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Fig.1 Morphology of high temperature titanium alloy powder
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Table 1 Main chemical composition of alloy powder (wt%)

Al Mo Nb Si Sn Ta Ti
5.67 0.51 056 0.29 3.84 0.32 Bal.
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Fig.3 Original OM microstructures of cross section (a) and
longitudinal section (b) of high-temperature titanium alloy
formed by SLM
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Fig.4 XRD patterns of high-temperature titanium alloy formed by SLM after solid solution at different temperatures: (a) SLMed and 925-965 °C

and (b) 975-1015 °C



57 1 Xl

WA PO DOE AL B il R & e 2 435 D0 PR RE S

* 1831

o IRER AL TAE A W FL I AE s RACR SR TR R4
XTI s p RS A2

MR AR D, 5 AR RN, FS e SR N
(RS A FE AR K o o A BRI AR A1 it 26 P AR R sl /N, Vo il
JE Il 2 SR 8 K T L BRI 0 A P AR E TG R
B2 TE a b7 1) b i 2R P AR O, Vi AR P
/N 17 L R PR B4 Y o R RS E JE R Bt 2D
I TE SLM ¥ il k& & R NI E L T e R & =
(IR FE R

T a AR, o KE S A IRAL Il 2 AR
[eES 7 N i S Gl N =1 VR 35 Sy N e S 2
INFRA R B I BT DL S BB 1 T a AT R 2
BUERRIRI oAl , I H—H0 50 40 S A S iR e

I3 ANE ] 9 P B TR AT AR IR A AR T, SLM RRE
R G A o FOE I B BUE F R R R IR B A
EPIR o/ AH 5% 28 O EEIR oA, BLAG B8 FL gD, T30 20 £ IR
a A RSEARAR /N I B & S o Ry SUER , R D
IrERIR o A AR R A A PUIRTESR I a dll . A% 4 5
W AR BE T 2435 B AE 925~955 C I 1) o KL AL FE AR T
965~995 C {1 JE Al .

AN TR) [ s b 38 5 SLM R i K 6 6 5 1 SEM
AR T A 8 ffin . £ SEM G R, vl LATE i &
LR oA BN B, B AL BRI TS, o AH
BRI BE Rk /N 5 5 FE B4, & 56 LIS , B AR 2 25 317 R o A

1E o AT B T “a M- AH-a A7 [ ZRALF = BHYA 1 45
oo [N B TS T T R pAE B B D, B AR A 2
%, 5 XRD IR I 45 5 (R O RMIFF . A8 TR AR i i
Farh, B A R (0 T iy o AH G AR S B AR N, AETE B 5 1)
R, BT A EBE, B R R  [A] KA AR
A BN BREAR AL, BT AR B ARIR JE X A 0] LG L B
A 5T 7 A58 v L IX () ISR AS ) B AH
3.3 EFHAIEX NF MRS

B9 2 SLM R o i K 2 4 B AR A 1) BT 25
AN 7] [ 5 FA A FR 1 2 i R AR PR RE . I 9 R, SLM K
TE 2SR (1 55 I v (HAE A R (. [ VA #ib 3L
SLM T e il B A S A i B 437 568 R0 e R e P58 3% T
i B 9a, 9¢) , ZE A 6 JU) 2 56 38 Jn 5 B A1 7438 Jm (I
9b.9¢).

SLM JEJE i i K B 4 B il 28 Tok [ s A b 38 5 5 5
HA S BRI, ZE A S RMRAR Tt o 32 fH T RS T AR
[ o Z AR R T a AN BAH (BT 4~ 8) o £1IR T
PR o (199 2% < [TV 1) B A i P S P R S 73 3
PRI, #8225 B 5 R o, B e 2R 4
o ARSLIGHTH A& NIT o &4, PRGN K A
IR (E 4, BT DU E 5 R i B S A R T a
BRI IERS o [ AL BRI BE 7 925~995 “C I FE i 11
SR 2 BT DA I A R 1 3 T — BRI, 2 R D B R
FEFFi MU a AHZ LA , K 58 OB ET AR, o M XA

c

P55 AN T [ 9l T SLM ST il BA 1 < Al Tl < AR 2L 21
Fig.5 OM images of cross section of high-temperature titanium alloy formed by SLM at different solid temperatures: (a) 925 °C, (b) 935 °C,
(c) 945 °C, (d) 955 °C, (e) 965 °C, () 975 °C, (g) 985 °C, (h) 995 °C, and (i) 1015 °C
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Fig.6 OM images of longitudinal section of high-temperature titanium alloy formed by SLM at different solid temperatures: (a) 925 °C,
(b) 935 °C, (c) 945 °C, (d) 955 °C, (e) 965 °C, (1) 975 °C, (g) 985 °C, (h) 995 °C, and (i) 1015 °C
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Fig.7 SEM microstructures of cross sections of high-temperature titanium alloy formed by SLM at different temperatures: (a) 925 °C, (b) 935 °C,
(c) 945 °C, (d) 955 °C, (e) 965 °C, (f) 975 °C, (g) 985 °C, (h) 995 °C, and (i) 1015 °C
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Fig.8 SEM microstructures of longitudinal sections of high-temperature titanium alloy formed by SLM at different temperatures: (a) 925 °C,

(b) 935 °C, (c) 945 °C, (d) 955 °C, () 965 °C, (f) 975 °C, (g) 985 °C, (h) 995 °C, and (i) 1015 °C
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Fig.9 Mechanical properties of high-temperature titanium alloy formed by SLM under different solution heat treatments: (a) strength,

(b) elongation, and (c) stress-strain curves
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Fig.10 SEM microstructures of cross section and longitudinal section of high-temperature titanium alloy formed by SLM at different aging
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Fig.11 Tensile properties of high-temperature titanium alloy formed by SLM at the aging temperature of RT (a) and 600 °C (b)
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Fig.12 TEM microstructure analysis of high-temperature titanium alloy formed by SLM: (a—c) SLMed; (d—f) solid solution; (g—1) aging;
(a-b, d, g-h) low magnification bright field (BF) images; (e) high-resolution TEM (HRTEM) image; (c, f, i) FFT images
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Effect of Heat Treatment on Microstructure and Mechanical Properties of
High-Temperature Titanium Alloy Formed by Laser Selective Melting

Liu Yi, Cai Yusheng, Jiang Muchi, Yang Xingyuan, Ren Dechun, Ji Haibin, Lei Jiafeng
(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: High temperature titanium alloy was prepared by selective laser melting (SLM). The effect of heat treatment on the microstructure and
mechanical properties of the alloy was studied via OM, SEM, XRD and mechanical tensile. The results show that the metastable acicular
martensite o' is transformed into a phase and f phase after solid solution heat treatment. With the increase in solution temperature, the ratio of
length to width of a phase decreases, and fracture occurs along the grain boundary and phase boundary, and some a phase breaks from strips to
short rods or equiaxed grains. The tensile strength and yield strength of the formed alloy decrease gradually with the increase in heat treatment
temperature, while the elongation increases. Different from the case of the solid solution state, the second phase appears in the microstructure of
the alloy after aging heat treatment, which leads to a significant increase in tensile strength and yield strength at room temperature, accompanied
by a decrease in elongation. The aging temperature has little effect on the tensile properties of the alloy at room temperature and high temperature.
After the solution of 945 °C/2 h/AC and aging heat treatment of 700 °C/8 h/AC, the alloy demonstrates good comprehensive mechanical
properties.

Key words: selective laser melting; heat treatment; high-temperature titanium alloy; microstructure; mechanical properties
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