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Table 1 Chemical composition of TB6 titanium alloy powder

(Wt%)
Element Standard value Measured value
Al 2.60-3.40 3.09
A% 9-11 10.36
Fe 1.60-2.20 1.98
C <0.05 0.008
(¢} <0.13 0.099
N <0.05 0.006
H <0.0125 0.003
Ti Bal. Bal.

15 s, I # AT 200 g, FEASFE i 2P 10 S £, BCF 3
B R A Dy e 26 S AR FE o 56 ] Tmage Pro #0440 AN ] #4
AEFRARAS SR oL R EAT Guit, i B /D 5 5K 100 A5 1)
S AR HR T BEAT S ORL RS I B o SR T HION HL T AT S
EBSD AN oA P RS T 400t 433K N 0.2 pme 2
AR R ST an i 1e B, 78 WOW-30 B4 FE - 7 BE IR G L
R AT S I A A K, B B B RN 1 mm/mins
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Fig.1 SLM forming strategy of SLMed TB6 titanium alloy (a);

forming direction (b) and size (c) of tensile specimen
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Fig.2 OM (a, ¢) and SEM (b, d) images of SLMed TB6 titanium alloy: (a—b) as-built sample and (c—d) 760 °C solution treated sample
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Fig.3 XRD patterns of SLMed TB6 titanium alloy aged at different

temperatures
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SPURIN B 520 CHRERLHT 1.9 um BEKZE 560 CHI 1.7 um,
BRIV ESF 25005 BE SR i IR T a—p AL A o AR ST T RRAIG
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59 pm. KL E IR o AHFUBURLIR (¥ 0, 4045 0
FEAREAE L, BRAS T AL IS B A2, K ST e 1
BEL 75 AT B ] it A 4 KT
3.2 MM atBFH

SXof AN ) P e R A B ) SLMed TB6 & 4 1 i Y ac il
TESBEAT LLRE, An & 5 Pl , B R 07 0 4 RiDIRES S kLT



1 W

P55 EIXEOGIEL TB6 ARG < a AHAT H AL ) “# L RERT 5T

* 167

80

° 60 [ 520 °C (Average=1.9 um)
< [ 540 °C (Average=1.9 um)
g - 560 °C (Average=1.7 um)
340

&

o

—

=

N
S

[«

1 2 3 4
Grain Size/pm

5 6 7 8 9

Grain Size/um

100
80+
60
40+
25
Aging Temperature/°C

4 N AL HE S SLMed TB6 Bk 42 M2 23 R ditbi R G vl 45 21
Fig.4 Microstructures (a—c) and grain size statistics (d—e) of age-treated SLMed TB6 titanium alloy: (a) aged at 520 °C; (b) aged at 540 °C;

(c) aged at 560 °C; grain size distribution of o phase (d) and S phase (e)
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FHE Bt — DT & AE o A7 JZ PR A 5 Bk P AR T A%
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AH ) d 7 B 1) 22 0 A 1] R eitobsr B 1) 23 A ], HG b 1] 6a~
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It #1520 "C T+ 540 °C Ji , LAGBs i tE M 35.1% 39 28
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£ ST B DUOEAZ A o S b AN B ST AR AE
{13 5 AL SRR AR ROK, G SRR &, I BB /N A
TS AN W RS B, 7R AL RS SR AR AL TE B B 1 , T
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Fig.5 Morphologies (a—c) and schematic diagrams (d—f) of intragranular a phase in SLMed TB6 titanium alloy aged at different temperatures:

(a, d) 520 °C; (b, €) 540 °C; (c, f) 560 °C
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Fig.6 Grain boundary misorientation angle distributions (a—) and IPF maps (d) of SLMed TB6 titanium alloy aged at 520 °C (a, d), 540 °C (b, e) and
560 °C (c, f)
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[ o RE R TE BESE I, B2 R A N RRDIR . K2
FRLIR o, #HA R T (R BEAL RS I K AR BB, e m & &1
I A, o AH T 30 BE B 200G R i v E 2 R e RO
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Fig.7 Morphology and fracture mode of &, phase: (a) solid solution at 760 °C; (b) aged at 540 °C; (c) aged at 560 °C; (d—e) bright field images of

a away from a; (f) dark field image of a away from a
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Fig.8 Mechanical properties of SLMed TB6 titanium alloy under different aging temperatures: (a) engineering stress-engineering strain curves;

(b) tensile strength and elongation after breaking; (c) hardness distribution; (d) dislocation entanglement in discontinuous a, phase
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Fig.9 Macromorphology (a—c) and micromorphology (d—e) of tensile fracture of SLMed TB6 samples aged at 520 °C (a, d), 540 °C (b, ), and

560 °C (c, f)
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4 25 i
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L R AR AR g A 0 U] S5 LR, ~F 357 it BL B8 4 H 90 pm B
I ZE 64 pum, K& RESE o, HI7EFE45 5 SR A A
S ER IR o MRS AR o MR R

2)520 CH RAE B 5 ARHA USSR o, A L3653
JZ FIR oy FHCA R AE G 5 2 R 431 B o FHEELRR , 540 °C
WG 2R R o BRI 2, 49T 5 5 560 C R a bl £
BEDARORLIR 73 A5 T 0 N 5 i T o A SR AR AR

3) [ A 3 X O I A I A BT TB6 £ 6 4211
Pt Hr 5 FE B B RO FE B S 1386.22 MPa [F i &
1129.00 MPa , I J& 41 3% 1 520 “C B R 6 7.1% $2 7+
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Precipitation of « Phase and Mechanical Properties of TB6 Titanium Alloy Prepared by
Selective Laser Melting

Jin Wenshi', Liu Fencheng', Liu Fenggang', Zhang Chuankui', Zheng Haizhong', Hu Xiaoan®, Li Zhiyong’, Zhang Luo’
(1. School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China)
(2. School of Aerocraft Engineering, Nanchang Hangkong University, Nanchang 330063, China)
(3. AVIC Changhe Aircraft Industry (Group) Co., Ltd, Jingdezhen 333002, China)

Abstract: The influence of aging temperature on the microstructure and mechanical properties of TB6 titanium alloy fabricated via selective laser
melting (SLM) was investigated. The results show that the microstructure of SLMed TB6 titanium alloy predominantly consists of columnar f
phase and equiaxed « phase, and the precipitation of lamellar or granular «, phase and grain boundary a, phase occurs after solution treatment
and aging. With the increase in aging temperature, the o phase is gradually diminished in size, the volume fraction of lamellar a phase is
decreased, and the amount of granular o, phase is increased. The tensile test results indicate that as the aging temperature increases, the tensile
strength of the material decreases while its plasticity is significantly improved. The tensile strength of samples decreases from 1386.22 MPa (aged
at 520 °C) to 1129.00 MPa (aged at 560 °C), whereas its elongation increases from 7.1% to 10.5%. It is concluded that changes in the morphology
and size of the a phase significantly impact the strength and plasticity of the alloy. Reducing the volume fraction of lamellar &, phase and
increasing that of granular o, phase improve the strong-plasticity matching. Elevating the aging temperature can decrease the volume fraction of
lamellar o, phase and enhance the plasticity of the material.

Key words: selective laser melting; TB6 titanium alloy; aging treatment; o transformation; mechanical property
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