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Focused ion beam (FIB) instruments and other ion beams are routinely used to image materials, 

prototyping, cross-section materials for 2D or 3D scanning electron microscopy (SEM) and associated 

techniques and analyses, and to prepare specimens for scanning/transmission electron microscopy 

(S/TEM).  Several prior studies have reported on the observation of ion beam induced transformation of 

austenitic steels and other metastable austenitic phases bombarded with both light ions such as He
+ 

and a 

variety of heavy ions. In all cases, the transformation is consistent with and dependent on ion species, ion 

dose, channeling, angle of ion incidence, ion energy, and austenite stability [1-19]. 

We have revisited the ion-induced austenitic phase transformation in 304L stainless steel and found that 

the transformation from austenite to ferrite occurs for both Ga
+
 and Xe

+
 ion bombardment subjected to 

various doses and incidence angles.  The transformation mechanism can easily be described using ion-

solid interaction theory. As dose increases and the target is subjected to sufficient strain and/or recoil 

motion, the free energy of formation is significantly reduced when the displaced atoms in the collision 

cascade nucleate and grow into the more energetically favorable stable ferrite, rather than the original 

metastable austenite.  As shown in figure 1, electron backscatter diffraction (EBSD) shows that ferrite 

nucleates and grows onto the existing austenite into well-known low energy crystallographic Kurdjumov-

Sachs (KS) or Nishiyama-Wassermann (NW) orientation relationships.  Since this transformation occurs 

for different metastable phases and different ions, it is not possible that the transformation mechanism is 

ferrite stabilization via Ga bombardment as previously suggested [1]. 

The observation of this transformation has consequences for FIB imaging and milling. Sample preparation 

of these alloys with ion beam techniques like FIB should be viewed with a great deal of caution and 

skepticism. The assumption that the sample is representative of the bulk material can only be proven after 

a careful comparison of the amount of ferrite observed in the prepared sample to the amount of ferrite in 

the bulk sample. 
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