Vol.47 No.04
+400 - FOUNDRY TECHNOLOGY Apr. 2026

DOI:10.16410/j.issn1000-8365.2026.6001

Ti60/ Nb-TiAl

1 1 1 2 2
(1. 210003 2.
100083)
, (LMD)
Ti60 . Nb-TiAl , Ti/TiAl
(FGM) . ,Ti60 ;
Nb-TiAl , , 300 C
, . . . Ti/TiAl
, (Ti60 . A, B TiAl 7.0.6.5.6.0.5.5 mm)
, , . (Ti/A/B/TiAl)
;Ti ;TiAl 5 H
. TG146.2 A :1000-8365(2026)04-0400-13

Forming Behavior and Defect Control of Ti60/High Nb-TiAl Functionally
Graded Materials Fabricated by Laser Melting Deposition

LI Ruifeng', DING Jie', ZHU Chengfei', LIANG Yongfeng?, LIN Junpin®

(1. Tech Institute for Advanced Materials, College of Materials Science and Engineering, Nanjing Tech University, Nanjing
210003, China; 2. State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing,
Beijing 100083, China)

Abstract: To address the urgent demand for lightweight designs and performance gradations in high-temperature aeroengine
components, this study employed laser melting deposition (LMD) to systematically investigate the influence of processing
parameters on the forming quality of thin-walled components fabricated from Ti60 alloys, high-Nb-TiAl alloys, and their
blended compositions and to explore feasible strategies for fabricating crack-free Ti/TiAl functionally graded materials
(FGMs). The results demonstrate that with optimized parameters, Ti60 alloy develops a fine and uniform basket-weave
microstructure without significant defects. For high Nb-TiAl alloys, elemental segregation occurs during deposition, and
excessive energy input readily induces porosity. By preheating at 300 ‘C and adopting a continuous deposition strategy,
cracking is effectively suppressed, resulting in a refined fully lamellar microstructure. Mixed alloys can be deposited without
cracks or pores under appropriate energy input. While direct Ti/TiAl transition joints are prone to cracking near the fusion line,
a functionally graded structure fabricated through stepwise adjustment of the melt pool width (7.0 mm for Ti60, 6.5 mm for
transition zone A, 6.0 mm for transition zone B, and 5.5 mm for TiAl) achieves good microstructural compatibility and

deformation coordination, with no noticeable cracks observed within the graded region. Compared with single-gradient
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configurations, the double-gradient structure (Ti/A/B/TiAl), which introduces additional compositional transition steps, further

mitigates interfacial stress concentration and abrupt changes in hardness, resulting in superior coordination and forming

stability.

Key words: laser melting deposition; Ti alloy; TiAl alloy; gradient material;, deposited microstructure

01-2]
(36 , Ti60 o ,
, 600°C 791, Nb-TiAl
Nb
, 900 C,
o121
Ti60 Nb-TiAl
,Ti/TiAl °
[13-21]
[22-25]
, (laser metal deposition, LMD)
(functional gradient materials, FGM)
263 Mg 20
TC4/TiAl ,
;Liu 1
v , Ti-6Al-4V/Ti-48 Al-2Cr-
2Nb )
Qu
Ti/TiAl
;Ma B Ti6Al4V/
Ti48 A12Cr2Nb ,
/ ;
HFEFIRY https://www. cnki. net

Ti60/  Nb-TiAl

Ti60 . Nb-TiAl

’
’

(Ti/A/TiAl , Ti/B/TiAl)

N

(Ti/A/B/TiAl) 3 ,
, Tio0 | A, B
TiAl 7.0.6.5.6.0 5.5 mm,
Ti60 Nb-TiAl
N ,  Ti/TiAl
1
1.1
Ti60 Ti-45A1-8Nb (
Nb-TiAl)
, 53~150 pm 45~
150 um, SEM I,
(plasma rotating electrode process,
PREP) , )

(inductively coupled plasma, ICP)
L,

1 Ti60 Ti-45A1-8Nb
Tab.1 Chemical compositions of the raw powders of the
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(mass fraction/%)

Ti Al Sn Zr Mo Si Nb

Ti60 Bal. 560 351 352 048 043 041
Ti-45A1-8Nb  Bal. 3024 - - - - 1685
Ti60 Nb-TiAl 70%
Ti60+30%  Nb-TiAl( A)  30%Ti60+70%
Nb-TiAl( B) o
120 C 2h, ;
&h,

1.2
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1 SEM .(a) Ti60; (b) Ti-45A1-8Nb
Fig.1 SEM images of the raw powders: (a) Ti60; (b) Ti-45A1-8Nb
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Fig.2 Schematic diagram of as-deposited samples: (a) direct transition sample; (b) single-gradient sample; (c) double-gradient sample
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Hh ] % Y

Fig.3 Ti60 alloy thin-walled parts and metallographic structures: (a, ¢) process 1; (b, d) process 2
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P Laser power Scanning speed Powder feed rate Layer thickness Print width Interlayer stay
rocess
W /(mm-min™) /(g-min™) /mm /mm /s
Process 1 1500 360 5.5 0.45 1.6 5
Process 2 1 800 360 5.5 0.45 1.6 5
3 Ti60 :(a, ¢) 1;(b,d) 2
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Tab.3 Investigation of the laser melting deposition process of Ti—-45A1-8Nb alloys
Process Laser power Scanning speed Powder feed rate Layer thickness Print width Interlayer stay
/W /(mm-min™) /(g-min") /mm /mm /s
Process 3 2300 400 3.0 0.35 1.6 0
Process 4 2300 400 3.0 0.35 1.6 5
Process 5 2 000 480 3.0 0.35 1.6 0
4 Nb-TiAl :(a~c) 3;(d~) 4;(g~) 5

Fig.4 High Nb-TiAl alloy thin-walled parts and metallographic structures: (a~c) process 3; (d~f) process 4; (g~1) process 5
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Fig.5 High Nb-TiAl alloy thin-walled parts prepared according to process 5 and the combined interface microstructure: (a) direct
deposition; (b) coating transitional deposition

4
Tab.4 Investigation of the laser melting deposition process of hybrid alloy powders
Layer thickness Print width Interlayer stay ~ Weld width

Scanning speed Powder feed rate

. Laser power
Ingredients . .
W /(mm-min™) /(g+min™) /mm /mm /s /mm
Transition zone A 1600 420 4.5 0.40 1.6 0 6.0
Transition zone B 1 800 420 4.5 0.40 1.6 0 6.0
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6 :(a, b) 70%Ti60+30%  Nb-TiAl;(c, d) 30%Ti60+70%  Nb-TiAl
Fig.6 Macroscopic morphology and metallographic structure of mixed powder deposition specimens: (a, b) 70%Ti160+30% high
Nb-TiAL (c, d) 30%Ti60+70% high Nb-TiAl
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Fig.7 Direct transition deposition of Ti/TiAl alloy composites: (a) interfacial morphology; (b) cracks near the fusion line; (c) interfacial
microhardness

510.6 HV3, 100HV,
s
, 590.6 HV,,,
( TiAl, Nb
TiAl ,
0.1 mm 9
o TiAl
2.4.2 Ti/  Nb-TiAl
3
Ti/A/TiAl  Ti/B/TiAl,
Ti60 | A, B  TiAl
7.0,6.5.6.0 5.5mm,
&
8a ,Ti60 |
o 8b~d
- Ti60 , A
. 8f

Hh ] % Y

https://www. cnk1. net

az-Ti3A1

TiAl

Al \Nb

) B4

9.3 HV,,,

’

426.8 HV,,,

Ti/TiAl

’

Ti/A/B/TiAl,

A B

’

A TiAl

, T1Al

Ti60 407 HV,,,
480 HV,,),
TiAl

A (
427 HV oz,

53 HV,,

200 HV,

TiAl

, . Ti/B/TiAl
( 9 , B

TiAl ( 520 HV,,),

TiAl ( 9,

10 Ti/A/B/TiAl

. 10a ,Ti60—>A—B—
. loc d , A B
A/B
) ; .

( 10g).

.Ti60 (407 HVy)— A (
( 520HVyp)— TiAl 427HVy).

’ s

A/B  B/TiAl o B/TiAl

[34-35]

, FGM
o [26]



Vol.47 No.04

+408 FOUNDRY TECHNOLOGY Apr. 2026
8 Ti/A/TiAl :(a) ;(b) TiAl o) A ;(d) Ti60 :
(e) FGM 5(D

Fig.8 Gradient transition deposition of Ti/A/TiAl alloy functional gradient materials: (a) interfacial morphology; (b) microstructure of
TiAl alloy; (c) microstructure of the center of transition zone A; (d) microstructure of Ti60 alloy; (e) macrostructure of FGM;

(f) interfacial microhardness
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9 Ti/B/TiAl .(a) ;(b) TiAl ;(0) B ;(d) Ti60 :
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Fig.9 Gradient transition deposition of Ti/B/TiAl alloy functional gradient materials: (a) interfacial morphology; (b) microstructure of
TiAl alloy; (c) microstructure of the center of transition zone B; (d) microstructure of Ti60 alloy; (e) macrostructure of FGM;
(f) interfacial microhardness
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