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Effect of Oxygen Content on Microstructure and Mechanical Properties of
Additive Manufactured Ti-6Al-4V
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Abstract: Titanium alloys are used in many fields including military, aerospace, and biomedical because of
their excellent specific strength, corrosion resistance, and biocompatibility. Recently, much research has been

focused on addressing the disadvantages of conventional manufacturing methods, including reducing material
and energy waste when manufacturing titanium alloy parts by additive manufacturing methods. However,
due to rapid cooling, during the additive manufacturing process the material develops acicular and lamellar
microstructures, and despite high strength, those features are detrimental to ductility and toughness, as
compared with conventionally manufactured alloys. As a result, numerous studies have sought to obtain an
equiaxed microstructure through heat treatment. However, the developed heat treatment processes are quite
complex, and involve several heat treatment cycles, making such processes economically unfavorable. To
overcome these limitations we suggest a different approach to obtaining an equiaxed structure in 3D-printed
titanium alloy, by controlling the oxygen level. The present study analyzed the globularization behavior of
Direct Energy Deposited (DED) Ti-6A1-4V alloy as a function of oxygen content and a simple heat treatment.
The microstructure was globularized through oxygen level control and furnace cooling to compensate the
disadvantages in the mechanical properties of additive manufactured alloys.
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Table 1. Oxygen level of powder used in this study (ppm)

Used powder Measured ~ Powder As-printed
powder(AVG)  Max (AVG)
2000 ppm (Gr.5) 1727 <2000 2083
1300 ppm (Gr.23) 997 <1300 1314
600 ppm (Low Oxygen) 567 <600 960

2k AzFs]d S 'l 2] 7] (electron backscatter diffraction,
EBSD), FAFd A& v] A (scanning  electron microscope,
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Fig. 1. OM micrographs of the as-printed state of DED-processed
Ti-6A1-4V with different oxygen contents.
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Fig. 2. Microstructural evolution of DED-processed Ti-6Al1-4V
depending on the oxygen content and cooling rate.
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globularization.
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Fig. 3. Microstructural comparison between high- (2000 ppm) and
low-oxygen (600 ppm) Ti-6Al-4V. They were subjected to either
WQ or FC to a specified condition.
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Fig. 5. Mechanical properties of the investigated Ti-6Al-4V alloys: (a) Vickers microhardness, (b) tensile properties of FC samples, and (c)

absorbed impact energy and lateral expansion of FC samples.
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Fig. 6. Fracture surface of the samples subjected to the impact test: (a) low-magnification micrograph for high- (2000 ppm) and low-oxygen
(600 ppm) Ti-6Al-4V, (b) high-magnification fracture surface for the high- and (c) low-oxygen Ti-6Al-4V. Both alloys were subjected to

FC after DED.

Aot} Ahashael wet vpgie] A7 7E Atk z)o]
S odith Ak A APAQ AT FHQ
nj1ze]e S Yehe v, Ak 23@Ale A4
F¢] EAOl dimpleS HOITh Fig. 6b%t 6c= ZF 2A¢)
vhAE Hoh Wl™s] Sl Qlvh Ak 2gAe] aid
HollA] latholl W crack lined} FHAd 2] A<l &
A9l cleavage fracture’} HolH, ol= HSAZ A9
Rl FHAol AT FoldES yERATE sEAIRE 600
ppm®] A2k Z3A| 0] spHM = dimpledt ridge
AT o] 24 5ol =8y groovingel ¢Jgh
boundary splitzt 97| Fdstel] 71Q1gE A4 350 F=
XA b gielsd

il

o] Mz UE Ti-6Al-4V ¥
DED W20 HZAzste] vdzs 2 /A4 5

=

Aol & AT Akagro] gl et o-lath

41 ox 1%
2 1o gl

9} prior f grain 27|17} S/, =y A] 2 zlole
AshAl =eisteh 3 Akagto] Weas 1,71 st
H, p &0l STt skl &S miFe A4
o7 AEA2(600 ppm) ZHAE =W Al T8 43t
Aol #AZFHANH, o]0 m}t sF LAle 34H2(2000
ppm) Z=FA ] 7k A4 B IS SEsiidh

&AL 2

H A= ARIEARIIE @AIME. 20013095, 20013202)
2 A=A E AT (PNKSS70)] A7AYe= =AU
Ei=

REFERENCES

1. GW. Abhiale, 1.-S. Kye, Y.S. Kwon, Y.-J. Oh, Korean
Journal of Metals and Materials 59, 357 (2021).

2. G.Kim, T. Lee, S. A. A. Shams, J. N. Kim, S. W. Choi, J. K.
Hong, C.S. Lee, Journal of Materials Research and



720 oh

10.

11.

12.

13.

o
I

==
=

Technology 22, 181 (2023).

. H.-W. Lee, B.-O. Kong, S.E. Kim, Y. Joo, S. Yoon, J.H.

Lee, Korean Journal of Metals and Materials 60, 282
(2022).

. L-S. Kim, J. M. Oh, S. W. Lee, J.-T. Yeom, J.-K. Hong, C.

H. Park, T. Lee, Journal of Materials Research and
Technology 12,304 (2021).

. J.C. Najmon, S. Raeisi, A. Tovar, Additive Manufacturing

for the Aerospace Industry 7 (2019).

. R.P. Mudge, N.R. Wald, Welding Journal 86, 44 (2007).
. R. Sabban, S. Bahl, K. Chatterjee, S. Suwas, Acta

Materialia 162,239 (2019).

. N. Stefansson, S. Semiatin, Metallurgical and Materials

Transactions A 34, 691 (2003).

. M. Lee, J. Yu, M. H. Bae, J. W. Won, T. Lee, Journal of

Materials Research and Technology 15, 5706 (2021).

X. Li, J. Xie, Y. Zhou, Journal of Materials Science 40,
3437 (2005).
H.L. Wei, Y. Cao, W.H. Liao, T.T. Liu, Additive

Manufacturing 34, 101221 (2020).

Y. Lee, E.S. Kim, S. Park, J.M. Park, J.B. Seol, H.S. Kim, T.
Lee, H. Sung, J.G. Kim, Metals and Materials International
28, 197 (2022).

X. Wu, J. Liang, J. Mei, C. Mitchell, P. Goodwin, W. Voice,
Materials & Design 25, 137 (2004).

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

<A 588 A A6l A93 (2023'F 99Y)

M. Imam, C. Gilmore, Metallurgical Transactions A 14,
233 (1983).

R. Pederson, Microstructure and phase transformation of
Ti-6Al-4V, 2002.

Y. Prasad, T. Seshacharyulu, S. Medeiros, W. Frazier,
Journal of Materials Processing Technology 108, 320
(2001).

. X.G. Fan, H. Yang, S.L. Yan, P.F. Gao, J.H. Zhou, Journal

of Alloys and Compounds 533, 1 (2012).

P. Gao, M. Fu, M. Zhan, Z. Lei, Y. Li, Journal of Materials
Science & Technology 39, 56 (2020).

G.S. Rohrer, Current Opinion in Solid State and Materials
Science 20,231 (2016).

Q. Zhao, F. Yang, R. Torrens, L. Bolzoni, Materials
Characterization 149, 226 (2019).

T. Lee, K.-T. Park, D. J. Lee, J. Jeong, S. H. Oh, H. S. Kim,
C.H. Park. C.S. Lee, Materials Science and Engineering: A
648, 359 (2015).

S. Zherebtsov, M. Murzinova, G. Salishchev, Acta
Materialia 59, 4138 (2011).

S. Huang, Z. Qi, A. Zhang, X. Zhang, Q. Li, D. Li,
Materials Science and Engineering: A 857, 144123 (2022).
T. Lee, S. Lee, I.-S. Kim, Y.H. Moon, H.S. Kim, C.H. Park,
Journal of Alloys and Compounds 828, 154401 (2020).



