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Beta-Titanium (beta-Ti) alloys are used in multiple industries (e.g. aerospace, automotive, 

biomedical) with varying requirements for material performance [1,2]. In each of these application 

areas, the ingress of hydrogen (H) and subsequent formation of hydrides and embrittlement can 

lead to shortened component lifetime and/or catastrophic failure [3–5]. The ability to both directly 

measure the concentration and distribution of H in Ti alloys and investigate the relationship 

between H and alloying elements and/or different phases is essential for an improved fundamental 

understanding of the H embrittlement process. However, direct measurement of solute H 

distribution in Ti alloys is nontrivial using transmission electron microscopy since H lacks an outer 

electron shell. Recently, efforts have been devoted to understanding how atom probe tomography 

(APT) can be used to quantify the H concentration and distribution in Ti alloys with sub-nanometer 

resolution [6]. APT is a uniquely powerful technique due to its high mass and spatial resolution, 

with equal sensitivity to all elements in the periodic table, and thus has received recent attention 

in the area of application of APT to H quantification. 

 

In order to accurately quantify H in Ti alloys using APT, sources of spurious H must be identified 

and avoided. Ti has high affinity for H and can be introduced during several stages of the sample 

preparation process, including mechanical polishing in a water or acid based solution or focused 

ion beam/scanning electron microscope (FIB/SEM) lift-out procedures. While several studies have 

focused on quantifying the amount of H in different Ti alloy systems (e.g. Ti-Mo, Ti-Fe, Ti-6Al-

4V), the effect of Cr, Fe, and Al additions have not previously been investigated in a systematic 

manner. 

 

This work is focused on two areas of H quantification via APT in Ti: (1) considerations for sample 

preparation during the FIB/SEM lift-out process, and (2) the impact of alloying elements on 

measured H concentration. A metastable beta-phase alloy, Ti-12Cr(wt%), was chosen as a model 

system since the beta phase tends to exhibit higher H concentrations than  other phases typically 

found in Ti alloys (e.g. alpha, alpha’’) [6]. 

 

Nominal concentrations of 1wt%Fe and 3wt%Al were added to the base Ti-12Cr(wt%) alloy, so 

that four different alloy chemistries were investigated: Ti-12Cr, Ti-12Cr-1Fe, Ti-12Cr-3Al, Ti-

12Cr-1Fe-3Al. The alloys were characterized in two conditions: a homogenized purely beta-phase 

condition, and after a 400°C, 12hrs heat treatment. H concentrations in beta phases from 

homogenized and heat treated conditions were compared, and the concentration across phase 

boundaries was investigated. The presence of alpha and omega phases and titanium hydrides in 
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the alloy were analyzed using transmission electron microscopy (TEM). The TEM results were 

correlated with APT to obtain a complete understanding of phase dependent variation in H 

concentration as well as alloying element dependency on H concentration in individual phases. 

 

Results indicate that sample preparation procedures impacted the measured H concentration in 

both of the above-mentioned conditions. The APT-measured H concentration in the two phase 

heat-treated samples varied depending on the phase structure and composition, see Figure 1.  This 

work highlights the challenges and benefit of using atom probe tomography for measuring H in 

beta-Ti alloys [7].  
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           (a)       (b) 

Figure 1.  APT-measured H, Ti, Cr, Fe, and Al concentrations across the Ti-enriched region and 

Ti-depleted region boundary in (a) the heat-treated Ti-12Cr(wt%) alloy, where a higher H 

concentration was observed in the Ti depleted region which is the beta phase, and (b) the heat-

treated Ti-12Cr-1Fe-3Al(wt%) alloy, where a higher H concentration was observed in the Ti-

enriched region. The phase boundary was located at the value of 0 on the x-axis. 
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