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Abstract 

 

Additive manufacturing of tantalum has exhibited issues with the final mechanical properties of the 

material. This paper suggests that this is due to the oxidation proclivity of tantalum powder before 

printing, and that the oxygen content of the material can be managed through refinement of laser 

scanning strategies. It was found that the tantalum powder showed evidence of oxidation before 

printing, and that different scanning strategies resulted in clear porosity changes and significant 

hardness variations. 
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1. Introduction 

Tantalum is well-known for its ability to maintain structural integrity at high temperatures, up to 

3000°C [1]. This is a desirable property in aerospace applications, where rocket components and 

hypersonic airfoils can reach these temperatures easily [2]. 

 
Table 1: Standard pure Tantalum properties [1], [3]: 

 

Tensile Strength, UTS (MPa) 276 

Hardness (HV) 60-100 

%elongation 50 

Thermal conductivity (W/m) 83.7 (at 2500K) 

Melting point (K) 3269 

Boiling point (K) 5731 

 

The aerospace community also makes use of additive manufacturing for research and development 

of new technologies. PBF-LB/M (laser powder bed fusion) is the preferred method for this type of 

manufacturing due to its efficiency and excellent finish [4]. This is incredibly useful for a high-value 

material like Tantalum, where wastage is minimal and the leftover powder can simply be reused for 

another part. 

A study on the properties of PBF-LB/Manufactured Tantalum has determined that the microstructure 

tailoring of Tantalum is critical for this process [5]. It is highlighted that Tantalum produced through 

PBF-LB/M is not as strong or ductile as it should be (according to the properties given in Table 1). A 
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method is suggested for combating this through control of the microstructures. 

Moreover, another study on the properties of printed Tantalum suggests that the difference between 

the material’s properties and those of wrought Tantalum is due to the amount of oxygen present in 

the build chamber during print [6].  

Tantalum, however, oxidises very easily at low temperatures and forms a layer of Tantalum Pentoxide 

(Ta2O5) [7]. This paper suggests that a standard PBF-LB/M process does not address the effects of 

oxygen in pure tantalum powder before printing, and explores whether the oxygen content can be 

mitigated through scanning strategies. This effect is further investigated through hardness and 

porosity analysis of the final samples. 

 

Ta2O5 forms as a passivating layer on the surface of tantalum below 500K when the metal is at 

equilibrium. This can occur in environments even when oxygen content is minimal [7]. 

Tantalum Pentoxide (Ta2O5) has many good mechanical properties, including hardness and electrical 

insulation properties [3], [8]. 

Ta2O5 is used extensively for its ability to increase the hardness and corrosion resistance of other 

materials [9]. By adding a layer of Tantalum Pentoxide to another material, its hardness increases 

significantly, its elastic modulus decreases (making it more brittle), and its strength can increase [8], 

[9]. 

The melting temperature of Ta2O5 is approximately 2060K, with vaporization temperature exceeding 

2100K in vacuum conditions [8] and the density is much lower than that of pure tantalum, at 8.2 g/cm3 

[8], [10]. 

 
Table 2: Research showing the effects of adding Ta2O5 to other materials 

 

 Before addition of Ta2O5 After addition of Ta2O5 

Material 
Hardness (HV) 

Young’s 
Modulus (GPa) 

Hardness (HV) 
Young’s 

Modulus (GPa) 

SS316 (thin film) 
[11], [12] 

204 190 846 108 

La2Ce2O7 (doped) 
[13] 

245 27 316 34 

 

From the previous researchers’ data, it is clear that Ta2O5 causes an increase in hardness that is 

useful in some cases. It can be a concern, however, that an increase in hardness results in a trade-

off with ductility, making the material more brittle [14]. This could be an issue for tantalum where the 

expected high percent-elongation (~50%) is compromised due to the formation of Ta2O5. 
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A preliminary simulation of the PBF-LB/M process was run on ThermoCalc, with assumed parameters 

as follows: 

 
Table 3: Parameters used in ThermoCalc simulation of PBF-LB/Manufacturing of tantalum 

 

Laser speed 600 mm/s 

Power 195 W 

Layer height 0.03 mm 

Assumed baseplate temperature 300 K 

Laser diameter 0.08 mm 

Powder density 80% 

Gas pressure 1000 kPa 

Beam quality factor 1 

 

 
Figure 1: AM simulation of Ta temperature during print showing the anticipated temperature 

experienced by the material at steady-state conditions 

 

MP of 
Ta 

MP of 
Ta2O5 
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Figure 2: AM simulation of Ta solidification rate during print at steady-state conditions 

 

From a preliminary AM calculation on ThermoCalc, it is clear that the material undergoes extreme 

temperatures (6000K) in order to melt and fuse. This is good for pure Tantalum but not for Ta2O5, for 

which the vaporization temperature is 2400K. Tantalum has a very high thermal conductivity and so 

it will solidify quite quickly after reaching its melting and boiling points (Figure 2). While the simulation 

indicates that the tantalum may vaporize during printing at 6000K, the rapid solidification rate will 

likely mitigate these effects. These temperatures do, however, make it highly likely that any Tantalum 

Pentoxide present in the material will be vaporised during printing. Vaporisation is a key factor that 

can cause keyholing defects or porosity in the final build of a material [15]. It may also be possible 

that the Tantalum Pentoxide dissolves into the final build, and this must be investigated. 

 

2. Purpose 

Current PBF-LB/M techniques for tantalum do not address the issue of oxygen (and by consequence, 

Ta2O5) being present during printing. The purpose of this research is to determine whether oxidation 

plays a role during a tantalum PBF-LB/M build procedure, what the potential effects will be for such 

a component, and whether an optimised scanning strategy will mitigate the effects. 

 

3. Objectives 

a. Determine whether an oxide layer affects the printing process of pure Tantalum. 

b. Establish potential effects of oxidation using microscopy and microhardness tests. 

c. Determine whether scan strategies, with the intent of mitigating oxidation effects, will affect the 

properties of PBF-LB/Manufactured Tantalum. 

 

 



LASER SCANNING STRATEGIES TO INVESTIGATE THE EFFECTS OF OXIDATION IN PURE TANTALUM 

5 
 

4. Materials and Methods 
4.1 Print samples 

Four cylindrical (10 mm) samples were printed using differing print strategies, A and B, and analysed. 

They were produced using PBF-LB/M at similar energy inputs, but varying scan patterns, shown in 

Table 3. Samples will be referred to as 1A, 1B, 2A and 2B dependent on the scanning strategy used 

and the Volumetric Energy Density applied. The oxygen content in the build chamber was kept to 

below 100ppm. 

Table 3: Scanning strategies and VED applied to each sample 

 

 Strategy A Strategy B 

Method Single strip exposure, with 
defined rotation 

Double strip exposure with 
defined maximum vector 

length, with defined rotation 

VED 1 (J/mm3) 181 181 

VED 2 (J/mm3) 211 211 

 

Each sample was printed at a speed of 600mm/s and 190W of power, to match the inputs used for 

the ThermoCalc simulation.  

It should be noted that strategy B applied a higher power wattage in the initial scan, and then a 

wattage at 80% of the first scan for the second. The VED in the second scan was reduced to a range 

of 70-85 J/mm3. 

 

4.2 Analyse for oxygen content and inspect surfaces under microscope 

Both the cross-sections and top surfaces of the samples were analysed for porosity after printing. 

 

4.3 Test microhardness on surface of sample vs internal cross-section 

Vickers microhardness was tested to determine whether the print strategies had any effect on the 

internal structures of the samples. This is also to determine if the samples were harder than pure 

Tantalum is meant to be, potentially signifying the effects of oxidation. 
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5. Results and discussion 
5.1 Measured oxygen content  

The oxygen content of each stage of the process was measured through combustion analysis. 
 

Table 4: Oxygen content in parts per million of tantalum 

Specification of powder 90 ppm 

Virgin powder 49.1 ppm 

Sieved powder (reused) 45.4 ppm 

Printed material 8 ppm 

 

The data shows that the powder initially used in printing has a good oxygen content according to the 

specification. 

Furthermore, the oxygen content is clearly reduced when the powder is exposed to heat, shown in 

the results of the used powder (which was present in the build chamber during a different print). 

Finally, the printed material shows a significant reduction in oxygen content, supporting the 

assumption that the oxygen (i.e. a factor inducing Ta2O5 and therefore, higher hardness and lower 

density) can be mitigated through the PBF-LB/M process. Many prints, however, have shown 

evidence of high porosity and reduced mechanical properties. 

 

5.2 Microhardness 

 
Table 5: Vickers hardness tests on cross-section and top surfaces for each scanning strategy 

 Strategy A Strategy B 

 Top CS Top CS 

Mean (HV) 158 175 149 143 

Standard deviation 
(HV) 

16.2 17.6 31.6 26.7 

Minimum hardness 
(HV) 

112 138 95.6 97.4 

Maximum 
Hardness (HV) 

176 202 190 186 

 

An evaluation on the data was also done to determine whether there was a significant difference 

between the two scanning strategies along the top and cross-sectional surfaces. 

 
 

Table 6: t-Test for scanning strategies A and B on top surface 

Alpha 0.05 

T-Statistical 0.801 

T-Critical (one-tailed) 1.71 

T-Critical (two-tailed) 2.07 
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Table 6: t-Test for scanning strategies A and B on cross-sectional surface 

Alpha 0.05 

T-Statistical 3.53 

T-Critical (one-tailed) 1.71 

T-Critical (two-tailed) 2.06 

 

After analysis of the data, it was found that the top surface values do not have a significant difference 

in the populations (T-stat<T-crit). This means that the top surface hardness values do not differ much 

across the scanning strategies, which could be attributed to the formation of the Tantalum Pentoxide 

layer that is known to form on pure tantalum at its equilibrium state, and below 500K. 

 

The cross-sectional surfaces, however, show a large statistical difference (T-stat>T-crit). This means 

that there is a significant difference in the two tests in terms of hardness values, giving the scanning 

strategies major influence on the internal properties of the material. This could be due to the 

vaporization of Ta2O5 in the material, as hypothesized, but could also be due to a difference in the 

melt pool geometry. 

 
 



LASER SCANNING STRATEGIES TO INVESTIGATE THE EFFECTS OF OXIDATION IN PURE TANTALUM 

8 
 

5.3 Microscopy images 

 
Table 7: Comparison of microscopy images and porosity markers for scanning strategies A and B 
 Strategy A Strategy B 

Top 
 

 
Figure 3: 1A top surface at 100x magnification 

 
Figure 4: 1B top surface at 100x magnification 

%area covered by porosity markers = 
26.7% 

%area covered by porosity markers = 
25.04% 

 
Figure 5: 2A top surface at 100x magnification 

 
Figure 6: 2B top surface at 100x magnification 

%area covered by porosity markers = 
18.1% 

%area covered by porosity markers = 
23.1% 

Side 

 
Figure 7: 1A cross-sectional surface at 100x 

magnification 

Figure 8: 1B cross-sectional surface at 100x 
magnification 

%area covered by porosity markers = 
44.5% 

%area covered by porosity markers = 
21.0% 

200 μm 200 μm 

200 μm 

200 μm 

200 μm 200 μm 
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Figure 9: 2A cross-sectional surface at 100x 

magnification 

 
Figure 10: 2B cross-sectional surface at 100x 

magnification 

%area covered by porosity markers = 
19.5% 

%area covered by porosity markers = 
19.5% 

 

The images show that scanning strategy A is much less consistent in results than strategy B. B has 

a more reliable outcome, with no significant change in the porosity markers due to the variance in 

energy input (VED and double exposure strategy). 

A shows some improvement in the porosity indicators when exposed to a higher energy density (2A 

at 211J/mm3).  

 

6. Conclusion and recommendations 

The effect of oxygen content and oxidation on the properties of additively manufactured Tantalum 

was investigated through scanning strategies. It was found that there was a reasonable oxygen 

content already present in the pure tantalum powder, but it must be considered that tantalum oxidises 

easily. It was found that exposing the powder to heat did reduce the oxygen content, and so the 

scanning strategies were developed to test whether a double laser exposure would make a difference 

in the part properties. 

Two scan strategies were investigated, A (single strip) and B (double exposure), and were assessed 

for differences in hardness and visible structural differences. It was evident that strategy 2A resulted 

in fewer pores than B, as it was likely not vaporising as much powder. This, however, made it much 

harder than B, as the presence of Tantalum Pentoxide is known to do in metals. Further elemental 

analysis must be done to confirm whether Ta2O5 was the cause of this. 

The printed material also still showed some oxygen content (8 ppm). A further strategy may be 

developed to mitigate this, that incorporates the better density seen in strategy A. However, a better 

strategy may be to expose the powder to a low energy density first before the high fusion exposure 

step. This may eliminate most of the oxygen content before the pure tantalum is melted. The softer 

nature of strategy B, however, may indicate a higher purity of tantalum within the structure, which 

must be further evaluated through elemental analysis.  

 

7. Contact Author Email Address 

micaela.davids@hh.industries 

 

 

200 μm 200 μm 

mailto:micaela.davids@hh.industries


LASER SCANNING STRATEGIES TO INVESTIGATE THE EFFECTS OF OXIDATION IN PURE TANTALUM 

10 
 

8. Copyright Statement 

The authors confirm that they, and/or their company or organization, hold copyright on all of the original 

material included in this paper. The authors also confirm that they have obtained permission, from the 

copyright holder of any third party material included in this paper, to publish it as part of their paper. 

The authors confirm that they give permission, or have obtained permission from the copyright holder 

of this paper, for the publication and distribution of this paper as part of the ICAS proceedings or as 

individual off-prints from the proceedings. 

 

9. Acknowledgements  

The authors acknowledge funding from the South African Department of Science and Innovation 

(DSTI) through the Collaborative Program for Additive Manufacturing (CPAM). (Contract no. CSIR-

CPAM-25-CON-IND-01) 

 

References 
 
[1] B. Decicco, G. Smith, M. Osborne, and A. Abid, “Tantalum and its Alloys-Material Properties and Applications,” 

Boyertown, Jan. 2019.  

[2] S. Zheng et al., “Experimental detection of two-dimensional temperature distribution in Rocket-Based Combined 

Cycle combustion chamber using multispectral imaging processing,” Fuel, vol. 333, p. 126391, Feb. 2023, doi: 

10.1016/J.FUEL.2022.126391. 

[3] S. Cardonne, P. Kumar, C. Michaluk, and H. Schwartz, “Tantalum and its Alloys,” Int. J. Refract. Metals Hard 

Mater., no. 13, pp. 187–194, Aug. 1994, doi: 0263-4368/95. 

[4]  a Knoepfel, “Additive Manufacturing in Aerospace: Applications, Materials & Trends,” Chicagp, Sep. 2025.  

[5] L. Zhou et al., “Microstructure tailoring to enhance strength and ductility in pure tantalum processed by selective 

laser melting,” Materials Science and Engineering: A, vol. 785, p. 139352, May 2020, doi: 

10.1016/J.MSEA.2020.139352. 

[6] C. Sungail and A. Abid, “Additive manufacturing of tantalum – A study of chemical and physical properties of 

printed tantalum,” Metal Powder Report, vol. 75, pp. 28–33, 2020, doi: 10.1016/j.mprp.2019.03.001. 

[7] J. Gebauer, P. Franke, and H. J. Seifert, “Thermodynamic Evaluation of the system Ta–O and Preliminary 

Assessment of the Systems Al–Nb–O and Al–Ta–O,” Adv. Eng. Mater., vol. 24, no. 8, p. 2200162, Aug. 2022, doi: 

10.1002/ADEM.202200162 

[8] J. L. Waring and R. S. Roth, “Effect of Oxide Additions on the Polymorphism of Tantalum Pentoxide (System 

Ta2O5-TiO2),” J. Res. Natl. Bur. Stand. A Phys. Chem., vol. 72A, no. 2, p. 175, Mar. 1968, doi: 

10.6028/JRES.072A.018. 

[9] N. Donkov et al., “Mechanical properties of tantalum-based ceramic coatings for biomedical applications,” J. Phys. 

Conf. Ser., vol. 992, 2018, doi: 10.1088/1742-6596/992/1/012034. 

[10] EMD Performance Materials, “Tantalum (V) Pentoxide,” Philadelphia, 2019.  

[11] “Mechanical properties of tantalum-based ceramic coatings for biomedical applications”, doi: 10.1088/1742-

6596/992/1/012034. 

[12] AZO Materials, “Stainless Steel - Grade 316 (UNS S31600),” AZO Materials, Sep. 13, 2001.  

[13] H. Zhang, J. Sun, and S. Duo, “Thermal and mechanical properties of Ta2O5 doped La2Ce2O7 thermal barrier 

coatings prepared by atmospheric plasma spraying,” J. Eur. Ceram. Soc., vol. 39, pp. 2379–2388, Jul. 2019, doi: 

10.1016/j.jeurceramsoc.2019.02.041. 

[14] TEVEMA, “Does Higher Hardness Mean More Brittle?” TEVEMA Marketing, Almere, May 06, 2024. 

[15] J. Liu and P. Wen, “Metal vaporization and its influence during laser powder bed fusion process,” Mater. Des., vol. 

215, p. 110505, Mar. 2022, doi: 10.1016/J.MATDES.2022.110505. 

  

 


