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Abstract: {3-solidifying y-TiAl alloys combine low-density and excellent mechanical properties at intermediate and high
temperatures, making them promising candidates for low-pressure turbine blades in aeroengines. Solidification through the
B phase improves hot workability; however, the limited room-temperature ductility and poor formability of conventional
casting and forging routes restrict the engineering application of complex components. Additive manufacturing offers a new
technological pathway for near-net-shaped fabrication and microstructural control of (-solidifying vy-TiAl alloys. In this
review, a comprehensive literature survey and comparative analysis are employed to systematically summarize recent
progress in the fabrication of B-solidifying y-TiAl alloys by laser powder bed fusion (L-PBF), laser-directed energy
deposition (L-DED), and electron beam powder bed fusion (EB-PBF). The results indicate that laser-based additive
manufacturing provides high geometric accuracy and significant microstructural refinement but suffers from strong crack
susceptibility and high residual stresses. Under appropriate process parameters and high preheating conditions, EB-PBF can
effectively reduce the cracking tendency, achieving a combination of room-temperature tensile strength exceeding 800 MPa
and elongation reaching 2%~3%. However, issues such as aluminium element volatilization and microstructural coarsening
remain. This paper focuses on the effects of processing parameters, thermal management, and postprocessing on the phase

constitution, lamellar microstructures, and mechanical properties and further outlines future perspectives in alloy design,
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process optimization, and multiscale characterization.
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Fig.1 Crystal structures of the primary phases in B-solidifying TiAl alloys?!
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Tab.1 Phase types and their characteristics in 3—solidifying TiAl alloys

Phase composition

Crystal structure type

Morphology and distribution

Key characteristic

Ordered face-centered

Lamellar (within the a,/y lamellar

Matrix phase, provides excellent high-temperature

-TiAl
K cubic (L1y) colonies), equiaxed grains strength and creep resistance
TLAL Ordered hexagonal Lamellar (within the a,/y lamellar Matrix phase, coherent lamellar structure with the y
a-Ti
’ close-packed (DO0yo) colonies) phase for improved high-temperature stability
. . o Characteristic phases: The (3 phase imparts excellent
) Body-centered cubic Massive, distributed along lamellar » .
B/B.-TiAl ) ) ) hot workability, whereas an excessive amount of the
(B: disordered; B,: ordered B2) colony grain boundaries . o
8, phase may compromise plasticity
Lamellar or granular, precipitated Brittle phase, formed by the decomposition of the a,
[ar Ordered complex hexagonal within the a, lamellae or at the a/y phase during high-temperature creep, significantly
interfaces deteriorates plasticity™”
) . ) . . The O phase induces a significant precipitation
Orthorhombic O ) Associated with specific high-Nb . )
) Ordered orthorhombic . hardening effect in the o, lamellae and the y/(o+ O)
phase (Ti,AINb) compositions

Laves phase

Cl14,C15

Associated with specific element
addition

Fine particles, distributed within

lamellar microstructure®
May form in the presence of elements such as Ru,
and is generally considered a brittle phase

Forms upon carbon addition, refines grains, and

Carbide (T1,AIC) Hexagonal crystal system ) ) )
grains or at grain boundaries enhances creep strength
2 TiAl B TiAl :(ar~ay) TiAl s oy N
. ;(bi~by) B TiAl v [3336)

Fig.2 Typical microstructures of conventional TiAl alloys and 3-

solidifying TiAl alloys: (a,~a,) a/y fully lamellar structure,

near-lamellar structure, duplex structure and near-vy structure of conventional TiAl alloys, respectively; (b,~b,) fully lamellar structure,

near-lamellar structure, duplex structure and near-v structure of B-solidifying TiAl alloys, respectivelyt
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3 Ti-45A1-8.5Nb-(W, B, Y) 1500 °C 30 min :(a) 5 'C/min;(b) 20 ‘C/min;
(¢) 100 °C/min;(d) 700 °C/min; (e) 6) XRD  ;(g) %1

Fig.3 Microstructures of Ti-45A1-8.5Nb-(W, B, Y) alloy held at 1 500 C for 30 min under different cooling rates: (a) 5 ‘C/min;
(b) 20 C/min; (¢) 100 ‘C/min; (d) 700 C/min; (e) water quenching; (f) XRD patterns at various cooling rates; (g) schematic diagram of
microstructural evolution at different cooling rates®
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4 B2 :(a) Nb ;(b) EBSD ;(c) EBSD 48]
Fig.4 Distribution of the B2 phase: (a) crack morphology of the alloy sample and the Nb content in different regions; (b) EBSD phase
distribution map; (c) EBSD grain distribution map!*!
[51]
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5 L-PBF :(a) Ti-40A1-9V-0.5Y ;(b) L-PBF TiAl
:(©) Ti-44.8A1-6Nb-1.0Mo-0.1B 5 (d) ;(e)

[50,53,56,58]

Fig.5 Effect of the forming strategy on the microstructures: (a) microstructures of Ti-40Al-9V-0.5Y alloys under different processing
parameters; (b) scanning strategies for L-PBF of TiAl alloys; (c) effect of different preheating temperatures on the microstructure of
Ti-44.8Al-6Nb-1.0Mo-0.1B alloys; (d) circular beam oscillation mode; (e) influence of non-oscillation and oscillation on

formability?3568)
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Fig.6 Effects of alloying elements and alloying on the microstructure: (a) mechanism through which Y affects laser energy absorption;
(b) laser absorption rate at different Y contents; (c) variation in the grain boundary fraction with increasing TC4 addition; (d) crack
density after TC4 addition™*"!
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7 1%( )RGO/Ti-43.5A1-6.5Nb-2Cr-0.5B :(a, ©) RGO
;(b, d) RGO fon

Fig.7 Grain refinement and crack suppression in Ti-43.5A1-6.5Nb-2Cr-0.5B alloy with 1 wt.% added RGO: (a, ¢) grain size and crack
morphology without added RGO; (b, d) grain size and crack morphology with added RGO®"
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Tab.2 Compressive mechanical properties of B—solidifying TiAl alloy fabricated by L-PBF

) Compressive ) ) )
Material Compressive strain/% Microstructure feature
strength/MPa
Fine equiaxed grains (3~10 wm) with YAl, precipitates at grain
Ti-40A1-9V-0.5Y™" 2 106+13 10.89+0.57 d & ( wm) 2 preeip £
boundaries and within the grains
TNM-BI (as-built)®" 1 816~1903 4.5~9.5 Near-layered 3 structure
TNM-B1 (heat-treated) 886~1 071 12.3~16.5 Coarsened uniform near-lamellar 8 structure with -y phase
Ti-43A1-9V-0.5Y Fine equiaxed grains (10~30 pm), predominantly composed of the
o 1931.33+34.57 13.29£1.5 .
(Oscillating: 100 mm/s)"" a, phase with an extremely low content of the B2 phase
o . Fine equiaxed a,+y lamellar colonies (10~30 wm), surrounded by
TNM (Oscillating: 100 mm/s)®” 1738.03+43.76 13.21+0.29
B2 phase
0 wt.% RGO/Ti-43.5Al- ) )
1162.48+15.32 3.44+0.11 Equiaxed grains (6.25 pm) composed of a,+y+B2 phase
6.5Nb-2Cr-0.5B!*"
0.5 wt.% RGO 1358.65+18.18 4.06+0.15 Equiaxed grains (3.4 wm) composed of a,+y+B2 phase
1 wt.% RGO 1 546.00+22.63 5.34+0.22 Equiaxed grains (2.8 wm) composed of a,+y+B2 phase
2 wt.% RGO 1 460.28+15.27 4.59+0.18 Equiaxed grains (2.3 wm) composed of a;+y+B2 phase
Ti-44Al-6Nb-1.2Cr
) 1422.6+20.4 13.1+0.2 Basketweave o, phase structure
(scan interval: d0.01 mm)™
Ti-44A1-6Nb-1.2Cr (d0.02) 1470.3+16.8 13.3£0.8 Basketweave o, phase structure
Ti-44Al-6Nb-1.2Cr (d0.04) 1512.6£2.7 8.7+0.5 Massively transformed o, phase microstructure
Ti-44Al-6Nb-1.2Cr (d0.06) 1544.8+13.8 8.5+0.7 Massively transformed o, phase microstructure

3 L-PBF [ TiAl
Tab. 3 Tensile mechanical properties of B—solidifying TiAl alloy fabricated by L-PBF

Material Tensile strength/MPa Elongation/% Microstructure feature
Ti-43A1-9V-0.5Y 2$397429.77 0.4550.16 Fine equiaxed grains (10~30 pwm), predominantly composed of
(Oscillating: 100 mm/s)®¥ the o, phase with an extremely low content of the B2 phase
Ti-44.8 Al-6Nb-1.0Mo-0.1BP 900 - B2 matrix with acicular «, phase
TiAl , 3.1 L-DED B TiAl
. L-DED B TiAl

. . L-DED ,
3 L-DED B TiAl ;
, TiAl o

/ , L-DED S] TiAl
L-PBF  EB-PBF ,L-DED ,
, . ,L-DED
, . Huang [
o ,L-DED Ti-44Al1-4Nb-1Mo-1Cr , 8
, L-DED , .

L-PBF  EB-PBF, B TiAl B ( Nb,

, TiAl . ., Ta ), L-DED ,

o ,L-DED TiAl . Di Ma P88 Ti-45A1-8Nb

, ; Nb B

, TiAl , L-DED , ,
TiAl o )
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8 L-DED Ti-44Al-4Nb-1Mo-1Cr :(a) 230 W; (b) 260 W; (c) 290 W; (d) 320 W; (e) 350 W;
(f) 380 W™
Fig.8 Effect of laser power on the formability of L-DED Ti-44A1-4Nb-1Mo-1Cr alloys: (a) 230 W; (b) 260 W; (c) 290 W; (d) 320 W;
(e) 350 W; (f) 380 W™

9 b ’ o
, L-DED
b Nb b b o
, L-DED , ,
o ,Zheng ™ , . Zhu
(500~800 C) , (high-speed laser deposi-
, o tion, HLD), s

,TiAl DED a ,

, B, 50 pm
9 Ti-45A1-8Nb :(a,~a;) 80 mm/min; (a,~a,) 140 mm/min

Fig.9 Effects of the scanning speed on the morphology of Ti-45A1-8Nb dendrites: (a;~a;) 80 mm/min; (a;~a,) 140 mm/min!

HFIEZIR https://www. cnki. net



«355.

¢ Y04/2026 , B v-TiAl
s LaBg
(800 MPa) (1.5%), , , B TiAl , 11b
, c 5 LaBs B
10 o B , B
TiAl “ o
” . TiB B :
TiAl , B
° o La,0s TiB
, , B ; B
, TiAl . Song & LaB,
M Raji © Nb.Mo .V Cr, Ti-45A1-8Nb DED
Mn W Ta B TiAl . , LaBs 0.1%( )
, B , TiB La,0s
TiAl o ( TNM ,
Nb-Mo-B ) , , TiB  La,0O; TiAl
o Weisheit B ,
Ti-45A1-5Nb-0.5Si 5%~10%( ) ) o ,La,0
TiC , , , , TiAl
., Huo B Ti-45A1-8Nb 0.5%( DED . TiB,
) , TiB B - B
, 75 pm 45 pm, TiAl B ( Nb.Cr Mo, W
51%, Nb-TiAl ) o
, 11a ) )
o Huang ©7 L-DED B TiAl , o
, La B L-DED TiAl B o,
N ° oty ,
10 LMD Ti-45A1-8Nb HDL 28]

Fig.10 Evolution of the microstructure and mechanical properties of Ti-45A1-8Nb alloys fabricated via LMD upon HDL treatment™
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11 :(a)B Ti-45A1-8Nb ;(b) B Ti-45A1-8Nb
EBSD ;(€) LaB, i(c) LaB, EBSD (86-87)

Fig.11 Effects of alloying elements and alloying on the microstructure: (a) grain size variation of Ti-45A1-8Nb alloy with B addition;
(b) EBSD analysis of Ti-45A1-8Nb alloy with B addition; (c) microstructural evolution with different LaB, additions; (c;) grain size
variation with different LaB, additions via EBSDI®*%"]

3.2 L-DED B TiAl , Hall-Petch ,
4 [24,28,81-82,86,88] 5 [87,89] L_DED B
TiAl . L-PBF , o
L-DED ,L-DED
, TiAl arty
i . Di %81 [ _DED , .
B TiAl ,Ti-45A1-8Nb ,

4 L-DED B TiAl
Tab.4 Tensile mechanical properties of B—solidifying TiAl alloy fabricated by L-DED

Material Tensile strength/MPa Elongation/% Microstructure feature
Ti-45A1-8Nb™ 365+11 0.36 Near-lamellar structure (o, +y)
Ti-45A1-8Nb*! 379+32 0.35 Near-lamellar structure (o +y)
Ti-45A1-8Nb2 900 C: 280.8+33.1 2.12 Near-lamellar structure (c+y)
Ti-45Al-8Nb* 662.17 0.53 Fully lamellar structure
Fully lamellar structure with borides precipitating at grain
Ti-45A1-8Nb-0.5B 711.65 0.80
boundaries
Ti-45Al-8Nb2 800 1.70 Fine-grained fully lamellar (50 pm)
RT: 997 0.63
. Equiaxed lamellar colonies (26 wm) with TiB and La,O;
Ti-45A1-8Nb+0.1 at.% LaB4* 900 C: 685 >5 = ) . o )
precipitates at grain boundaries and within the grains
950 'C: 461 >14
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5 L-DED [ TiAl
Tab.5 Compressive mechanical properties of B—solidifying TiAl alloy fabricated by L-DED

Material Compressive strength/MPa  Compressive strain/% Microstructure feature
Ti-45A1-8Nb*") 1800 12 Coarse near-lamellar colonies (40 pm)
RT: 2000 RT: 16
Ti-45A1-8Nb-0.2 wt.% LaBs Refined near-lamellar colonies (17 pm)
800 C: 725 800 C: 0.47
RT: 2030 RT: 18.5
Ti-45A1-8Nb-0.5 wt.% LaBs . . Fine duplex microstructure (1.5 pm)
800 C: 800 800 ‘C: 0.5
) RT: 2017 RT: 17.7 Fine duplex microstructure with coarsened TiB
Ti-45A1-8Nb-1.0 wt.% LaBy
800 ‘C: 690 800 C: 0.5 phase (1.2 pm)
) RT: 1865 RT: 15.7 Fine duplex microstructure with coarsened TiB
Ti-45A1-8Nb-2.0 wt.% LaBs
800 C: 600 800 C: 0.5 phase (1.5 pm)
Ti-44A1-4Nb-1Mo-1Cr®! 1 806.90+37.96 11.50+0.45 Coarse near-lamellar colonies
Equiaxed duplex microstructure with La,O,
Ti-44Al-4Nb-1Mo-1Cr-0.5 wt.% LaB; 2031.00+£26.92 18.60+1.46 ) .
precipitates along grain boundaries
L-DED .
4 EB-PBF B TiAl
a—B—y , ,
“ 7 , B 4.1 EB-PBF B TiAl
Zhu ™ L-DED o s
Ti-45A1-8Nb 1.5% ° )
800 MPa o TiAl oSy
. Huo B9 , Ti-45A1-8Nb-0.5B B9 ,EB-PBF
,TiB , .
, Ti-45A1-8Nb 50% o )
0.8%, , 662.17 MPa, , EB-PBF TiAl
Song [ Ti-45A1-8Nb 0.10%( , ,
)LaB6 . TiB —Lazo3 , [4394] o
997 MPa, 900 C EB-PBF TiAl ,
685 MPa, (560 MPa)., 8%( )os,
L-DED , 0.5%" Moritz
, TiAl EB-PBF TNM-B1+3%Al( )
DED B TiAl , ,
) 32.5 J/mm? ,
. B . TiAl
L-PBF, , °
TiAl °
[43]
TiAl . Nb.B TiAl b,
o B TiAl , o7
B2 Al TiAl ,
, Al ,B-TiAl ,
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, , 12f g ;
B TiAl , Tang % , (energy densi-
EB-PBF Ti-45A1-7Nb-0.3W ty, ED) 0.9 J/mm?  12.5 J/mm?,
, . (ED>3 J/mm?) , /By
; : : . ly B/y o
s R 773 MPa, 1 023 K 644 MPa,
, 40%. (ED<3 J/mm?) ,
o ,Kan ™ oy /By o
EB-PBF Ti-45-Al-8Nb 773 MPa,1 023 K 644 MPa,
, 12a~e , 24 .25 40% EB-PBF
26 mA, 1241.1 226 , B TiAl
1211 °C, 1211°C , 0
v , 20% ;
1226 °C , o
, v ; 4.2 EB-PBF B TiAl
1241 °C , , EUoLBI0 7% EB-PBF TiAl
Y . , o EB-PBF , TiAl
a s s
o ,BJ/B2 , B9 EB-PBF TiAl
: Ti4g22  lomo
o , EB-PBF a, B TiAl o
, . Cho ™ EB-PBF TiAl ,
EB-PBF Ti-44Al1-4Cr R
6 EB-PBF
Tab.6 Tensile mechanical properties of TiAl alloy fabricated by EB-PBF
Material Tensile Strength/MPa  Elongation/% Microstructure Feature
Ti-43.5A1-4Nb-1Mo-0.1B"” 800 "C:580 Near-lamellar microstructure (2 pm) with B2 phase
Ti-43.5A1-4Nb-1Mo-0.1B (HT: a+B) 697 Equiaxed a, phase (10 wm)/short rod-like o, phase (1 pum)
Ti-43.5A1-4Nb-1Mo-0.1B (HT: B) 770 Acicular o, phase with B2 phase
Ti-43.5A1-4Nb-1Mo-0.1B (HT: B+y) 680 Acicular o, phase with B2 phase
RT: 226 0.09
400 C: 321 0.138
Ti-43.5A1-4Nb-1Mo-0.1B"™ 700 C: 347 0.140 Near-lamellar colonies (<4 wm) with B2 phase
800 C: 400 0.279
850 ‘C: 396 0.310
RT: 650~700 Ipreheat=24 mA: Near-gamma microstructure

Ti-45A1-8Nb 800 C: 700~800

900 C: 450~500

600~700 <0.6
Ti45ALENEY" 800 ‘C: 600~800 <0.6
900 C: 450~500 <0.6
RT + HIP: 600~800 <0.6
RT: 700~800
Ti-44A1-4Cr*
750 C: 580~650 39~46

0.4~0.8

Ipreheat=25 mA: Duplex microstructure

Ipreheat=25 mA: Near-lamellar microstructure

Near-lamellar microstructure, and the volume fraction of lamellar

colonies decreased with increasing deposition height

ED<3 J/mm?* a,lamellar colonies+@/vy cellular structure, with an
interlamellar spacing of 32.5 nm
ED>3 J/mm” a,lamellar colonies+B/y dual-phase region, with an

interlamellar spacing of 62 nm
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12 EB-PBF :(a~e) EB-PBF B TiAl 26.25.24 mA
s Al A2 A3 s B- C-
;(f, g) Ti-44A1-4Cr EB-PBF s ® (g
() (g) (L) (2) () (2) (%)

Fig.12 Effect of different currents and energy inputs on the microstructure of the EB-PBFed alloy: (a~e) microstructure of the
EB-PBF-3-solidifying TiAl alloy under different currents of 26, 25, and 24 mA; lamellar colony distribution histogram for sample set A
(Al: 26 mA; A2: 25 mA; A3: 24 mA) with preheating current; and lamellar colony distribution histogram for sample set B (different
scanning speeds) and sample set C (different preheating currents); (f, g) microstructure of the Ti-44Al-4Cr alloy formed by electron
beam melting with high energy density and low energy density, respectively. Here, (f;) and (g,) are molten surfaces, (f,) and (g,) are
new powder layers, (f3) and (g;) are remelted top surfaces, and (f}) and (g,) are as-fabricated microstructures™**!

) ° , EB-PBF
EB-PBF, L-DED i, °
AM , ,
TiAl . Kan DM , , ,Q
EB-PBF Ti-45A1-8Nb y , (
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Tab.7 Compressive mechanical properties of TiAl alloy > Y
fabricated by EB-PBF
Material Compressive Compfesswe Microstructure i ,EB-PBF
strength/MPa  strain/% feature Al
Near-lamellar ’
Ti-45A1-7Nb-0.3W* 2029 32
colonies s o
Fine fully lamellar , ’
Ti-45A1-7Nb-0.3W 2750 37
(30 pm) o EB-PBF
Ti-45A1-7Nb-0.3W 2374 33 Banded structure
Nb ) ( ) o Cho o ’
b EB-PBF Ti-45A1-8Nb , R (
© ) ) ) o
3 J/mm?
5
800 MPa, 0.8% B TiAl ,
, . 750°C
46% 611 MPa, . ,
( Olz/ o
/By )o ( .
32.5nm) B o B TiAl .
Narayana ! EB-PBF Ti-43.5A1-4Nb-1Mo- . L-PBF
0.1B (ay 5 pm), B TiAl
( 20~40 nm), 800 C )
580 MPa 58% N o .
. Tang [103]
o EB-PBF Ti-45A1-7Nb-0.3W, ,
10mA, 1050 C ., L-DED ,
(2 750 MPa) 37% , EB-PBF . .
B TiAl , LaB
, (lack of fusion, LOF) , . EB-PBF
, o Teschke [ , ,
EB-PBF TNM-BI1 , o .
LOF s , o
’ ’ AM ’
, B TiAl
. ,EB-PBF TiAl , . .
, , B TiAl
) ,  Nb.Y.Mo B :
TiAl , .
’ N ’ o ( N

Hh ] % Y
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