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Abstract A dense and crack free Ti-48Al1-2Cr-2Nb alloy (TiAl alloy) with a height of 30 cm is prepared using laser
melting deposition (LMD) method with preheating process, and the internal defects, microstructure, phase composition
and mechanical properties of the alloy are studied. The micro/nano CT (computed tomography) testing results show that
the density of the TiAl alloy formed after preheating is 99. 996 % and the number of pores is significantly less than that of
the TiAl alloy formed without preheating. The microstructure of the sample is lamellar structure, metastable Weinstein
structure, and feathery structure observed by optical microscopy and scanning electron microscopy. Only slight
segregation of Cr and Nb elements is observed through energy spectrometer equipment. Electron back scatter diffraction
experiment is conducted on the sample, and the main phase composition of the sample is y phase, containing a small
amount of a, and B2 phase. The average kernel average misorientation (KAM) value of TiAl alloy formed after preheating
is slightly higher than that of the alloy formed without preheating. In addition the hardness and tensile properties of the
dense and crack free alloy are tested, the alloy has a microhardness of 350 HVO0. 5, a tensile strength of 497 MPa, and an
elongation of 0.49%. Its tensile properties are higher than those of traditional casting TiAl alloy. Therefore, the
preheating process has important guiding significance for the LMD formation of high-density and crack free TiAl alloys.
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Fig. 1 Properties of Ti-48A1-2Cr-2Nb pre-alloyed powder. (a) Macromorphology map; (b) surface micromorphology map
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Table 1 Process parameters of LMD forming TiAl alloy

Parameter Value
Laser power /W 800
Scanning rate /(mm/s) 10
Powder feeding rate /(g/min) 2.5
Layer thickness /mm 0.5
Scanning interval /mm 1.36
Spot size /mm 3
Substrate Ti-6A1-4V
Argon purity /% 99.999
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Fig. 3 Dimensional diagram of tensile specimen and micro CT
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Fig. 4 TiAl alloy component formed by LMD. (a) Without
preheating; (b) with induction preheating
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Table 2 Chemical compositions of the powder and as-built

TiAl alloy sample

Elemental chemical composition

Sample (atomic fraction /%)
Ti Al Cr Nb
Powder 48.09 48.02 1.97 1.92
As-built TiAl alloy 48.29 47.80 1.95 1.96
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Fig. 5 CT results of TiAl alloy samples formed by LMD with and without preheating. (a) Micro-nano CT reconstruction diagram

(without preheating); (b) pore size distribution (without preheating); (¢c) micro-nano CT reconstruction diagram (with preheating);

(d) pore size distribution (with preheating)
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Table 3 Micro-nano CT detection results at different heights of TiAl alloy formed by LMD

Item Bottom-1 Bottom-2 Middle Top-2 Top-1

Number of defects 1047 2375 1461 1472 1210
Maximum defect size /pm 63. 94 165. 54 156. 54 80.19 171. 20
Densification /% 99.9970 99. 9920 99. 9960 99.9958 99.9930
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Fig. 6 Optical microstructures of TiAl alloy samples at different heights.

(a) Top macrostructure; (b) top microstructure; (¢) middle

macrostructure; (d) middle microstructure; (e) bottom macrostructure; (f) bottom microstructure
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Fig. 7 EDS area scanning images of the middle of TiAl alloy formed by LMD. (a) SEM; (b) Ti; (¢) Al; (d) Cr; (e) Nb
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Fig. 8 EBSD images of TiAl alloy formed by LMD. (a) Phase distribution map; (b) inverse pole figure (IPF)
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Fig. 9 Effect of preheating on average KAM value. (a) KAM diagram of TiAl alloy without preheating; (b) KAM diagram of TiAl
Alloy with preheating
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Fig. 10 Mechanical properties of TiAl alloy formed by LMD. (a) Microhardness changes with height; (b) tensile properties
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Table 4 Comparison of tensile properties of TiAl alloys formed
by LMD and other methods

Tensile strength ¢, / Elongation

Method MPa 5% Reference
LMD with
. 497 0.49 Ours
preheating
LMD without
. 408 — [30]
preheating
Casting 466 0.44 [31]
Forging 557 1.30 [32]

BW AR . 5K LMD B TiAlA &R 5 H Al
T BUE TIALE 48 BEALE 750 “CTF 1 o Iz 1 4 e %S
PSR, AT DU i - LMD BB TIALS 4 BT o B (8
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%5 LMD MU TiAlG & 5 H AT 15 08 TiAL G & 18 750 'C
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Table 5 Comparison of high-temperature tensile properties at

750 °C between TiAl alloys formed by LMD

and other methods

Tensile strength

Method 5 /MPa Elongation 8 /%  Reference
LMD 613 5.9 Ours

Casting 600 5.6 [33]

Forging 400 200.0 [34]
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T A U R JZ W RO 2 T R 2 07 1] 19 5 )R W
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Fig. 11 Fracture morphologies with different magnifications of TiAl alloy formed by LMD with preheating at room temperature.
(a) 1000 ; (b) 2000 X
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