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Abstract: Ti60 alloys have a high specific strength and can be in service at 600 °C for a long time. The preparation of
Ti60 alloys by laser powder bed fusion (LPBF) is expected to meet the needs of high-temperature resistance and the light
weight of key components in aerospace. The influence of the basic processing parameters on the microstructure and
microhardness of the Ti60 alloy was systematically studied, and the tensile properties of the Ti60 alloy at room temperature
and high temperature were evaluated. The results show that the laser powder bed fusion processing parameters have
obvious effects on the density, microstructure and microhardness of the Ti60 alloy. The microstructure of the Ti60 alloy in
the deposition state is mainly fine acicular o’ martensite, and the average thickness is negatively correlated with the
volumetric energy density. At room temperature, the yield strength of the Ti60 alloy is 1 164 MPa, the ultimate tensile
strength is 1 321 MPa, and the elongation is 2.5%. At 600 °C, the yield strength is 532 MPa, the ultimate tensile strength is
889 MPa, and the elongation is 16%.
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1 Ti60 & 4 B AR R - (a) By AR IE AR 5 (b) By oK Kite 5310
Fig.1 Characteristics of the Ti60 alloy powder: (a) powder morphology; (b) size distribution

F1 Ti60F & HRULFB 5
Tab.1 Chemical composition of the Ti60 alloy powder

(mass fraction/%)

Element Al Sn Zr Mo

Si Ta Nb C Ti

Content 5.2~6.2 3.0~4.5 2.5~4.0 0.2~1.0

0.2~0.6 0.2~1.5 0.2~0.7 0.02~0.08 Bal.

MFHZE 200 °C,  ATS/NFT ER 2 A0 38 2 B
KA 17 78 LPBF B9 T &% it 3 4 i F iR

fit 1t % JF (volumetric energy density, VED){E A i
B R AR B O A S R,
P
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v vht M

PO o M EE R R
N ARJZIE . H ARG A il R BT 52 0 de K
(18 2 35 Ty S R4 i 8 ) PR b AR S 6 5 5 4
WOE D) B R A A R R T ES A
A5 DR BUR FE | OB B i 1 Ti60 & 42 il
WP EHN T ZES88 TR 2 b, BAREER .
Ot 150,200,250 ,300 W, 4513 2% & 600,800
1 000,1 200 mm/s, FHHHEEEN 0.09 mm, ZEHN
0.03 mm , I F il #E DL 2 8] e 5% 1 67° 1 49 4 5 s
B .
KR 2LBPF i Ti60 5EMEET LS

Tab.2 Main processing parameters of the Ti60 alloy
processed via LPBF

LPBF processing parameters Value

Laser power, P/W 150, 200, 250, 300
600, 800, 1 000, 1 200

Hatching spacing, A/mm 0.09

Scanning speed, v/(mm-s™)

Powder layer thickness, t/mm 0.03
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Fig.2 Schematic diagram of a tensile sample: (a) plate-like room temperature tensile sample; (b) rod-like high temperature tensile sample

P 3 OR[N EOG DR RS 3 R LPBF BUE Ti60 B0 B
Fig.3 Density relationship of Ti60 alloy processed by LBPF
under different laser powers and scanning speeds
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Fig.4 OM results of Ti60 alloy processed by LBPF with different laser powers and scanning speeds
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Fig.5 SEM images of Ti60 alloys processed by LBPF with different laser powers and average thicknesses of martensite: (a) 150 W;
(b) 200 W; (c) 250 W; (d) 300 W; (e) average thickness of martensite
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6 LBPF ¥ Ti60 & 4 A A R4 3 T i SEM B K 5 GRS JE 1+ (a) 600 mm/s ;(b) 800 mm/s;(c) 1 000 mm/s;
(d) 1200 mm/s; (e) 14 B [ A4 5 3
Fig.6 SEM images of Ti60 alloys processed by LBPF with different scanning speeds and average martensite thicknesses: (a) 600 mm/s;
(b) 800 mm/s; (c) 1 000 mm/s; (d) 1 200 mmV/s; (e) average martensite thickness
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Pl 7 LPBF JRJE Ti60 3 <z f S 1 Bl ' 2y 3 R 1 4 2 32
A2 4
Fig.7 Microhardness changes in the Ti60 alloy processed by
LBPF with respect to the laser power and scanning speed
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T TSRS R R R

Kl 10 4 LPBF /&JE Ti60 & 4 600 °CHi {7k fiE
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8 LPBF Ti60 & 4 EBSD Z5 4 . (a) fhoRL T4 5 (b) & L L1 22 4 A
Fig.8 The EBSD results of Ti60 alloy processed by LBPF: (a) parent grain; (b) misorientation distributions
% 3 LPBF B Ti60 & € EMESIKESRSIEERMBRA ML
Tab.3 Tensile strength of the Ti60 samples processed by LBPF and the as—cast sample and forging samples at room
temperature and 600 °C high temperature

Tensile strength at room temperature

Tensile strength at 600 °C

Method
oo,/MPa oy/MPa oo/MPa o/MPa 8/%
LPBF 1164 1321 532 889 16.0
Casting® 978 1050 536 656 21.2
Forging® 955 1020 568 670 19.0

9 LPBF ¥ Ti60 £ 4 2 il 4 il il £&
Fig.9 Tensile property curves of the Ti60 alloy processed LBPF
at room temperature
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[ 10 LPBF HUJE Ti60 34 600 °CHL {1 fE Hh £k
Fig.10 Tensile property curves of the Ti60 alloys processed
LBPF at 600 °C
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Fig.11 Tensile fracture morphology of the Ti60 alloy processed by LBPF: (a~c) room-temperature tensile; (d~f) high-temperature
tensile at 600 °C
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