazardous exposure to 

staff and the instrument.  Consequently, only a small section of the irradiated samples could be safely 

handled and transferred among different analytical platforms.  Specifically, we used scanning electron 

microscopy – focused ion beam (SEM-FIB) to lift out a small section of the sample from the aluminide-

coated surface of the cladding material to permit multimodal analysis of irradiated cladding using atomic 

force microscopy (AFM), ToF-SIMS, and TEM.  Figure 1 depicts the correlative SEM, AFM, and ToF-

SIMS imaging of an irradiated cladding sample. 
 

When comparing irradiated vs. un-irradiated samples, 3D distributions of isotopic hydrogen and lithium 

of the cladding from ToF-SIMS indicate material transport as a result of neutron irradiation, leading to 

new understanding of light element transfer and diffusion [3].  This novel analysis sequence of irradiated 

cladding material demonstrates that the advancement of correlative imaging can bring more scientific 

understanding of the water reactor technology and improve applications in the future [4]. 
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Figure 1. The correlative SEM, AFM and ToF-SIMS imaging of an irradiated cladding sample. 
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