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One of the principle remaining challenges in realizing fusion power is to develop a suitable first 

wall blanket material that can contain the heat and high-energy neutrons produced in the fusion 

reaction and allows sustained power extraction at high temperature [1]. Oxide-dispersion 

strengthened (ODS) alloys are among the candidates for a first wall blanket material in fusion 

reactors due to their exceptional high temperature performance and potential resistance to 

irradiation damage. Nanoscale oxide particles dispersed in the matrix of these alloys not only 

enhance their strength, but also act as traps for He that is generated throughout the material. 

Without such a capturing mechanism to disperse the He, He build-up in bubbles could promote 

void swelling that is detrimental to the material performance in plasma facing components. In this 

study, we explore the long-term stability of ODS particles as well as the formation of a Cr-rich α’ 

phase in 14YWT under extreme conditions. 

 

14YWT is an ODS alloy with a fine dispersion of 5-10 nm yttrium-titanium-oxide particles. One 

sample was characterized in the as-received condition and a second one was neutron irradiated in 

HFIR at ORNL to a dose of 21.2 dpa at 500°C in the JP-27 experiment [2, 3]. Previous studies 

have shown atom-probe tomography (APT) to be particularly suited to analyze ODS particle size, 

density and composition [4-6]. APT specimen preparation was carried out in a FEI Quanta dual-

beam FIB using a standard lift-out method. APT analysis was conducted using a laser-pulsed 

Cameca LEAP 4000HR at temperature of 40 K, a pulse frequency of 200kHz and a pulse energy 

of 60 pJ with a laser wave length of 355 nm. A novel cluster search algorithm developed at PNNL 

(OPTICS) [7] was used to quantitatively evaluate ODS and α’ phase particles. 

 

As illustrated in Figure 1, APT measurements revealed that there is virtually no difference in the 

ODS particle size distribution before and after irradiation. However, precipitation of a Cr-rich 

(> 70 at.%) α’ phase was observed throughout the irradiated specimen. Furthermore, as indicated 

in Figure 2, some Cr segregation to the ODS precipitates was observed. A slight enrichment in Mn 

and Si was also observed in some cases. These results suggest that ODS precipitates are stable at 

the extreme testing conditions, however, α’ phase precipitation will take place at 500 °C irradiation 

temperature [8]. 
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Figure 1. Ion map showing the distribution of ODS particles in 14YWT a) before irradiation and 

b) after irradiation. A histogram comparing the size distribution before and after irradiation is 

presented in c). 
 

 
Figure 2. Ratio of the three ions, Y, CrO and TiO, as measured with APT in each particle. Note 

that these ratios are not equivalent with composition. 
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