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Abstract Thin wall samples from y - TiAI( Ti-47A1-2Cr-2Nb-0. 5W-0. 15B) alloy are prepared on substrate of TC4 titanium
alloy by laser direct deposition of coaxially fed metallic powders. The cracking behavior. microstructure, phase constitution.
and mechanical properties of the deposited materials are investigated. The results indicate that the deposited y -TiAl
alloy presents high tendency for cracking. Decreasing the deposited wall length or introducing ductile titanium alloy
as transition materials will mitigate the temperature gradient and thermal stress during deposition. thus avoid
cracking. Laser direct deposited y -TiAl alloy are full dense, composed of a; + ¥ lamellar colony and small amount of ¥
single phase. The size of the lamellar colony is about 10 ym. For as-deposited y -TiAl alloy, the room-temperature
tensile strengths are 810 MPa and 575 MPa along the longitude and build-up direction respectively, and the tensile
strength under 750 C along the build-up direction is 550 MPa and under 850 ‘C along longitude direction is 625 MPa.
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Fig. 1 Dimensional drawing of the sample for

tensile testing
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Fig. 2 Appearance of laser direct deposited 80 mm
length y-TiAl alloy thin wall

T HE AR 2 T8 3K

TE U RR B TE R BE I O J45 140305 B8 A B B A
TR /N B RE A R ) 4 R T BRI AT IR L 4 e ek BE 1Y)
B2 AT DAREAR OB IE AL TR A R I 24 1), %3
K AN & 2 F s i BE T AR B L 2 (4
6 mm/s, & EEE R 0. 22 mm) , I H £ 42 mmX
88 mm>3. 5 mm Y MBERE ANIE] 3 iz, BE R W]
AT IR A 2 R R DO 50 25 B gk
Y BT TOAR HERE A H B 244

B3 WOtk LR 42 mm KR L y-TiAl 5 4 W AE
Fig. 3 Laser direct deposited 42 mm length y-TiAl

alloy thin wall without cracks
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Fig. 4 Laser direct deposited TA12/y-TiAl alloy circular
thin wall (a) and straight thin wall (b)

3.2 HLAMEESH

& 5Ca) OIS LTI R - TiAl & 4 3 BE WY UL
P T AR AT P OW 2 2, T DL DORR AL R P R
LU RS T R RS B IR A — 2 )2 0]
B0 5 X e Ry b 2 DU AR s e B T AR 2 2 i E A R
G T 8, A BE O bR BB R A S A
A XA RES IR AN T L A SR ARG

5 BOLBALTTRRm »-TiAl 54 4 W Rk
15 AR Y A A R
Fig. 5 OM microstructure of laser direct deposited y-TiAl

alloy thin wall on transverse section
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Fig. 6 SEM microstructure of laser direct deposited y — TiAl alloy thin wall on

transverse (a) and longitude (b) sections
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Table 1 Mechanical properties of laser direct deposited y-TiAl alloy

Layer orientation with

Tensile strength Yield strength  Elongation

Sample Test condition

respect to tensile direction o,/ MPa co.»/ MPa 8/ %
Parallel Room temperature 810 — —
Laser direct deposited Ti- Perpendicular Room temperature 575 — —
47A1-2Cr-2Nb-0. 5W-0. 15B Perpendicular 750 C 550 330 —
Parallel 850 C 625 407 —

Investment cast Ti-48Al- Room temperature 413 331 2.3
2Nb-2Cr 760 C 430 310 —
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Fig. 8 SEM images of tensile fracture surface for laser direct deposited y-TiAl alloy at (a) room temperature,

(b) 750 C, (e) 850 C

4 4 7

1D BOGIEALITR Ti-47A1-2Cr-2Nb-0. 5W-0. 158
A & B s BT ) 38 R 4 RO TE B
UK Ll ARG B mBIvEm TAL12 8RG8 1EH
b PR AT DR KU 5 v R OB (9 38 A R RN AN,
F1 3 I i £ TG TF N R A o o 1) TR R A 5

2) WOBIEALTIR - TiAL B4 4 i N 3 41 213
B« Ty AHALB 2 R S By MR
Z R BB RS2 10 pm;

3) OB v TiIAl A S BEAHRE N
5 U B R I R R W RE K B B e B O ) Y & R BT
Frss B 4 524 810 MPa il 575 MPa, iy @& B J5 [f]
750 CTR RN BE Ty ) 850 C T A ey Tl 5 B 43 )
& 550 MPa Hl 625 MPa,

& & X #

1 Li Baohui, Kong Fantao, Chen Yuyong et al.. Alloying design of
titanium aluminum intermetallics and research progress [J]. J.
Aeronautical Metarials, 2006, 26(2) . 72~78
A, L. BET %, TiAl &8 ML &84 4t &
WEFEBUR [T, A= #4234k . 2006, 26(2): 72~78

2 1. M. Hsiung, T. G. Nieh. Microstructure and properties of
powder metallurgy TiAl alloys [J]. Mater. Sci. Eng. A, 2004,
364(1-2): 1~10

3 Lu Xin, Zhao Liming, Qu Xuanhui. Advances in powder
metallurgy of TiAl intermetallics [J]. Materials Review, 2006,
20(8): 69~71., 79
Bk, BRI, mhERE. B AR A TIAL & )8 1k 5 2 B g
HERE [J]. HH 4k, 2006, 20(8): 69~71, 79

4 M. T. Jovanovic, B. Dimcic, 1. Bobic. Microstructure and
mechanical properties of precision cast TiAl turbocharger wheel
[J1. J. Mater. Proc. Technol., 2005, 167(1): 14~21

5 Fu Hengzhi, Ding Hongsheng, Chen Ruirun et al.. Directional
solidification technology based on electromagnetic cold crucible to

prepare TiAl intermetallics [ J]. Rare Metal Materials and
Engineering , 2008, 37(4): 565~570
RS, TR, WRAEE 5. PR A 4 i mE v H 0 1) BE [ B R
Bt gE (1. A4 B S T4, 2008, 37(4): 565~570

6 D. Srivastava, I. T. H. Chang, M. H. Loretto. The effect of
process parameters and heat treatment on the microstructure of
direct laser fabricated TiAl alloy samples [J]. Intermetallics,
2001, 9(12).: 1003~1013

7 X. D. Zhang, C. Brice, D. W. Mahaffey e al. . Characterization
of laser-deposited TiAl alloys [J]. Scripta Materialia, 2001,
44(10); 2419~2424

8 W. P. Liu, J. N. DuPont. Fabrication of carbide-particle-
reinforced titanium aluminide-matrix composites by laser-
engineered net shaping [ J ]. Metallurgical and Materials
Transactions A, 2004, 35(3): 1133~1140

9H. P. Qu, H. M. Wang. Microstructure and mechanical
properties of laser melting deposited y-TiAl intermetallic alloys
[J]. Mater. Sci. Eng. A, 2007, 466(1-2) . 187~194

10 Lijue Xue. Direct manufacturing of net-shape functional
components by laser consolidation process [ J]. Chinese J.
Lasers, 2009, 36(12): 3179~3191

11 Wang Huaming. Zhang Shuquan. Wang Xiangming. Progress
and challenges of laser direct manufacturing of large titanium
structural components [ J]. Chinese J. Lasers, 2009, 36 (12):
3204~3209
EARW], Bk, E Wl R BER A A S5 R RO B R i
RSB (1], + E#E, 2009, 36(12); 3204~3209

12 Shi Likai, Gao Shiyou, Xi Mingzhe e al.. Finite element
simulation for laser direct depositing processes of metallic vertical
thin wall parts: II. the simulation for thermal stress field during
depositing processes [ J]. Acta Metallurgica Sinica, 2006,
42(5): 454~458
AAIF, A R SE. AR EERE RO BT RLS R
FBRICH L T JOAR G A T N S S R L (T, & B F R,
2006, 42(5): 454~458

13 Zhang Yongzhong, Huang Can, Wu Fuyaoet al.. Microstructure
and properties of laser direct deposited TA12 titanium alloy [J].
Chinese J. Lasers, 2009, 36(12). 3215~3219
ok, Bl RESE E. WOBIKALTIR TAL2 SR A& a8
Rtk [J1. Bk, 2009, 36(12): 3215~3219

14 B. London, D. E. Larsen Jr, D. A. Wheeler & al.. Investment cast
gamma titanium aluminide alloys: processing, properties and promise
[C]. Structural Intermetallics, Champion, 1993. 151~157



