2026 4F 55 46 % mi o= M OB % K 2026, Vol. 46
H1M 5 30-40 50 JOURNAL OF AERONAUTICAL MATERIALS No.l pp.30- 40

Sl A& MR, Tomll, Wk, 55 MOGIE XAk TIAL & 4 BUE R S AR KA L] (1], fizs ARk, 2026, 46(1):
30-40.
CHEN Siyu, YU lJingyue, PAN Jiacheng, et al. Forming behavior and microstructural evolution mechanisms of TiAl
alloys processed by selective laser melting[J]. Journal of Aeronautical Materials, 2026, 46(1): 30-40.

MR EXIBW TiIAl SR FHLETT
JREYSEK:

HEF, FEA’, BGEY ARNE, & &, rur”

HMOREE PPRRRE S TARRARE, KA 1300125 2. MG /REE Tolk RS MPRHRb2 5 TRRAERE, MG /KTE 150001)

HE: TIAl 54 FRIBEARLE, 556 S B E T 20 LU & B 22 85 M AR pm T353R o otk K s tb iR
(SLM) B il R A . MOEVR R 3R . BUBHKG BEOU S S8R A, B 38 F TS LR S 8 24253 il . A
5% R H] Ti48A12Cr2Nb 5 4% FeMo60 (B & /380 & &M AR IR G, 4545 U4 Ti47Al13.5CrINbIMolFe 4
& o RFAME BTN AR NS, FIRMEALITENSH, Tl AR B AR (SN 0.49% ) TiAl A 41 SLM 5% . it
Hh, R X SHEAT S A 7 B SRR R T L BUE R N o iE—25 3 5 A B T 2O TENAS A 4 PR
o FHEZE Sy KA y AH, [RIREEAT ERS A rh R4k FeMo60 8 A [ 375 S BRI A s Ak, & & Hi /R34 770.3 MPa,
PR 30%. AGE ARPERE . EA9EIR TiAl &l &R TEES S,

KR TIAL 54 WOGE KIS A ; A3 ; 12U ; )24 1Rk

doi: 10.11868/j.issn.1005-5053.2025.000159 CSTR: 32420.14.j.issn.1005-5053.2025.000159
hE 45T V252 SCERFRIRED: A E S 1005-5053(2026)01-0030-11

Forming behavior and microstructural evolution mechanisms of
TiAl alloys processed by selective laser melting

CHEN Siyu', YU Jingyue’, PAN Jiacheng’, ZHOU Lingyan’, ZHA Min', FANG Hongze"

(1. School of Materials Science and Engineering, Jilin University, Changchun 130012, China; 2. School of Materials Science and
Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: TiAl alloys exhibit poor room-temperature ductility, which poses a challenge for traditional casting and forging processes
to fulfill the manufacturing demands for complex structural components. Selective laser melting (SLM) technology, renowned for its
short manufacturing cycle, high material utilization, and exceptional forming accuracy, is deemed well-suited for fabricating
complex parts in the aerospace industry. In this research, Ti48AI2Cr2Nb alloy powder is mixed with 4% (mass fraction) FeMo60
alloy powder to formulate an alloy with a nominal composition of Ti47A13.5CrINb1Mol1Fe. By employing a chessboard overlap
scanning strategy (which mitigates thermal stress during processing) and optimizing printing parameters, SLM fabrication of the
TiAl alloy with a remarkably low defect rate (only 0.49%) is successfully accomplished. Moreover, the samples are characterized
using X-ray diffraction and scanning electron microscopy to explore the underlying reasons for microstructure formation.
Additionally, a substantial portion of the o, phase in the as-printed alloy is converted into the y phase through heat treatment.
Simultaneously, the unmelted FeMo60 powder from the printing process is dissolved, achieving solid solution strengthening. This
phenomenon leads to a significant 30% enhancement in the compressive strength. This study offers a crucial reference for the
preparation of high-performance TiAl alloys with complex geometries.
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Table 1 Chemical compositions of Ti48A12Cr2Nb alloy
powders (mass fraction/%)

Ti Al Nb Cr o N

Bal. 33.48 4.62 2.70 0.119 0.027

Fl1 WAESMAESE  (a)Tid8A12Cr2Nb; (b)FeMo60
Fig. 1 Morphology of pre-alloyed powders (a) Ti48AI2Cr2Nb; (b) FeMo60



i

2o
3
o

32

)

2,
&

T i 55 46 4

FEAHN Ti-6A1-4V(TC4) A4, NP R 65 mmx
65 mmx25 mm, SLM BE i, 75 % Fe it 47 it ik
B S FHATBE ML 22 B SE Ak 2% 11 10 2, T N TR
WA LU BRI, e TR [, LB
BB ARFRRKZER . BEEH AT PR
JEAAL, THE 120 °C TR 2 h JE &M, FTETRYK 4822
5 49%FeMo60 5 #E1T 40 min HLIIR &, &4 K
e SRR 2 iR .

2 FHTEMARRIA A28 O 5350 % )
Table 2 Chemical composition of the powder material to be
printed (atom fraction/%)

Ti Al Cr Nb Mo Fe

Bal. 46.63 3.48 1.10 0.98 1.12
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Fig.2 Compressive specimen dimensions (a) and wire cutting scheme (b)
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Fig. 3 Chessboard overlapping scanning strategy
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Table 3 Experimental parameters under different hatch spacing
Scanning speed, Laser power, Chessboard area, Hatch spacing, Layer thickness, Chessboard hatch
Vi(mm«s ) PIW S/mm’ H/um D/pm spacing, Hgp/Hm
1200 100 0.7x0.7 40 50 70
1200 100 0.7x0.7 50 50 70
1200 100 0.7x0.7 60 50 70
1200 100 0.7x0.7 70 50 70
1200 100 0.7x0.7 80 50 70
K4 BLEHE RO R T SRS
Table 4 Experimental parameters under different chessboard hatch spacing
Scanning speed, Laser power, Chessboard area, Hatch spacing, Layer thickness, Chessboard hatch
V/(mm - sfl) PIW S/mm’ H/pm D/pm spacing, Hy/Hm
1200 100 0.7x0.7 50 40 60
1200 100 0.7x0.7 50 40 70
1200 100 0.7x0.7 50 40 80
1200 100 0.7x0.7 50 40 90
1200 100 0.7x0.7 50 40 100

JE BV A0 A R, AL BT 2 2N 4 s

1200 1200°C, 1h

1000 - 950 C,6 h
800

600

Temperature/’C
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Time/h
F 4 PALBRT Zhk

Fig. 4 Heat treatment process curve
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Fig. 5 Formability, microstructure and properties of samples at different hatch spacing

(a)-(e) macroscopic morphology of the

specimens; (f)-(j) SEM images of the alloy; (k) variation of alloy hardness and area fraction of defects with different hatch spacing
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Fig. 6 Formability, microstructure and properties of samples at different chessboard hatch spacing (a)-(¢) macroscopic morpho-
logy of the specimens under different chessboard hatch spacing; (f)-(j) SEM images of the alloy under different chessboard hatch
spacing; (k) hardness of alloys and area proportion of defects under different chessboard hatch spacing
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Fig. 7 Microstructure and composition distribution of as-printed Ti47AI13.5Cr1Nb1MolFe alloy (a) SEM image of
as-printed alloy; (b) magnified view of local area of as-printed alloy; (c)-(h) EDS of as-printed alloy
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Fig. 8 Effect of heat treatment on microstructure and composition of Ti47A13.5Cr1Nb1MolFe alloy
(a) SEM image of heat-treated alloy; (b) EDS of heat-treated alloy
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(a) compression curves of as-printed and

heat-treated alloys; (b) comparison of compressive strength and hardness of as-printed and heat-treated alloys
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Table 5 Chemical composition of the real as-printed alloy
(atom fraction/%)
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Bal. 43.90 1.97 1.92 0.64 1.04
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