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Table 1 Chemical composition of Ti-48Al-2Cr-2Nb powder

Al Cr Nb o Ti
wt.% 34.15 2.45 4.84 0.05 Bal.
at.% 48.91 1.82 2.01 0.12 Bal.
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Fig.1 (a) Morphology and (b) size distribution of TiAl-4822 powder
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Fig.2 (a) Scanning strategy, (b) sample morphology, and (c) sampling locations of the TiAl-4822 alloy fabricated by EB-PBF.
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Fig.3 XRD diffraction patterns of TiAl-4822 powder, as-fabricated,

and heat-treated specimen.

Kl 4 a NI TiA1-4822 &4 IO LESR . v]
DAIER R, YIRS IARE RO H 2V R 2R v 2%
5 5 R b X IR B AR SIS L. VR kY
SIPERCZE , RGN i X IV 1 BT BN 5 ] A ELE A0
FoPREREZ R 25 pme HE— AT RIL, IR X3
KRB y dibL A ooy RS, X R UTRAS AR
TR X SRR A T IR EARAS, TR T R AEME F) 7 IR 45
¥J. Todai % AP MR 40 fn2H 23R AL IR )= 4T Bt 72
t, A R A RIS AAE AL R B, SRR~
B A ELK RS FER B 78R IX 3B 3 T WL
BIFAA R IR AIERE . AR K y RS oy F
JAHEAT EDS JUR T, iR INE 2 fiox. ATLVEH,
RX IR A y A AL SN 32.11 wt%, 1 aly HEH
Al FHEA 28.02 wt% o BAh, XFPTRRASRFE TR
W R TR R e R T (R IER 3D, &
TR IRFE SRR Al & BN .

TiAl-4822 &< Rk [ R 32 2252 Bt [ 51 ) S 45 1,
H MBI BRI FN: L>L+B—>p—->P+to—a—a+y


https://zhida.zhihu.com/search?content_id=105631999&content_type=Article&match_order=1&q=%E7%94%B5%E6%84%9F%E8%80%A6%E5%90%88%E7%AD%89%E7%A6%BB%E5%AD%90%E8%B0%B1%E4%BB%AA&zhida_source=entity

S Wi R RS TR A4

(Wi MRS TRE) SE RHRiE 0 C

— oz + Y2, 5L5 6% T2 AL, EB-PBF 4T EIid fErh
HEREEERERS (11X 10-10°K/s) , M F3
AL AR P AT RERE AT A o IXFh P B fF o HETE R IX
Wk AEYLIRAEAE (Massive Transformation, MT) , £ y
mfiBl, FEEESRILERET, SRR TR EE— e
FERT AL TG R ES . R A R, 5 Rk R
FHEE, TR IRFEEEAA Al TTRBIRZ 1.48 wt.%. [FR,
HOARXIEF y MR wy HER Al SEHEHRIK 6.15
wt.%, B TE Y I R IR B N 5 3R A = R
B, AR B R E AR RN, & X X AL TG R AR
FONE . Al JEER R0 2 B3 PRARZ X IR o AHAH AR
EIRRE (To) , 3 atHMA R, Hai R T IRgH
a2 TR B X B S 3 T IR AL ST R AR A8 &)
PR 2 R .

Kl 4 b N TiAl-4822 A 44 1330°C/0.5 h-FC # b
SRR . AT LSRR, Fk y AP T K& oo
M, R T RN ey FE4H. STTERER
FEAHLE, 2038 1330°C/0.5 h-FC #kb3# j5, REERAH L H
JE S AR SIS LA I S) AR, J5AH 1y

P SCHRIRIE, TiAl-4822 &40 o MHMHZRE (Ta) &)
N 1360°C, FEHTIRE (Te) £y 1120°C4, KA Pandat
AR A3 ) Ti-xAl-2Cr-2Nb & &AMHEWE 5 s
231, ZEREH, B Al TLRIER XTSI ZER
FEF=HE— 2 B, (H 1330°CHIPEEIE T o + vy
XAHX . Rk, £ 1330°C/0.5 h-FC #AbHd 2, &
S4BT a—at+y— o +y KA, AR T
SIHIASH IR

Kl 4 ¢ 4 1380°C/0.5h-FC #AbHE 5 TiAl-4822 &4k
FERROMAEZ, W LIS 3], AR deoks R T BE KR,
HLTE I S H LA A (2 R L A
N A0 aoly FEER, FERR—8, S
W, RAMEIZEE TEEEN T RAaMBESERE R Eh
. T 1380°C 4T TiAl-4822 41 o AHAHARIR
JE (Ta=1360°C) , Z5&E 5 WHE T, & LR
TAT A o X, BEEAEANEERRE o — a+y 1
FEFHT AR, TR R ooy 2458 5 1330°CH#k
AEFRASAHEL, AL RKIE R, FZEA, AL EER
) 22 S B SR ek, R AR ) 4 EARAE

R i XS K, AR A SR BB g . R

As-fabricated

1330°C/0.5h-FC

)
o
<=
%)
53
O
o

=
o
IS}
it

. — Tk
._ S :
. |:| Arcal

Kl 4 EB-PBF i/ TiAl-4822 & & AbHE BT JE MO AL 4T3
Fig.4 Microstructure of the EB-PBF-fabricated TiAl-4822 alloy in (a) the as-fabricated state, (b) after heat treatment at 1330 °C/0.5 h-FC, and (c)
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Table 2 Elements content at different positions in the strip
region
of Ti-48Al-2Cr-2Nb alloy in the as-fabricated
state(wt.%)

Area Ti Al Cr Nb (0]
1 61.06 32.11 2.78 4.01 0.04
2 64.89 28.02 2.26 4.78 0.05

R3S Ti-48A1-2Cr2Nb S ERXMT RS B(REN K, %)
Table 3 Elements content of Ti-48Al-2Cr-2Nb alloy in the

as-fabricated state (wt.%)

Region Ti Al Cr Nb (0]
Top 59.70 32.87 2.45 4.94 0.04

Middle 60.41 32.36 2.49 4.67 0.07

Bottom 59.90 32.78 2.39 4.88 0.05
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Fig.6 IPF, grain size distribution, phase distribution and PF of EB-PBF-fabricated Ti-Al4822 alloy in (a) the as-fabricated state, (b) after heat

treatment at 1330 °C/0.5 h-FC, and (c) after heat treatment at 1380 °C/0.5 h-FC
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Fig.7 (a, b, ¢) Grain orientation distribution maps and (d) the corresponding fractions of different grain types in the EB-PBF-fabricated TiAl-4822

Frequency/%

4 As-fabricated
L 1330°C/0.5h-FC d
il 1380°C/0.5h-FC

— NN W A W a 2 @ ®
(=} (=1 (=1 (=1 (=] (=] [=} (=}
! ! ! ! ! !

> Recrystallized  Substructured Deformed

Grains types

alloy in (a) the as-fabricated state, (b) after heat treatment at 1330 °C/0.5 h-FC, and (c) after heat treatment at 1380 °C/0.5 h-FC

2.2 HALIENT v-TiAl & & T HEERE RS2

Bl 8 IR TR AN FERAE A TiAl-4822 &4
TR 0 S AR B o Ll &t SR . RS L 1330 °C/0.5 h-FC K&
1380 °C/0.5 h-FC #4b 3 25 3 FF (1) 5 00 B 23 3 N
285.4+4.9 HV2. 332.4+5.6 HV(, #1 468.8£7.6 HV,,. Bl
BRI R E,  RE B A R EHE

R AR EEAFELT LA Hok,
1330 °C/0.5 h-FC # b3 5, a HHOMRIEL T wly HESS
AP =Y A L AR RTTR (G52 ) [ T U Ry I
Hil T AL EEIE S, e m T RAMAERE . IR, Uk
BT E 1380 °CHY, HEE— B AN F E 5,
JZ 1) S 2 BB v BRSNS B0 R T it
RS2 IR, I RS, A, miER

HE R, B2 AHE R ooH B INARE, AR — R
FE L3R T IARGRIE . 45 b, TiAl-4822 & 4 A
I Ak T B T v G SR A, X T A RE
) SI RS G5 AL B A 0] 1o 5 B S A 5 A 7 I ity SR )
] A% 5 AE AR R T



gl i B MELE TG (MASRMELS TR S1ELHRE

500 468.8+7.6
450+ B

3504 3324+5.6
1 2854+49

200+

Microhardness/HV,, ,
N3
D
e

As-fabricated 1380°C/0.5h-FC
1330°C/0.5h-FC

¥l 8 EB-PBF A TiAI-4822 5 &R b i 7 4 FCRE REXT EL
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Fig.9 (a) Tensile stress-strain curves of the EB-PBF-fabricated
TiAl-48222 alloy before and after heat treatment and (b)
comparison of tensile properties & 4 AREIHEIZFRHET
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Table 4  Tensile properties of TiAl-4822 alloy fabricated by
different techniques at 750 °C

Method ours (MPa) co2 (MPa) e (%) Reference
EB-PBF 654.7 + 17.0 565.7 + 153 425 +23 This work
EB-PBF-1330 580.7442.6 N.A. NA. This work
EB-PBF-1380 620.3 + 22.9 435.0 + 6.2 N.A. This work
ISM+HT 600 5.6 31]
L-PBF 313 0.2 [32]
L-PBF 610 5.8 [11]
EB-PBF 434 0.7 [11]
EB-PBF+HIP 408 1.8 [11]
EB-PBF 539 66 [12]
Cast 600 5.6 [33]
DED 615 5.6 [34]
EB-PBF 503 0.5 [14]
EB-PBF+Forge 561.4 2.5 [14]

VEISM: BN B SE M 15 BR (Induction Skull Melting); L-PBF 380t H;
KKK (Laser powder bed fusion); DED: & [ i T #H (Directed
energy deposition)
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Fig.10 Fracture morphology of EB-PBF-fabricated TiAl-4822 alloy: (a, a1, a2) as-fabricated, (b, b, b2) 1330 °C/0.5 h-FC, and (c, c1, c2)
1380 °C/0.5 h-FC
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Influence of Heat Treatment on the Microstructural Evolution and High-Temperature
Mechanical Behavior of TiAl-4822 Alloy Produced by Electron Beam Powder Bed Fusion

!, JiaLiang !, LiuNan', Yuan Xinbo 2

Zhang Xuezhe ', Wang Yifan 2, Zheng Hao ', Niu Jingzhe !, Liu Haiyan
(1. State Key Laboratory of Porous Metal Materials, Northwest Institute for Non-ferrous Metal Research, Shan Xi Xi’an 710016, China)
(2. Xi’an Sailong AM Technologies Co., Ltd., Shan Xi Xi’an 710018, China)

Abstract: To investigate the influence of heat treatment—induced microstructural evolution on the high-temperature mechanical behavior of
Ti—48Al1-2Cr-2Nb (TiAl-4822, at.%) alloy at 750 °C, specimens were fabricated via electron beam powder bed fusion (EB-PBF) and subsequently
subjected to various heat treatment conditions to obtain distinct microstructures. The as-fabricated sample exhibited a heterogeneous bimodal
structure composed of coarse y bands and fine-grained duplex regions. After heat treatment at 1330 °C for 0.5 h followed by furnace cooling (FC),
the alloy developed a homogeneous duplex microstructure with slightly coarsened grains. Increasing the heat treatment temperature to 1380 °C
resulted in pronounced grain growth and the formation of a fully lamellar structure. With rising temperature, o> phases tended to segregate along
interlamellar or intergranular regions, establishing the typical Blackburn orientation relationship with the y phase. Mechanical testing revealed that
hardness increased with heat treatment temperature, whereas both tensile strength and ductility at 750 °C decreased compared with the
as-fabricated condition. The as- fabricated sample demonstrated superior high-temperature mechanical performance, achieving a tensile strength of
654.67 = 17.01 MPa and an elongation of 42.5 £ 2.29%, primarily due to the fine y grains and dense intragranular lamellae formed during rapid
solidification. During heat treatment, the o> and y phases coarsened through orientation-dependent growth to minimize interfacial energy, leading
to lamellar thickening. The resulting coarsened lamellae and a» phase enrichment at grain boundaries and interlamellar interfaces served as
preferential sites for crack initiation and propagation, thereby reducing ductility. This study elucidates the intrinsic correlations among heat
treatment, microstructure, and mechanical behavior in EB-PBF TiAl-4822 alloy, providing valuable insights into tailoring the microstructure and
optimizing the high-temperature performance of y-TiAl alloys through thermal processing
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