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• Micropillars with an aspect ratio of 2:1 were carved and loaded in uniaxial  
compression, in a direction parallel to the substrate surface. 

• A strain rate of 10-3 s-1 was used in all tests.
•   Some pillars were carved within a single splat, whereas others contained a 

splat boundary.
•   Shear bands and local-

ized failure are consis-
tently observed near 
the splat boundary re-
gions.

•   Both feedstocks exhibit 
statistically equivalent 
strength and ductility 
at the microscale.

•   Formation of severely 
deformed �ne grains 
competes with H ef-
fects on the strength at 
the boundary region, if 
other defects are not 
present (Fig. 7(a); (b)).

• MD simulations suggest that a low amount of H interstitials could change 
the mechanical properties of the material. However, embrittlement is not 
observed to occur.

• A small di�erence in porosity was observed between the two coatings, but 
no evidence of H being the cause for such di�erence has been identi�ed.

• No H embrittlement was observed in the mechanical experiments.
• No de�nitive di�erences in microstructural features were observed with 

the techniques adopted herein. However, cross-sectional etching to fur-
ther reveal microstructural details are underway.

• The lack of obvious microstructural and micromechanical di�erences be-
tween the two coatings suggest that the splat boundary network is pri-
marily responsible for the macro-mechanical di�erences. We speculate 
that these di�erences might be primarily induced by powder particle size 
distributions, surface oxide layer thickness and morphology and process-
ing conditions, rather than the H content in the bulk of the powder.
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     features formed during the cold spray process (Fig. 4). Al-
though particle/particle boundaries, evidence of jetting, 
and porosity was present in both coatings, only porosity 
exhibited any observable di�erence between the two.

•   Making use of precession electron di�raction (PED) data, 
the boundaries along particle/particle interfaces were 
characterized as a function of misorientation (Fig. 5).  A 
path of highly misoriented boundaries is observed in the 
middle of the nanograined section and  corresponds to 
the particle/particle interface. No clear di�erences were 
observed between the deformation states of the two 
coatings.
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The relationship between impurities in tantalum powder feedstock and the me-
chanical properties of the resulting cold spray coatings is studied through a 
combination of micro-compression tests and high-resolution characterization 
of two distinct coatings produced from nominally identical tantalum feedstock 
powders di�ering only in the concentration of interstitial oxygen and hydrogen 
impurities introduced during processing. Coatings were produced from 
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•   Micro-tension mechanical tests and SEM, HRTEM & STEM analysis of the 
tested coupons will be performed to study the e�ects of the microstruc-
ture and defects such as cracks, non-bondings and oxide inclusions on the 
tensile behavior.

•   The behavior of the native oxide 
layer during cold spray deposi-
tion will be studied via molecu-
lar dynamics simulation.

•   The interstitial H content in the 
powders will be systematically 
varied to isolate the e�ect of 
that variable.  In the studies to

Fig. 4: Backscattered SEM 
images  showing representa-
tive microstructures of the 
two cold sprayed Ta coat-
ings. Microstructural features 
of importance to mechanical 
properties are highlighted. 

Fig. 8: (a) orthorhombic Ta2O5 (β-Ta2O5), (b) amorphous Ta2O5

Fig. 5: STEM images illustrating interfa-
cial structures induced during cold spray 
deposition and particle impact in the Ta 
deposits, calling out features of rele-
vance for interfacial bonding. Example of 
microstructural analysis by precession 
electron di�raction (PED) analysis

Fig. 6: STEM images and 
corresponding EDS the 
maps showing oxygen 
segregation to coating 
boundaries. 

Fig. 2: Stress-strain curve obtained from 
MD simulations and snapshots of the de-
formation evolution at the strain of 0.2.

Fig. 3: Backscattered SEM image 
and corresponding binary image 
illustrating porosity calculations

Fig. 7: Stress-strain curve from micro-com-
pression tests and evolution of deforma-
tion in the samples. Red circles on the 
plots show the corresponding strains for 
the SEM snapshots from left to right. 
Note: data are not DIC corrected and 
strain values might be arti�cially high.

•   Lattices of single-crystal BCC Ta with and without 
H interstitials were loaded in uniaxial tension up 
to a strain of 0.3 along the [100] direction . 

•   A strain rate of 10-8 s-1 was used
•  Hydrogen atoms were randomly distributed in 

tetrahedral interstitial sites.

•   TEM and EDS were used to identify the location of the initial particles’ native 
oxide layer within the microstructure of the resulting coating. Segregation of 
oxygen to unbonded boundaries  was observed as shown in Fig. 6. However, 
no clear di�erence between the two coatings was identi�ed. 

•   Average porosity was calculated (shown in Fig. 3) and a di�erence in porosity 
was found: 0.25% ± .01 for feedstock 1 and 0.07% ± .01 for feedstock 2.

•   Backscattered SEM imaging was used to identify and map microstructural

    date, the hydrogen varies only with the powder supplied, such that the 
hydrogen variation is coupled to changes in particle size distribution, exact 
morphology, etc.  Ideally, H content will be varied within the same pow-
der(s), with the ultimate goal of identifying the maximum H concentration 
that can be accepted without deleterious e�ects.

•   The particle size distribution of the powders (emphasizing not only average 
size, but also range of sizes) will be systematically varied to understand the 
role it plays in the formation of the microstructural features and defects 
observed in cold spray coatings. 
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feedstock 1 and feedstock 2, with the former contain-
ing higher H content than the latter. Preliminary work 
(Fig. 1) revealed that these two coatings respond very 
di�erently under 3-point bending experiments, with 
H-rich coatings displaying lower strength and far more 
brittle behavior. While there was a di�erence in particle 
size distribution, the initial hypothesis was that hydro-
gen content played a dominant role in the bonding and 
deformation mechanisms during cold spray process-
ing, and it was consequently the focus of these studies.

Fig. 1: 3-point bend test data 
for the two tantalum coatings 
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•  H interstitials initially decrease strength and sti�-
ness in the perfect lattice.  Later on, interaction of 
H atoms with formed defects increases lattice 
strength. These e�ects are minor. Ductility in the 
present strain range seems to remain una�ected.
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